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Physics. - The spectrum of ionized Neon (Ne 1I). First communication. 
By T. L. DE BRUIN. (Communicated by Prof. P. ZEEMAN.) 

(Communlcated at the meeting of May 28, 1927). 

Introduction. 
The spectrum, originating from the neutral atom, is called the arc 

spectrum. The energy levels or terms are of the farm: 

R 
Term =( ,6)2 

(arc) n + 
wh ere R = the RVDflERG constant (= 109737) n = the principal quantum 
number and 6 the so called quantum defect caused by the core of the 
atom. The spark spectrum has its origin in the ionized atom, the atom that 
has lost one electron. Now the energy lev~ls have the form : 

4.R 
Term=--- 2 

(ion) (n + ,6) 

The arc spectrum of Neon (indicated by the symbol Ne l) is of great 
complexity, but by the fundamental work of PASCHEN I) now it is one of 
the best known spectra. MERTON 2) has found, first, that the Neon atom 
under condensed discharges can emit another spectrum than the arc 
spectrum. This spectrum lies mainly in the blue~violet region. Careful new 
measurements of this spectrum have been made by L. BLOCH, E. BLOCH 
and G. DÉjARntN 3). This material we have used for the analysis of the 
Ne II spectrum. The analysis of the F I spectrum, given in former papers 4) 
and the theory of complex spectra developed by RUSSELL, SAUNDERS, 
PAULI and specially by HE1SENflERG and HUND, could be preliminary steps 
for this analysis. 

Analogy bet ween the Ne II atom and the Flatom. 
In farmer papers in these Proceedings, I have given an analysis of the 

spectrum emitted by the neutral Fluorine atom (F l). The analysis has 

been briefly discussed in relation in the HE1SENflERG-HUND theory of 
complex spectra, and a correlation with the scheme of terms predicted by 
the theory has been established. In that paper we noted already that the 

1) PASCHEN, Ann. d. Phys., 60, 405, 1919; 63, 201. 1920. 
2) MERTON, Proc. R. S. London, A, 89, 447, 1914. 
3) L. BLOCH, E. BLOCH, G. DÉJARDIN, Journ d. Phys., 7, No. 5. 129, 1926. 
1) T. L. DE BRUIN, Vers!. Kon. Akad. Amsterdam, 35, Juni 1926, Dec. 1926; Zeitsch. 

f. Phys., 39, 869, 1926. 
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spectra of the ionized rare gases shou!d have the same structure as the 
neutra! ha!ogen atoms. The Ne Il spectrum shou!d have the same structure 
as the F I spectrum. These atoms have the same configurations two 11 • two 
2 1 and five 22 e1ectrons. In the case of Fluorine I the charge of the core 
is + 9 in the case of Neon Il + 10. 

TABLE 1. 

nk I, 2, 22 INucleus 

FI 2 2 5 +9 
Nell 2 2 5 +10 

The theoretica! termscheme 

configuration. is quite the same 
are predicted by theory : 

for Ne Il. deduced from the atom 
as that for F land the following terms 

TABLE 2. Neon II (Deep terms). 

I 
Electron configuration 

I 
Basic term: 3 P 

Terms 
nk I, 2, 22 3, 32 33 4, 

Quartet I Doublet 

2 2 5 P 

2 2 4 I P P 

2 2 4 1 D P S D P S 

2 2 4 1 F D P F D P 

2 
I 

2 4 
I 

1 P P 

~F . 

------------------------ ----~ 

- .... _---------------------
------- - ------------__ J t (J.; 

-------

--- ---------__ J~(J I) 

_________________________________________________________________ ____ 1., (I'; 
Term scheme (Nllll.). 

1* 
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The ground term should be, as in the case of F J. a 2P term with the 
term difference of the Röntgen L-doublet. This doublet we know for Ne II 
from the two series limits of the arc spectrum, which have the difference 
of 780 frequentie units. According to the formula of SOMMERFELD for the 
Röntgen L-doublet : 

6.1'L = 0.365 (Z - sr Z = atomie number 
s = screening constant 

we have 6. v = 780, Z = 10, s = 3.20. In the case of F J for Z = 9 and 
s = 3.20 we find the value 6. v = 412 . This value agrees satisfactory with 
the experimental value (407) detectd from the spectrum 1). The order 
of the ground doublet '2P for Ne II will be : 33.4 Volt '2) = -+- 270.000, 
for F J approximately ± 16.7 Volt 3) = -+- 135.000. 

The key for the analysis of the F I spectrum is given by the 4P term 
with the ·term differences 160.0 and 274.6. For the analysis of the Ne II 
spectrum it was important to find the analogous term. In the case of Ne II 
this term has the differences 299.0 and 518.0. From this we can deduce 
the structure of the spectrum. The analoguous multiplets 4 (PP') are: 
(This multiplet in F J is found by me on basic of the ZEEMAN effects. ) 

TABLE 3. 

Ne II 'PI 299 . 0 "P2 

'P'I (i) 3751. 25 (7) 3709 .66 (R) i) 
26650 .. 2 269i9.0 

182.5 

"P'2 (8) 3777.1 i (R?) (7) 373i.9i 
26167.5 26766.6 

222.7 

"p'J (8) 3766.28 (R?) 
26543.8 

PI "Pi 159 . 9 "P2 

tp'l (0) 7515 .0 (12) 7426.2 
13303.0 l3i62.1 

102.1 

tp'2 (5) 7573 . 32 (5) 7482.95 
13200 .6 13360. 0 

122.7 

"p'J (5) 7552.20 
13237.5 

I) BOWEN: Phys. Rev., Febr. 1927. 
2) MOHLER : Science, April 1926. 
3) Deduced from the termscheme. 
'I) R = reversed. 

518 .0 

274.6 

(9) 3661.05 (R) 
27284.i 

(10) 3694.19 (R) 
27061.8 

(18) 7332.25 
13634.5 

(20) 7398.96 
13511. 7 
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While this multiplet 4 (PP') in the case of F I lies far in the red. in the 
case of Ne II it lies far in the violet . as could be expected from the factor 
4R in the expression for the term. The ratio for the ionisation potentials 
of F I and Ne II is approximately the same as for the frequentie numbers 
of the analogous multipiets above mentioned viz . 2. 

Terms in the Ne II spectrum. 

From the value of the groundterm '2 P in Ne II ± 33.4 Volt = ± 270000 
we can deduce the order of the terms due to the binding in a 2'2 orbit to 
the ion. We have: 

4R 
270.000 = - 2 n = effective quantum number 

n 

with n = 1.275. The doublet terms arising from the binding of a 3:>. electron 

have approximately the value: :r~:52 = -+- 82000. The quartet terms 

arising from this binding lie somewhat deeper. (See figure . ) The terms 
ansmg from the binding of a 3:{ electron have approximately the value: 

4R y = -+- 50.000. Except the ground doublet we have also four groups of 

terms arising respectively from the binding of a 3 1• 3:>.. 3 :) (4]) electron 
and an electron with looser coupling. 

In the Ne II spectrum I have found these four groups of terms. The 
deepest quartet terms are identified. The ot her terms are indicated with 
preliminary symbols. In another communication in these Proceedings we 
wi11 give more details. 

T ABLE 4. Termtable Ne lI. 

I T"m v.lu" I Atom-configuration 

--

Term-
j 

Term Remarks symbol (relative) difference 

I 
4p 3 117000 .0 (52 p4). 31 I) 

518.0 
2 116482.0 

1 

299.0 
1 116183.0 

I 

I) The symbol (52 p4). 31 üldicates that the atom configuration consists of the ion. 
having two 5-electrons (k= 1) and four p-electrons (k -= 2) . and the binding of an 31 

electron. 
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T ABLE 4. Termtable Ne IJ (Continued) . 

Remarks 

fp' 3 89938.2 222.6 (s2 pf) .32 

2 89715 .6 
182.5 

1 89533.1 

fD 4 87022.7 
337.8 

(s2 pf). 32 

3 86684.9 
249.7 

2 86435 .2 
lH.l 

1 86291.1 

fS 2 83178.0 (s2 pf). 32 

T 2 81965.7 

fD' (4) 56994.0 81.8 (s2 pf). 33 

3 56912 .2 
106 .0 

2 56806.2 
98 .3 

1 56707.9 

P2 2(3) 55862.0 

xP 2 55657.4 

y P 3 3(1) 55333.7 

aP2 2 55183.8 

bP2 2 551-41.4 

CP3 3 55104 .9 

dP2 2 54959.4 

U 2 5Hl1.5 

eP3 3 54133.0 

fP2 2 53755 .6 

gPI 1 53450.8 

nP3 3 33287.2 

ieP (2,3) 33227.4 

mP2 2 331-41.4 

RI 1 32621. 4 

lP (3) 32530.7 

oP) 3 32306.2 

PP3 3 23359.2 

qP2 2 23327 .5 

rPI 1 23261.1 
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TABLE 5. 

I· .. 

"P123 - 'P'123 

8 3777.14 26467.5 1].1 -"P'2 R? 

8 3766.28 26543.8 4P2 _1P'3 R? 

4 3751. 25 26650.2 1p, _"P', 

7 3734.94 26766.6 "P2 - "P'2 

7 3709.66 26949 .0 "P2 -"P'I R 

10 3694.19 27061. 8 "P3 -"P'3 R 

9 3664.05 27284.4 "PJ -"P'2 R 

"Pm -"Dm" 

2 3270.79 30564.9 4PJ - 4D2 

5 3360.63 29747.8 "PI - "D2 

7 3355.09 29796.9 "P2 - ~D] 

5 3344.44 29941 .8 'PI-"DI 

10 3334.89 29977.3 "P3 - 'D" 

5 3327.22 30046.5 "P2 -"D2 

4 3311. 32 30190.8 "P2 -"DI 

8 3297.74 30315.1 1p] -"D3 

"P12J -,512 

4 3028.90 33005.7 "PI - "S2 4P' _ 4D'1 

7 3001.72 33304.5 "P2 - "S2 

7 2955 .77 33821. 8 "PJ - 4S2 

ip'12J -"D'12J 

5 d.v. 3054.70 32726.9 iP'1 _ iD'2 

6 3047.60 32803.2 iP'2 - 1D'3 

3 3045.56 32825.1 1P'1 _ 1D'1 

3 3037.75 32909.5 1P'2 _. 1D'2 

5 3034.49 32944.9 1P'3 - 1D'" 

1 3028.90 33005.7 1P'2 - 1D'1 iPI _ iS2 

i 3027.07 33025.6 1P'2 - 1D'1 

3 3017.36 33131.9 iP'3 - iD'2 
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T ABLE 5 (Continued). 

I 3390.56 29485.2 1Dl - iD'2 

I 3386.20 29523.2 1D2 - iD') 

0 3379.34 29582.7 1Dl - 1D'l 

2 3374.08 29629.2 1D2 - 1D'2 

6 3367.25 29689.3 iD) - 1D'1 

I 3362.90 29727.7 1D2 - 1D'I 

2 3357.89 29772.1 iD) - 1D') tS2 - gPI 

I 3345 .88 29878.9 1D) - 1D'2 

4 3329.18 30028.8 iDt- iD't 

I 3320.28 30109.3 iD4 - 1D') 

I 2895.05 34531. 8 1P'2 - ' (Ne I1I?) 

2 2910.44 34349.0 1P'I_, 

3 3173.58 31501.1 1D) _ aP2 

3 3213.77 31107.1 iDI _ I 
3 3571.24 27993.5 1S2 -

2 2872.96 34796.1 ip')_ 

0 2891.50 34574 .0 4P'2- tp' _ dP2 

I 2906.85 34391.4 iP'I_ 

0 3169.35 31543.5 1D) _ bP2 

i 3194.58 31294.0 1D2 -

3 3209.39 31149.6 1DI -

3 3565 .82 28036.1 iS2 -

I 2869.93 34833.8 1p') _ 

I 2888.39 34611. 2 1P'2 -

2 3132.20 31917.2 1Dt -

2 3165.68 31579.6 
'IJ, - j d', 

2 3190.86 31330.3 tD2 -

i 3561.21 28072 . i tS2 -

6 4428.56 22573.9 lP - nP3- P2 
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TABLI! 5 (Continued) . 
~ 

1 2858.02 34979 .0 1P'3-

3 dr. 2876.41 34755.5 1P'2-

0 2891.50 34574 .0 1P'I_ 1'P'2-bP2 

4 3118.00 32062 .6 "D,, _ 
dP2 

2 3151.12 31725.6 1D3-

3 3176.14 31475.8 1D2-

2 3190.86 31330.1 1D
I

_ ? 

7 3542 .89 28217.5 1S2 - ? 

4 I 2792.04 35805 .8 

W'-l 4 2809.51 35582.9 1P'2- ePJ 

4 3039.62 32889.7 "Di- 1 

3 2762.97 36182.3 "P',_ 

2 2780.05 35959.9 1P'2-

3 2794.22 35777 .6 1P'I_ 

3 3059.15 32679.3 1D2- fP2 

2 3035.95 32929.0 "D,- qP2-P2 

1 3072.68 32535.4 1DI -

1 3397.84 29422.0 "SI _ 

3 2756.68 36264.8 1P'2-

1 2770.63 36082.2 1P'I_ 

2 3030.82 32984 .8 1D2- gPI 

2 3044.10 32840.9 1D
I

_ , 

1 3362.90 29727.7 I 1S2 - 1D2-iD'1 

I 

3 4217.15 23706.0 1D'i-

I 5 4231.61 23625.0 1D',_ 

0 1565 . 3 21898.2 aP2 -

0 4571.1 21854 . 7 bP2 - \ "~ 
1 

1 1612.78 21672 .8 dP2 -

0 1795.7 20846.2 eP3 -



10 

T ABLE 5 (Continued). 
- -

0 1205.60 23771.1 4D'J-

1 1221.57 236604.1 4D'2-

0 1212.19 23566.8 iD'\_ 

2 1535 .35 22012.8 BP2- mP2 

0 1511.1 22000 .1 bP2 -

0 11\19.1 20615.0 (P2 -

0 1922.3 20310.0 gPt -

2 1062.89 21606.1 4D'J-

1 1080.11 21500.2 iD'2-

3 1369.79 22877.9 aP2 -

2 1377.95 22835 .3 bP2 - oPJ 

2 1381.98 22798.3 cPJ -

1 1113.16 22653.1 dP2-

2 1580.36 21826.2 ePJ-

0 2972.28 33631.1 iD'i - J 
0 2979.5 33552.9 iD'J-1 

PPJ 
1 2988.93 33117.0 iD'2- 1 iD') - ePI 

3 3111.38 31829.9 aP2 -
1 ? 

0 2976.65 33585.0 4D'J- ~ 

0 2986.08 33178 .9 4D'2- ~ qP2 

0 2991.90 33380.1 iD'\_ 

0 2980.2 33515.0 4D'2- ~ I rPI 
1 2988.93 33117.0 iD'l- I aP2 - PPJ 

0 1086.69 21162.7 iD'i-

0 1100.27 21381.7 4D'J-

0 1118.11 21276.1 tD'2-

1 1627.93 21601.9 ePJ- lP 

1 i322.66 23127.1 XP2-

i 1113.16 22653.1 aP2- dP2 - oPJ 

i 1121.38 22611.1 bP2-
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TABLE 5 (Continucd) . 

... . . . .. . . 

I 2933.71 34076 .6 4P'3 -
, 

I 2953 . 10 33852.8 4P'2 -

2 3243.42 30822 .9 I 4D3 -

3 3269 . 81 30573.7 4D2 -

2 3659 .91 27315.3 482 -
P 2 

0 1399 .95 22720.8 mP2 -

6 1128.56 22573.9 nP3 - cP3-1P 

0 4244.17 23555 . 1 OP3 -

0 3075.73 32502.8 PP3 -

I 3072.68 32535 .4 qP2 -

1 2916 .22 34280 .9 4P'3 -

0 2935 .29 34058.2 4P'2 -;-

I 2951.15 33875.8 4P'I_ 

3 dr. 3248 .16 30777 .8 "D2 -

2 3263 .40 30634.1 "D, _ 
xP2 

1 3632 .74 27520.6 482 -

1 4439.95 22516.5 mP2 -

2 4468 .86 22370.8 nP3 -

7 3829 .75 26103 .9 P 2 -
1 3799.99 26308 .4 xP2 -

9 3727.09 26823 .0 bP2 -( T 
2 3721.87 26860.6 CP3 -( 
3 3701 .79 27006.3 dP2 -

0 3592.0 27831. 7 eP3 
? - , 

1 3121. 57 32025 .9 "D2 -

1 3135.79 31880.7 "D, _ 

0 3475 .40 28765.5 182 -

1 3628 .09 27554.8 T2 -

1 4732 . 5 21124 .6 nP3 - U 

0 4719.2 21181.1 kP -

0 1699.6 21272.5 
I 

mP2 -

5 4569 .02 21880.1 lP2 -

1 1522 .65 22104.7 
1 

OP3 -
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T ABLE 5 (Lonfinued). 
- . - -

1 4206.43 23766 .4 1D'1-

2 1220.89 23685 .0 1D'3-

2 4240.10 23577 .7 1D'2-

3 1257.82 23479 .6 1D'I_ 

2 4416.77 22634.6 P2 -
kP 

4 4457 .01 22130 . 1 xP2-

2 4553 .21 21956.4 aP2 -

0 4561. 9 21914.6 bP2-

0 4600.16 21732.3 dP2 -

0 4781.9 20906.1 eP3 -

1 3151 .80 31688.6 1D1-

3 3188.73 31351.4 1D3-

5 3214 . 33 31101. 7 1D2 -

0 3590.47 27813.6 1S2 -

4 3753.79 26632.2 T- y P3 

1 1531 .55 22046 .7 nP3 -

1 4381 .08 22803.1 lP3-

2 4311.12 23027.1 aP-

O 3123 .2 ? 32009.2 qP-
I 

3 1133.65 21184.9 1D'2-

3 1150.65 21085.7 1D'I-

2 1339 . 76 23036.2 XP2-

4 4430.91 22562.4 aP2-

3 4439.30 22519.8 bP2-
\ Rl 

2 4446 .43 22483 .7 cP3-

1 4475.34 22338.4 dP2-

2 4588.11 21789 .3 U-

0 4647 .4 21511.4 eP3-

0 4730 . 1 21135.3 fP2-

Comparison with the F I spectrum. 
For determination of more exact values of terms it will be necessary to 
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know a series relation. However, it wiII be interesting to compare the order 
of the analogous terms of which the theoretical interpretation is sure. 

In both spectra the 4P' term lies in contrary to the experimental rule 
of HUND deeper than the 4D term. The interval ratio in the 4P' terms has 
a value which not agrees with the value caIIed for by LANDE's intervalrule. 

TABLE 6. 
~ . - --_. 

PI Ne I! Interval ratio 

I 
I Term-value I Term- Termvalue I Term- LANDE I 

I 
Term j (relative) differ- (relative) difference PI Ne I! 

ence 

2P 2 135320 107 ±270000 [780) 
1 131913 269220 

(16.6 Volt) (33.1 Volt) 

1P 3 58617.0 271.7 117000.0 518 .0 
2 58312.3 116182.0 1.67 1.72 1. 73 
1 58182.3 160.0 116193.0 299.0 

1P' 3 15101.8 122.9 89938 .2 222.6 
2 11981.9 89715.6 1.67 1.19 1.21 
1 11879.2 102.7 89533 . 1 182.5 

iD 1 11035.1 176.6 87022.7 337.8 
3 13858.8 86181.9 2.33 2.12 2.31 

111.5 219.7 
2 13711.3 86435.2 1.67 1. 73 1. 73 

1 13630.9 83.1 86291.1 111.1 

iS I 2 12595.0 
I 

83178.0 
! 

Summary. 
A number of 180 lines of the ionized N eon (Ne Il) has been classified in 

a termscheme. The deepest quartet terms are identified. The Ne Il spectrum 
has an analogous structure as the F 1 spectrum. The analogous terms have 
in Ne Il approximately the double value as in F I . 

May 1927. 

Laboratory "Physica" of the University 
or Amsterdam. 



Physics. -- On the liberation of electrons from a metal surface by positive 
ions. By F . M. PENNING. (Communicated by Dr. G. HOLST.) 

(Communicated at the meeting of October 29, 1927). 

§ I. The work to be described in the following pages was undertaken 
on the suggestion of Or. HOLST, in order to get more information about 
the part played by the positive ions in a gas discharge. According to the 
theory of TOWNSENO I) new electrons are formed in the bulk of the gas 
as a consequence of the ionising action of the positive ions; according to 
another view it is the bombardment of the cathode by positive ions of 
rather high velocity which gives rise to the liberation of these electrons. 
Several years ago a new theory was developed by HOLST and 
OOSTERl-I UIS 2) . This theory supposes that positive ions, which strike 
without any appreciabIe velocity a suitable metal surface, are able to 
extract electrons from this surface (of course besides those which are 
required for neutralisation) . The condition for th is happening is Vi > 2ep 
(Vi = ionising potentialof the gas , cp = work function of RICl-IARDSON) . 
This theory was suggested by the phenomenon of the "negative striations" 
which HOLST and O OST ERl-I UIS observed in Neon of about 10 mm pressure 
at low currents (about I ,uA) 3). From the facts that these striations had 
a sharp boundary towards the cathode side and that the layer immediately 
before the cathode was absolutely dark, it was concluded that the electrons 
were liberated from the cathode surface and not from atoms in the bulk 
of the gas 4). Moreover, the velocity of the positive ions in th is case must 
be very smal!. as a consequence of the small value of the mean free path. 

In this connection we shall mention an analogous phenomenon which was 
observed in this laboratory by G. HERTZ 5). In a tube as shown in fig. I . 
with a heating filament K and an anode A a Neon low voltage arc is 
burning (pressure about I cm). When the plate P is held at a negative 
potential with respect to A , it attracts positive ions (which can diffuse 
through the gauze). Now between Pand A striations are observed of the 
same kind as the above-said. Obviously these striations are caused by 
electrons which are liberated from P by positive ions and which excite 
the neon atoms on their way to A. The first layer is observed at a potential 

I) J. S. TOWNSEND, Electricity in gases, 1915. 
2) G. HOLST and E . OOSTERHUIS, Physica 1, 78,1921 ; Comptes Rendus 175, 577, 1922 ; 

Phil. Mag . • 6, ll17, 1923. 
3) l.c . 
i) This may be concluded also from the fact th at the material of the cathode has great 

influence on the sparking potential. see G . HOLST and E. OOSTERHUIS, Versl. Kon. Ak. 
v. Wet. Amsterdam 29, 849, 1920. 

5) Unpublished. 
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difference of about 20 V between Pand A. Under these circumstances 
the potential difference along the distance of a mean free pa th for a 
pos. ion is only 0.01 V; clearly in th is case there can be no question of a 
liberation of electrons by the bombardment of high velocity ions. 

It seems possible, however, that in the experiment just described the 
electrons were liberated by radiation. In order to investigate th is point. 
another discharge tube was used as designed in fig. 2. Instead of one 
plate there were two plates PI and P:!. mounted in the same way within 
two glass tubes G 1 and G:!.. The radiation from the main discharge may 

_--l __ IP 

Fig. 1. Pig.2. 

reach directly PI but it cannot reach P:!.. However, the striations show 
themselves in about the same manner before PI' as before P'2; therefore 
we may conclude that the radiation cannot have much influence. 

§ 2. We have tried to determine experimentally how many positive 
ions (especially neon ions I) ) of zero velocity are required to liberate one 
electron from a metal surface. We should. however, mention immediately 
that up to the present only preliminary results have been obtained, as a 
consequence of the difficulties of these experiments. 

For the first experiments a tube was used of the type shown in fig. 1, 
but with a gauze G and a plate M instead of the plate P alone (fig. 3). 
In order to get a larger supply of ions, the anode A was placed under 
the cathode K. When the gauze is brought at a negative potential with 
respect to K. it will be struck only by pos. ions; on the other hand, wh en M 
is brought at a positive potential with respect to A, it will gather only 

electrons. In order that no electrons from the main discharge may reach M. 
the holes of the gauze should be smalI:!); smallness of the holes on the 

I) Unless otherwise mentioned the following experiments are made with neon. 
2) The gauze used had 24 threads of 0.15 mm diameter at I cm in each direction. 
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other hand gives rise to the inconvenience that only a fraction of the 
electrons from G reaches M. 

Il=:::-:-:±-:-:-:-=:±!-~ 

As our intention was to study the action of positive ions 
with low velocity. the values of the potentials in the tube 
should be chosen as small as possible. Therefore the gas~ 
pressure should be high (several mm) and in that case the 

--- ---1'.---- -G electrons. liberated from G. may ionise the gas atoms 
between Mand G . in case the potentialof M is raised . 

. -11 Therefore the current to M. plotted as a function of the 
--.-ltI--,--t -" 

potentialof M. does not show saturation; distinct kinks 
are observed at the points where the potential has increased 

with Vi' 
The electron current becomes more constant when the 

gas pressure is decreased. but th en we must give up at 
the same time the i'ldvantage of the low potentials. When. 

moreover. the distance between Mand G is taken as small as possible 

Fig. 3. 

(about 1 mm). the current to M 
becomes nearly constant with 
increasing potential. The number of 
electrons. reaching M . is then 3 to 
5 % of the number of positive ions 
which go to G (at pressures between 
0.2 and 0.02 mm and pos. ion 
currents from 0.2 to 20 mA). Besides. 
the variation of the potentialof G 
(with respect to the cathode) between 
-20 and -80 V had little influence 
on this percentage; so it is obvious 
th at the number of liberated electrons 
is affected only to a small extent by 
the velocity of the positive ions. 

It is not right. however. to conclude 
from these measurements that from 
20 to 30 ions are required to extract 
ane electron from the metal; on the 
contrary a smaller number will be 
sufficient. because the electrons. 
liberated from G. will move partly 
also in the direction to A. 

§ 3. For measurements of the 
same kind we used also a positive 
column in neon of low pressure Fig. i. 

10cM 

5 

o 

(0.02 mm). The tube is shown in fig. 4. The discharge (some hundred 
mA) is maintained between the oxide cathode K and the anode A. The 
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positive column contains a collector which, when brought at a negative 
potential. will gather pos. ions. In order to measure the number of electrons 
a, which is liberated on the average by one positive ion, we use again 
the method described in § 2. A side tube contains a gauze G (copper) and 
a plate P ; the current to both these electrodes is measured. To protect the 
backside of the plate P from electrons, this plate is enclosed in a glasstube 
E, which is fastened to the glasswalL The results for a few series of 
measurements a re shown in fig. 5 ] ). The potentials are given with respect 

a030 

0.025 --------- ~ 

0.020 

cLl 

0.015 0 __ -1()() 
f gaas 

V 
V: iboog.3tlJmA 

" .2fXJ. 

/ '" ',. .1tXJ. 

" • ·50. 

~-flI. 

fpla;jla+90 f 

-200 

Fig. 5. 

-300 

boog = arc, plaat = plate, gaas = gauze. 

to the anode (this will always be done in the following). The gas in the 
neighbourhood of the gauze G will be on about the same potential as the 
anode, therefore, on the moment that the positive ions strike the gauze, 
their velocity (measured in Volts) will have about the same value as the 
potentialof G. Because it is necessary that the electrons from the main 
discharge should be stopped, the gauze cannot be brought on a much 
higher potential as -100 V (the potentialof the cathode is in this 
measurement about -60 V). The probable trend of the curve above 
-100 V is dotted in fig. 5. The value of a for a velocity zero (ao) is 
found to be about 2 % (even if the curve through the measured points 
should be extrapolated in a different way) . As the gauze in this tube was 
of the same construction as that of § 2, these measurements are open to 
the same objection as mentioned there. From the measurements of this 
and the foregoing § we may conclude: 20 to 50 pos. ions (of zero velocity ) 
at the utmost are required to liberate one electron from a Cu-surface. 

The same tube was used also for measurements with argon filling and 

I) The valuE's of the electron currents are in this case from 0.1 to 0.01 mA. 

2 
Proceedings Royal Acad. Amsterdam. Vol. XXXI. 
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with Mg instead of Cu as electrode material. As should be expected in 
connection with the values of VI and ({J. the value of a was for Ar < for 
Ne and for Mg > for Cu. 

§ 4. Ta meet several drawbacks of the described measurements, 
afterwards another method was followed. It was desirabIe to study the 
action on the pos. ions in a space of very low pressure, where the collisions 
between positive ions (or secundary electrons) and atoms could be 
neglected. When the gas pressure in the main discharge is lowered under 
0.02 mm the arc potential is rising rapidlY. This should be prevented, as 

t 
.. dO 

Fig. 6. 

we shall study the action of pos. ions of 
low velocity. Therefore it is necessary 
to bring the pos. ions in a room where 
the gas is pumped away and which is 
communicating only through a narrow 
canal with the main discharge. Af ter 
experiments with tubes of somewhat 
other constructions the tube of fig. 6 
gave the best results (tube 11) 1) . 

The cathode C is an oxide filament, 
the anode a large tungsten spiral which 
could he degassed by glowing. In the 
sidewall of the bulb containing the main 
discharge, a chromic iron piece S is 
molten and to th is again the tube B with 
the collector system. This system 
contains an iron cone K which is used 
as a collector for the pos. ions; the 
cone is surrounded by a mantIe M 
which collects the secondary electrans. 
S is perforated by a canal of 1 mrn 
diameter and 15 mm length. B is con
nected by a short, wide tube with a 
diffusion pump which keeps the gas
pressure on a value of about 0.0002 mm 

(with a pressure of 0.02 mm in the bulb). The pressure at both sides can 
be measured with a Mc-Leod gage. As in these experiments the gas is 
rapidly disappearing by metalsputtering, the bulb is connected with a 
large reservoir of 10 I capacity ; in this way rnany measurements may be 
made befare it is necessary to admit fresh gas. The discharge tube is 

1) In the tube I. used before, the anode was mounted at a much larger distance from 
the cathode, so th at a positive column occurred. The chromic iron piece S was molten 
in the side wall of the tube, containing the posltive column. The canal In S was 20 mmo 
ong in this tube. The arrangement of tube 11 was chosen afterwards to lower the arc 

potential. 
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separated by tubes in liquid air from parts of the apparatus cnntaining 
mercury or stopcocks. 

As only a small number of pos. ions is reaching the cone K the currents 
are very small (unto < 10-9 A); therefore the electric insulation should 
be very careful. The leads-in of Mand K are molten in the glass. at a 
large distance of each other. Moreover. the leads-in of Mand the glass-bars 
in the tube which support Mare surrounded by conducting guard rings R 
which are helt on the same potential as M. In the same way the points of 
support of the connecting wires. of the galvanometer and so on are 
protected from leakage. 

Before the measurements the tube was pumped at a temperature of about 
400 0 C. Afterwards the metal parts we re degassed; the iron cone could 
be glown in vacuum by means of high frequency currents. 

As it is impossible to measure directly with th is arrangement the effect 
of positive ions with zero velocity. it was tried to measure the percentage 
of liberated electrons (a) as a function of the velocity of the pos. ions. 
and to extrapolate to a velocity O. The measurements were made in the 
following way: the canal in S and the mantle M were helt, on the same 
potential. e.g. -100 V with respect to the anode (the arc potential is 
always < 100 V). The pos. ions arrive in the part of low pres su re with a 
velocity between 0 and 100 V. Between S and K a potential difference of 
50-900 V is put. which accelerates the pos. ions; as the pos. ions make 
nearly no collisions in this part of the tube (mean free path about 50 cm) 
they arrive at the cone with a velocity varying from 0-100 to 900-1000 V. 
The liberated electrons are moving towards M; indeed. although the end 
of the canal is at the same potential as M. the direction of the field is 
such that the percentage of the electrons which is going to S may be 
neglected. Moreover as a consequence of the relative positions of K and M 
there is astrong electric field at the surface of K. so that we may expect 
a rapid saturation of the electron current. As a matter of fact with this 
collector system saturation was reached already at a potential difference 
of about 20 V between K and M. whereas with a system used before. 
this was only the case at 200 V. To show this. in Fig. 7 are plotted the 
current to the mantIe Mand the cone K for tube I (collector system the 
same as in tube II 1) ) with the following potentials : 

Canal 
Cone 
MantIe 

(=kanaal) : 
(= kegel) : 
(= mantel) : 

-150 V. 
-500 V . 
varied. 

(All these potentials are measured as before with respect to the anode.) 
An electron current in the direction from cone to mantIe is taken as 
negative for both electrodes ; so in Fig. 7 for potentials above -500 V pos. 
ions are going to the cone and electrons to the mantle. In case 

1) Compare the footnote on p. 18. 

2* 
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Vmantle = Vcanal the positive ions which energe from the canal will not be 
retarded; when the mantIe is made more negative, the ion current to the 

~2r--------'-------''-------'--------' 

t 
Y*e Yk~n~al 

~L-____ ~~ ______ ~~ ____ == ______ ~, 
.1tXJ() - -750 -5lXJ ·250 OYoll 

Ymmlil 

Fig. 7. 

cone remains constant; on the contrary, wh en the mantIe becomes positive 
with respect to the canal the ions will be partly stopped and the current 
to the cone becomes smaller. For potentials of the mantIe between --150 
and --480 V the electron current and the pos. ion current remain nearly 

constant, showing a good saturation. When Vmantle = V cone the current 
of the mantle becomes positive instead of negative, as should be expected. 
The small pos. ion current to the mantIe at first increases slowly but then 
again very rapidly and when Vmantle = --1000 V the mant Ie and the cone 
have interchanged their functions. The value of a which is deduced from 
the measurements at --1000 V is larger as that found in case the positive 
ions are collected by the cone, but in the first case the velocity of the ions 
is twice as large. 

Concerning the final measurements the following may be remarked. The 
currents were measured with a galvanometer (sensibility 0.3 X 10-10 A); 
in order to use the same instrument for both currents, a throw-over switch 
was applied, consisting of mercury cups in paraffine; to avoid leaking 
currents each mercury cup was surrounded by a conducting ring helt at the 
same potential, in the way mentioned at the description of the tube 11. 
With the aid of such precautions we succeeded in reducing the leaking 
currents to a negligeable amount. The electrodes were connected to the 
switch in such a way that the galvélnometer deflections had the same 
direction for both currents, and further by suitable shunts, the order of 
magnitude of the deflections was made the same, in order to diminish the 
influence of the zero point of the galvanometer. 
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§ 5. The results of a few series of measurements with the tubes I 
and II are shown in Fig. 8. Every series was measured in the direction ol 
increasing and of decreasing voltages (the corresponding points are 
designed as circles and triangles). As ordinate is plotted a: the number of 

~50r-------'--------r-------'r-----~ 

a fO t-------+--------+---------1~~~_____1 

-750 -500 o "all 

Fig. 8. 
Buis = tube, Kegel = cone, Kanaal = canal. 

electrons liberated on thc average by one pos. ion. As the current to the 
cone consists of the sum of the pos. ions which reach it and the electrons 
which leave it: 

I imantle I a = -;-__ -c'-_.,--_ 

iconr I - I imant1e I 

As abscissa is plotted the potentialof the cone; this gives at the same 
time, within the limits already mentioned higher up, the velocity of the 
pos. ions (measured in Volts). The poten tial of the canal should of course 
he lower than the lowest point of the cathode; the mantIe is on the same 
potential as the cana\. As soon as the potential difference between the cone 
and the mantIe becomes lower than about 20 V , the mantIe wilJ no longer 
collect all the liherated electrons (see Fig. 7) ; the values, found for a, 
are then too low. Consequently, the curves in Fig. 8 are then deviating from 

the original direction ; when V mantIe = V eon• they go down steeply. There 
is, however, no reason to supposc that the real value of a also should vary 
suddenly; on the contrary always wh en in consequence of a lower 
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potential difference between the cathode and the anode, a lower value 
could be chosen for Veenal, the curve bent oH at a higher value of V mantl •• 

It is, therefore, very probable that we may extrapolate the curves of Fig. 8 
in the manner as shown by the dotted lines and that for iron ao (the value 
of a for pos. ions with zero velocity ) is about 0.06 1). 

The values of ao in Fig. 8 are diverging between 0.05 and 0.07. As a 
matter of fact in other series (measured partly with tubes of a somewhat 
other type) even more differing values were found, viz. unto 0.12; likewise 
the value of a for larger ion velocities was not constant; the value for 
1000 V (alOOO) varied, e.g. with tube 1 in the course of the measurements 
(which extended over 19 days) between 0.44 and 0.27. Probably the 
condition of the metal surface has a great influence, as is apparent also 
in photoelectric researches 2). We intend to make further researches with 
regard to this point. Anyhow it could he stated th at immediately after the 
glowing of the metal alOOO was smaller viz. 0.23-0.30; afterwards the 
value was increasing again gradually. 

Though the value of a is not yet known with sufficient accuracy, we 
may conc1ude from the above~mentioned experiments (also in connection 
with the results of § 2 and § 3) : Neon ions which reach without velocity a 
copper or iron surface are ab Ie to Iiberate electrons from th is surface, and 
the value of ao is about 5 to 10 %. 

§ 6. Finally, we shall try to answer the question how far the obtained 
results are in agreement with those of other authors. Many experiments 
of th is type have been done with positive ions which are emitted in 
vacuum by heated aluminium phosphate and similar substances. We 
also tried at first in this way to get some information about the Iiberating 
of e1ectrons by positive ions. The result was, that ions of this type with 
zero velocity did not cause any measurable electron emission from a Ni~ 
surface 3). At a velocity of 100 V, in our experiments a was still < O.OL 
However, we have in this case ions of Na 4) or other alkali metals with 

small Vi, and one should expect that an extra electron can be Iiberated 

I) Recently, by means of another apparatus, the measurements could be extended unto 
ion veloeities of less than 7 Volts. In th is case also the value of?( was still a few 
percents, see Physica 8, 13, 1928. (Note Bdded in the trBnsIBtion). 

2) See e.g. LEE A. DU BRIDGE. Phys. Rev. 29. 451, 1927. This writer measured the 
total photoelectric current from a Pt surface. This was glown several times at 1250° C.: 
the constant limit value was reached only af ter 50, sometimes only af ter 150 hours glowing: 
af ter 20 hours glowing e.g. the measured value was still 2112 X the limit value. 

3) The same result was obtained by N. CAMPBELL, Phil. Mag. 29. 783, 1915 : W. L. CHENEY, 
Phys. Rev. (2) 10. 325, 1917: A. L. KLEIN, Phys. Rev. (2) 26, 800,1925: W. F. JACKSON, 
Phys. Rev. (2) 28, 524, 1927. Compare also: E. BADAREU, Phys. Zts. 25, 137, 1924. The 
numerical values for :x at higher velocities show very large differenct's. 

4) See e.g. O. W. RICHARDSON, The emission of electricity from hot bodies, 1921. 
By measuring the current in a diode (with a hot anode, covered with aluminium phosphate) 
as a function of the potential, we could show th at the ions in the above-said experiments 
were Na-ions. 
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only by an ion when Vi > ({J. Now this condition is not fulfilled for the 
ions used and for metals as Fe. 

With gas ions (H'2) experiments have been done by BAERWALD. This 
physicist also used a tube which was devided into two parts by a canaJ. 
This canal was used as a cathode of a glow discharge ; therefore the 
canalrays which entered the low pressure part of the tube always had 
a rather large velocity. As collector metal brass was used. In order to 
compare our method with that of BAERW ALD 1 ) , we performed also some 
measurements on hydrogen. A tube of type I was used, but with a 
somewhat different collector-system. However, we found with ions of 
1000 V velocity a value of a which was only 10 % of that found by 
BAERWALD. This must perhaps partly be ascribed to the different manner 
in which the pos. ions are formed (molecule- and atom ions ?); also we 
should make allowance for the circumstance that BAERWALD' s apparatus 
could not be pumped at higher temperature and that it could not be 
degassed; finally perhaps brass gives in this respect quite other results 
as Cu or Fe. 

It is a pleasure for the writer to thank Mr. J. C. DOUZE for his 
assistance in the measurements and in the constructing of the tubes. 

Natuurkundig Laboratorium der 
N. V. Philips' Gloeilampenfabrieken. 

Eindhoven , October 28th , 1928. 

1) H. BAERWALD, Ann. d. Phys, 65. 167, 1921. 



Anatomy. - A cutaneous branch of the facial nerve in a teleost. By 
Dr. C. J. VAN DER HORST. (Central Institute of Brain Research. 
Amsterdam.) (Communicated by Dr. C. U. ARIËNS KAPPERS.) 

(Communicated at the meeting of December 17. 1927). 

The branchial nerves of !ower vertebrates are built up from several 
components viz.. motor fibers. gustatory fibers. fibers for the genera! 
sensibility of the mucous membrane in mouth and throat. and fibers for 
the general sensibility of the skin (HERRICK. J OHNSTON). 

Concerning different nerves (e.g. facial. vagus. etc.). the contribution 
of the different sensory components is very variabIe. Thus the trigeminus 
consists for the greater part of fibers for general sensibility of the skin. 
a smaller part finds its endings in the epithelium of the mouth cavity. 
whereas gustatory fibers are absent. 

In this point the trigeminus differs considerably from the three following 
branchial nerves: facialis. glossopharyngeus and vagus. These three 
nerves consist for the greater part of gustatory fibers and fibers of 
general sensibility to the mucous membrane. whereas only very few fibers. 
or none at all. have free endings in the skin of the head. 

As far as is known a cutaneous branch of the vagus is always present. 
though it is sometimes so small th at it is hardly visible. In some cases 
(Prionotus after HERRICK) this vagus branch is very large. 

Cutaneous fibers seem only seldom to be present in the glossopharyn
geus. EWART found them in selachians. HOUSER mentions them in Mustelus 
canis. On the other hand NORRIS and HUGHES did not find them in 
Acanthias. According to COLE cutaneous fibers of the glossopharyngeus 
occur in Chimaera and according to JOHNSTON in Petromyzon and 
Acipenser. 

More of ten than in the glossopharyngeus. cutaneous fibers are present 
in the facial nerve. According to JOHNSTON. the ramus hyomandibularis VII 
of Petromyzon dorsatus contains a considerable number of cutaneous fibers 
that join centrally the spinal trigeminus tract. Whereas the cutaneous 
branches of the glossopharyngeus and vagus have their endings on both 
the dorsal and ventral aspects of the head. those of the facialis in Petromy
zon are limited to the ventral side. 

KAPPERS was ab Ie to demonstrate a cutaneous branch of the facialis. 
at least the central part of it. in Heptanchlls and Hexanchus. Compared 
with the spinal fifth. the descending facialis in these sharks is only a very 
small bundIe. which soon af ter its entrance. Joms the trigeminus. In 
Chlamydoselache MERRIT HAWKES also found some small branches of 
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the facialis going to the skin of the ventro-lateral side of the head. On the 
other hand cutaneous fibers are wanting in Acanthias. according to NOR RIS 
and HUGHES. in the roots as weIl as in the peripheral branches of the 
facialis. 

In Chondrostei NORRIS found no trace of a somatosensory element in 
the facialis roots. ALLIS described a cutaneous branch in Polyodon. but 
NORRIS is of the opinion that it is a lateralis branch. And yet the truncus 
hyomandibularis receives cutaneous fibers. but by way of an anastomosis 
with the vagus. This connection has already been found before by 
STANNIUS in Acipenser. ALLIS showed its presence in Polyodon. NORRIS 
could state its somato-sensory character without doubt in Polyodon and 
Acipenser. In ScaphirhynchlIs this was less clear. 

In Amphibians a connection exists between the vagus and the facialis 
in the same way. In Siren lacertina . however, this anastomosis is very th in 
(DRÜNER); sometimes it may be wanting altogether. NORRIS was able to 
show that in this anima!. near the exit of the . motor facialis, cutaneous 
fibers split off from the very superficially located spinal trigeminus and 
go out with the facialis. The ganglion of these cutaneous fibers is situated 
at the ventral side of the motor facialis. RÖTHIG also demonstrated such a 
cutaneous branch belonging to the facialis in MegalobatrachlIs and BlIto. 

In teleosts the truncus hyomandibularis contains cutaneous fibers, as was 
demonstrated by RUTKIEWICZ in AmeilIws and by HERRICK in AmeilIws, 
Menidia and Gadlls. but these cutaneous fibers unite only peripherally with 
the facialis. They leave the brain with the spinal trigeminus and their 
ceIlbodies form a part of the ganglion Gasseri. A real cutaneous branch 
of the facialis has not been shown in teleosts before the present finding. 

Somato-sensory fibers were found by KINGS13URY in Amia; th is was 
confirmed by NORRIS. The latter author could point out the presence of 
these fibers in even a greater number in Lepidostells. This somato-sensory 
bundIe consists almost entirely of fibers without myelin sheath. They split 
oH from the spinal trigeminus which runs quite near the outer surface of 
the oblongata and their ganglion is situated at the caudal and ventral side 
of the whole complex of the trigeminus and facialis ganglia. The fibers 
run in the truncus hyomandibularis to the periphery. 

As mentioned above a cutaneous branch of the facialis has not been 
found in teleosts before, but in AlblIla such a branch is present. Although 
the fibers are unmyelinated for the greater part, they form such an apparent 
and weIl defined bundIe that it is the most striking one in the medulla 
oblongata, especially in the reg ion of the vagus, and this bundIe of the 
descending facialis can be traced from its entrance to its central ending 
without any difficulty. 

In the intracerebral path, the cutaneous branch of the facialis in AlblIla 
differs considerably from the cutaneous branches of the other above 
mentioned anima Is. In the latter the somato-sensory facialis joins the 
descending trigeminus directly after its entrance. In Amia and Lepidostells 
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the trigeminus bundie runs near the very surface of the oblongata, according 
to NORRIS, and the same holds true in Siren lacertina. But in Albula, as 
in all other teleosts, the descending trigeminus is situated deeper in the 
oblongata at the dorsal side of the secundary gustatory tract. 

In selachians, the trigeminus bundie has the same position and thus tht: 
cutaneous branch of the facialis of Hexanchus and Heptanchus penetrates 
deeply in the oblongata to join the trigeminus, as was shown by KAPPERS. 

On the other hand, in Albula the descending facialis remains near 'the 
periphery and a union with the trigeminus does not occur. Only near the 
end nucleus behind the calamus scriptorius does the trigeminus approach 
the surface and the bundies run alongside each other. 

The cutaneous branches of the vagus, which are very apparent in 
Albula, no longer unite with the descending trigeminus in this teleost, 
though in others they do. In Albula these branches unite with the descend
ing facialis. A cutaneous branch of the glossopharyngeus is not present. 

From its entrance into the oblongata, the spinal facialis runs caudad 
in the ventral part of the lateralis nucleus near the outer surface. With the 
diminishing size of the lobus liniae lateralis, the descending facialis 
approaches the dorsal side of the oblongata more and more. In the vagus
region the spinal trigeminus also comes near the surface. These two 
descending bundies are separated here by the entering sensory vagus roots. 

The cutaneous fibers of the vagus join the facialis directly at its ventral 
side. A little behind the calamus scriptorius af ter the entrance of the last 
sensory vagus roots, the descending trigeminus takes a positiou at the 
media I side of the facialis and vagus bundies. 

Whereas the visceral commissural nucleus is rather small. the somatic 
one is large. At its lateral side and hence caudad, this somatic commissural 
nucleus forms one mass with the endnucleus of the descending trigeminus, 
facialis and vagus bundies and further on with the somato-sensory area of 
the spinal cord. Around th is nucleus, the three descending bundies are 
arranged in such a way that the facialis is at its dorsal. the vagus at its 
lateral and the trigeminus at its ventral side. So the fibers penetrate the 
nucleus from all sides (fig. I). 

The dorsal spinal roots split up in two parts at their entrance. Of the 
first root smaller numbers of fibers curve dorsad and, running near the 
surface, join the vagus and the facialis. Greater numbers of fibers enter 
horizontally and join the trigeminus. Of the second spinal root, most of the 
fibers bend dorsad at their entrance. 

Frontally, about at the level of the first dorsal spinal root, the somato
sensory nucleus is so large that it occupies nearly half the spinal cord 
(fig. I). At the level of the second root, where nearly all facialis and 
vagus fibers seem to have disappeared, the nucleus is considerably smaller. 
And yet still further caudad the somato-sensory area remains very large in 
comparison with other teleosts. Here the nucleus exhibits the peculiarity 
th at it does not form a more or Iess compact mass as is usually the case 
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in teleosts. but has the shape of a rather thin curved lamelIa (fig. 2). 
Thus it assumes a form similar to the lower olive and other. especially 
sensory. areas that enlarge their surface by making folds. These lamellations 
not situated at the outer surface of the centra! nervous system are called 
by KAPPEHS "inner cortical structures". 

Fig. 1. Transverse section of the spinal cord of Albula vulpes at the level 
of the first sensory spinal root. 

At its entrance into the medulla oblongata. the cutaneous branch of the 
facialis is situated rather at a distance from the gustatory branch (fig. 3). 
The latter runs more dorsally at the fronto-medial side of the nerveus late " 
ralis anterior. Ventral to the lateralis is the entrance of the nervus octavus 
and here the fibers of this nerve surround the cutaneous branch of the 
facial from all sides. At its entrance. frontal to the nervus octavus. the 
descending facialis is in close relation with the motor seventh. The fibers 
of the latter surround those of the farmer almost entirely. According to 
NORRIS. in Amia and Lepidosteus also. the cutaneous branch of the facialis 
enters the ·oblongata in close proximity to the motor part and in Siren the 
motor root surrounds the cutaneous branch much in the same way as 
in Albllla. 

Somewhat nearer the periphery. these two facialis roots join the nervus 
lateralis anterior at its ventral side. The lightly coloured fibers of the 
cutaneous branch are separated from the lateralis by the heavily myelinated 
and thus. by the WEIGERT-method. darkly coloured motor fibers. 
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Ta this complex, the gustatory bundie of the facialis is added and, more 
frontaIly, also the trigeminus. The ganglion of the cutaneous root of the 

Fig. 2. Transverse section of the spinal cord of Albula vulpes at the level 
of the fourth spinal nerve. 

,/;flf~:;,t'_._· . .' ."'"'., ...... 1 .. .. ..... " 

Fig. 3. Transverse sec ti on of a part of the medulla oblongata of Albula vulpe~ 
near the entrance of the N . facialis . 
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facialis is situated wholly within the skull cavity in contrast to the other 
ganglia of this complex. The cellbodies are much smaller than those of the 
lateralis. The cutaneous branch of the facialis goes to the periphery in the 
truncus hyomandibularis, as is always the case if such a branch is present. 

I have studied various other teleosts in search of a cutaneous branch of 
the facialis. Nowhere have I found it. In Megalops, like Albula a very 
primitive teleost, it certainly is absent. But it is possible that a cutaneous 
facialis is present in the Mormyridae. The tractus spino~cerebellaris dorsalis 
that is highly developed in this farnily of fishes runs quite near the surface. 
as is also shown in the figures of STENDELL. So this tract in Mormyridae 
does not follow the ordinary way in close contact with the descending 
trigeminus, but runs nearer the surface and in the position where a 
descending facialis could be expected. It is possible that this tract contains 
facial fibers; my materiaI. however, was not sufficient to decide this and 
neither do the figures of STENDELL. In Gadus and notably in Lota, a 
cutaneous facialis is absent, though the sensibility of the skin of the head 
is highly developed in these fishes, and in relation with this, the cutaneous 
branches of the trigeminus and vagus are very large. Also in other teleosts 
the truncus hyomandibularis con ta ins fibers for general sensibility of the 
skin that arise from the ganglion Gasseri, according to HERRICK, and so 
are trigeminus fibers that only join the truncus peripherally. It is possible 
that the cutaneous fibers going out in Albu/a, Amia and Lepidosteus with 
the motor facialis, leave the central nervous system in other fishes farther 
frontally, together with the cutaneous fibers of the trigeminus. 

No doubt the sensibility of the skin of the head is highly developed in 
Albu/a, as has already been indicated by the extension of the somato~ 
sensory area in the frontal part of the spinal cord. This extension is not 
caused by a hypertrophy of the dorsal spinal roots as in Trigla and 
Prionotus; on the contrary these roots are rather small in Albula. And 
yet the descending trigeminus is not especially large in Albula; in 
Gadidae it is much larger. 

This makes it apparent that the same cutaneous fibers that enter with 
the trigeminus in nearly all teleosts, reach the central nervous system in 
Albu/a. Amia aÏld Lepidosteus with the motor facialis. This shows some 
similarity with the phenomenon in motor roots that ADDENS ca lis "central 
anastomosis". The peculiarity of Albula, in contradistinction to Amia and 
Lepidosteus, is that the descending facialis does not join the spinal trigemi~ 
nus, but remains as a weIl defined, separate bundIe along its who Ie course. 

According to GILL, Albu/a is met with especiaIly near the coast, where 
it looks for its foods in the shallow water. The food consists of molluscs. 
especiaIly lamellibranchiates, that live in the mud or sand and therefore 

are probably found by feeling. When the fish is looking for its food in the 
shallow water it has the head downwards and puts the tail out of the 
water. This habit may give an explanation for the highly developed 
sensibility of the head in Albula. 
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Botany. - Results of the temperature during flower~formation for early 
Hyacinths . (l'lnnocence and la Victoire.) By H. F. WATERSCHOOT. 

(Communication N0. 26 of the Laboratory for Plant~physiological 
Research, Wageningen, Holland.) (Communicated by Prof. A. H. 
BLAAUW. ) 

(Communicated at the meeting of October 29, 1927). 

§ 1. Introduction, material and method. 

By BLAAUW the influence has been examined of various temperatures 
during f1ower~formation on the whole hyacinth. For this purpose the late 
variety Queen of the Blues was taken (BLAAUW, 1924). 

Next however it was important to know how other varieties would 
behave. For this purpose we now examined the varieties I'Innocence and 
la Victoire flowering early in culture. In th is case the bulbs were exposed 
only to those five temperatures for which most optima were found in Queen 
of the Blues, while we took care that sufficient room was left for possible 
deviating optima in these early hyacint hs. Besides the results of these 
temperatures were only traeed for the most important organs. This 
examination however is more extensive in so far, that the bulbs to be 
planted we re not only exposed to an after~treatment in 13° C . after a 
preliminary treatment of 8 weeks in 23°, 25.5° and 28° c., but af ter a 
preliminary treatment of 3.5 and ca 8 weeks in 17°, 20°, 23°, 25.5 0 

and 28° C. 
To get an insight in the foundation and object of this experiment, for 

drawings, more detailed description and for comparison, see BLAAUW 1924. 

At the beginning of July 1926 there were destined for this examination 
210 + 640 bulbs of I'Innocence and 640 bulbs of la Victoire. Both 
varieties were so~called biennial of scooped material (= 3 year old) and 
selected for a circumference of 12-13 ems. The Queen of the Blues 
previously examined was a year younger and of a circumference of 
7.5-9 ems. This should be specially borne in mind in judging f1ower~ 

cluster~formation and number of flowers. 

Of the 210 bulbs I'Innocence 10 bulbs were fixed on J uly 5, 1926 in 
alcohol 96 %, in order to trace the condition of the vegetation~point on 
the day on which the experiment was started. 200 bulbs we re put in the 
temperatures 17°, 20°, 23°, 25.5 0 and 28°, viz. 40 in each temperature. 
Of these 40 bulbs groups of 10 bulbs were left in these temperatures for 
3, 5, ca 8 and 12 weeks and next fixed, in order to trace in which 
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temperature af ter a definite period the development had progressed farthest. 
The 640 bulbs of l'Innocence and la Victoire we re treated as has been 

explained with respect to the above 200 l'Innocence. but they were not 
fixed: after 3.5 and ca 8 weeks they were transferred from the above 
temperatures to 13 0 and 170 and planted af ter 12 weeks simultaneously with 
the groups of 20 which had been kept in 170 to 28 0 throughout the 12 
weeks. For each of the 32 different combinations produced in th is way 20 
bulbs were taken. Since however the 20 bulbs l'Innocence which af ter 
8 weeks should have gone from 170 to 13 0

• were kept in 170 bij mistake. 
this combination is left out; accordingly in the subjoined tab les we find 
two groups with the treatment 170 for 12 weeks mentioned for l'Innocence. 

§ 2. Results of the temperature~treatment for the leaves. 

N u m b e r 0 f f 0 I i a 9 e ~ I e a v esf 0 r m e d. 

1. At the beginning of the experiment. The number of young foliage~ 
leaflets on July 5. 1926 was 54 for the 10 bulbs examined. Of these 10 bulbs 
7 had 5 leaflets. 2 bulbs 6 leaflets (in one of these bulbs one leaflet was 
not entirely split oH) and I bulb 7 leaflets (one of which was not entirely 
split oH). 

2. Af ter the fixations. After 12 weeks 200 bulbs had been treated in 
20 various modes (see tab. 1) and fixed. The number of leaves in these 
200 bulbs averagely amounted to 54.7 per 10. when those which are not 
entirely split oH are also counted. Therefore some increase is again to be 
noted. just as in Queen of the Blues. but also with respect to l'Innocence 
we mean to be justified in drawing the conclusion that this slight increase 
is of an accidental nature and not due to the exposures to these temperatures. 

TABLE I. /'lnnocence. 

Number of young foliage-leaflets per 10 bulbs. when they have been in 17°-28° c., 
from 3 to 12 weeks. 

Af ter 3 weeks 5 weeks 7112 weeks 12 weeks 

17° 55 56 53 54 

20° 53 53 54 54 

23° 54 56 53 56 

25.5° 54 53 57 58 

28° 54 55 I 56 56 

Is not this sufficiently clear from the fact that 54 is found in 25.5 0 af ter 
3 weeks. 53 after 5 weeks. after 73.1 weeks 57 and after 12 weeks 58. This 
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would have to signify an increase. but this is impossible. for af ter 5 weeks 
the leaf- formation has long been finished and the flower-cluster-formation 
is in full swing. 

N u m b e r 0 f s h oot i n 9 I e a v e sin s p rin g. 

In § I it has been said. that 640 bulbs of I'Innocence and of Ia Victoire 
were planted out af ter the various exposures. The tables 2 and 2a give their 
number of leaves. which in spring. when they had been pushed from the 
bulbs. could be counted. The recorded numbers have been counted on 
groups of 20 bulbs and converted per 10. 

From these tables it appears. that (just as in Queen of the Blues) not 
all Ieaves grow out in Iower temperatures. 

TABLE 2. I'lnnocence. 

Number of assimilating leaves in the spring of 1927 per 10 bulbs. 

3 weeks 5 weeks I 7112 weeks I 12 weeks 
Ol 

;; 
135.5 '" 17° 31 .0 16.5 and 17.0 0 - - - -

P. 
I< 
Ol 

20° 39.5 18 .0 17.5 52 .5 51.1 50.0 51 .0 ;>. .. ., 
23° 53.2 53.7 53.5 51.5 51.5 Il 51.0 52.5 

:§ 
"ii 25 .5° 16.5 51.2 53.0 51.5 55.5 53.5 53.0 .. 
0.. 

28° 52.0 55 .0 51.0 56 .5 51.5 56.5 55.5 

Af ter-exposure to : 

T ABLE 2a. la Vicfoire. as table 2. 

3 weeks 5 weeks I 7112 weeks 12 weeks 

;; 
'" 0 17° p. 56.5 - 61.6 - 61.5 - 61.0 
>< 
Ol 

;>. 20° 59.5 60 .0 61.5 62 .6 61.0 62.0 62.5 .. ., 
Il 23° 61.5 59.0 62.0 59 .5 61.1 60.5 60.5 
:§ 
"ii 25 . 5° 60.5 61.0 60.0 60.5 61.5 62.3 62.0 .. 
0.. 

28° 62.0 62.0 61. 5 1 61.5 62.5 62.5 61.0 

Aker-exposure to : 

In order to make all Ieaves grow out 13° is nearly aIways less favourable 
than 17°. Further it may be observed that the higher the temperature of 
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the preliminary exposure, the shorter it need last to make all the leaves 
shoot. In l'Innocene 20° is necessary for 12 weeks, 25.5° and 28° 
but for 3 weeks. l'Innocence however can have a lower temperature than 
Queen of the Blues. All or nearly all the leaves already grow out in 
l'Innocence in 20° for 12 weeks, whereas in Queen of the Blues this does 
not occur before 25.5° for 8 weeks. 

La Victoire (tabIe 2a) deviates still more from Queen of the Blues; 
here there are no great differences to be indicated in the chosen 
temperatures. The complete number 64, which probably averagely amounts 
to 61 or 62, is here (with 64) already attained in 17° for at most 12 weeks, 
whereas the number 56.5 for the lowest temperature, viz. 3 weeks in 17° 
and next in 13° , compared with the two ot her varieties, deviates but little 
from the complete number. So in this respect la Victoire can stand 13° 
much better than l'Innocence. 

L eng t hof t hef 0 I i a 9 e - I e a v e s. 

1. Table 3 gives the length of the young outer foliage-Ieaf measured 
:It the peeled bulbs of the fixed material. The optima are printed fat. For 
Queen of the Blues and l'Innocence they are found in nearly the same 
treatment. The principal differences are, that for I'Innocence an optimum 

TABLE 3. /'lnnocence. 
Average leng hts in mms of the outer foliage-leaves, still in embryonic condition (n = 10). 

20') 

25.5° 

J~~:i~~i?i61 Af ter 3 weeks [ 5 weeks 71 h weeks 112 weeks 

3.69 

3.69 

3.69 

3.69 

3.69 

1.72 

5.21 

5.23 

5.17 

5.19 

6.15 

6.86 

7.02 

6.51 

6.31 

10.30 

9.79 

10.82 

9.17 

9.09 

20.83 

18.97 

18.12 

15.51 

13.30 

lies at -+- 8 weeks 23° , whilst for Queen of the Blues this lies at -+- 8 weeks 
20° and further that for Queen of the Blues the leaves in 3 weeks 23°, 
25.5 ° and 28° are equally long. Accordingly there is a striking corres
pondence. Here it is again corroborated, that according as the organ
enlargement (especially in September) is acting a more important part, 
as compared with the organ-formation, the optimum is shifted to a lower 
temperature. 

2. Of the planted bulbs the tables 4 and 4a give the average length 
of the outer leaf above the ground at the point of time, that the leaves of 
the greater part of the bulbs already showed above ground. 

The measuring was rather inaccurate, especially on account of the 
roughsurface of the soil. so that only the great differences are of value. 
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TABLE 4. I'Innocence. 

Average lengths of the outer foliage-Ieaves above ground in mms per bulb af ter removal 
of the cover (peat-litter) on January 28, 1927 (X = under the surface 

or on the same level). 

3 weeks 12 weeks 

... 
" '" 17° 15.5 17.3 3.0 and 5 . 8 0 - - - -Cl. 
>< 
Ol 

20° 16.0 X 13.3 1.3 4.3 6.0 2 . 8 

11 
23 l 27.8 20.8 26.0 7.3 10.5 4 . 0 2.0 

25.5° 59.0 28.8 25.5 21.3 6 .0 4 . 5 2.3 

28° 36.3 25.0 31.0 26.8 
1 

22.5 23.5 6.0 

Af ter-exposure to: I 13° 
I 

17° 13° 
I 

17" 
I 

13° 
I 

17° 
I 

-

TABLE 4a. la Victoire, as table 4. 

3 weeks 5 weeks ~ 71/2 weeks 12 weeks 

... 
" 

1 
'" 0 17° 4.0 - 3.8 - 1.5 - X Cl. 
>< 
Ol 

;>- , 20 10.3 2.8 12.8 0- 2.3 X X . , 

1/ 
23 . 31.3 1.3 13.0 1.8 6.3 X X 

25.5° 23.8 1.5 19 . 0 0.8 6 . 5 5.3 X 

28° 
1

31
.
8 2.8 19 . 31 5.3 

1 
7.8 5.0 X 

After·exposure to: 

From the tables 4 ,and 4a th is conclusion may be drawn: for the 
stretching of the leaves up to this time the after-treatment in 13° is better 
than in 17° . Further it may be stated, that I'Innocence 3 weeks 25.5° and 
next 13° surpasses the other treatments favourably. Here too it appears, 
that the optimum which is found after 12 weeks 17° with the leaflets in 
embryonic condition (tabIe 3) is shifted when reckoned over a longer period 
(during the stretching). 

For la Victoire (tabIe 4a) we find a corresponding optimum in J anuary 
in 3 weeks 23 ° , 25.5 ° and 28° with after-treatment in 13° . 

N u m b e r 0 f s h e a t h - I e a v e sin I' I nno een c e. 

On J uly 5 each of the 10 bulbs examined had 2 sheath-Ieaves. In the 
bulbs examined after exposure (fixed material ) there occurred in each 

3* 
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TASLE 5. /'Innocence. 

Number of sheath-leaves per 10 bulbs. (The number at the beg inning of the experiment 
was 20 per 10 bulbs. 

;fter 3 week sr 5 weeksT71h weeks 12 'weeks 

17° 19 17 19 16 

20° 17 19 19 18 

23° 19 19 19 16 

25.5° 17 19 16 18 

28° 19 17 17 17 

group of 10 at least I bulb with one sheath-leaf (tabIe 5). Of the 200 bulbs 
155 bulbs had two sheath-leaves, 44 bulbs one sheath-leaf and 1 bulb three 
sheath-leaves (this latter in 3 weeks 170

). That a certain exposure can 
influence this figure canno~ be concluded from this. 

§ 3. The direct effect of 170 _28 0 dllring 3 ta 12 weeks an the 
develapment af the floral wharls in tInnacence. 

About the 210 fixed bulbs the results as to number of foliage-leaves 
and sheath-leaves and length of the outmost foliage-leaf have already been 
communicated in § 2. In the present § the other observations on these bulbs 
are mentioned, viz. in what stage of development the vegetation-point that 
is to yield the fIower-cluster for the following spring, was found in 
consequence of the 20 temperature-exposures. 

In order to enable us to represent the progress of the formation of the 
floral whorls BLAAlJW (1920 and 1924) adopted 10 stages of development. 
Stage I is still a simple vegetation-point, in stage X this has grown into 
a cluster, the lowest flowers of which are quite complete. In the variety 
I'lnnocence the stages can in the ma in he distinguished in the same way, 
as in the previously examined Queen of the Blues. What differences there 
are, will be discussed afterwards. 

The stages of development in question have been drawn from nature 
and lithographed by Mr. VAN TONGEREN. The objects, stained with a 
strong aqueous solution of iodine and iodide of potassium were examined 
(also during the drawing) through a binocular micro scope. The magni
fication has been given with the ilIustrations (45-50 X ). Wh at has been 
drawn, was partly selected from the material of th is research, partly from 
other I'lnnocence-material of equal age. In determining the stages the 
lowest flowers were examined as these are the first to develop. The 
number of flowers, their size and shape do not act a part in this. Neither 
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does the ongm and development of the new vegetation-point. that 
(normally) will pass on to flower-formation the next summer. 

In the plates denotes: VP. vegetation-point; L. foliage-Ieaf; LL. scar 
foliage-Ieaf; L *. rudimentary foliage-Ieaf ; NVP. new vegetation-point ; 
BR. bract; BLP. flower-primordium; NPH 1. first leaf of the new 
phyllome-series; S . bractlet; T land TIl. tepals of the outer and the 
inner whorl; M land Mllstamens of the outer and the inner whorl; 
VO. carpel. Wh en of the NVP and of the first sheath-Ieaf of the NVP 
the swelling is not yet visible (not any or extremely little external dif
ferentiation). but the spot where these organs will arise. is already visible 
(of the NVP throug hstrong staining by the aqueous solution of iodine 
and iodide of potassium) . this was designated (NVP) and (NPH 1). 

The subsequent stages in I'Innocence are: 
I. The vegetation-point VP is still splitting oH leaves (L) and is 

still low (fig. 1). 
11. The vegetation-point has finished splitting oH leaves and is raised. 

while no diHerentiation is visible but a weak indication (NVP) 
or a slight swelling NVi) of the new vegetation-point (figs. 
2. 3 and 4). 

lIl. 

IV. 

V. 

VI. 
VII. 

VIII. 
IX. 
X. 

Besides the new vegetation-point which gets c1earer now some 
crescentshaped prominences BR are visible (figs. 5 and 6). 

In the lower primordia we now see the bract (as a roundish 
prominence) and the primordium of the proper flower BLP 
(likewise as a roundish prominence) separated from each other 
by a furrow (figs. 7 and 8). 

The th ree outer tepals T I are to be distinguished as th ree 
independent primordia (fig. 9). 

The three inner tepals TIl id. (figs. 10 and 11). 
The three outer stamens M I id. 
The three inner stamens MIl id. (fig. 12). 
The th ree carpels VO id. (fig. 13). 
The three carpels are raised. while the margins of each carpel are 

turned in (fig. 14). 

Besides the above description the plates and stages need the following 
explanation of a more secondary nature: 

Figures 1 and 2 have been drawn in the same magnification and also 
in the same position. so that the height of the two vegetation-points (fig. 1 
and fig. 2) are comparable in the drawings. Figs. 3 and 4 give the growing
point seen from above. 

Figure 4 has been drawn from the same object as fig. 3. but turned 
about 180 degrees. 

In fig. 3 the last fully formed foliage-Ieaf has been slightly lifted to 
show how this leaf covers the vegetation-point. This innermost foliage-leaf 
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namely frequently presses upon the growing-point or the developing flower
cluster so heavily, that a distinct ridge or dent is visible on it. This 
therefore has no actual signification with respect to the formation of organs; 
this should be borne in mind , because this may give rise to errors in 
judging the object. In figures 2, 3, 4, 5 and 10 the dent thus originated 
has been marked with a X. 

The leaflet last formed (L * in figures 2 and 5) has of ten not even been 
finished and is arrested as a rudimentary organ in the shape of a scale. 
This rudimentary leaflet may be followed as far as stage X and further, but 
it is no more visible in the illustrations af ter stage 111. 

In stage IV- (which approaches stage IV very closely) we see (fig. 7) 
the first indication of a sheath-leaf in the new vegetation-point; in the 
figure (NPH 1 ) . In the following fully drawn clusters the further 
development may be traced. 

In stage IV (fig. 8) in the lowest flowers we see the first differentiation 
of a bractlet , indicated with S, the further development of which may 
likewise be traced in some flowers in figures 9 and 10. See on this 
bractlet: BLAAuw 1920, Summary § 3. 

In stage VI the entire flower-cluster has been given (fig. 10). but the 
first (lowest) flower , indicated BLP 1 of this same flower-cluster has been 
opened and drawn in the right hand top corner of the plate (fig. 11), in 
order to indicate the feature of stage VI. i.e. the diHerentiated condition 
of the inner tepals. Of the following stages but one of the flowers has 
been drawn after being opened. This latter is necessary, because af ter 
stage V the tepals begin to overlap the further inward parts of the flower. 
This opening sometimes causes the turned down te paIs to be torn loose at 
the inside of the base, which is shown bij the scars in the drawings. 

Th e differences with 
wi t h reg a r d t 0 

Queen of the 
th est ag e s. 

Blues 

Ad stage l/. In Queen of the Blues stage 11 was considered the condition 
in which the vegetation-point is raised, whilst no further diHerentiation 
is visible. In I'Innocence it was observed, that the new vegetation-point 
may already be visible in the axil of tbe last leaflet (by cell-divisions at 
that place or by some swelling) fully split oH (binocular; staining with 
iodine and iodide of potassium), when the vegetation-point has finished 
splitting oH leaves and before there is óny indication of a bract. 

Characteristic of stage 11 is only the rise of the vegetation-point, not 
the appearance of the new vegetation-point, because also in judging the 
iater stages we have left this out of account. 

Ad stages /II and IV. In Queen of the Blues stage 111 has been called 
the condition, in which the 1 st or the 1 st and 2nd flower-primordia are 
visible as weak swellings. Besides the new growing-point at the base is 
not mentioned before this. 
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In l'Innocence we first observed a crescent-shaped roundish prominence 
of the bract (= stage 111) , while the part above this which is to give 
ri se to the proper flower-primordium does not show any prominence. Not 
until af ter this there appears above the bract a prominence of the proper 
flower. At first this is lower than the bract (= 111+ or IV-) , but it will 
soon be higher (= IV). Further the bract lags considerably behind 
in growth. 

In Iimiting the stages we can also mention as a criterion for stage 111 
the rise of a single crescent-shaped prominence. Then it is left undecided 
for the present, whether th is prominence is the bract or a primordium 
which will yet be differentiated into a bract and a flow er. 

Ad stage VII. For Queen of the Blues (and also for I'Innocence) stage 
VII is reached , when the three outer stamens are visible as independent 
organs. But by that time in the examined material of l'Innocence there was 
always something to be seen of the inner whorl ; for that reason the 
stage is called VII+ or VIII-. Now it is possible, that not all the stages 
and transitions from one stage to another could be observed in this material. 
the number of different treatments being Iimited here. Yet the impression 
remains that the stages VII and VIII, \ .:len they do not fairly coincide, 
succeed very quickly, i.e. in this way, that the inner whorl commences 
forming, when the outer is not yet finished. 

The progress 
o f t hef I 0 w e r - c I u s ter - f 0 r mat ion. 

This has been synoptically represented in a "curve of dots" (fig. 15). 
(Sec BLAAuw 1924 and LUYTEN, JO lJ STRA, BLAA u w 1925). Each dot 
indicates a bulb and is placed with the stage of development (ordinate), in 
which the vegetation-point or the lowest flower were, while the treatment 
is indicated on the abscis. A +stage was put in the upper and a -stage in 
the lower half of a square. In the advel1ced stages IX the anthers could 
be measured under the binocular; their length was ca 0.2 mmo As smallest 
measure in stage X ca. 2.5 mms. was found . A sub-division of stage X 
or rather the development af ter stage IX has been rendered according 
to the length of the anthers . It is necessary therefore to take into account, 
that on the ordinate above and below the heavy line values have been 
plotted which were obtained in different ways. 

Here a discussion follows of the Fig. 15 in question : 
1. On July 5 at the beg inning of the experiment all of the 10 examinecl 

bulbs were in stage I. It was however the end of the period of splitting oH 
leaves as appears from tables 1 and 2. 

2. Af ter 3 weelcs 25.5° has progressed farthest , though 23 ° and 28° 
are falling behind but little. 

3. Af ter 5 weeks the flower-cluster is further developed than in 
whatever temperature after 3 weeks. 23 ° and 25.5 0 are farthest. It was 
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remarkable in this case, that in 25.5° in two bulbs the new vegetation-point 
at the foot of the cluster had already passed on to flower-formation. In 
both bulbs this had already attained stage IV. 

4. Af ter 7Yz weeks 23° and 25.5° are farthest and besides, especially 
in 23° very uniformly developed. The development of the 10 bulbs in 20° 
is particularly unequal. One of the bulbs in 20° was diseased, but reached 
stage VI after all (indicated with * in fig. 15). 

5. Af ter 12 weeks 17° is farthest, but (just as in Queen of the Blues) 
most unequal. In this case anthers were measured of a length of 0.65 to 
1.75 mms. Of a failure of the flower-cluster, as in Queen of the Blues, 
there is no question in l'Innocence in 17°. But the Queen of the Blues 
examined at the time was a year younger with a circumference of 
7.5-9 ems and accordingly already therefore possessing slighter flowering
capacities. Averagely most advanced is 20°. Most uniform in development 
are the bulbs in 28° (anthers of a length of 0.5 to 0.65 mm) a~d in 25.5° 
(from 0.65 to 0.85 mm.); 25.5° is the farthest of these. In 25.5° th ere was 
a diseased bulb, which had not progressed at all in its development. In 
28° there was a similar bulb likewise entirely lag ging behind in deveJopment, 
which was abnormaJ in a different way. Here too in 25.5° the new 
vegetation-point in one of the bulbs bad proceeded to flower-formation 
(stage V + ). This was not the bulb that had not developed at all. 

§ 4. The total effect on the flower-cluster in l'Innocence 
and la Victoire. 

In order to trace the total effect of the various exposures the bulbs 
were planted out after 12 weeks (on Sept. 27, 1926) in a cistern with fixed 
groundwaterlevel of 60 ems. (described in BLAAlJW 1922). The total effect 
on number and leng th of the leaves has already been rendered in § 2 
(together with the direct effect); in this § the total effect on the flower
clusters follows. See the tables 6 and 6a. At the top (between the double 
and the heavy horizontal lines) the exposure has been given. Next the 
number of planted bulbs follows. 20 bulbs were taken per treatment, but 
in some cases, where the figure 19 is found, one has dropped out. Next 
th ere is added to the dates the number of flower-c1usters, which started 
flowering on these dates. Then the number of flowering and non-flowering 
buJbs and the average number of flowers per cluster; at the foot of these 
the mean error of th is average. The signification of the * we find at the 
close of this §. Mind, th at in tab Ie 6 two groups are found with an 
exposure of 12 weeks 17°. 

Beg i nni n 9 0 f f 1 0 w er ing. 

On March 17, 1927 the first flowers of la Victoire and on March 19 
those of l'Innocence came into bioom. The number of clusters which came 
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into bIoom on these days (and further every other day) have been given 
in the tables. 

l'Innocence flowers earliest in an exposure of 5 weeks to 25.5° , 23° 
and 28° with an after~treatment to 13° . In 23° and 25.5° the figures 8 
and 11 are placed between brackets. We doubted namely in these cases 
whether we should note 7 or 8 clusters for each in 23° and 11 clusters in 
25.5°, but at last we decided on 7 for each. Vet it may appear from this , 
that 25.5° is a little in advance. 

La Victoire has a conspicuous start in an exposure of 5 weeks to 25.5° 
with an after~exposure to 13°. 

Finally it is evident that for a rapid flowering the after~exposure to 
13° is more favourable than to 17°. 

Wh en we compare the celerrimum for flower~formation in fig. 15 with 
the rate of coming into bioom in table 6, we see parallel "curves". Af ter 3 
and 5 weeks and 7Y2 weeks 23° and 25.5° and also 28° are the first to 
flower in each case, while the flower~cluster~formation is likewise most 
advanced in these exposures. Af ter an exposure of 12 weeks to the same 
tempera tu re the flowers from 17° are the first to bIoom, from 28° the last. 
The rate of flower~formation in these temperatures is parallel. Throughout 
the winter this celerrimum was maintained. 

Accordingly a celerrimal effect is obtained by exposure first for some 
weeks to a high temperature (25.5° , 23° to 28° ). next to a low temp. 
( 17°. still better : 13° ). If however in the later weeks the temperature is 
kept high, this retards so much. that permanently 17° and 20° are more 
rapid than permanently 23°-28°. 

It is a striking fact o that this effect in these early varieties is achieved 
in the same temperatures as in the late variety Queen of the Blues. 
Especially with a view to treatment for early flowering it was important 
to control this point once more in well~known early varieties. 

Number of flowering and 
non ~ f 1 0 w e rin 9 bul b s. 

It has appeared from fig. 15, that in l'Innocence every growing~point 

has proceeded to flower~formation in the chosen temperatures. From table 6 
it is to be seen. that it may happen. that the flower does not develop in 
the lower temperatures. especially in an after~treatment to 13°, preceded 
by too short a preliminary exposure to but 20° or 17°. Af ter 5 weeks to 
and above 23° nearly every flower~cluster succeeds, both in the after~ 

exposure to 13° and to 17°. 
In la Victoire (tabIe 6a) fewer bulbs have fallen behind in the chosen 

temperatures. from which it may be concluded, that this variety can 
endure à lower temperature. 

The Queen of the Blues previously examined was a year younger and 
already for that reason the number of flowering bulbs is smaller (see § 6). 
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N u m b e r 0 f f I 0 w ers per c I u s ter. 

The numher of flower-clusters (= n) varies from 7 to 20 in the two 
varieties; it usually amounts to 19 or 20 (tabs. 6 and 6a). The mean 
error of the average number of flow ers per cluster was calculated according 
to J O/-IANNSEN with the formulas: 

Cl 1/-Ypa2 
2 

m = ± v~ and (1 = ± r --;;- - b . 

For l'lnnocence the mean error is fairly uniformly low. In 3 weeks 17° 
and 20° and. next in 13° it is greatest (number of flower-clusters = 7). 
For la Victoire the mean errors differ more and are greater on account of 
the deviations of the variants of the mean value being greater and more 
irregular, owing to the great number of flowers that occurs on the clusters 
in this variety. 

In what temperature must the preliminary exposure take place and 
after what time? Taking the mean error (M -+- 3 m) into consideration, we 
can but point out differences between the greatest and the smallest numbers 
in l'Innocence. The ever recurring optimum at ca 25.5 ° after 3, 5, ca 8 
and 12 weeks is however striking. Even clearer is a similar optimum in la 
Victoire, but here it is found in 20° (after 3 and 5 weeks also in 23° ). In 
23", 25.5° and 28° the numhers get smaller and smaller. The preliminary 
treatment must last longer in the two varieties than 3 weeks, though this 
is not so necessary, when the above-mentioned optima are applied. 

If we consider whether the after-treatment to 17° or to 13° is necessary, 
we must not give preference to either of them in l'Innocence. For only 
where the slightest number of flowers occurs (3 w. 28° + 9 w. 13° ) there 
is, taking the mean error into account, a real difference to be stated 
between the treatment in 17° and in 13° . In la Victoire this is different: 
When the preliminary exposure to 20°-28° lasts but 3 weeks, 17° is 
better, because in that case a greater number of flowers remains rudimentary 
in 13°. When the preliminary exposure to 20°-28° lasts 5 weeks, the 
number of rudimentary flowers is smaller and when an after-exposure to 
13° or to 17° follows no rea I difference in nu mb er can be pointed out. 
Accordingly here (with the mean error) it may he more or less traced in 
the tabIe, where the n.umber of rudimentary flowers is great. 

Where these rudimentary flowers occur in la Victoire the following 
indications are made: In the tables 6 and 6a sub "numher of flowers per 
cluster" an asterisk or an asterisk between brackets has been placed. In 
the case of la Victoire this means, that in those cases the clusters bore a 
number of apical flowers (from 1 to 5) which showed aberrations due 
to the treatment (as in Queen of the Blues, BLAAuw 1924, first part § 8). 
With (*) is indicated, that it was only distinctly observed on one of the 
clusters. Only those flowers we re taken into consideration, which could 
be clearly distinguished with the naked eye. It occurs in 3 and 5 weeks only 
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then, when an after-treatment to 13° took place. In 5 weeks 28° and next 
13° it does no more occur; it was observed still however at a cluster in 
7Y2 weeks 17° and next 13°. 

Especially when many apical flowers fall behind, this goes together with 
a thinner common flower-stalk and smaller and paler flowers. 

Though therefore in the after-treatment to 13° the celerrima are found, 
they are no optima here in the sense that the flower-cluster is best developed 
and richest in flowers. 

In the case of I'Innocence * and (*) indicate, that the tepals in those 
cases were slightly greenish at the apex. Generally this does not occur in 
the after-treatment to 17° , but it does occur when the bulbs have been 
kept in the same temperature for 12 weeks. 

§ 5. lncrease in weight of the bulbs. 

On Sept. 27, 1926 (af ter the treatment in the various temperatures) the 
sets of bulbs were weighed and next planted in a cistern with equal soil and 
ground-water-leveI. as has already been described in § 4. From this date 
to the date of lifting (J uly 4, 1927) they have been, though all in an 
equal measure, exposed to various influences of the weather. The 
differences, we find in the tables 7 and 7 a therefore are due to the different 
exposures in the previous summer, whileafter that for months together 
the climate has influenced them all equaIly. 

The smaIl figures in the tab les denote the weight per bulb (an average 
of 20 bulbs) on Sept. 27, 1926 and on J uly 5, 1927 (for I'Innocence) and 
on J uly 6, 1927 (for la Victoire). So af ter lifting they were weighed on 
two subsequent days, which has been recorded, because the loss of weight 
in one day is already worth mentioning. After each brace the difference, i.e. 
the average increase in weight, has been given in large figures . 

TABLE 7. I'lnnocence. 

Increase in weight per bulb in grams from Sept. 27, 1926 (date of planting) to July i, 1927 (date of Iifting) 

3 weeks 5 weeks 12 weeks 
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TABLE 7a. la Victoire, as table 7. 

12 weeks 

Ol .. 
17° ~~:~ 111.6 i~:~ 115.1 i~ :~(16 . 7 ~~:~ 120.2 ::l - - -

"' 0 
"->< 
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:>-.. 
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i~ :~ !19.i j; :~!21.7 i~i (22 .2 ~~ . ~ (25 .8 in (ao i~:; (22.8 i~:! 122.7 
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28° i~ :~ 121.8 i~ :~ 123.1 it~ (21.i i~ : ~ 123.6 i~: ~ 120.7 i~:j (23.1 j~:~ 123.3 

After-expo- I 130 
sure to: 

BLAAUW (1924) points out, that little attention must be paid to slight 
differences in weight. In this case th is is evident from the 2 sets of 20 bulbs 
which (one by mistake ) were both left in 17° for 12 weeks. Here there 
is a difference of 2.3 grms, so that th~refore no value must be attached to 
10 % increase in weight. 

On comparing table 7 with 7a, it strikes us at once, that the increase in 
weight in I'Innocence is in every case greater than in la Victoire. On our 
starting the experiment the bulbs we re equally large for the two varieties ; 
positively the more vigorous leaves of I'Innocence with larger assimilating 
surface than those of la Victoire act an important part here. 

Nearly everywhere the after~treatment in 17° appears to be more 
favourable than in 13°, especially in I'Innocence. An exception to this is for 
insta nee 7~ weeks 25.5° + 4~ w. 13° ; yet this difference is smaller 
than 10 %, so that it is a question whether it must be attached any value to. 
But it is pointed out here , because in Queen of the Blues (BLAAuw 1924, 
tab. 32) there was also stated greater increase in weight in this case. 

Taking the preliminary exposures also into consideration the following 
exposurës are optimal for I'Innocence : 5 w. 25.5° + 7 w. 17° and 3 w. 
28° + 9 w. 13° or 17°. For la Victoire 5 w. 25.5° + 7 w. 17°. For Queen 
of the Blues (BLAAuw 1924, tab. 8) there is an optimum at eight weeks 
25.5° + 7 w. 17°. In these early varieties therefore optima are found in the 
higher temperatures (25 .5° and 28° ), during a shorter period (3 and 
5 weeks) . 

§ 6. Summary in connection with the application. 
Comparison with Queen of the Blues. 

With respect to the growing out of all leaves 
int hef i e I din sp rin 9 it has appeared, that the higher the 
temperature of the preliminary exposure, the shorter it should last. For 
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l'Innocence (tab. 2) this temperature may be lower, and needs last shorter 
than for Queen of the Blues (BLAAuw 1924, tabs. 2 and 24) . For la Victoire 
(tab. 2a) this temperature may be lower yet and the preliminary exposure 
shorter than for J'Innocence. As to the combination of optima (BLAAuw 
1924, § § 1 and 9) this causes no difficulties, as all following optima for 
this are found as a rule at so high a temperature and for so long a period, 
th at all leaves shoot. 

For t hes t r e t c h i n 9 0 f t hef 0 I i a 9 e t i II Jan u a r y 
(judged from the outmost foliage-Ieaf) for l'Innocence (tab. 4) a treatment 
in 25.5° for 3 weeks and next 13° is optima I. For la Victoire (tabIe 4a) 

this mayalso be 23° and 28°. The af ter-exposure to 17° is not favourable 
in this case, especially not for la Victoire. For Queen of the Blues 
(BLAAuw 1924. tab. 4 and § 11) this lies in a higher temperature, which 
is to be applied for a longer period. 

For cel e r r i m a I f I 0 w e rin 9 in l'Innocence and la Victoire 
25.5° is necessary for 5 weeks and then 13° tilJ the planting-period (tabs. 6 
and 6a). In J'Innocence the lower surfaces of the tips of the tepals were 
slightly green in this case, which does not do much harm to the beautiful 
appearance of the flower. In la Victoire however the apical flow ers had 
remained rudimentary in 13°. This however was stated after a stay for 
months together outdoors in the field. For a celerrimal flowering (forcing) 
indoors the results may be more favourable and at any rate an af ter
treatment in 17° would cause too great a delay i.e. no celerrimal effect. 
In Queen of the Blues (according to experiments not yet published) the 
celerrimum of flowering is also found at 25.5° or 28° for 5 weeks, followed 
by an after- treatment in 13° . 

Non - f I 0 w e rin 9 b u Ibs ( tabs. 6 and 6a) occur in lower 
temperatures than the above-mentioned optima, so that - with a bulb
circumference of 12 to 13 cms - we need not take th is into account f~r 
the combination of the optima. 

Queen of the Blues of 7.5-9 cms (BLAAuw 1924, tab. 14) is much 
closer to the limit of flowering-ability ; those of 12-13 cms (ibid. tab. 23) 
are perfectly parallel, as far as the exposure was identical, with these early 
varieties. The Queens of 7.5-9 cms must not be compared in this respect 
with the older bulbs of the early varieties, because these have a more 
vigorous flowering -capacity and consequently yield a greater number of 

flowering bulbs. 
Of la Victoire and l'Innocence it may he said, that with a short 

preliminary exposure in this respect the former can end ure a lower tempera
ture bet ter than I'Innocence. 

With respect to th e 9 rea t est nu m b e r 0 f f I 0 w ers per 
c I u s ter for l'Innocence (tab. 6) ca 25.5° for 5 weeks or 7Y2 weeks and 
next 13° or 17° is optimal. In the same way the Queen of the Blues of 
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12-13 cms (BLAAuw 1924, tab. 23) showed an optimum at 8 w. 
25.5° + 4 w . 17°. It should be mentioned here, that in order to be 
compared, the bulbs must be of equal age, as is evident from comparison 
of tanles 19 and 23 in BLAAuw 1924. For Ia Victoire (tab. 6a) a preliminary 
exposure to 20° for a long period (up to 12 weeks) is favourable, but for 
the combination of the optima, especially with a view to increase in weight, 
we shall have to raise the temperature (23", still better : 25.5° ), but a still 

higher temperature is markedly detrimentaI to the number of flowers . 
Optima for the increase in weight (tabs. 7 and 7a) for the 

two varieties lie at 25.5 ° for 5 weeks and next 17° (besides for I'Innocence 
at 28° for 3 weeks and next 13° or 17° ). An after-treatment in 17° is 
desirabIe for those. On comparing with Queen of the Blues (see BLAAlJW 
1924, tabs. 8 and 26), we are inclined to say that these early varieties 
should be exposed to the high temperatures for a shorter period than 
this Queen. 

Fin a I con c I u s ion. For an optimal field -culture ca 25.5° for 
eight weeks and next 17° has appeared to be the best treatment for the 
late variety Queen of the Blues. The early varieties I'Innocence and la 
Victoire we had probably better expose to 25.5 0 {or a shorter period (e.g. 
5 weeks) and next to 17°. 

This is also proved (with I'Innocence) by the fact that the fIower-cIuster 
after 8 weeks in 23° and 25.5° has already progressed sa far, as is evident 
from the curve of dots (fig. 15). 

We emphasize that we refer to healthy bulbs. For severely diseased 
sets quite a different treatment may be desirabie as a cure. 

Wageningen, October 1927. 
Laboratory {or 

Plant-physiological Research. 
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Physics. -- The influence af pressure an the electrical canductivity af gald 
up ta 1000 atmaspheres. By A. MICHELS and P. GEELS. (18th com
munication of the "VAN DER WAALS-Fund"·) (Communicated by 
Prof. J. D. VAN DER WAALS.) 

(Communicated at the meeting of October 29. 1927). 

These measurements complete an investigation on the influence of 
pressure on the conductivity of gold. the preliminary results of which were 
given in the 17th communication 1). 

It must be repeated that the material used in this investigation was gold
wire in a hard drawn state so that the influence of tempering might 
afterwards be investigated. 

The methad of measurement. 

The bridge circuit depicted in figure 1. which has been described by 
F. E. SMITH 2). was used in place of the WHEATSTONE bridge used in the 
preliminary investigation. 

,---------------0 

Fig. 1. 

The peculiarity of this circuit. like that of the THOMPSON-bridge. is that 

1) These Proceedings 30. (1927) 47. 
2) Phil. Magazine 1912. Bd. 24. P 562. 
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the influence of the resistances of the leads is reduced to below the 
accuracy of observation. 

As. it is hoped to return to the advantages and disadvantages of this 
method. as weIl as to the best choice of the resistances. in a later com
munication. it will be sufficient to state here th at : 

r" _~_!j 
r/3 r3 ri' 

ra and r/J being made of the order of 1000 ohms. whilst k was kept as small 
as possible; (1 was the measuring wire. and varia ti ons in the temperature 
were compensated by a gold wire (3. which was not put under pressure (l.c.). 

(;.! and (4 are the coils of standard resistances of 1000 ohms with a 
calibrated variabie resistance introduced into one of each pair of leads for 
regulation and for the compensation of the pressure effect. 

Following the usual method. the coils of the standard resistances were 
commutated in each measurement in order to compensate for any 
irregularities in the resistances of the two coils. (This appeared necessary 
as deviations of the order of 5 X 10- 6 were obtained. due to differences in 
the temperature coefficients.) The deflection of the galvanometer was 
observed by commutating the bridge current. the effects of thermal currents 
being thus eliminated. 

The sensitivity. 

The sensitivity of the circuit was sufficient to cause an alteration of 
resistance of 4 X 10- 7• wh en an ordinary MOLL galvanometer and a 
measuring current of 3 milliamps was used. This corresponds to a 
tempcrature difference of the measuring wire of 10- 4 degrees. 

Calculation showed that the increase in temperature of thc gold wire 
resulting from thc above measuring current. would not give an error greater 
than this. 

The accuracy of the pressure measurements up to 250 atmospheres was 
greater than that of the resistance measurements. 

As the new pressure balance for higher pressures had not been completed. 
the old. although improved. high pressure balance of the "VAN DER WAALS 

Fund" had to be used for 250-1000 atmospheres. and an accuracy cannot 
be c1aimed of more than 1 in 1000. 

The observations were made in two series. one from 0-250 atms .. with 
pressure intervals of 50 atms .. and the other from 0-1000 atms. with 
pressure intervals of 200 atms. A few points overlap. and provide a good 
connection between the two series. 

The measuring wire was on ce heated for a considerable time at 40° 
between two sets of measurements from 0-250 atmospheres. 

In order to economise spa ce all the results are not communicated. 

4* 
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The results of the measurements. 

The tab les below give : 
Table I a series of measurements up to 250 atms. before the tempering 

at 40° ; 
Table 11 a series af ter the tempering; 
Table 111 the results over the pressure range 0-1000 atms. 
The tables are subdivided. and give under : 
a. the total change of resistance per original Ohm; 
b. the change of resistance per Ohm per kilogram. per sq. centimetre 

for the various pressure intervals. 

Pressure in Kg/cm211 

16.95° 

28.46° 

j.-

Pressure in Kg/cm2 

Pressure in Kg/cm211 

18.75° 

18.87° 

28.5° 

28.2° 

40.0° 

51.5 

2586 

2525 

TABLE Ia. 

_ 6. w X 106. 
W 

101.5 151.5 

5036 7125 

4931 7291 

TABLE Ib. 

_ _ A~ X 106• 
6.p.w 

201. 5 251.5 

9771 12061 

9592 11855 

0-51.5151.5-101.51101.5-151.+51.5-201.51201.5-251.5 

5.02 

4 .90 

51.5 

2556 

2555 

251 8 

25)3 

2448 

4.90 

4.82 

TABLE IIa. 

_ 6. W .106 

W 

101. 5 

4979 

4973 

4871 

4890 

4690 

4.78 

4.71 

151. 5 

7342 

7338 

7132 

71 s 

6777 

4.69 

4.60 

4.58 

4.53 

201.5 251.5 

9636 11836 

9642 11836 

9290 11364 

9308 11369 

8786 1071° 
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TABLE IIb. 
0.W 

. 106 
- 6 p- ;;' 

Pressure in Kg/cm211 0- 51 . 5 151.5-101.51101.5-151 . +51.5-201.51201 . 5- 251 . 5 

18.75° 4.96 4.85 4.73 I 4.59 4.40 

18 .8r 4 .96 1.84 4.73 4 . 61 4 . 39 

28.5° 4 .89 4 . 71 4 . 52 4 . 32 4 . 15 

28.2° 4 .88 4.75 4.52 1.32 1 . 12 

40.0° 4 . 75 1.48 4.17 4.02 3 .85 

TABLE IIIa. 

- ~~ .106 

W 

Pressure in Kg/cm211 209 . 4 408 . 3 607 . 1 806.0 1004 .8 

20.9° 9948 18191 25069 3118 i 36995 

28.3° 9682 17631 24247 30296 36093 

39 . 1° 9178 1668° 2298° 28943 34733 

TABLE IIIb . 

. 0, ~ . 106 

0.pw 

Pressure in Kg/cm2 0-209.4 209 . 4- 408 . 3 408 .3-607 . I 607.1-806 .0 806.0-1004.8 

20.9° 4 . 75 4.14 3.46 3 .07 2 .92 

28.3° 4.62 4.00 3.33 3.04 2 . 92 

39.1 ° 4.38 3.77 3.17 3 . 00 I 2.91 

Discussion of the results. 

1 0. A deviation of 1.3 X 10- 6 from a mean was obtained in one case 
in the measurements below 250 atmospheres. the remainder of the 
measurements showing a much better agreement. 

As was expected. the .measurements with the large pressure-balance did 
not give such good results. the maximum deviation from the mean 
amounting to 4 X 10- 6 . 

The deviations correspond to a temperature variation of 1/3000° for the 
lower pressures. and 1/1000° for the higher . 

20 . The tempering of hard drawn wire for a considerable time at 40° 
appears to have a very noticeable influence on the pressure effect. 
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In connection with this it must be mentioned that, although the wire had 
previously been compressed to 1300 atms. with the result that the hysterisis 
phenomena did not appear in the normal measurements, these phenomena 
reappeared af ter the tempering, but we re diminished after first raising the 
pressure. 

It thus appears almost impossible to compare the results of work on the 
pressure influence on metal resistances, unless the history of the wire is 
given accurately. All that is known of the temperature treatment of the gold 
wire used by BRIDGMAN is, that it was tempered between 0° and 140°-150°. 
BRIDGMAN, therefore, used a more strongly tempered metal. and th is is In 

agreement with the pressure coefficient found by him (between 0-1000 
atms. mean 3.1 X 10-6 at 250), for the latter deviates considerably from 
the present measurements in the same direction as does the coefficient 
found after tempering to 40°. In view of the tempering mentioned, it is 
doubtful whether BRIDGMAN determined his coefficients with sufficient 
reproducibility. Also, it is noteworthy th at BRIDGMAN does not give a single 
intermedia te determination between 0 and 1000 atmospheres, and that he 
has only attempted to detetmine the curve by a sort of extra-interpolation 
method, whilst the present measurements indicate, that the curve is most 
important in the region of lower pressures. 

Again, BRIDGMAN did not observe any noticeable hysterisis phenomena 
such as is mentioned above. 

A graphical representation of the present results is given in Fig. 2, and 

-1.10 

Fig. 2. 
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the deviation from the linear equation of the pressure effect, i.e. the 
deviations from the straight line drawn between the first and last points of 
Fig. 2, are plotted in Fig. 3. 

Fig. 3. 

As BRIDGMAN has also published a graph similar to Fig. 3 it is possible 
to compare his and the present results. 



Geology. - On the age of Alkaline rocks from the island of Timor. By 

Prof. H. A. BROUWER. 

(Communicated at the meeting of November 26. 1927). 

Among the Permian sediments of the island of Timor which consist 
principally of tuffs. marls with tuffaceous material. marls. Iimestones and 
effusive rocks were also found locally conglomerates with pebbles of 
eruptive material. The pebbles from these sediments were not yet examined 
microscopically and their description is not included in my paper on the 
rocks of East-Netherlands-Timor 1 ). Permian conglomerates with pebbles 
of eruptive material have been described also from Djambi. TOBLER 2) 
describes from there a thick series. consisting of porphyries and quartz
porphyries. keratophyres and quartzkeratophyres with tuffaceous sandstones 
and thick beds of conglomerate in which the pebbles consist of the same 
volcanic rocks. 

The Timor conglomerate. of which the pebbles have been studied. has 
been found in the neighbourhood of the path Soefa-Maubesi. where this 
path passes the grass-grown hills which can be followed from the 
mountain Somohole in a northerly to north-easterly direction. The locality 
is near and to the N. E. of the most northern of these hills. where the 
path turns round it. Tuffaceous material and lapilli are found in many 
of the highly fossiliferous Permian sediments of this region while several 
eruptive rocks have been already described 1). These latter rocks are 

of ten interstratifed with the Permian. they are partly effusive rocks. partly 
perhaps intrusive sheets. The top of the mountain Somohole consists for 
instanee of medium-grained augite-amphibole-diorite and farther to the 
north quartz-bearing augite-amphibole-diorite have been found. The latter 
rock has a peculiar chemical composition. as I already have shown (loc. 
cito p. 23); it differs from the normal quartz-diorites by its high Na20 
content and its low Al:,!O:: content. characteristics which point to a 
transition to alkaline rocks. 

Gabbros. diabases and porphyrites have also been described from this 
region. 

Typical alkaline rocks are found in adjacent regions. Of the alkali
rhyolites. alkalitrachytes and keratophyres. which have been described in 
my previous papers :l ). an alkalirhyolite is found in the Fatu Forfaik to 

J) H. A. BROUWER. Gesteenten van Oost-Nederlandsch Timor. Jaarboek v. h. Mijn
wezen in Ned. Oost-Indië. Verhand. 1916. I. 

2) A. TOBLER. Djambi Verslag. Jaarboek v. h . Mijnwezen in Ned.-Indië. Verhand. 1919. lIl. 
3) H. A. BROUWER. Neue Funde von Gesteinen der Alkalireihe auf Timor. Centralbl. 

f. Min. Geol. und Pal. 1913. p. 570: 1914. p. 741. 
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the south-west of Sufa. Between the bivouac Sufa and the grass-grown 
hills to the north of the Somohole we found a brecciated alkalirhyolite wlth 
aegirine in the groundmass ; alkalitrachytes and keratophyres have heen 
found at different places in East-Netherlands-Timor. Many alkaline rocks 
are found in close connection with Permian sediments, we only mention 
the camptonites of the Noil Tonini , the alkalirhyolite of the Fatu Forfaik 
ncar Sufa, which rests upon Permian crinoidal limestone and the alkali 
trachyte in the valley of the Noil Musa . which is found with Permian 

rocks. 

Constituents af the Permian canglamerate . 

Several pebbles of which some are up to several centimeters in diameter 
were studied under the microscope. Partly they are typical effusive rocks, 
partly they are medium-gra ined or porphyritic with a holocrystalline 
groundmass. Many af the pebbles are ~trangly weathered and their identi 
fication is difficult , because the dark minerals and sometimes also the 
feldspar are entirely decomposed . It is probable that more alkaline rocks 
are found among them but they cannot be identified with certainty without 
a chemical analysis, because the typical minerals cannot be determined. 

Quartz (alkali) syenite parphyry. 
This rock consists of phenocrysts of microperthitic feldspar and of acid 

plagioclase (principally albite) in a groundmass consisting of the same 
feldspars, rather much quartz . much ore (and ore-bearing substance ), 
also some calcite. The original dark minerals of the rock is transformed 
in secondary mineraIs. The character of the feldspar shows however 
sufficiently the high alkali-content of the rock . so that it can be brought 
with great probability to the quartz-bearing alkali-syeniteporphyries. 

(Alkali) Syenite. 
It is a fine- to medium-grained rock. consisting mainly of microperthitic 

feldspar with decomposed dark minerals. numerous small crystals of 
ore and apatite. The original composition of the dark minerals cannot 

be identified, they are completely altered to calcite and a substance rich 
in iron. Their forms sometimes have a resemblance to those of pyroxene, 
which perhaps contained the aegirine-molecule in connection with the 

large quantity of ferrugineous weathering-products. 
(Alkali) Trachytes. 
A great many of the pebbles , which we re studied microscopically, are 

reddish to brownish rocks . which are rich in secondary mineraIs . principally 

calcite and also ferruginous weathering-products . The phenocrysts are 
sometimes abundant but they are always entirely altered, the feldspar 
generally into calcite. the original dark minerals into calcite with much of 
a ferruginous substance. In the groundmass, which is also rich in secondary 
products. numerous small feldspar-Iaths ca n often be recognized. Their 
extinction-angle is always smalI. orthoclase and acid plagioclase cannot be 
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distinguished. Typical trachytic structures are characteristic for several 
of the rocks. It is possible, that andesitic rocks occur among those, which 
are strongly altered . 

Quartzalkalitrachytes. 
These are the only pebbles of the Permian conglomerates, in which the 

dark minerals can still be determined. They are confined to the ground
mass, but certainly belong to aegirine-augite or aegirine, so that there can 
be no doubt, that these pebbles belong to alkaline rocks. 

The phenocrysts are orthoclase or anorthoclase, they are partially altered, 
calcite is the principal secondary mineral. The groundmass is rich in ferru
ginous weathering-products and consists of feldspar, rather much quartz, 
ore and small elongated crystals, which, when they are not decomposed, 
show a distinct greenish colour. They are optically negative, have a small 
extinction-angle and belong to aegirine-augite or aegirine. 

Although these rocks are altered rather strongly, the unaltered character 
of a part of the aegirine in the groundmass makes their determination 
possible with certainty, while the unaltered parts of the other rocks allow 
a probable determination only. 

The pebbles of alkaline rock in the Permian conglomerates prove, that 
these rocks are not younger than Permian. In connection with the 
abundance of effusive material in the Permian sediments of the adjacent 
regions, while pebbles of eruptive rocks are the only ones, which have 
been found, and in connection with the fact that similar alkaline rocks 
have been found clOsely connected with Permian sediments, the conclusion 
that the alkaline rocks are of Permian age seems to be warranted. 



Botaay. - The iTl[luence of growth~promoting substances on decapitated 
flower~stalks of Bellis perennis. By INA E. UVLDERT. (Communi~ 

cated by Prof. F . A. F . C. WENT.) 

ICommunicated at the meeting of November 26. 1927) 

The fact is well~known that the growth of f1ower~stalks is greatly 
retarded by the removal of the f1ower~buds. Sometimes the growth may 
even come to a complete standstill. 

SÖDING (1926) showed that this retardation does not take place wh en 
the f1ower~bud is fixed again on the sta Ik by means of gelatine. 

CHOLODNV (1924) removed the tops of Lupinus hypocotyledons. In 
also removing the central porti on of theorgan. he obtained hollow cylinders 
incapable of geotropie curvature. If the coleoptile tips of Zea mays were 
placed in these stumps. the curvature could be induced again. In this way 
he stimulated the organs to resume their growth. 

In view of these experiments it seemed feasible to induce growth in 
decapitated f1ower~stalks by means of growth~substances from other plants. 
The experiments described in this paper we re carried out with the 
decapitated f1ower~stalks of Bellis peren nis and growth~substances prepared 
from the coleoptiles of Avena sativa by Dr. F. W. WENT and Mr. H. E. 
DOLK. 

Intact plants of Bellis were planted in zinc box es. The boxes were plat:ed 
in a glass~covered glass basin and placed in the green house. In this way 
they were kept in a moist atmosphere at a temperature of about 200 C. 
Large f10werbuds we re cut oH with arasor. 5 to 7 millimeters below the 
budo The remaining stalk was marked with India ink 15 millimeters below 
the wound. Three series of growth measurements were carried out. 

A. By shoving a tightly fitting glass capillary over the stumps. the 
buds could be fitted on the stump with a drop of 15 % gelatine. 

B. By sealing the capillary with wax on one side. and filling them 
with agar which contained the growth~substances one could observe the 
influence of foreign growth~substances. 

C . Pure agar was used as control. 

The increase in length was measured with a millimeter scale; tenth of 
millimeters were estimated. 

In series A the f1ower~buds were replaced. 
In series B agar with growth~substances from Avena was put on the 
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T ABLE I (flowerbuds. cut olf with 7 millimeters of flower-stalk) 

A . flowerbuds increase B .•••• wi<b •• ow,b 1- C. Con trol increase in 

in length in millimeters 
substances increase in length in millimeters 

length in millimeters 
in 2i hours in 2i hours in 2i hours 

1 2.6 1 0.7 1 0.2 " 

2 0.5 2 O.i 2 O. i 

3 1.1 average 3 1.3 average 3 0.2 average 

i 0.7 1.36 i 1.5 1.09 i 0.5 0.39 

5 0.8 5 1.2 5 0.6 

6 2.8 6 1.5 6 0.5 

7 1.0 7 1.0 7 0.3 

The increase in length of a IS millimeter zone was measured. 

flower-stalks. The quantity of growth-substances amounted to 3500 tip. 
minute 1) per flower-stalk. 

Serie C were the control experiment without flower-buds or growth 
substances. 

This tab Ie shows that the flower-stalks in column B have grown 
considerably more than in column C and as much or a little less as in 
column B. 

T ABLE II (flowerbuds cut olf with 5 millimeters of flower-stalk) 

A. flowerbuds in- B . •••• wi<b Ifore .... m- D. Control in-
crease in length growth substances crease in length crease in length 

increase in length . . . 
in miIlimeters in millimeters In m!1hmeters in millimeters 
in 2i hours in 2i hours in 2i hours in 2i hours 

I 
I 1.8 1 5.0 1 0. 2 1 O. I 

2 2.2 2 1.8 2 0.7 2 1.1 

3 1.8 ! average 3 I. 3 ! average 3 O.i average 3 0.9 average 

i 1.0\ l.i3 i 1.6\ 1.93 i 02 \ O.iO i 0.6 0.65 

5 1.2 5 1.1 5 0.5 5 0.7 

6 0.6 6 0.8 6 O.i , 6 0.5 

The increase in length of a IS millimeter zone was measured. 

1) One "tip-minute" is the amount of growth-promoting substances. which dilfuses out 
of the coleoptile-tip into an agar disc in one minute. 600 tip.minute may mean therefore 
the amount dilfusing out of 6 tips in 100 minutes or out of 12 tips in 50 minutes. 
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In series A fIower~buds were replaced. 
In series B agar was put on with growth~substances, 2000 tip~minute 

per flower~stalk. 
In series C pure agar, without growth~substances, was put on. 
o is another control in which the buds were simply cut oH. 
Then again pure agar was put on 12 flower~stalks (A) of 6 flower~ 

The increase in length of a zone of 15 millimeters in 24 hours amounted 
staIks (B) the flower~bud was simply cut oH. 
to 0.38 millimeters at A and 0.33 millimeters at B as an average. 

This shows that in harmony with taaIe 11, pure agar has no influence on 
the growth. 

Therefore the result of this experiment is, that fIower~buds as weIl as 
growth~substances from Avena accelerate the growth considerably. 

The table shows the remarkable fact, that the increase in length of B 
1 was exceedingly great. It may be observed th at the increase in length 
with normal plants measured over the same zone, in the same time, amounts 
to 3-10 millimeters. It therefore appeared possible to make use of such 
experiments to demonstrate the presance of growth~substances. For, at the 
beginning of the experiment, it was unknown to me, in which agar the 
growth~substances we re present; I received the information af ter the 
measurements we re completed. 

The growth~substances present in the coleoptiles of Avena and the 
fIower~buds exert an analogous influence on the fIower~stalks of Bellis 
perennis ; they both accelerate the growth. 

Botanical Laboratory . 
Utrecht, November 1927. 
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Chemistry. - The Essential Oil [rom Gastrochilus panduratum Ridl. By 
A. J. ULTÉE. (Communicated by P . VAN ROMBURGH.) 

(Communicated at the meeting of December 17, 1927). 

The rhizome of th is plant, which belongs to the Zingiberaceae family, is 
characterised by the presence of an essential oil possessing a fresh, pleasant 
aroma, resembling to some extent the sm ell of Esdragon and Basicilum oil . 

As th is rhizome constitutes an ingredient of an Indian rice dish, it is 
obtainable at the so-called "pasars" (under the Malayan name Temoe 
koentji) but only in small amounts, so that considerable patience was 
required to collect sufficient material for the examination of this hitherto 
uninvestigated oil. 

The yield of the essential oil is also very small, and varied from only 
0.06 % (by weight) in the young fresh rhizomes, to 0.32 % in older 
material, which however contained much Ie ss water. 

The specific gravity of the freshly distilled oil varied according to the 
different methods of extraction, from 0.8636 at 25° (young material) to 
0.8731 at 31 °. If the oil is allowed to remain exposed to the air, its 
consistency and specific gravity rapidly increase, aresuIt th at would almost 
certainly be caused by the oxidation of an olefinic terp ene present in the oil. 
Af ter some months preservation in a bottle which was repeatedly opened, 
the specific gravity had already risen to fully 0.9. 

The oil was of a faint yellow colour and showed a dextro-rotation; in a 
tube 10 cm. long , different preparations showed rota ti ons from + 10°30' at 
27° (young material ) to + 12°56' at 32° . 

The oil had a neutral reaction; the presence of esters was determined by 
boiling the oil with alcoholic potash and subsequent back titration with 
sulphuric acid. 

2.2460 grams oil required 1.20 cma 0.5 n alcoholic potash. 
1.7950 0.99 

If one assumes that the methyl ester of cinnamic acid (see below) is the 
only ester present, it is th us contained in the oil to an ex tent of 4.32 and 
4.46 % respectively. 

Since th is ester has been isolated by previous investigators, amongst 
others VAN ROMBURGH, from several members of the Zingiberaceae, the oil 
was examined first for th is ester. Methyl cinnamate is characterised by its 
extremely slow rate of distillation when distilled with steam. 

100 cma of the oil were thus steam distilled until the residue (10 cma ) 
had about the same specific gravity as water. Up on fractionation of th is 
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residue. the temperature rose at once to 220°. the greater part (3 cm3 ) 

distilling between 250-270°. A thick brown residue remained in the fIask 
and could not be further distilled without undergoing decomposition. 

Af ter repeated distillation. a small amount of distillate was obtained 
which boiled between 255-260° and which solidifjed upon cooling. It 
melted at -+- 33° . 

These properties agree with those of methyl cinnamate. so that it is 
practically certain that this compound is present in 'the oi!. 

The oil that had passed over during the steam distillation. was distilled 
at ordinary pressure. it distilled mainly between 160-220°. the greater 
part being collected between 180-200° . The specific gravity of the portion 
that first collected amounted to 0.8553 at 28° . 

Aresinous residue remained in the fIasko and probably represented the 
oxidation product of an olefinic terpene. consequently during the further 
examination of the oil. the distillations were carried out under reduced 
pressure. 

The fraction. that boi!ed between 180-200° possessed a distinct smell 
of cineol. and since this compound is known to occur in various members 
of the Zingiberaceae. the oil was examined for it. The oil was shaken out 
with a 50 % solution of resorcinol. separated from the unabsorbed portion 
and steam distilled . In this way I obtained a Iiquid that fIoated upon the 
aqueous distillate. which after drying was distilled from sodium. 

The Iiquid thus obtained had the following properties : 
I. Boiling point : 176-177° ; 
2. Specific gravity at 25° : 0.9226 ; 
3 . The addition product formed with iodol melted at -+- 112° . 

These properties show that cineol is undoubtedly present. 
In order to obtain an idea as to the amount actually present. 5 cm3 of 

the original oil were shaken out with the resorcinol solution. whereby 
1.6 cm3 were absorbed. corresponding to a cineol content of 32 %. 

Since in this determination. oxygenated compounds. and thus methyl 
cinnamate. can influence the result. the fjgure obtained is probably on the 
high side. 

In the fraction distilling over below 200°. and thus probably on the low 
side. 26.4 % of cineol was found . 

During the vacuum distillation (35 mm) of the original oi! . at 120° some 
crystals collected in the condenser. The fraction distilling between 
120-140° was now distilled once more at ordinary pressure. up to 215° . 
and after strongly cooling the distillate. crystallisation took place. Af ter 
suction filtrat ion. pressing between filter paper. and sublimation. the 
crystals. which possessed astrong camphoraceous smelI. melted at 175° . 

When mixed with pure camphor. the melting point rose to 177° . 
When thrown upon water. the crystals showed the typical phenomenon 

of camphor. 
The occurrence of camphor in th is essential oil is th us proven. The 



content is however very small and probably amounts to not more than a 
few percent. 

The lower boiling fractions from the vacuum distillation, which had been 
freed from cineol by shaking out with resorcinol solution, and which 
contained the supposed olefinic terpene, we re repeatedly distilled from 
sodium in an atmosphere of carbon dioxide in order to prevent resinification, 
this however, could not be completely avoided. 

FinaIly, a very mobile oil having the following constants was obtained : 
I . Boiling point at 13 mm 62-64° ; 
2. Specific gr~vity at 17° 0 .8253 ; 
3. Refractive index ng = 1.4843 ; 
4. Optical rotation a:J = 11 ° .42'. 

The boiling point at ordinary pressure (in an atmosphere of carbon 
dioxide) was 174° at 753 mm , but it altered quickly. 

A boiling test carried out in conformity with the method employed by 
ENKLAAR (see thesis) for ocimene, gave the following results : 

At the commencement the boiling point was 174° 
After 2 minutes 175 

3 176 
5 177.5 

10 
25 
60 

178.5 
180 
183 

The course followed is thus different from that of ocimene. 
By distillation in vacuum (at 13 mm to 80°) a liquid having a specific 

gravity of 0.8349 at 24° was obtained. 
The olefinic terpene was reduced with sodium and alcohol according to 

the method of ENKLAAR. Af ter steam distillation it was distilled at ordinary 
pressure from sodium. A fraction was obtained th at boiled between 
168-169° at 754 mm o ft possessed a smeU similar to that of hydromyrcene. 

Optical rotation : a:} = 12°54'. 
Specific gravity at 14° 0.805. Refractive index n:J = 1.4553. 

The olefinic terp ene (in cooled acetic acid) was treated with bromine in 
acetic acid solution. Hydrogen bromide was evolved and the liquid became 
coloured, but no solid compound was obtained. 

In conclusion it may be mentioned, that the lower fractions obtained from 
the distillation of the olefinic terpene had a turpentine like sm ell and a 
higher specific gravity, so it is probable that another terpene is also present 
in th is essential oil. 



Anatomy. - The influence of the cephalization coefficient and body size 
upon the form of the forebrain in mammais. By C. U. ARIËNS 

KApPERS. 

ICommunicated at the meeting of October 24. 1927). 

In the following pages I give some figures concerning the general form 
of the forebrain in less and more cephalized mammals of the same orders. 
and some data concerning the influence of the body size upon th is form in 
different varieties of the same species. or in different. but equally cephalized 
species of the same family. 

As only the forebrain is concerned here. my indices should not be 
confused with those obtained by measuring the length-width index of the 
endocranial cavity. since in this cavity the cerebellum also is included. 

Whereas in the anthropoids (also in several other monkeys) and in 
man. the length-width index of the endocranial cavity corresponds with 
that of the forebrain. which in these animals and in man covers the 
cerebellum entirely. it is different with lower mammais. where the forebrain 
covers the cerebellum only partly or not at all (Fig. 1) and its leng th 
therefore is not the same as that of the endocranial cavity. 

As a standard for the greatest leng th of the forebrain I did not take 
the greatest horizontal measurement ( b--b') but the greatest possible 
distance between the front- and hindpole (a-a' in Fig. 1) . which in most 
anima Is is an inclining line. The accompanying figure explains my intention. 
I did this because it gives a bet ter expression of the si ze of the brain and 
its increase in length. 

Fig. I . Felis leo (nat. size). 

5 
Proceedings Royal Acad. Amsterdam. Vol. XXXI. 
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In the following tab les are given the greatest length and width of the 
forebraiil and the index resulting therefrom in more and less cephalized 
species of the same orders and in some differently cephalized species of 
the same families. In these animals consequently, the cephalization 
coefficient k of OUBOIS' 1) formula, E = kPr, is obviously different. 

I noted also the total weight of the brain up to 2-3 mm beyond the 
calamus. The material used was weighed without meninges 2) af ter 
preservation in formaline 10 % 3). In foot notes the brainweight found by 
others 4) is mentioned. 

MARSUPlALS. 

Anlmal Forebr. Forebr. Forebr. 
Totalbralnweight length width index 

Metachirus opossum (S.Am.) 2 .7 cm I 1.9 cm 70.4 3.75 gr. 

Macropus c~rvinus 5.- .. 4 .6 .. 92.- 61.- .. 
Macropus robustus 5.4 .. 5.- .. 92.6 64.- w 

Phascolomys latifrons 4.2 .. 4.4 .. 105.- 37.5 .. 

Among marsupials (tabIe 1) , according to DUBols, a difference in the 
cephalization coefficient occurs between the North American (Virginian) 
opposum 5) and the Macropodidae, that of the latter being about 1 Y2 X as 
large as that of the opossum. This apparently corresponds ~ith a greater 
forebrain index , a distinct brachencephaly in the Macropodidae. 

I) DUBOIS. The proportion of the weight of the brain to the size of the body in 
mammais. Verhandelingen der Kon. Akad. v . Wetenschappen, Vol. 5, NO. 10, 1897 (the 
same in Bulletin de la Société d 'Anthropologie de Paris 1897 and Arch. f. Anthropologie 
Bnd. 25. 1898). 

DUBOIS. On the significanee of the large cranial capacity of Homo neandertalensis. 
These Proceedings Vol. 23, 1921. 

DUBOIS. Phylogenetic and ontogenetic increase of the volume of the brain in Vertebrata. 
These Proc. Vol. 25, 1922, 

DUBOIS. The brainquantity of specialized genera of mammais. These Proc. Vol. 27, 1924. 
2) This may explain the slightly smaller weights of some of my specimens in com

parison with those found by others. 
3) According to FLATAU the brainweight increases about 1°10 after preservation (during 

15 months) in 10 010 formaline. (Beitrag zur teclmischen Bearbeitung des Zentral-Nerven
systems. Anat. Anzeiger. Bnd. 13. 1897). 

4) Specially the following : KOHLBRUGGE, Zool. Ergebn. einer Reise in Niederl. Ost Indien, 
Leyden 1891. p. 139 and Natuurk. Tijdschr. v. Ned. Indië, Deel 55, p. 261, Batavia 1896, 
Zoogdieren v. d. Tengger. Further : Zeitschr. f. Morph. und Anthrop., p. 43-55, Bnd. 2, 
1890, and Monathschr. f. Psychiatrie und Neurologie, 1901. 

WEBER, Vorstudien über das Hirngewicht der Säugethiere. Festschr. f. Carl Gegen
baur. Leipzig 1896 and these Proceedings 1896. 

ZIEHEN, Anatomie des Zentralnervensystems, Fischer. Jena, 1899. 
SPITZKA, Brainweight of Animals etc. Journ. of Comp. Neurol.. Vol. 13, .1903. 

5) Didelphis virginiana has a brainweight (ZIEHEN) of 3.9-4.5 gr. 
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The remarkable brachencephaly of the Wombat is not a result of a greater cephali
zation compared with the Macropodidae. but is due to Hatness of ths front part of its 
skull. which gave it the epithet "Iatifrons··. 

In Rodents with various cephalization coefficients the following 
proportions were found: 

RODENTIA. 

Animal Forebr. Forebr. Forebr. Total brainweight leng th width index 

Cavia cobaya 2 . 24 cm 2.10 cm 93.7 I 4.3 gr . 

Dasyprocta aguti 3.H .. 3 .35 .. 97.4 17.5 .. 1) 

Hydrochoerus capybara 5.69 
" 

5.69 .. 100.- 58.- .. 2) 

Dolichotis patagonica 3.8 .. 4 . 55 .. 120.- 31.5 .. 

Here also. the increase of brachencephaly in anima Is with a greater 
cephalization coefficient is obvious. since in Hydrochoerus and Dolichotis 
this coefficient is more than twice as large . as in Cavia aperea. the wild 
form of Cavia cobaya. 

The same is observed if we com:pare the poody cephalized artiodactyle. 
Sus scrofa. with the more cephalized artiodactyles. the giraffa and 
dromedary. and with the perissodactyle horse. The cephalization coefficients 
of the giraffa. dromedary and horse are twice aS large as that of Sus. It is 
obvious that the last three have also a higher index. Upon the very high 
index of the .dromedary. the youth of this specimen also has influence 
(compare page 76) . 

UNGULATES. 

Animal Porebr. Forebr. Porebr. Total brainweight length width index 

Sus scrofa dom. 7.28 cm 5 .68 cm 78 112.~ gr. 3) 

Bos taurus 10 .6 .. 10.09 H 95 . 2 403.-

Camelopard. giraffa 1.3.5 .. 11.96 .. 88.6 665 . -

Came\us dromed. (young sp.) 9.8 .. 10.- .. 102.- 478.-

Equus caballus 10.79 .. 10.17 .. 94 .2 549.-

1) SPJTZKA found variations of 16-21 gr. WEBER found 20 gr. 
2) A specimen weighed by WEBER (apparently larger) showed 75 gr. 
3) ROGNER (quoted from ZJEHEN) found variations from 1l1-120 gr. 
1) BJSCHOP found variations from 400-500 gr. 
S) WEBER's hrgest specimen had a brainweight of 680 gr. 

.. 4) 

.. S) 

.. 6) 

.. 7) 

6) LAPJCQUE weighed a dromedary cerebrum of 650 gr .• ZIEHEN ope of 655 gr. 
7) WEBER found 615 gr .• SPJTZKA only 519.5 gr. COLIN 593-640 gr. 

5* 
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The brachencephaly of the elephant is striking , especially if we compare 
this animal with its nearest relative among living ungulates, Procavia 
dorsalis , but also in comparison to the Tapir. This is again in accordance 

Animal I Forebr. Forebr. Forebr. Total brainweight 

I 
length width index 

Procavia dorsalis 3.92 cm 3 . 1 cm 79. - 19 . 7 gr. l ) 

Tapirus indicus 8. - 7.7 96 . 2 204.9 " 2) 

Elephas indicus 23. - " 28 . 5 124.- 5474 . - " 3) 

with the greater cephalization of the elephant which, according to O UBOIS, 

is about 4 X greater than its nearest living relative, the ungulate Procavia, 
and also more than the tapir. 

If we now study the Carnivora, Viverridae, Mustelidae, Procyonidae 
and Ursidae and among the Cetacea an Odontocete and a Mysticete, it is 
obvious that here again the more cephali::;ed forms are more brachencephalic. 
So the Viverridae generally have the smallest cephalization coefficient. 

Fig. 2. Paradoxurus musanga, adult (nat. size) Fig. 3. Lutra vuIg. adult, (nat. size) 

CARNIVORES. 

Animal Forebr. r Fo~b, r Forebr. Total brainweight 
length width index 

I 
Mungos mungo 3 .4 cm 2.5 cm 73.5 12.- gr. i) 

Paradoxurus musanga 4 . 2 .. 3.2 .. 76.2 23.5 " 
5) 

Arctitis binturong 5. - " 3.9 " 78 . - 37.-
" 

I) WEBER found · with related Hyrax capensis variations of 19.2 gr. to 21 gr. 
2) WEBER found 265 gr. 
3) The heaviest specimen of CRISP had a brainweight of 5430 gr. 
i) Herpestes mungo by WEBER: 10.9 gr. 
5) WEI:IER: 22 gr. 



Anlmal 

Putorius putorius I) 

Meles taxus 

Lutra vulgaris 

Nasua rufa 

Procyon cancrivorus 

Ursus arc tos (young spec.) 

Ursus malayanus 

Ursus maritimus (young sp.) 

Balaenoptera sulfurea 

Phocaena communis 
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CARNIVORES (Continued) . 

Forebr. Forebr. 
leng th width 

3 . 1 <:m 2.3 <:m 

5 . 46 .. 4 . 5 " 

5.8 .. 5.,- .. 

5 . 2 cm 3.71 cm 

7.- .. 5.7 .. 
9 . -cm 8 . - cm 

9.4 .. 8.5 .. 
11 . - .. 10.1 .. 

CETACEA. 

22 . -cm 29.8 cm 

7.8 .. 12 .4 .. 

Porebr. 
index 

74.2 

82 . 4 

86 . 2 

72.0 

81.4 

88.8 

90.4 

92.-

135 

160 

Total braicweight 

7.7 gr. %) 

45.- .. 
45.6 .. 3) 

29 .9 gr. 4) 

93.- .. 
234 . - gr. 5) 

313 . - .. 6) 

424 . - .. 7) 

5676. - gr. 8) 

389. - .. 9) 

Only Paradoxurus and Arctitis , have (DUBOIS ) a IX X larger 
cephalization coefficient than the Mustelid Putorius, and among Mustelids 
Meles and Lutra , have the greatest cephalization coefficient. M y tab Ie 
shows that these two are also the most brachencephalic while Putorius 
is less brachencephalic than the Viverridae. 

The largest cephalization coefficient of all carnivora, however, occurs 
in the Ursidae whose cephalization coefficient on the average is twice as 
large as that of the Viverridae (DuBols l.c. tertio p. 322) and 1 ~ X as 
large as that of the Nasuae. In accordance with this it appears that the 
Ursidae are also the most brachencephalic. 

It is remarkable th~t Procyon cancrivorus (the crab washbear) , which 
in the zoological system is more related to the Nasuae, also belonging to 

I) With the small Grison and Mephitis I found broader brains 180 and 82), notwith
standing their small cephalizatlon coefficient. I ascribe this to the smaller size of these 
animals (Cf. p . 8 and 9). 

2) DUBOlS : 7.8 gr. 
3) SPITZKA found with Lutra 39 gr.; HUSCHKE (citated af ter ZIEHEN) 42-51 gr. 
4) SPITZKA found variatIons from 29 to 41 gr. 
5) SPITZKA found with Ursus Americanus variations from 192 to 248 gr.; WEBER 

found a cerebrum of Ursus arctos welghing 407 gr. 
6) WHBER found 325 gr. 
1) Ursus marltimus may, according to WEBER, reach a fresh brainwelght of 530 gr. 
8) WEBER·s specimen of Balaenoptera sibbaldi had a brainweight of 7000 gr. 
9) ZIEHEN found an average of 512 gr. 
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the Procyonidae. has a larger cephalization coefficient and accordingly a 
larger Eorebrain index than the Nasuae. 

Among the Cetacea. the Odontocetes have a greater cephalization 
coefficient than the much bigger Mysticete Balaenoptera (DUBOIS) . And 
again this corresponds with a greater brachencephaly in Odontocetes. 

Fig. 4. Nasua rufa. adult (nat. size) Fig. 5. Ursus ma ri ti mus. adult (nat. size) 

PROSIMIAE. 

Animal Forebr. Forebr. Forebr. Total brainweight leng th width index 

Lemur mongoz 4.53cm 3.8 cm 83.8 23 . 5 gr. I) 

Chiromys madagascariensis 4 . 7 .. 4 .5 .. 95 . 8 34.6 gr. 2) 

OE the Prosimiae. Chiromys has a cephalization coefficient twice as large 
as the Lemurs. Correspondingly its forebrain is more brachencephalic. 

I) WEBER found variations of 21-28 gr . 
. 2) WEBER found a brainweight of 43 gr. 
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WESTERN APES 

Forebr.[ ~S Animal 
I 

Forebr. I ~o~ebr. Total brainweight 
leng th width In ex 

Callithrix jacchus 

1 

3.5 cm 1 2.
46cm l 70.3 

1 

10.- gr. I) 

Cebus apella 7.- " 5.5 " 78.5 69.- " 2) 

In the Platyrrhine apes, the coefficient of Cebus is four times as large 
as that of Callithrix. Accordingly we see that its forebrain index is Ie ss 
dolichencephalic than that of Callithrix, although the latter has a smaller 
body and consequently one might expect a larger index in Callithrix 

'(see p. 72 , 73, 74). 
In Katarrhine monkeys and in Anthropoids I found the following indices. 

EASTERN APES. 

Animal Forebr. Forebr. 

I 
Forebr. 

leng th width index 

Cercopithecus pygerythrus 6.8 cm 5.5 cm 80.9 

Macacus nemestrinus 7.5 " 6 . - .. 80.-

Symphalangus synd. (smaJl 
spec .. l 7.6 cm 6.-cm 80.-

ANTHROPOIDS. 

Pan (Troglodytes) SChweinf·IIO. 8 "I 9 . 1 "I 84.2 1 

Simia sat. (small spec.) 9.8" 8.6" 87.7 

Total brainweight 

76.- gr. 

103.8 " 
3) 

107.- gr. i) 

37-4.- J' 3) 

295.- " 6) 

The cephalization coefficient of these Anthropoids appears to be twice 
as large as that of the Katarrhine monkeys (DuBols ) and accordingly 
they are more brachencephalic 7) . The Gibbon (Sym phalangus syndac-

I) SPITZKA found variations of 7-9 gr. In Jacchus vuig. 
2) For Cebus capucinus WEBER also found 69 gr. 
3) SPITZKA found in Mac. nemestrinus an average brainweight of 110 gr. 
i) KOHLBRUGGE found variations from 102 to 130 gr: 
5) The Troglodytes of WEBER varied from 340-318 gr. One specimen of SPITZKA 

weighed 380 gr.; that of MÖLLER 391 gr.; one of MARSHALL 412 gr. · 
6) The statements of WEBER vary from 306-339 gr. DENIKER and BOULART reported 

a cerebrum of 400 gr., just as ' MILNE EOWAROS. R. FICK, one of even 440 gr. (quoted 
from ZIEHEN) . 

7) The index of the Gorilla brain and the endocranium varies very strongly. Two 
young cerebra of Madene COUPIN gave me an average of 84.4, two endocranial casts 
recelved from ELLIOT SMITH 79,2. BOLK (these Proceedings 1925) found variations 
between 80.6 and 85.9 (an average of 83.25) and besides on specimen with an index of 
72.2. HARRIS, having Investigated the greatest number of endocrania, found variations 
from 72.1 to 86.8. (American Journalof physical anthropology, 1926)' 
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tylus). which usually is considered as a transition between Cercopitheci and 
Anthropoids. stands closer to the first in this respect. 

From these comparisons it appears that generally the more highly 
cephalized species of an order tend to brachencephaly. Their forebrain 
has a rounder instead of a long er form. Deviations of th is rule are discussed 
p. 78-80. This tendency must be explained by the fact that if a brain 
increases more than in the usual proportions with the body. its volume 
increases more than its surface. the latter being limited by the skull. 
Consequently it approaches the form of the globe. since a globe contains 
the greatest volume with the smallest surface. 

As the more highly cephalized species in my tables are also generally 
larger anima Is. one might be inclined to consider body size as a factor. 
causing brachencephaly. That this is not so. however. clearly appears 
from the following tables. in which smaller and larger. but equally 
cephalized representatives of the same species. or of the same family. are 
compared. so that the influence of body size can be traced separately. 

From these tab les it appears that the larger Canidae. Felidae. Nasuae. 
Pinnipedia and Odontoceti are less brachencephalic than the smaller ones. 
so that the brachencephaly cannot be the result of a larger body. The same 
appears with the Giraffidae. Antilopes. Cervidae (excepted Cephalobus 
and Capreolus) and Equidae. And again th is is observed in monkeys. 
if we compare equally cephalized species of different size. 

In the following groups the cephalization coefficient k is about the 
same. The species differ only in size. It is obvious that in nearly all 
cases an increase in body siz,e is accompanied with a decrease of 

Animal 

Griffon 

Spaniel 

St. Bernard 

German dog 

I n f I u ene e 0 fbo d y s I :z: e. 

Porebr. 
leng th 

5.6 cm I 
7.1 .. 
7.4 -
7.7 .. 

CANIS.I) 

Por«br. 
width 

5.05 cm I 
5.75 .. 
5.70 -
5.70 .. 

Porebr. 
index. 

90.2 

81.-

77.-

74.-

I--

I Total bralnwelght 

55.2 gr. 

90.- .. 
97.- .. l) 

97.5 

I) The weights which I found for these dogs are nearly all lower than those found 
by CORNEVIN (Ëtudes sur Ie poids de I'encéphale dans les diverses races des espèces 
domestiques. Journ. de Médicine vétérlnaire et de Zootechnie. Année 1899 p. 248) and 
RODINGER. Ueber die Hirne verschiedener Hunderassen (Verhand\. der Anat. GeseIIseh. 
in Strassburg 1894 p. 173). 1 presume that they made the weighings with the meninges 
(see note 2. p. 66). 

2) A very large specimen examined by WEBER had even a brain weight of 123 gr. 
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FELIDAE. 

Animal Forebr. Forebr. Porebr. 
length width index 

Pelis bengal. minuta 3.7 cm 3.5 cm 94.6 

Pelis domestiea 4 . 2 .. 3 .9 .. 93.-

Pelis nebulosa 5.2 - 4 . 8 .. 92.3 

Pelis pardalis 5.7 .. 5.18 .. 91.-

Pelis concolor 7.4 .. 6.25 84.5 

Felis leo (small spec.) 8 . 3 .. 7.3 .. 88.-

Pelis tigris 
I 

8.8 .. 7.4 .. 84.1 

NASUA. 

Animal F~""I F ........ Porebr. 
leng th width Index 

Nasua nariea 4.6 cm 3.6 cm 78 . 3 

Nasua rufa 5.2 .. 3 . 71 72.-

PINNIPEDIA. 

Phoca vltullna (small spec.) 7.1 cm . 8 . 3 cm 116.9 

Otarla jubata 9.7 .. 10 . I 

Zalophus californlanlanus 10. I 10 . I 

104 . -

100.-

ODONTOCETI. 

Animal Porebr. Forebr. Porebr. 
leng th width index 

Phocaena communis 7.8 cm 12. om I 160 

Turslo tursiops 12.85 .. 16 . 85 .. 132 

I) WEBER : 23.6 gr. 
2) WEBER found an average of 31 gr. 
3) A specimen of WEBER had a brainweight of 137.5 gr. 
4) WEBER found as average bralnwelght 216 gr. 
5) WEBER : 246 gr. 
6) WEBER found variatIons of 242-290 gr. 

Total brainweight 

23 . 5 gr. 1) 

34 . - .. 2) 

46.- .. 
72 . - .. 

149.5 .. 3) 

195 . - .. 4) 

202.- .. 5) 

Total bralnwelght 

23 . 3 gr. 

29.9 .. 

205.- gr 6) 

268 . - .. 7) 

347.- .. 8) 

Total bralnwelght 

389 . - gr. 9) 

± 1350.- .. 10) 

7) These measures have been made on the drawlng of MURIE (who gives also thls 
weight) in hls descriptive anatomy of the sealion (Otaria jubata). Transactions of the 
zool. Society of London. Vol. 8, 1874. 

8) SPITZKA found with th Is anlmal 335 gr. brainweight, WEBER 317-399 gr. 
9) ZIEHEN found an average brainweight of 512 gr. 
10) WEBER weighed a cerebrum of 1886 gr. It is remarkable th at my specimen of 

Balaenoptera sulfurea (a Mysticete) has a somewhat larger Index than Turslo. Possibly the 
heavy cerebrum of my Balaenoptera is a Iittle broadened by Iying on its basis. 



Anima! 

Gazella dorcas 

Gazella soemmer. 

Cephalophus maxwelli 

Dama!iscus albifrons 

Taurotragus oryx !iv. 

Ocapia Johnstoni 

Camelopard. giraffa 

ANTILOPES. 

Forebr. Forebr. Forebr. 
leng th width index 

6.1 cm 5 . 5 cm 90.1 

7.5 .. 6.7 .. 89 . 3 

5.35 .. 4.7 .. 87.8 

9.12 .. 7.87 .. 86.3 

12 . 2 .. 10 . 3 .. 8i.i 

GIRAFFIDAE. 

1

10.6 cm 11O·-cm 1 9i.- 1 

135 .. 11.96.. 86.6 

Tota! brainweight 

78 . - gr. 

128.5 .. 
47.- . 1) 

25i.5 .. 
437 . - .. 

iSO gr. 2) 

665 .. 

brachencephally or an increase of dolichencephali. This corresponds with 
the phenomenon found by KLATT 3 ) that larger anima Is of the same family 
have longer skulls. 

Consequently the grea
ter brachencephaly in 
more cephalized species is 
a result of their greater 
cephalization only. 

The elongation of the 
brain in larger anima Is of 
the same species is a 
phenomenon analogous to 
what is seen in onto-

Fig. 6. Cervulus munt jac adult (nat. size). Fig. 7. Rucervus duvauc. adult (nat. size). 

1) WEBER's heaviest cerebrum weighed il.l gr. 
2) Af ter the statement of BLACK : Journ. of Comp. Neurol. Vol. 25. 1915. 
3) KLATT. Ueber den Einllusz der Gesamtgrösze auf das Schädelbild nebst Bemerkungen 

über die Vorgeschichte der Haustiere. Archiv für Entwicklungsmechanik. Bnd 36. 1913. 



Animal 

Cervulus munt jac (small sp.) 

Rusa porcinus 

Dama dama 

Rusa hippo molucc. 

C8preolus C8pr8e 

Rucervus e\dl 

Rucervus duvauceli 

Equus asin us 

Equus caballus 

Cercopithecus cynosurus 

Cercopithecus pygerythrus 

Macacus rhesus 

Macacus nemestrinus 

genetic development. 

Fig. 8. Lutra vuig . neon. 
nat . size). Comp. th is 
figure with fig . 3. 

I) WEBER : 142 gr. 
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CERVIDAE. 

Forebr. Forebr. Forebr. Total brainwelght length width index 

5.23cm I 4 .49cm 85.8 44.- gr. 

8.2 .. 7.- .. 85." li3.- .. I) 

8 . 22 .• 6.99 .. 85.0 167.- .. 
8.34 .. 7.1 .. 85.1 186.- .. 
6.79 .. 5.70 .. 83.9 85.- .. 2) 

I 
9.65 .. 

I 
7.4 .. 79.3 202 . - . 

10.7 .. 8.3 .. 77.5 297.- .. 
EQUIDAE. 

9.2 cm 8.74cm 95.- 334.7 gr. ') 

10 . 79 .. 10 . 17 .. 94 . 2 549.- .. i) 

SIMIAE. 

5.9 cm ".8 cm 81.3 52.- gr. S) 

6.8 .. 5.5 .. 80.9 76.- .. 

6.8 cm 5.57cm 82.- 76.5 gr. 6) 

7 . 5 .. 6.- .. 80.- 103.8 .. 7) 

as appears from the ontogenetic tab les (comp. 
also fig. 8 with 3 and 9 and 10). 

The same observation is made by MANOUVRIER 
and by M ellc COUPIN for the Gorilla and by the 
latter also for the Chimpanzee and Cercopithecus 8). 
I have mentioned elsewhere that the same occurs 
in man 9). 

The fact that the length of the brain generally 
increases more than the width. in the individual 
development as weil as in the larger representatives 

2) WEBER found in Cervus capreolus 98 gr. HUSCHKE (quoted from ZIEHEN) 94 gr. 
3) COLIN found with Equus asin us (quOled from ZIEHEN) 385 gr. 
i) WEBER: 615 gr .• COLlN : 593-640 gr. ; SPITZKA 519.5 gr. 
5) SPITZKA: 68.5 gr .. WEBER: 70.5 gr. 
6) SPITZKA found with Macacus rhesus an average brainwEight of 80 gr. with variations 

of 71 to 98 gr. 
7) SPITZKA found with Macacus nemestrinus an average brainweight of 110 gr. with 

variations of 8i to 128 gr. 
8) F. COUPIN. Le développement compaté du cerveau chez l'homme et chez lelsinges. 

Revue scientifique 1926 p. 9 and fig . 2. It is remarkable that Madene COUPIN could 
not state this with Semnopithecus. similarly I did not find it in Bos taurus. 

9) ARIENS KAPPERS. Indices for the anthropology of the brain applied to Chinese. 
dolicho- and brachycephalic Dutch. foetuses and neonati. Proceedings Kon. Akademie. 
Amsterdam. Vol. 30. 1926. 
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of the same species or family cannot be explained only by abscence of 
necessity of the brain in larger animals to tend to globular form. This 
appears from the fact that among Cetacea, the brain which in smaller forms 
is flattened antero-posteriorly, in larger forms approaches the globular form 
because the index decreases in the direction of hundred. 

CARNIVORES. 

Animal Forebr. Forebr. Forebr. Tota! brainweight length width indeX: 

Lutra vuig. neon. 2.6 cm 2.7 cm I 10i.- 6.6 gr. 

. " adult. 5 . 8 " 5.- " I 86.2 i5.6 " 

Felis dom. neon. 2.-cm 2.1 cm 105.- 4.15 gr. 

" " adult. i . 2 " 3.9 .. 93.- 3i . - " 

Fig. 9. Sus scrofa dom. neon. (nat. size) Fig. 10. Sus scrofa dom. (± nat. size) adult. 

UNGULATES. 

Sus scrofa neon. I 3.5 cm 3.2 cm 91.i Ii.- gr. 

" '. adult. I 7.9 .. 6.i " 81.- 112.- " 

Rusa porcinus neon. 5.i cm 5 . 2 cm I 96 .3 Si gr. 

" " adult. 8.2 " 7.- .. I 85.i 1-43 " 

Came1op. giraf. neon. 10 .2 cm 10.9 cm 108.2 i66 gr. 

.. .. adult . 13 . 5 " 11. 96 " 88 .6 665 " 
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Moreover as the extension of the whole skull (not only the endocranium) 
takes place especially in antero-posterior direction, we must consider the 
possibility that the skull itself in larger anima Is of the same family is 
relatively more len\:Jthened, anteriorly because the insertion of teeth requires 
more place and posteriorly by the influence of the stronger cervical muscles 
and ligaments. On the other hand the skull narrows relatively in the larger 
specimens by the pressure of the larg.::r masticatory muscles. 

There is still another question that I want to discuss. 
D Ul30 lS 1) (l.c . ) and LAPICQUE 2) have shown that the exponent rin the 

formula E =kpr between adults of the same species (e.g. various dogs) 
is smaller (5/18) than in animals of different species (5/9), 

D UBOlS (1922) called the first exponent "ontogenetic" , the second. 
"phylogenetic" , presuming that in larger varieties of the same species, as in 
ontogenetic (especially postembryonic) development, the increase of the 
brain is due merely to an enlargement of the neurones 3) . This neurone 
enlargement according to CONKLIN and G . LEVI , follows an exponent 
of about 5/ Ul with respect to the body weight. 

On the other hand, in more cephalized animals of various size in the 
larger species the enlargement of the neurones is accompanied by a numeric 
increase of neurones, the latter fact according to this anthor being 
responsible for the higher exponent 5/ 9 , 

Is there anything in my tables that may confirIIl th is ? Does the increase 
of the brain in larger varieties of the same species show more conformity 
with the enlargement of the brain during postembryonic development than 
it does in larger but not closely related species? 

Comparing the forebrain indices of the different varieties of the species 
Canis famiI. , we see that the difference in brainweight of only 42.3 gr. 
is accompanied by an increase of 18.2 units in the 'forebrain index. 

Comparing members of the family of the Felidae (which is still very homo
geneous ) we find, with a maximal difference in the brain weight of 
78.5 gr., a much smaller index difference, viz. 10.5. In the less homogeneous 
family of the Cervidae we find with a weight difference of 253 gr. an index 
difference below 10, (8.3). and in the still less homogeneous group of 
Antilopes with a still higher weight difference (359 gr.) an even smaller 
index difference (5.3). 

I) DUBOJS . Ueber die Abhängigkeit des Hirngewichts von der Körpergrösze heim 
Menschen. Archiv für Anthropologie Band 2S, Heft i, 1898. 

2) LAPICQUf!. Sur la relation du poids de l'encéphale au poids du corps. Comptes rendus 
de la Société de Biologie, Paris 1898. 

LAPICQUE. Le poids encéphalique en fonction du poids corporel entre individus d'une 
m4!me espèce. Bulletin de la Société d' Anthropologie de Paris, 1907. 

3) This is true for the Norwegian rat and tame albino rat (SugitB) compare DONALDSON : 

The significance of the brainweight. Transactions of the annual meeting of the American 
neurological Association, Philadelphia, 1924. - Archives of Neurology and Psychiatry .. 
March 1925, p. 385. 
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If now we consider the index differences during postembryonic 
development. we find them very large. all above 10; Lutra 15.8. Felis 12. 
Rusa 10.7. Sus 10.4. The lowest of these still comes in the group of the 
very homogeneous Felidae. All other index differences are higher and 
approach varieties of one species (cf. Ca nis familiaris). 

In other words the elongation of the brain in larger animals shows a 
greater conformity with the ontogenetic elongation if a group is more 
homogeneous and its elongation resembles the ontogenetic elongation in 
varieties of the same species. This appalently is in conformity with OUBOIS' 
supposition. 

That the increase of the brain in fullgrown varieties of the same species 
or of closely related species of one family is only based upon cell 
enlargement (though this is surely the most important factor) is perhaps 
too strongly expressed. the more so since we know that some. though not 
much cell division also occurs during postembryonic development 
(AODUHR) 1). 

In regard to the question of ontogenetic brain-body-weight relations 
I rder to the recent investigations of ANTHONY and CO UPIN 2). on what 

they call the "indice de valeur cérébrale" : ~~/ in which PE is the real 

brain weight of a foetus and PE' the calculated brain weight which that 
foetus would have if it were an adult of this size. 

We have seen that in animals with a higher cephalization coefficient the 
greater brachencephaly is a consequence of the greater degree of 
development of the brain compared to the body. in consequence of which 
the brain tends to the largest volume with the smallest surface (skull). 
In very primitive forms . however. particularly the most primitive recent 
species. the forebrain is very short . and consequently brachencephaly occurs, 
here also. although now it is not a consequence of the greater volume. but 
of the shortness of the forebrain . 

So Ornithorrhynchus and Echidna have an index of 111.5 and 127.6. 
Among Marsupialia the primitive Caenolestes and Orolestes are 

conspicuous for the shortness of their forebrain . in comparison to the 
Opossum. In Caenolestes obscurus the forebrain index (measured af ter a 
drawing of C. J. H ERRICK) 3) is 1255; in Orolestes inca (after the 
drawing of Miss O BE NCHAIN) 4) 137.4. Orycteropus. which is also a 
primitive animal . has. af ter a drawing of SONNTAO and WOOLLARD 5) a 

1) AGDUHR. Is the postembryonic growth of the nervous system due only to an increase 
In number of the neurones ? Proceedings Royal Acad. Amsterdam Vol. 27. 1919. 

2) ANTHONY et COUPIN. Introduction à I'étude du développement pondéral de I'encéphale. 
I'Indice de valeur cérébrale au cours de I'évolution individuelle. Zagreb. 1925-1926. 

3) The braiA of Caenolestes, Publications of the Fieldmuseum. Zool. Vol. H. 1925. 
'I) The brains of the South American Marsupials Caenolestes and Orolestes. Publications 

of the Fieldmuseum. Zool. Vol. H . 1925. 
5) A monograph on Orycteropus afer : 11 Nervous system. sense organs and hairs. Proceed

ings of the Zool. Society of London 1925. WEBER counts this animal among the Ungulates. 
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PRIMITIVE ANI MALS COMPARED WITH NON-PRIMITIVE (-). 

Animal Forebr. Forebr. Forebr. Total brainweight leng th width index 

Monotrt:mt: •• 

Ornithorrhynchus 2.6 cm 2.9 cm 111.5 11.- gr. 

Echidna 4.- oo 5.1 oo 127.6 19 ,- oo 

Mar.upial •. 

Caenolestes obscurus 0.954cm 1. 2 cm 125.5 -
Orolestes inca. 0.914 oo 1 . 24 oo 137.4 -
(Macropus rob.) 5 .4 oo 5.- oo (92 . 6) (64 . - gr.) 

Orycteropus 4 . 9 cm 5.4 cm 110.- -
UDgulatu. 

Perissodactyla 

Rhinoceros unic , 12 . - oo 13.3 oo 111.- 864.- 9r. 

(Equus caballus) 10.79 oo 10.17 oo (94 .2) (549.- .. ) 
Artiodactyla 

Hippopotamus 10.3 oo 11 . - .. 107.- 582 . - oo 

Hippopot. ; Garrod - - 111.6 -

(Sus scrofa dom.) 7.9 oo 6.4 .. (81.-) (138.5 " 

Tragulus mem, ' 3.27 .. 3.3 oo 101.- 18.5 .. 
(Cervulus munt jac, small sp.) 5.23 oo 4.49 oo (85 . 8) (404.- oo) 

Sinni •• 

Halicore; Dexler I) 6.9 cm 7 . Hcm 103.5 282 gr. 

Manatus; Garrod 6.9 . 7 . 3 .. 106.- ? 

Carnivort: •• 

Viverra civetta 4.5 cm 4.0 cm 88.- iO.5 gr. 

(Paradoxurus musanga) 4.2 oo 3.1 " (73 . 8) (23.5 .. ) 

very large forebrain index. viz. 110. The same is observed in Tragulus 
memmina (total brainweight 18.5 gr. ) 2). which is more primitive than the 
Antilopes and also has a smaller cephalization coefficient and yet shows a 
higher index than the latter. viz. 101. 

While in the above named cases the small size of these animals might be 
considered as a factor in the increase of brachencephaly. th is is not the 

I) Das Hirn von Halicore dugong. Morph. Jahrb. Bnd. i5. 19. 
2) WE.BER 17.1 gr. 
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case with the Rhinoceros. Hippopotamus and the Sirenia. Yet Rhinoceros 
sumatrensis in GARROD'S drawing 1) has an index of 119. OWEN's 2) 
Rhinoceros unicornis has an index of 111 with a brain weight of 864 gr. 
A Hippopotamus of my collection has an index of 107 3) with a brain weight 
of 582 gr. (WEBER). 

Halicore. calculated af ter the drawing of DEXLER. has an index of 103.5; 
Manatus. after that of GARROD 4). 106. 

Among the Viverridae. the most primitive and poorly cephalized Viverra 
civetta has an index of 88.8. while its relatives Mungos and Paradoxurus. 
though smaller. have an index of 73.5 and 76.2 respectively. 

As stated above. however. the brachencephaly of the forebrain in these 
primitive animals has a very different character from the brachencephaly in 
highly cephalized animaIs . being the result of the shortness of the brain 
in the first case. whereas in highly cephalized animals it is due to greater 
width. The latter is a result of increase. the former. of lack of development 
of the forebrain, 

CONCLUSIONS. 

1. Higher cephalization within a certain group of animals cause3 
brachencephaly. 

2. Larger anima Is are usually more dolichencephalic than similarly 
cephalized small anima Is of the same group 5). 

3. The forebrain of primitive now living 6) mamma Is is usually strongly 
brachencephalic. but this brachencephaly is of an entirely different 
character. 

1) See GARROO. Transactions of the Zool. Society of London. Vol. 10. 1877-1879 
The brain of the Sumatra Rhinoceros. 

2) OWEN. On the Anatomy of the Indian Rhinoceros (unicornis) Ibidem vol. 4, 1862. 
3) GARROO's specimen had even a ' forebrain index of 111.6, af ter his drawlDgs in the 

transactions of the Zool. Society of London Vol. 11 . 1885. 
1) GARROO. Ibidem. Vol. 10. 1877 (see also MURIE. ibidem Vol. 11. 1879). 
5) For the sk~lI. th is phenomenon Is of ten stated in man. See KOHLBRUGGE: Tijdschrift 

v. h. Kon. Nederl. Aardrijksk. Genootschap 2de Serie. Deel 28. 1911. p. 785. 
6) Concerning extinct species. Iittle may be said in th is respect. because as a rule oilly 

data about the endocranium are available. But these animals are generally less cephalized 
(DUBOIS) than their present relatives. 



Physics. - On the change of the dielectric constant of liquid helium with 
the temperature. Provisional measurements. By M. WOLFKE and 
W. H. KEESOM. (Comm. N0 . 190a from the Physical Laboratory 
at Leiden.) 

(Communicated at the meeting of December 17, 1927). 

§ 1. Introduction. The dielectric constant of liquid helium has been 
measured at the temperature of the boiling-point under normal pressure by 
M. WOLFJ<E and H. KAMERLINGH ONNES I). Now it was of the greatest 
importance to get to know the course of the dielectric constant of Iiquid 
helium with the temperature, particularly in connection with the peculiar 
density-maximum, found by KAMERLINGH ONNES 2) and more c10sely 
studied by KAMERLINGH ONNES and BOKS 3) and which untiJ now has not 
yet found an explanation. 

For these measurements by which very small differences in the dielectric 
constant had to be accurately determined, the method, applied to former 
ones, was no more sufficient. For that reason a new method for measuring 
was developed for this purpose by one of us at the Physical Laboratory of 
the Technical Institute at Warsaw. This method and the corresponding 
arrangement are described in the following report. 

§ 2. Measuring-method. Apparatus. The measuring-method is literally 
a compensation-method by which the changes of the dielectric constant in 
the measuring-condenser are compensated by measurable changes of the 
capacity of a cylinder-condenser which can be very accurately adjusted by 
a micrometer-screw. This cylinder-condens er we shall call in future "micro
condenser" . This microcondenser is connected parallel to the measuring
condenser which con ta ins liquid helium. The capacity of both these 
condensers together has been compared with a constant capacity by 
means of a method depending on the beats of two high-frequent electro
magnetic oscillation circuits. 

The diagram of connections is represented in Fig . 1. It consists of two 
mutually independent oscillation circuits according to MEISSNER: 1 and 2. 
The oscillation circuits are fed by a joint anode-battery of 160 V in the 
constant-current connection 4). In order to avoid a mutual influence of 

1) These Proc., 27, 621. 1924. Comm. Leiden, NO. 171b. 
2) These Proc., March 1911, p. 1093. Comm. Leiden NO. 119. 
3) Reports and Communications presented by H. KAMERLINGH ONNES to the 4th 

International Congress of Refrigeration, London 1924. Comm. Leiden NO. 170a. 
i) Comp. J. ZENNECK und H. RUKOP, Lehrbuch der drahtlosen Telegraphte, 1925, 

p. 607, fig . 547. 

6 
Proceedings Royal Acad. Amsterdam. Vo\. XXXI. 
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both the circuits. the high-frequency currents are arrested by both the 
choking-coils Dl and D 2 . 

Fig. 1. 

The oscillation circuit 1 consists of the self-inductions LJ and the variahle 
precision-condenser Cl with a capacity of ab'out 250 cm. Parallel to th is a 
constant capacity of 45 cm has still been connected. In the oscillation 
circuit 2 is found. beside the self-induction L"2 identical to Ll' a system of 
condensers : the measuring condenser C which is found in the cryostat 
(see further). the microcondenser M connected parallel to it (fig. 2) and 
the normal variabIe condenser C"2' By changing the plugs in S either both 
the condensers C and M or the variabIe condenser C"2 can be switched in 
the oscillation circuit 2. Both the oscillation circuits have a joint earth-point 
E. For generating the oscillations the Philips-lamps type E proved to be the 
most suitable. The heating-current was produced by the same battery of 
accumulators of 12 V with in series the resistance W. 

The oscillations of both the circuits 1 and 2 are superposed by means of 
the self-inductions L3 and L4' The beats caused in th is way are amplified 
by the amplificator A. The latter consists of a detector-lamp. two low
frequency amplificator-Iamps in the usual transformator-circuit and 
of an output-transformator. The thus amplified beats can be observed 
either in the radio-telephone T or in the string-galvanometer G. 
The string-galvanometer G has been joined to the telephone circuit in 
potentiometer connection. With some practice the beats can be made so 
slow that the swinging to and fro of the wire in the string-galvanometer 
can be followed. 

The place of the observer is at about 4 m from the apparatus. The two 
variabIe condensers CL and C 2 are adjusted by the observerby means of 
thin cords and pulleys. the microcondenser by means of a 4 m long stick 
of bamboo. In this way the oscillation state during measuring is not 
disturbed by the movements of the ob server. Further all precautions have 



83 

been taken, as the earthing of the metal covers of the condensers etc. In 
order to avoid over-oscillations the self-inductions Ll and L3 on the one 
side and L2 and L4 on the other side have been coup led very loosely to the 
concerning regenerative-coils. 

The normal variab.le condenser C 2 , capacity about 300 cm, from the 
firm SPINDLER and HaYER at Göttingen has been calibrated by the P .T.R. 
in Berlin. This condenser has ascale divided in degrees, with nonius; 
the change of capacity is 1.35 cm for each degree. In order to improve the 
exactness of reading, a dish of 14 cm diameter with a division in degrees 
and nonius , was attached to the fine-regulating axis; the turning of this 
dish over 1 degree answers to a change of capacity to the amount of 
0.17 cm. 

The microcondenser M was made in the workshop of the Physical 
Laboratory I of the Technical Institute in Warsaw. Figure 2 shows 
th is condenser in section. Within an iron cylinder A is a brass cylinder B 
which is isolated by an amber stop C and a fitting of ebonite C. Exactly 
in the axis of this brass cylinder B is an iron cylinder D which can be 
exactly adjusted by means of the micrometer-screw E. 

The micrometer-screw has been made very accurately and has a pitch 
of 0.5 mm; it possesses a head G of which the circumference is divided 
in 100 parts. A scale F put at one side serves for the reading of the 
number of complete rotations. The entire change of capacity of the micro
condenser by screwing in the cylinder D was accurately measured in the 
arrangement itself by means of the normal variabie condenser described 
above; the mean of 10 different measurings was 5.2 cm. This agrees up 
to 1 % with the value which was calculated from the measurements of 
the condenser. At the zero-point in the beginning the movable cylinder D 
is already 10 mm in the isolated cylinder B, so that the boundary dis
turbances of the electric field do not come into account. In the final state 
the cylinder D is only 40 mm in the cylinder B, so that it is still 20 mm 
removed from the bottom. Through this the proportionality between the 
change of capacity and the number of rotations of the micrometer-screw 
E is amply secured. To the change of capacity of 5.2 cm correspond 60 
rotations of the micrometer-screw each of 100 divisions at a rotation, so 
6000 divisions in all, hence to each division of the head G of the micro
meter-screw a change of capacity corresponds of 8.7 . 10-4• 

The cryostat with the measuring-condenser agrees substantially with 
that one, which has been used with the first measurings of the dielectric 
constant of liquid helium 1), and has been represented in Fig. 3. The 
condenser now consists of 6 concentric brass cylinders with a capacity of 
about 175 cm. The movable contact, which was formerly found at K, has 
been rep la eed by ajunetion directly soldered on. 

Further above the glass vessel g, silvered over inside, in which is the 

I) These Proc. 27, p . 622: Comm. Leiden NO. 171b. p. 11. lig. 3. 
6* 
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measuring condenser C. a reservoir A was placed which was also filled 
with helium in order to keep the surf ace of helium, notwithstanding the 
volume-contraction at the cooling, continually above the upper part of the 
condenser-vessel g. The condenser C itself hangs by the leads. 

Fig. 2. Fig. 3. 

The measurements were made in the following way. As has already been 
said, they dep end on the comparison of the unknown capacity with that of 
a normal-condenser, the small changes of the unknown capacity being 
compensated by means of the micro-condenser. The course of a measuring 
is as follows: In the oscillation circuit 2 (Fig . 1) the measuring-condensor 
C with the microcondensor M is switched in ; th en by turning the 
condensor Cl in the oscillation circuit 1 the beats are made slower 
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till the wire in the string-galvanometer G remains quiet; this point is 
accurately adjusted. Then without changing the condenser Cl in the 
oscillation circuit 1 the normal-condenser C 2 is connected with the oscillation 
circuit 2 by means of the plug S and regulated so long until the wire of 
the string-galvanometer re ma ins quiet again. With this, attention should 
be paid that the adjusting is always brought about through a last turning 
in the same direction as well by the condenser Cl as also by C~V The 
capacity of the two condensers C and M is then equal to that of 
the normal-condenser C 2 . However with th is the capacities of the 
leads have not been reckoned with, so that this method only allows to 
measure capacity-differences, not the absolute values of the capacities. 
Small changes of the capacity of the measuring-condenser Care measured 
hy compensating with constant adjusting of the normal-condenser C 2 at a 
definite initial-capacity of the measuring-condenser, each capacity-change 
of the latter by means of the microcondenser Mand then to read scale and 
head from this. 

The accuracy of adjusting the normal-condenser was determined in this 
way that at a constant capacity of the measuring-condenser and a constant 
position of the microcondenser the nonnal-condenser was adjusted several 
times and the position of the dish was read. F rom that followed as mean 
error of adjusting of the normal-condenser a value which corresponds 
to a capacity of -+- 0.03 cm. 

In suchlike way the adjusting accuracy ot the microcondenser M was 
also determined. The mean deviation was -+- 6 divisions of the head which 
corresponds to a capacity of about -+- 5.1 0-3 cm. With a capacity of about 
175 cm of the measuring condenser this adjusting-accuracy allows a 
capacity-change of about 3.10- 3 % still to be measured, so that the 
accuracy of the fourth decimal in the relative value of the dielectric constant 
is completely secured. 

At all measurements the wave-length was 600 m. Before the beginning 
of a measurement some time was waited after the putting into work of the 
apparatus, until the oscillation circuits we re stabie. This was the case af ter 
about an hour. 

§ 3. Capacity of the measuring-condenser. As has already been said 
the here described measuring-method was worked out specially for the 
accurate measurement of very small capacity-changes and it is not well fit 
for the accurate determining of the absolute values of capacities. For that 
reason an indirect method was applied for measuring the absolute value 
of the capacity of the measuring-condenser. With this method the capacity 
was determined from the difference of the capacities in the vacuum and in 
liquid helium boiling under atmospheric pressure and from the formerly 
(Comm. Leiden N0. 171 b) measured value of the dielectric constant of 
liquid helium at the boiling-point. 

IE we call Co the capacity of the measuring-condenser in a vacuum at 
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the normal boiling-point of helium. 4.21 0 K.. C the capacity in Iiquid 
helium at the same temperature. Ko the dielectric constant of Iiquid helium 
at that temperature. ~ C the difference of the two capacities. measured 
and read on the normal condenser. then we see that : 

~ C=C-Co• and C=KCo• with Ko= 1.048. 

from which follows : 

t:.c 
Co= Ko-l (1) 

First the measurement was made in a vacuum. The glass vessel g in the 
cryostat (Fig. 3) which contains the measuring-condenser. was evacuated 
and WIed with helium-gas under a pressure of some mm of mercury. 
The cryostat was filled with Iiquid helium. so that the vessel g was quite 
immersed. The gasfilling in g has no measurable influence on the value of 
the capacity ; its purpose was to secure the exchange of temperature 
between the Iiquid helium in the cryostat and the measuring-condenser. 
The temperature in the cryostat was deduced from the vapour-pressure of 
the helium by means of the formula given by KAMERLINGH ONNES and 
WEBER 1) . 

We found ~ C = 8.36 cm from which by means of (1) follows for the 
capacity of the measuring-condenser empty at the boiling-point of helium: 

Co = 174 cm. 

The formerly measured value of the dielectric constant of liquid helium 
at the boiling-point (see Comm. Leiden NO. 171b) is exact up to 0.1 %. 
Accordingly Ko-l is exact up to about 2 %. Since the readings on the 
norm al-condens er are much more exact we can consider the value of Co 
exact as up to 2 %. The accuracy of this measurement is of secondary 
importance to the proper purpose of the research. treated in this Communic
ation. since the relative values are only required in investigating the variation 
of the dielectric constant of the liquid helium with the temperature. 

§ 4. Change of the dielectric constant of liquid helium with the 
tempera tu re. For these measurements the glassvessel with the measuring
condenser in the cryostat was filled with Iiquid helium. while it was 
immersed itself in Iiquid helium. . 

The tempera tu re in the cryostat was adjusted in the usual way by 
reducing the vapour-pressure of the helium in the cryostat till the point 
desired was reached; its value was deduced from the vapour-pressure (see 
§ 3). As initial temperature served the norm al boiling-point of helium. 

The changes of the dielectric constant at different temperatures we re 
measured as follows. The normal-condenser was accurately adjusted at the 
initial-temperature of the Iiquid helium and then changed no more during 
the entire measurement. At each further temperature the adjusting was only 

I) These Proc., Sept. 1915. p. 193. Comm. Leiden NO. 147b. 
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performed with the aid of the microcondenser. The changes of capacity 
we re then read on the latter. 

From the position of the microcondenser the value of the dielectric 
constant at a definite temperature can be calculated in the following way: 
If we call C the capacity of the measuring-condenser filled with liquid 
helium at the initial temperature and if 6 C be the increase of this capacity 
by the passing on to the new temperature. then the dielectric constant K 
at this new temperature follows from : 

K= C+C~ C =KO(l +6CC} (2) 

where C = KoCo = 182.4. 
With that the capacity Co of the empty condenser has been accepted 

as constant for all temperatures in liquid helium. This may be done without 
objection as the relative capacity-changes in consequence of the thermal 
expansion in this temperature-region should make themselves perceivable 
only in the 6 t h decimal of the dielectric constant. 

The first measurements were made on t~ :'2 11 th of June 1927. The results 
obtained are given in table I. The 4th column con ta ins the change in the 
position of the microcondenser counted from that one at the initia I 
temperature. the 5th the relative value of the dielectric constant calculated 
according to (2) . the 6 th that one of the dielectric constant itself. calculated 
from the value formerly measured at the normal boiling-point of helium. 

TABLE I. 

NO. 
I 

p 

I 
T 

I 
Micro-

I 
K 

I 
K 

mm Hg oK. condenser. -
Ko. 

I 766 . 5 4.21 0 I 
I 

1.0480 

2 82 . 9 2.64 1735 1.00824 1.0566 

3 69 . 6 2 . 55 1920 1.00912 1.0576 

4 60 . 1 2.48 1988 1.00944 1.0579 

5 49.8 2 . 39 2054 1.00976 1. 0582 

6 38.1 2.28 2211 I. 01050 1.0590 

7 25 . 8 2 . 12 1948 1.00925 1.0577 

8 13.8 1.90 2013 1.00956 1.0580 

With the values of K from tab Ie land the densities of the liquid helium 
according to KAMERLINGH ONNES and BOKS 1) the molecular electric 

1) H. KAMERLINGH ONNES and J. D. A. BOKS. I. c .• p . I Dote 3. 
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polarization can be calculated by means of the farm uIa of CLAUSIUS

MOSOTTI. These va lues are united in table 11. 
Af ter attempts of a repetition of th is measurements had failed on the 17th 

of June and on the 12th of July, bath times through the breaking of the 

4.21 

2.64 

2.55 

2.48 

2.39 

2 .28 

2.12 

1.90 

TABLE 11. 

p 

0.1251 

0 . 1443 

0.1451 

0 . 1454 

0.1459 

0.1462 

0.1458 

I 0 . 1455 

0 . 1259 

0.1283 

0 . 1299 

0.1304 

0.1305 

0.1320 

0.1295 

0.1305 

helium-glass in the cryostat, a second series of measurements was made on 
the 19th of July. The obtained results are given in table 111. 

TABLE 111. 

I NO. I 
Time 

I 
p 

I 
T 

I 
Micro-

I 
K 

I K mmHg oK. condenser. Ko 

I 1 14 u 26 m 

I 
753.0 4.19 0 1.00000 1.0480 

2 15 25 48.8 2 .39 1933 1.00922 1.0577 

3 39 40 . 1 2.30 2024 1.00966 1.0581 

4 59 34.1 2.24 2014 1.00961 1.0581 

5 16 09 30.2 2 . 19 1975 1.00942 1.0579 

6 22 24.9 2. 11 1937 1.00924 1.0577 

7 34 19.9 2.03 1974 1.00942 1.0579 

8 46 10.1 1.80 1921 1.00917 1.0576 

9 58 8.8 I. 75 1898 1.00906 1.0575 . 

10 17 11 31.1 2.20 2027 1.00967 1.0581 

I 
11 19 36.2 2 . 26 2041 1.00974 1.0582 I) 

I) During this measurement the helium in the cryostat had sunk so low, that the tempera
ture Qf the cQndenser beljan to become uncertaln. 
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Durlng these measurements the circumstances we re less favourable than 
with the preceeding series. Besides that we apparently did not wait long 
enough until the temperature should have completely regulated itself, a 
possible source of errors had also arisen because the leads outside the 
cryostat were possibly in connection with the earth through a precipitated 
moisture, through which an undefined most probably also variabIe resistance 
was switched parallel to the measuring-condenser. 

As it appears from the graph (Fig. -4) the two measuring-series point 
to a discontinuity, a jump, in the course of the dielectric constant with 
the temperature. 

Since this result however principally depends only on one series of 
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I.O~SlOr_-----_;if------+.r_-----~ ••• 'T~--' 

Fig. i. 

o Measurements of June 11, 1927. 

8 Measurements of July 19, 1927. 

measurements (the first) we decided to wait for a new series of measure
ments under improved circumstances before passing on to publication. 
However, now that in the mean time in different ways (compare the 
following communication) the appearance of an abrupt change in the liquid 
helium has been asserted we we re of opinion not to put off the publication 
any longer. Meanwhile we consider the results given here as being only 
provisionaI. also because there is some possible doubt about the accurate 
equalness of temperature of the helium in the condenser with that of the 
helium in the cryostat. 



Physics. - Twa different liquid states af helium. By W. H. KEESOM 
and M . WOLFKE. (Communication N0. 190b from the Physical 
Laboratory at Leiden . ) 

(Communlcated at the meeting of December t 7, 1927). 

§ I . When measuring the dielectric constant of liquid helium 
between the boiling-point and 1.9 0 K. on June II th last, we observed 1) 
that at a temperature almost corresponding with that one at which 
KAMERLINGH ONNES had found a maximum in the density curve, the 
dielectric constant shows a sudden jump or at least a jump made in 
a very smaIl temperature-region. The thought suggested itself th at at th at 
temperature the liquid helium transforms into an other phase, liquid as 
weil. If we call the liquid, stabIe at the higher temperatures "liquid 
helium I" . the liquid, stabIe at the lower temperatures "liquid helium 11", 
then the dielectric constant of liquid helium I should be greater than that 
of liquid helium II. Seeing that this result was only founded on one 
series of measurements we wished to repeat the measurements in order 
to get more security. Two attempts for that purpose failed (on June 17th 
and July 12th ). At a repetition on July 19th the circumstances were less 
favourable, so that in our opinion the results, though they did point in the 
same direction as those of June II t h . did not yet give a sufficient 
affirmation. So we decided to wait for new measurements. 

§ 2. Meanwhile our attention had been drawn by the foIlowing facts : 
a. The results of the density-measurements of KAMERLINGH ONNES 

and BOKS 2) may be associated as weIl, if not better (see Fig. 1. which 
we must compare with Fig. 5 of Comm. No. 170b) with the admission of 
a jump in the density at 38 mm helium-pressure (to the amount of about 
1%0, the density of liquid helium 11 smaller than that of liquid helium I) 
than with that of a smooth maximum at that place. 

b. In the paper of DANA and KAMERLINGH ONNES 3) on the 
specific heat of liquid helium results are only mentioned at tempera
tures higher than the one expressed above. However, they have also 
experimented round th at temperature, but th en they found values. which 
did not agree with those me!:lsured at higher temperatures. For a part of 
the experiments this wiIl be due to condensation of the helium-vapour. as 
DANA and KAMERLINGH ONN ES point out. With some experiments leading 

I) These Proc., p. 81. Comm. Leiden NO. 190a. 
2) Comm. Leiden NO. 170b. 
3) These Proc. 29, 1061. 1926. Comm, Leiden NO. 179d. 
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to deviating results a suchlike condensation would not have been expected 
according to the data, which are kept in the archives of the laboratory. 

8 

81B---------~--------~._------_t--------_1 

8~--------~~----~--~r_--+_------_1 
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Fig. I. 

In fact from th ree of those experiments we could deduce nearly corres
ponding values for the transformation heat with a mean value : 

liquid helium I = liquid helium 11 + 0.13 cal./gram. 
c. The results of the measurements of DANA and KAMERLINGH 

ONNES 1) concerning the heat of vaporization of liquid helium clearly 
point to a jump in the heat of vaporization (see Fig. 3 there). They already 
say that it may be possible that those results should indicate "that near the 
maximum density something happens to the helium, which within a sm all 
temperature range takes place perhaps even discontinuously" 2). According 
to those results at the transformation point the heat of vaporization of 
liquid helium 11 would be greater than th at of liquid helium land that to 
an amount which corresponds in order of magnitude with the value of the 
transformation heat given under b. 

d. Measurements of VAN URK, KEESOM and KAMERLINOH ON NES 3) 

concerning the surface tension of helium seem to indicate c1early a jump 
in the value of the surface tension between 33 and 39 mm mercury
pressure to the amount of about 3 % (see Fig. 2 there) and in such a 
way that the surf ace tension of liquid helium 11 is smaller than that of 
liquid helium I. 

I) These Proc. 29, 1051. 1926. Comm. Leiden NO. 179c. 
2) These Proc. 29, 1057 note 2, 1926. Comm. Leiden NO. 179c. p. 31 note 1. The 

authors continue : "The change of density of the Iiquid a1so indicates something of the 
same kind". 

3) These Proc. 28, 958. 1925. Comm. LeideD NO. 1798. 



92 

§ 3. While the repetition, under improved circumstances, of the 
measurements of the dielectric constant mentioned in § I, had to be put oH 
on account of the absence of one of us from Leiden 1), the provisional 
value of the transformation-heat mentioned in § 2 b raised the surmise 
th at the transformation of the liquid helium should show itself in the 
cooling- or heating-curve, ~hen a quantity of liquid helium was being 
cooled regularly (by gradual lowering of the pressure ) resp. heated itself 
in consequence of the supply of heat by conduction and radiation. 

This experiment was carried out on November 18th last. The course 
of the pressure on a mercury-manometer was thereby foIlowed with the 
eye. With the cooling as weIl as with the heating a short halt of the 
manometer was stated each time at 39 mm pressure. 

Besides a stirrer, with which was continuaIly stirred during the 
experiment, the helium-bath contained a constantin resistance. The 
intention was to register photographicaIly by means of this the course 
of the temperature with the time. This, however, did not succeed on that 
day partly because the heating just like the cooling passed oH sooner 
than we had expected, partly because the influence of a change in 
temperature of the leading wires to the constantin-resistance (Diessel
horst-galvanometer, Thomsonbridge connection) did not appear to be 
sufficiently eliminated. 

A repetition took place on Nov. 29th . Seven experiments we re made: 
-4 coolings and 3 heatings. 

The course of the mercury-manometer showed again the same 
phenomenon as on Nov. 18th. EspeciaIly the course by heating was very · 
characteristic. The manometer beginning from about 5 mm at first rose 
comparatively slowly, then stood still for a moment (always at the same 
point) and after that suddenly began to rise quickly. At one of these 
experiments, at which the manometer stood still (it was estimated during 
-4 sec. ) the pressure was read 38 mmo 

During each of those experiments the deflection of the galvanometer in 
the Thomsonbridge connection could be registrated 2). On each of the 
thus obtained resistance-time-registrations, which can be almost considered 
as temperature-time-curves, the transformation-point can be clearly re
cognized. Visually nothing was to be seen of the forming of a second 
phase in the liquid helium. This need not astonish us as the refraction
indices of the two phases will diHer very little 3) . 

From the fact that at lower temperatures the liquid is evidently being 
moved as easily by the stirrer as at higher it also appears that the viscosity 
of the helium 11 must be small. On December 7th measurements we re 

I) We hope that this repetitioD will soon take place. 
2) We heartily thank Mr. J. N. VAN DEN ENDE, phil. cand., for his assistance in these 

experlments. 
3) Herewith should be compared what has been observed at the experiments concerning 

the solidification of helium: these Proc. 29, 1136, 1926, Comm. Lelden NO. 184b. 
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made concerning the resistance of the constantin wire mentioned above. 
particularly near the transformation~point . the pressure of the helium being 
kept constant during each measurement. We shall possibly revert to these 
experiments later. After that we had the opportunity to register still 3 
cooling~ resp. heating~curves in the way mentioned above. During these 
registrations the temperature changed considerably slowlier than at the 
preceeding experiments. Though the then obtained curves show peculiarities. 
which we cannot yet quite interpret. still each of them shows very clearly 
that at a pressure of about 38 mm something very peculiar takes place. 

On December 16th measurements were made by Dr. SOPHUS WEBER. Mr. 
N!'iRGAARD and one of us on the vl'lpour~pressure of helium particularly 
also near the point in question here. This tinie the temperature was 
measured with a helium thermometer of which the pressure was read by 
means of a hot~wire manometer. Later on the results of these measurements 
will be communicated. Fig . 2 gives the successive readings of the galvano~ 
meter in the hot~wire manometer connection. when after a series of these 
measurements the heliumbath heated itself. The transformation~point is 
very clearly indicated in this heating~curve. 
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§ 4. Through the preceeding experiments we think the fa ct to be 
established that at a pres ure of about 38 mm a very peculiar change 
appears in the liquid helium. which in any case takes place within a very 
small temperature~region (0.08 of a degree). Though we have not been able 
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to observe visually the two phases si de by side, we yet think it most probable 
that we have to do here with two different states of Iiquid helium, which 
transform into each other at the temperature corresponding to the pressure 
mentioned. Of those two phases the liquid helium II (stabIe at the lower 
temperatures') compared with Iiquid helium I has : 

a smaller density, 
a greater heat of vaporization, 
a smaller surface-tension, 

while the transformation Iiquid helium 11 ~ Iiquid helium I takes place 
with an absorption of heat , of which the amount can be valued for the 
present at 0.13 cal./gram. 

We put the temperature, at which the transformation takes place, for 
the present at 2.3° K. 1) . 

It is remarkable that this transition takes place at a temperature, which, 
roughly speaking , may be considered to correspond with those at which 
other substances have their melting-point. 

So helium has a triplepoint Iiquid I-Iiquid II-vapour, which until now 
has only been found with a number of complicately composed substances, 
which have a mesomorphic (liquid crystalline) ph ase. Whether the latter is 
also the case with helium, will have to appear from further experiments. 

Likewise whether and , if so, in which point the transformation curve 
Iiquid I-Iiquid 11 meets the melting-curve. 

I) It is evident that the deduction of the temperature from the value of the vapour
pressure especially near thls point, shall want a reconsideratioD. 



Botany. - Notes on Pteridophyta [rom Djambi, Sumatra. By O. 
POSTHUMUS. (Communicated by Prof. J. C. SCHOUTE.) 

(Communicated at the meeting of January 28, 1928). 

The following remarks are based on the Pteridophyta of a collection, 
which I made in the interior of the residency of Ojambi (Sumatra), from 
J uly to November 1925. The plants are partly coIIected near Bangko, 
situated at the junction of the S. Mesoemai with the S. Merangin, wh ere 
the latter ceases to be navigeable; partly in the surroundings of the camp 
Selemboekoe, about 30 K.M. west of Bangko; only one specimen near 
Sarolangoen and two near Paoe, both situated at the S. Tembesi. 

The landscape can be described as a plateau, with but a slight relief. 
in which, in consequense of a recent upheaveL the rivers have made deep 
ravines; palaeozoic strata, which are covered by tertiary and quaternary 
deposits of vulcanic origin, come to the surface in the deepest parts. 

Originally this reg ion was covered with primary forest, continuous with 
that of the Ruisan mountains, which are situated more westward. 
A considerable portion, however, in the more accessible parts, has been 
destroyed by the natives for their "ladangs" (not irrigated rice fjelds). 
These are left to themselves af ter one or two harvests have been obtained ; 
then secundary jungle appears , or, especially during the last years, rubber 
plantations are planted by the natives. 

The climate is aequatorial; the rainfaII is rather high and almost 
equally distributed throughout the year. No weil pronounced dry season 
occurs and the humidity of the air, especially in the shadow of the primary 
forest, is high and does not seem to be liable to much variation. This is 
shown in the fern-vegetation of the primary forest by the presence of 
Hymenophyllaceae, which are found en trees, but also on the soiL on 
steep, shadowy slopes, or on bigger boulders in the bed of the smaller 
rivers ; they were never found in the secundary vegetation. 

The high degree of humidity is especially favourable to reboisement. 
Some months after the rice-fields have been left to themselves, the young 
trees (bloekar) already attain a considerable height. Alang-alang (Imperata 
cylindrica Beauv.) is found only on the roads, on some clearings and in 
older native rubber plantations, apparently only if the vegetation is 
periodically burnt down. If left to itseIf, the (secundary) forest will come 
up soon. 

In the following list the Ferns are arranged af ter the system of the 
Index Filicum of C. CHRISTENSEN, whose nomenclature is also followed ; 
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the distribution of the species is mentioned as far as known to me. Erom 
the literature. which is quoted only in some cases in the discussion. and 
Erom material of the Buitenzorg herbarium. 

HYMENOPHYLLACEAE. 

Trichomanes bipunctatum Poiret. Encycl. . VIII. p. 69. 1808. 
In primary forest. covering the rocks. on shadowy humid places; near 

S . Merangin. opposite to M . Ojangkang. about 170 M . above sea~level : 
N0. 618. 27 VII. 1925. 

Tropical Asia and Africa. Polynesia. 

Trichomanes hispidulum Mettenius; Kuhn. Linnaea. XXXV. p. 389. 1868. 
In primary forest. on the soi!. in humid shadowy places; near camp 

Selemboekoe. about 180 M . above sea-level : N0 . 613. 26 VII . 1925. 
Malacca. Borneo. 

Trichomanes humile Forster. Prodrome. p. 84. 1780. 
In primary forest. covering steep. humid. shadowy. rocky slopes; 

near S. Merangin. opposite to M. Ojangkang. about 140 M. above 
sea~level : N0. 625 . 27 VII. 1925. 

Malay Archipelago. Formosa. N. Zealand. Polynesia. 

Trichomanes singaporianum (v. d. Bosch) van Alderwerelt van Rosenburgh, 
Bull. Jard. Bot. de Buitenzorg. (2) XX. p. 25. 1915. 

In primary forest. on moist shadowy places. on the soil or on the base 
of old trees ; near the camp Selemboekoe about 180 M. above sea-Ievel : 
N0. 612. 26 VII. 1925. 

Malacca. Mergui islands. 

Trichomanes sumatranum van Alderwerelt van Rosenburgh. Bull. dept. 
agric. Indes. néerl.. XVIII . p. 4. 1908. 

In primary forest. in shadowy. humid. places. frequent on the boulders 
in small rivers ; M. Karing . about 140 M. above sea-Ievel: N0. 604. 
25 VII. 1925; S. Karing. about 140 M . above sea~level: N0. 764. 
24 VIII. 1925. 

Sumatra. Java. 

H ymenophyllum holochilum (v. d. Bosch) C. Christensen. Index Filicum. 
p. 36. 1905. 

In the primary forest . on old trees: S. Selemboekoe. near the camp. 
about 180 M. above sea-Ievel : N0. 785. 25 VIII. 1925. 

Sumatra. Malacca. Banca. Riouw. Lingga~Archipelago. Java. Borneo. 
Philippines. New Guinea. 
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Hymenophyllum subrotundum van Alderwerelt van Rosenburgh, Bull. 
Jardin Bot. de Buitenzorg (2) XX, p. 19, 1915. 

In primary forest, epiphytic, in humid, shadowy places, forming tufts 
(together with Polypodium inconspicuum BI.) ; S. Selemboekoe, near the 
camp, about 180 M . above sea-Ievel: N 0. 786, 25 VIII, 1925 ; S. Meng
karang , about 200 M . above sea-Ievel : N0. 1082 bis, IX, 1925. 

Sumatra. 

CYATHEACEAE. 

Cibotium barometz J. Smith, London Journalof Botany, I, p. 437, 1842. 
Rather short three-fern; in the primary forest on steep riverbanks ; 

S. Merangin opposite to M . Djangkang, about 140 M . above sea-Ievel : 
N0. 751 , 21 VIII , 1925. 

China, Hongkong , Formosa, Sumatra, Banca, Malacca, Borneo, 
Moluccas. 

Cyathea moluccana R. Brown ; Desvaux, Prodrome, p. 322, 1827. 
Small tree-fern, about Y2 M. high ; leaves about 3 M. long ; occurs 

scattered in secundary forest (about 12 years old) ; near Bangko, about 
60 M . above sea-Ievel: N0 . 481 , 10 VII , 1925. 

Sumatra, Malacca , Riouw, Lingga-Archipelago, Borneo, Moluccas. 

Alsophila latebrosa Wallich; PresI, Tent. Pterid, p. 62, 1836. 
In native rubber plantations, which are about 8 years old; near 

Bangko, about 60 M . above sea-Iev.::] : N °. 568, 18 VII, 1925. 
British India, Malay Archipelago. 

DIPTERIDACEAE. 

Dipteris conjugata Reinwardt, Sylloge plantarum 11, p. 3, 1824. 
In primary forest , on steep stony slopes of the river, in shadowy or 

rather open places; S. Mengkarang between doesoen Baroe and M . 
Koekoen, about 200 M . sea-Ievel: N 0. 892 , 19 IX, 1925. 

Malacca, Malay islands, Polynesia. 

POLYPODIACEAE. 

Dryopteris calcarata (Blume) O. Kuntze, Revisio generum plant., 11, 
p. 812, 1891. 

In primary forest, on and between the boulders in the shadowy bed of 
small rivers ; S. Karing , about 140 M. above sea-Ievel: N0. 692, 15 
VIII, 1925. 

Br. India, South China, Malay Archipelago, Polynesia. 
7 

Proceedings Royal Acad. Amsterdam. Vol. XXXI. 
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Dryopteris Dayi (Beddome) C. Christensen. Index Filicum. p. 260. 1905. 
In primary forest. on the soi!. in rather shadowy spots; near 

S. Ketidoeran Siamang. about 160 M. above sea-level: N0. 908. 
15 X. 1925. 

Malacca. 

Dryopteris didymosora (Parish) C. Christensen. Index Filicum. 
p. 262, 1905. 

In native rubberplantations (about 10 years old), in which the under
growth is now and then destroyed; scattered, in rat her open places; 
near the camp Selemboekoe, about 180 M. above sea-level: N0. 736, 
19 VIII , 1925. 

Northern India, Assam, Malacca, Borneo, Amboina, China. 

Dryopteris malayensis C. Christensen , Monogr. Dryopteris, I, p. 171, 1913. 
In primary forest, on the soi!. in shadowy places; near doeso8fl 

Baroe (S. Merangin), about 200 M. above sea-level: N0. 855, 
4 IX, 1925 

Malacca, Malay islands. Philippines. 

Dryopteris salicifolia (Wallich) C. Christensen. Index Filicum, 
p. 290, 1905. 

In primary forest, growing on rocky slopes on rather bright places 
near the riv er ; M. Karing. about 140 M. above sea-level: N0. 655, 
3 VIII, 1925. 

Sumatra, Malacca. Borneo. 

Dryopteris sarawakensis (Baker) van Alderwerelt van Rosenburgh, 
Malayan Ferns, p. 200, 1909. 

In primary forest , in the shadow on steep riverbanks, and between 
the boulders in the river-bed; M. Karing, about 140 M. above sea-level: 
N0. 602. 25 VII, 1925. 

Borneo. 

Dryopteris truncata (Poiret) O . Kuntze, Rev. gen. Plant., 11, p. 814, 1891. 
In secundary forest. on rather moist, shadowy places; near Bangko, 

about 60 M. above sea-level: N0. 475, 10 VII, 1925. 
Br. India, Malay Archipelago, Trop. Australia, Polynesia, 

Madagascar. 

Dryopteris unita (Linn.) O . Kuntze, Rev. gen. Plant. 11, p. 811, 1891. 
Along roads, on open fields and in older native rubberplantations, in 

which the undergrowth is destroyed now and then; along the road 
from Limboer to Bangko, about 50 M. above sea-level: N0. 543. 
17 VII, 1925. 

Br. India, Malay Archipelago, Polynesia, Madagascar. 
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Dryopteris urophylla (Wallich) C. Christensen, Index Filicum, p. 299,1905. 
In native rubberplantations, scattered, on rather humid places; near 

Bangko, about 60 M. above sea~level: N0. 474 , 10 VII , 1925. 
Br. India , Malay Islands, Polynesia, Madagascar. 

Dryopteris verruculosa van Alderwerelt van Rosenburgh, Bulletin Jardin 
Bot. de Buitenzorg (2) X, p. 12, 1913. 

In primary forest ; near doesoen Baroe (S. Merangin), about 200 M. 
above sea~level: N 0. 856, IX, 1925. 

Eastern~Java , Sumatra. 

Didymochlaena truncatula (Swartz) J. Smith, J ournal of Botany, IV, 
p. 169, 1841. 

In primary forest ; near Soengai Manau, about 400 M . above sea~level: 
N0. 946, X , 1925. 

All tropical countries. 

Aspidium angulatum (Willdenow) J. Smith in Mettenius, Ann. Lugd. Bat., 
1., p. 239, 1864. 

In primary forest ; scattered on shadowy spots; near road to S. 
Manau, between S . Karing and S . Selemboekoe, about 180 M . above 
sea~level: N 0. 845, 31 VIII, 1925. 

Malacca, Borneo, Moluccas, New Guinea. 

Aspidium nebulosum (Baker) C. Christensen, Index Filicum, p. 84, 1905. 
In primary forest; near doesoen Baroe (S. Merangin) about 200 M . 

above sea~level : N0. 851 , IX, 1925. 
Sumatra, Banca. 

Aspidium singaporianum Wallich; Hooker et Greville, kones Filicum, 
pI. 26, 1827. 

In primary forest; scattered , on shadowy spots; S. Merangin, 
opposite to M. Ojangkang ; about 140 M. above sea~level: N 0639, 
27 VII , 1925. 

Sumatra , Banca, Malacca, Borneo. 

Aspidium vastum Blume, Enumeratio plant. Jav., p. 142, 1828. 
In primary forest , scattered on shadowy spots ; near dcesoen Baroe 

(S. Merangin) ; about 200 M. above sea~level : N0. 853, IX, 1925. 
Br. India , Birma, Malay Archipelago. 

Polybotrya appendiculata (Willdenow) J. Smith , Journalof Botany, IV, 
p. 150, 1841. 

In primary forest. at shadowy, humid, steep, rocky slopes ; M . Karing. 
about 140 M . above sea~level : N 0. 606, 25 VII, 1925. 

Tropical Asia. 

7* 
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N ephrolepis cordifolia (Linnaeus) PresI. Tentamen Pteridographiae, 
p. 179, 1836. 

In primary forest, hanging down at steep, rather exposed, rocky slopes; 
S. Merangin opposite to M. Djangkang, about 140 M. above sea-Ievel . 
N0. 623, 27 VII, 1925. 

Tropical countries. 

Humata angllstata J. Smith, Journalof Botany, lIl, p. 416, 1841. 
In primary forest; with a long rhizome creeping on trees on rather 

dry spots; near M. Karing, about 160 M . above sea-Ievel: N0, 895. 
6 IX, 1925. 

Sumatra, Banca, Riouw, Lingga-Archipelago, Malacca, Borneo. 

Humata heterophylla (Smith) Desvaux, Prodrome, p. 323, 1825. 
In primary forest; creeping with a long rhizome on trees, scattered 

on rather dry places; between S . Karing and S. Selemboekoe, about 
180 M . above sea-Ievel : N°. 844 , 31 VII, 1925. 

Malay Archipelago. 

Humata repens (L. Fils) Diels, in Engler-PrantI. Nat. Pflanzenfam., I. 
abt. IV, p. 209, 1899 ; var. minor Nees. 

In primary forest , scattered , on trees; near S. Ketidoeran Siamang, 
about 140 M. above sea-Ievel: N 0. 761 , 24 VIII , 1925. 

S . China, Malay Archipelago, trop. Australia. 

Davallia triphylla Hooker, Species Filicum, I. p. 162, pI. 46 A. 1846. 
In higher parts of the primary forest, climbing, with a long rhizome in 

groups; near the road to Soengai Manau on the watershed between 
S . Karing and S. Selemboekoe, about 180 M . above sea-Ievel : N0. 843, 
31 VIII , 1925. 

Malacca . 

Tapeinidium gracile van Alderwerelt van Rosenburgh, Malayan Ferns, 
p. 315, 1909. 

In primary forest , on humid shadowy slopes ; near the camp Selem
boekoe, about 180 M. above sea-Ievel : N0. 778, 25 VIII, 1925. 

Sumatra, Borneo, Java , Philippines, New Guinea. 

Schizoloma ensifolium (Swartz) J. Smith, Journalof Botany. lil, 
p. 414 , 1841. 

In native rubber-plantations, which are about 7 years old and have 
but little undergrowth, scattered; near Bangko. about 60 M. above 
sea-Ievel : N0. 461, 9 VII, 1925. 

Tropical Africa , Asia and Australia; Polynesia. 
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Lindsaya decomposita Willdenow, Species plantarum, V., p. 425, 1810. 
(L. davallioides Blume, Enumeratio plant. Jav. p. 218, 1828.) 

In primary forest. in shadowy places, on the soil or on the base of old 
trees; between the camp Selemboekoe and S. Karing , about 180 M. 
above sea-Ievel: N0. 825, 29 VIII, 1925; S. Merangin, opposite to 
M. Karing; N0. 680, 9 VII, 1925. 

Trop. Asia, Australia, Polynesia. 

Lindsaya lancea (Linnaeus) Beddome, Ferns Brit. Ind., SuppI. p. 6, 1876. 
In primary forest, on the soil or on the base of old trees near the 

camp Selemboekoe, about 180 M. above sea-Ievel: No. 616, 26 VII, 
1925. 

Trop. America, Ceylon, Malacca, Sumatra, Java, Borneo. 

Lindsaya scandens Hooker, Species Filicum, I, p. 205, pI. 63 B, 1846. 
In primary forest, in humid, shadowy places, on the soil or on the 

base of old trees ; near the road to S. Manau, about 200 M . above 
sea-Ievel: N0. 668, 5 VIII, 1925. 

Malay Archipelago. 

Diplazium aequibasale (Baker) C. Christensen, Index Filicum, p. 227, 1905. 
In primary forest, on shadowy, moist places; near creeks, between thc 

rocks; S. Karing, about 140 M. above sea-Ievel: N0. 695, 15 VIII, 
1925; S. Karing, near the S. Merangin: N0. 607, 25 VII, 1925. 

Borneo. 

Diplazium bantamense Blume, Enumeratio, p. 191, 1828. 
In primary forest, in shadow, on the soil; near the S. Merangin, 

opposite to M. Ojangkang, about 140 M. above sea-Ievel : N0. 638, 
27 VII, 1925. 

Tropical Asia, Japan. 

Diplazium confertum (Baker) C. Christensen, Index Filicum, p. 230, 1925. 
In primary forest, on the soil, sometimes at steep, shadowy banks 

of the creeks; S. Selemboekoe, about 150 M . above sea-Ievel : N0. 783, 
25 VUl, 1925; S. Boekit Tinggi, near doesoen Baroe, about 140 M. 
above sea-Ievel: N0. 664, 4 VIII, 1925. 

Sumatra, Borneo, Celebes. 

Asplenium cymbifolium Christ, Bulletin Herbier Boissier (2) VII, 
p. 999, 1906. 

In primary forest in shadowy places; the rhizome vertically climbing 
with short internodes, leaves with broad bases, between which are 
numerous roots; forming a thick ma ss ; near the camp Selemboekoe, 
above 180 M. above sea-Ievel: N0. 615, 26 VII, 1925. 

Philippines, Singkep. 
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Asplenium Nidus Linnaeus, Spec. plant, 11, p. 1079, 1753. 
In primary forest in the shadow, scattered, on trees; in the axils of 

the radially arranged leaves with a mass of roots, between which humus 
is formed; near camp Selemboekoe, about 180 M. above sea-Ievel: 
N0. 640, 27 VII, 1925; near doesoen Baroe (S. Merangin), about 
200 M. above sea-Ievel : N0. 1084, IX, 1925. 

Tropical Africa, Asia and Australia. 

Asplenillm tenerum Forster Prodromus, p. 80, 1786. 
In the primary forest , on trees , in shadowy spots; B. Mangkok, near 

the road to S. Manau, about 200 M. above sea-Ievel: N0. 669, 
5 VII, 1925. 

Trop. Africa, Asia, Polynesia. 

Blechnum Finlaysonianum Wallich; Hooker et Greville, kones Filicum 
pI. 275, 1831. 

In native rubber plantations, scattered in rather light spots; near 
Bangko, about 60 M. above sea-level : N°. 468, 9 VII, 1925. 

Sumatra, Malacca, Borneo, Java, New Guinea. 

Blechnllm orientale Linnaeus, Spec. plant ., ed. 11, p. 1530, 1753. 
Between bushes, on left ladangs (dry rice- fjelds), in newly cleared 

forest. in native rubber plantations (about 7 years old), scattered; near 
Bangko, about 60 M . above sea-level: N0. 467, 9 VII, 1925; N0. 522. 
15 VII, 1925. 

Tropical Asia, Australia and Polynesia. 

Stenochlaena aCllleata (Blurne) Kunze, Bot. Zeitung, p. 142, 1848. 
In the primary forest, in rather humid places; rhizome vertically 

climbing, on trees; leaves horizontaI. adpressed; these specimens belong 
to the form inermis, the rhizome bearing no spines ; the rhizome of 
N0 . 902 is thicker than that of the other specimens; S. Merangin, 
opposite to M. Karing , about 150 M. above sea-level: N0. 681, 9 VIII, 
1925; near the S. Karing, about 180 M. above sea-level: N0. 743, 
19 VIII , 1925; S. Selemboekoe, about 150 M. above sea-level: N0. 898, 
6 IX, 1925; near the camp, about 180 M. above sea-level: N0. 902, 903, 
26 IX, 1925. 

Tropical Asia. 

Stenochlaena palustris (Burm.) Beddome, Ferns of Br. India, Suppl. 
p. 26, 1876. 

In secundary jungle, along roads or in rather open places, climbing 
between shrubs, sometimes rather frequent; near the road from the camp 
Selemboekoe to Bangko, about 100 M. above sea-level: N0. 729, 18 
VIII, 1925; near doesoen Baroe (S. Merangin) about 200 M. above 
sea-level: N0. 861, IX, 1925. 

Tropical Asia, Australia, Polynesia. 
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Syngramma valleculata (Baker) C. Christensen, Index Filicum 
p. 340, 1905. 

In primary forest, in groups, on the soil or on the base of old trees ; 
near camp Selemboekoe, about 180 M. above sea-Ievel : N0. 617, 
26 VI, 1925. 

Borneo. 

Ceropteris calomelanos (Linnaeus) Underwood, Bulletin Torrey Bot. Club, 
XXIX, p. 632, 1902. 

In open places, along the roads. on clearings in the forest. on sand
banks in the rivers ; near Bangko, about 60 M . above sea-Ievel ,: No. 514, 
14 VII. 1925. 

All tropical countries. 

Cheilanthes tenuifolia (Burmeister) Swartz , Synopsis, p. 129, 332, 1806. 
In scattered groups between alang-elang (Imperata cylindrica Beauv.) 

and along the roads; between Bangko and the camp Selemboekoe, about 
100 M. above sea-Ievel: Nu. 719, J 8 VII, 1925. 

Tropical Asia. Australia, Polynesiu, New Zealand. 

Pteridium aquilinum (Linnaeus) Kuhn; von Decken, Reisen, lIl, Bot. 
p. 11, 1879. 

Along the roads and on clearings in the forest; ne ar Bangko, about 
60 M. above sea-Ievel: N0. 516,14 VII, 1925. 

All tropical and tempera te countries. 

Vittaria pumila Mettenius; Kuhn Linnaeus, XXXVI. p. 65, 1869. 
In primary forest, epiphytic ; ne ar Ballgko, about 60 M. above sea

level: N0. 588a, 20 VII, 1925. 
Borneo. 

Vittaria scolopendrina (Bory) Thwaites, Enum. Plant. Zey!. p. 381, 1864. 
In primary forest, on trees, in scattered groups; S. Selemboekoe, near 

the camp, about 180 M. above sea-Ievel: N0. 767. 25 VIII, 1925. 
Tropical Africa and Australia. Polynesia. 

Vittaria zosterifolia Willdenow, Species Plantarum, V. p. 406, 1810. 
On the nodes of bamboos, growing near the S. Mesoemai, near 

Bangko, about 60 M . above sea-Ievel: N0. 532, 15 VIII. 1925. 
Madagascar, tropical Asia , Polynesia. 

Taenites blechnoides (Wi1ldenow) Swartz, Synopsis, p. 24, 220, 1806. 
In native rubber-plantations. scattered; near Bangko, about 60 M . 

above sea-Ievel : N0. 453 , 9 VII, 1925. 
Tropical Asia, Polynesia, 
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Hymenolepis spicata (L. Fils) PresI. Epim. Bot .. p . 159. 1849. 
In primary forest; epiphytic. neal" M. Ketidoeran Siamang. about 

140 M . above sea-level: N0. 759, 25 VIII , 1925. 
Madagascar, tropical Asia , Australia and Polynesia. 

Polypodium heterocarpum (Blume) Mettenius, Fil. Hort. Lips, p. 37, 
pI. 25, fig . 24-25. 1856. 

In primary forest, on trees; near M. Ketidoeran Siamang, about 
140 M . above sea-level: N0. 760, 25 VIII, 1925. 

Sumatra. Malacca, Banca , Riouw-Lingga islands, Java. Borneo, 
Celebes. 

Polypodillm inconspicllum Blume, Enumeratio, p. 130, 1828. 
In primary forest , epiphytic, on humid shadowy places ; forming 

tufts (together with Hymenophyllum subrotundum v. A . v. R.) ; S. 
Mengkarang , about 200 M. above sea-level: N0. 1082, IX, 1925. 

Malay Archipelago, Philippines. 

Polypodium nigrescens Blume, Enumeratio, p. 126, 1828. 
In primary forest. both in rather open and shadowy places; epiphytic; 

near S. Mesoemai, near Bangko, about 60 M . above sea-level : N0. 534, 
15 VII, 1925; S. Merangin, opposite to M . Ojangkang, about 140 M . 
above sea-level ; N0. 630, 27 VII , 1925. 

Tropical Asia and Australia , Polynesia. 

Polypodium phymatodes Linn., Mantissa, p. 306, 1771. 
In primary forest, epiphytic ; near doesoen Baroe, about 200 M . 

above sea-level : N0. 888, IX, 1925. 
Tropical Africa, Asia , Australia , Polynesia. 

Polypodium revolutllm (J. Smith) C. Christensen, Index Filicum. 
p. 559, 1906. 

Epiphytic , in groups on the nodes of bamboos ; bamboo bushes on 
a sandbank, S . Merangin , near M. Titi Meranti ; N0. 679, 9 VIII , 1925. 

Sumatra, Java, Celebes, Philippines, N . Caledonia. 

Polypodium Whitfordi Copeland , Phil. Journ. of Science, I, Suppl. V. 
p. 256. pI. 4 B, 1916. 

In primary forest , on trees ; S. Ketidoeran Siamang, about 140 M . 
above sea-level : N0. 762, 24 VIII , 1925. 

Philippines (Luzon) . 

Loxogramma Blumeanum PresI. Tentamen Pterid., p. 215, 1836. 
In primary forest, on trees ; near M. Karing, about 140 M . above 

sea-level: N0. 906, 13 IX, 1925. 
Tropical Africa and Asia. 
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Loxogramma involutum PresI. Tentamen Pterid .. p. 215 . 1836. (Polypodium 
scolopendrinum (Bory) C. Christensen. Index Filicum. p. 562. 1906. ) 

In primary forest. epiphytic. in rat her shadowy places; near doesoen 
Baroe (S. Merangin). about 200 M . above sea-level: N0. 884. IX 1925; 
N0. 1083. IX. 1925. 

Tropical and subtropical Asia. 

CyclophoC'Us acrostichoides (Desvaux) Pres!. Epim. bot. p. 130. 1849. 
On the nodes of the sterns of bamboos. at the S. Mesoemai. near 

Bangko. about 60 M . above sea-level: N0. 533. 15 VII . 1925. 
Ceylon. Malay Archipelago. Queensland. Polynesia. 

CyclophoC'Us angustatus (Swartz) Desvaux. Berliner Magazin. V. 
p. 300. 1811. 

In primary forest . climbing. with a long rhizome on the sterns ; near 
Bangko. about 60 M . above sea-level : N0. 588. 20 VII. 1925 ; near 
S. Karing. about 140 M. above sea-level : N0. 610. 25 VII . 1925; S. 
Selemboekoe. near the camp. about 180 M . above sea-level : N0. 781 . 
25 VIII. 1925. 

British India. Sumatra. Malacca. Riouw-Lingga islands. Banca. 
Borneo. Polynesia. 

Elaphoglossum Beccarianum (Baker) C. Christen sen. Index Filicum. 
p. 303. 1925. 

In primary forest . on trees. in shadowy places; near M. Ketidoeran 
Siamang. about 130 M. above sea-level: N0. 909. 24 X . 1925. 

Borneo. 

PARKERIACEAE. 

Ceratopteris thalictroides (Linn. ) Brongniart. Bull. Soc. Phi!. . Paris. 
p. 186. 1821. 

Water- fern ; Batang Soengai: N0. 934. IX. 1925. 
All tropical countries. 

GLEICHENIACEAE. 

Gleichenia linearis (Burm.) Clarke. Trans. Linn. Soc.. 11. Bot. I. 
p. 428. 1880. 

Along the roads. between shrubs. on clearing in the forest; near 
Bangko. about 60 M . above sea-level : N0. 517. 14 VII. 1925; near 
camp S . Selemboekoe. about 180 M. above sea-level: N0. 765. 25 
VIII. 1925. 

Trop. countries. 
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SCHIZAEACEAE. 

Lygodi~m circinnatum (Burm.) Swartz .. Synopsis Filicum. p. 153. 1806. 
Along the roads and between shrubs. near the camp Selemboekoe. 

about 160 M . above sea~level: N°. 727. 18 VIII. 1925; near M. Karing. 
about 140 M . above sea~level: No. 603. 25 VII. 1925; near doesoen 
Baroe (S. Merangin) about 200 M. above sea~level: N0. 860, IX, 1925. 

Tropical Asia, Queensland. 

Lygodium flexuosum (Linn.) Swartz, Schraders Journ., p. 106, 1801. 
Between alang~alang (Imperata cylindrica Beauv.) on open places; 

along the road to Bangko. about 180 M. above sea~level: N0. 717, 718. 
18 VIII, 1925. 

Tropical Asia , Queensland. 

Lygodium salicifolium Pres!. Suppl. Tent. Pterid., p . 102, 1845. 
In native rubber~plantations. near Bangko, about 60 M. above sea~ 

level: N0. 464 . 9 VII 1925. 
Tropical Asia. 

MARATTIACEAE. 

Angiopteris evecta Hoffmann, Commentatio Soc. Reg. Gött., XII, p. 29, 
pI. 5, 1796. 

Between shrubs (secundary jungle) near the river~banks; S. Tembesi 
near Sarolangoen, about 40 M . above sea~level : without number, 
1 VII, 1925. 

Tropical Asia. 

OPH IOGLOSSACEAE. 

Helminthostachys zeylanica (Linn.) Hooker, Gen. Filicum, pI. 47, 1840. 
Near doesoen Baroe (S. MerangiIi). about 200 M ., above sea~level : 

N0. 867, IX. 1925. 
Tropical Asia and Australia. 

LVCOPOOIACEAE. 

Lycopodium cerntwm Linnaeus, Species plantarum, I. p. 1103, 1753. 
In native rubber-plantations. about 7 years old , without undergrowth, 

scattered in rather shadowy places ; near Bangko. about 60 M. above 
sea~level: N0. 466. 7 VII. 1925. 

Tropical and subtropical countries. 

Lycopodium Phlegmaria Linnaeus, Species plantarum, I, p. 1101, 1753. 
At the margin of the primary forest , epiphytic, pendulous ; near the 

road to S. Manau near the camp Selemboekoe; about 180 M. above 
sea-level: N0. 796. 26 VIII, 1925. 

Tropical Asia and Australia. 
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Lycopodium pinifolium Blume. Enumeratio. p. 264. 1828. 
In primary forest. epiphytic. pendulous ; near M. Ketidoeran Siamang. 

140 M. above sea-Ievel: N0. 910. 24 X. 1925. 
Malay islands. New Guinea. 

PSILOTACEAE. 

Psilotum complanatum Swartz. Synopsis. p. 414. pI. 4. fig. 5. 1806. 
In primary forest. hanging down from below a nest-fern. Asplenium 

Nidus; S. Karing. about 140 M. above sea-Ievel: N0. 821. 
28 VIII. 1925. 

Tropical and subtropical countries. 

SELAGINELLACEAE. 

SelaginelIa alopecuroides Baker. Handbook Fern Allies. p. 77. 1887. 
On shadowy places. near the water side; S. Lesing. near Paoe. 

about 30 M. above sea-Ievel: N0. 1006. X. 1925. 
Borneo. 

SelaginelIa atrouiridis Spring. Monographie. 11. p. 124. 1848. 
In primary forest. on the soil or on the rocky slopes of small rivers. 

in shadowy places; M. Karing. about 140 M. above sea-Ievel: N0. 644. 
1 VIII. 1925; path to Ds. Baroe (S. Merangin). about 180 M. above 
sea-Ievel: N0. 666. 4 VIII. 1925. 

Tropical Asia. 

SelaginelIa conuoluens van Alderwerelt van Rosenburgh. Bulletin Jard. 
Bot .. Buitenzorg XI. p. 23. 1913. 

In primary forest. op humid rocky slopes. in shadow; M. Karing. 
about 140 M. above sea-Ievel: N0. 605. 25 VII. 1925. 

Tropical Asia. 

SelaginelIa inuoluens Hieronymus. Hedvigia. L. p. 2. 1911. 
In primary forest. op humid rocky slopes. in shadow; M. Karing. 

about 140 M. above sea-level: N0. 609. 25 VII. 1925. 
Tropical Asia. 

SelaginelIa phanotricha Baker. Handbook Fern Allies. p. 109. 1887. 
In primary forest on the soil or on the base of old trees in shadow ; 

S. Selemboekoe. about 180 M. above sea-Ievel: N0. 772. 25 VIII. 1925. 
Borneo. 

SelaginelIa plana Hieronymus in Engler-Prantl. Nat. Pflanzenfam. I. 
abt. IV. p. 704. 1900. 

In primary forest. on rather open. rocky places; also in native rubber-
plantations; near Bangko. about 60 M. above sea-Ievel: N0. 458. 
9 VII. 1925; S. Merangin. opposite to M. Ojangkong. about 140 M. 
above sea-level: N0. 619. 27 VII. 1925. 

Tropical Asia. 
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SelaginelIa Willdenowii Baker. Handbook Fern Allies. p. 93. 1887. 
On shadowy places . near the water side; S . Lesing. near Paoe. about 

30 M. above sea-level : N°. 1009. X. 1925. 
Tropical Asia. 

The collection which is described on the preceding pages. represents the 
fern-flora of a relative small district only. in the hilly part east of th~ 
Barisan Mountains. Though therefore the conclusions derived from its 
study have not general value for the fern flore of Sumatra as a whoie. 
still some remarks may be made here. 

The analysis of the vegetation of a rather small district. in which the 
conditions are not differing very much. has. to a certain degree. some 
advantages to the study of thc flora of a country. like Sumatra. as a whoIe. 
The circumstances governing the distribution of plants. find also their 
expression in the relation of the flora of a small district with that of other 
countries. 

From the 74 species of Ferns. the majority (two thirds) is found 
throughout the Malay Archipelago in the plains and the lower regions of 
the mountains; not only on Sumatra. Malacca. Borneo. Celebes and the 
Moluccas. but also on Java; many of them are also known from British 
India. China and N . Australia. some of them occur in Madagascar and 
Polynesia. a number even in nearly all tropical countries. 

From the remaining 22 species the known distribution is the following : 

Sumatra. Malacca . Borneo. Celebes and the Moluccas: 
Cibotium Barometz (Linn.) J. Smith (also known from Formosa. 

Hongkong. China) . 
Cyathea moluccana R. Brown (also known from Assam). 
Dryopteris didymosora (Parish) C. Christ. (new for Sumatra; also 

known from Assam Br. India and S. China). 
Aspidium angulatum (Willd.) J. Smith (known from New Guinea). 
Cyclophorus angustatlls (Swartz) Desvaux (also known from Br. India 

and Polynesia). 
Cibotillm barometz has not been mentioIied from Java in the literature. 

neither were specimens from not-cultivated plants from this island present 
in the Buitenzorg herbarium; it has been collected. however by TEYSMANN 
on the mount Radjabasa in the S . E. part of Sumatra. on the point nearest 
to Java (specimen in the Buitenzorg herbarium). Cyclophorus angustatus 
has been mentioned with doubt from Java by RACIBORSKY 1); this 
statement has never been confirmed. 

Sumatra and the Philippines : 
Asplenium cymbifolium Christ. (new to Sumatra. already known from 

Singkep) 2). 
Polypodium Whitfordii Copeland (new to Sumatra). 

1) RACIBORSKI. Pteridophyta VOD Buitenzorg. 1898. p. 100. 
2) VAN ALDERWERELT VAN ROSENBURGH. Bull. Jard. Bot. de Buitenzorg (3)V.1922.p.I8i. 
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Sumatra. Malacca. Borneo : 
Trichomanes hispidulum Mettenius (new to Sumatra). 
Dryopteris salicifolia (WalI.) C. Chr. 
Aspidium singaporianum Wallich. 
Humata angustata J. Smith. 

Sumatra. and Borneo (N.-W . and N. Borneo) : 
Dryopteris sarawakensis (Baker) v. A. v. R. (new to Sumatra). 
Diplazium aequibasale (Baker) C. Chr. (new fo Sumatra) . 
Diplazium confertum (Baker) C. Chr. (also known from Celebes) 1). 
Syngramma valleculata (Baker) C. Chr. (new to Sumatra). 
Vittaria pumila Mett. (new to Sumatra). 
Elaphoglossum Beccarianum (Baker) C. Christ. (new to Sumatra) . 

Sumatra and Malacca : 
T richomanes singaporianum (v. d . Bosch) v. A. v. R. (new to Sumatra). 
Dryopteris Dayi \ (Beddome) C. Chr. (new to Sumatra) . 
Davallia triphylla Hooker (new to Sumatra) . 

From Sumatraonly are known: 
Hymenophyllum subrotundum v. A. v . R. 
Aspidium nebulosum (Baker) C. Chr. (also from Banca). 

Thus we see a rather high nu mb er of species which are found rather far 
eastward. but appear to he absent on Java ; on the contrary only two 
species of the collection are known from Java and Sumatra. only : 

Trichomanes sumatranum v. A. v. R. 
Dryopteris verruculosa v. A. v. R. 
These species are both rare on Java; Trichomanes sumatranum has 

been found once near Buitenzorg 2 ); Dryopteris verruculosa once near 
Srigontjo at the south coast. S . of Bantoer (Malang) 3); the specimens of 
the later species differ slightly from those gathered in Bencoolen (Lebong 
Tandai) and in Djambi. 

From the Ferns, 20 species occurred in secundary vegetation ; except 
Cyathea moluccana and Dryopteris didymosora they all belonged to the 
species. which Sumatra has in common with Java. and which are found 
also throughout the Malay Archipelago. sometimes even far without ; even 
Cyathea moluccana and Dryopteris didymosora , which have not been found 
on Java, have a rather large distribution. from British India and Assam to 
the Moluccas. 

1) C. CHRISTENSEN. Svensk. bot. Tidskr .. XVI. 1922. p. 93. 
7) VAN ALDERWERELT VAN ROSENBURGH. Bull. Jardin Bot. de Buitenzorg (3) V . 1922. 

p.226. 
3) VAN ALDERWERELT VAN ROSENBURGH. Bull. Jard. Bot. Buitenzorg, XI. 1913. p. 12: 

id., (3) 11, 1920. p. 150. 
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In addition to the above remarks concerning the secundary vegetatron. 
the following can be said concerning the species. which are found nearly 
throughout the whole Archipelago. also on Java. 

When comparing the flora of Java and Sumatra. one is struck by the 
facto already mentioned by MIQUEL 1). that a number of plants. which in 
Java are known at rather high altitudes only. occur in Sumatra also in the 
plains. This is already stated for the Ferns bij RACIBORSKY 2), who 
remarks that the lowest localities of many species are found on Sumatra 
at a lower level than on Western Java; on Mid Java (Tegal) they are 
found at a still higher altitude. 

This is also demonstrated for same of the ferns mentioned above ; the bulk 
of the species which Sumatra has in comman with Java occurs there in the 
plains too; but a number of them are known in Java only from localities 
situated at a higher altitude than those on Sumatra; from these farms the 
following list is given; the numbers in brackets placed behind the names 
indicate the alti tu de of the lowest localities on Java of the species, which 
are known to me. 

H ymenophylillm holochilum (v. d. Bosch) C. Christ. (900 M.). 
Trichomanes Sllmatranllm v. A. v. R. (750 M . ). 
Dipteris conjugata Reinwardt (900 M . ). 
Dryopteris calcarata (Blume) O . K. (500 M . ). 
Didymochlaena truncatula (Swartz) J. Sm. (700 M.). 
Tapeinidium gracile v. A. v. R. (900 M.). 
Lindsaya decomposita Willd. (800 M.). 
Lindsaya lancea (Linn.) Bedd. (600 M.). 
Lindsaya scandens Hooker (800 M . ) . 

. Diplazium bantamense Blume (1000 M.). 
Asplenillm tenerum Forst. (500 M.). 
Blechnum Finlaysonianum Wallich (1000 M.). 
Polypodium heterocarpllm (Blume) Mett. (900 M.). 
Polypodillm inconspicllllm Blume (1650 M . ). 
Polypodillm revollltum (J. Sm.) C. Christ. (450 M.). 

This difference is probably chiefly due to the fact, that the rainfall is 
here more equally distributed throughout the year than on Java 3). There 
generally the plains have a more pronounced dry season than most of the 
mountainous parts. If the above supposition be true, we might expect these 
farms to occur on Java also in those parts of the plains or in hilly districts 
where the rain is equally distributed in the way: in the remote western 
parts of the Preanger Residency (near the Wynkoopsbaai), in the Eastern 

1) MIQUEL. Plora van Sumatra. 1860. p. 38. 
2) RACIBORSKI. Parne von Tegal. 1899. p. 235. 
3) The importance of this fact, more especially for the culture of tea on Java, has been 

demonstrated by BACK ER and VAN SLOOTEN. Theeonkruiden, 1924, p . 13: map on p. 12. 
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part of the Preanger. near the South coast (W. of Tjidoelang), and on the 
southern slope of the Smeroe. The flora of these regions, however. is 
hardly known. 

From the above mentioned species only two. Blechnum Finlaysonianum 
and Polypodium revolutum occur. in Ojambi. in the secundary vegetation. 
They belong. however. to the group. which contains nearly all ferns which 
may occur in the secundary vegetation. This phenomen can be explained 
by the supposition that the lesser resistance against drought is here the 
limiting factor. Then the species can not live on Java in the temporary 
rather dry plains in the secundary vegetation, where usually rather much 
resistance is necessary. especially in the young plants. The extremes of 
these conditions are for the plants more important than the total amount 
of the rainfall during longer periods. 

The fern-f1ora of Java is rather weil known. relatively much better than 
that of Borneo and Sumatra. The bulk of the species. mentioned above. 
are found throughout the whole Archipelago and even far without. We 
se~ that from the remaining species Sumatra has only some rare on es in 
common with Java; the other ones are not found on Java. but. however. 
have a rather large extension ineastward direction. 

The same phenomenon is even valid for genera e.g. for Dipteris, M atonia. 
Syngramma. Lecanopteris and some families of higher plants. The species. 
which Java and Sumatra have in common. are found throughout the 
Archipelago ; but those species with a more restricted distribution are 
found in Sumatra and Malacca. Borneo only. 

The conclusions got by the analysis of th is collection of ferns gathered 
in a rather small district in the hilly part of the lowlands of Mid Sumatra. 
are in accord with those derived from the study of the distribution both of 
several groups of higher plants and of the fauna. Though Sumatra and 
Java are separated only by the rather narrow straits of Sunda. their flora 
and fauna appear to be much more different than the flora and fauna of 
Sumatra and Malacca, even more different than the flora and fauna of 
Sumatra and Borneo. 

For the discussion of th is fascinating subject the reader may he referred 
to the paper of Dr. H. J. LAM 1 ), who has checked the conclusions, derived 
from the distribution of the fauna with those of some groups of plants 
especially the Sapotaceae. The above conclusions are in accord with his. 
Also there the Sunda straits appears to be a boundary of primary 
importance; even more than the "line of Wallace". The line through the 
straits of Sunda is identical with the western part of the line of "Van 
Kampen" . that is the eastern boundary of the area of many animaIs , 
among which most large mammals 2). The supposition that this boundary 
really is the straits of Sunda and not, for instance. is situated some hundred 

I) Annales Jard. Bot. Buitenzorg, XXXVII, p. 33-49, 16 pI. 
2) l.c .• p. i2. 
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miles towards the north . is supported by the occurrence of some plants 
in the southern Lampongs which have not been found in Java. From the 
literature may be cited here: Anisoptera marginata Korthals (from 
Sumatra . Malacca and Borneo) found near Tandjoeng Karang. near Telok 
Betoeng 1 ); from the Ferns the occurrence of Cibotium barometz J. Sm. 
on the Radjabasa. mentioned above. Further collecting in these districts 
will doubtless give valuable information concerning these questions. 

1) VAN SLOOTEN. Bull. Jardin Bot. de Buitenzorg (3) VIII. 1926. p . 7. 
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Chemistry. - Osmosis of ternary liquids. Experimental part I. By 
Prof. F. A . H. SCHREINEMAKERS and Mr. B. C. VAN BALEN WALTER. 

(Communicated at the meeting of January 28. 1928). 

In previous communications. to be continued later on. one of us 1) 
has discussed the osmosis of two ternary liquids in osmotic contact with 
one another with the aid of a membrane permeable for each of the 
three substances. We are now going to discuss a group of the systems 
examined. 

We take the liquids LI and Lil of which the first contains only 
Na2 C03 + H 20 and the second Na Cl + H 20 only. In fig. 1 we draw 
the Na Cl-amount of these Iiquids on the horizontal axis and on the 
vertical axis their Na2 C03 amount; then LI is represented bya point 1 
on the vertical axis and Lil by a point l' on the horizontal axis. 

If we bring both liquids in osmotic contact with one another. then 
we have at the moment t = 0 viz. at the beginning of the osmosis. 
the system: 

(1) 

This travels along an osmosis-path. as has been discussed before; in 
order to determine the form of this path. we at intervals took away a 
little of both liquids to analyse them; consequently we did not determine 
the theoretical path. but an experimental pa th 2) of the system. 

As may be seen in the tables I-V. the membrane in the systems 
I - IV. consisted of a pig' s bladder; this had first been degreased with 
aether; the membrane of system V was of parchment. 

The paths of the systems I and V have been represented schematically 
in fig. 1 by the curves I and V; with the aid of the tables they can 
be accurately drawn. As the starting-points 1 of both paths coincide 
approximately on the Y-axis. they have in fig. 1 been drawn" as 
coinciding. 

Each path consists of the two conjugated branches 3) 1 . e and I'. e. 
Consequently the left side liquid of system (1) travels along the branch 
1 . e and the right side liquid travels along the branch I'. e in a direction. 
which has been indicated by the arrows. 

I) P . A. H. SCHREINEMAKERS. Osmosis of ternary liquids. General considerations I. 11. 
III and IV. These Proceedings 30. 761. In future they will be quoted as: Gen. I. Gen. 11. etc. 

2) Gen. I. 
3) Gen. I. 

8 
Proceedings Royal Acad. Amsterdam. Vol. XXXI. 
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The paths of the systems II . III and IV have not been drawn in 
fig . 1; approximately the points 1 of those paths coincide with point 1 
in fig . 1; the points I' of paths II and III are situated between those 
of 1 and V ; the point I ' of pa th IV coincides approximately with 
that of V. 

Although. therefore. the paths IV and V approximately have the same 
starting-points 1 and I '. yet their paths do not coincide; we shall reler 
to this later on. 

I 

w 
Fig. 1. 

In the first column of the tables I-V we find the number of the 
successive determinations ; sub t we find the time. viz. the number of 
hours af ter the beginning of the osmosis. In the third and fourth columns 
we find sub X the NaCl-amount and sub Y the Na2C03-amount of 
the lelt si de liquid ; in the fifth and sixth columns we find the same for 
the right side liquid . The concentrations have been indicated in procents 
of weight. As the amount of water follows at once from the X- and 
Y-amounts . th is has been indicated only for the systems land 11 in the 
tab les la and IIa. We shall refer later on to the meaning of the other 
columns. 

In the schemes I-V the apparent and the real osmosis I) of the 
systems have been represented. The realosmosis. that is to say the' 
direction in which the substances diffuse through the membrane. has 
been represented by the horIzontal arrows ; the apparent osmosis viz . 
the changes in concentration of each of the three substances. has been 
indicated by the vertical arrows. As we shall first discuss the apparent 
osmosis, the reader had better neglect the horizontal arrows to begin with. 

It appears from the form of pa th I in fig. land from table I that 

I) Gen. 11 and 111. 
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the X-amount (so NaCl) of the left side liquid is smaller than that of 
the right side liquid during all the osmosis; besides we see that the X
amount of the left side liquid continuously increases and that the X
amount of the right side liquid continuously decreases. This has been 
represented in scheme I sub X by the symbol : 

t < ' ~ 
As this is also the case with the other systems. as is apparent from 

the tables. we may say. therefore: 
the X-amount of those systems changes during all the osmosis normally

normally. 

We can also represent the change of the X-amount in an X .t-diagram 
(Gen. 11); in order to do this we draw the time t of the osmosis on the 
horizontal axis and the X-amount of both liquids on the vertical axis. 

If with the aid of table I we draw this diagram for system I. we get 
a figure of the same type as fig . 2 (Gen. II); in this the X .t-path of 
the left si de liquid has been represented by the curve 1 . e. which starts 
from point 0 and that of the right si de liquid by curve I'. e. In order 
to facilitate a general view of the subject (just as in the corresponding 
other cases) the path of the left side liquid has here been fully drawn 
and that of the right side liquid has been dotted. Both curves go towards 
the point e. situated at infinite distance. which indicates the W-amount 
of the final liquid e. 

From the course of these curves it appears also that the X-amount 
changes normally-normally on 

I both sides of the membrane ; 

y 
N.,.-

;' 

in the figure this has been 
indicated by the letters N. 

I t is easy to see that also 
the X . t-diagrams of the other 

_____ ..... e systems may be represented 

e schematically by fig . 2 (Gen. II) . 

, - - We now consider the Y-
" .... TT ~ ;' ~ amount (Na2C03) of system , o .I, I. It appears from fig. land 

.,":/~------------ table I that during all the 05-

e mosis this Y -amount is larger 
Fig . 2. on the left side of the membrane 

than on the right side; we also see that the Y-amount on the left side 
decreases continuously and that it increases on the right side. This has 
been represented in scheme I sub Y by the symbol: 

'>t (3) 

As this is also the case for the other systems. we may say therefore: 
8" 
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the Y-amount of these systems changes: normally-normally during 
all the osmosis. 

In fig. 2 the Yt-diagram of the systems IV and V has been represen
ted schematically; the correct form of these paths may be easily drawn 
with the aid of the tables IV and V. The Yt-paths of the other systems 
have a corresponding form. viz. ascending when starting form point I' 
and descending from point 1. As is apparent from the tables the 
beginning-points 1 of the paths coincide approximately. 

The symbol (3) also follows at once from this diagram. Formerly we 
have already discussed the Yt-diagram of fig. 3 (Gen. 11); in this the 
path of the left side liquid has a maximum. which does not occur in fig. 2. 

We now consider the W-amount of system I; for this purpose we 
use table Ia in whieh the W-amount of this system has been given. We 
see that the W-amount of the left side liquid begins by decreasing till 
the determination noted with a tand inereases afterwards. Consequently 
a minimum W-amount is situated in the vicinity of 3. which we shall 
call m; this is situated between 2 and 3 or between 3 and 4; therefore. 
certainly between 2 and 4. 

The W-amount of the right side liquid increases till the determination 
noted with tand decreases afterwards. Consequently the maximum 
W-amount. which we shall eall M' is situated somewhere between 2 
and 4 (2' and 4'). 

For clearness' sake we begin by imagining that mand M' coincide 
with determination 3. We th en see that on the left side of the membrane 
from 1 to 3 the W-amount is smaller than on the right side and that 
it yet continues to decrease on the left and increase on the right. So 
for part 1.3 (and 1'.3') of the pa th the symbol: 

*! < t.. . (4) 

obtains. which we also find sub W in scheme I. Ouring the osmosis 
from 1 to 3 the W-amount of system I changes. therefore. anormally
anormally. 

It appears from the determinations 3 to 7 that the W-amount increases 
on the left side of the membrane and that it decreases on the right 
side; as the W-amount is smaller on the left side than on the right 
side. the symbol: 

t<~ (5) 

will follow. which we also find in scheme I for the parts 3.5 and 5.7. 
consequently for part 3.7. 

From (4) and (5) follows: during the osmosis the W-amount of system 
I changes on the part : 

1-3 of its pa th : anormally-anormally 
3-7 .. normally-normally. 
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The ab ave has been deduced, assuming that the points mand M' 
coincide with 3; as th is is generally not the case of course, there are 

w 

" 1 

o 

I M~ I transitions between the sym~ 
... _ ~_ ~ bols (4) and (5). Although .' ~ --- "-"" ~,. I., we are able to deduce them 

1 I I" at once from tab. Ia, we 
/ I I " "~ shall do this with the aid of 

I ~ the W.t~diagram. 
We see from table Ia that 

oe the path of the left side 
liquid can be represented 
schematically by curve 1.2. 4.e 

- I and that of the right side 
__ ..... __ ... I __ -4J--4J-____ t_ liquid by curve 1'.2'.4'. e 

of fig. 3 1); the minimum, 
Fig. 3. point m is situated some~ 

where between 2 and 4; the maximum, point M' between 2' and 4'. 
In this figure we have assumed th at during the osmosis first the left 
si de Iiquid reaches its minimum In änd afterwards the right side liquid 
its maximum M'. We see from this: 

on 1 . m (I' . m') is valid: the symbol .. ~ < ti< 
on Me (M'. e) .. t < ~. 

In point m the W~amount of the left side liquid is a minimum; sa it 
remains constant during an infinitely small time dt; in point m', however, 
it increases in that time dt; we represent this by: 

As the W~amount on the left side of the membtane does not change, 
the left arrow has been substituted by a dash. 

On part mM of the pa th the W~amoun t of the Iiquid increases; on 
part m' M' the W~amount also increases; consequently we find the symbol: 

sa that the W~amount now changes normally~anormally. 

For the point M (M') we find: 

t<1 
Consequently we get the successive symbols: 

I < ti<. t < ti<, t < I, t < ~ (6) 

from which we see how the first passes into the last. 

1) In drawing this figure we may imagine all concentrations given in tab. lIa reduced 
by a definite number e.g. 90: naturally the course and mutual position of the paths are 
not changed in this way. 
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If we assume that during the osmosis the maximum M' is found first 
on the right side of the membrane and afterwards the minimum m on 
the left side of the membrane. then we find: 

.. ~ < ~. I < ~. t < ~ . (7) 

Consequently we find : the W~amount of system I changes: 
a. at the beginning of the osmosis: anormally~anormally. 
b. afterwards: normally';normally. 
During the transition from a to b it changes according to (6). 50 

normally~anormally. or according to (7). so anormally~normally. 
In the schemes I-V only the symbols resulting from the determinations 

have been given. The reader will have no trouble in seeing where 
transitions will occur and how they are to be found; we shall refer 
later on to some special cases. 

In table lIa we find the W-amount of the liquids of system II; it 
appears from th is that during the osmosis from 1 to 5 the W~amount 
on the left side is larger than that on the right side and that it decreases 
on the left and increases on the right. 

Consequently for th is part 1.5 obtains the symbol: 

! > t (8) 

Therefore. the W~amount changes normally~normally. Although this 
symbol is valid for part 1.5 of the pa th and not for all points between 
5 and 6. yet it has been indicated in scheme II for the whole of part 
1.6; presel,ltly we shall see that bet ween 5 and 6 a transition occurs to 
the next symbol. 

From 6 to 9 the W~amount on the left side of the membrane is 
smaller than th at on the right side. If we limit again ourselves to the 
values found. we see that in the determinations noted with a t the 
W~amount is a minimum on the left side and a maximum on the right 
side. Consequently for part 6.8 of the pa th obtains the symbol: 

(9) 

and for part 8. 9: 

t < ~ (10) 

which pass into one another either according to (6) or according to (7). 
We now consider the transition between the symbols (8) and (9). It 

appears from table lIa that between 5 and 6 the liquids get the same 
W~amount; this has been indicated by the horizontal line q q'; we shall 
call those points of the path also q and q'. As in a time dt the 
W~amount of the left side liquid decreases and that of the right side 
liquid increases. we consequently have the symbol: 

(11) 
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So we have two liquids with the same W-amount, which, however, 
changes again during the osmosis, viz. first according to (9) and (10) 
again to become the same in point e. 

From the preceeding discussions it follows: the W-amount of system 
11 changes: 

a. in the beginning of the osmosis : normally-normally. 
b. afterwards: anormally-anormally. 
c. at last again: normally-normally. 
Between a and b is situated a transition according to symbol (11) and 

between band c according to (6) or (7) . 

The above mayalso be easily deduced from the W.t-diagram; if we 
draw this with the aid of table lIa , we see that the path of the left 
side liquid may be represented schematically by curve 1.2.3.4.e and that 
of the right side liquid by curve 1.'2.'3.'4.' e of fig. 4 (Gen. 11) 1). The 
point of ·intersection of the curves represents the point q and q' where 
both liquids have the same W-amo: :::-t; in this figure the minimum is 
situated on the left side of the maximum, but of course it can also be 
situated on its right. 

From table!S 111-V we are able to deduce the W-amount of these 
systems, their schemes, the transitions occurring in them and their W.t
diagrams. These diagrams belong to the type of fig. 4 (Gen. 11), although 
the positions of the point of intersection, the minimum and the maximum 
may vary greatly with respect to one another. 

Comparing fig. 3 with fig. 4 (Gen. 11), we see that the latter can pass 
into the former when the point of intersection drops out. We now find: 

the W-amount of the systems 11-V changes normally-normally as 
weil at the beginning as at the end of the osmosis; between them a 
series of transitions occurs which the reader can deduce for each 
separate case. 

Previously we have seen (Gen. 11) that we mayalso deduce the change 
of the W-amount of a system from its path in fig . 1. 

It is possible namely to draw a tangent in each of these paths in a 
point m of branch 1 . e and in a point M' of branch I'. e, which cuts 
equal parts off the X- and Y-axis and consequently runs parallel to 
the side XY. 

So the W-amount decreases on branch i . m . e from 1 to mand 
afterwards it increases from m to e; on branch I' M' e it increases from 
I' to M' and afterwards it decreases from M' to e. Consequently the 
W-amount is a minimum in mand a maximum in M'. 

1) It is clear that the figures 2. 3 etc. here do not represent the corresponding deter
minations of table IIa. 
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Through point e of each of the paths 11-V (of wich only V has 
been drawn) we may draw a line, which runs parallel to side XY and 
intersects the path in two points; these points represent the conjugated 
liquids q and q' with the same W-amount. 

Of course we can also draw a line through point e of path I. run
ning parallel to XY; as, however, this line does not intersect the pa th 
no points q and q' will be found here. 

With the aid of these data the reader can now deduce the change 
of the W-amount from these paths also. 

Tables IV and V show that at the beginning of the osmosis both 
liquids of system IV have approximately the same compo~ition as those 
of system V; so the points 1 ond l ' of both paths coincide approxim
ately in fig. 1. T~is, however, is not the case with the paths them
selves ; this is indeed evident, as in IV a pig's bladder and in V a 
piece of parchment had served as membrane. 

We also see from the tab les that the liquids in system IV change 
their composition much more quickly than those of V. 

If af ter an osmosis of 77 hours we compare e.g. the X-. Y- and W
amounts of the left side liquid of system IV with those of system V. 
we find: 

the X -amount of IV has increased with : 10.306 0/ 0 

V .. i .805 Ofo 

the Y-amount in system: 

IV has decreased with 8.552 - 6.666 = 1.886 010 
V .. 8.i35 - 7.950 = 0.485 Ofo 

the W-amount in system: 

IV has decreased with 91.i48 - 83.028 = 8.420 0/0 

V 91.565 - 87.2i5 = i.320 Ofo. 

One gets a clearer impression of these differences by drawing the 
Xt-, Yt- and Wt-diagrams of these systems; for the Yt-diagram we 
then get fig . 2 in which the paths have been drawn schematically. 
From this we see that the Y-amount of the left side liquid (curve 1 . e) 
decreases more quickly in system IV than in V and that the Y-amount 
of the right side liquid (curve 1'. e) increases more quickly in system IV 
than in V. 

It is clear that these phenomena will always occur wh en different 
membranes are used. As, however, all pig's bladders etc. also differ 
the one from the other, differences are to be expected here too, and 
very large they will sometimes be, as we shall discuss later on. 
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TASLE I. A pig's bladder. Procent of weight. 

X = NaCI y= Na2C03 W=H20 

t 
I 

X Y .À ~ X Y W 

1 0 0 8.65-+ 8.477 0 

2 2-+ 1.195 7.901 7.285 0.7281 58 . 1 33.9 8.0 VI ~ 

3 72 2.681 6. 724 5.770 1.905 47.8 35 .3 16.9 

-+ 139 3.651 5.680 4.819 2.961 21.6 28.7 49 .7 IV -
5 193 3.958 5.1 45 4.526 3.483 10.2 27.3 62.5 

6 241 4.045 4.839 4.399 3.780 

7 285 4.143 4.657 4.333 3.969 

TASLE Ia . 

W W 
SCHEME I. 

91.346 91 . 523 X Y W 

2 90.904 91. 987 1-3 t<! ~>t *!<t .. 
3 + 90.595 92 .325 + +--- ----. +---

-+ 90.669 92.210 3-5 t<~ ----. .. 
5 90.897 91.991 

6 91.115 91. 821 0 5-7 t<~ ~>t t < ~ 

7 91.200 91.698 

TASLE 11. A pig's bladder. Procent of weight. 

X=NaCI Y= Na2C03 W=water 

t 
I 

X Y I X Y Ix Y W 

0 0 8.637 17.584 0 

2 7 0.9376 8.435 16.771 0 .2155 30.8 9.9 59.3 IV -
3 20 2.624 8.006 15 . 109 0.6123 60.4 13 .6 26.0 VII ~ 

-+ H 4.954 7.278 12 .843 I. 273 68.9 18.2 12 .9 

5 68 6.401 6.685 11.128 1.816 66.5 22.1 11.4 VI .. 
6 92 7.317 6.160 10 .472 2.298 32.1 10.2 57.7 

7 118 7.839 5.738 9.870 2.732 21.8 7.3 70.9 

8 165 8.397 5. 198 9 .272 3.315 36.5 38.9 24.6 IV -
9 214 8.601 -+.856 9.072 3.728 8.21 5.5 ! 86.31 I -
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TABLE lIa. SCHEME 11. 

W X Y W 

91.363 82.416 1-4 t < ~ ~>t ~ > t 
~ ~ --+ 

2 90 .627 83.011 

3 89.370 84 .279 
4-6 ~>t 

--+-
4 87.768 85.884 

6-7 .. ~<t-
5 86.911 86 .756 --, 

q q 
6 86 . 523 87 .230 

7-8 .. ~<t-
7 86.423 87.398 --+-

8 + 86.405 87 .413 + 0 8-9 t < ~- t<~ 
9 86.543 87 .200 --+- --+-

TABLE 111 . A pig 's bladder. Procent of weight. 

Y = NaCI Y= Na2C03 W=H2O 

t 
I 

X Y X Y X Y W 

0 0 8 .559 21 .026 0 

2 6 0.7965 8.H8 20 . 162 0.1161 42.9 7.7 49.3 IV -
3 15 2. 128 8.228 18 .834 0.386 '10.3 8 .0 51.7 

4 29 3 881 7.877 17 . 126 0.718 53.4 10.1 36 . 5 VII --
5 53 6.322 7.285 11.836 1. 271 '14 .7 10 .8 '14.5 

6 78 7.893 6 . 746 13 .394 1.728 77 . 1 21.0 1.9 VI 

7 120 9.286 5.9'17 11. 883 2.'125 26.7 5.3 68.0 

8 169 10.026 5.30'1 11.287 3.01'1 4.5 10.1 85 .4 I -
9 217 10.256 4.908 11. 023 3.'16'1 12.0 2.0 86 .0 .. --

SCHEME 111. 

X Y W 

1-5 t < ~ i >t ~>t 
~ --+ --+ 

5-7 !>t 
~-

0 7-8 t < ~ .. ~<~ 
--+- --+ 

0 8-9 t < ~ ~ > t t<~ 
~ ~- ~ 
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TABLE IV. A plg's bladder. Procent of weight. 
X=NaCI Y= Na2C03 W=H2O 

~ X Y X Y fx Y W 

0 0 8.552 26.773 0 

2 51h 1.029 8.427 25.802 0.166 30.8 7.0 62 .2 IV -+ 

3 13 2.389 8.225 24.405 0.358 56.4 7.3 36.3 VII +-

4 26 4.979 7.878 22 . 139 0.701 46 .3 7.3 46 .4 IV -+ 

5 50 7.958 7.281 19 .204 1.233 55.2 9.4 35 .3 VII +-

6 77 10 .306 6 .666 17.038 1.770 63 . 1 14.1 22.8 

7 120 12.183 5.902 15.276 2.466 67.1 23 .6 9 .3 

8 167 12.952 5.302 14 .456 3.043 25 .2 6.1 68.7 VI 

9 241 13.415 4.772 14.062 3.612 12.7 5.6 81.7 -+ 

SCHEME IV. 

X Y W 

1-7 t<! ! > t !>t 
+--- --+ --+ 

7-8 *!<t" 
+---

0 8-9 t<! t < ! 
--+" --+" 

TABLE V. Parchment. Procent of weight. 
X=NaCI Y= Na2C03' W=H2O 

X Y X Y X Y W 

0 0 8.435 26.580 0 

2 41h 0.245 8.402 26.250 0.0514 40.2 7.1 52 .7 IV -+ 

3 26 1.578 8.273 24.758 0.2493 36.6 5.8 57.6 

4 27 4.805 7.950 21. 585 0.699 34 .6 5.8 59.6 

5 15 7.312 7.620 19.347 1.070 35.8 7.2 57.0 

6 174 9.188 7.255 17.627 1.408 48 .9 9.7 41.4 

7 242 10.913 6.742 16 . 116 1.850 53 .8 15.2 31.0 VII +-

8 317 11. 986 6.262 15.106 2.285 71.0 26.9 2.1 

9 410 12.503 s.. 758 14.373 2.817 18.7 0.4 80 .9 VI 

10 509 12.922 5.332 14.002 3.320 11.3 7.0 81.7 -+ 
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SCHEME V. 

x Y w 

1-8 t < ~ -
8-9 

o 9-10 t < ~ ---i< 
Leiden, Lab. of inorg. Chemistry. (To be continued). 



Mathematics. - Ueber eine Abstandsformel in der Theorie der ortho~ 
gonalen Di[ferentialinvarianten der Kurven des Rn. By Prof. Dr. 
R. WEITZENBÖCK. 

(Communicated at the meeting of January 28. 1928.) 

Wir leiten hier eine besonders einfache Formel her für die Abstände 
der oskulierenden linearen Räume einer regulären Kurve des Rn vom 
Koordinatenanfangspunkte. 

Sind yi = yi (t) (1 = 1, 2 • .. .• n) die Cartesischen Koordinaten des 
Punktes y einer regulären Kurve edes Rn . dann ist in y der oskulie~ 
rende Rd festgelegt durch die Matrix 

Yt Y2 ... ... Yn 1 
y't Y'2' .. •. . yin 0 

(1) 

Machen wir von homogenen rechtwinkligen Koordinaten Gebrauch mit 
Yn+t = 1. so sind die homogenen Punktkoordinaten dieses oskulierenden 
Rd gegeben durch die (d + 1)~reihigen Determinanten der Matrix (1) : 

a· . . - (yy'y" y(d)) . . - (012 d) · . 'l' \! ···· 'd+l - • • • • 'I· · · · 'd+l - • •• 1! • ••• ld+l· (2) 

wobei die Indizes i, jetzt die Zahlen 1. 2 . .. .• n + 1 durchlaufen. 
Den Abstand P d des oskulierenden Rd (a) von 0 (Xi = 0) linden wir 

wie folgt. Wir projizieren 0 auf Rd (rl) indem wir durch 0 einen zu 
Rd (a) total~senkrechten Rn-d (p) legen und den Schnittpunkt P dieses 
Rn-d (p) mit dem Rd (a) ermitteln. ' 

Die homogenen Raumkoordinaten pi hl . . . hd des projizierenden Rn-d 

sind die d~reihigen. Determinanten der Matrix. die aus (1) erhalten wird. 
wenn wir die ers te Zeile weg lassen. Bezeichnen wir dann die Reihe der 
n + 1 Grössen y\hl: y~) : . • •• : y~hl : 0 mit y(h) I oder kürzer mit h I. so 
haben wir: 

pi hl .. . . kd = (1 1 21 .. .. dl )kl ... . kd • (3) 

wobei die Indizes k, wieder die Zahlen 1. 2.. . .. n + 1 durchlaufen. 
Die Gleichung des Punktes P in homogenen Koordinaten wird dann : 

(u' P) = (u' p'd a'n- d) = O. (4) 
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Hieraus finden wir : 

(P lP) = (P I p'd a'n- d) = (n-d) ! (a I P) (ap')d = 
= d! (n-d) ! (a I q'd f3'n-d) (a 11) (a 12) . .. (a I d) 

Hier formen wir so um. dass alle d + 1 Reihen a I in den Klammer~ 
faktor hineinkommen; hierbei führen (f3' I) . . . . . (f3' d) nach (2) auf Null. 
sodass bleibt: 

(P lP) = d ~ 1 d! (n-d) ! (a I d+1 f3'n-d) (q'l) (q'2) . . . (q' d) 

(PIP)= d!1 d! [(n-d)!]2 (Pl a)d+1 (q'l) (q'2) . . . (q'd) . (5) 

Setzen wir jetzt 

M" = y\r) y\s) + y~) y~) + .. . + y~) y~). . . . . . (6) 

dann haben wir nach (2): 

n 

= (d+ I)! ~ (012 ... d);.. ... id+l (012 .. . dk ... id+1 
I 

(fl l a)d+1 = (d + I)! 6 012 . .. d = (d + I)! 

Und analog nach (3) : 

(q' 1) (q' 2) .. . (q' d) = (q' 11) (q' 12) . . . (q' I d) = 
n n 

Moo MOl'" MOd 

MlO Mil '" Mld 
. (7) 

= ~ q' kt .. . kd (1 12 1 ... dl )k, . .. kd = ~ (1 I 2 1 . . . dl )k, . .. kd (1121 .. . dl )kt . .. kd = 
I I 

Also wird : 

Bedeutet ferner l' die Grössenreihe 0: 0 : . . . : 0 : 1. so ist das Quadrat 
p~ des Abstandes Pd = OP gegeben durch 

2 - (P I P) P~ + P~ + ... + P~ 
Pd - (I'P)2 2 

Pn+l 
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Nach (4) haben wir: 

(1' p) = (1' p'd a'n-d J = (n-d) I (al') (ap'Jd = 

n+1 

n + 1 

= dl (n-d)I I (li, ,, id+1 (1'11 2 1··· d IJi, .. id+l
I 

= I (1'1121 ... dl );, ... id+1 (012 ... d)i, ... id+1 = dl (n-d) I L::m ... d 
I 

Somit kommt schliesslich: 

2 6 012 ... d p--- -
d- 612 . .. d 

(l0) 

Es ist also z. B. der Abstand des Punktes y. der Tangente. der 
Schmiegungsebene. u.sJ. gegeben dureh: 

p~=Moo . 
I 

Moo MOl I 
MlO Mil 

pî= - - -
Mil 

P
2_ 
2-

I 
I 

Moo MOl M 02 

MlO Mil M 12 

M 20 M 21 M n 

I 
Mil M 12 I 
M 21 M 22 1 

. (11) 



Mathematics. - Ueber Verallgemeinerungen des Satzes von DESARGUES. 
By Prof. Dr. R. WEITZENBÖCK. 

(Communicated at the meeting of January 28. 1928.) 

Sind a. b, c und a, fJ,)' zwei Dreiecke der projektiven Ebene mit den 
Seiten a', b', c' bzw. a',fJ',y' und ist {=(abc)=fO, rp=(afJy)=fO, 
dann besagt der Satz von DESARGUES: Gehen die drei Geraden aa, bfJ 
und Cl' durch einen Punkt, dann liegen die drei Punkte a' a', b' fJ', c' 1" 

auf einer Geraden und umgekehrt. 
Dieser Satz ist durch J. V. PONCELET, M. CHASLES, O. HERMES, 

F . SCHUR und andere auf verschiedene Arten auf zwei Tetraeder des 
dreidimensionalen Raumes verallgemeinert worden 1). Die Frage nach 
einem analogen Satze bei drei Tetraedern wurde von W. FR. MEYER 2) 
behandelt. Wir beweisen hier, dass es bei drei beliebigen Tetraedern 
eine derartige Verallgemeinerung nicht gibt. 

Ferners geben wir zwei einfache Verallgemeinerungen für den projek~ 
tiven Raum von vier und von fünf Dimensionen und schliessen mit 
einigen Bemerkungen über die möglichen Verallgemeinerungen bei n 
Dimensionen. 

§ 1. 

Der Satz von DESARGUES kann analytisch am einfachsten nach E. 
HUNYADI 3) wie folgt bewiesen worden. Dass ao., bfJ, Cl' durch einen 
Punkt gehen, wird ausgedrückt durch 

K = ((all) (bP) (cy)) = 0 (1) 

Dies ist wegen ((arl) u' v') = (au') (rw') - (au') (rw') gleichbedeutend mit: 

K = I (abf3) (abfl) I = I (c' (1) - (1" b) I = O. 
(acr) (o.cy) - (b' (1) ((1' c) 

(2) 

Die zu K duale Invariante ist K' = ((a' 0.') (b' (1') (c' 1")). 

1) F . SCHUR, Math . Ann. 19 (1882). p. 429-432. Ausführliche Litteratur hierüber 
findet man bei A. BARUCH. Rend. di Palermo oH (1920). p. 261-300. Hiezu noch: 
E. STUDY. Marburger Ber. (1900). p. 78 ; G. KOHN. lahresber. d. Deutschen Math. Ver. 
22 (1913). p. 343 und Wiener Ber. 127 (1918) p. 2073 und 2088. Vgl. auch den Art. III 
C 8 von K. ZINDLER der Math . EncykI.. Nr. 2. (1922) . 

2) W . FR. MEYER, Archiv der Math. u. Phys. 1 (1901), p. 372. 
3) E. HUNYADI, Crelle 139 (1879), p. 79. 
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Setzen wir hier a; = (bC)ik und fl; = ({I/')ik. SO entsteht: 

K = (abc). (a(3)') . = {. cp • K. 
I 

((1' c) - (b' 1') I 
- (I" b) (c' (3) 

(3) 

Also verschwinden K und K' gleichzeitig. 
Dieser Beweis setzt auch den Inhalt des Satzes in deutliches Licht: 

Eine Invariante der drei Verbindingslinien der Eckpunkte der beiden 
Dreieeke versehwindet gleichzeitig mit der dualen. aus den Sehnittpunkten 
der Seiten aufgebauten Invariante. Diese Fassung führt unmittelbar auf 
die Frage nach analogen Sätzen bei mehr als zwei Dimensionen. 

Im dreidimensionalen Raume geben zunächst zwei Tetraeder abcd und 
a(3r(~ mit {= (abcd) '* 0 und cp = (a(3r(~) '* 0 die vier Verbindungslinien 
aa. b(3. c/'. di5 . Hier haben bereits 2 Geraden. z. B. aa und b(3 eine 
relatieve Invariante: 

(4) 

Sind a'. b'. c' .. d' und a'. fi'. 1". rr die Seiten der Tetraeder. ist also 

a'l = + (bcdbH' a'2 = - (bcd)131' a'3 = + (bcd)121' a'1 = - (bcdh23 

b'l = - (acd)231' b'2 = + (acd)131' b'3 = - (acd)121. b'1 = + (ai::d)123 

etc .. so ist mit A I2 dual: A ')2 = (a' a' b' {I'). Nun ist aber : 

(a' b')ik = { . (cd)rs und (a' fi')rs = cp . (r(~)ik; 
also wird: 

A ' )2 = {. (p. AH 

was unmittelbar geometrisch zu deuten ist. 
Aus (5) leitet man weiters ab. dass au eh für die Invariante 

o A I2 Au A I1 

(5) 

K = A 21 0 An AH (A;k= Ak;) (6) 
A31 A32 0 A 31 
A 11 A 12 Au 0 I 

eine analoge Gleichung gilt: K' = r . rpi. K, woraus diejenigen verallge~ 
meinerungen des DESARGUES'schen Satzes gewonnen werden. die sich 
urn die hyperboloidisehe Lage der zwei Tetraeder gruppieren. 

Bei d rei Tetraedern ABCD. abcd und a(3ri5 hat schon W. FR. 
MEYER darauf hingewiesen. dass die naheliegende Verallgemeinerung: 
Gehen die vier Ebenen Aaa.... dureh einen Punkt. dann liegen die 
vier Punkte A' a' a' • ... in einer Ebene. nicht allgemein richtig ist. 

B e wei s. Dass Aaa. Bb(3.... durch einen Punkt gehen. wird ausge~ 
drüekt durch das Verschwinden der Invariante 

(ABb(3) (abB(3) (rz(3bB) 

K = ((Aaa) (Bb(3) (Ccr) (Ddd)) = (ACcr) (acCr) (a/,cC) (7) 

(ADdi5) (adDi5) (aMD) 

Dual hiezu wird die Bedingung. dass die vier Punkte A'a'a' •... in 
9 

Proceedings Royal Acad. Amsterdam. Vol. XXXI. 
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einer Ebene liegen, gegeben durch das Verschwinden der Invariante 

(A'B'b'(f) (a'b'B'fJ') (a'(fb'B') 

K' = ((A'a'u') (B'b'fJ') (C'c'r') (D'd'()')) = (A'C'c'r') (a'c'C'r') (a')"c'C') 

(A'D'd'b') (a'd'D'b') (a'b'd'D') 

Drücken wir hier A', a' und r/ durch BCD, bcd und fJ)'b aus, so 
entsteht, wenn wir die Abkürzung 

verwenden: 

(u' v/)(xy) = (u' x) (v' y) - (u' y) (v' x) 

(b' fJ'kD) (fJ' B/)(cd) (B' b')(r~) 

K' = F . f. g;. (C')")(DB) ()"C/)(dbl (C' c/)(J,,) 

(d' b')(BCI W D/)(bcl (D' d/)((lrl 

Wäre nun obiger Satz richtig, so müssten K' und K gleichzeitig ver~ 
schwinden. Dass dies nicht der FaU ist, lässt sich durch folgendes Bei~ 
spiel zeigen. Wir wählen ABCD als Koordinatensimplex. Dann wird 
F = 1 und nach (7) haben wir: 

b3f14 - b4fJ3 - (abf1)I34 (lljJb)131 

K = C4)'2 - C2)'4 (ac)')121 - ((1)'c) I 21 

d2r)3 - d/'J2 - (adr'l)123 (abd)123 

Dagegen kommt statt K': 

-(acd)12" f1',,-(acd)123 jJ'3 (jJ'c)d2-(fJ'd) C2 (abcd))'2-(a)'cd) b2 

K' = f . 'p. - (abd)l2Jr'2+(abdJn4r'4 (r'd)b3- (r'b)d3 (abfJd){j3-(aMd)fJ3 

+(abc) 134 0'3+(abc)l2'I 0'2 (b'b) c,,-(o'c) b4 (abc)') fJ1-(abcfJ))'-. 

Nun spezialisieren wir wie folgt: 

al a2 a3 a1 al at a3 a1 

f= bI b2 o b1 =t= 0, g;= 
fJI fJ2 0 0 

~O. 
Cl 0 C3 C" )'1 0 )'3 )'1 

dl d2 o d4 0 0 0 b1 

Mit diesen Werten wird K = 0, dagegen 

K' = - f· g; (abcfJ)')'1' rt2b1 (rc)13' a3 (bd)12' b1a3fJl * O. 

§ 3. 

Im projektiven R1 gehen wir aus von zwei Simplexen abcde und afJ)'bE. 
Die 5 Geraden aa, .. . ,el' haben unter anderem die folgende Invariante: 

K = I (C)')ik (arlbfJ)i (d~eë)k = (aabfJc) (ddeE)') - (aabfJr) (ddeEc) . (8) 

lhr Verschwinden sagt aus, dass die Schnittebene der beiden R3 aabfJ 
und ddef. von der Geraden c)' getroffen wird. 

Dual zu K haben wir: 

K' = (a' r/ bi IJ' c') (d' b' e' e' )") - (a' a' b' fJI)") (d' b' e' E' C') ; 
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Hier ist wegen 

(a' b' c') ikl = f2 . (de),s. (a' fJ')ik = rp . (l'~F.)"t 

der erste Klammerfaktor von K' auch gleich f2 . rp. (d~eEl') und analog 
die übrfgen Faktoren. Dies gibt 

K' =f3 . rp3 . K. 

was wieder leicht geometrisch zu deuten ist. 
Nimmt man in (8) aa statt d~. geht also aus von der Invariante 

(9) 

) = ~ (Cl' )ik (aab f3 )i (ar1eE)k = (arlbl'c) (aaef:l') - (aabfiy) (aaeEc). (10) 

dann erhält man für die zu I duale Invariante J' : 

l' - ~ ( I ' ) (' 'b' Hl) ( I I I ') - -~ cy ik aa f' i afleE k - -

= [3 . rp3 . ~ (cy) ik (bf3d~) i (dÖeE)k = [3 . (p 3 • 11' wo 

11 = (b(3d~c) (ddeE)') - (bfJd(5y) (dbeEC) (tI) 

eine von I verschiedene Invariante der fünf Geraden afl •. ..• eE ist. Es 
führt also J' auf 11 "* J. Wir hatten übrigens schon bei (5) § 2 ein der~ 
artiges Ergebnis. 

Ein weiteres Beispiel für dieses Verhalten von I haben wir bei n = 6, 
also im projektiven Raum Rs von 5 Dimensionen. Hier ha ben bereits 
drei Verbindungslinien afl . bfJ und Cl' eine Invariante 

Al2J = (aab ficl'). (12) 

Für A' 123 = (a' a' b' fi ' c' y') finden wir: 

A ' 123 = f2 . rp2 . (e Efl}gt;) = f2 . rp2 . Am. (13) 

Hier ist A'l2J = 0 die Bedingung dafür. dass die drei Geraden aa. bfi 
und cy einem linearen Ri angehören . 

§ 4. 

Im allgemeinen Falle gehen wir bei n - 1 Dimensionen aus von zwei 
Simplexen abc . . . lm und afiy . .. Àfl und haben n Verbindungslinien 
aa •..• mf.J . 

Sei K (hl' h2 • •• • • hn) eine ganze ratiOl;tale projektive Invariante dieser 
Geraden. vom Grade hl in den (aa)ik. vom Grade h2 in den (bfJ)ik • . K 

ist dann eine Summe von Termen. jeder Term ist eiD Produkt von 25 
n 

Klammerfaktoren (aabficyd(5 .. . F.I7 • • • ). wobei 5 = hl + h2 + ... + hno 
Gehen wir zur dualen Invariante K' über. 50 ergibt das Zurückgehen 

zu den Reihen a.b.c • .. . a.(3.I' • .. . die Gleichung 
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2s 
wo die positiven Zahlen - - hl ... die Graden von KI in (aa)ik •. .. 

n 
angeben. 

(14) steUt die umfassendste Verallgemeinerung des DESARGUEUS'schen 

Satzes auf zwei Simplexe des Rn- I dar. 
Es ergibt sich noch die Frage: wann ist KI mit K identisch ? 
Eine notwendige Bedingung ist leicht anzugeben . Aus (14) entnimmt 

man nämlich für diesen Fall : 

2s s 
- - hi = h i, also hl = h 2 = ... = hn = - . 
n n 

Es muss also K von gleichem Grade in allen Geraden aa. bfJ •.... 
sein. Ob dies für KI = K auch hinreicht. dürfte wo hl erst dann zu ent
scheiden sein. wenn man über die Struktur von K Näheres weis. 



Mathematics. - Ueber eine Configuration van zehn Geraden im pro
jekliven R3' By Prof. Dr. R WEITZENBÖCK. 

(Communicated at the meeting of January 28. 1828.) 

Zu vier Geraden des Raumes gibt es zwei. eine oder unendlich viele 
Transversalen. d.h. Geraden. die alle vier schneiden. Wir betrachten im 
Folgenden den Fall. dass vier Geraden genau eine Transversale besitzen 
oder. wie wir sagen wollen . ein "einfach-singuläres" Quadrupel bilden. 

Aus fünf Geraden KI. K 2. Ki, Ki und Ks lassen sich fünf Quadrupel 
Qi bilden. Wt'r wollen naehweisen. dass es Figuren van fünf Geraden 
gibt, bei denen jedes Quadrupel Qi einfaeh-singulär i$t. Man erhält 50 

ein zweites Quintupel LI' L2 • • • • • Ls von Geraden. wobei Li die Trans
versale von Qi ist. Die Beziehung zwischen den Quintupeln K und L 
ist reziprok und alle 10 Geraden. von denen höchstens nur 6 reell sein 
können. gehören einem linearen Komplexe an. 

§ 1. 

Sind aik. bik. eik. dik und eik die homogenen Punktkoordinaten von 
fünf Geraden. ist also z.B. 

die Gleichung der Geraden alk. 50 haben wir 10 relative Invarianten 
Aik =Aki. wo z.B. A 12 = I a'ik bik = I ar. bik =a12 b34 + a13 b42 + ali b23 + 
+ a3i bl2 + a12 b 13 + an bH ist. 

Die Fläche zweiter Ordnung F\23' die durch KI . K 2 und K3 bestimmt 
wird. hat in Linienkoordinaten die Gleichung: 

0 A I2 A13 KI 

lll23= 
A 21 0 AB K 2 =0 

I A31 A32 0 K3 

KI K 2 K3 0 

(1) 

Hieraus findet man als Bedingung. dass Ki diese FI23 berührt: 

o A 12 A13 A I1 

ASs = A 21 0 A 23 A 2i =0. 
A31 A32 0 A 3i 

(2) 

A i1 A i2 AH 0 
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Ferner wird das Produkt der beiden Transversalen zu KI. K2. K3 und 
Kt gegeben dureh : 

I 0 A I2 A\3 Ali KI 
A 21 0 A 23 ~i K2 

ITI23i = A31 A32 0 A3i K3 = O. 

Ail A i2 AH 0 Ki 

KI K2 K3 Ki 0 

(3) 

Das Quadrupel Qs = (KI. K2. K3' Ki) ist einfach-singulär. wenn ASs=o. 
III23i =/= O. Bei ITI23i = 0 ist Qs hyperboloidisch. 

Ist Qs einfach-singulär. so wird JII23i ein Quadrat und die Trans
versale Ls kann dann dargestel1t werden durch 

0 A I2 A\3 AH KI 

A 21 0 AH AH K2 

A31 A 32 0 A 3i K3 =0. 

Ail A i2 AH 0 Ki 

A SI A S2 AS3 A Si 0 

Nennen wir A -:;é 0 die fünfreihige Determinante I Aik I und Aik die 
Minoren von Aik . so lautet diese Gleichung: ~ Ki A is= Ki Ais= O. 
Al1gemein haben wir also. wenn al1e fünf Quadrupel Q i einfach-singulät: 
sein sol1en: 

A= S 
A ii =O Li = ~ K A A Ai . K" AAi =0 (4) 

A=I 

Hieraus folgt wegen A -:;é 0 leicht die Reziprozität der Beziehung 
zwischen den beiden QuintupeIn K und L. Die simultane Invariante 
(Li Lk) wird nämlich nach (4) : A i!, AAi A~k = A . ~iu A !'k = A . A ik. 
Nennen wir also L'i die Gerade. die aus den L so entsteht wie LI aus 
den K. so wird: 

L'i = L A. Ai. A 3. A Ai = A7 . K,u. AlLA A ' i = A8. Ki . 

Bei A -::t- 0 ist also L'i mit K; identisch. während A = 0 den Aus
nahmefal1 gibt. wo al1e K eine einzige Transversale L besitzen. 

§ 2. 

Wir konstruieren ein Quintupel K mit einfach-singulären Quadrupeln 
Qi wie folgt. Auf FI23 nehmen wir zwei Punkte PiS und P Si so an. dass 
ihre Verbindungslinie keine Erzeugende von FI23 ist. In diesen Punkten 
legen wir Tangenten Ki bzw. Ks an FI23. Dann sind die beiden Quadrupel 
Qi und Qs bereits einfach-singulär: ASs=O. A44=O. Hieraufversuchen 
wir die restlichen drei Gleichungen Aii = 0 zu befriedigen. 

Wir legen das Koordinatentetraeder 1234 so. dass 13=KI und 24=K2 
wird. dass P i5 auf 12 und PSi auf 34 zu liegen kommt. (Den trivialen 
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Fal!. dass alle fünf Geraden K eine einzige Transversale besitzen. lassen 
wir beiseite). 

FI23 hat dann die Gleichung XI Xi - X2 X3 = 0 und die Erzeugenden
schaar. welcher KI' K 2 und K3 angehören. wird gegeben dureh: 

X2 - ÀXI = 0 . Xi - ÀX3 = o. 
À = 0 gibt KI' À = 00 gibt K 2 und . K3 sei festgelegt durch À = r. K3 

schneidet dann 12 im Punkte P35 = 1 : r : 0 : 0 und 34 im Punkte 
P3i = 0: 0 : 1 : r. PH und P5i wollen wir auf 12 bzw. auf 34 festlegen 
durch zwei von r verschiedene Zahlen p und q. soda ss : 

Pi5 = 1 : p : 0 : 0 und P51 = 0 : 0 : 1 : q. 

Ki muss Fm berühren. muss also in der durch 12 und die Erzeugende 
À = p bestimmten Ebene liegen; man kann also Ki festlegen dureh : 

'! 1 p 0 0 
Ki= ~ 1 mit p' -::t-P . e -::t- o. 

I1 1 p' (! ep 
Analog bei K5: 

K5= 11 ~ 
0 q I: 

oq' 11 

mit q ' -::t-q . o-::t-O 
q 0 

Auf diese Wei se erhält man als Koordinaten n 12: n13 : n l1 : n3i : n i 2 : n23 

der Geraden Ki : 

KI··· 0 1 0 0 0 0 

K 2 • • • 0 0 0 0 1 0 

K3 . · . 0 r 0 : -r2 r 

Ki . .. p'- p : e eq : 0 : _ p2e: pe 

K5·· . 0 : -1 :-q : o (q'-q) : q2 : -q 

Hieraus findet man: 

o 1 

o 1 (! - 1 

o - e (p-r)2 (q-r)2 

o 0 (p' -p) (q'-q) + e (p_q)2 

o 

, 

All = 0 (p' -p) (q' -q) [0 (p' -p) (q' -q) - 4 (! (p-r) (q-r)] 

(5) 

. (6) 

A 22 = r20 (p' ~p) (q'-q) [r20 (p'-p) (q'-q) - 4 pq e (p-r) (q-r)] 

A33 = 0 (p'-p) (q'-q) [0 (p' -p) (q'-q) - 4 pq e]. 

Setzen wir Aii = O. so folgt leicht : r2 = pq. r = p + q. p3 - qq = O. 
Wegen p:;i:. q gibt dies. wenn e eine primitieve dritte Einheitswurzel 
bedeutet (e2 + e + 1 = 0): 

p=-re . (7) 
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wozu dann noch für p', q', e und a die Beziehung kommt: 

a (p' + Er) (q' + E2r) = 4 (!r2 
• • •• • (8) 

p'-p p' + Er 
Nach (5) liegt K4 fest, wenn -- --- = - -- gegeben ist und Ks ist 

e e 
durch a (q' - q) = a (q' + E2,.) fixiert. Nun ist aber nach (8): p' + Er = 

e 
- 4r

2
• . I - (' 2 d K d K d h - -( '+ 2 )' setzen wir aso s - a q + f. r), so wer en 1 un 5 ure 

a q Er 
s festgelegt. Sta tt (5) kommt dann: 

KI ... 0 0 0 0 0 

K 2 ••• 0 o 0 0 0 

KJ ... 0 r 0 : -r2 r .. (9) 

4r2 

K4.· .--: 
s 

: -Er 0 : - e2r2 : -Er 

Ks ... 0 :-1 

und die Aik werden jetzt: 

o 1 - r 2 - E2r2 Er2 

o -1 

IAkl= o - Er2 E2r2 ,. . . . . . (I 0) 

o r 2 

o 
Mi t diesen Werten finden wir: 

0 8r6 -8r4 - 8Er1 8E2r4 

0 8r6 8r6 - 8r6 

IAikl= 0 - 8E2r1 8u4 ,A=32~ (11) 

0 8r1 

0 

und also nach (4): 

LI = 8r1
• [ r2 .K2 -1.K3 -E.K4 + E2

• Ks] 

L2 = 8r4 
• [ r2 • KI + r2

• KJ + r2
• K4 - r2 • Ks] 

LJ = 8r4 
• [ - 1 . KI + r2

• K 2 - E2 . K4 + E. Ks] (12) 

L1 = 8r4 . [ - E . KI + r2
• K2 - E2 . K3 + 1 . Ks] 

L5 = 8r4
• [ E2. KI - r2 • K2 +E.KJ + 1. Ki ] . 

Um allgemeine Gleichungen zu erhalten, kann man r2 und E durch 
GRASSMANN'sche Doppelverhältnisse ausdrücken. Nach (10) ha ben wir 
nämlich: 

AI2AH 
- - - -
A23 A I1 

E 

-? ' . . (13) 
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Hieraus sind E und r2 durch absolute Invarianten auszudrücken und 
können in (12) eingesetzt werden. 

Nach (12) und (9) ergeben sich für die homogenen Punktkoordinaten 
der Geraden Li die Werte : 

[2" . 
4 r 2 

S 

4 E2r2 

L3"'---
S 

L" . .. 0 

Ls ... 

o :-2r 

4 2r : -s 

0 

0 

0 

2r 

o 
o 

ES 

o 

o 

o 

o 
o 

2r 

2r 

o 
o 

(14) 

Die zehn Geraden K und L schneiden sich in 20 Punkten Pik = (K; Lk). i*- k. 
Wir erhalten eine in sich duale Configuration mit der Signatur 

(20~ 1 0: 20~) . 

Schliesslich stellen wir noch die Koordinaten der 20 Punkte Pik (be~ 

zogen auf das Grundtetraeder 1 = PIS. 2 = P 2S ' 3 = PH' 4 = P2,,) in 
nachfolgender Tabe11e zusammen: 

K, r K, l K, K. Ks 

L, * I 
0:2 ;,,0:s 

I 
2Er: 2!,.':! : - s : - sr 12r: 2r' (1-,,): -,'s: sr 12:r: -2r': -. ,sr ( '-1) 

L2 ' 2r:0:-s:0 I * I 2,. : 2r:! : s : sr 

1 
2r(l- .):2r':-'.:sr 1 - 2,,: 2,': s (1- .'): sr 

(15) 
L, 2'r:0 :s: 0 I 0: 2:2,.: 0 : - s I * I 2 . :?r : 2r:? : s : - Ut" 

1 
2~2r: - 2:r:?: s: ;23f 

L, 0 : 0 : 1 : 0 
1 

0:0:0:1 
1 

0 : 0: I: r 
1 * I O:O:I,-,'r 

L. 1 : 0 : 0 : 0 I 0 : I : 0: 0 I I: r:O:O I 1:-,<:0:0 I * 

Auf eine ausführliche Untersuchung der sehr zahlreichen Eigenschaften 
der in obigem nachgewiesenen Configuration will ich bei späterer 
Gelegenheit eingehen. Hier sei nur noch Folgendes angeführt. Nach (10) 
haben wir : 

U=A I2 A 3,,=-Er2. V=A\3A"2=-r2, W=AliA23=-E2r2. (16) 

woraus U + V + W = 0 und VW + WU + UV = 0 folgen . Es gehört 
also z.B. K" dem durch KI. K2 und K3 bestimmten VosSE'schen Komplexe 
an und KI' K2. K3 und K" bilden ein sogenanntes KLUYVER'sches Qua~ 
drupelI). 

1) Hiezu : H. MOHRMANN. Mathem. Zeitschr. 2(1918)p.27-SI undS(1919)p.268-283. 
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Mathematics. - Invarianten der Integranden viel{acher Integrale in 
der Variationsrechnung . I. By Prof. L. KOSCHMIEDER in Brünn. 
(Communicated by Prof. R. WEITZENBÖCK). 

(Communicated at the meeting of October 29, 1927). 

Durch das folgende hoffe ich erstens den Gegenstand zwei er meiner 
vorhergehenden Mitteilungen I) 2) weiter zu fördern : die Ermittelung von 
Invarianten der Funktion F (14) im Zusammenhange mit der ersten 
Variation des Integrals I (15). dessen Integrand die Grösse F ist als 
Funktion von n + 1 Abhängigen und deren ers ten Ableitungen nach n 
Unabhängigen. Ich werde hier auf die dam als erzielten Ergebnise zu~ 
rückgreifen und die dort verwende ten Bezeichnungen benutzen. soweit 
das zweckmässig ist, 

Zweitens ab er und hauptsächlich will ich unter dem gleichen Gesichts~ 
punkte die zweite Variation in die Betrachtung einbeziehen. Dabei folge 
ich dem Wege. den A, L. UNDERHILL 3) bei einfachen Integralen einge~ 
schlagen hat; es scheint mir sehr bemerkenswert. dass die von UNDERHILL 
für n = 1 durchgeführte. schon in diesem Sonderfalle ziemlich verwickelte 
Rechnung sich. wie ich zeigen werde. auf n~fache Integrale (15) verall~ 

gemeinern lässt. 
leh habe a.a.O. I) 2) invarianten theoretische Begriffe nur in dem Um~ 

fange herangezogen. wie es zur Aufstellung zweier besonderer Invarian~ 
ten. der .. mittleren extremalen Flächenkrümmung" und des .. Rauminhaltes". 
erforderlich war. Im Hinblick auf die folgenden sowohl wie auch auf 
künftige Untersuchungen ist es angebracht. mit einer allgemeinen in~ 
variantentheoretischen Erörterung zu beginnen (I). Diese kann man mit 
Rücksicht auf die für n = 1 von UNDERHILL 1) gegebenen einschlägigen 
Entwickelungen kurz halten. auch wenn man sie soweit wie möglich 
sogleich auf eine Funktion G (3) bezieht. die von umfassenderer Art ist 
als F. Den Anfang (§ 1) bilden Bemerkungen über Punkttransformation. 
Es ist vorteilhaft. ausser der ersten Reihe von Veränderlichen y eine 
zweite (§ 2) in Betracht zu ziehen. deren Mitglieder rJ sich kogredient 
zu den Werten y transformieren. Wie man unter geeigneten Umständen 
von einer die Grössen I) enthaltenden Invariante zu einer andern über~ 
gehen kann. in der nur Grössen y auftreten. zeigt § 3 im Sonderfalle 
(14). In § 4 kommt die Wirkung des Differentiations~ und Variations~ 

I) Math. Zeitschr. 24 (1926), S . 181-190. 
2) Math. Annalen 94 (1925), S. 252-261. 
3) Invariants of the Function F(x, y , x ' , y') in the Calculus of Variations. Trans. Amer. 

Math. Soc. 9 (1908). S. 316-338. 
1) A. a . O. 3) , S. 317-326. 331. 
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verfahrens auf die Invarianz zur Sprache. Entsprechende Fragen bei der 
Parametertransformation sind Gegenstand des § 5. 

Diesem allgemeinerl Teile folgt die eingangs angekündigte Anwendung 
(11. 111) auf den besonderen Fall (14). (15). Bei der Betrachtung der ers ten 
Variation (11. 1) ergibt sich (§ 6) die a.a.O. '). 2) nicht erörterte Invarianz 
der Transversalität und der WEIERSTRAssschen E~Funktion; diejenige 
des durch sein Verschwinden die Extremalen des Integrals I kennzeich~ 

nenden Ausdrucks W wird einfacher hergeleitet als a .a .O . I). § 3. Um 
aus W die absolute Invariante S zu erhalten. zieht man (§ 7) die Grössen 
(]Ja ,'J heran ; es wird die Übereinstimmung ihrer Determinante (]J mit der 
von TH. DE DONDER 5) eingeführten Funktion F, dargetan und so die 
Beziehung zu einer von ihm a.a .0. 5) angegebenen Invariante hergestellt. 
In § 8 weise ich auf das Integral I als Anlass zu einer Massbestimmung 
im n + l-stufigen Raume hin. 

Der nächste Abschnitt (Il. 2). der die zwei te Varia ti on betrifft. ist das 
Kernstück dieser Abhandlung. Ich habe die auf diesen Gegenstand be
züglichen. im bisherigen Schrifttum vorliegenden Ergebnisse in einer kürzlich 
erschienenen Arbeit 6) aufgezählt; dort leite ich ferner die Formel für (PI in 
Bezug auf eine Extremale her. Ohne diese Einschränkung scheint diese 
Rechnung bei beliebiger 7) Variation noch nicht durchgeführt zu sein. 
Diese Lücke möchte ich hier ausfüllen: Mit Benutzung der a.a.O. 6) be~ 
schafften Rechenhilfsmittel bringe ich in § 9 die Grösse ~2F auf solche 
Gestalt. wie sie im Falie einfacher Integrale durch die Transformation 
von UNDERHILL 8) zustandekommt. Diese ist die VeraIlgemeinerung der 
bekannten Transformation von WEIERSTRASS 9). insofern als sie sich nicht 
wie diese nur auf eine ExtremaIe. sondern auf eine beliebige Kurve 
bezieht. 

Nunmehr werden (§ 10-§ 13) die mit der zweiten Variation zusam~ 

menhängenden Invarianten 'P. U. 'Po. Uo gewonnen. die für n = 1 bez. 
in die von UNDERHILL '0) gefundenen Invarianten (]J. K. (]Jo . Ko über~ 

gehen. In § 10 spalten wir von dem Ausdrucke ~2F die Invariante 'P 
ab. Sie enthält die Variationen ~Xi ; eine von diesen VeränderIichen der 
zweiten Reihe freie Invariante U (§ 11) ergibt sich aus 'P nach dem Ver
fahren des § 3. Zur Verallgemeinerung der Invariante K von UNDERHILL 
gelangt auch DE DONDER. aber auf anderem als dem eben geschilderten 
Wege "). 

5) C. R. Acad. sc. Paris 155 (1912). S. 1005. 
6) Revista Matemática Hispano-Americana (2) 1 (1926). S. 129-146. 
7) Unter Zugrundelegung einer Norm8/variation ist die zweite Variation eines Doppel

integrals von A. KNESER berechnet: Lehrbuch der Variationsrechnung (2. AuH. 1925). 
S. 339-348. 

8) A. a . O. 3) . § 6. § 7. 
9) Vgl. z. B. O. BOLZA. Vorlesungen über Variationsrechnung (1909). S. 224-227. 
'0) A. a. O. 3). §§ 8. 9. 12. 13. 
11) A. a. O . 5) . _ Zur Herleitung des Zusammenhanges der dort angegebenen Determinante 

von Linearformen mit unserem Ausdrucke (110) scheint längere Rechnung erEorderlich. 

10* 
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IJl. U sind Punktiitvarianten. Die von mir weiterhin ermittelten. bei 
Punkt- und Parametertransformation invarianten Funktionen lJIo.Uo dürften 
hier zum ers ten Male angegeben sein. Man erhält die erstere (§ 12). 
indem man die Invariante S variiert und von lJS invariante Bestandteile 
absprengt. Aus lJIo geht schliesslich (§ 13) die nur Veränderliche der ersten 
Reihe enthaltende Invariante Uo wiederum dadurch hervor. dass man die 
in lJIo auftretenden Variationen èJ X i nach § 3. § 5 durch kogrediente 
Grössen ersetzt. Mit Hilfe von U bzw. Uo lässt sich bei einer Extremale 
die zweite Variation èJ 2J in einfacher Weise ausdrücken. 

Im letzten Teile (lIl) befasse ich mich mit einer etwas anders gerichteten 
Fragestellung. die auf M . FUJIWARA zurückgeht. Dieser hat im Falle 
n = 2. indem er die BEL TRAMlschen Differentiatoren in Bezug auE eine 
während der Rechnung auftretende invariante quadratische Differential
form benutzte. für eine festberandete Extremale eine Zerlegung der 
Grösse èJ 2 J in drei parameterinvariante Integrale gefunden 12); ich habe 
a . a. 0. 6) dieses Ergebnis. gleichfalls unter der Annahme W = O. auf 
n-fache Integrale übertragen. Mit Hilfe mehrerer dort bewiesener Formeln 
lei te ich hier allgemeiner bei einer beliebigen Überfläche eine entspre
chende Zerspaltung der zweiten Variation in parameterinvariante Sum
manden her. 

I. Jnvariantentheoretisches. 

Die Operationen. die uns zuerst beschäftigen. beziehen sich auf die 
Bestimmungszahlen X i (i = 1. 2 .. ..• N) eines Punktes in einem Bereiche 
X N eines N-stufigen Raumes. Es handelt sich urn die Gruppe der ana
lytischen Punkttransformationen 13) 

(1) 

die in dem Bereiche X;" die von Null verschiedenen Funktionaldeter
minanten à(x] . . , . . xN) /à(x'] . . . .. x:,.) = D besitzen und zwischen X:,. und 
seinem Bilde X N eine umkehrbar eindeutige Beziehung vermitteln. 

In X N betrachten wir einen Raum X n von n Stufen (n < N) 
Xi = (P i (UI ' U2 • •••• un ) ; (2) 

die rechten Seiten in (2) seien analytische Funktionen der in einem Be
reiche On unabhängig veränderlichen Parameter u'" (a = 1. 2 • .. . • nl. Es 
sei eine Funktion 

G = G (Xi. Xi ."', • • • •• Xi . "', . . . "'q) (3) 

gegeben. die die Abhängigen (2) und deren Ableitungen 14) nach den 

12) Tokyä Sûgaku-Buturigakkwai Kizi (2) 6 (1911 / 12). S . 123-127. 
13) Vgl. Iür N = 2 BOLZA 9), S. 313. - Man hat es in (I) und durchweg Im folgenden 

mit reellen Futiktionen reelIer Veränderlicher zu tun. 
14) Wir bezeichnen diese wie a. a . O. 15) durch griechische Zeiger. Wo es ohne Einbusse 

an Deutlichkeit möglich ist. sparen wir lateinische und griechische Zeiger und schreiben 
eine t-te Ableitung kurz b t x . 
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Unabhängigen U<x bis zur q~ten Ordnung 15) enthält und in ihren Argu~ 
menten analytisch ist. Die Grund{unktion G dient als Integrand des 
über On zu erstreckenden Grundintegrals 

(n) 

J =.fGdU. du = dUI dU2 ... dUn (4) 

Die zwei te Gruppe. die uns hier angeht. besteht aus den analytischen 
Parametertrans{ormationen 16) 

(5) 

die in dem Bereiche On mit positiven Funktionaldeterminanten g) I). (12) 
versehen sind und dies en ein~eindeutig auf On abbilden. Die Funktion 
G verwandie sich unter der Wirkung von (5) nach der Formel 

G (x. bx • ...• bq x) = 'iDG (x. bx ....• bqx) 17); (6) 

dann ist das Integral (4) parameterinvariant. 

§ 1. Erweiterte Punkttrans{ormationen. 

Die Gruppe der Transformationen (1) erweitern wir wie folgt. Wir 
sehen die aus (2) zu berechnenden Grössen b r x (1' = 1. 2 •.... r) als neue 
zu den x hinzutretende Veränderliche an. die sich unter dem Einflusse 
von (1) nach bestimmten Gesetzen verwande1n: 

I 02 Xi , ' + OXi , 
Xi.<x I ' = ox' OX xk.<x x l ' I' ox ,- xk.<x I" ~. kik 

18) ! 

Das Ergebnis der Einsetzung der Werte (1). (7) in G (3) werde 
G' bezeichnet. 

G (x. bx •.... bqx) = G' (x'. bX' ....• bqx/) 

(7) 

mit 

(8) 

Den Grössen (1). (7) fügen wir die Funktion G und ihre Teilableitun~ 
gen nach irgend welchen ihrer Argumente (3) bis zur p~ten Ordnung 
G(p) (p = 1. 2 •...• p) als weitere Veränderliche hinzu. deren V erwand~ 
lungseigenschaften bei dem Wechse1 (1) sich durch geeignete Differentia~ 
ti on von (8) ergeben. z.B. 

oG ox~ 
ox. -o::-x-;~-- OXi • 

I,Cl1 '" txq ,exl ••• CXq 

oG' (9) 

15) Besondere von solchen Integranden herrührende Invarianten habe ich unlängst an~ 
gegeben. Math. Zeitschr. 25 (1926), S. 74-86. 

16) Vgl. für n = 2 BOLZA 9), S. 664. 

17) bx .... bedeuten wie a. a. O. 15), S.77, die Ableitungen der Xi nach den ;;/X . 
18) Lateinische Ze1ger laufen von 1 bis N . griechische von 1 bis n. Ueber die Fort-
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Die Erweiterungen (7). (8). (9) der Transformationen (1) zusammen mit 
diesen se1bst bilden dann diejenige unendliche kontinuierliche Gruppe V. 
auf welche es hier ankommt. 

Es liege nun irgend eine Funktion g (x. bx •...• br x. G. G(I) •...• G(p)) 

vor. Mit g' bezeichnen wir kurz den Ausdruek. der aus den Veränder
lichen X' ••••• G/(p) naeh demselben Gesetze gebildet wird wie g aus 
x •. ..• G(p). 

I (' b I br 
I G' G '(!) G'(p)) (10) 9 ==-g x, x, ... , x, . . ... , 

Besitzt im besonderen die Funktion g bei allen Transformationen von 
V die Eigensehaft 

g'=DBg. (11) 

50 heisst g eine Invariante dieser Gruppe vom Gewichte a. 
Die Funktion G selbst ist hiernaeh gemäss (8) ei ne absolute Inva

riante. d.h. eine solche vom Gewichte O. 

§ 2. Einbeziehung kogredienter Veränderlicher. 

Ausser der ersten Reihe Y der von (3) herrührenden Veränderlichen 
des § 1 tritt in der Variationsreehnung des Integrals (4) ei ne zwei te 
Reihe 1} von V eränderlichen ~I: ", . . . "r auf. die sieh unter der Wirkung 

von (1) kogredient zu den die Reihe y bildenden Grössen Xi. ", . . , "r trans

formieren. 

(12) 

Indem man die Operationen von V um die Transformationen (12) 
vermehrt. erweitert man V zu einer neuen Gruppe H. Eine Funktion h 
der Veränderlichen der beiden Reihen Y und 1} nennen wir eine Inva
riante vom Gewichte a gegenüber H. wenn bei allen Transformationen 
von H 

h (x' .• x: •...• r . r 0 ••• • ) = DB h (x .• x . ot' • • •• r .;. " .... ) 
I I,a r ; CX I; Cl /" I I, r; a ,;al' 

oder naeh Art der Bezeichnung (11) kurz 

h'=DB h . 

ist. 

§ 3. Übergang von einer Invariante h zu einer Invariante g. 

(13) 

Bei dem im zweiten Teile angewandten Verfahren zur Ermittelung 
von Invarianten stellen sieh mehrfaeh zunäehst solche von der Art hein. 
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Da uns hauptsächlich an Invarianten g liegt. 50 sind Übergangs~ 
möglichkeiten von Invarianten h zu solchen der Art g erwünscht. 
UNDERHILL 19) hat darüber im FalIe n = 1. N = 2. q = 1 einen Satz 
aufgestelIt; wir beschränken uns hier darauf. diesen auf die Funktion 

F=G(Xi.Xi.IX). i=1.2 •...• n+l. (14) 

als Integranden des statt (4) später ausschliesslich betrachteten Integrals 
(n) 

I .[Fdu (15) 

zu veralIgemeinern. Es handelt sich also bei (14) in den Bezeichnungen 
(3) um den Sonderfall der Grundfunktion. in dem n beliebig. N = n + 1 
und q = 1 ist. 

Wir benutzen die von J. RADON 20) und G. VIVANTI 21 ) aus der Para~ 
meterinvarianz des Integrals I [vgl. (6)] gezogene Folgerung. dass die 
Grössen Xi.IX in den Integranden F nur eingehen verbunden zu den 
Determinanten Ok 22). die man bis auf den Faktor (- 1)k+1 aus der Funk~ 
tionalmatrix 11 Xi. IX 11 dadurch erhält. dass man in ihr die k~te Zeile (der 
Xk.IX) streicht. Genauer ist 

(16) 

eine Funktion der Xi und Oi. die in den Oi positiv~homogen von erster 
Stufe ist; daher besteht die Beziehung 

aF 
Oi OOi = F (17) 

Was die Veränderlichen (12) betrifft. 50 fügen wir den Grössen ~i;IX 
solche ~i hinzu. die sich bei der Verwandlung (1) kogredient zu den 
Differentialen dXi umsetzen. also nach den Formeln 

1: OXi 1:' 

'>i = OX~ 'ik • 
(18) 

Nach diesen Vorbemerkungen beweisen wir folgenden 
Sa t z 1. Aus einer Invariante h vom Gewichte a. die von den Ver~ 

änderlichen der zweiten Reihe nur die ~i enthält und in diesen homogen 
von b~ter Stufe ist. erhält man eine Invariante g vom Gewichte a + b. 
wenn man die ~i bezüglich durch die Grössen aF/OOi ersetzt. 2i) 

lassung des Summenzeichens treffen wir bei beiden Arten von Zeigern die in der Tensor
rechnung übliche Vereinbarung: Ausnahmen von dieser machen wir kenntlich. 

19) A. a . 0. 3), S. 323. 
20) Monatsh. f. Math. u. Phys. 22 (1911), S. 55. 
21) Rend. Circ. mat. Palermo 33 (1912), S. 271. 
21) Wir schreiben Ok. nicht wie a . a. O. I) (S. 181) ~k ' weil wir den Buchstaben ~ 

unten (111) in anderem Sinne verwenden. 
23) Es hat kein Bedenken, das Zeichen F auch nach Einführung der Argumente Oi bei

zubehalten: man verstehe aF/aOi = ar/()Oi U.S.w. Uebrigens bedienen wir uns. wo es 
angebracht scheint, der xi.IX : iJF/(lxi.IX = aG/(lxi,IX U.S.w. 

21) DE DONDERS Schritt von den linearen Formen DM, dXi. aF/~xi." zu deren Deter-
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Aus der Invarianz (8) der Grundfunktion 
F'=F. 

und der Transformation I). (19') der Determinanten Bi 

DB' = OXi B. 
k ox~ I 

ergibt sich nämlich. dass sich die Ausdrücke oF/oBi so ändern: 

(19) 

(20) 

oF OXi oF' 
D OBi = ox~ oB~ . (21) 

Diese Formeln nehmen die Gestalt (18) an. wenn man D.oF/OBi=~i. 
oF'/oB~ = ~~ setzt. Nun ist nach Voraussetzung 

h (x' .. X~ , • • .• t) = DB h (x .. X . a.' •• • • ~.). 
" ,Ct. I I l. I 

sofern nur (18) gilt; daher ist im besonderen 

h (X;. x;,a. .. .. , ~~J = D a 
h (Xi' Xi.a..· ·· . D ~~} 

Hieraus folgt die Behauptung mit Rücksicht auf die Homogeneität des 
Ausdrucks h in den ~i' 

§ 4. Differentiation und Variation als invarianzerhaltende Verfahren. 

Indem wir zu der allgemeineren Grundfunktion G (3) zurückkehren. 
unterwerfen wir eine Invariante der Differentiation. erstens nach den 
Parametern Ua. T reten ausser diesen weitere V eränderIiche EO (a = 1.2 ..... f) 
auf. die unter sich und von den Ua. unabhängig sind. so handelt es sich 
zweitens urn das die Ableitung nach den EO betreffende c5~ Verfahren in 
seiner Wirkung auf Funktionen VJ (u a. • EO)' In der Variationsrechnung 25) 

setzt man mit Bezug auf eine Funktion i (Ua. • EO)' die für E = 0 26) in 
X (ua.) übergeht. die 5~te Variation von X (5 = 1. 2 •... ) 

c5 'J X = c5 (c5s- 1 
X) = (~ dEo o~o Y5)i I' = 0 (22) 

Hier erklären wir. ähnlich wie UNDERHILL 27) im Falie 3). 

b~ Verfahren durch die Formel 

5 5-1 (I.f 0 )(5) 
b 1jJ = b (15 1p)=;- deo OEO 1jJ •• 

das 5~malige 

. (23) 

minante a. a . O. 11) [dort Erklärung des Zeichens D. wegen M vgl. u. (78)] kann als 
Ersetzung der dX; in der ersten von ihnen durch kogrediente Grössen angesehen werden; 
denn die Determinanten der Matrix 11 iJF/iJxk,a. II . die aus dieser durch Streichung der i-ten 
Zeile hervorgehen. haben die Werte Fn-I(_I)i- 1 . iJF!iJGi' Letzteres beweist im Falie n=2 
G. VIVANTI [Elementi del calcolo delle variazioni (1923). S , 171] ; bei beliebigem n leitet man 
es leicht durch ei ne ähnliche Rechnung her. wie wir sie später zum Beweise von (88) 
durchführen. 

25) Vgl. KNESER 7), S, 5/6. 130, 
26) Wir schreiben kurz 0 = 0 statt 01= <2= , . , = Ef = 0 ; ebenso später u = 0 statt 

UI = u2 = , , , = un = 0, 

27) A. a . O. 3), S. 326, 
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ausführlicher geschrieben 
l.f àij 'IjJ 

d
5

'IjJ = I deo('" dEo 0 à (24) 
A A ij EO'" EO ( ....• S (ij 

Der Kürze halber sei es gestattet. den Ausdruck dij 'IjJ als die 5-te 28) 
Variation von 'IjJ zu bezeichnen. Das Zeichen der Variation ist mit dem 
der Differentiation naeh den Parametern Ua: und dem der Integration 
über den unvariierten Bereich On vertausehbar. 

Man denke die Xi als Funktionen Ai der Ua: und der EO und bilde nach 

(24) die Variationen dij brx; diese transformieren sich naeh den Formeln 

~ OXi ~ • 
UXi = ox' UXk , 

k 

(25) 

Die Variationen dij Xi verwandein sich unter dem Einflusse von (I) 

kogredient zu den Differentialen dij Xi. Durch Hinzufügung von (25) zu 
(I). (7). (8). (9). (12) geht aus der Gruppe H (§ 2) abermals eine neue E 
hervor. Die Invarianz gegenüber E erklären wir entspreehend (11) und 
(13); Invarianten der Gruppe E heissen Punktinvarianten. 

Indem man Ableitungen nach den EO durch deutsche Zeiger andeutet. 

OXi OXi.a: 02XI 
Xi.O=;ç-. Xi o(o-~····. Xi ob =;::. ;::. •... 

u a . uEo . uEo uEb 

kann man den Inhalt von (25) au eh in der Gestalt ausdrücken 

OXi , 
xiO=~xk ' • uX

k 
.0 

. (26) 

Es liege nun eine absolute Invariante lj(d~ br x) vor. r = O. I •...• r; 
5 = O. 1 •.... s; wir bezeichnen ihre Argumente kurz mit ZL' L = 1.2, ... 
Auf die Differentiation von lj beziehen si eh 

Sa t z 2. Mit lj ist auch die Ableitung olj/oua: absolut punktinvariant. 

28) linter óSo/ für S = 0 verstehen wir 0/. 
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Sa t z 3. Mit f) ist au eh die Variation bf) absolut punktinvariant. 
Die Beweise beider Sätze führen wir gleichzeitig. Bei dem Ansatze 

x; . A; (ucx • fa) stellt die vorausgesetzte Invarianz f) = fJ' auf Grund von 
(1). (7). (25) eine Identität in u und f 29) dar; man kann sie etwa naeh 
u" bzw. fa differenzieren. Das Ergebnis 

hat ausgeführt die Gestalt 

ofJ _ ~ ofJ' , (28") ~ of) _ ~ ofJ', (28 b) 
~ o~ ZL cx - ~ 0---' Z L cx • • ~ o~ Z L a - ~ 0---;- ZL a • 
L ZL . L ZL . L ZL . L ZL . 

Die Beziehungen (28) sind zunäehst Identitäten in u und E; sie be~ 

stehen aber aueh. wenn man die Gesamtheit Z' der Ableitungen 

:X;.cx, ... cxr 01 ... 0 13 30) in ihnen dureh eine solche 2' von beliebigenWerte? 
X~ 31) ersetzt und zugleich Z dureh diejenige Gesamtheit Z 

'.CXI .. ·cxral ... 013 A 

von Werten Xi.CX, .. "r al '" (ls' welche mit Z' dureh die Formeln (1). (7). 

(26) zusammenhängt. Dabei treten in (28) an Stelle der b13 x;.cx, ... cxr die 

Grössen 

(29) 

und an Stelle der b13 Xi.CX, ... CXr die naeh Art von (29) aus den Mitgliedern 

von Z gebildeten Grössen b13 ;i,CX, ... CXr' 

Um zu zeigen. dass die Invarianzen (28) aueh in diesem allgemeineren 
Sinne geiten. wählen wir die A; in der Form der Polynome 

o.R o.S A T, T n tI tf 
, _ 1 UI ••• Un EI· •• Et ( ) 

Xi -: ~ I ~ Xi. (T1) ... (Tnl(tl ) ... (tf) , , -t r-t-' 30 
t tI •.• tn. I···· t 

Dabei ist die vier te bzw. zweite Summe über die Werte to ~ 0 bzw. 

t IX :::: 0 so zu erstreeken. das~ tI + ... + tr = t bzw. tI + ... + tn = 1: 

ist; S bzw. R bezeiehnet in beiden Fällen (a), (b) den jeweils grössten 
Wert des Zeigers '3 bzw. r 30); die Koeffizienten bedeuten die Mitglieder von 

2'. die den zu Z' gehörigen Ableitungen 

OT+t Xi I 

--------c--- --:-- - X 

O T, a T ~ tI 0 tr - f,(T,) ..• (Tn) (tl)' " (tf) 
UI ••• unn vfl • .. Er 

entsprechen. Der Ansatz (30) liefert in der Tat 

I
" = o. ,= 0 A , , 

Xi. (T,) . .. (T n) (tl) ... (tt) = Xi. (T,) .•. (T n) (tl) ... (tf) 

29) Diese Folge der Erklärung (23) gibt dem Beweise der Aussage (29) bequeme Form. 
30) Jetzt läuft im FalIe (a) r bis C' + 1. im FalIe (b) 13 bis s + 1. 
31) Wir setzen bei ihnen diejenigen Zeigersymmetrien voraus, welche bei den thnen 

entsprechenden Ableitungen statthaben. 
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er bewirkt. dass Z' in Z'. also b5 
X 'i. """"r nach (24). (29) in <5

1l
1-'i'''''' '''r 

übergeht. Aus der gemachten Annahme. dass Z und Z' durch (1). (7). 
(26) verknüpft sind. folgt dann. dass gleichzeitig aus Z die Gesamtheit 

Z wird und mithin die Grössen bil Xi. " , . .. "r wirklich die Werte b5 ; 1. ", ,,."r 

erhalten. Die Gleichungen (27b) ergeben gemäss (23.1) sogleich den Satz 3 

(31) 

§ 5. Parametertrans{ormationen. 

Bei den Parametertransformationen (5). von denen jetzt kurze Rede 
sein 5011. setzen wir voraus. dass in den Ausdrücken u" die Ea nicht 

vorkommen. Die u" . ü" werden nicht variiert; in der Schreibweic;e 
des § 4 ist 

bu" = b~" = O. (32) 

Ein Wechsel (5) lässt die Xi ungeändert. 

Xi=Xi • (33) 

Es sei Xi = Ai (u". Ea) = Ai (;t". Ea); bedient man sich der Abkürzungen 

_ _ (}Xi 
Xi, ).. ---- • 

ou" 
50 lauten die Verwandlungsformeln der Ableitungen nrx 

ou" 
Xi. " = X I. }; -0 • 

u" 

(34) 

Die durch (5) bedingten Transformationen (33). (34) bilden eine Gruppe 
91 ; man kann sie zu einer neuen merweitem. indem man wie in § 2 
eine zweite Reihe (oder deren mehrere) von Veränderlichen tJi; "' '''''r 32) 
einführt. die sich kogredient zu den Xi. ", ""r d. h. 50 umsetzen. dass die 

Formeln (33). (34) geiten. wenn man in ihnen Xi. "' ''' ''r' Xi. a, ". ar bezüglich 
durch tJi; ", . '''r' tJ i; ;; ... <xr ersetzt. Ist TI eine Funktion der Grössen Xi. ",.""r' 

tJi; ",,,. "q' 50 bedeute TT dieselbe Funktion der X I. ;; .. . ar' tJi. a, ... aq' TI heisst 

eine Parameterinvariante vom Gewichte c. wenn bei allen Transforma~ 
tionen von m 

TI = sn" TI (35) 

Veränderliche der Art tJi;"' '' '''r sind die Variationen bil Xi. CC""ccr=wM
33). 

32) r. q = o. 1. .. . . 
33) r=O.1. . . . . p: 5 =0.1 . .... 0': M=1.2 . .... 
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da diese bei (5) genau dieselbe Regel befolgen wie die Xi. IX, ... IXr selbst, 

.t _ .t - àu" .t2 _.i2 -
UXi. a-UXi. À ~, ... ,uXt -UXi , • • •• 

vu" 
. (36) 

lP sei eine Funktion der W M ; Funktionen dieser Veränderlichen betrifft der 
Sa t z 4. Ist ll3 eine Parameterinvariante vom Gewiehte c, 50 gilt dies 

aueh von der Variation ~1l3 . 
Man beweist ihn entsprechend wie oben den Satz 3, indem man hier 

von den Abhängigkeiten Xi = Ai (u" ,EO) ausgeht. Bei der Variation der 
Voraussetzung (35) für ll3 ist zu berücksiehtigen, dass nach (32) <5~ = 0 
ist. In den Formeln, die man jetzt statt der früheren (28b) erhält, kann 
wiederum an Stelle der Gesamtheit iU der Werte tv M eine beliebige ij; 
treten, wenn gleichzeitig ro durch ei ne Gesamtheit ti> ersetzt wird, die 

mit ro dureh (33), (34) zusammenhängt. 
Auf Grund der Beziehungen (36) ergibt sieh 
Sa t z 5. Ist ll3 eine Parameterinvariante vom Gewichte c, so gilt dies 

auch von der Ableitung àll3/àb 5 Xi ' . 

Beispiel einer Parameterinvariante vom Gewichte 1 ist naeh (6) die 
Funktion G selbst. Wir heben unter den Invarianten n diejenigen be~ 
sonderen )(. hervor, welche wie G nur die Veränderlichen b r X enthalten. 
AuE solche Invarianten der Funktion F (14) zielt Eolgende Ergänzung des 
Satzes 1 ab: 

Sa t z 6. Wenn unter den Voraussetzungen des Satzes 1 die ~i absolut 
parameterinvariant sind und h (b r Xi, ~i) eine Parameterinvariante vom 
Gewichte eist, so trifft das letztere auch auf die dort aus h gewonnene 
Punktinvariante g zu. 

Die erwähnte Eigenschaft (6) der Grundfunktion 

(37) 

führt nämlich in Verbindung mit der Transformation 1), (19) der Deter~ 
minanten (}i 

(38) 

zu der Invarianz 

• (3.9) 

Es können mithin in der für h gültigen Formel (35) die Grössen 
àF/o(}i an die Stelle der ~i treten. 



Chemistry. ~ Physical purity and powder Röntgenogram. By N. H. 
KOLKMEIJER. (Communicated bij Prof. ERNST COHEN). 

(Communicated at the meeting of October 29. 1927). 

Opinions differ as to the existence of two modifications of mercuric 
oxide. a red and a yellow one. ERNST COHEN 1) concludes from the 
existence of a difference of potential between two electrodes Hg (HgO) 
KOH. of which HgO with one had the red form. with the other the yellow. 
that the two forms are allotropie modifications. On the other hand WILH. 
OSTW ALD 2) and also SCHICK 3) are of opinion that the difference in 
colour is the result of a difference in si ze of the particles. and base th is 
opinion on their experiments on velocity of solution and · solubility of the 
two forms. 

LEV I 4) lately tried to solve this point of difference by taking a Pbwder 
photo of the two forms with X-rays. Prom a comparison of the two 
exposures. he concludes that th ere can no long er be any doubt as to the 
crystallographic identity of the two forms of HgO. 

Without taking sides in this point of controversy 5) it appears to me 
that it is not inexpedient to point out that LEvJ's conclusion is not justified 
by his investigation. When it is not an ascertained fact th at the two forms . 
investigated by LEvl . consist of one modification for 100% - and in 
his paper not a word is said which shows that he has verified it - it is 
highly possible that the yell ow colour was caused f.i. by the admixture of 
a certain percentage of the yellow modification with the red. And if this 
percentage is not high enough. the admixture does not inark its lines on 
the films in the normal time of exposure (which LEvl. judging from the 
reproduction of his films has not exceeded). 

In order to make this c1ear we wish to call attention to the facto that COHEN 
has more than once pointed out. that when different physical properties 
are determined·. it is not always known whether the preparate consists for 
100 % of one modification. and is therefore "physically pure". IE the 

I) ERNST COHEN. Z . phys. Chem. 34. 69. 1900. 
2) WILH. OSTWALD. Z . phys. Chem. 17. 183. 1895 : 18. 159. 1895: 34. 495. 1900. 
3) K. SCHICK. Ibid. 42. 155. 1903. See also Gay Lussac C.R. 16. 309.1843 : G. FUSEYA 

J. Am. Chem. Soc. 42. 368. 1920; R. VARET C.R. 120. 622. 1895 : Bull. Soc. chim. (3). 
13. 677. 1895: HULETI Z. physik. Chem. 37. 400. 1901. 

4) G. R. LEVI. Gazz. chim. !tal. 54. 709. 1924. See al50 R. FRICKE Z . anorg . und 
allgem. Chem. 166. 244. 1927. 

5) Prof. COHEN told me by word of mouth that he himse1f inclines to the opinion of 
OSTWALD and SCHICK. 
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substance is a labile modification. at the temperature and pressure of the 
experiment. it is very difficult to get a preparate which does not at least 
contain a very small percentage of the stabIe modification. IE. on the 
other hand. the preparate is the stabIe modification. it is highly possible 
that it contains a few percents of the labile modification. And in either 
case the change of labiIe to stabIe modification can have a slow course. 
Each of the two forms of HgO. the red and the yellow. may therefore 
very weIl be a mixture of a yellow and a red modification. and if we wish 
t~ make reliable determinations of the properties of such substances it is 
necessary first to make sure of the physical purity. How th is can be done 
by means of the X~rays will appear from what follows. 

From the observations made by ANDREWS 1) in which even a consider~ 
able percentage of an alien substance did not appear on the film it is 
evident that in such a mixture of two modifications of the same substance 
nothing need appear of the presence of one of them. if the percentage 
of the latter is not rather great. Even 20 % of Ni in a Ni~Fe alloy did 
not give linès on the diagram. In order to trace whethersimilar percentages 
would also remain invisible if we took two modifications of the same 
substance. I have. at the request of Prof. COHEN. made exposures Qf 
a mixture of 90 % of white with 10 % of gray tin. and of a mixture of 
80 % of white with 20 % of gray tin. In volume procents 12 % and 24 % 
of gray tin we re present respectively. It was a happy chance that we could 
use for it physically pure preparations. which had been prepared by 
DOUWES DEKKER 2) for his experiments. With the help of Röntgen photos 
was demonstrated that the preparations used were indeed physically pure. 
For even if a preparate contains a small percentage of impurities. only 
the lines of the principal component are marked oH on the film. and 
precisely as if the preparate had had a purity of 100 %. IE we can deduce 
from the film the structure. we can. at the same time. determinê the density 
of the physically pure modification from measurements made on an impure 
preparate. IE of a prèparate. the density is measured with a pycno~ 

meter. and if this agrees with the value which was determined in the 
way mentioned above. we know for certain 3) that we have a physically 
pure preparate before us. In the preparates of DOUWES DEKKER the 
densities of the gray tin. determined with a pycnometer and a Röntgeno~ 
gram. were 5.765 and 5.764; of the white tin 7.285 and 7.29. 

In figure 1 we have the prints of our exposures. placed one over th! 
other. of 100 % of gray. 80 % of white with 20 % of gray. 90 % of 
white with 10 % of gray. and 100 % of white tin 4). On the one of 20 % 

1) M. R. ANDREWS. Phys. Rev. (2). 17. 261. 1921. 
2) K. DOUWES DEKKER. Diss. Utrecht 1927. 
3) IE. at least. the difference in density of the two modifications is not too small. 

(Cf. A. L. TH. MOESVELD. Chem. WeekbI.. 2 •• 485. 1927). 
4) During the exposure the temperature was continually about 18°. Tbe temperature of 

tbe transitionpoint gray;! white tin is 13°. 
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of gray tin we see clearly the strongest line of gray tin (indicated with an 
arrow.) On the print of 10 % of gray tin we can still see a trace of that 

Fig. I. 

line. so indistinct however. that it would. no doubt . have not been observed. 

if we had not been informed beforehand of the composition of the 
preparate. This proves that a pollution with as much as 10 % of another 
modification might have remained unnoticed in LEVI'S experiments. 
Moreover it is very striking that in LEVJ's table some rather distinct lines 
(21 and 41) are given for the yellow substance. which were not found in 
the red. LEVI does give an explanation for it; but his line of argument 
does not seem to me very sound. As regards th is facto there is a striking 
agreement with figure I above. 

Meanwhile it must be observed that when the time of exposure is ten 
times long er - apart from the absorption of the rays in the preparate -
the lines of the 10 vol. % of admixture ought to be seen as weil as the 
lines of 100 % of admixture with a normal time of exposure. It might 
happen that. on account of the long exposure the lines of the 90 % of 
main product would be so much over-exposed. that the lines of the 
admixture would be rendered invisible. Vet it does not seem impossible to 
trace sometimes small percentages of a new modification by means of the 
way indicated. It even seems to be possible to make quantitative deter
minations with it. Experiments on this subject will be made in this 
laboratory . We shall also try to make this method serve for quantitative 
analysis. when the components have a different chemical composition 1). 
Qualitatively some results have already been obtained 2) . 

In cases. in which the densities of the two modifications do not differ 

1) La. L. VEGARD in the case of mixed crystals. 
2) HULL could distinguish among other things Erom the photos between the cases that 

the powder was a mixture of NaCI and KP. and that it was a mixture of NaF and KCI. 
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very much , so that the other methods for tracing modifications (dilato
meter ) leave us in the lurch , the Röntgenometric method, given above, 
may be of great importance. Yet we must not forget that the radiation 
itself might act as a catalyst, which accelerates the transformation of the 
labile into the stabIe modification. This chance, however, is not very great, 
and perhaps we might also reduce it to a smaller compass by using many 
greatly different wavelengths. 

VAN 'T HOFF-Laboratory. 
Utrecht, October 1927. 



Anatomy. - The Proportion of cerebellar to total brain weight in 
Mammais . By IRMARITA KELLERS PUTNAM 1) M .D . (Communicated 
by C. U. ARIËNS KAPPERS). 

(Communicated at the meeting of December 17, 1927). 

There are few data available upon the proportion between the weight of 
the cerebellum and that of the who Ie brain in mammals. Perhaps this is 
partly because there are few large collections of mammalian brains in 
existence. Moreover figures which do exist in the Iiterature coming from 
different sources are not comparable as the cerebella have been removed in 
no standard fashion and the weighing of the brain has been done under 
varying conditions and generally with the meninges, at the least with the 
pia mater and parts of the arachnoid 2). 

Material and Methods . . 

A hundred mammalian brains of the collection at the Central Institute for 
Brain Research, Amsterdam, we re used for this investigation. The body 
weights and the ages of the animals were not noted. The collection included 
old and young anima Is, but no foetal brains nor brains of new born animals 
were included. The brains mentioned below had all been preserved, without 
meninges, for varying lengths of time in 4 % formaldehyde (10 % 
formaline). Brains in 10 % formaline (4 % formaldehyde) , according to 
FLATAU (1897) , the first month of preservation increase from one to two 
per cent of their original weight. 

Between the first and fifth months they loose some of th is initia I increase, 
so that at the fifth month they are only one per cent heavier than their 
original weight and remain so for the following months (FLATAU'S 
observations covered 15 months). Most of the brains in this series we re 
preserved for a still longer period. As however in the last ten months of a 
fifteen months preservation the then obtained increase of 1 % does not 
change, there is Iittle reason to believe that it should increase later. 

There is a slight percentage difference between weight changes in brain 
and spinal cord during similar preservation. Wh ether there is a difference 
between the change of the cerebellar weight and the rest of the brain we 
do not know. We can assume however that this is very slight. 

I) Holder of the Vassar Alumnae Fellowship for graduate study, 1925-1926. 
2) Weighing the brain with the pia (and part of the arachnoid) includes a source of 

errors, as th is tissue may keep a fairly great deal of the preservation Huid. 

11 
Proceedings Royal Acad. Amsterdam. Vol. XXXI. 
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In alcohol on the other hand brains loose large amounts of weight and the loss is 
continuous, so that at the end of fifteen months a brain has lost thirty four per cent of its 
original weight. We have listed only one brain preserved in this way (cf. p. 162). 

The hypophysis, which was of ten allowed to remain in the sella turcica, 
when the brain was removed from the skull in the zoological garden, was 
dissected oH those brains where it was still attached in order to equalize 
conditions. All meningeal tissue was carefully removed 1) . 

The cerebellar peduncles we re severed just above the emergence of the 
seventh and eigth nerves tangential to the brain stem, care being observed 
to leave the posterior corpora quadrigemina and the fourth nerve intact. 
The brain stem was cut 3 mm below the calamus scriptorius. Pains were 
taken to perform these manipulations as nearly as possible in the same way, 
as it is obvious that each one of them involves a source of error. 

Of some of the brains only one half was available the other half being 
cut in microscopical sections. In these cases the hemisection is mentioned 
in my tab les. They were only used for this statistic if it appeared that the 
hemisection was accurately made, and thus did not influence the percentage 
relation. 

Weighing was done on a chemical balance sensitive to a milligram. The 
brains were removed from formaldehyde , dried with a soft towel (so that 
there was no more draining of f1uid) and weighed directly, exposed to the 
air during the process. Very little time was required for this, since 
preliminary weighings had been made on the previous day to facilitate the 
final weighing. 

It was found that one individual could so standardize the amount of 
drying and that there was less variation between two weighings of the same 
brain on successive days by this method than by either of the methods 
described in the next paragraph. Also it was found that the variations for 
small bra ins we re less than for large brains which was the reverse with the 
other two methods. This is important because very slight changes in the 
weights of the small brains cause large percentage variations, while the 
reverse is the case for the large brains. However, these variations also 
constitute a source of error. 

Dr. RICHARD S. LYMAN of Rochester University, New-York to whom I am indebted 
for much help, determined during his sojourn in the Central Institute - for Brain Research 
the rate of loss of moisture when brains were allowed to dry in the open air, and found 
that a constant state of dryness was not reached at any point. As was to be expected 
the rate of loss was proportional to the surface area so that the cerebellum lost weight 
more rapidly than the rest of the brain and small brains more rapidly than large ones. 
An attempt was also made to bring the brains to a constant state of moisture by keeping 
them in a moist chamber. 

While the daily variations of these brains were less than the hourly variations whkh 
Dr. LYMAN obtained, they were still greater than the variations obtained by the method 

I) This may explain that the brain weight of several animals is less than the figures 
mentioned in the current litterature. 
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described in the paragraph above, which was therefore chosen for the series. Comparative 
results of the three methods applied to a brain of a young Nasua narica (preserved 
in formaline 10 %) are recorded below to establish the justiflcation of th is choice. (Tabie I). 

I. Brain exposed to air during live hours (Determinations by R. S. LYMAN). 

Moment of weighing Cerebellar w . Cerebral w. Total brain ~. \ Cerebel. perc. 

Aug . 13tb 11.35 AM.I 2.83 gr. 20.73 gr. 23.56 gr. 12.00% 

.. .. 12 .00 M . 2.79 .. 20.59 .. 23.38 .. 11.93 .. 

.. .. 12.30 PM. 2.75 .. 20.i6 .. 23.21 .. 11.8i .. 

w .. 1.00 w 2. 73 .. 20 .37 .. 23.10 .. 11.82 .. 

.. .. 1.30 .. 2.70 .. 20.20 .. 22.96 .. 11.76 .. 

.. .. 2.30 .. 2.65 .. 20.09 .. 22.7i .. 11.61 .. 

.. .. 3.30 .. 2.60 .. 19 .93 .. 22.53 .. 11. 53 .. 

.. .. i.30 .. 
I 

2.55 .. 19 .77 .. 22.32 .. 11. i2 .. 

11 . Brain kept in moist chamber. 

Sept. 5th 2. 78 gr. 20.22 gr. 23.00 gr. 12.20% 

6th 1·1.00 AM. 2.715 .. 20.155 .. 22.90 .. 12.0 .. 
i .OO PM. 2.7i .. 20.0i .. 22.78 .. 12.05 .. 

7th 2.72 .. 20 .00 .. 22 . 72 w 11.99 .. 

.. 12th 2.67 .. 19 . 72 .. 22.39 .. 11. 96 .. 

.. Iith 2.61 .. 19.58 .. 22.22 .. 11. 88 .. 

111. Brain removed from formaldehyde softly dried and weighed directly 

Sept. 15th 

16tb 

17th 

2.73 gr. 

2.71 .. 

2.73 .. 

20 . 53 gr. 

20.57 .. 

20 .5i .. 

23.26 gr. 

23 . 31 .. 

23.27 .. 

11.73% 

11. 70 .. 

11. 73 .. 

The method of weighing under water might be still more accurate. However, this method 
was not tried as it was thought too elaborate for this purpose. The temperat~re of the 
water influencing the specillc gravity of the particular water used, movements in the water 
must all be carefully controlled, if th is method is to be as accurate practically for our 
purpose as it is theoretically. 

The re su lts of the weighings are given in the accampanying tabIe , which 
shows the weight of the cerebellum, that of the cerebral hemispheres and 
stem, the tatal brain weight and the proportion between the weight of the 
cerebellum and that of the tatal brain, expressed as a percentage of the latter. 

11'* 
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The classification of the animals is essentially that of OSBORN (1910). 
The primates however. are listed according ELLIOT (1913) . 

ORDER RODENTIA. 

I Wt. cereb· 1 Wt. cerebr· 1 
Wt. 

0/ 0 cereb. together 

Sciuridae. 

Pteromys nitidus 1.39 gr. 7.50 gr. 8.89 gr. 15.62% 

Cynomys ludovicianus 1.5 .. 9.95 .. 11.45 ~. 13.10 .. 

Echinosciurus aureogaster . 96 .. 5.24 .. 6.20 .. 15.45 .. 

Heterosciurus notatus . 65 " 3.63 .. 4.28 .. 15.18 .. 

Leporidae. 

Lepus cuniculus .94 .. 6.07 .. 7.03 .. 13.4 .. 
H ysfricidae. 

Hystrix cristata 2.9 .. 16.3 .. 19.2 .. 15.00 .. 

Hystrix javanica (hemiseet.) 1.39 .. 8.23 .. 9.62 .. 1i.45 .. 

Coendu prehensilis 2. 57 .. 16.26 .. 18.83 .. 13.62 .. 
Chinchillidae. 

Lagostomus trichodactylus 1.9 .. 13.48 .. 15.38 .. 12.35 .. 

Dasyproctidae. 

Dasyprocta aguti 2.32 .. 17.58 .. 19.90 .. 11.65 .. 

Dasyprocta aguti 2.08 .. 13 . 73 .. 15.81 .. 13.12 .. 

Octodonfidae. 

Myopotamus coïpu 1.13 .. 10.33 .. 11.46 .. 9.80 _ 

ORDER EDENTATA. 

Myrmecophagidae. 

Myrmecophaga jubata 8.67 gr. H.4 gr. 52.07 gr. 16.52% 

Bradipodidae. 

Choloepus didactylus 5.27 .. 25.68 .. 30.95 .. 13.84 .. 

Choloepus didactylus 4.5 .. 24.31 ,. 28.81 .. 15.55 .. 

Choloepus didactylus (hemisection) 2.3 .. 12.16 .. 1i.46 .. 15.90 .. 

Da$ypodidae. 

Dasypus villosus 2.19 .. 12.86 .. 15.05 .. 1i.53 .. 



159 

ORDER UNGULATA. 

Sub Order Artiodactyla. 

Dicotylidae. 

Dicotyles labiatus 

Camelidae. 

Camelus dromedarius 

Auchenia glama 

Giraffidae. 

Camelopardalis giraffa (young) 

Cervidae. 

Cariacus nemoralis 

Alces mach lis 

Cervulus munt jac (young spec.) 

Rusa hippelaphus 

Rusa hippelaphus 

Rucervus Eldi 

Dama dama 

Ovidae. 

avis tragelaphus (small spec .• hemisect.) 

avis tragelaphus 

Capra hircus (sm all spec.) 

Antilopes. 

Antilope cervicapra (hemisect.) 

Antilope borea 

Oreas Livingstoni 

Catoblepas gnu (small spec .• hemis.) 

Anoa depressicornis 

Sub Order Perissodactyla. 

Equidae. 

Equus caballus 

Equus asinus 

Tapiridae. 

Tapirus indicus 

IWt. cereb.1 Wt. cerebr·1 
Wt. 

together 

7.67 gr. 

57.5 .. 
20 .23 .. 

53.3 .. 

13 7 .. 
27 . 8 .. 
4.'15 .. 

19 . 37 .. 

19.7 .. 
21.9 .. 
1'1.9 .. 

12.1 .. 
19 .. 
10.35 .. 

5.35 .. 

6.3 .. 
37 .2 .. 
7. 26 .. 

18.7 .. 

57 gr. 

36.5 .. 

27.77 • 

58.98 gr. 66.65 gr. 

'120.- .. '177.5 .. 
128.85 .. 1'19.08 .. 

'133.- .. 486.3 .. 

11'1 .4 .. 128 . 1 .. 
232.5 .. 260 .3 .. 
39.5 .. '13.95 .. 

116 . 15 .. 185.52 .. 

166.2 .. 185 .52 .. 

179.7 .. 201.6 .. 
1'16.5 .. 161.'1 .. 

107.15 .. 119.25 .. 

173 . - .. 192.- .. 
73 .6 .. 83 .95 .. 

4'1 . 5 .. 49.85 .. 

53.95 .. 60.25 .. 

395.4 .. '132.6 .. 
66 .3 .. 73.56 

" 
163 .3 .. 182.- .. 

4'16 gr. 503 gr. 

298 .2 .. 33'1.7 .. 

213 . 12.. 240.89 .. 

010 cereb. 

11.55 % 

12.05 .. 

13 .60 .. 

10.90 .. 

10 .70 .. 

10.65 .. 

10.12 .. 

10.4 .. 
10.6 .. 
10.86 .. 

9 .22 .. 

10.1 .. 
9 .87 .. 

12 .32 .. 

10 .75 .. 

10.45 .. 

8.65 .. 

9.86 .. 

10.26 .. 

11.3 % 
10 .92 .. 

13 .00 .. 
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ORDER PROBOSCIDAE. 

Iwt. Cereb. , Wt. ct>rebr· 1 to:~er % cereb. 

Elephas indicus (smal! specim.) 1923. - gr. 12816 . -gr.13739. -gr.1 24.68 % 

ORDER ODONCETI. 

DelphinidBe. 

Phocaena phocaena (hemisection) 28.85 gr. 157.86 gr. 186.71 gr. 

Phocaena phocaena 58 .- .. 332 . - .. 390.- .. 

ORDER CARNIVORA. 

UrsidBe . 

Ursus arctos (young sp.) 

Ursus marltimus 

Heliarctos malayanus 

MustelidBe . 

Lutra vulgaris (hemisection) 

Lutra vulgaris (hemisection) 

Putorius putorius 

Mustela erminea (hemisection) 

Mustela erminea (hemisection) 

Mustela foina (hemisection) 

Meles taxus 

ViverridBe. 

Paradoxurus musanga (hemisection) 

Arctitis binturong (hemisection) 

Herpestes griseus 

CBnidae. 

Canis familiaris 

Canis familiaris 

Black and Tan (hemisection) 

Retriever (hemisection) 

Dachshund 

Span iel 

Airdale Terrier 

36.- gr. 196 . - gr. 232.- gr. 

68.8 

40.7 

2.05 .. 

1.94 .. 

0 .61 .. 

0.3 .. 

0.22 .. 

0.40 .. 

5 . 39 .. 

1.22 .. 

2.17 .. 

1.18 .. 

4.55 .. 

7.- .. 

3 .82 .. 

4.24 .. 

5.62 .. 

8.57 .. 

7.18 .. 

365.5 434.3 

211.65 .. 252 . 35 .. 

22 . - .. 

16 . 3 .. 

4 . 77 

2.27 .. 

1. 84 .. 

2 . 81 .. 

38.42 .. 

7 . 35 .. 

12 . 63 .. 

9 . 38 .. 

46.75 .. 

66.93 .. 

33 . 70 .. 

42 . 12 .. 

62 . 81 .. 

81.7 

72 .65 .. 

24.05 .. 

18.24 .. 

5 . 38 .. 

2 . 57 .. 

2 . 06 .. 

3 . 21 .. 

43 . 81 .. 

8.57 .. 

14.80 .. 

10.56 .. 

51.30 .. 

73.93 .. 

37 . 50 .. 

46 . 36 .. 

68.43 .. 

90.27 .. 

79.83 .. 

15.49% 

15.- .. 

16.30% 

15.75 .. 

16 . 10 .. 

8.38 .. 

10.69 .. 

11.30 .. 

11.66 .. 

10 .65 .. 

12 .60 .. 

12.29 .. 

14.28 .. 

14.65 .. 

11.17 .. 

8 . 9 .. 

9.6 .. 

10.18 .. 

9.15 .. 

8.25 .. 

9.50 .. 

9.17 .. 
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I Wt. Cereb., Wt. cerebr., to~~er I % cereb. 

Wolf Hound (hemisection) 3.81 gr. 35.97 gr. 39.78 gr. 9.60% 

Shepherd Dog (hemisection) 3.18 .. 32.7 .. 35.88 .. 8.85 .. 

Gordon Setter (hemisection) 3.80 .. 41.80 .. 45.60 .. 8.46 .. 

Collie (hemisection) 4.2 .. 35.66 .. 39.26 .. 10.62 .. 

German Dog 10.2 .. 87 .42 .. 97.62 .. 10 .4 .. 
Irish Setter 7 .94 .. 73.62 .. 81.56 .. 9 . 70 .. 

Boxer (hemisection) 3.28 .. 32.72 .. 36 . - .. 9.02 .. 

Canis lupus 5.67 .. 5B.43 .. 64.10 .. 8.85 .. 

Vul pus lupus opus (hemisection) 1. 64 .. 12.11 .. 13 . 75 .. 11.90 .. 

Felidae. 

Zibethailurus pardalis (hemisection) 2 . 57 .. 22.39 .. 24 .96 .. 10.30 .. 

Zibethailurus pardalis 6.98 .. H.51 .. 51.49 .. 13.56 .. 

Fel!s leo 19.65 .. 167.24 .. 186.92 .. 10.52 .. 

Felis leo (hemisection) 8.78 .. 86.95 .. 95.73 .. 9.28 .. 

Felis concolor (hemisection) 7.53 .. 48.11 .. 55.64 .. 13.05 .. 

Felis concolor (hemisection) 5.78 .. 45.11 .. 50.89 .. 11.36 .. 

Felis macrosceles nebu10sa 6.13 .. 39.03 .. 45 . 16 .. 13 . 52 .. 

Lynx lynx 5 . 78 .. 36.31 .. 42.09 .. 13.70 .. 

Phocidae. 

Phoca vitulina (small spec.) 26.10 .. 143.40 .. 169.50 .. 15.4 .. 
Phoca vitulina 29.5 .. 179.- .. 208.50 .. 14.1 .. 

ORDER PRIMATES. 

Prosimiae. 

Daubentonidae. 

Cheiromys madagascariensis (sm. spec.) 

Lemuridae. 

Lemur catta 

Lemur macaco (hemisection) 

Lemur mongoz (hemisection) 

3.38 gr. 22.23 gr. 25 .61 gr, 

1.38 .. 

1.42 .. 

1.40 .. 

9.03 .. 

9.- .. 

9.17 .. 

10.41 .. 

10.42 

10.57 .. 

13.18 % 

13.35 .. 

13.60 .. 

13.23 .. 



162 

Wt. cereb. Wt. cerebr. Wt. 
0/ 0 cereb. together 

Simiae. 

Callitrichidae. 

Call1thrix pygmaea 4.66 gr. 37 .61 gr. 41 .27 gr. 11.-% 

Hapale jacchus . 25 .. 2.6 " 2.85 .. 8. 75 .. 

Oedipomidas oedipus \ average o~ two 

Oedipomidas oedipus hemlsectlons 
. 8 .. 6.85 " 7.65 .. 10 .375 .. 

Cebidae. 

Mycetes la niger . 55 ., 6.03 .. 6.58 .. 8.36 .. 

Chrysothrlx sciureus 3 .76 .. 28.30 .. 32.06 .. 11. 70 .. 

Nyctipithecus trivirgatus . 38 .. 3 .06 .. 3.44 .. 11.06 .. 

Ateles ater (hemisect.) 4 . 15 .. 3i.- · .. 38.15 .. 10 .86 .. 

Lagothrix lagotricha 9.7 .. 76 . 58 .. 86.28 .. 11. 22 .. 

Cebus hypoleucus (hemisect.) 2.32 .. 23.2 . 25.52 .. 9.09~ 10.88 
Cebus hypoleucus (hemisect.) 2.6 .. 17 .92 .. 20.52 .. 12.68 

Cebus fatuellus \ average of two 2.78 " 25.10 .. 27.88 .. 9.95 .. 
Cebus fatuellus hemisections 

Lasiopygidae. 

Cynocephalus hamadryas 10.15 .. 8i .50 .. 94.65 .. 10.70 .. 

Cynocephalus porcarius (hemisection) 7.8 .. 67 .88 .. 75 .68 .. 10.30 .. 

Macacus rhesus 7.04 .. 70 .6 .. n .6i .. 9.05 .. 

Macacus rhesus 6.07 .. 65.3 .. 71.37 .. 8.65 .. 

Cercocebus fuliginosus 1.94 .. 16 .3 .. 18.2i .. 10 .62 .. 

Mona mona (hemisection) 2.39 .. 24.8 .. 27.19 .. 8.80 .. 

Inuus inuus 7.03 .. 72.53 .. 79.56 .. 8.80 .. 

Cercopithecus callitrichus 5.42 .. 50 .26 .. 55.68 .. 9.70 .. 

Erythrocebus patas 6.93 .. 6i.76 .. 71.69 .. 9.66 .. 

Semnopithecus entellus (hemisection) 4.17 .. 38 .61 .. i2 .78 .. 9.75 .. 

A nthropoidae. 

Simia satyrus 30 .8 .. 191.4 .. 222 .2 .. 13 .86 .. 

Simia satyruB (hemlsection) 14.11 .. 92.32 .. 106.i3 .. 13.25 .. 

Troglodytes niger (hemisect.) 18 . 1 .. 102.5 .. 120.6 .. 15.-~ H .05 
Troglodytes niger (hemisect, alcohol) 17.27 .. 114.19 .. 131. i6 .. 13.11 
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Discussion. 

The establishment of the percentage variations in individuals is a 
necessary prelimenary to any interpretation of figures involving the larger 
groups. Unfortunately this collection contains few duplicates. Where more 
than one individual of a species is present, the maximum difference between 
the percentage weights is 3.59 as may be seen in the following tabIe. 

111. Percentage variation between different individuals of the same species. 

Species Individual Percentage I Differences in percentage 

Ovis tragelaphus 10.10 0 .23 
11 9. 87 

Macacus rhesus 9.05 0.40 
11 8.65 

Simia satyrus I 13 .86 0 .61 
11 13 .25 

Mustela erminea 11.66 1.01 
11 10.65 

Felis leo I 10.52 1.24 
11 9.28 

Phoca vitulina 15.4 1.30 
11 H.l 

Dasyprocta aguti 13.12 1.47 

11 11.65 
Fells concolor 13.05 1.69 

11 11.36 

Rusa hippelaphus 10.60 0.20 
11 10.40 

Troglodytes niger 15.- 1.89 

11 13.11 

Choloepus di dactylus 15.90 2.06 
11 15.55 

111 13.84 
Lutra vulgaris 10.69 2. 31 

11 8.38 
Zibethailurus pardalis I 13.56 3.26 

11 10.30 
Cebus hypoleucus 12.68 3.49 

11 9.08 

In connection with th is percentage variation among individuals, it is 
profitable to consider the figures reported by ARIËNS KAPPERS (1926), who 
also found a considerable range of variation amongst man. 
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The percentages of cerebellar to total brainweight in the brains 
of 25 Dutchmen were 8 % to 12.6 % a range of 4.6 ; 
of 22 Chinese 8.61 % to 12.22 % a range of 3.61 ; 
of 8 Japanese 9.51 % to 11.25 % a range of 1.74. 

It is very difficult to teil the cause of these variations and highly 
improbable that the cause in each case is the same. 

For man WEISBACH (1867), who made a similar observation, believed the 
heavier specimens to have the greater cerebellar percentage. 

The question wether body si ze has any influence on the cerebellar 
percentage of animals can be best controlled by comparing smaller and 
larger, though both adult representatives of the same species as enumerated 
in tab Ie 111. 

Of the anima Is mentioned th ere only of the two Mustela erminea, the 
two Zibethailurus pardalis and the two Felis concolor and two Simia 
satyrus, the largest specimens (according to the total brain weight) had 
larger cerebella. 

On the other hand, however, of the two Dasyproctae, three Choloepus, 
two Ovis tragelaphus, two Lutrae, two Phocae and two Phocaenae, the 
specimen with the greatest (total brain) weight had a smaller percentage of 
cerebellum. From this no evidence can be obtained in favor of a constant 
influence of the bodysize (or total brainweight) in the percentage of the 
cerebellum. 

Also KAPPERS could not confirm WEISBACH'S opinion - that a larger 
weight should be constantly correlated with a larger cerebellum, although 
this occassionally occurs. 

I have also made a comparison between the different representatives of 
the same order, suborder or genus wherever more than two specimens were 
available, just as I did in the cases of species. The advantage of this 
comparison is moreover th at the differences in size are greater and more 
constant though certainly also other factors come in here (vide infra). 

Here also it is evident that WEISBACH'S thesis does not hold good as 
in the majority of cases the smaller genus has a higher percentage. So in 
the rodent suborder of Sciuridae the largest of all, Cynomus ludovicianus, 
has a cerebellar percentage of 13.10 %, whereas the average'of the smaller 
Pteromys, Heterosciurus and Echinosciurus is more than 15.40 %. Amongst 
Antilopes 1) the large Oreas Livingstoni has only 8.65 %, while all the 
others have about 10 % or more, the small Antilope cervicapra even 10.75 %, 
the highest percentage aIilongst this suborder. 

The same is observed comparing the Camel (12 .05 %) with the smaller 
Lama (13.60 % ). The Giraffa, stilliarger than the Camel, has only 10.90 %. 

Amongst the Ovidae the smaller Capra hircus has a higher percentage 
than the larger Ovis tragelaphus. In the suborder of the Perissodactyla the 
smaller Tapir has a higher percentage than Equus caballus and asinus. 

1) Amongst the Cervidae the percentage varies 50 little that this suhorder seems to he 
lesa fit for comparison. lts result would not he in favor of any rule in this respect. 
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Àmongst the carnivorous sub order of the Ursidae we find that the largest 
representative Ursus maritimus has less cerebellum than bath others. 
although in this whole suborder the percentage is very high (vide infra). 

In the Mustelidae1 ) and Canidae na constant rule can be observed. It 
is however striking that of Canis lupus. Vulpes lupus and Vulpus lupus 
opus the latter. the smallest, again has the highest percentage. The same 
holds good if we compare the average figure of the two Felis leo. with the 
average figure of the two Felis pardalis and the average figure of the two 
Felis concolor. the average cerebellar percentage of the lion. which is the 
greatest animal of this family. being the smallest. 

Ainongst Prosimiae the smaller Lemurs have a slightly higher percentage 
than Chiromys. 

Sa we see that if there is any rule. it is certainly not in favor of 
WEISBACH'S conception but more Iikely in favor of the higher percentage 
in the smaller representants. 

That. however. also this is not constant appears amongst others from the 
figure of Myrmecophaga compared to Choloepus and the figure of Cer~ 
cocebus fuliginosus compared to those of Cynocephalus hamadryas and 
Anthropoids. From this results that other factors. than the size of the body 
excercize a considerable influence on this figure. 

Among these factors are the different cephalization coefficient of dif~ 
fe rent animals and same physiological differences that cannot be expressed 
in matter of cephalization. 

Considering the percentages of cerebellar weight. we have to realize that 
th is percentage may change as weil by varia ti on in the forebrain develop~ 
ment as by variation in the weight of the cerebellum itself. 

Variation in forebrain development will chiefly occur between orders and 
suborders where the cephalization index is very different. as th is 
cephalization index largely depends on the forebrain. since this represents 
the greater mass of the encephalon. 

Sa it may be explained that the average cerebellar % in man is only 
10.5 % (KAPPERS) while in Anthropoids it is 13.72 %. 

The question however arises if greater cephalization necessarily 
diminishes the cerebellar percentage. If for this we consider the different 
orders it appears that although in each order there are considerable 
variations (see below) same of the highly cephalized animals are conspicuous 
by their large cerebellar percentage. 

Among these are the Proboscidae. Pinnipedii. Odontoceti and Edentata. 
compared to their next relatives. In the Proboscidae. Pinnipedii and 
Odontoceti th is fact is the more striking as their cephalization also is very 
considerable (according to OUBOIS ) compared to their next relatives. 

We may conclude from this that in these anima Is the motor synergia has 
acquired an extraordinary precision. Sa in the Elephant the ability 
for complicated movements may be related to the large cerebellar per~ 

1) Por the Viverridae see below. 
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c-entage. This animal possesses very precise independent monolateral 
movements of its extremities and a very fine adjustment of its trumpet. 

In the ~innepedii and Cetacea it is chiefly the swimming movement that 
involves a great cerebellar capacity. The agility of sealions is weil known 
as also their equilibric acrobatics outside the water, of ten shown to the 
public. In Dolphins, who easily swim around a quickly moving steamer, the 
motile capacities are equally striking. 

Still in both animals the cerebellar organization is very different. In the 
Pinnipedii, who greatly use their forelegs , the hemispheres of the cerebel~ 
lum (the center of independent movements of the legs, BOLK) are increased. 
In the Cetacea , who have no extremities and where the strong tail is the 
sole moving agent, the pars f10ccularis is enlarged and the paraflocculus is 
enormous (BOLK) on account of its pontine connections (R. B. WILSON) and 
is chiefly responsabIe for the great si ze of the cerebellum. Now it is striking 
that in the whale , Balaenoptera sulfurea KAPPERS found a still higher per~ 
centage of cerebellum (18.95 %) than I did in Phocaena (15 % ). Still 
the motile capacities of Balaenoptera are not nearly the same as those of 
Phocaena, as they hardly can followafast steamer. So I. am inclined to 
believe that the higher cerebellar index in Balaenoptera is influenced by 
its cephalization index (which according to OUBOIS is only 2/3 of that of 
the Odontoceti) , as it is very probable that this smaller cephalization is 
largely due to the comparatively smaller forebrain in Balaeonoptera, which 
is also more dolichocephalous than the forebrain of Odontoceti, whose 
greater brachencephaly, according to KAPPERS (1927) , is also a result of 
greater forebrain development. 

As far as concerns the high cerebellar index in Edentates this fact may 
be due to the special character of their movements , which though being 
extremely slow, are highly complicated and require much independency 
of each extremity. 

The accuracy of movements, even if slow, is of importance here as this 
involves a great deal of inhibition and synergia, which, as we know, are 
located in the cerebellum (TILNEY and RILEY). That Myrmecophaga has a 
still higher percentage than the other Edentates examined may be explaned 
by the fact that in addition to its extremities it has a very long snout, which 
is used as a sort of trumpet, for gathering food , as does the Elephant, 
and certainly has great proprioceptive capacities. 

The influence of the character of the motitility of an anima I is also seen 
in the Cervidae, which though being quick, have a great simplicity of gait, 
their extremities acting in a rather monotonous rythmic collaboration 
(alternation ) of both sides. They have the lowest average of cerebellar 
percentage. 

Among the order of Carnivora, there is a striking and fairly constant 
difference between the various suborders, the cerebellar percentage being 
the largest in the Ursidae, next come the Viverridae, then the Felidae, 
followed by the Mustelidae and finally the Canidae. 
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It is interesting however, that of the Carnivora the Ursidae also have the 
highest cephalization index , which might make us expect (cf. p. 165) that 
their cerebellar index should be smaller, as in the comparison of Odontoceti 
and Balaenoptera the cerebellar percentage is smaller in Odontoceti. 

It is however weIl known that the capacities in Hner adjustment of 
independent movements of the limbs and in conformity the proprioceptive 
instrument are very highly developed in bears. As they also have the 
greatest cephalization (according to DUBOlS Ursus malayanus holds a 
position amongst Carnivora as the anthropoids do amongst monkeys) , we 
have here a case similar to that of the Elephant. As in the latter it is not 
improbable that in the cephalization of Ursus these proprioceptive functions, 
which are projected both on the cerebrum and on the cerebellum, but which 
are preponderant for the cerebellum, act the largest part. 

On the other hand the relatively high cerebellar percentage of Viverridae 
is more likely due to the smaller development of their forebrain in comparison 
to other carnivora, the Viverridae having the lowest cephalization among 
Carnivora (DUBOlS ). 

This would also explain their relation to the Mustelidae, which as a ru Ie 
are more cephalized 1) . 

A very interesting phenomenon is offered by comparing Canidae and 
Felidae, two genus in which the coefficient of cephalization is practically 
the same. 

Still we see that the Felidae have a higher average figure for the 
cerebellar percentage as dogs have. In none of the dogs the % mounts 
higher than 10% % whilst in the Felidae the average is far above this 
figure, rising even to 13.70 %. . 

This difference no doubt should be explained by the difference in motile 
abilities in both genus, those of the Felidae being doubtless much more 
developed than in dogs, specially as far as concerns Hner adjustment of 
independent (unilateral) movements of each of the forelegs. 

From the view point attained in th is report it is an interesting fact that, just as the 
Elephants and the sealions (Pinnipedii), also the Ursidae and Felidae belong to those 
animals to whom tricks of equilibration can be best taught. 

In the Primates the Prosimiae have a greater cerebellar % than the real 
monkeys. As their forebrain (which does not entirely cover the cerebellum, 
as it does in most monkeys) is relatively small, this might explain the 
higher cerebellar %, rather than a differeÎlce in motiIe abilities, that are 
great in both. 

On the other hand the highest cerebellar percentage amongst all Primates 
is found in the Anthropoids, who at the same time are more cephalized , sO' 
that as in the Elephant, Ursidae, Felidae imd Pinnipedii , this high cerebellar 

I) The smaller % in the latter does not necessarily include a smaller deve10pment of 
the cerebellum in relation to the body. 
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percentage can only be explained by their special cerebellar proprioceptive 
capacities. 

From what is said above it appears that just as the Ursidae. Felidae 
and the EIephant and Odontoceti. so the Anthropoids. more than other 
monkeys should be considered as special cerebellar animaIs. - since in 
spi te of their higher cephalization their cerebellar percentage is greater than 
that of their next relatives. On the other hand the fact that men have 
a cerebellar index smaller than Anthropoids should be ascribed by the 
greater development of the forebrain. 

Summary . 

10. A comparison of the proportion between the weight of the 
cerebellum and the total brainweight in a series of mamma Is shows no 
constant correlation between the size of the animal and the proportionate 
weight of the cerebellum. 

20. Factors such as cephalization coefficient and capacities of adjust~ 
ment of the extremeties. tailor trumpet have the greatest influence in the 
relative proportions. 

3°. AnimaIs. naturally endowed with special motiIe capacities. including 
those used for special motiIe tricks such as the · e1ephant. sealions. cats. 
bears and anthropoids have the greatest cerebellar percentage. 
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Chemistry. - Osmosis of ternary liquids. Experimental part. 11. By 
F. A. H . SCHREINEMAKERS and B. C. VAN BALEN WALTER. 

(Communicated at the meeting of February 25. 1928). 

In the preceeding)) communication (Exp. I) we have discussed the 
apparent osmosis of the systems I-V consisting of NaCl +Na2 C03 + 
H 20; now we shall discuss the apparent osmosis of systems. consisting 
of Na2S206 + BaS206 + H 20; we shall call these the systems VI-XII. 

The left side liquid L) of these systems 

L) : L') (1) 

only contains H 20 + BaS206 (dithionate of barium). the right si de 
liquid L') only H 20 + Na2S206 (dithionate of natrium). If infigs. 1 and 
2 we draw the amount of Na2S206 on the X~axis and on the Y~axis 

the amount of BaS206 of these liquids. then L) is represented. therefore. 
by a point 1 on the Y~axis and L') by a point I' on the X~axis. 

It appears from the tables VI and VII that the paths VI and VII 
(fig. 1) have approximately the same points 1 and 1'; the same obtains 

I 

w ----~~------~~4X 
/' 

Fig. 1. 

for the paths VIII-X. of which only path VIII has been drawn in 

)) The communications with the "General consideration" are cited as: Gen. I. Gen. 11 
etc. ; those with the "Experimental part" as: Exp. 1 etc. 
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fig. 1; their points 1 also coincide approximately with those of the other 
paths in fig. 1; the points 1 and I' of the paths XI and XII in fig. 2 
also coincide approximately. 

Wll--------!:~!!!i.e--+ 

Fig . 2. 

We shall first consider the X (Na2S206)~amount of these systems. It 
appears from the tab les and also from the form of the paths in fig. 1 
and 2 that during the whole osmosis in each system the X~amount is 
smaller on the left side of the membrane than on the right side. that it 
increases continuouslyon . the left and decreases continuouslyon the 
right. For all these systems VI-XII. therefore. obtains the symbol: 

t < ! (2) 

Consequently during the whole osmosis the X~amount changes 
normally-normally. 

So. the Na2S206 in these systems behaves in the same way as the 
NaCI in the systems I-V (Exp. I). This also appears when we draw 
the X. t~diagrams of these systems VI-XII with the aid of the tab les ; 
th en we see that they can be represented by fig . 2 (Gen. 11). which 
also schematically represents the Xt~diagrams of the systems I-V. 

We now consider the Y (BaS206)~amount of the systems VII-XII; 
that of system VI we shall leave out of consideration for the present. 
From the tables and also from the figs . 1 and 2 it appears that the 
change can be represented by : 

! > t (3) 

TheY~amount of the systems VII-XII changes. therefore. normally
normally during the whole osmosis. 

IE we draw the Y t~diagrams of these systems with the aid of the 
tables. then we see that they can be represented by fig. 2 (Exp. I). 
which also schematically represent the Y; t~diagrams of the systems I-V. 

Otherwise it is,however. with the Y-amount of system VI. It appears 
namely from table VI that this amount increases in the left side liquid, 
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starting from 1. becomes a maximum in the determination noted with a 
+. and decreases afterwards; the Y~amount of the right side liquid. 
however. continuously increases. Consequently branch 1. e of path VI 
consists of an ascending part 1 . a and a descending part a .e.; in point 
a the Y~amount is a maximum. 

For part 1 . a (and I'. a') of the pa th obtains. therefore: 

.. t > t (4) 

and for the further part a. e (and a' . e): 

t > t (5) 

So we find: the Y (BaS206)~amount of system VI changes: 

on part 1 . a: anormally-normally 
a . e: normally-normally 

In point a between the symbols (4) and (5) occurs the transition : 

I > t ~ 
This expresses that during an infinitely small time dt the Y~amount 

of the left side liquid remains constant. while that of the right side 
liquid increases. 

In scheme VI this transition~form has not been given neither in any 
of the other schemes. it appears from the table that it must be situated 
on part 3. 4 of the path. 

H. with the aid of table VI we draw the Y. t~diagram of this system. 
th en we see that this can be represented schematically by fig. 3 (Gen. 11); 
(of course the letter mand the ciphers 2. 3. etc. of this figure do not 
relate to the determinations in table VI). 

In the systems I-V (Exp. I) and. as we shall see further. also in the 
systems VI. VII and XII. anormal changes of the W~amount occur; in 
all these systems I-XII. however. we only find one single example of 
anormal change af the concentration of an other substance ; th is is the 
change of the BaS206~amount in system VI. Later on we shall discuss 
systems. in which the concentration of NaCl. NHiCl and other substances 
changes anormally. 

In order to discuss the W~amount of the systems. we di vide them 
into three groups; first we take group VIII-X. of which only pa th 
VIII has been drawn. 

If we deduce the W~amount of the liquids from the tables VIII-X. 
then it becomes apparent that: during the whole osmosis the W~amount 
on the left side of the membrane is smaller than on the right side; it 
increases continuouslyon the left side of the membrane and it decreases 
on the right. 

This also appears from path VIII in fig. 1. If we drawan imaginary 
line through e parallel to the side XY. then we see that branch 1. e 

12 
Proceedings Royal Acad. Amsterdam. Vol. XXXI. 
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runs entirely above this line and branch 1 I. e entirely below this line; 
we also see then that liquid 1 has a smaller W~amount and 1 I a a larger 
W~amount than the final~liquid e; further it appears from the form of 
the path that there are no tangents. parallel to the si de XV. 50 that 
neither a minimum~nor a maximum W~amount occurs. 

So for these systems obtains what we also find given in the schemes 
VIII-X sub W viz. the symbol: 

t<~ (7) 

Consequently during the whole osmosis the W-amount of the systems 
VIII-X changes normally-normally. J' .... .. - -

If we draw the W. t-diagrams of 
these systems. we see that they can - -~ e be represented schematically by fig . 3. 

~---~ Consequently we have al ready found 
, three different types of Wt~diagrams. 

O
f; viz. fig. 4 (Gen. 11). fig. 3 (Exp. I) and 

-----------=:: fig. 3 in this communication. 
Fig. 3. 

from the path in 
W-amount obtains 

We now take system XI; it appears 
fig. 2 or from table XI that for the change of the 
the symbol: 

~ > t (8) 

Sa the W-amount of this system changes during the whole osmosis 
normally-normally. 

We mayalso represent the Wt~diagram of this system schematically 
by fig. 3 ; then. however. we must interchange the points 1 and 1 I. 
dott the fully~drawn curve and draw the dotted curve in full . 

It appears from figs . 1 and 2 that the paths VI. VII and XII have 
forms corresponding with path V in fig. 1 (Exp. I) and the paths I1-IV 
which have not been drawn here. 

If namely through point e a line is drawn parallel to the side XV. 
this will interseet the path in two points; these points represent the 
two liquids q and q' with the same W~amount. We can also draw a 
tangent. parallel to X Y. in a point m of branch 1 . e and in a point 
M' of branch 1 I. e; consequently the W~amount of the left side liquid 
is a minimum in mand that of the right side liquid is a maximum in M'. 

IE from the tables we deduce the W~amount of the liquids. then we 
are able to find the position of these points q. mand M'. 

We now find that the W~change during the whole osmosis can be 
represented successively by the symbols: 

~>t t<~ . (9) 
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We find them indicated sub W in the schemes VI. VII and XII. So 
we find: 

the W~amount of the systems VI. VII and XII changes 

a . in the beginning of the osmosis : normally-normally; 

b. afterwards : anormally-anormally ; 

c. at last: normally-normally. 

Between the first and the second symbol we have the transition"; 

(I 0) 

this occurs in the points q and q' . Between the second and the third 
symbol one of the transitions (6) or (7) (Exp. I) occurs. These trans~ 
itions have not been given in the schemes. 

Again the W . t~diagrams of these systems can be represented sche~ 
matically by fig . 4 (Gen. 11). 

It appears from schemes I-XII : 
the X~amount of all systems changes normally; 
the Y~amount changes normally in all systems. except in VI where it 

also changes anormally ; 
the W~amount changes normally only in the systems VIII-XI. in 

the others it also changes anormally. 

The paths XI and XII (6g. 2) have approximately the same points 
and I'. In XI a membrane of collodion. was used. in XII the membrane 

consisted of collodion in which a deposit of CU2Fe(CN)6' Fig. 2 shows 
very clearly that both systems consequently travel along very different 
paths; we also see from the schemes that the W~amount in XI changes 
only normally. whereas in XII th is occurs also anormally. 

lt also appears from the tables that the liquids in XI change their 
compositions much more quickly than in XII ; we see e.g. that the 
X~amount of the left side liquid 

of XI increases in 99 hours already with 4.243 010 
of XII in 718 only 4.1310f0 

The Y~amount of the left side Iiquid decreases : 

in XI in 144 hours already with 4.663-2.651 = 2.012 Ofo 
in XII in 1679 .. only 4.750-3.498 = 1.252 Ofo. 

The paths VI and VII (fig. i) have also approximately the same 
points 1 and I ' . In VI a membrane of collodion was used. in which a 
deposit of CU2Fe(CN)6' in VII the membrane consisted of collodion 
only. For this reason both systems travel along different paths; besides 

12* 
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we see that the Y~amount in VI changes not only normally, but also 
anormally, while in VII it changes' normally only. 

It also appears from the tables that the liquids of VII change their 
compositions much more quickly than those of VI; we see e.g. that the 
X-amount of the left side liquid increases : 

in VI in 1483 hours with 4.520 Ofo 
in VII in 200 already with 5.093 % 

The paths VIII-X, of which in fig . 1 only VIII has been drawn, 
also have approximately the same points 1 and 1', but differ otherwise. 
The membrane of VIII consisted of parchment, that of IX of collodion 
and that of X of collodion in which a deposit of CU2Fe(CN)6. It appears 
from the tab les that the liquids of IX (collodion) change their compos~ 
itions quickest, those of X (collodion + deposit) are slowest. We see 
e.g. that the X~amount of the left side liquid increases : 

in IX in 92 hours already with 2.176 Ofo 
in VIII in 194 only 1.988 % 
in X in 2084 .. still only .. 1.634 % 

In order to get a clearer view of the difference in rapidity with which 
the liquids of these and previous systems change their concentrations, 
we may use their Xt-, Yt- and Wt-diagrams , which the reader can 
draw with the aid of the tables. 

TABLE VI. Collodion -+- deposit Cu'1?e(CN)6. Procents of weight. 

X = Na2S20 6 Y = BaS20 6 W=H20 

X Y I X Y X Y W 

0 0 9.938 10.50 0 

2 iJ 0.383 9.970 9.7iJ 0.268 11.1 6.8 82.1 IV ~ 

3 91 0 .773 10 .06 + 9.053 0.541 7.8 6.6 85.6 

4 163 1.318 10 .05 8.271 0 .902 9.7 8.3 82.0 

5 259 1.923 9.924 7.565 1.291 11.1 10 .3 78.6 

6 380 2.610 9. 703 6.942 1.681 11.5 11.8 76.7 

7 499 3.181 9.337 6.506 2.020 19 . 4 19.4 61.3 

8 667 3.681 8.837 6 . 135 1..400 38 . 1 41.1 20.9 

9 979 4. 165 8.013 5.866 2.850 23 .6 36.0 40.4 VI +-

10 H83 4.520 7.283 5.806 3.140 
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SCHEME VI. 

X Y W 

1.2 t < ~ .. t > t ~ > t 
+-- - -2.3 .. ~ < t .. _ .. 

3.7 ~ > t -7.8 t < ~ _ .. 
8.9 t < ~ 

+--

9.10 t < ~ ~ > t t < ~ 

T ABLE VII. Collodion. Procents of weight. 

X= NB2S206 Y = BBS20 6 W=;= H 20 

X Y X Y X Y W 

0 0 9.721 10.59 0 

2 2-+ 1.018 8.95-+ 9. 523 0.792 43 .9 29.0 27 . 1 VI ~ 

3 49 2.390 7.877 8. 121 1.832 21.0 8.7 70.3 

4 74 3.123 7.283 7.496 2.404 4.7 12.7 82.5 IV ..... 
5 lOl 3.461 6.982 7.086 2. 755 25.0 15.3 59.7 VI ~ 

6 147 4.530 5.941 5.928 3.814 16.3 6 .9 76.8 

7 171 4 .863 5.560 5.697 4.142 2 .7 8.0 89.3 I ..... 
8 200 5.093 5.282 5.429 4.468 3.4 7.4 89.2 

SCHEME VII. 

X Y W 

1-3 t < ~ ~ > t ~ > t 
+-- - +-- .. 

3-4 .. ~<t .. _ .. 
4-6 .. ~ < t .. 

+--

0 6-8 t < ~ t<~ --. .. _ .. 
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T ABLE VIII. Parchment. Procents of weight. 

X= Na2S206 Y= BaS206 W=H20 

X -~ X Y X Y W 

0 0 9 .933 4.484 0 

2 50 0.3744 9.397 4.132 0.4414 16 .2 16 .5 67.3 VI .... 
3 121 0 .8093 8.814 3.660 1.057 29 .5 36.9 33.6 

4 221 1.265 8.100 3.204 1. 786 32.9 54.9 12.2 IV ~ 

5 360 1.678 7.247 2.739 2.641 10 12.7 77.3 VI .... 
Cl 554 1.988 6.404 2.423 3.500 18.6 49.4 32.0 

SCHEME VIII. 

X Y W 

1-3 t < ! ! > t t<! 
+-- -- +--

3-1 t<! 
--i< 

1-6 t<! 
+--

T ABLE IX. Collodion. Procents of weight. 

X = Na2S206 Y= BaS206 W=H2O 

X Y X Y X Y W 

0 0 9.745 4.485 0 

2 24 0.779 8.395 3.653 1.370 15.5 21.3 63.2 VI .... 
3 50 1. 570 6 .880 2.877 2.957 6.9 21.7 71.4 IV ~ 

4 92 2.176 5.041 2.184 4.968 2.5 3.9 93.6 .... 
SCHEME IX. 

X Y W 

1-2 t < ! !>t t<! 
+-- -- +--

2-3 t<! 
--i< 

0 3-4 !>t t<! 
+--i< +--
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TABLE X. Collodion + deposit CU2Fe(CN)6. Procents of weight. 

X= Na2S20 6 Y= BBS20 6 W=H20 

X Y X Y X Y W 

0 0 9.982 4.535 0 

2 96 0.5429 9.380 4.018 0.5446 26.6 25.7 47.7 VI ~ 

3 144 0.9557 8.816 3.552 1.095 20 .9 21.8 57.3 

4 264 1.196 8.482 3.329 1.411 37.4 54.6 • 8.0 IV .... 
5 601 1.411 8.079 3. 124 1.750 15.1 12.0 72 .9 VI ~ . 
6 983 1.634 7.633 2.927 2.147 27.9 57.4 14.7 111 .... 

SCHEME X. 

X Y W 

1-3 t<! !>t t<! 
~ ~ ~ 

3-4 t<! 
~ .. 

4-6 t<! 
~ 

TABLE XI. Collodion. Procents of weight. 

X= Na2S20 6 Y= BaS20 6 W=H20 

X Y X Y X Y W 

0 0 4.663 10.57 0 

2 23 1.489 4.083 9.194 0.5199 42.7 13.2 H.l VI ~ 

3 49 2.708 3.593 8.089 0.9475 32 .6 9.3 58.1 

4 71 3.617 3.165 7.362 1.257 10.5 0.1 89.4 

5 99 4.243 2.925 6 .714 1.539 1.7 5.1 93.2 IV .... 
6 IH 4.856 2.651 6.117 1.829 0.5 5.0 94.5 

SCHEME XI. 

X Y W 

1-4 t<~ ~>t !>t 
~ ----+ ~ .. 

4-6 ~>t 
----+ 
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TABLE XII. Collodion + deposit CU2Fe(CNl6. Procents of weight. 

X= NB2S20 6 Y = BBS206 W = H2O 

X Y X Y X Y W 

0 0 i .750 10 .i9 0 

2 i6 0.3769 i .657 9.642 0.2642 15 . 7 7. 1 77.2 IV .... 
3 9i 0.8459 i . 569 8.898 0.5223 6.2 5.3 88.5 

i 214 1.817 i.ii3 7.607 0.9353 6.0 i.9 89.1 

5 358 2.795 i.365 6.745 1.209 i.7 i.5 90.8 

6 526 3.652 i.263 6.205 1. 38i 5.6 i.8 89.5 

7 718 i . 131 i.250 5.992 l .ii5 i .2 i.1 91.7 

8 1006 i .639 i.080 5.839 1.521 6 .5 7.1 86.-4 

9 1679 5.133 3.i98 5.723 1.668 6.2 15 .7 78.1 

SCHEME XII. 

X Y W 

1-6 t < t t > t +> t - ~ ~ 

6-8 *t<t .. 
~ .. 

8-9 t < + 
~ .. 

(To be continueá). 

Leiden. Lab. of lnorg. Chemistry. 



Geology. - On a new Basis of Solution of the Caldera-Problem and some 
associated Phenomena. By C. G. S. SANDBERG D.Sc. (Com
municated by Prof. Dr. G. A. F . MOLENGRAAff.') 

(Communlcated at the meeting of November 26. 1927). 

The various attempts at solving the Caldera-problem are governed', 
generally, by the principle of seeking an explanation : 

a. of the mode of causation of a large volcanic rim enclosing, partly or 
entirely, a more or less flat bottom (the caldera), the diameter of which 
is so disproportionately large in comparison with that of the presumed 
magma tic conduit, that the said enclosing rim cannot reasonably be admitted 
to represent the primary product of eruption of the said narrow 
conduit ; and 

b. of the phenomenon of the revival of volcanic activity at or near the 
places of former action, af ter a longer or shorter period of rest. 

It is the intention of the writer to indicate here only a plausible solution 
for the problem formulated sub a., whilst accepting for the present as an 
empirically weIl established fact that mentioned sub b. 

When considering the various studies of the caldera-problem, it appears, 
as far as I know, th at they are governed by the following presumptions, viz. : 
that a volcanic cone, b + c, is (assumed to have been) built up round 
and above an eruption-centre a . which is. more or Ie ss arbitrarily, taken as 
the most likely one, and which is situated at the top of a volcanic conduit p 
(Fig. 1). Subsequently, part of the cone which would have been formed 
thus, i.e. the part marked b., is supposed to have been destroyed, leaving 

Fig. 1. Schematical section of caldera according 
to current conceptions. B = centre of eruption ; 
p = Magmatic' conduit or volcanic pipe ; d = caldera 
bottom ; b = vanished part of presumed original 
volcano ; c = rest of presumed original volcano, 
the caldera rim. 

only a (caIdera) rim c and a grosso modo flat bottom d. In other words, 
the problem as it was and is posed is based on the presumption that the 
eruption (s) from a magma tic conduit p with an eruption-centre a caused a 
volcanic cone b + c, and its solution was and is consequently governed by 
the search for a plausible explanation of the disappearance of the part b 
and the causal formation of the vertical enclosing wall and the grosso modo 
flat bottom d, the diameter of which so abnormally exceeds th at of the 
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presumed eruption-centre a . (v. HOCHSTETTER, STÜBEL, VERBEEK, DALY, 
DUTTON, CHAMBERLlN, WING EASTON, ESCHER a.o. ). 

R. A. DALY (1) expresses the current conception in the following words: 
"If the actually exposed "necks" of the world indicate the maximum size 
of central conduits, the vents beneath calderas must have cross-sections 
much smaller in area than the f100r of the corresponding great depressions. 
The . writer is in fact, inclined to make this the criterion for explosion 
craters from calderas ... 

The directions in which the- solution of the problem hav~ been sought 
may consequently be c1assified in the following catagories : 

1. The explosion theory. The part b of the cone is assumed to have 
been blown away subsequent to an extraordinarily heavy explosion which 
is supposed to have emanated from the eruptive centre a, or from a point 
lower down the conduit p, part of the débris falling back into and so partly 
filling up the large opening thus caused, and so giving rise to a more or 
less flat f1oor. 

2. The subsidence theory. Part b of the cone would have subsided 
along vertical or semi-vertical peripherical fault-planes, leaving only the 
rim c, subsequent to having been undermined below or above its base 
(somewhere near a) all round the conduit p orjand the conduits' upper 
extension, which we shall henceforth name the cone-pipe ; 

3. The re-fusion-backflow theory. Some time af ter the erection of 
the co ne b + c, by ejectamenta from a, a new eruption of incandescent gas
saturated magma would have liquefied the part b. Subsequently to a 
following heavy paroxysm, part of the re-fused cone would have been 
blown away, the rest f10wing back to deeper regions through the conduit 
pand leaving only a rim c round an enlarged, grosso modo flat 
"depression" d. 

As to the last mentioned theory, it may suffice to refer to WING 
EASTON'S refutation of it (2), to which may be added that e.g. the facts 
observed during the Vesuvius eruption (3) established that such partial 
re-fusion of the cone may actually occur. They were realized when the 
rising magma reached its highest level in the cone-pipe. Yet instead of 
f10wing back into the conduit the incandescent magma discharged laterally, 
breaking through the sides of the cone. The causal formation of a , grosso 
modo, vertical inner wal!. a feature which cannot be causally connected with 
such back flow or discharge, as WING EASTON has pointed out, did 
not occur. 

Again, with regard to the explosion theory it may suffice, to avoid 
repetition, to refer to WING EASTON'S refutation, which may be summarized 
in his words: "The causation of a vertical inner-wall (of a caldera) 
subsequent to an explosion is certainly possible, locally; yet it is not at 
all c1ear why this should necessarily occur, and then nearly always 
practically along the entire inner-circumference." (My translation from 
(2) p. 71.) 
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B. G. ESCHER's recent experiments (4), which only remotely touch the 
caldera-problem, have not weakened this conclusion in the least; besides 
no structure comparable with that of a caldera with its characteristic 
features was realized in the course of these experiments. 

Let us now consider the subsidence theory . A very sharp distinction 
should always be maintained between caving in, gradual crumbling or 
sudden coIlapse (écroulement) of the enclosing waIl, the rim, with 
subsequent lateral enlargement of a pre-existent "depression" and the 
causation of such a large space through a . subsidence (faIIing in) or b. 
down-throw of a superstructure, presumed to have been pre-existent. 

Although different in principle, these phenomena have not always been 
rigorously differentiated by various students of the caldera-problem. 
(H. RECK, R. A. DALY and others). 

Now as to the conception of caldera-formation by gradual crumbling or 
caving in of the rim-waII, there seems to be Iittle doubt that WING EASTON'S 
conclusion ~iIl be generaIly endorsed viz.: It seems natural that even a 
normal crater f100r (the diameter of which should be identical with that 
of the orifice of the conduit) may come to exceed its theoretical dimensions 
through downfaIIing, explosion or perhaps re-fusion, hut that would not 
transform such a crater into a caldera (the diameter of the Idjen-caldera is 
16 km.; that of the Ringgit 21 km.). Besides they are characterized by very 
steep, of ten vertical inner waIls (vide also v. W OLFF (5) S) which may 
attain a height of 1000 m (Rindjani) (Raoeng , Gendeng-Idjen, Tenger 
over 500 m) . Very frequent aiso is the occurrence of a flat bottom 
sometimes caIIed "sandsea" (Tenger, Slamet, Raoeng) 1)." 

On the other hand we cannot possibly endorse WING EASTON'S remark 
immediately foIIowing, viz . : "By these characteristics they (the calderas) 
are distinguished from normal craters". as will he shown below. 

Since. therefore, we may discard the adequacy of the contention that 
caldera formation (not enlargement) may be caused by gradual crumbling or 
caving in of an encompassing walI. then the sole current theory which 
still remains to be tested is that of such causation as a product of suhsidence 
(effondrement), or of down-throw. 

We have already mentioned that the caldera-structure is characterized 
by, among other things. a very steep, generaIIy vertical or semi-vertical 
waII when not modified. secondarily. by denudation. We have also given 
some examples. which could hé muitiplied ad libitum (Kilauea. Barren 
Island Monte Somma, Knebelcaldera, Batoer. Fogo-Island etc. etc.) 

This characteristic is not restricted even to terrestrial calderas, it is 
inherent also in lunar calderas. 

The evident planetary nature of the said characteristic justifies the 
conclusion that it is primary and that it constitutes a genetic feature of the 
caldera-structure. 

If this conclusion holds good it would exclude the admissihility of any 

1) The double sound oe in Dutch is pronounced Iike the English 00 in "poor" . 



182 

of the current attempts at solving the problem, which one and all attribute 
the caldera-occurrence to a secondary origin. 

Apart from this general conclusion, however, we shall analyse the 
theories sub. a . and b., beg inning with WING EASTON·S. 

It seems quite impossible to admit now that, before extruding vertically, 
the gas-channels which WING EASTON requires to produce his cells of 
undermining and which would have emanated, grosso modo, from an 
eruption-point a (see Fig. 1) would develop per se in lateral direction to 
such an ex tent as would be necessary for the production of calderas with 
dimensions such as are mentioned by WING EASTON himself (see ante 
p. 181). On the other hand it i~ also c1ear that this impasse in his theory 
cannot be overcome by transplanting the assumed point of emanation of 
these super-heated gas-channels to a proportionately deeper level of the 
magma tic conduit, as this would virtually amount to enlarging the diameter 
of the said con duit. In whatever way we attempt to conceive this process of 
honeycombing the basis of an (assumed) volcanic superstructure, this 
causation of cells of undermining, it must seem extremely improbable that 
subsequent subsidence of the (presumed) superstructure would eo ipso 
cause the remaining porti on (the rim of the caldera) to be bordered by 
vertical walls which appear very strongly to constitute or to have constituted 
one continuous vertical plane. (Fogo Island St. PauI. Barren Isl., Monte 
Somma, etc. etc. See also p. 181. W. EASTON). 

Finally it is extremely doubtful whether weil established instanees of 
such a mode of caldera-formation can be furnished. 

Now, as to the assumption of caldera-formation by downthrow, it must 
be admitted that F. A . PERRET' s studies of the Vesuvius eruptions (3) 
showed, among other things, that a sudden subsidence (of part of the 
foot of a débris-cone) may cause an opening, which might happen to be 
cylindricaI. and to be bordered by a very steep conical wall (I.c. p. 117-
118). Such a phenomenon, however, could occur only where a void was 
pre-existent below the su'bsided mass, of a size at least equal to that of the 
volume of the subsided mass. Now, as long as it cannot be shown th at 
such a void must necessarily exist (or be formed in course of time) below 
a volcanic cone, and that the part concerned of the superstructure of the 
(presumed) orginal volcano must needs subside therein (sometimes perhaps 
by jerks (par saccades) and along concentric planes). sa long will the 
calderaproblem remain unexplained on the'basis of this theory, and its quasi 
solution simply means a substitution of the problem for other questionable 
presumptions regarding those deeper parts of our globe, of which still Ie ss 
is known to us with any degree of certainty. 

Moreover we would emphasize that, in respect of the downthrow est
ablished by PERRET (l.c. p. 117-18), the diameter of the incandescent 
magma-column then in course of ascension, in other words the diameter of 
the conduit. was at least equal to and most probably even larger than that 
of the produced conical subsidence with its semi-vertical inner wall. 
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PERRET's observation cannot be invoked, therefore, in support of the 
subsidence theory, since the latter is based on the premise that the diameter 
of the magmatic conduit is much smaller than that of the subsided area. 

On the mechanism of volcanic~cone building. 

If now we may reject as untenable such conceptions of the ongm of 
calderas as imply a secondary cause for their occurrence, then the question 
arises which part of a volcanic structure would be characterized, genetically, 
by those, grosso modo, vertical inner walls which typify among others 
the caldera occurrence. In order to solve this question we will examine the 
mode of formation of, say, a strato~volcanic~cone; identical considerations 
apply to other types of volcanic cones, such as lava~domes (Schildvulkane), 
among others. For convenience sake we shall take the form of the crater, 
which will generally be identical with that of the exit of the conduit at the 
base of the cone, to be circular, (though Askja is rectangular; Tjiremai 
is oval; the Barren Island volcano is circular; etc.) See Fig. 2. 

1 p 

Fig. 2. Schematica\ vertica\ section of the mechanism. of vo\canic-cone formation. 
p = Vo\canic-pipe (conduit) ; aa' = eruption-centre; bb' etc. = vo\canic-cone. 

We may readily conceive that a volcanic eruption emanating from a 
conduit p will cause the ejectamenta to accumulate round its opening 
aa' in the form of an encompassing cone, a rim, bb'. Under identical 
conditions for every part of the rim, the accumulating ejectamenta will roIl 
or slide down under the influence of gravity and inter~friction until a state 
of equilibrium is reached, with its corresponding angle of inclination. Inner 
and outer~slope will thus be identical and in keeping with the nature of the 
ejected material. For strato~volcanoes th is angle of slope is grosso modo 
from 30° to 40°, an inclination which is actually preserved along the 
outer slop es of strato~volcanoes. 

In fact, supposing that the accumulation of ejectamenta and the 
subsequent development of the cone continues in height and corresponding 
base, it is c1ear that such may continue normally as indicated above, until 
its basis reaches the rim of the eruption~point a-a' (in section a-brr 
and a'-b"'). Should the accumulation continue af ter this mo'ment, then a 
new phase will have been inaugurated, as a normal readjustment of the 
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ejected material rolling down towards the eruption channel a-a' will be 
hampered by the pressure of the outflowing . débris-charged gas-current; 
whilst that rolling down along the outer slope. tc-t'c'. of the cone will 
not be subjected to such' a resistance. The former will consequently be 
dammed up. Hence the greater thickness of the accumulated débris-strata 
on the cone-pipe side. as LINC K had already demonstrated experimentally. 
Hence. again. the lesser inclination of the cone's apex towards the cone 
pipe as against the outer slope. 

Considering now that a volcanic cone-pipe has been built up under the 
influence of the factors sketched above and that the gas-current extruding 
from the conduit. p . will be vertically directed. this direction being that 
of least resistance. it is c1ear why the encompassing wall of cone-pipes will 
always tend genetically towards the vertical. (Chaine des Puys. Auvergne. 
Vesuvius. Slamat etc, ). This feature is. in other words. a causa I effect of 
the mode of formation of volcanic cone-pipes, Whereas this feature is 
genetically inherent in no other part of a volcanic structure but its cone
pipe ; and whereas the universa lity of its occurrence with {;alderas distinctly 
shows that this feature is a genetic quality of these structures also. the 
conclusion would seem justified that the vertical encompassing wall of 
calderas constitutes the wall (or its remnant) of the then volcanic pipe, 
In other words. that the caldera-capacity represents in dimension and shape. 
the size and form of the magmatic conduits concerned and their respective 
extensions. the cone-pipes. of the then volcano or volcanoes, 

Before investigating whether th is preliminary conclusion finds additional 
support from other equally weil established phenomena. we will first study 
more c10sely this vertical encompassing wall of cone-pipes, 

ESCHER'S remarkable e"periments (4) (PI. 7) demonstrated the mode 
of development of such a channel in a homogeneous cover when pierced 
by a vertically directed gas-current. It is true that a volcanic cone does not 
represent the body of a pre-existent mass which covered the eruption-point 
and that strictly speaking, the cone-pipe is not as a rule pierced through a 
pre-existent cone; on the contrary the latter is built up all round the 
farmer. ESCHER's basis would consequently seem to be false, Vet in 
considering the mode of formation of volcanic cones as detailed ahove. it is 
c1ear that in its results there is no difference between the piercing of a 
pre-existent complex of strata by a gas-current and the keeping open of a 
channel by a débris-Iaden gas-current which would be covered by the 
ejected material but for the clearing action of the current . (The cone-pipe 
walls of lava-volcanoes (Schildvulkane) encompassed by more homogeneous 
material. yet formed in an identical way, are also vertical (5) p. 454 ff. ) . 

If however the complex of strata through . which such a gas-current is 
extruding should be heterogeneous, i.e. constituted of irregularly alternating 
more and less resistant strata (Kimherley pipes), then cavities may actually 
he hollowed out in the grosso modo vertical wall of an eruption channel 
(conduit or(and cone-pipe) by the greater eroding effect of the action of 
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the current on strata of Ie ss resistance ; which is clearly demonstrated in 
ESCHER's experiments (4) p. 70-71. Yet it should be noted that such 
deflections from the normal will only occur, theoretically, subsequent to 
much heavier explosions (gas~extrusions) than those which caused the 
erection of the cone~pipe. In every other case, in fact , the erosive effect of 
the ejectamenta~laden gas current, if any, may be neglected, as the material 
constituting the con~pipe arrived in situ at its state of equilibrium under 
the influence of gravity and that of the pressure of the gas~current. Now, 
as the former remains unchanged, it is clear that the state of equilibrium 
will remain unaffected also, unless the latter (gas~pressure) is considerably 
augmented (a considerable diminution of the gas~pressure may cause alocal 
down~fall of material, as we shall see) . Finally we would draw particular 
attention to a very remarkable observation made by PERRET (3) (p, 113) 
to the effect that a magma rising in à cone~pipe will tend to Hll up any 
such deviations from the vertical in the wall of the cone~pipe by a process 
which PERRET describes as "plastic lining". Schematically we could 
represent the vertical section of a cone~pipe with its orifice, the crater, 
during a constant ejectamenta~charged eruption as given in Fig. 2. At 
the close of such an eruption the ejectamenta accumulated all round the 
crater will be in a state of labiIe equilibrium which may be disturbed by 
the slightest shock, an air~vibration even, as PERRET was ab Ie to establish. 
Thus the enormous quantities of latent energy accumulated in the masses 
surrounding the orifice, the crater, when rendered kinetic , will tend to 
establish a state of equilibrium, thereby sometimes causing huge avalanches 
to crash down to the bottom of the cone~pipe, and thus enlarging the 
crater and steepening its inwardly directed slope, to an angle greater than 
that corresponding with the angle of the slope of a normal débris~cone 
of the material converned, an angle which is preserved in that of the outer 
slope of a volcanic cone (3) (p. 99 ff and Fig. 63 , p. 103). 

Before dosing our study of the eruption~channel, i.e. that of the magmatic 
conduit and its extension, the cone~pipe , we will point out th at its mode 
of formation will tend to produce at least three principal zones of less 
resistance, to wit: one situated more or less centrally at or near the vertical 
axis of the eruption~channel; a second a)ong the border of the said channel. 
which we will call the inner~peripherical zone; and a third more excentric 
still, which we will call the outer~peripherical zone. The existence of these 
zones is strikingly manifested in nature by the common occurrence of more 
recent points of eruption situated peripherically as weIl as centrally with 
respect to older channels (3) (p. 19, Fig . 3; (7) Kawah Ratoe of Tang~ 
kubang Prahoe; G. Tjiremai, a.o.) . The phenomenon is also manifested 
by a marked tendency of primary fumaroles to occur centrally or else inner~ 
or outer~peripherically and which is beautifully illustrated in the structure 
of the G. Pajang (Batoer~Complex), the remains of which disclose fine 
sections, vertical and horizontal. KEMMERLING established that within the, 
grosso modo, vertical cone~pipe, the solid central core is separated from its 
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clastic mantle , the cone, by a zone of breccias enclosing the said solid core. 
This remarkable phenomenon of the re-occurrence of younger eruption

points. centrally orjand peripherically situated in relation to an older one. 
which is as general an occurrence with volcanic cone-pipes as with calderas. 
strikingly discloses yet another close similarity between these two 
phenomena. A few examples, which may be multiplied ad libitum, of 
peripherically situated younger eruption-points of calderas are the Fogo 
Island, G . Batoer (with its G. Abang), the Knebel-caldera (Rudolf-crater 
and the S. E .-craters) , the Piton de la Fournaise (Reunion) (9) (p. 263) 
with its peripherically arranged fumaroles ; whilst more centrally situated 
younger eruption-points are exemplified in Fogo-Island (10) (p. 29, 
Fig. 32) , Barren Island (11 ) , G. Batoer (the active cone), Vesuvius, etc. etc. 

Moreover we find both types abundantly represented among the lunar 
calderas. 

On caldera-capacities considered as the original openings of older 
vo/canic cone-pipes. 

Having indicated the similarities between calderas and volcanic cone
pipes and having shown that at least one of the qualities they possess in 
common, that of the vertical inner wall, is a genetic feature of the latter and 
most probably also of the former , we will now examine: 

1. How, if at all the genesis of calderas could be explained rationally 
on the basis of the assumption that the phenomenon differs from that of a 
volcanic cone-pipe in relative size alone; 

2. Whether examples of caldera-formation in the manner assumed by 
us are known; and 

3. Wh ether and how the actual remains of caldera-structures furnish a 
rational basis for reconstructing their history and mode of development. 

Sub. l. Simple Calderas. If the conception of the word caldera 
includes all those "depressions" of volcanic origin which are enclosed in 
toto or partly by a cone-shaped débris-mantle characterized by a steep, 
semi-vertical or vertical inner walI and a normal inclinati~n of its outer 
slope, then the word would also include those volcanic "depressions" within 
which no younger eruption-point could be established. We shall call this 
kind of calderas simple calderas. the type of which is represented by, for 
in stance, the Ngorongoro-caldera in East Africa, with a diameter of 17 to 
22 km (personal communication of H . REeK), the Askja, of some 9 by 
9.5 km 1) and the Knebel-caldera (Island ) of some 4.5 by 2.5 km in 
diameter. 

Now, whereas the diameters of eruption-channels and their corresponding 
cone-pipes may vary from a few meters and even Ie ss (adventive craters, 
hornitos etc. ) to 200 m ( Vesuvius before 1906) (3) , 400 mand 500 m 

I) These dimensions, derived from his topographical map, do not seem to ag ree with 
H. RI!.CK's estimates of its slze, which he takes to be about 55 km2 (p. 45). 
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(Vesuvius after 1906), 5.6 km (Kilauea) (5) (M. Loa, etc.), it seems 
extremely difficult to understand why the conception should be inadmissible, 
that the diameters of cone-pipes have been larger in the past than the 
average of those we know now, and, consequently, why the calderas 
above mentioned could not be the remnants of the cone-pipes of volcanoes. 
On the contrary, the very absence of smaller eruption-points within such 
calderas, although it could never be invoked as a direct proof. may plausibly 
be explained by such a conception, which would readily solve a 
haunting enigma. 

In the case of the Askja-caldera, moreover, the above conclusion is 
strengthened by the structure and nature of the encompassing wal1, the 
Dyngjufjöll, more especially by the typical peripherical arrangement of 
the smaller calderas, the so called "Lava Plateau", in the north east, and 
the Knebel-caldera in the south east of Askja, and again by a repetition 
of this mode of occurrence of younger eruptive channels round the periphery 
of the Knebel-caldera. In fact here we find the Rudolf-crater, the 
south eastern craters and southern fumaroles grouped in a way precisely 
similar again to that of secondary con es round older volcanic vents (see 
below) (6) (12). 

THORODDSEN (12) (p. 198) considers rightly, in our opinion, the 
Dyngjufjöll as a remnant of an ancient strato-volcano. This view of the 
nature of the Dyngjufjöll finds support in its structure of alternating strata 
of lavas and clastic material and in their directions of slope; yet, that the 
enclosed Askja-caldera would have been produced subsequently, and by 
down-throws of part of the upper structure along vertical fault-planes, we 
cannot admit. 

Sub. 2. Composite calderas. Under this head we comprise such 
calderas as have or have had one or more indubitable eruption-points, 
situated more or less centrally or peripherically to the encompassing wall 
(the inner wall) . (Barren Isl.. Tenger, Vesuvius, etc.). This definition 
would virtually comprise also forms of calderas with eruption-points so 
excentrally situated that they actually occupy an outer-peripherical position. 
Such is the case e.g., as we previously pointed out, in the Askja- and 
Knebel-calderas which we discussed sub. 1 as simple calderas. 

Now, if we admit that the caldera-space constitutes the space within 
the remnants of the cone-pipe of an older volcano, it implies that the 
composite-calderas would have been formed by a process o[ [illing up. to a 
more or less degree, of such older cone-pipes by the products ejected by 
one or more succeeding younger eruptive cones. 

The exact conception of the mechanism of such a process may best be 
realized by a description of such a caldera-formation which was actually 
witnessed and minutely registered in all its phases of development. It shall 
at the same time be an answer to the question posed sub. 2. 

The example we shall choose is that of Vesuvius, which, with its Somma 
encompassing a still active eruption-point, represents the classica I example 

13 
Proceedings Royal Acad . Amsterdam. Vol. XXXI. 
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of a composite~caldera. We choose this particular example because we 
know of no other strato~volcano, whose history has been so accurately 
registered during such a long period as has that of Vesuvius. Among the 
records we would specially mention those of the observations made by 
PERRET (3) of the eruptions of 1906 and 1913-'20. Their accuracy, 
minuteness and instructiveness and the vividness of their description permit 
one to follow the development of the phenomenon step by step and support, 
while severely testing, our contentions. 

First of all we wish to place on record that both MERCALLI and PERRET 

(l.c. p. 14) seem convinced that the encompassing Somma~wall is nothing 
but the inner wall of the older Somma~volcano. DANA arrived at a similar 
conclusion with regard to the inner wall of the Kilauea~caldera 1). Yet, 
so far as I know, neither of them nor any one since seems to have realized 
that these conclusions with respect to the caldera~walls of Kilauea and 
Vesuvius might contain the solution of the caldera~problem in general. 
Let us now study the históry of the present eruptive channel of Vesuvius 
from the time immediately preceding its eruption of 1906. 

The crater, which is the orifice of the cone~ pipe, situated a little 
excentrally within the encircling Somma~wall, was then some 180 m in 
diameter, while that of the Somma~caldera measured some 3.5 km. 

When we consider the observed phenomena bearing more speciallyon 
our subject, we find that the diameters of the crater and of the cone~pipe 
we re enlarged respectively to 1000 mand 400 m by the 1906 eruption. 

The passage from the lower~rim of the crater to the top of the cone~pipe~ 
wall was sharp, not gradual (l.c. p. 98); the inclination of the crater was 
45° and that of the cone~pipeconsequently steeper ; the depth, from the 
top of the cone to the floor or the crater, measured 400 m so that the 
height of the steeper cone~pipe~wall above the crater~floor must have been 
some 100 m. These data characterize conditions actually existing in 1909, 
i.e. af ter three Years of denudating activity. That the cone~pipe wall was 
perpendicular or nearly so, during and even years af ter the 1906 eruption, 
is testified by the various photos (3), and still more conclusively by the 
shape of the gas~column, 13 km in height, which was ejected through the 
cone~pipe during the eruption. In fact the apex of this inverted cone barely 
measured 20° so that its conduit must have had an inclination of at 

I) In view of the greatness of the dlscharge in 1823, - so undermining, owing to its 
extent, as to drop abruptly to a depth of some hundreds of feet the Hoor of the crater 
leavlng only a narrow shelf along the sides, - we reasonably conc1ude that at that time 
the lava-column beneath the Hoor was of as large area as the Kllauea pit itself, - or 
nearly seven and a half mlles in circuit. We mayalso infer th at, immediately before the 
discharge, wherever there was a lava-Iake, the liquid top of the column was up to the 
Hoor of the crater, and elsewhere not far bel ow it .... When the Hoor of the pit feil at 
the discharge in 1840 it was not thrown into hills and ridges, as it might have been had 
it dropped down its four hundred feet to solid rock in consequence of a lateral discharge 
of the lava beneath ; on the contrary it kept its Hat surfate, thus showing that it probably 
followed down a liquid mass, that of the subsiding column of lava. (13) pp. 151-152. 
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least 80°. This phenomenon therefore furnishes a striking corroboration of 
our theoretical deductions from a study of the mechanism of cone-pipe
building which led us to the conclusion that the walls ofvolcanic cone-pipes 
will causally tend towards the vertical. In fact these extremely pointed 
inverted gas-cones, far from being an accidental mode of occurrence of th is 
or previous Vesuvius-eruptions, are characteristic, as is weil known, of 
certain types of gas-eruptions known as volcanian eruptions. This kind of 
eruptive manifestation, moreover, does not pertain to any specific type of 
volcano but may and often will occur in the course of any period of activity 
of any volcano. 

PERRET does not describe the condition of the crater-floor immediately 
after the eruption of 1906; three years later, however, it appears that on 
it several débris-cones, derived from avalanches of crater- and cone-pipe
material, had accumulated against the steep wall of the cone-pipe. This 
condition remained practically unchanged until 1913. A new phase then 
announced its approach by an intensified activity of the magma. 

Subsidences and magmatic absorption of parts of the crater floor and 
in particular of the foot of a débris-cone, and alternating formation and 
subsidence of eruptive conelets we re the external signs of an incandescent 
magma rising in the conduit, the typical glare of its liquid surface 
manifesting itself on J uly 8 1). 

It should be remembered that a conical depression (100 m in diameter 
and 20 m deep) with a semi-vertical wall was consequently formed in the 
foot of a (the south-western) débris-cone by subsidence. From its centre 
a volcanic conelet built itself up, its b'ase closing over the lower part of the 
said depression. At the end of October lava began to flow out from the 
top of the conelet, gradually filling up first the enclosing depression and 
then the entire cone-pipe up to its junction with the Iower rim of the crater. 

"The rising lava soon formed an eruptive conelet, and from this time 
"onward, up to the day of writing (1921), the entire course of events in 
"the external activity of this volcano has been characterized by an almost 
"continuous process of crater-filling activity (Fig. 61, our Fig. 3), through 
"superposition of material erupted explosively and effusively from the 
"eruptive conelet and adventitious vents." 

Thus PERRET (l.c. p. 119 ft.) summarizes his exact observations of a 
most remarkable phenomenon by the development of which the cone-pipe 
of Vesuvius of 1906 was converted into a miniature caldera, that of 1921, 
by a filling-up process identical, no doubt, with that which at one time (An. 
79 b. c.?) converted the oider Somma-pipe into the caidera-wall of the 
younger Vesuvius of that time. 

All the typical features characterizing terrestrial calderas equally 

1) The records of the very accurate observations during the entire course of development 
of th is phenomenon place it beyond any doubt that the ascent in the cone-pipe of the 
incandescent lava (magma) with its highly corrosive vapours and gasses occurred excen
trally (semi-peripherically). 

13* 
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characterize the actual minute younger Vesuvius caldera; the abnormal 
proportions between the diameters of the younger eruption~channel and of 

DRA WING BY MALLADRA. 

Fig. 3, Schematical representation of the growth of the eruptive conelet and 
the resulting process of fi\1ing up the crater of Vesuvius. Composite caldera
formation. Drawing by Ma\1adra; copied from (3) Fig. 61 ; section of Fig.;4. 

FROM MALLADRA. MAP OF CRATER "LaaR ON DECEMBER 31, 1920. 
Fig. i, From Malladra. Map of crater floor of Vesuvius on December 31, 1920, 

showing a perfect composite caldera of fair size. Copy (3) Fig. 62. 

its caldera are of an order identical with other, larger terrestrial composite 
calderas; the grosso modo vertical encompassing wall is present also, even 
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though it is now almost entirely hidden from view by the filling; the flat 
bottom, generally speaking, was caused and maintained by the extrusion 
of highly liquid lava; finally, if the lava extrusions had been succeeded 
here by ejection of loose material (ashes, lapilli, etc.), the characteristic 
"sandsea" of Dutch East Indian and other volcanoes would certainly have 
been present in this case also. Thus th is "sandsea"-phenomenon would 
likewise have found a readyexplanation. 

It is now necessary to test our contention, that the caldera space is 
nothing but a remnant of partly filled up older cone-pipes, on some other 
weil known calderas. 

On the probable mode of formation of certain calderas. 

IE the younger eruption-channel of Vesuvius had extruded centrally 
in the resent Vesuvius-caldera above described, just as it occurred in the 
G . Raoeng (7) (p. 58, Phot. 18). then we should have had a form of 
caldera comparable in every respect with that of Barren-Island and similar 
calderas. 

The crater of the Slamat (7) (p. 35 ff and Phot. 8) presents a more 
composite caldera. "The crater proper (diameter over 400 m dep th 228 m) 
is situated in the south western part of the cone and is enclosed on its 
north eastern side by some three crater-rims. Between the most northern 
and the central one a great plane or sandsea spreads out, strewn over with 
numerous bombs" (I.c. p. 38). Evidently we have here three inter
telescoping cone-pipes mutually tangent in the south west, the older on es 
of which are enclosing their successors (l.c. p. 39) in consequence of a 
successive displacement of eruption-channels in a south western direction. 
The result of such an occurrence was th at the cones of the younger 
eruption-points could only develop individually in a north eastern direction 
and hence it is only in that direction that we find their remnants, namely 
the individ ualized encom passing walls and the sandsea (F ig. 5). 

To nobody, we are sure, would the idea occur that the walls of this 
caldera, though a miniature of its kind, might be the product of down-throw, 
subsidence or magmatic fusion . Nobody could doubt that these walls are 
the remnants of older cone-pipes of which only the oldest was levelled a 
Iittle or hollowed out, probably by the erosive and denudating action of (a) 
gas current (s). Yet, apart from its total size, this kind of caldera differs 
from the occurrences generally designated by that name, only in so far as 
the diameters of the older and younger cone-pipes differ but little here, 
which imp lies that the free development of the more recent was hampered. 
Still in essentials there is no difference whatever between this and other 
calderas. 

The crater of the Sendoro (7) (p. 44 and Photos 10 and 11) presents a 
similar caldera within which "the remains of a younger cone encompassed 
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by an older wall" is visible so that this crater again reproduces the Ïive 
type of caldera with all the characteristic features. 

Fig. 5. Schematical sectIon of the Slamat cone-pipe and crater shewing its caldera 
structure. Compiled by me af ter the description and: aeroplane photos from 
(7)pp 35ff and Photos 8-9). aa = section of oldest cone-pipe; bb and cc of 

younger-pipes wlth sandsea between a and c on the left. 

It would not be difficult to give any number of other examples of typical 
caldera~craters (or crater~calderas) and it was in fact the comparative study 
of crater~types, especially the East Indian, and calderas, which led us to the 
.:onviction that these phenomena are essentially alike and differ only 
in the relative size of theeruptive channels. 

Let us, finally, study the mighty caldera of the Batoer~complex, the 
Molengraaff~caldera on Bali, with its axes measuring 13.5 km in a 
N.W.-S.E . and 10 km in a S.W.-N.E. direction (8). lts floor lies at 
an altitude of 1000 m the highest points of its rim at 1745 and 2152 m 
and the lowest at 1267 and 1336 m respectively. Fig. 6, compiled af ter 
a topographical sketch by KEMMERLlNG, supplemented by my own 
observations, gives the main features of the caldera, a section of which 
is also given by KEMMERLING (8) 1). 

The vertical inner wall of this, the Molengraaff~caldera is very remark~ 
able indeed. It closely follows the rim of the caldera between the points 
1745 (G. Penoelisan). 1371 (W. side). 2152 (G. Abang). and 1270 ex cept 
where it is interrupted by downfalls or hidden from view by débris~ 

material. as is specially the case, e.g. E.~S.E. and N.~N.W. from the point 
1371. Within this huge enclosure, which we will henceforth call the 

1) Thls section is for its north western part incorrect, in so far as it does not show the 
vertical wan of the Molengraaff-caldera there, although parts of It may still he recognized 
here and there hetween the points 1745 and 1371, however much destroyed it he by 
avalanches. The vertical Inner border of the lower plateau, at the south east slde of the 
sectIon. is most probably a remnant of the wan of the Molengraaff-caldera (the "outer
wan"), and KEMMERLING seems to concur with this interpretation of the nature of this 
feature (l.c. p. 61). 
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outer wal!, in contradistinction to another, powerful yet smaller caldera
wall enclosed by it, we find the remnants of the latter, as another vertical, 
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Fig. 6. Main lines of the Batoer-complex with its Molengraalf-caldera: af ter a 
topographical sketch (8) and personal observations. 

roundish caldera-wall, the diameter of which must have measured some 
7.5 km Prom a point A . marked on the sketch, eastward to a point close 
to G . Kenoenang , this steep inner wall, towering up vertically to a height 
varying between 200 and 300 m above the floor of the ~aldera. is scarcely 
modified. lts extension in the opposite direction, towards .G . Pajang. is 
very mutilated and in parts almost destroyed, whilst that part which 
probably extended between G. Pajang. the eruption point marked S. and 
G. Kenoenang. has completely disappeared. 

This steepness, casu quo verticality, of the inner-walls of the Molengraaff
caldera and its inner caldera. suggest that they probably constitute the 
remnants of the respective cone-pipes and their conduits. 

Moreover. the said plateau, a sand-sea optima forma, points in the same 
direction, as it evidently constitutes a remnant of the cone of the 
inner caldera. 

In fact it slopes outward and the general direction of its incline is 
towards the E . (vide its drainage) i.e. in exactly the same way as the rim 
of the Molengraaff-caldera hetween G. Penoelisan (1745) and the 
point 1276. Both the direction of these inclines and their parallelism may 
safely he taken as a result of the influence of current winds on the ejected 
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material during the building processes of the respective con es. On the 
other hand, it would be inadmissible to interpret this concurrence of 
inclinations and the outward direction of the slope of the plateau, as the 
necessary results, i.e. causal effects of subsidence, downthrow, explosion 
or fusion. 

Finally, we find peripherically arranged along the border of the "inner~ 
caldera" first G. Pajang, than probably the eruption~point S. and finally 
G. Kenoenang, on the very zone which would have marked the zone of 
least resistance of the "inner volcano", namelyon the zone situated between 
the solid core and its encompassing cone. 

Since the erection of the inner~volcano above mentioned, it would seem 
that another eruptive channel forced its way, destroying or lowering not 
only the south eastern part of the inner walt but blowing away also part 
of the south eastern wall of the Molengraaff~caldera. Proof of this we 
find in the remaining half of G. Abang which is outer~peripherically 

situated in the outer wal!, and which volcano was most probably halved 
in precisely the same way as was the Piek of Rakata, (on the outer 
periphery of Krakatau) during the weil known Krakatau eruption of 1883. 

This complex of Batoer~eruption~channels, localised within the 
encompassing outer wall, would thus have formed a twin~volcano similar to 
Tangkoeban Prahoe, which latter also must have been enclosed within 
an encompassing wall (14) (p. 732) the remnants of which may still be 
traced over a distance of some 15 km from G. Nanggarak (S. of Tjisaroea) 
over G. Lembang and Pro Malang as far as Pro Pangoekoesan (7) (p. 73). 
The present stage of activity in the history of the Molengraaff~caldera 
would have been inaugurated, then, by the eruptions of the peripherical 
eruption~points, G. Pajang, S, and G. Kenoenang, and finally by the 
eruptions of the centrally situated, still active G. Batoer, which is continuing 
to fill up the Molengraaff~caldera to the present day. 

In the foregoing we have demonstrated by a few examples, which could 
be multiplied ad libitum, that the caldera phenomenon in its various aspects 
may be plausibly explained on the assumption that the vertical wall 
encompassing the caldera occurrence is nothing but the wall of an older 
eruption~channel, its cone~pipe or crater, or their remnants. Thus a 
composite caldera (see above) would be the remnant of an ol der eruptive 
channel WIed up in part or in toto by younger eruption products, emanating 
from an inner, more or less considerably reduced, younger channel during 
a period of locally renewed magmatic activity. 

The mechanism of such a filling~up process, resulting in the production 
of a miniature composite caldera, could be followed step by step during 
the Vesuvius~eruption of 1913-1922 (vide Figs. 3 and 4). 

Should th is conception of the nature of the caldera~phenomenon be 
correct, then we would have to conclude e.g. that the intensity of terrestrial 
volcanism has been dimishing over a large part of our globe at least since 
Tertiary times and perhaps since an earlier periad. Whether such diminution 
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dates from still earl ier geological times. whether it comprises terrestriaJ 
volcanism in genera!. whether it is only of aloca!. relative or/and intermit
tant character, are questions the answer to which would require more 
extensive and detailed studies all over our globe. 

It is my personal conviction that aeroplane-photography, if appropriately 
and systematicaIly conducted, may render considerable service towards the 
solution of these questions and to that of magmatic activity in genera!. We 
do not consider it unlikely that in this manner the presence of terrestrial 
calderas with dimensions equal to or even surpassing those of the moon 
may be located. 

On zanes af secandary eruptians and on the causes af displacements 
(migratian) af eruptian-channels. 

In the foregoing we have already touched upon (p. 185) another 
phenomenon pertaining to cone-pipes and calderas alike, which, consequently 
again points to an identity in substance of these volcanic phenomena. 
Considering moreover the universality of its character and the identical way 
of its mode of occurrence in the case of both cone-pipes and calderas, it 
constitutes astrong indication that the phenomenon may be a genetical 
feature, inherent in the formation of these volcanic structures. 

We are aIluding to the marked tendency of secondary eruption-channels 
to occur e.g. on the periphery of older eruption-channels. This phenomenon 
occurring universaIly, as is weIl known, in all kind of volcanoes (Hawaian 
volcanoes, Vesuvius, Bromo-Segoro-complex etc. etc. ), pertains equally to 
calderas (Molengraaff-caldera, Fogo Island, Vesuvius:,Somma-complex 
Askja-Knebel-group, etc. etc.). 

Although secondary (i.e. younger) eruption-points may occur also in 
other places and from other causes, we will restrict ourselves here to the 
study of this particular mode of occurrence. 

The occurrence of secondary eruption-points has hitherto been currently, 
explained, as a causa I expression of the influence of fissures or faults 
radially or periclinaIly directed, whilst, inversely, the presence and quasi 
mode of occurrence of these secondary eruption-points is often advanced 
as the only vindication of the assumed existence of such fissures and faults 
(14) (7) (3) (5, p. 415, etc. ). We do not wish to deny that eruptive 
occurrences may have been provoked by the presence of fissures and 
faults ; yet the idea, that the latter constitute the main (only ?) and primary 
cause of the former, we cannot admit unreservedly. 

In fact, when considering the mode of arrangement of these secondary 
eruption-points with respect to the crater or caldera concerned, it soon 
becomes obvious that we may distinguish three main groups, i.e. : 1. That 
in which they are more or less centraIly situated ; 2. that in which they are 
arranged along the inner side of the craters or calderas (inner-peripherical): 
3. that in which they are arranged on or outside the cone-rim of craters or 
calderas (outer-peripherical). 
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The natural section of G . Pajang shows that the magmatic core, the 
filling of the cone~pipe , is separated from its clastic cone by a zone of 
breccias. PERRET (3) observed a similar occurrence at Vesuvius, a form 
of which he designated as the " plastic lining" of the cone~pipe wal!. 
Which ever form the phenomenon may effect it may reasonably be expected 
that the cooling effect of the wall on a lava~column rising in its conduit 
(or cone~pipe) will tend to cause a zone of discontinuity between such 
column and its encompassing wall and that such tendency will be 
accentuated by the shrinking of the lava subsequent. to its consolidation. 
lts formation is consequently genetically inherent in the mode of formation 
of a volcanic cone. (N. J. M. Taverne arrived at a similar conclusion in 
1925) . 

The problem of the occurrence - so frequent - of secondary eruption~ 
points and fumaroles arranged inner~peripherically, would thus find a 
ready solution in the presence of this zone. Moreover it would explain 
the peculiar and marked tendency of more recent eruptive and fumarolic 
action to (inner~) peripherical migrations, a phenomenon which is so 
common in all volcanic massives . (see Fig. 7). 

How are we to explain, however, a similar tendency of magmatic activity 

Fig. 7. Schematical vertical section of a vo\canic cone shewing that the tendency of 
younger eruption-points (fumaroles etc.) to peripherical migration is a genetic quality, 
causally inherent in the mode of formation and subsequent structures of vo\canic cones. 

to that super~excentrical displacement of its successive sites which we have 
qualified as outer~peripherical ? 

Wh en studying the structure of a volcanic cone more closely, we find 
th at the zone of Ie ss resistance above described is bordered along its 
outer periphery by the clastic cone which, from this zone outwards, is built 
up in anticlinal fashion. 

It is clear that the highly tensioned magmatic gasses and vapours, highly 
corrosive at that, will tend to discharge along this zone of less resistance 
and thus to penetrate into these clastic anticlinals, the roots of which are 
open along the said zone. Arrived at the tops t, t' , etc. of these anticlinals 
(which are again arranged, grosso modo, along a vertical concentric plane 
going through the top~rim) these vapours will meet with an extra~ 

resistance when arriving up against the downward flank of the anticlinal. 
They will consequently collect at these several tops and their tension and 
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corrosive capacity will tend to make them drill their way vertically through 
the covering masses, causing their discharge at last along and beyond thc 
top-rim of the volcanic cone, i.e. outer-periphericallfl . 

It is evident, therefore, that the outer-peripherical arrangement of 
secondary eruption-points and fumaroles, which pertains inherently to 
calderas and smaller volcanic cone-structures alike may be readily explained 
from the mode of formation of a volcanic cone surrounding its cone-pipe. 

A striking confirmation of our contention as to the identity of cone-pipes 
and encompassing caldera-walls is again furnished by the Batoer-complex. 
A close study of the section of this caldera (8) discloses in its S.E. corner 
a remnant of a vertical inner wall, which is the inner border of a remarkable 
plateau situated at the foot of the bisected cone of G . Abang, and which 
in its turn constitutes part of the outer wall, i.e. of the Molengraaff 
caldera-wall. 

In respect to th is main-wall of the great Batoer-caldera, the bisected 
eruption channel of G . Abang 1) is situated outer-peripherically whilst 
the plateau extends between a remnant of the original encompassing wall 
of the said MolengraaH-caldera and the bisected eruption channel. Hence 
we find that the slopes of the said plateau, which evidently represents a 
remnant of the old Batoer-cone, are directed inwards and outwards in 
anticlinal fashion. 

It would seem that we have now sufficiently explained and founded 
our contention about the rea I nature of the caldera phenomenon, to which 
subject we intend to return shortly in a second communication. 

Finally we have to offer our sincere thanks to both Dr. P. TEseH, 
director of the Geological Survey of the Netherlands at Haarlem, and to 
Mrs. E . A. VAN OOSTERZEE-BEELAERTS VAN BLOKLAND at the Hague for 
their kind assistance in the execution of the drawings which accompany 
the text. 

The Hague, September 1927. 
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Geology. - On a new Basis of Solution of the Caldera~Problem and some 
associated Phenomena. By C. G. S. SAND BERG D .Sc. (Secand cam~ 
municatian. ) (Cammunicated by Prof. Dr. G. A. F . MOLENGRAAFF.) 

(Communicated at the meeting of February 25. 1928). 

In aur previaus cammunication (17) our consideration of the caldera~ 
problem was based, more especially, on the mode of accurrence of the 
phenomena in strata~volcanaes, and on th at of the migration of eruption 
points. Accordingly we tested our conclusions on weIl established facts in 
the histary of Vesuvius, that volcana being the most carefully observed and 
described specimen of its type. 

We now shall use the results of the studies of the classical type of lava~ 
volcanoes (Schildvulkane), the Hawaiïan and specially Kilauea , as testing 
material far aur contention regarding the realnature of the caldera 
phenamenon, this lava~valcana, like Vesuvius, having been very clasely 
observed during several decades. 

Halemaumau, its still active eruptive centre, is situated in the south~ 
western part of the great Kilauea~caldera , the vertical wall of which encam~ 

passes an area of same 5 by 3 km in diameter. 
Inner~peripherically situated remnants of former eruption~channels of 

similar order may be located, S. of Valcano~Hause, at the N. E. corner of 
the caldera and in its sou th eastern part. the Sulph ur Bank. AIso, in 1888 
(see WILK ES and BRIGHAM'S map [13] (PI. IX)) ~wa smaller specimen 
were situated on the edge of the then "black ledge" and twa athers 
occurred a little nearer to the north western part of the caldera~wall 
(Fig. I ; i.k. and I.m. respectively) . These faur eruption~points and the 

Fig . 1. 
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lava-dome, to the S. of the last two mentioned, trend in a direction parallel 
to the north western part of the Kilauea-walI. Such concentric arrangement 
of eruption-points is repeated in the " black ledge" round Halemaumau 
(p.q.r .s.), where they occur outer-peripherically in relation to the present 
eruptive channel of Halemaumau and at the same time inner-peripherically 
in relation to a former , wider eruptive channel, the remnants of which 
surround the present one and the intervening black ledge. 

Outer-peripherically arranged round the Kilauea caldera-wall we find 
Kilauea-Iki, a "depression" to the W . of it and Keanakakoi, and this 
phenomenon is repeated round Halemaumau by the mode of arrangement 
of the so-called " New Lake", a "depression" to the N. W. of it, and a 
similar one on the extreme S. W . of the old cone-pipe-wall of Halemaumau 
above referred t~. 

As further examples of main orifices surrounded by peripherically 
arranged secondary eruption-points we may mention Mauna Loa, Kea 
( 19) , the volcanoes of the Samoa Islands etc. etc. (20). 

DANA' s contention that the vertical wall encompassing the Kilauea 
caldera is nothing but a remnant of the cone-pipe-wall of the th en Kilauea 
volcano is now accepted by JAGGAR, PENCK, ARN. HEIM, PERRET, among 
others, in so far that they agree that " Halemaumau is a volcano in a 
volcano", as ARN . HEIM expresses it (21) . Curiously enough, however, the 
latter still qualifies this Kilauea-wall as that of an "Abbruchskrater", a 
"cratère d 'effondrement", the down-throw of which would have resulted 
from undermining through fusion of its support (l.c. text to PI. I) . This 
contention seems in flagrant contradiction with established facts of Kilauean 
history and appears to be based, among other things, on an erroneous way 
of extrapolating observed phenomena of secondary moment. 

In order, to make the gist of my argument dearer, I reproduce DANA'S 
combined section of Kilauea , showing the successive changes in the form 
of its crater (cone-pipe) during the period 1823-1886 [13] (p. 127) 
(compare also his maps, sketches and descriptions ). This section dearly 
shows e.g. how, in the course of time, the crater of Kilauea narrowed down 
to that of Halemaumau. 

A study of DANA 'S section and descriptions dearly shows that ever since 

Fig . 2. Schematical combined section of the Kilauea-Caldera showing its mode of 
development subsequent to its principal eruptions during the period 1823-1886. After 
J. D. DANA. The broken vertical . lines, added to the original by me, represent the 
directions of the dividing planes between successive accretions. Those between successive 
depositions. by overflows, have not been indicated to avoid crowding. 
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the 1823 eruption (and probably even before that of 1790) the absolute 
height above sea~level of the top of the caldera~wall of Kilauea, as weIl as 
its shape remained unchanged; i.e. during that period there occurred no 
elevation, subsidence (downthrow), or caving in of the caldera wall of 
sufficient importance to support the contention that the occurrence of this 
wall is of secondary origin, as is imp lied by current theories. In 1823 a 
narrow terra ce extended (300 m below the western top~rim of the waIl) all 
along the inner side of the caldera~wall of Kilauea. It was the black ledge 
of th at time, the vertical inner wall of which enclosed the then crater~floor, 
the bottom of the "lower pit". 

Now, how was this, and how were the younger terraces successively 
formed? 

By down~throws or subsidences? By outblasts ? or in some other way ? 
It is clear that a positive answer to these questions, if it could be given, 

might be decisive as to the origin of calderas. 
We cannot affirm, on the evidence of direct observation at least, th at the 

terra ce of 1823 was actually formed in some other way, however much we 
may be justified in doing so on the basis of anology. 

In fact , if this and subsequent terraces were formed by downthrow, 
collapse or out~blast , th en any such process of presumed caldera~formation 
would necessarily have caused : 

1. an outward displacement of the caldera~wall or (and) of that of 
the enclosed cone~pipe~waIl; i.e. a permanent enlargement of either 
or both ; 

2. part of the former mass surrounding the eruption~channel , i.e. part 
of the (presumed) original cone and (or) its floor, to occupy a lower level 
after the supposed event than it did before (compare fig. 1 (17) ). 

Now, when considering how the Kilauea~caldeJ.'a and its enclosed 
eruption~channeI. the lower pit, fared af ter 1823, we find that no outward 
displacement of the Kilauea~wall worth mentioning has taken place, nor, 
we repeat, any material change of its altitude above sea~leveI. in spite of 
various eruptions since 1823. It is therefore most probable that the then 
terrcice below the wall~rim was no more a product of subsidence, downthrow 
or outblast than are those of later formation. In fact, not only did no 
enlargements of the caldera space or of the magmatic conduit occur, 
subsequent to the eruptions between 1823. and 1886, but the contrary 
actually happened, in so far that the capacity of the latter, that of the 
"lower pit", narrowed during each eruption until it was finally restricted 
to the dimensions of H alemaumau, the present eruptive channel. 

Correspondingly the surface of the black ledge, enclosing the channel, 
broadened and also assumed a higher level than that of its predecessor, 
because of the deposition of fresh ejectamenta on its former surface. 

Thus, the surface of the caldera~floor acquired its maximum height and 
development subsequent to the eruption of 1886. It th en extended as a 
slightly convex plane, over the entire space enclosed by the encompassing 
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wall of Kilauea, at an altitude which was only 132 m below that of its 
western rim, a formation exactly like those of Askja, which is enclosed by 
Dyngjufjöll, and of Ngorongoro (East Africa). Consequently, if volcanic 
activity at Kilauea had ended th en or had remained latent until the present 

I'·", '",,· 

Fig. 3. Sketch of the Dyngjufjöll-Askja-Knebel-Complex. Af ter H . RECK's topo
graphical map [6] , iIIustrating how the phenomenon of migration of younger eruption 
centres is repeated again and again. 

A 
·k· Id < Lava plateau /Rudolf crater (R) s a-ca era 

J Knebel-caldera, S. E. craters (shaded) 
'5. fumaroles " 

day, whilst its previous history were unknown, (as is that of Ngorongoro, 
Askja-Knebel, and similar occurrences) then we should now search in 
vain, within the encompassing wall of the Kilauea-caldera, for the "central 
eruption channel" from which such a IGva-floor emanated at one time. 

From the foregoing it is clear that, in the course of time, the caldera of 
Kilauea went through a process of filling up identical with that of Vesuvius 
(17) (p. 1175-76). Far from being caused by downthrow, crumbling or 
explosions, it is this process which originated the successive terraces, black 
ledges, each younger one being broader and occupying a higher level than 
its predecessor, within the encompassure of the stabIe caldera wal!. Why 
they will, inherently, be bordered, outwards and inwards, by grosso modo 
vertical walls, we have already explained (17). 

Summarizing, we may conclude that the vertical wall encompassing the 
Kilauea-caldera is nothing but a top part of the cone pipe-wall of the old 
Kilauea-volcano, i.e. a product ofprimary origin. Further it is established 
th at the successive terraces have been built up concomitantly with the 
narrowing-down process to which the magmatic conduit of Kilauea was 
subjected. 

Still, there is no doubt that the phenomenon of subsidence and downthrow 
and temporary enlargement of the said con duit did take place at Kilauea 
at the close of various of its eruptive periods. And although of secondary 
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importance to the problem of caldera-formation, it is very likely that a mis
appreciation of the real nature of these phenomena and a false extrapolation 
furnished considerable support to the subsidence theory. Hence it seems 
necessary to identify that real nature. 

Our analysis of the mechanism of volcanic cone-building (17) showed 
that cone-pipes in course of erection are being built up. generally speaking. 
under the influence of gravity. inter-friction and pressure of the extruding 
magmatic column on the accumulating ejectamenta; i.e. that of a gas
current laden with fragments and particles of eruptive and other rock
material. or of a column of more or less plastic rock material highly 
charged with magmatic vapours and gasses. At the same time we showed 
that the material constituting the conepipe-wall would. eo ipso, arrive in a 
state of labile equilibrium the moment the intensity of the pressure of the 
said magmatic column changed. Hence the occurrence of subsidence 
phenomena. falling in of the orifice of the cone-pipe and its subsequent. 
though often temporary, enlargement which is wont to follow immediately 
on periods of eruption. e.g .. of strato-volcanoes ( Vesuvius and others. [3]). 

It is c1ear that these phenomena of subsidence. collapse and temporary 
enlargements of the cone-pipes of lava-volcanoes (Schildvulkane) , which 
are also wont to follow their periods of eruption (22) (23) (24). are 
identical in origin and nature with those of strato-volcanoes. In facto under 
the influence of the cooling and solidifying effect of the upper surface 
and of the si des of the cone pipe-walls. a x:ising lava-column will tend to 
"cake on" (accretion. plastic lining. etc.) and so cause a shore or black 
ledge, of zonal structure. It is c1ear. however. that the viscosity 
(solidification) of such a shore or black ledge. will decrease with increasing 
depth; i.e. the cone pipe-wall will tend to Iiquefaction more and more 
with both. dep th and vicinity to the incandescent magmatic rock 
increasing. Now, this peripherical part of such a zonal shore or black ledge 
will remain in a state of equilibrium. grosso modo, so long as the surface 
of the lava-column is at or near the level of its surface. On the retreat of the 
lava-column. however. such parts of the newly formed black ledge 1) as 
have not reached a sufficient degree of solidification will tend to subside 
or collapse and in doing so may drag with them. to a greater or less degree, 
more distant parts of the black ledge or cone-pipe. 

As a matter of fact the phenomenon described above was witnessed by 
PERRET at Halemaumau. He wrote (22) : 

"But the shore 2) - undercut and plastic in its foundations - soon 
yielded to gravity as the support of the lava column was withdrawn. and 
settled . ...... whereupon the unsupported black ledge began to give way in 
a series of majestic downfalls ... ... Although on a smaller scale, the collapse 
of these previous formations was comparable to that of Vesuvius after th\:' 
eruption of 1906. At the west and north sides the rock of the wall was 

I) The "shore" by PERRET (see note 2). 
2) Recently accretioned bleck ledge (see note I). 

14 
Proceedings Royal Acad. Amsterdam. Vol. XXXI. 
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under a powerful stress and detachment was accompanied by a sharp 
report as. with a crushing roar. the avalanche of broken rock descended 
in a cloud of stony dust .. . ... At the east edge. on the contrary. detachment 
was gradual. the dislocated masses of rock sliding downward with a long-
drawn roB of thunder ...... .. (See also (24) a.o. p. 219. Conclusions.) 
(Compare also the descriptions of subsidence phenomena at the Knebel
caldera subsequent to its great eruption. by WATT. JOHNSTRUP and 
others [6] [12] . ) 

It is clear that these phenomena do not affect the problem of caldera
formation in the least and th at they concern. exclusively. that of an 
enlargement. of ten only temporary and relatively minimal at that: of an 
existing magmatic conduit by means of subsidence of part of a newly formed 
or even adjacent black ledge along their planes of zonal accretion. 

It would seem that our study of the caldera-problem has led us to 
another important result. In facto it has shown that the filling-up process 
of a caldera-space. of ten of gigantic dimensions. is accomplished by lateral 
accretions from aconduit and by depositions on its surroundings of the 
produets of its overflow. in such a manner that an eruptive massive causaBy 
ensues in which zones of less and greater resistance will alternate. 
irregularly yet systematically. The divisional planes between successive 
layers of accretion and deposition will constitute. grosso modo. a system of 
planes of least resistance. 

Moreover. it is clear that a tendency to a certain mode of orientation 
will be inheJ;ent in these alternating zones of less and greater resistance 
and that such orientation will largely correspond with the physical state 
of the rock-material concerned. during its deposition or accretion. Should 
the rock have been extremely liquid (Kilauea and. in general. the basaltic 
group of rocks). then it may be expected that the zones will be directed in 
a vertical and horizontal sense corresponding respectively with the orien
tation of the accretions and depositions. For more viscous material. these 
directions may be expected to vary accordingly. 

Furthermore it is equally clear from the foregoing that certain directions 
of trend will be imposed geneticallyon these zones of less and greater 
resistance e.g. one which is parallel. generally speaking. to the wall of the 
eruption channel concerned. 

Now. should our conclusions be right. th en it may be reasonably expected 
that gravitative. magmatic. and other tensions will naturally tend for relief. 
along the directions indicated above. in the shape of faultplanes. subsidences. 
zones of disruption. fissures. eruption-points. fumaroles. etc. etc. Finally 
it should be kept in mind that such layers of accretion and deposition. may 
acquire any shape. size. and thickness. ranging from a thin wafer to a 
big mass. and that consequently their dividing planes. which are of primary 
origin. may be extremely close t6gether (foliation. schistosity) or very far 
apart (banked condition etc. ). 

It follows that when in such and similar eruptive massives foliation. 
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divisional planes, fissures , faults, aligned eruption~points etc. are actually 
established, showing a pronounced and systematic orientation, such occur~ 
rence does not eo ipso justify the conclusion that these phenomena must 
have had a secondary origin i.e. were tectonically imposed af ter (or during) 
the consolidation of the massive, by the action of tangentialor other forces . 

As such massives may acquire huge dimensions - even supposing they 
cannot much surpass those we knowalready - it follows that our conclusions 
may fundamentally affect current principles on the o'rigin and nature of 
the ( tectonical) structure of eruptive masses and systems, ( Eruptiv 
Tektonik ; (26) ) as weil as on the deductions based thereon. (Approxim~ 
ate areas of: Kilauea 14 km2 ; Askja~Knebel 90 km 2 ; Ngorongoro 
300 km 2 ; Ringgit 475 km2 etc. etc. ). 

We will now put our conclusions to the test of facts which have been 
weil established at Kilauea and in its neighbourhood. 

An inter~comparison of several maps and sketches of Kilauea published 
since 1825 [ 13] [5] p. 463 ; ( 24 ) c1early demonstrates that zonal 
accretion and corresponding fissuring and faulting of the black ledge 
actually occurred and proceeded in a direction, grosso modo. parallel to 
the old Kilauea caldera~wall all round the still active remnant of its 
eruptive channeI. Halemaumau. 

Such orientation is proved by the trend of Lyman's ridge (e.f~g .h . ). 

which indicates the inner border of DANA's black ledge of 1830 [13] 
(p. 85) ; by the system of contraction~planes with slig ht vertical 
displacements, which trend through the accreted black led ge of Kilauea , 
concentrical to the crater~wall of Halemaumau. We find our conclusions 
confirmed, not only by the mode of arrangement of outer~peripherically 
situated eruption channels round Kilauea as weIl as round Halemaumau 
(and also round Kilauea Iki, it would seem), but also by the arrangement 
of a series of smaller eruption points at or near the border of the black 
ledge of Kilauea (of 1840) (Fig. I , i . k. Z. m) , and those within the outer 
wall of Halemaumau (p, q, r, s.) . Last but not least, our conclusions are 
again supported by the directions of trend of the fault~planes going from 
W. by N. to E . in a wide semi~encompassing curve round the Kilauea~ 
caldera, and comprising Kilauea~Iki and Keanakakoi. 

By analogy with occurrences established in old Kilauea and round 
Halemaumau, it would seem justifiable to conclude that these systems of 
faults and fissures round Kilauea are either remnants of an older caldera~ 
wall or else th at they were originated in a black ledge of much larger 
dimensions, within which Kilauea and its smaller companions may have 
been the reduced eruption~channels of a larger volcano; just as 
Halemaumau is the reduced remnant of old Kilauea. 

We should therefore not be surprised to discover that, in and round 
caldera~areas such as Dygnjufjöll, Santorin and others, tectonic and 
eruptive phenomena happen to be arranged in perfect harmony of 
orientation with the directory lines of such areas; on the contrary we 

14* 
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should expect such arrangement. We thereforeemphasize that the 
establishment of their existence in such areas does not justify to invoke 
the fact of their occurrence as an irrefutable proof of the contention th at 
such and similar calderas were generated, directly or indirectly, by these 
tectonical or eruptive phenomena (subsidence or explosion). 

Such phenomena we re generated, and they subsequently matured, at 
least to a large degree, in the body of the pre-existing caldera, as a causal 
result of the way in which it was filled up. 

Finally we wish to add a few words to our previous argument. Firstly. 
it may be mentioned that Kilauea, like Vesuvius, furnished a striking 
example of the effects of re-fusion of part of its cone and a subsequent 
flow-back of the re-fused material (Fusion theory of HOCHSTETTER and 
others) . Halemaumau went through such a process when, subsequent to its 
eruption of 1868, part of the cone all round its eruptive channel, having 
been re-fused, was capped over completely by a relatively very thin, semi
solid crust. Now, after the subsidence (back flow) of the liquid lava, its 
thin roofing collapsed; yet the caldera thus formed was, again, not 
bordered by vertical walls (com pare (I 7) p. 1166). 

As instances of blasting-out phenomena, with subsequent cone-pipe 
enlargement of minor importance (explosion theory (17) (p. 1166) we 
would mention those which occurred in Vesuvius in 1913 and in Krakatau 
in 1883. 

It would not be diHicult to furnish further evidence in support of our 
contentions, from the eruptive histories of ot her volcanoes, such as Santorin, 
Pelée and others. We preferred, however, to restrict our tests principally 
to well established facts in the history of Vesuvius and Kilauea because 
they represent two classical and beautiful types of their kind. Moreover. 
we know no other volcanoes which have been the object of such continuous, 
detailed, and scientific studies as have these two. 

The chosen testing material was therefore of the first order and 
corresponding demands we re therefore made on the arguments by which 
we had to vindicate our contentions. 

The Hague , December 1927. 
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Matbematics. - On infinitesimal deformations of V m in V n• By J. A. 
SCHOUTEN. (Communicated by Prof. JAN DE VRIES). 

(Communicated at the meeting of November 26. 1927). 

Let the points XV of a geodesïc line in V n be subjected to a trans~ 

formation : 
(1) 

wh ere VV is a 6eld of contravariant vee tors de6ned along the line. and E 

a small constant. Higher powers of E may be neglected. Then we can 
deduce the conditions to whïch v~ must conform in order that the 
transformed line mayalso be geodesïc. A differential equation of the 
second order is found. whïch for V n = R3 is due to JACOBI. and in the 
general case to LEVI~CJVITA I). 

An analogous question arises for a minimal~ V m in a V n• This also 
leads to a differential equation of the second order. due for V n = R3' 
m = 2. to SCHWARZ. and for general V n 'and m = 2 to CARTAN 2). 

We may now seek in general to 6nd the equations expressing the 
change of the fundamental quantities of a V m in V n • when the points 
of th is V mare subjected to a displacement EV~. By fündamental quantities 
we understand the fundamental tensors and the different curvature 
quantities. Af ter this we can easily 6nd the differential equations for v~ for 
the case that the displacement tvV does not change certain given properties 
of the V m' It is only necessary to substitute the identities. characterizing 
this property. into the general equations. 

In this paper we 6rst deduce the conditions for a geodesie V mand 
for a minimal~ V m. they are immediate generalisations of results found 
by LEVI~CJVIT A and CART AN; af ter this we deduce the equations for the 
bending 3) of a V m in V n and 6nd some interesting conclusions for the 
special case V n = Rn. We conclude with the transformation of a V n- 1 

in V n that leaves the principal directions of the second fundamental 
tensor invariant and with the equivoluminar transformation of a V min V n • 

§ 1. The fundamental quantities of the V m' 

We use two coordinate systems: x~.l. fl. v = al' ...• an in V n and 
ye. a. b. c. d= 1. ...• m in Vm. According to a known property we can 
avoid the use of the coordinate system y. But it is useful for the present 
investigation. as we will accept that the deformation E v~ takes it along 

I) Sur l'écart géodésique. Math. Ann. 97 (26). 291-320. 
2) Sur l'écart géodésique et quelques notions connexes. Rend. Acc. L1ncei (6a) 5 (27) 

609-613. 
3) Under bending we understand a llexioD without tearing or stretching . 
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with it. Hence the quantities of the V n carry Greek. those of the V m 

Latin indices. Under transformations of the x the components of the 
quantities of the V m do not change. being fixed with respect to the y. 
The same holds for the components of the quantities of the V n under a 
transformation of the y. Furthermore we have quantities with both Greek 
and Latin indices. their components being changed as the components 
of a quantity of V m in as much as the Greek indices are concerned. 
and as those of a quantity of V n in as much as the Latin indices are 
concerned 1). 

The most important of these quantities is: 

B" = ox" (2) 
• ox-

It can be shown very easily indeed that the B: behave like the compo~ 
nents of a contravariant vector of the V n under transformations of the x; 

and like components of a covariant vector under transformations of the y. 
With the aid of B: we deduce from the fundamental tensor g~fL of the 
V n the fundamental tensor of the V m : 

g~b = B~t g~fL . • (B~t = B~ Bt) 

and with the aid of g:b we form the quantity: 

B~ = g'cb B; g~fL 

It follows from (2) and (4) that 

B~B:=B~ . 

(3 

(4) 

(5) 

here we denote with Es a set of m2 numbers with value when a = c. 
and 0 wh en a 1=- c. 

The quantities B: and B~ allow us to define a unique correspondence 
between the quantities of the V mand some of the quantites of the 
Vn and vice versa. We only need to show it for vectors. If 

~ = B~ Vb. 

corresponds to vC
• or. in covariant components: 

- B" 'bc Be 
v~ = g~" b g Vc = ~ Vc • 

we have. on account of (5): 

Hence it is equally possible to deduce v from v as v from v. We use this 
property to write v" and v~ in stead of ~ and ih.; we therefore consider 
them as another kind of components of the vector v. We have reached 

\) Such quantities are already Introduced, for the dlscussioD of Vm in Vno by E . BOMPIANI. 

Studl ' sugli spazi curvi. Atti Veneto 80 (20/21) 1113-IH5. and more systematlcally 
by B. L. VAN DER WAERDEN. Differentialkovarianten von Vm in Vno Abh. Math. Sem. 
Hamburg S (27) 153-160. 
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by proceeding in this way. that all vectors. and therefore all quantities. 
of the V m can be considered as quantities of the V n • On this property 
depends the mentioned possibility to discard the y totally. 

We say that a vector v'. defined with respect to the Vno lies in the 
Vmwhen v' = B~ v~ The geometrical meaning is clear: the direction of 
v' is tangent to V m • It is obvious that a vector. not lying within the 
V m. has no components with Latin indices. I t is of course possible to 
form H',. v/lo. but these are the components of the projection of von V m • 

not of v itself. In the same way we see that a quantity P)./IoV has 
only then components Pab,. if it "lies in the V m with the indices À and 

fl". that is to say. if l3";,.~ P"I'Y = P)./Io" 
A vectorfield v ). • defined in Vno has a covariant derivative 

(8) 

r:l are the CHRISTOFFEL symbols belonging to the g,,/Io' In the same 
way a vector field W •• defined in V m. has a covariant derivative. whose 
components with Latin indices are 

, owa 

\lb W. = oyb - r~~ We (9) 

and with Greek indices: 

\7 ' _ Bb. ow. Bb. r'e 
v /10 W ). - ). ~ - " . b We 

/10 UYb /10. 
(10) 

la: l' are the CHRISTOFFEL symbols belonging to the g'ab. For a vector 
field u" of Vno defined on V m. the expression \l/lo u" has no meaning. But 
the expression 

\7 \7 ou). 
Ba. v " u" = Ba B" v " u" = B' ~ - ~ r: Uv /10 /10 • /10 uy. /10 na. (11 ) 

has certainly a meaning. and represents another kind of covariant 
derivative. It can easily be proved. that for the case of u). lying in V m : 

(12) 

In the same way we can build different kinds of derivatives for 
quantities of higher order of the Vno defined on the V m. One of the 
most frequently occurring quantities is B~,~~ \ll' Va.". where v/lo) is a field 
with index fl within V m' For the baÀ~component of this derivative we 
easily find 

BPa. \7 - ov.). T'e B/Io Tv I) 
ba v l,V").-OYb - abVeJ.- b ÀI'V. y • 

(13) 

I) The factors B could he avoided in most cases by the introduction of new differentiation 
I 2 

symbols for the different derivatives. e.g. 'V , 'V. If however in th is way we want to come 
to a systematic notation applyable to all cases, the sign 'V must indicate In which way 
the factors B affect the indices. This makes the notation less clear and more complicated 
than the notation used here as weil as in Chapter III and IV of "Der Ricci Kalkül", 
SPRINGER 1924. 
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T ogether with the fundamental tensor the following fundamental 
quantities are the most important I). 

l"t The curvature affinor. 

(ti) 

This quantity lies with its first two indices in the V m' Hence it has 
also components with two Latin indices: 

H ·· y B~I'H'" B"j3\] BY 

ab = .b ÀI' = .b v" j3 (15) 

The vanishing of H~b" is necessary and sufficient for V m being 
geodesic. For m = n - 1 H~b' passes into - h.b n'. wh ere h.b is the 
second fundamental tensor and n' the unit vector normal to V n- I • 

2nd The mean curvature vector. 

DY-~ '.bH·· Y 

- m g .b (16) 

lts vanishing is necessary and sufficient for V m being a minimal 
manifold. For m = n - 1 we have - hn" = - h~. n' in stead of mD'. 

§ 2. The fundamental equations. 

Under a deformation w Y these quantities are changed in the following 
way: 

II d ' 2 B"13 \] 
• g.b = f. (ab) V" Vj3 

IV. dH~b' = - E H~b 13 
g 'Y" V" v /3 - E B:t CJ K;~~ J V'Y + 

+ C y B I3'Y\] B~ \]" H"« pY {3 
E " .b V j3 'Y V J V - E .b .L«~ V • 

V. óDv =- ED f3 g'Yr1.V" V{'- ~E CJ g'''/3 K;~~J V'Y + 
m 

VI. dK~bed = - '4 E Br![c HbldJ" K'Y"i3J V'Y + '4 E H[~r~" B~J~I V f3 B~ V'Y V" 

+ E B~I:c~' IK"/LÀY VOJ V" + KOJ"~Y V I' V" + KW/L"Y V À V" + KW/L1-« Vy VIl I 

+ 'B"13'Y. \] K EV.bed V, "{''Y'jo 

I) Compare e.g. Chapter V of "Der Rieci Kalkül" (further on referred to as R.K.). 
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VII. dK;'" = E (- B~ Hl, ,,; + mB';},' DJ - B~H/J + g'"'' Hi,/) v" K",,~, + 

+ 4 ' ad H .. " B" i \7 B" \7 Eg [ale bJd] V i' d V" V" 

2 K ' '~'d,.\7 +' '"J B,',,\7 K - E abcd g .a g V (,. V>-) EV' g bc V, "h" 

VIII. dK' = - 2 E H "'" V" K""I,d + 2 m E g'''~ DJ V" K"" I>J + 

+ 2 E H l'''''\] ~ B; \]. v" - 2 m E D" g'13,,\] ~ B~ \]J v" 

+ 4 E K",.>-, g'('" g'''>-\]., V" - 4 E K''' 13 \]"v~ +E ti' g'''d g'13,,\], Krxp"J. 

We obtain (I) starting from (1) and (2). From (I) equations (II) are 
deduced. For m = n (11) passes into the weil known equation for the 
variation of the fundamental tensor of the V n under an infinitesimal 
transfor~ation I). We obtain (III) and (IV) from (I) and (14); and (V) 
from (11). (VI-VIII) are deduced from (IV) and GAUSS' equation. For 
m = n the quantities H~;. Y and D' vanish. and (VI) passes into the 
equation ex pressing the change of the curvature quantity under an 
infinitesimal transformation 2). For m = n - 1 we have in stead of 111. 
IV and V: 

IV'. dh - B"" K"··" B I,J\7 B" \7 " ab-E ab ""l nJ v -En" ab VI' ;1 V"v . 

If we decompose in this case vY into a component w' in the V n- I 

and another. 'IJlnv, normal to the V n- I (n' being unit vector) we find 

(17) 

" " ,,\7 J \7 _ ."\7' \7'" ." \7' \7' n Bw,. V 13 B" V J V" - - h." V,. w" - v.~ h,. W" - V' h" h,." + V" V ,.11'. (18) 

The equation of KILLING \](11- v>-) = 0 3) is characteristic for the rigid 
motions in V n • It can indeed be shown without difficulty that in th is 
case all diffferentials vanish. 

I) R.K., p. 209. 
2) R.K .. p. 208. 
3) R.K .. p. 212. 
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§ 3. Geodesie V m ' 

Necessary and sufficient condition th at a geodesie V m remains geodesie 
under a deformation w v

• is. af ter (IV). that 

CV B /1'Y\7 BJ \7 '" -B"'I~ Cv K ··· · '1- 0 '" ab V f" '1 V • V ab. 'Y"' I~ V - (19) 

For m = n - 1 this equation passes into 

B"'Y \7 BJ 
\7 '" B"'i~ K '1. - 0 n", ab V 13 '1 V • V - .b "''1,'. V n - (20) 

and for m = 1 into: 
(52 

• .", 13 K " . ~ '1 - 0 ds2 V - I I '1"',' V - • (21) 

the equation of LEVI~CJVITA. 

§ 4. Minimal~ V m ' 

Necessary and sufficient condition that the minimal property is not 
changed is 

C~ g' P'Y\l f" B; \l. v'" ~ C; g' '''" K;~,3· v'Y - H "'13v \l '" v,3 = O. (22) 

For m = 2 and V V 1. V 2 this equation is equivalent to CARTAN'S 

equation, 
For m = n - 1 equation (22) passes into 

(23) 

IE we take vY = 11' nY and the unit vector nY 1. Vn- I • we get 

\l'a \l~ 11' - 11' K",!, n'" ni' + 11' h"'" h"'I' = 0 (24) 

and, if in th is case V n = R3' m = 2. we obtain the equation of SCHWARZ 

\l'd \l~ 11' -2K~VJ = 0 

in wich K'o is the curvature of the V 2• 

§ 5. Bending. 

(25) 

A V m is bended wh en its metric is not changed under the deformation. 
Hence the necessary and sufficient condition is dg'ab = O. or. with 
respect to (11) 

(26) 

For m = n - 1 we get from (17) 

\l;a Wb) ' - VJhab (27) 

lf V n = Rn and the rank of hab is larger than 1. we can obtain from 
this differential equation an equation of the second order with \l[a Wbl 
as dependent variabIe. whieh does no longer contain the function 11'. IE 
we write \l;aWbl= {..b, the integrability conditions of (27) are : 

1 ' . . . d f _ I /2 K cab Wd - \l[cfalb-- (\l[cVJ)h a1b• . (28) 
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For the deduction of the right member we have used CODAZZI's equation 

\7;c h alb = 0 . (29) 

From (28) we obtain. making use of GAUSS ' equation: 
. d I I 

hb!c h al Wd - \7 [e falb = - (\7 [e 1jJ) h alb (30) 

Transvection with hab gives 
.ah· d +hab\7' {: .a\7 ' 

pe a Wd V a ,eb = pe V a 1jJ (31) 

in which we have used the abbreviation 

h
ab h h db h Aa . a eb - db c=pc • (32) 

The rank of pab is always n when the rank of hab is not equal to 1. 
Hence there exists an inverse tensor Pab of pab and the introduction of 
Pab into equation (31) gives the simpIer formula 

h ·• +p.a hdb \7' {: \7' 
e Wa e Vdlab=V e lP· 

from which we obtain by differentiation and alternation 

I h[~ a {dIa = \7;e Udl I 
in which we have used the abbreviation: 

P ·ahdb \7' ,. 
eV d {ab = Ue 

(33) 

. (A) 

(34) 

If (33) is substituted into (17). we get. making use of (27) and (34) 

B~ \7" v}. = {I'}. + UI' n}. (35) 

The integrability con di ti ons of this equation are. so far as they are 
not a consequence of (A): 

I \7~ tbc = 2 ha[b Uc[ I . (B) 

It can easily be shown that the integrability conditions of (A) are a 
consequence of (B). Those of (B) are 

and the integrability conditions of th is equation are a consequence of (B). 
Hence the system (A). (B). (C) is complete I). If we compute for this 
case the right side of equation (VI). we see that (C) expresses the fact 
that dK'abcd = O. 

Now we win first investigate under which conditions the bending is 
improper. that is to say. is only a pure motion of the Rn. Necessary 
and sufficient condition for this is that we can find a vector field in the 
Rn being equal to v}. in every point of the Vm and being choosen in 
other points in such a way. that 

(36) 

I) The equations (A). (B) and (C) are equivalent with a system deduced by SSRANA: 
Sulla deformazione infinitesima delle ipersuperficie. Ann. di Mat. (3) 15 ('08) 329-348. 
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is a constant bivector in R.; that is to say that there exists in V m a 
vector field p}.. such that the bivector 

(37) 

is constant in Rn. This is however then and only then the case. when 
the system 

\7~ 6e = 2 ha [b pel I· 
admits a solution. It can be shown without difficulty that (Aa) and (Ba) 
also form a complete system. the equation corresponding tot (C) being 
here a consequence of (Aa). If a solution of (Aa. Ba) is found. we have 
for the corresponding motion 

(38) 

Hence a solution of (A. B. C) is then and only then not a proper 
bending. if this solution also satisfies (Aa) for u = p. 

Now the following theorem holds and can be proved easily by writing 
out the components with respect to the principal directions of hab : 

Given the equation . hlalc kbldJ = O. in which hab is real and symmetrical 
and kab arbitrary. Then if hab has the rank 2. kab lies totally in the R 2 

of h.b. and if h.b has a rank > 2. kab vanishes. 
Hence we .deduce from (C) that a V m in Rn admits only th en proper 

bendings. if the rank of hab is 2 or less. a well~known property. first 
published by KlLLlNG I). If the rank of hab is 2. we have the only case 
that the oon-3 directions of hab form. at each point. a plane Rn-3 lying 
totally in the V n - I and with the same tangent~Rn_1 at each point. This 
was proved bij BOMPIANI 2

). Hence the V n- I is thus built up by 00 2 

of such Rn-3. According to (B) f}.fL is constant in each of these Rn-3. If 
the above mentioned theorem is applied to (C). we find th at hb a. fda.

- \7~ nd lies totally in the R2 of h}.fL; and this shows that also Ua in 
each of the Rn-3 of V n- I is constant. We have besides. from (IV') 
and (35): 

(39) 

Hence if yl and y2 are chosen in such a way that the Rn-3 become 

I) Die nichteuklidischen Raumformen in analytischer Behandlung. Leipz .• 1885. p. 236 a.f. 
2) Forma geometrica delle condizione per la deformabilità delle ipersuperficie. Rend. Acc. 

Lincei (5) 23. I (14) 126-131. The first part is an immediate consequence of CODAZZI's 
equation. if written in orthogonal components with respect to the principal direction of 
hab. the second part follows from the geometrical meaning of B~ 'Va. n}.. Comp. STRUIK. 
Grundzüge der mehrdimensionalen Differentialgeometrie. SPRINGER 1922. p. 140. CARTAN. 
La déformation des hypersurfaces dans l'espace euclidéen réel à n dimensions. Bull. Soc. 
Math. de France H (16) 65-99. has a complete classification of all possible cases where 
a Vn-I is bended in a Rn. 
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the intersections of the systems of V n - 2 belonging to yl and y2. we see 
from this last equation that dhab always vanishes ex cept for n -< 2 and 
b -< 2 simultaniously. Hence the plane Rn-3 remain plane under bending. I). 

Starting with a definite solution VJ. of (A. B. C) we can always obtain 
that {!"J. and UÀ vanish at some point P. without essential change of the 
solution. We have only to determine the corresponding proper motion v'À. 
giving at P the same value for {!"À and UJ.. Then VJ. - v'J. .is thedesired 
solution not differing essential1y from VJ.. This will be cal1ed the 
reduction of the ben ding with respect to P. 

Let us give besides a short treatment of the case m = 2. in which 
case (!"À passes into rpI!"À; I!"J. being the unit bivector of the V 2 • The 
function rp is WEINGARTEN'S "Verschiebungsfunktion" 2). Then equations 
(A. B. C) become: 

From (AI) and (BI) we obtain: 
\7' H ab \7' _ I/ • 
Va Vbrp-- grph .a (40) 

in which Hab is reciprocal to hab. 
This equation comes in stead of (A) and is equivalent to the charac~ 

teristic equation of WEINGARTEN 3). It can easily be shown that every 
value of rp deduced from a solution of the characteristic equatiori 
satisfies (Cd identical1y. 

A remarkable case of proper bending is that in which the (n-l)~ 
direction of each element of the V n- I remains unchanged. The necessary 
and sufficient condition for this is that not only dg 'ab. but also dg'J.!" 
vanishes. This occurs th en and only then if. as we see from (I) and (11) 
B; \la: VÀ lies totally in V n _ t and is at the same time alternating. Then 
the equations (A. B. C) pass into 

I h[/ {dJ a =0 I (A 2) 

I \l~ tbc =0 I (B2) 

h[.re hi,t (dJ a: = 0 (C2) 

I) BOM PlAN I, Forma geometrica delle condizioni per la deformabilità delle superficie. 
Rend. Linc. 33 (li) 126-131. 

2) Comp. e.g. BIANCHI-LuKAT, Vorlesungen über Differentialgeometrie, Leipzig, 1899, 
p. 289 a.f. 

3) E.g. BIANCHI-LuKAT, l.c. p. 292, equation (7*). 
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It follows from (C2) that. except for a scalar factor. {ab is equal to 
the unit bivector in the R2 of hab. It follows from (B2). that this scalar 
factor is a constant and that the R2 of h.b is geodesically parallel (in 
V n- I ) at all points of V n- I • If (A 2) is written out in orthogonal com
ponents with respect to the principal axes of hab. it appears that this 
equation is then and only th en satisfied if the V n- I is mini mal. If we 
reduce the bending with respect to some point P. we see that there is 
essentially only one solution. Hence we have obtained the theorem. 
obtained by DARBOUX for the case of a V 2 in R3 I): 

Necessary and sufllcient condition that a V n- I in Rn' for which 
hab has the rank 2. can be subjected to a proper infinitesimal bending. 
with preservation of the (n-l)-direction of each element. is, that the 
V n- I be a minimal- V n- I ' and that the R2 of hab be geodesically 
parallel in V n- I at all points of V n - I • If one such a bending is given, 
then any other can be obtained from it by the adjunction of a proper 
motion. 

§ 7. Infinitesimal deformations normal to V n - I that keep the 

principal directions of hab invariant. 

Suppose v· .l V n- I • Then we have from (IV') and (18): 

d hab = E 'IjJ B:: K;;,.,3· n. n'Y + E 'IjJ h~ c hbc -- E \7: \7~ 'IjJ (41) 

The tensor h~ c hbc has the same principal directions as hab. Hence the 
necessary and sufficient condition that the principal directions of hab 
remain invariant. is: 

ia i" ( \7~ \7;, 'IjJ - 'IjJ K;;,3' n. n'Y ) = 0; a. b = 1 •...• n - I, a =f:- b. (42) 
a b . 

in which the i are unit vectors in the principal directions of hab. Such 
a transformation exists wh en we pass from one of the V n - I of an 
n-uple orthogonal system to a neighbouring V n- I • It can be shown 
indeed. that in this case one of the conditions for the existence of such 
a system is given byequatlon (42) 2). 

§ 8. Infinitesimal transformations that keep invariant the 

the m-dimensional volume. 

The volume of the parallepiped with sides dy', dy2 .. . . • dym is. according 
to a well-known formula: 

dl = dy' . .. dym V g' (43) 

I) Leçons sur la théorie générale des surfaces. Paris. 19H. I. p. 383. 
2) Por literature compare SCHOUTEN aad STRUIK. On n-uple orthogonal systems of 

Vn-I in Vno These Proceedings 22. (1919). p_ 591-605. 680-695_ 
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A transformation is equivoluminar, when dr: remains invariant, or 

in consequence of (43) when d V g'= O. But 

d V g' = 1/2 g'-'/, dg' = 1/2 V g' g ,.b dg:b = E V g'g' f'A\7 f' VA (44) 

This formula passes for m = n - 1 into 

d V g' = E'Ijl V g' ( \7" w. + 'Ijl h\) (45) 

on account of (17). This shows th at an infinitesimal transformation of a 
V n- I in V n perpendicular to this V n - I is th en and only then equi~ 
voluminar if the V n- I is minima\. This theorem is due to BOMPIANI. I) 2). 

I) Studi sugli spazi curvi, Atti del R.1. Veneto 80. 2 (20/21) 1113-1145, p. 1 Hl. 
2) In a recent dissertation at the Massachusetts Institute of Technology, with title 

"Infinitesimal Deformation of Surfaces in Riemannian Space", W. F . Cheney investlgates 
the bending of V2 in V n , especially for the cases n = 3, n = 4. In these cases he comes 
to equations. which for the case Vn = Rn correspond to the equations (Alo BI) of our 
paper. An abstract of this dissertation is published in "Abstracts of Publications of 
the Massachusetts Institute of Technology", Vol. I (1928) . 



Physiology. - Experimental contributions to the knowledge concerning 
the segmental innervation of [he abdominal muscles in the dog. 
( 1 st Communication. ) General statement of problem and J. The M. 
Rectus Abdominis]) . By Prof. G. VAN RIJNI3ERK and Miss 
L. KAlSER. 

(Communlcated at the meeting of January 28. 1928). 

GENERAL STATEMENT OP PROI3LEM. 

The muscles of the abdominal wall hold a somewhat special position 
among the muscles of the trunk in regard of problems of segmental anatomy. 
The structure of those muscles reminds us of the original myomery by the 
presellCe in many places of obvious rudiments of myosepta; besides the 
innervation being plainly metamerical in type. In the following communic
ations we will give some contributions to a more exact knowledge of the 
actual facts concerning the segmental structure and radicular innervation 
(rhizomery) of those muscles and also of the mutual relation of those two. 

I. RECTUS AI3DOMINIS MUSCLE. 

ANATOMICAL INTRODUCTION. 

Gross Anatomy. 

The M. Rectus Abdominis consists in dog in one long narrow layer of 
muscle that is inserted craniad with a relatively broad head to the IsL-5 th 

ribs . a fascia intervening . Caudad the insertion consists of a narrow strip 
fixed to the pubal symphysis. The fibres take a parallel course. in cranial
caudal direction. The larger part of its course is intersected by fibrous 
partitions plainly. visible at the surface as white. somewhat sunken stripes. 
the so-called inscriptiones tendineae. Of those inscriptiones tendineae 
usually six can be counted ~) limiting five muscle compartments about 
equal in length. We will designate the inscriptiones as I 1-6; the 
muscle compartments as M 1-5. The cranial and cauda! part of the muscle 
are free from inscriptiones. In the caudal terminal part at the medial border 

1) Af ter research carried out in the Physiological Laboratory of the University of 
Amsterdam. 

2) Those were easily found in the dogs investigated. contrarely to ELLEN BERGER and 
BAUM who remark (Anatomie des Hundes. p. 162) .. Man bemerkt an seinem Muskelbauche 
3-6. jedoch nur ganz undeutliche. sehnige Inscriptionen". 

15 
Proceedings Royal Acad . Amsterdam . Vol. XXXI. 
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of ten the beginning of an inscription can be found which does not penetrate 
the ma ss of the muscIe at least cannot be traced further (I 7). 

Peripheral Innervation. 

The M . Rectus is innervated by a series of peripheral nerve branches, 
usually twelve in number. Of those se ven go to the five compartments that 
are bordered by inscriptions. Of the others three spread in the unsegmented 
cranial part, and two in the unsegmented caudal division. Those twelve 
nerve branches belong to an equal number of spinal root pairs, viz. Thoracic 
4 to Lumbar 11. 

EXPERIMENT AL PART. 

The method as carried out by us consisted chiefly in stimulating the 
spinal roots concerned and the peripheral branches. 

A. METHOD. 

By opening the vertebral channel the spinal cord was exposed for at least 
twelve segments, between the third thoracic and third lumbar segment. In a 
few cases sixteen segments were exposed in order to test the entire territory 
that innervates the rectus muscIe. In other cases a smaller number of 
segments caudal or cranial. was exposed. Thereupon to each root of one 
side (usually the left side ; twice - dog 5 and 6 - right side ; twice - dog 
20 and 22 - at both si des ) a conducting copper wire was fixed. Each of those 
wires ended in a mercury cup, numbered I, 2 etc. and acted as unipolar 
stimulating electrode. A large metal plate covered with wash-Ieather was 
sewn under the skin of the neck and served as indifferent electrode. By 
immerging a copper rod in one of the mercury cups the secundary circuit of 
an inductorium could be completed and so each of the roots prepared could 
be stimulated at will. (Compare Fig. I.) Now the animal was placed on 

3·"'ff"'''U 
El ... t.. ..... 

Fig. 1. Wiring diagram for stimulation of the spinal roots . 
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its back in order to expose the muscles of the abdominal wal!. The M. rectus 
abdominis was freed as completely as possible from perimisial fascia, and 
the connections with the Mm. obliqui at the sides we re carefully severed. 
Finally the Mm. obliqui were turned outward, exposing the M. transversus 
abdominis. On this muscIe usually the 5 (6) most caudal peripheral 
branches that innervate the M. rectus take their course. The cranial 
branches take their origin from the intercostal nerves 4-9 or 10. Those 
branches cannot be exposed as easily, but it is not difficult to stimulate the 
same. Therefore a bipolar electrode is placed against the lower border of 
the rib concerned, and if necessary the ends of the electrode wire are run 
through the intercostal muscIe in order to reach the nerve itself. The nerves 
that run across the M. transversus were stimulated at 2-3 cm di stance 
from the border of the rectus muscIe. The other nerve branches at a larger 
distance. The results of stimulation were described after simp Ie observation 
and often registered photographically. 

13. DESCRIPTION OF EXPERIMENTS. 

Stimulation of a root partaking in the innerva~ion of therectus muscIe 
always results in contraction of a small part of the muscIe. Since the course 
of the fibres is parallel with the long axis of the muscIe, the contracting 
part always shortens. Since the muscIe is inserted into two relatively fixed 
points (symphysis and chest) contraction of a part of the muscIe results 
in stretching the rest. 

The contracting part increases clearly in bulk, usually the colour turns 
dark and the consistence becomes locally firmer. If various roots are 
stimulated one after another, it is very clear both visible and tangible that 
the contracting part changes its place. 

1. Experiments serving to determine the ventral spinal roots partaking in 

the innervation of the rectus muscle. 

In 15 dogs in which the caudal part of the muscIe was investigated, (in 
two dogs at both sides) in 15 cases LIlwas found to be the most caudal 
root partaking in the innervation of the rectus muscIe (Dog I, 7, 10, 11. 
13, 14, 16, 17, 18, 19,20 and 22 Rand L, and 23) . 

In one case the most caudal root was L 111 (Dog 8), and once it 

probably was L III (Dog 15). The inactivity of the next root was 
ascertained in ten out of the fifteen cases mentioned, and in the first of 
the exceptions. 

In eight dogs the cranial part of the muscIe was investigated, (two of 
which at bath si des ). In five cases the most cranial root partaking in the 
innervation appeared to be Th. 4 (Dog 13, 16, 19, 20, Rand L), and in 
three dogs Th. 5 acted as such (Dog 11, 15 and 23), and in one Th. 6 

15* 
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(Dog 21 ). In three of the cases first mentioned it cou!d be ascertained that 
Th. 3 was inactive. 

In genera! a series of twe!ve roots. viz. Th . 4-L 11 appears to partake 
in the innervation. 

2. Experiments ser ving to determine the distribution of the 
twelve roots over the rectus muscle. 

a. The non - segmented crania! section (fig. 2) . 

In the innervation of the non-segmented crania! section (n-s c.s) usually 
three roots partake. viz . Th. 4. 5. 6. IE but two roots innervate this part. 
stimu!ating Th. 5 resu!ts in contraction of the most crania! point. stimu!ating 

=$~ 
111I'ttS 
% 'tt 6 
~~7 

Th. 6 causing the cauda! part to contract. 
(Dog 11 and 23. ) In one case it was 
observed that Th. 6 and 7 innervated th is 
section (Dog 21) . 

Sometimes Th. 7 partook in the 
0. CJT.. . C innervation of this section by overlapping. 

usually supp!ying nerve fibres to the 
caudal latera! part. This happened. 
whether Th. 4 or Th. 5 consisted this 
most cranial root (Dog 13. 15. 19). In 
general overlapping was seen in this 
territory. least in the cranial lateral part. 

Pig. 2. Diagram of the rhizomery which received fibres from more than one 
of the cranial non segmented root in one case only (Dog 19). It was a 
section. 

exception being Dog 11. 
penetrated the n-s c. s. 

rule to Eind 5 and 6 overlapping. the only 
Once it appeared possible that even Th. 8 had 

b. T hes e g men t e d m e d i a I par tof t her e c t u s 
mus c I e (fig. 3 and 4) . 

This medial part usually consists of Eive segments. Sometimes the most 
cranial inscription. bordering M 1 is incomplete. Some dogs showed but 
four segments in this part. bordered by five inscriptions. (Dog 18. 
19. 21 . 23). 

In th is territory contraction was obtained by stimulating Th. 7-Th. 13. 
Th. 7. Causes as a rule contraction of M 1. In two cases (Dog 11 and 

13) stimulating Th. 8 resulted also in contraction of a medial section of M 1. 
In Dog 20 at the left side Th. 7 left the innervation of the medial part of 
M 1 to Th. 8. Sometimes (Dog 13. 15. 19) Th. 7 exceeded MI and partook 
in the innervation of the n-s c.s. 

Th. 8. This root has not a definite segment to innervate. In Dog 10 
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only M 1 was innervated independently by this root . In other cases it did 
not partake in the rectus innervation (Oóg 7. 16) or had a small part in the 
innervation of M 1 or M 2 (resp. M 1 + M 2) which we re innervated 
also by Th. 7 and 9. 

Th. 9 innervates as a rule M 2 only. 
Th. 10 innervates as a rule M 3 only. In one case (Dog 20) Th. 10 

innervated at the right si de M 3 together with Th. 11 . 

611JS 7) I~ 71 7 1

1
<, 71 

7 r I· 91 I~ 91 91 I~ 

9\ 3\ 
1-1 . 15 H 19 H. IO f1 11 «hl 2.0 H 1:\0"" I~ 

Fig . 3. Diagram of the relation of the roots Th 6. 7. 8. and 9. 

10 11" ui I la 11 lila 11 I Ilt 11 I I~ II'~ 
It I I~I 13 I flz. 13111t I~ lilt 1 1 liJ 

~ho~. WOl\I'\A-'L H.16 H. IHl1~ NOT\,'\ML H. I~ 

Fig. i. Diagram of the relation of the roots Th 10. 11. 12. and 13. 

Th. 11. Innervates regularly and exclusively M 4. But in half the cases 
Th. 12 partakes in the innervation of th is segment. 

Th. 12. Like Th. 8 this root does not possess a definite segment; it is 
true that with Th. 11 it partakes in the innervation of M 4 or with Th. 13 
in M 5. Twice (Dog 13 and 19) this root innervated with Th. 13 the whole 
of M 5. and a small caudal part of M 4 at the same time. the remainder 
being innervated by Th. 11. Once (Dog 16) th is root innervated the whole 
of M 4 together with Th. 11 and at the same time a small cranial section 
of M 5. the remainder being innervated by Th. 13. Twice (Dog 22 Rand 
L) th is root innervated the medial part of M 4 together with Th. 11 and 
the lateral part of M 5 together with Th. 13. 

Th. 13. Stimulation of this root nearly always resulted in contraction of 
M 5. This segment mayalso receive fibres from Th. 12. In one case 
(Dog 14) stimulation of Th. 13 also caused contraction caudal to I 6. in a 
very small cranial part of the caudal non-segmented section of the 
rectus muscle. 
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c . T hen 0 n ~ s e 9 men t e dca u dal sec t ion ( fig . 5). 

13 13 -
r "[ 

NORMAAl.. 

13 --
1 

_L-

~ 

HOND IS 

Fig . 5. Diagram of the rhizomery of the 
non-segmented caudal part , and of its 
relation to the fragmentary inscription 
(17). 

, 

The non~segmented caudal section 
(n~s ca.s. ) as a ru Ie is innervated 
by L land L 11. In one case only (Dog 
8) it was L I. 11 and lIl . In one case 
it was uncertain whether L 111 partook 
in the innervation. Nearly always 
stimulating the most cranial of the 
roots results in contraction of a cranial 
section, stimulating the most- caudal in 
contraction of the caudal part. If a 
larger or smaller rest of an inscription 
be present , the border of the two 
territories coincides with this inscription 
(I 7) . Once (Dog 15) L I innervated 
a strip caudad to th is inscription. 

3. Experiments concerning the question whether the peripheral nerve 
branches innervating the rectus muscle contain motor fibres 

from one or more ventral roots. 

In a large nu mb er of experiments we have stimulated the peripheral 
nerve branches and compared the effect to that obtained by stimulating 
the roots. Without exception it appeared that the results are identical. 
Stimulation of any peripheral branch innervating the rectus muscIe has 
the same effect as stimulation of a single root. No possible interchange of 
fibres was observed. Each peri ph era I nerve branch innervating the rectus 
muscIe consists therefore of fibres from one single root, therefore is purely 
uniradicular. The formation of plexus between the intercostal and lumbar 
nerves as of ten described by the anatomists, if really existing, cannot hold 
for the motor fibres innervating the rectus muscIe. 

4. Experiments serving to discriminate more accurately the 
rhizomery and segmentation of the rectus muscle. 

The second chapter made it clear that at many points the territories 
innervated by various roots show overlapping . We want to look into this 
question once more. 

In the non~segmented cranial section partial overlapping of Th. 5 and 6 
is usual. 

In the segmented medial part the territory of Th. 8 (at least if this root 
partakes in the innervation of the rectus muscIe at all) and that of Th. 12 
coincides almost always with that of the neighbouring root. Por the rest 
each root innervates independently a single muscIe segment, and respects 
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the segmental borders. with reservation to the exceptions as stated in 
chapter 2. 

One remark must find here aplace. The simple observation of the results 
of stimulating roots and nerves. even completed with photographical records 
is not sufficient to determine wh ether one or more muscIe segments are in 
contraction. For in a dog tied on its back the insertions (high ribs and 
symphysis are practically. fixed points. between which the muscIe is 
stretched. If a sect of the muscIe contracts the rest must be stretched over 
the same distance. Suppose the distribution of a root is over two segments 
but in a different degree. then it is possible that stimulating this root shows 
a result in the segment that is the most innervated. and th at the small 
contraction in the other segment dissappears by cause af the stretching of 
the whoie. In order to obtain an insight in this question we have measured 
the change in length of the rectus segments during stimulation of the roots. 

T ABLE I. Dog 7. Length of segments. 
--- -

Segments stimulated: 

Segment In rest 

I ITh ITh I Th 11 I Th 10 I L 11 L I 13 12 Th 9 

M2 5lhcm. 3 112 

M3 5 6 5112 21/4 

Mi ilh ilh 2 112 2 112 

M5 ilh 2 1/" 2 112 

N-SCa. S. 13112 10 10 I Ji JiI/4 

TABLE 2. Dog 13. Length of segments. 
- - -

Segments stimulated: 

Segment In rest 

I I Th 13
1 I ThlllThlO L 11 LI Th 12 

N-S. Cr. S. 5 cM. I 
MI i i .8 i . i 

M 2 i . i -i.5 i . 5 i.8 

M 3 i . i i . 5 i . 5 i . i 3.9 2.4 

Mi 3 . 2 3 .9 i 3 . 1 2.9 2.2 3.5 

M 5 3 . 2 3.9 3 .5 3 2 3.5 3+ 

N-S. Ca. S. a i.9 i.7 3 . 7 i .9 5+ 5.i 5 . 2 

N-S. Ca. S. b 8 .3 5 . 6 
I 

8.5 8 . 5 8.8 8.8 8 . i 
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Those two tables show c1early that stimulation of Th. 12 causes 
contraction of M 4 and M 5 as weil. Therefore still another method was 
used by us. 

This method consisted in stimulating a certain root, and then the 
corresponding nerve. Finally this nerve was severed, and again the root 
stimulated. 

TABLE 3. 

Roots investigated: Th 10 (0. 14) Th 11 (0. 15,20) Th 12 (0. 20) 

Stimulation of root causes con
traction of 

Stimulation of nerve causes con
traction of 

Stimulation af ter cuttlng nerve results 
in (the rectus only being considered) 

M3 

M3 

nothing 

Mi 

Mi 

nothing 

Now we have the non~segmented caudal section to consider. 

Mi 

Mi 

nothing 

This part was innervated in nearly all dogs by two roots, L land LIl; 
in one case (Dog 8), it were L I, L 11 and L lIl . 

It be premised that contraction of the entire section never was caused 
by stimulation of a single root. Always stimulation of one single root 
resulted in a partial contraction of the non~segmented section. Stimulating 
the cranial root always caused the cranial part to contract; stimulation of 
the caudal root set up contractions in the caudal part. The non~segmented 
sèction therefore consists in two weil defined territories, both innervated by 
separate roots. Compare fig. 5 and 6. 

In case the non~segmented section consisted of two territories partly 
divided by an incomplete inscription, the border between the rhizomers 
was in at least nine cases identical with it. (Dog 13, 14, 16, 17, 18, 20 and 
22 Rand L.) In one case (Dog 15) the border between cranial and caudal 
rhizomer was much more caudal than the fragmentary inscription (fig. 5). 
Stimulation of the nerves corresponding with the roots here also has 
exactly the same effect as stimulation of the roots . This is important 
considering the fact that the nerve from L 11 (N. ileo~inguinalis) is 
connected with a branch of L 1 (ELLENBERGER and BAUM) . Since th is 
connection has a more central position than the spot stimulated by us, the 
fact that the effect of stimulation of root and of nerve was absolutely 
identical proves, that this connecting branches does not contain any motor 
fibres from LIto the rectus muscIe. Furthermore stimulation of the root of 
L 1 remained without effect af ter cutting the peripheral nerve branch. This 
also proves that no mÇltor fibres from LIreach the rectus muscIe through a 
way other than the segmental homonym nerve. 
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5. Experiments ta compare the innervation of the rectus muscle 
right and lelt in the same dog. 

In ane dog we have expased bath rectus muscles and the spinal cord 
from Th. 4 to L 111. and applied stimulating electrodes to the roots at both 
sides in order to ascertain the results of stimulation of roots at both sides 
and to compared the effects. 

The following facts were elicited. 

a . Con eer n i n 9 t hes t r u c t ure 0 f t hem u s cIe. 

The cranial apex was at both sides at the same level (fjfth rib). The 
cranial inscription (I I) was at both sides incomplete and situated at the 
right side somewhat more craniad than at the Idt. At the right si de I 2 was 
about 2 cm more craniad than at the Idt. I 3 showed a smaller difference. 
but in the same direction; I ... and the succeeding inscriptions we re situated 
at the same level at both sides. 

b. Con eer n i n 9 th e rh i z 0 mer i c d i v i s ion 0 f 
th emu s cIe. 

Both muscles received their innervation through a series of roots from 
Th . ... to L IJ. In the non-segmented sections no considerable differences 
between the rhizomeric divisions was found. But in the segmented medial 
part there existed at the level of Th. 10 to Th. 12 a marked difference. 
In the right muscIe Th. 10 and 11 together innervated M 3. and Th. 12 
M ... and no other. But in the left muscIe only Th. 10 innervated M 3. 
Th. 12 and 11 innervating M 4. At both sides Th. 9 innervated M2 and 
Th. 13 M 5. 

Th. 8 also showed some pecularities. Both recti showed in this case a 
seperate strip of muscIe. stronger developed at the right side. originating 
from the eight rib and inserting into I 3. At the right side Th. 8 partook 
only in the innervation of the rectus by supplying fibres to th is strip; at 
the left side on the other hand a media I section of M 1 was innervated 
also by this root. 

In two other dogs (22 and 23) the innervation of the rectus muscIe was 
similar at both sides. 

CONCLUSIONS. 

1. The rectus abdominis muscIe in dog consists of three parts: 
a. a cranial section. not divided by inscriptions. usually innervated by 

three spinal roots (Th. 4. 5. 6) ; 
b. a part. divided by six inscriptions and consisting of five sections 

usually innervated by seven spinal roots (Th. 7-13) ; 
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c. a caudal part not divided by inscriptions, innervated by two roots 
(L land 11). 

2. The rectus abdominis muscle of the dog as a whole does not show 
any segmental shifting. 

3. The most caudal root partaking in the innervation nearly always is 
the same. In the majority of cases this is Lil. 

4. The segmental variations that are to be found consist of a shortening 
of the muscle, the non-segmented cranial section receiving fibres from two 
in stead of three roots, and furthermore in the lacking of a segment in the 
medial part which contains in those cases four in stead of five segments. 
The non-segmented caudal part shows the least variation. 

5. In the non-segmented cranial part the rhizomers are situated one 
af ter the other, except for a slight overlapping. 

In the segmented medial part M 3 coincides usually with one rhizomeric 
division. All other sections may correspond with two rhizomers, and 
therefore originate from two united myomers. 

The non-segmented caudal section consists of two seperate and suc
ceeding parts. 

6. The segmental nature is not quite pure in the territory, bordered 
by the inscriptions and apparently very clearly segmented. On the other 
hand, the cranial and caudal sections, (especially the latter ) not divided by 
inscriptions, seem to show separation of myomers and of rhizomers. 

7. Th. 4 is the highest root sending fibres to the most cranial apex of the 
rectus muscle. Th. 5 and 6 usually innervate the succeeding parts of the 
non-segmeilted cranial section. 

Th. 1 q innervates nearly always only M 3, no other roots partaking in 
the innervation of M 3. 

Th. 7 and 9 innervate M 1 and 2; usually Th. 8 sends motor fibres in 
one of the segments or in both. An independent segment was innervated 
by Th. 8 in one case only (Dog 10). 

Th. 11 and 13 innervate almost constantly M 4 and 5. As a rule Th. 12 
sends motor fibres in one of those segments or in both. In one case only 
(Dog 20 R) Th. 12 innervated a segment (M 4) independently. 

As a rule L I innervates the cranial. L 11 the caudal part of the non
segmented caudal section. 



Botany. - Some remarks conceming the remains, which have been 
des cri bed as tossil tem-stems and petioles. By O. POSTHUMUS. 
(Communicated by Prof. J. C. SCHOUTE.) 

(Communicated at the meeting of February 25, 1928). 

In this note some remarks are made concerning the classification of the 
fossiIs, which have been mentioned as remains of fern stems and petioles, 
either with their internal structure still visible or preserved as impressions 
or medullary casts only. A number of them certainly does not belong to 
the Ferns; their generic names are however, summarized too, because, in 
the literature, they have been mentioned as fern-remains; also some forms 
are named here, hitherto considered to be Spermophyta, but which probably 
are fern stems. 

In' some cases these fossils may be characteristic of the strata, in which 
they have been found; but often they are still more valuable, because 
furnishing data about the habit of the stem and the internal structure of 
extinguished members of the Vascular Cryptogams. The most striking 
impression is, that these data are widely scattered in theliterature and very 
incomplete, but, when we realise how many interesting conclusions have 
already been drawn from the detailed study of the "/nversicatenales" by 
P. BERTRAND and others 1), it becomes obvious how much may yet be 
expected from the rest. Especially a deeper insight into anatomical questions 
can he obtained only, when a more complete study of many of the fossil 
forms, which are mentioned in this enumeration, has been made. Not only in 
the interesting group of the Dineuroidacea and the Clepsydropsidaceae, 
characterised by the peculiar symetry of their leaves, which are grouped 
together by P. BERTRAND as /nversicatenales, as referred to above, results 
of fundamental interest have been obtained, but also in the Osmundaceae 
an almost continuous series of successive stages in development of their 
stelar structure has been found 2). Under the names Pro.topteris, Oncopteris 
etc., stem-remains are known, which probably belong to the Cyatheaceae ; 
slender rhizomes, named Solenostelopteris and Fasciostelopteri~ are 
considered to belong to ferns of Polypodiaceous aHinities. 

Apart from better known groups, there is a number of rather obscure 
forms e.g. Chelepteris, Cyatheopteris, Protopitys, Tietea ; it seems rather 
certain, that many of them will prove to be of utmost interest, especially 
in regard to their structure. Wh en good specimens are available, a more 

1) P. BERTRAND, Etude Zygopteridées 1909; see further; POSTHUMUS, Receuil tray. 
bot. néerl., XXI, 1924, p. 170-194. 

"I POSTHUMUS, Receui!, tray. bot. néerl., XXI, 1924, p. 113-160. 



231 

detailed study will then probably prove to raise these obscure remains to 
the rank of material of primary importance in the arguing of fundamental 
questions of botany. This was already the case with the study of the fossil 
Osmundaceae by KIDSTON and GWYNNE-VAUGHAN. 

From the remains 99 groups of generic rank have been distinguished ; 
they are summarised in the following list according to their affinities; the 
number of "species" (in total 630) which have been distinguished is 
indicated behind the name. 

I. 

11. 

lIl. 

IV. 

V. 

STAUROPTERIDACEAE. 

Stauropteris Binney (2). 
Bensonites R. Scott (1). 

DINEUROIDACEAE. 

Dineuron Renault (2). 
Diplolabis Renault (3). 
Etapteris P. Bertrand (6). 
Arpexylon Williamson (3). 
Zygopteris (s. str.) Corda (1). 
Metaclepsydropsis P. Bertrand (2) . 
Plichea Pelourde (1). 
Aphyllum Unger (1). 
Androphyllum Renault (-). 
Androstachys Grand'Eury (2) . 

CLEPSYDROPSIDACEAE. 

Clepsydropsis Unger (12). 
Asteropteris Dawson (1). 
Ankyropteris P. Bertrand (10) . 
Asterochlaena Corda (11). 
Protoclepsydropsis Hirmer (1). 
Botrychioxylon Scott (1). 

ANACHOROPTERIDACEAE. 

Anachoropteris Corda (5). 
Calopteris Corda (1). 
Chorionepteris Corda (1). 

BOTRYOPTERIDACEAE. 

Botryopteris Renault (17). 
Tubicaulis Cotta (10), 

Grammatopteris Renault (2). 
Selenochlaena Corda (2) . 
Protothamnopteris Beck (1). 
Tracheothecà Oliver (-). 



VI. 

VII. 

VIII. 

IX. 
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PSARONIEAE. 

Psaronius Cotta (107). 
Tubiculites Grand'Eury (2). 
Psaroniocaulon Grand'Eury (2). 
Caulopteris (s. str.) Lindley et Hutton f47). 
Stemmatopteris Corda (17). 
Ptychopteris Corda (14). 
Stipitopteris Grand 'Eury (9). 
Megaphytum Artis (38). 
Zippea Schimper (3) . 
Cromyodendron Presl (1). 
Psaropteris Schimper (-), 
X ylopsaronius Pohlig (1). 
Gyropteris Corda pars (1). 
Rothenbergia Cotta (1). 
Eksdalia Kidston (1). 
Ilsaephytum Weiss (3). 

OSMUNDACEAE. 

Thamnopteris Brongniart (4). 
Zalesskya Kidston et Gwynne-V aughan (3). 
Bathypteris Eichwald (3). 
Anomorrhoea Eichwald (1). 
Osmundites Unger (18). 
Paradoxopteris Hirmer (1). 
Desmia von Eichwald (1). 

CYATHEACEAE. 

Alsophilina Dormitzer (3). 
Oncopteris Dormitzer (2). 
Protocyathea O . Feistmantel (2). 
Protopteris Sternberg (25). 
Rhizodendron Göppert (1). 
Cibotiocaulis Ogura (1). 
Cyathocaulis Ogura (1). 
Cyathorhachis Ogura (1). 
Rhizopterodendron Göppert (1). 

POLYPODIACEAE. 

Solenostelopteris Kershaw (2). 
Fasciostelopteris Stopes et Fuji (1). 
Tempskya Corda (12). 
Sedgwickia Göppert (1). 



X. 

XI. 

XII. 

XIII. 
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GLOSSOPTERIDACEAE. 

Verte bra ria Royle (12). 
Clasteria Dana (1). 
Blechnoxylon Etheridge (1). 

PTERIDOPHYTA incertae sedis. 

Chelepteris Corda (7). 
Lesangeana Mougéot (5). 
Cottaea Göppert (2) . 
Cyatheopteris Schimper (2) . 
Lepidodendrites Fliche (1). 
Diplocephalis Corda (1). 
M esoneuron Unger (2) . 
Protopitys Göppert (2) . 
Psammopteris von Eichwald (1). 
Selenopteris Corda (2) . 
Silesiopteris Posthumus (1). 
Gyropteris Corda pars (1). 
Sphallopteris Corda (2). 
Ptilorachis Corda (1). 
Stereopteris Scott et J effry (1). 
Tietea Solms-Laubach (1). 

SPERMOPHYTA incertae sedis. 

Arctopodium Unger (2). 
Hierogramma Unger (1). 
Syncardia Unger (1). 
Calamopteris Unger (2) . 
Calamosyrinx Unger (1). 
Kalymma Unger (2) . 
Aulacopteris Grand'Eury (3). 
Steleopteris Göppert (1). 
Palaeopteris H. B. Geinitz (4). 
K norripteris Potonié (2). 
Adelophyton Renault (1). 
Megalorhachis Unger (1). 
Periastron Unger (2). 
Stephanida Unger (2) . 

COLLECTIVE GROUP. 

Caulopteris (s.1.) Lindley et Hutton (82). 
Filicites Schlotheim (2). 
Rachiopteris Dawson (50). 
Rhizomopteris Schimper (19) . 
Zygopteris Corda (sJ. ) (24). 
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The first five families were formerly not taken separate, but considered 
to form one group only 3), which has been named Inversieatenales, Coenop~ 
terideae, Botryopterideae or Zygopterideae. The internal structure of their 
stems and petioles, however, shows such considerable differences, that they 
may better be divided into the above~mentioned groups. 

The Psaronieae contain the stems of Psaronius showing structure and 
a number of stems and petioles, the internal structure of which is unknown ; 
these are grouped into the other genera. The internal structure of Psaronius 4) 
closely resembles that of some Marattiaceae, and it is mostly supposed 
that they belong to that family. It should be remarked, however, as has 
been done already by BOWER 5), that the complicated structure of the 
vascular system is nearly as much analogous to that of same Polypodiaceae 
(e.g. Pteris Kunzeana Agardh 6) or Saccoloma demingense (Sprengel) 
Prantl 7) as to that of the Marattiaceae . lts simple leaf~trace resembles 
even more that of the Polypodiaceae; the structure of the roots, however, 
is more alike that of the Marattiaceae , but triarch and tetrarch roots have 
been found in Blechnum and Cyathea S); the filamentous interstitial tissue 
of the root zone has no analogy in living Ferns. From the "genus" 
Caulopteris the upper palaeozoic specimens may be included in this group. 

The next three families have also representants among the living Ferns. 
Only from the Osmundaceae structural stem remains have been found in 
Palaeozoic strata ; Osmundites is known to occur from the Jurassic to the 
Tertiary period, the other genera from Permian strata only. They show a 
beautiful series of successive degrees of complication of the structure of 
their vascular system. 

3) In th~ preface of part 12, Fossilium Catalogus, I1 , Plantae, an opinion is prin
ted on p. 4, contrary to my views. We read there: "Der Name lnversicafenales ist 
nur als Sammc1name Z'll betrachten. Es handelt sich hjer cine Anzahl von Organen, 
von welchen mehrere z'llsammengehören können, oder zuanderen Gruppen, wie z.B. 
Psaroniae oder Osmundaceae, gerechnet werden müssen. Vorläufig jedoch müssen 
die ·einzelnen Formen noch getrennt aufgeflihrt werden" . 

In thc original manuscript, however, I had written: "Der Name lnversicalenales 
~st nur ein Sammelname für einige Gruppen, welche untereinander und mil anderen 
Gruppen, z.B. mil den Psaronieae und Osmundaceae aequivalcnt sind". This opinion 
was in accor.dance with the view I had expressed before (Proc. Acad. of Science, 
Amster>dam 27, 1924, 'p. 835)' ,.But one sihould always bear in mind that it is a col
lective group only in wich a nnmber of families is grooped together, thc affinities of 
whioh are rather distant ; and may, for instance, be oompared with those of recent 
Osmundaceae and the Gleicheniaceae." 

The -discrepancy is due to the fact that I was prevcnted by absence to read the 
proofs personally, so that thc editor of the Fossilium Catalogus was obliged to ta.ke 
cal e of it. 

') STENZEL, die Staarsteine, 1854; ZEILI.ER, Autun et Epinac, I, 1890, p. 178-
272; RUDOLPH, die P.saronien und Marattiaceen. 1906. 

6) BOWER, the Ferns, Il , Cambridge. 1926, p. 260. 
U) D. T. GWYNNE-VAUGHAN, Ann. of Bot., XVI, 1903, p. 702, fig. 14. 
7) F. O. BOWER, Ann. of Bot. XXVII, 1913, p. 457. 
8) DE BARV, Verg!. Anatomie, 1877, p. 377. 
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Of the Cyatheacea remains of fossil sterns are known from the Jurassic . 
Cretaceous and Tertiary (Caulopteris Laubeyi Stenzel) ; their internal 
structure shows about the same degree of ·complication as in the recent 
species. 

To the Polypooiaceae three genera. Solenostelopteris (a rhizome with a 
solenostele. much resembling that of a Microlepia). Fasciostelopteris (which 
shows some resemblance to the Dennstaedtineae) and Tempskya . are 
referred. The specimens of the latter genus seem to occur in Cretaceous 
and Tertiary strata only; their occurrence in older (Permian) strata has 
not been confirmed afterwards. The affinities of this genus. with its 
characteristic mass of roots. has not fully been made clear yet; T. rossica 
by the casual presence of two leaf-gaps. which are closer to each other 
than usual. may show an analogy to some species of Cheilanthes and 
Pellaea 9) . The stem has been compared with that of Hemitelia 
crenulata 10) . 

The rhizome of Glossopteris. Vertebraria is also mentioned here: 
probably this plant. the affinities of which are not weil known. belongs to 
the Spermophyta . 

The eleventh group contains a number of forms . probably belonging 
to the Pteridophyta. but all of rather uncertain affinities. Some of them 
may. by investigation of more abundant materiaI. prove to be of great 
interest . Protopitys. if not a group apart. shows some resemblance with 
Megaphytum and distichous species of Psaronius. Sphallopteris and Chelep
teris possibly may belong to the Osmundaceae; Tietea is much different 
from any known Fern. The other forms are too badly known even to make 
suppositions concerning their affinities. 

Another group of remains belongs to palaeozoic tribes of seedplants : 
Arctopooium. Hierogramma and Syncardia to Cladoxylon; Calamopteri.s. 
Calamosyrinx and Kalymma to Medullosa; Palaeopteris to Cordaites . 
From the other forms hardly anything can be said. 

The last division contains some genera. instituted as collective groups. 
The Palaeozoic species of Caulopteris doubtless belong to the Psaronieae ; 
the Mesozoic and Tertiary specimens partly to the Cyatheaceae. partly 
they are of unknown affinities. The genus Zygopteris has afterwards been 
divided by P. BERTRAND into a number of genera. grouped together by him 
in the Inversieatenales. They now form the bulk of the first five families 
(see note 3) . 

The other forms of this group are too badly known. 
Concerning the nomenclature the following remarks may be made : 
The combination Botryopteris tridentata has been made already before 

") Ann. of Bot.. XXVIII, 1914. p. 675 fig. 3. 7-10: fig. 4. 17-18; (Cheilanthes); 
fig. 6. 10-19, 21-29 (Pellaea). 

'") SctIOUTE. Ann. Jard. Bot. Buitenzorg, (2) V, 1906. p. 19S-207, pI. 18. 19. 

16 
Proceedings Royal Acad. Amsterdam. Vol. XXXI. 
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by STOPES and WATSON 11) ; at a former occasion 12 ) I had overlooked 

this fact. 
Thc name Botryopteris for thc genus of fossil plants has been given 

for the first time by RENAULT in 1875 13 ); in 1825 PRESL 14) , however, 
had given already this name to a species, which appeared to belong to the 
genus Helminthostachys (Ophioglossaceae) . He used it once more for 
another plant in 1848 15) , th is name has not been used any more by later 
authors . As this name had already been used for recent plants, POTONIÉ 16) 

distinguished the extinct genus by addition of the letter p: p. Botryopteris; 
also in p. Callipteris and other cases. This proposal has not been accepted 

by ot her authors. 
The name Thamnopteris was first used by PRESL 17) for a subgenus of 

Asplenium. In 1849 he raised this group to a generic rank IR); but most 
following authors continued to consider the group as a subgenus of 
Asplenium only. In 1849 BRONGNIART 19) gave the same name to a fossil 
stem, which afterwards appeared to belong to the Osmundaceae. It is not 
clear which of both names has been published first as a generic name; in 
its oldest sen se, however, is not used as a generic distinction any more; 
the name for the fossil plants is still valid. As the rules of nomenclature 
for fossil plants have not yet been established, this question may be 
postponed until further consideration. 

The name Grammatopteris. used at first for fossil plants by RENAUL T 
in 1891 20), has afterwards been used for recent ferns of the Dutch 
East-Indies 21); the latter therefore have to be renamed. 

In another case there is a great resemblance between a generic name 
of a fossil plant and a recent one. In 1818 DESFONTAINES 22) gave the 
name M ezoneurum (sometimes even written M ezoneuron) to a genus of 
the Caesalpiniaceae ; in 1856 UNGER 23) used nearly the same name, 
Mesoneuron, to design a piece of a stem of unknown affinities, from the 
Upper Devonian or Lower Carboniferous of Thuringia. It will be best. 
also in this case, to postpone thisquestion unto further consideration. 

") STOPES AND WATSON, Trans. Roy. Soc., London, B, CC, 1908. 
1~) POSTHUMlJS, Proceeding; Roy. Ac., Amsterdam, 27, 1924, p . 836. 
13) RENAULT, Ann. sdenc. nat., Bot., (6) I, 1875. p. 223. 
U) PRESL, Rel. Haenk., I, 1825, p. 76. 

1&) PRESL, Abh. kön. böhm. Ges. der Wiss., (5) V, 1848, p . 324. 
10) P010NIE, N aturwiss. Woohenschr., XV, 1900, p. 420 
l7) PRESL, Tent. Pterid., 1836, p. 105. 

'") PRESL, Epim. Bot., 1849, p. 68. 
tg) BRONGNIART, TaMeau genres Végét. foss., 1849, p. 38. 
20) RENAUL T, Note Botryopteridées, 1891, p. 16. 
21) v. AI DERWERFI.T VAN ROSENBUROH, Bull. Jard. Bot. de Buitenzorg, (3) IV, 

1922, p. 318, pI. 15. 
~2 ) DESFONTAINES, Mérn. Muséum, Paris, IV. 1818, p. 245. pI. tD, 11. 
"") UNGER, Sandstein und Schieferflora, 1856, p. 172. 
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Chemistry. - The Reduction of a~Eleostearic Acid. (The Linoleic Acid 
10.12 and the Oleic Acid 11.) By J. BÖESEKEN and J. VAN KRIMPEN. 

(Communicated at the meeting of January 28. 1928). 

In a paper dealing with the a~eleostearie acid 1) one of us in conjunction 
with Mr. J. HOOGLAND has communieated the preliminary results of the 
catalytic reduction of this acid. in whieh they came to the conclusion that 
the conjugated system of three double bonds was attached according to 
the principle of THIELE. 50 that first the octadecadeënoic 10-12 acid would 
be formed. and then the octadecenoie 11 ~acid. 

For. on addition of one mol. of H 2 a compound. was obtained. which, 
judging from its behaviour towards the solution of WIJS. behaves as a 
substance with a conjugated system of double bonds. whieh on further 
reduction gave a profuse yield of the just~mentioned octadecenoie~ 11 ~ 
acid (ester). 

Now. however. the possibility is not excluded that on taking up the 
first molecule of hydrogen. one of the end~placed double bonds. either 
9 or 13. was hydrogenated. so that the first obtained linoleie acid would be 
the octadecadeënoie 11 . 13 or the octadecadeënoie 9 . 11 ~acid . and that on 
further reduction this has given the octadecenoic~ 11 ~acid. 

In order to get perfect certainty about the course of the reduction. it 
was. therefore. necessary. to separate the first~obtained acid, and to 
determine its constitution. 

Besides. the octadecenoic ~ 11 ~acid had not yet been obtained pure; it 

contained 5 % stearie acid. and the relatively high melting point 53° was 
possibly owing to th is impurity. 

Through improvement of the hydrogenation method. we have succeeded 
in obtaining the first reduction product of the a~eleostearie acid aethylester 
pure. and separating from this an acid with a conjugated system melting 
at 28.5° . and fixing the position of the double bonds in this acid by 
ozonisation at 10 and 12. 

From this a good yield of sebacic acid and caproic acid was obtained, 
the middle part being converted to a syrup. the constitution of which we 
have not yet verified. 

We point out here that this acid is isomerie with an acid 1) that was 
obtained on distillation of ricinus~elaidic acid. and melts at 53°. This 
latter has been examined by Mr. W. C. SMIT. who. by determination of 
the refraction of the ester and from its behaviour towards the solution of 

.1) Recueil des trav. chim. 46. 619 (1927) . 
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WIJS, has derived that also this acid possesses a conjugated system. On 
ozonisation of this a good yield of azelaic acid and heptoic acid was 
obtained, while here too the middle two C-atoms have so far not yet yielded 
a definable compound in considerable quantities. The difference between 
this acid and that which was obtained on reduction of a-eleostearic acid 
is therefore confined to the position of the conjugated system, which in 
th is latter acid lies one place further from the carbonyl group. 

When the wood oil was hydrogenated with a third of the calculated 
quantity of hydrogen, the product, investigated according to BERTRAM'S 
method 1) appeared to contain no stearine. This means that this partial 
reduction takes place very selectively, as on one side the final product 
has not been reached, on the other side the about 8 % of oleine, which 
the wood-oil contains, have been left entirely intact. 

Besides it appears from th is that our initial product was free from 
stearic acid. 

Af ter the fixing of 2/3 of the calculated quantity of hydrogen, stearine 
was, indeed, found , which. might have been formed because the oleine was 
now attached, and the ll-acid is now further reduced. 

As we stated above, this I I-acid separated already before was, at first, 
not obtained pure, it still contained 5 % stearic acid. In fact the acid once 
recrystaIIized from alcohol had a melting point of 52°-53°. If it was 
recrystallized from chloroform and if the first high-melting fractions were 
removed, the mot her liquor appeared to contain a 10wer-me1ting compound, 
which, af ter repeated recrystallisations from the same solvent, melted 
constantly at 38°.5. We got the impression that this acid was the only 
component with one double bond, save the ordinary oleic acid present at 
the beginning . 

By means of ozonisation and melting experiments the II-oleic (elaidic) 
acid was found to be identical with the acid separated by S. H. BERTRAM 
from animal fats and caIIed by him vaccenic acid. It is undoubtedly very 
remarkable that this is found in natural fats, and the question suggests itself 
whether there might be any connection between the reduction product of 
wood-oleic acid occurring in the vegetable kingdom, and this product of 
animal metabolism. The experimental details will be communicated 
elsewhere, but some constants way be given here. 

a-Eleostearic acid. Melt. p. 45° (octodecatrienic-acid 9, 11,13) was 
esterified and the aethylester was distilled in cathode-vacuum. 

Boil. p. 169-170°.5, refraction at 15° of two separately obtained 
fractions 1.5043 and 1.5086. 

HOOGLAND has also found in three fractions at 15° 1.5042, 1.5064, 
and 1.5080. 

For the present it cannot he decided wh ether these relatively large 
differences still point to the presence of stereo isomers ; the ester is made 

I) Chem. Weekblad 2., 226 (1927). 
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from a -eleostearic acid by the aid of alcohol and hydrochloric acid, so that 
an isomerisation is not excluded. 

Octodecadienic acid-ethylester obtained by 1/3 hydrogenation of the 
a-eleostearic acid ester. 

Refraction: nir = 1.4746. Mol. Refr. = 96.87. 
Calculated = 95 .28. Exatation = 1,59 t It follows from this that there is 
Iodine value == 109. instead of 180. ~ a conjugated system in this acid. 

The free acid melts at 28° .5; n~o = 1.4639. 

This ester, as weIl as the wood oil itself was hydrogenated for '2/3 part, 
the product obtained was saponified , and the acids we re recrystallized , 
the largest fraction melted at 38° .5 , showed no changes any more, yielded 
caproic acid and sebacic acid on ozonisation and presented no lowering of 
the melting-point with the vaccenic acid of BERTRAM (see above) 

nir =1.4432. 

Delft, January 1928. 



Mathematics. - A Group of Null Systems. By Prof. JAN DE VRIES. 

(Communicated at the meeting of Januari 28. 1928). 

§ 1. In a null system (a . (J. r) a point has a nullplanes. a plane has {J 
nullpoints and a line is r times a nullray. In a paper "On Bilinear Null 
Systems" (These Proceedings 15. 879) 1 have proved the existence of 
nullsystems (1. 1. r) for any value of rand I have derived their 
properties. In a paper "Null Systems th at are Defined by Two Linear 
Congruences of Rays" (These Proceedings 21. 309) I have considered 
nullsystems (1. pq. p + q) that are defined by two congruences of rays 
[1. p] and [1. q]. Now I shall consider a group of nullsystems that are 
characterised by the symbol (1. 2n. n + 2). 

§ 2. We shall consider as given the congruence [P] of twisted cubics 
that pass through 5 points Bk and the congruence of rays [1. n] formed 
by the lines t resting on the twisted curve (1" and on the line a which 
cuts 0" in (n-l) points Ak. 

Through a point M th ere pass one k3 and one ray t; let r be the 
straight line that touches P at M; we shall associate the plane Tt to 
M as nullplane ft. 

The points of contact R of the P th at touch a plane ft. lie on a 
conic e I); its points of intersection with the n rays t in ft are the 
nullpoints of ft . Hence {J = 2n. 

The rays t that cut a line I. form a scroll of the degree (n + 1); the 
points of contact R of the tangents r that rest on I. lie on a cubic 
surface through I. Besides I the two surfaces have a curve of the order 
(3n + 2) in common that is formed by the nullpoints M of the plan es 
ft through I. This curve cuts I in (n + 2) points M; hence r = n + 2 2). 

§ 3. A point M for which r coincides with t. has a pencil of null~ 
planes and is. therefore. singular for the nullsystem. I shall indicate such 
a point by S; let the axis of the pencil (0) of the nullplanes be indicated 
by s. The lines s form a scrolI; this is the intersection of the con~ 
gruence [1. n] and the complex of the tangents r to the curves P. 

I) The plane BIB2B3 con ta ins a pencil (k2) of conics each of which forms a composlte 
k3 together wlth B4Bs. Two of these k2 touch the plane f-l. 

2) For n = 1 we find a null system (I. 2. 3); I have treated its properties in these 
Proceedings 26. 124. 
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As this is a complex of the degree six I). the lines s farm a scroll of 
the degree 6 (n + 1). The curve Ä,3n + 2 (§ 2) corresponding to i has. therefore. 
6 (n + 1) points S in comman with the curve (S) of the singular points. 

In order to determine the order of (S) we shall consider the con
gruence [rl of the tangents r that have their points of contact R in a 
plane qJ. The points R of which the lines r meet in · a point P. lie on 
a twisted curve of the order 7. A plane :re contains two lines r; their 
points of contact are thepoints R in qJ of the conics e2 in :re (§ 2). The 
congruence [7.2] of the lines r has (2n + 7) rays s in comman with the 
[1. n] of the rays t; accordingly the locus of the singuiar points is a 
curve of the order (2n + 7). 

It contains the 5 base points Bk and the 10 points D each of which 
is the intersection of a plane BI BmBn and the line BpB q' Through each 
of these 15 points there passes one k3 that touches a ray t. The plane 
BIB2B3 contains four points D; they may be indicated by (12.345). 
(13.245). (23.145). and (45.123). Besides these four points and the three 
base points this plane contains 2n points S; they lie in pairs on the n 
rays t: for each of these is touched by two conics k2 that are component 
parts of composite P. 

§ 4. The nullpoints M of the plan es f-l that pass through a point P. 
lie on a surface (p)n+3. for any ray through P is a nullray for (n + 2) 
ofits points. 

The surfaces (p)n+3 and (Q)n+3 have in comman : the curve .pn+2 defined 
by PQ. the curve (S)2n+7. the curve an and the line a. Any point of 
an carries a pencil (t). hen ce a pencil (f-l); any point of a is the vertex 
of a cone (t)n. hence nullpoint of OOI planes f-l each of which contains 
n rays t. Accordingly a is an n-fold line and an is a single curve on 
(P). In fact (n+3)2 = (3n+2) + (2n + 7) + n + n2

• 

The cubic surface of the conics e2 in planes through i (§ 2) has 3n 
points in comman with an ; each of these singular points has a nullplane 
through i. Analogously a contains three singular points that have a 
nullplane through i. Hence Ä,3n+2 has 3n points in comman with an and 
it contains th ree n-{oid points on a . 

A surface (0)n+3 has in cam man with Ä,3n+2: the 2n nullpoints of the 
plane OPQ. the 6 (n + 1) points S that lie on Ä, (§ 3). the 3n points 
on an and the th ree n-fold points of Ä,. In fact (n + 3) (3n + 2) = 
2n + 6 (n + 1) + 3n + 3n2

• 

The 10 plan es Bk BI Bm are singuiar nullpianes; their nullpoints lie 
on the n lines t in that plane; these are singuiar nullrays. Also the 10 
lines Bk BI are singuiar nullrays. for they may be considered as lines r. 

I) Each of the rays through a point P is cut In two points Q hy a k'. The locus (Q) 
Is a surface of the ith degree with conical point P. Any plane through P contains 6 
tangents of (Q) that meet in P. The locus of the points of contact is a twisted curve of 
the order 7. 
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§ 5. If we replace the congruence [1.3] that has the curve a3 and 
one of its chords a as directrices. by the [1.3] of the bisecants of a3

• 

we find another nullsystem (1.6.5) I). Analogous considerations lead to 
a curve (S)13 that cuts the curve lil in 24 points. The curve a3 is double 
on the surface (P)6 and lil has 9 double points on a3• 

I) Also the planes of osculatlon of the curv-:s k 3 form with their points of contact a 
"nullsystem (1. 6.5). Cf. STURM. Die Lehre von den geometrischen Verwandtschaften. IV. i69. 



Mathematics. Representation of a Bilinear Congruence of Twisted 
Cu bics. By Prof. JAN DE VRIES. 

(Communlcated at the meeting of January 28. 1928). 

1. Let (a 2) be a pencil of quadratic surfaces of which the base curve 
consists of the curve a3 and the line c. and ((32) a similar pencil with 
basis (33 and c. The intersection of an 112 and a jJ2 consists of a cubic 
r/ and the line c that cuts it twice. 

Any e3 has one of its bisecants m through the fixed point M; any 
ray m of the sheaf ab out M is a bisecant of one e3 ; its points of 
intersection with e3 are the points of the common pair of the involutions 
in which (a 2) and (lP) cut m. The congruence [e 3

] is called bilinear. 
because an arbitrary point carries one e3 and an arbitrary line is a chord 
of one (>3. As thc image of a e3 we shall consider the point of inter~ 
section R of mand a nxed plane !/J. 

The curve fi3. that passes through M. is represented on the conie 0 2 

along whieh the cone tt 2 that projects fi3 out of M. cuts the plane CP. 

2. The ,locus of the pairs of points on the rays m is a surface fi4 

with a conical point M ; the cone of contact is fi2. The intersection of 
,ti and It2 consists of the curve It 3 and a figure of the nfth order. If P 
is a point of this ngure. MP is a bisecant of the e3 through P. but at 
the same time of fi 3. hence of 001 curves eJ. Accordingly this figure 
consists of five lines that are singular bisecants. 

Two of these lines may be indicated at once. The surface a 2 through 
M contains a sc rail to whieh c belongs; the line a of this scroll through 
M is cut by any surface (32 in two points of a e3 of the congruence; 
it is. therefore. a singular bisecant. Analogously M carries a line b that 
is cut by the pencil (a 2) in an involution of which any pair belongs 
to a eJ. 

On each of the singular bisecants s •• S2' SJ that also pass through M. 
(a 2) and ((32) den ne the same involution. The locus of the curves e3 that 
have Sk as bisecant. considered as product of the pencils (a 2) and ((12). 
which have become projective. is a surface It. 

The points of intersection 5 •. 5 2.53 • A and B of the singular bisecant~ 
and cP are singular points for the representation. as each of them repre~ 
sents 00· curves eJ. 

3. The system of the curves eJ resting on a line I. is represented in 
the points of a rational curve À. As I contains four points of It. Sk is a 
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quadruple point of J.; analogously A and B are double points. With 0 2 

J. has only the 5 singular points in common. as I does not generally 
cut the curve p.3. Consequently J. and 0 2 have 3 X 4 + 2 X 2 or 16 points 
in common; lis. therefore. a curve of the order eight. It has a third 
double point in the image of the e3 that has I as bisecant. 

Two curves l8 have 82 - 3 X 42 - 2 X 22 or 8 non~singular points in 
common. Accordingly on any two lines there rest eight curves e3 and 
the curves that are cut by I. form a surface A 8• 

The surface fJ2 through a point of a 3 contains all e3 that the pencil 
(a 2) has in common with fJ2. Hence A8 has the base curves a 3 and fJ3 
as double curves. 

Two surfaces have 8 curves e3 and the double curves a 3 and fJ3 in 
common. Hence c is a 16~fold line of the intersection; cis. therefore. a 
quadruple line and the curves e3 that cut c in a point C. form a 
surface r i I). r i has in common with A8 4 e3• the curves a 3 and fJ3 
that must be counted twice. and the line c; this line is. accordingly. a 
double line of ["I. 

Any curve e3 has 24 points in common with A8; 8 of them lie in 
the points where it rests on c; the remaining 16 must lie on a3 and fJ3 ; 
consequently e3 cuts each of these base curves {our times. 

4. A surface r i has two pairs of points in common with Sk; accord~ 

ingly the image curve r of the system of curves e3 on r i has three 
double points Sk. r i has two points of a 3 and a pair of points of a e3 

in common with the singular line a; hence r passes through A and 
through B. It can only have singular points in common with 0 2 and is. 
therefore. a curve of the order tour. 

The curves r 4 (A. B. SZ) and ),8 (A2. B2. St) have four non~singular 

points in common; this proves again that c is cut in any of its points 
by four e3• • 

Two curves r4 have two non~singular points in common; through any 
two points of c there pass. therefore. two e3

• 

5. A plane through M cuts a surface a 2 along a conic which the 
pencil (fJ2) cuts in a point C and a cubic involution. The pairs of this 
involution lie on the tangents of another conic; hence through M there 
pass two bisecants of curves e3 on a 2

• Consequently the image curve of 
the system is a conic a 2

• 

a 2 can only have singular points in common with 0 2• In fact Sk and 
bare bisecants of e2 lying on a2• Accordingly the image curves a 2 form 
a pencil with base points 5 1.52.53 and B. 

I) This surface is produced by the projective pencils (x 2) and (132) in which two 

homologous surfaces touch each ot her in the point C. Hence r i has a triple point In C 

and Is a monoid. 
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Analogously the curves b2 through Sk and Arepresent the systems 
that lie on the surfaces fJl. 

The fourth point of intersection of an a 2 and a b2 is the image of 
the e3 that is defined by the corresponding a2 and fJl. Especially the 
figures (SI S2. S3 A) and (SI S2. S3 B) define the system of a eonie (F aAd 
a line d cutting it. 

This proves that the planes d of the conics d2 form a system with 
index 3. Accordingly through any point of a3• fJl or e there pass th ree 
~2 and a3• fJl and e are triple lines on the surface 6" formed by the 
curves 15 2

• 

6. A plane through e contains one line d that rests on a3 and fJl and. 
therefore. be10ngs to a composite figure e3

• 

a3 and fJ3 are projected out of a point C by two cubic con es that 
have five lines d in common besides the double generatrix e. Hence the 
locus of the lines d is a seroll (d)6 with quintuple line e containing the 
curves a3 and fJ3 . 

Through a point of a3 there pass three 15 2 and one d; accordinglyon 
a fP th ere lie four figures (15 2• d) . The image curve of the system of the 
(P. d) has. therefore. quadruple points in A and in B. It has a double 
point in SI' for each of the planes SIS2M and SIS3Mcontainsone~2, 
Consequently the image curve is a 15 7 (A i. Bi. Si); for it can only have 
singular points in common with 0 2• 

It has 16 points outside 0 2 in common with l8 (A2. B2. S:): hence the 
figures ((F. d) form a surface of the 16th degree consisting of the scroll 

(d)6 and a 6,,10 with triple lines a3• fJ3 and e. 
b7 (A i. Bi, S~) and yi (A. B . S~) show again that a monoid r i contains 

eight figures W. d). 
The surfaces 6,,10 and (d)6 have a figure of the order 27 in common 

besides a3• fJl and e; it consists of 9 e3 degenerated in th ree parts. In 
fact a3 and fJ3 have nine bisecants in common besides e and each of 
these belongs to a figure consisting of three lines. 

7. The intersection of the surface fti (§ 2) and a plane through M is 
a ei with double point M; six of its tangents r meet in M. 

The curves e3 that have a tangent through M. form a surface 0; 
the image curve of this system is an r6 with double points in A. Band 
Sk. for any singular bisecant is touched by two e3, 

From the number of non~singular points of intersection of r6 (A2. B2, St) 
and yi (A. B. SZ) and a 2 (B. Sk) it appears th at 0 has the curves a3 and 
fJ3 as quadruple lines and the line e as eightfold line. 

r6 together with l8 (A 2. B2. SZ) prove that the surface 0 is of the 
sixteenth degree. 

8. The curves e3 that touch a plane w, form a surface Q. In the inter~ 
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section of an a 2 and w the surfaces fP form an involution J3; as this 
has 4 double points, a 2 contains four e3 of the system Q. Hence the 
line a is a chord of four of the e3 and A and Bare quadruple points 
of the image curve. 

On the intersection of wand the surface ..Et the projective pencils 
(a2) and (P2) also form a system of point triples ; as the genus of this 
curve is two, there are in this case 8 double points. Consequently Sk 
is eightfold on the image curve. 

This has, therefore, 32 points in common with 0 2 and is an W 16 

(A 4, B1, S~). 
It has 16 points outside 0 2 in common with ).8 (A2, B2, St); accordingly 

the curves that touch w, form a surface Q16. On this a3 and fJl are 
quadruple curves; for W 16 has four non-;singular points in common with 
a2 (B, Sk). 

W 16 and y1 (A, B, SZ) prove together that the line c is eightfold. 
W 16 and d7 (A 1, Bi, SZ) prove, that Q16 contains 32 figures e3 degene~ 

rated in two parts. 



Botany. - Zur Klärung des Xerophytenproblems. By A . SEYBOLD. 
(Communicated by Prof. Dr. F . A. F. C. WENT. ) 

(Communicated at the meeting of February 25, 1928) 

Die Wasserökonomie der xeromorphen Pflanzen, die in einer Umgebung 
zu leben vermögen, die sich durch grossen Dampfhunger kennzeichnet, 
ist in den letzten Jahren häufig untersucht worden. Alle Untersuchungen 
stimmten in dem ErgebniS überein, dass die SCHIMPER-WARMINo'sche 
Xerophytentheorie der eingeschränkten Transpiration gegenüber den 
mesophytischen Pflanzen nicht zu recht bestünde und an ihre Stelle trat 
die Theorie der Dürreresistenz der Xerophyten,· die hauptsächlich von 
dem Russen MAXIMOV begründet wurde. Der Hauptinhalt der Theorie stellt 
sich folgendermassen kurzgefasst dar: Xeromorphe Pflanzen vermögen 
mittels ho her Saugkräfte mit einem gut ausgebildeten Wurzelsystem und 
Reduktion der Transpirationsfläche dem grossen Dampfhunger der 
Atmosphäre oh ne Schädigung zu widerstehen, eine Einschränkung der 
Transpiration pro Flächeneinheit weisen sie den Mesophyten gegenüber 
nicht auf, vielmehr kann ihre Transpiration f1ächenrelativ höher sein. 

Demnach müsste die X e rom 0 r p r i e mit anderen als transpirations~ 
physiologischen Verhältnissen in ,Zusammenhang gebracht werden. Die 
anatomisch~histologischen Strukturen xeromorpher Blätter hätten für die 
Wasserdampfabgabe keine Bedeutung, was allein vom physikalischen 
Standpunkte aus sehr sonderbar erscheint. 

Im Rahmen einer eingehenden Transpirationsanalyse der Pflanze auf 
physikalischer Grundlage ergaben sich für das Xerophytenproblem neue 
Perspektiven, die zur Klärung dieser strittigen Frage beitragen dürften. 

Die scharfe Scheidung , die SACHS für di~ Transpirationsanalyse macht: 
Die Transpiration aus Zeilen und Geweben wird durch ä u s ser e und 
durch i n n ere Ursachen und Bedingungen hervorgerufen und verändert, 
erweist sich auch hier äusserst fruchtbar. Vergleichezwischen Meso~ und 
Xerophyten können nur unter denselben äusseren Bedingungen einwandfrei 
angestellt werden. Der Oekologe, der die Pflanzen am natürlichen Standorte 
beobachtet, darf sich über diese fundamentale Forderung ebenso wenig hin~ 
wegsetzen wie der Laboratoriumsphysiologe. Dass eine xeromorphe Pflanze 
in dampfdruckarmer Luft f1ächenrelativ mehr transpirieren kann als ei ne 
mesophytische in -+- stark dampfgesättigter, ist selbstverständlich. Dass 
ab er die xeromorphen Blattstrukturen allein einem durch das xerophytische 
Klima physikalisch bedingtem Wasserdampfaustausch ohne Schädigung 
nachkommen können, wird kaum von der Hand zu weisen sein. Vom 
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physikalischen Standpunkte aus muss eine Verdickung der Kutikula, ein 
starker Wachsüberzug, Haarbildungen u.s.w. die kutikuläre Transpiration 
erniederigen. Durch die Ausbildung solcher histologischer Elemente 
kommen ab er die Stomata häufig in Lagen, denen ein relativ hoher Dampf~ 
druck eigen sein muss. Das gilt für alle mehr oder weniger tief eingesenkten 
Stomata. 

Werden Mesophyten mit Xerophyten verglichen, so muss das mit 
anderen Worten heissen : Wie rea 9 ier end ieT r a n spi r a ~ 
tionssysteme der Mesophyten und die der Xero~ 

phyten auf mesophytisches und wie auf xero~ 

p h y t i s c hes K I i ma? Dieser Umstand ist völlig ausser Acht 
geblieben und mit einer Umrechnung auf dasselbe Sättigungsdefizit ist 
cin einwandfreier Vergleich keineswegs statthaft, wie es beispielshalber 
MAXIMOV in seiner grundlegenden Arbeit getan hat. Die Verdunstung ist 
nicht schlechthin einer der äusseren Bedingungen (Temperatur, oder 
falscherweise dem Dampfdruckdefizit) proportional, sondern sie als mehr~ 
gliederige Funktion der physikalischen Zustände zu betrachten. 

Pflanzen, die in xerophytischem Klima zu vegetieren vermögen, was 
ihnen durch xeromorphe Strukturen möglich ist, sind demnach prinzipiell 
von den Mesophyten unterschieden, die in einem ausgesprochen xerophy~ 

tischen Klima nicht zu leben vermögen. Die mesophytische Pflanze hat 
eine relativ sehr hohe Kutikulartranspiration dem Xerophyten gegenüber 
und schon aus diesem Grunde wäre ihre Transpiration in xerophytischem 
Klima ungleich höher, wenn sie den starken Wasserverlust der Dürrere~ 

sistenz decken könnte, was eine Frage der Leistungsfähigkeit des Wurzel~ 
und Wasserleitungssystems ist. 

Hier möge nur ein klimatischer Faktor in Betracht gezogen werden, 
der zweifelsöhne eine der wichtigsten Funktionen der Wasserdampfbe~ 
wegung bei den Xerophyten am natürlichen Standorte ist, die Luftbewe~ 
gung und zwar mit geringem Dampfdruck, also landläufig gesprochen: 
trockener Wind. Da an anderer Stelle ein gut fundierter Beweis gegeben 
werden wird, dass die kut i k u I ä r e Tra n spi rat ion in ers ter 
Linie durch den Wind eine Steigerung erfährt, den Gesetzmässigkeiten der 
Verdampfung relativ grosser Flächen folgend , begnügen wir uns hier mit 
den physiologischen Tatsachen, die aus einer Reihe von Experimenten 
gewonnen wurden. Vermöge der ungewöhnlich starken Kutikula ist die 
kutikuläre Transpiration gleich Null zu setzen, die Verdunstung findet also 
lediglich durch die Stomata statt. Nun ist aber von der grössten Bedeutung 
zu erfahren, dass die stomatäre Transpiration der Xerophyten durch den 
Win d überhaupt kei neS te i 9 er u n 9 erfährt, die täglichperiodische 
Spaltenapertur wird durch den Wind in keiner Weise beeinträchtigt, was 
für die Beurteilung des Ges a m t ~ Gas ~ A u sta u s c hes von Be~ 
deutung ist. Die Assimilation erfährt somit durch eine Spaltenverengung, 
die bei starkem Wind eintreten könnte, keine Hemmung, da der CO2 

Diffusion keine Widerstandserhöhung auferlegt wird. Anders dagegen 
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liegen die Verhältnisse bei den Mesophyten. Starker Wasserverlust bedingt 
Turgorerniederigung in den Schliesszellen der Stomata, d.h. die Spalten 
erfahren eine Verkleinerung. In zweierlei Hinsicht ist also das Verhalten 
der xeromorphen Systeme von Bedeutung. Die Transpiration wird im 
Win d e nicht gesteigert, und die Spaltenapertur erleidet keine Verände~ 
rung. Damit wird die C02~Diffusion nicht gehemmt, rein der relativen 
Grösse der Gesamtporenfläche gemäss. Die Mesophyten aber, die im Winde 
-t- rasch einen Spaltenschluss durch TurgorerIiiederigung eintreten lassen, 
um allzugrossem, schädlichem Wasserverlust vorzubeugen, erhöhen damit 
den Diffusionswiderstand für CO2 im Sinne der Flächenverkleinerung. 
Damit ist eine physiologische Erklärung möglich, dass die Xerophyten in 
xerophytischem Klima zu leben vermögen, nicht aber die Mesophyten. Es 
frägt sich dann nur noch warum im allgemeinen die Xerophyten nicht 
ebenso häufig in mesophytischem Klima leben. Diese Frage nur nach dem 
Stande der Wasserbilanz zu beurteilen, wäre hinsichtlich der grossen 
Zahl der determinierenden Faktoren zu gewagt, doch können folgende 
Momente mit in Rechnung gesetzt werden. Die Geschwindigkeit des 
Wassers trom es wird bei Xerophyten im mesophytischen Klima, dem ein 
relativ hoher Dampfdruck eigen ist, verzögert, die Stoffwechselvorgänge 
werden also in erster Linie in Mitleidenschaft gezogen, die Wachstums~ 
geschwindigkeit aber korrelativ benachteiligt. Die klimatischen Faktoren 
wirken ohne Zweifel selektiv auf die zur Keimung kommenden, zufälligen 
Samenaggregate; mesophytische Pflanzen wachsen im mesophytischen 
Klima rascher gross als xerophytische. Damit solI keineswegs geleugnet 
werden, dass Xerophyten ganz und gar nicht in mesophytischem Klima 
leben könnten, ebensowenig, dass eine Pflanzenart nicht mit Standorts~ 
modifikationen auf äussere Induktionen sich zu ändern vermöchte. 
Grundlegend erscheint uns aber die grosse Wirkung der Transpirations~ 
forderung des t r 0 c ken e n Win des bei mesophytischen Strukturen, 
seine Inaktivität bei der Wasserbilanz der Xerophyten. 

Die beigefügten Tabellen geben kontinuierliche Gewichtsverluste als 
Ausdruck des Transpirationsstromes in bestimmter Zeit wieder. Hier sei 
von relativen Berechnungen verschiedener Pflanzen abgesehen, da es nur 
darauf ankommt zu zeigen, dass die Transpiration im Winde bei dem 
xeromorphen N e r i u mOl e a n der keine Steigerung erfährt, wohl 
aber bei Dat u ras u a v e 0 I e n s, die typisch mesomorph ist, infolge 
starker Kutikulartranspiration. Die physikalischen Aussenbedingungen sind 
während eines Versuches nahezu gleich, die Angaben sind den Tabellen 
beigefügt. Um aber wirklich unter sich vergleichbare Werte zu bekommen, 
sind die unter Wasser abgeschnittenen Sprosse, die in Wassergefässen 
abgedichtet standen, zum Teil zu gleicher Zeit dem Winde ausgesetzt 
worden, zum andern denselben Aussenbedingungen, dabei aber in ruhiger 
Luft verweilend. Intermittierend standen die Pflanzen in Wind und Ruhe. 
Die Gewichtsverluste die im Winde eintraten sind in den Tabellen fettge~ 
druckt. Die Ursachen der Schwankungen sollen hier nicht diskutiert werden, 
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NERIUM OLEANDER. 

Mittlere Temperatur 30°. Mittl. rel. Feuchtigk. 25 % , 2 Tageslichtlampen 500 Watt/220V. 

Zeit Pflanze I I 2 3 5 

Gewichtsverlust in mg von: Windgeschwindigkeit 1.7 m/sec. 

12-13h 0.690 0.340 0 . 510 0.765 O.HO 

13-14 0.255 0.240 0 .255 0.280 0 . 230 

14-15 0.215 0.210 0.305 0.190 0.230 

15-16 0.290 0 .370 0.305 0 . 125 0 .260 

16-17 0.260 0 . 370 0 .3i5 0 . 135 0.210 

W indgeschwindigkeit 5.6 m/sec. 

17-18 0.250 0 . 380 0 . 295 0 .1 60 0.290 

18-19 0.280 0.290 0.330 0 . 150 0.3i5 

19-22 Mittelw. pro 0303 0.247 0.317 0.210 0.330 Stunde 

22-8 Mittelw. pro 0.137 0.087 0.182 0 . 245 0.139 Stunde 

DATURA SUAVEOLENS. 

Mlttlere Temperatur 23°. Mittlere Feuchtigk. 40 Ofo. 

Zeit Pflanze 1 2 3 
·1 

4 

I mg GewIchtsverlust I I 
12°5_1220 0.270 0.190 0.145 0.080 

1220_123S 0.600 0.370 0 . 140 0.090 

1235_1250 0.290 0.190 0.340 0.160 

1250_1305 0.420 0.2iO 0 .230 0.150 

13°'_1320 
Windges. 1.7m/sec. 

0.550 0 .310 0.220 O.liO Sonnenlicht 

1320_1335 0.260 0.180 0.400 0.210 

1335_1350 0.310 0.180 0.280 0 . 110 

1350_14°5 0.140 0 . 110 0.340 0.160 

1405_1420 0.150 0.110 0.170 0.110 

1420-1435 0.170 0 . 140 0.210 0.130 
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die Werte veranschaulichen deutlich, dass die Transpiration bei Nerium 
vom Winde nicht beeinflusst wird, der Gang der Transpiration ist von ihm 
völlig unabhängig. Anders bei Datura. Im Winde wird die Verdunstung -t

stark gefördert , wenngleich auch andere Faktoren bei der absoluten Grösse 
der Transpiration eine nicht untergeordnete Rolle spielen. 

Absolute Vergleiche beider Pflanzen sind oh ne umständliche Berech
nungen nicht möglich. Urn dies zu umgehen werden bei künftigen 
Untersuchungen, die vor allem die Maxima der Transpirationsleistungen 
bei verschiedenen Pflanzentypen klarlegen sollen, Meso- und Xerophyten 
nebeneinander im Experimente behandelt, soweit dies bei extremen Aussen
bedingungen mit Mesophyten sich verwirklichen lässt. Derartige Versuche 
sind bereits in Angriff genommen, worüber später zu berichten sein wird. 

Utrecht, Februari 1928. 
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Mathematic8. - On the Lirnits of Holornorphic Functions. By Prof. 
J. WOLFF. (Communicated by Prof. L. E. J. BROUWER). 

(Communicated at the meeting of December 17, 1927). 

FATOU' s th eo rem : "if f (z) is holomorphic and limited for I z I < 1. 
Urn f(e er') exists, except perhaps for values of cp the set of which has 
p~l 

the measure zero", has been completed by the brothers RIESS in the 
following way (Stokholm Congress 1916): "If a is an arbitrary number 
this limit is equal to a only for a cp-set of the measure zero". 

In the following note we shall derive this result without making use 
of integrals of LEBESGUE. 

Without loss of generality we may assume f(O) ~ a. We suppose 
I fl < M . We have for 0 < e < 1 

2,.. 

2 Tl 19 I f (0) - a I ~. fig I f (e er') - a I dcp . (1) 

o 

Suppose 1 > E > 0 and let En be the set of intervals in which 

If ft En is the measure of En it follows from (1) and from I f - a I < 2 M, 
that 

2 Tl 19 I f (0) - a I -= ft En . 19 E + 2 Tl 19 (2 M), 

hence 
C 

ft En -= - -1- ' n = 1. 2, ... ; 
19-

e 

C constant. 

Now the values of cp for which Urn f(e er') = a, belong to th~ Iimes 
f'~l 

inferior of En for n ~ 00. 

. C 
Hence the measure of the set of these values IS at most --1 and 

19-
e 

as e may be chosen arbitrarily between 0 and 1, this measure is zero. 

Utrecht. December 6, 1927. 



Geology. - Measuremenfs on slickensides on planes of strati{ication in 
folded regions. By W . NIEUWENKAMP. (Communicated by Prof. 
L. RUTTEN . ) 

(Communicated at the meeting of January 28. 1928). 

In folding the strata in the limbs of an anticline are pushed over each 
other. The younger strata push forward over the older ones toward the 
middle. toward the axis of the anticline. The truth of th is statement is 
easily seen by every one who reproduces an anticline by means of a pack 
of cards. There is no reason why th is movement should not in beds of 
suitable hardness. originate slickensides on the planes of stratification 
and as it is to be expected at right angles with the axis of the anticline the 
striae thereupon can furnish us an indication for the pitch of the latter. 
For wh en the axis of the fold is horizontal (parallel to the strike) the 
striae will follow the dip (Fig . A) wh en however the axis of the fold is 
inclined (when the fold has pitch) the striae will not follow the dip , 
deviating from it with an angle that increases with the amount of pitch 
(Fig. B). 

This would enable us to infer the pitch of the axis of folding from the 
direction of the striae in these slickensides. For if we draw on a plane of 
stratification (the axis runs parallel to the planes of stratification ) a line at 
right angles with the striae. this line must be parallel to the axis of folding ; 
so that by taking its inclination and azimuth we get pitch and direction 
of the latter. 

In practice there are of course a number of causes that give to the striae 

A 

17* 
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a direction differing from that required by this theory. Irregularities may 
engender alocal deviation of the striae; a fault just following the plane of 

B 

as-richting . = direction of the axis. 
richting der wrijfkrassen = direction of the striae. 
strekking . . = strike. 
helling . . . . . . = dip. 
as-duiking . . • . . = pitch. 

stratification renders all our observations worthless for the object we have 
in view. Still it may be useful in our fieldwerk to have regard to the 
slickensides on the planes of stratification. An average of a number of 
observations of one and the same fold that do not differ too much. is 
surely to be relied upon. 

This theory is to some ex tent verified by the students of geology of 
Utrecht. who have made in the Ardennes a fair number of observations of 
slickensides; when several observations made in different parts of the 
same fold yielded the same result. th is was always in complete accordance 
with the structural feature of the fold. 

Mr. I. SWEMLE who worked out the geological structure of the broad 
strip of the Upper-Lower and Middle Devonian system between Ourthe 
and Lomme has on my request paid special regard to the slickensides on 
the planes of stratification. and has been so kind as to allow me to com
municate some of his observations in th is pape:r. 

The first observation was made near the station of Jemelle in the 
sandstone of COl' The strata here strike N 65° E. and dip 75° S. The 
striae on the slickensides deviate eastward from the dip. the angle between 
the striae and the dip. measured here on four different slickensides. amounts 
to 9°. Hence a !ine on a plane of stratification at right angles with the 
striae has an "zimuth of N 63° E. and dips westward at an angle of 9°. 

South of J emelle on the road to Forrières two slickensides have been 
measured with quite the same results on the southern limb of the same 
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anticline. The strike of the strata is here N 85° E. with a dip of 30° S. 
Again the striae deviate east of the direction of the dip at an angle of 
30°; thus giving for the axis an azimuth N 60° E . pitch 14° W. . 

Five hundred m. to the south of the preceding locality the beds strike 
N 75° E dip 40° S. The striae again deviate in the same direction at an 
angle of 17°. thus giving for the azimuth of the axis N 62° E. pitch 11 ° W. 

These three observations all tend to show th at the pitch of this anticline 
is about 11 ° in a direction S 60° W. This result is in complete agreement 
with the geological map. 



Phyaiology. - Radiated Vitamin Band Automatin action. By Prof. H. 
ZWAARDEMAKER . 

(Communlcated at the meeting of January 28, 1928). 

The oldest known vitamin is that of EIJKMAN , which protects from 
Beriberi, and has afterwards been termed Vitamin B. lts physiological 
effect, however, is still unknown. By mere accident I have been in a position 
to get acquainted with a special action exerted by the anti-Beriberi vitamin, 
an action which it ever possesses in a small degree, but which it obtains in 
a large measure through corpuscular radiation. 

While searching for chemical bodies that might serve as mother
substance of our automatins, interesting myself in substances soluble in 
water and in alcohol. but not in ether, I was enabled to test JANSEN and 
DONATH'S crystalline form of anti-beriberi vita min. At first I had only 
a substance adsorbed to day at my disposal delivered in the form of tabloids, 
of which usually 4 per day were given to a beriberi-patient ; afterwards 
Prof. JANSEN sent me the approximately pure substance in ampoules of 
which 1 mgrm was injected intravenously in cases of acute beriberi. The 
am poules contained hardly any potassium ; the tabloids contained much of 
it, but by shaking them with alcohol of 96 %, only little potassium is 
transferred to the solution. In our experiments the concentration did , 
therefore, not exceed 4 mgr per litre, 

In the first place 1 will demonstrate an ordinary automatin-effect with 
real automatin. 

An eel's heart arrested by deprival of potassium, resumes its beats 

Fig . I. An ee!'s heart brought to a standstill by deprival of potassium and 
automatin, recovers its pulsation through automatin Erom another heart . 
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through addition of the automatin derived from another radiated heart after 
a latency of 3 Yz hours. It will be seen that the frequency augments 
gradually, and has in this case reached its maximum after Y-i of an hour. 
This pulsation continues for 16 hours. 

Next I will show the insignificant effect of non-radiated vitamin. Only 
separate beats, no quick rhythm appears. 

Fig. 2. Behaviour of a similar heart af ter adding non-radiated 
vitamine B to the circulating Huid. 

This game is soon finished, af ter about two hours. 
In the third place 1 will demonstrate the restoration of a test-heart by 

addition of radiated vitamin. After a latency of 1 hour intense contractions 
commence suddenly. 

Fig . 3. Recovery of a similar heart after addltion to the circulation of 
vitamin B that has been radiated beforehand during 15 hours. 

The frequency gradually increases and reaches its maximum after 20 
minutes. The regular beats continue for 13 hours. 

Now it is clear that the form of the pulsations engendered by automatin 
are similar to those caused by vitamin B. In every experiment the latency 
depends on the time required for the preceding washing out of the potas
sium and automatin; the frequency, on the other hand, depends on the 
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concentration of the stimulating substance, whether this be automatin or 
vitamin B activated by radiation. 

In this respect the time for activation through corpuscular radiation 
should not be too short. When using the weak rays of 5 mgr of Radio~ 
element in enamel. 2 hours wil! be too short , 4 hours just sufficient, 
2 X 12 hours better than 12 hours. 

It wiU be easily understood that these experiments do not point to any 
connection between the vitamin B originating from the vegetable kingdom 
and the automatinogen of the animals. Otherwise we should rather be 
inclined to believe that vitamin ingested together with the food is trans~ 
mitted to the blood and is stored up everywhere in the skeletal musculature. 
In that case it would th en be exposed to the radiation of the tissue potas~ 
sium and partiaUy become automatin, which in its turn stimulates thr: 
various automatic organs. 

But we knowalready th at there are more substances. which - while 
remaining inactive if not radiated - are activated through corpuscular 
radiation to such an extent that they produce a pronounced automatin~ 
effect , just as weU as the automatinogen and the vitamin B; those substances 
belong to the compounds supposed by JANSEN and DONATH to be allied 
to their crystaUine substance. 

It is impossible that this number may be increased. This may caution 
us to be careful, but it does not affect the main point, viz . the fact that the 
vitamin B. used at Batavia for practical therapy against Beriberi, acquires 
automatin~action through radiation. This opens up a broad field for study, 
for now of course also the other beriberi symptoms have to be studied. 

Up to now the number of experiments with vitamin B is about 30. In 
half of them the vitamin was radiated, the other half were made without 
radiation. We ever found the sharp contrast as described. In the present 
investigation I could avail myself of Dr. ZEEHUISEN'S kind assistance. I 
also consider it as a pleasant duty to thank Professors EIJKMAN and JANSEN 
and Dr. DONATH for placing their preparations at my disposal. 



Experimental Phonetics. - Contributions to an experimental investig
ation of the Dutch language. Il. 00, eu and ee followed by r or not 1). 

By Miss L. KAlSER. (Communicated by Prof. G. VAN RIJNBERK.) 

(Communicated at the meeting of February 25. 1928). 

Among vowels 00 (0), eu (sz!) , and ee (e) take a peculiar position. This 
appears e.g. when we arrange the vowels in a so-called vowel-triangle: 
aa (a), oe (u), and ie (i) take the angles, 00, eu and ee being far away 
from them. The first mentioned are the so-called fundamental vowels, 
common to all primitive languages, the others are sounds that have only 
developed later. To pronounce 00, eu and ee the speech organs must 
assume a position that answers very definite requirements. To pronounce 
the so-called fundamental vowels, this is only the case to a less degree. In 
this connection it is worthwhile to compar~ the transition of 00, eu and ee, 
into the diphthongs au (:Ju). ui (hy) and ei (ä) in the careless pronun
ciation of the larger towns of Holland on the one hand as against the fact 
that in anima I and instrumental sounds we may recognise aa, oe and ie 
of ten enough, but very seldom 00, eu and ee. 

The influence of a following r-sound suffises to make these latter vowels 
lose their clearness. In Dutch in this case peculiar sounds are formed, 
which usually are çompared or even identified with the short vowels : 0, u 

and i. The vowels in boor, beur and beer are very different from those in 
boot, beuk and beet, and bear much resemblance to those in bot, put and 
bit, differing from these mainly or exclusively by their greater duration. 

It is obvious that the way in which ritself is pronounced influences the 
phenomenon. To me it seems, that the altered vowels are most characteristic 
and constant before a lingual r (r), but that also with people who use a 
uvular r (RL this pronunciation is usual. Sometimes however. the vowels 
in th at case are very much like' the wide vowels 0 (:». u (re) and e (e). 

Concerning the articulation of r ZWAARDEMAKER 2) stated. that in the 
pronunciation of r the muscles only fulfil the task of loosely raising the 
tongue, and that in the bottom of the mouth only then some tonus is 
noticeable, when a very strong relaxation has preceded. Hence af ter avowel 
in which the bottom of the mouth is always tense. r must cause a relaxation. 
We may add that relaxation will take the more time aIid the more energy, 
as the vowel is pronounced with greater tension. 

1) From Investigations made at the Physiological Laboratory of the Amsterdam 
University. 

2) Nederl. Tijdschr. v. Geneesk. 1898. I. NO. 2i. 
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As the characteristic tone of voiceless r STUMPF 1) gives a2-a3 (870-
1740 vibrations p .s . ) 

If we compare the accounts of different investigators concerning 
articulatory and acoustic qualities of 00, eu and ee, we find agreement on 
the following points. They are vowels pronounced with great tension in 
the speech organs, with a mid-position of the tongue (articulation for 00 

in the back-part of the mouth, for eu and ee in the front-part) and with a 
moderate opening of the jaws (varying little in the three sounds). The 
characteristic overtones are according to STUMPF 1) : 

00 formant 388-517 
eu underformant 388-517; formant 1550-2324 ; 
ee underformant 388-517; formant 1954-2764. 

The few dates at hand concerning Dutch vowe1s (BoEKE, TER KUII.E , 
BENJAMINS) agree very weil with the above. 

Experimental part. 

A cinematographical record demonstrated that the outwardly visible 
differences between 00, eu and ee, followed by r or 'not, are very slight. 
In 00 the opening of the mouth seems to be larger, in ee smaller when r 
follows. In eu no distinct diffeience could be noted. From records obtained 
by means of the labiograph of VON WILCZEWSKI the vertical distance 
between the Iips was seen to be greater in 00 and eu when r followed. 

By means of ZWAARDEMAKER 's apparatus to register speech movements 
(made of aluminium) records we re made to compare the two series of 
sounds. As may be seen in fig . 1 the opening of the jaws was generally 
diminished when r followed . In 00 and eu the difference was considerable, 
in ee small as in other vowe1s. This agrees weil with EVKMAN's 2) dates 
concerning the distance of the jaws. 

Palatograms in which by means of E . A . MEVER's method also the profil 
of the tongue was investigated, showed a picture as in fig. 2. 

In all three vowels the tongue moves in a straight way, when r follows. 
Only a very small part of the mouthhole remains free froni the moving 
tongue. No r following , the tongue moves in a curved way, the so-called 
front resonance-chamber remaining free. This curved way is only possible 
with astrong tension in the tongue. The larger palatal surfaces touched 
by the tongue, observed when r is following, may be due in first place to 
the smaller distance between the jaws. 

If we try to pronounce a pure 00 , eu or ee before r, it appears to be 
impossible to make r follow the vowel immediately: between the two arises 

1) C. STUMPP. Die Sprachlaute, 1926. 
2) Onderzoekingen Physlol. Lab. te Utrecht. S- reeks, 11. 1901. 



263 

an aa-sound (compare English poor, beer, etc.). In the records made from 
such trials by means of ZWAARDEMAKER's apparatus, a great distance 

Fig. I. 

between the jaws and astrong relaxation of the bottom of the mouth before 
r were clearly perceptible. 

~ 00 'L 

Fig. 2. 
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In deviating from the usual articulation it is possible. however. to 
pronounce a rather normal 00. eu or ee before r. To that effect the opening 
of the mouth must be actively or passively reduced in case of 00, and 
enlarged actively or passively in case of eu and ee. 

A number of other influences make 00, eu and ee pass into the vowels 
that preceed r. Raising the point of the tongue. putting a piece of wood 
or wax in the front part of the mouth have almost the same effect. The 
other vowels remain practically unchanged thereby. as they do when 
followed by r. 

To compare the acoustical qualities of the sounds. in the first place 
phonographical records were made, a lioretgraphe transcribing them -+- 150 
X enlarged on smoked paper. The greater part of these records were made 
from two subjects (B and K) . both possessing a normal pronunciation with 
a lingual r. Fig. 3 shows some of these records. Accurate observing and 
simp Ie measuring of these records showed the following: B spoke on a 
fundamental tone (pitch) of 170-190 p.s. ; K on 200-225 p.s. The most 
important overtones we re all within the limits indicated by STUMPF. For 00 

more over a relatively strong tone of nearly 800 vibrations per second was 
found . This value agrees a .o. with that found by PAGET. In vowels not 
followed by r the second overtone was relative1y strong especially in K. 
while in the vowels followed by r the importance of this overtone was of 
less importance. and became weak in B. while the amplitude of the third 
and to a less degree. that of the fourth overtone increased. The highest 
characteristic (formant) showed in ee astrong fall . under the influence of 
the following r, n.l. from .2300-2000. 

For eu. where the highest characteristic was at 1600. a slight alteration in 
the same direction was noted. In 00 the phenomenon was reversed. a feebIe 
mounting of the overtone with frequency of 800 being noted. In all these 
cases. it was clearly visible that the highest characteristics towards the end 
of the vowel were transferred to a frequency of 1250. the formant of r. 
Records of the short vowels in bot, dut and bit, showed differences as weIl 
as striking similarity with both series. Determination of the first ten 
overtones by the method of HERMANN. which was applied in a few cases. 
affirmed the facts stated above. 

The whispered vowels. too. we re taken into account. 
Also in whispering there is a marked difference between 00, eu and ee 

followed by r or not. Comparing also the sounds related to the investigated 
pairs of vowels with these latter. I came to the following series: 

oe, 0 (Ç» I). 00 (r), 0 (.J). the higher characteristic rising and the lower 
being indistinct ; 

uu, eu, eu (r) . u, re, the higher characteristic falling and the lower rising; 
ie, ee, ee (r) , i, e (E). the higher characteristic falling and the lower 

rising. 

1) KAlSER. The short o. These Proceedings. Vol. 26. p. 745. 
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However these results agree fairly well with those stated above, as a 
whole it did not appear quite satisfactory to me. Then · BOUMAN 1) 
developed a method to determine the overtones of vowels by means of 
electric resonance. The results of his investigations made a new explanation 
of facts acceptable. 

Synopsis of results. 

The acustical phenomena described above are corresponding in eu and 
ee, the reverse in 00. The cause of this can only he looked for in the place 
of articulation, which is the same for eu and ee, but different for 00. The 
consequence of this may be that in 00 the narrowing of the opening of the 
mouth only reduces the space before the place of articulation, and in eu 
and ee especially the space behind it. This would imply that in 00 the 
formant rises, in eu and ee the underformant rises, which is the case indeed. 

The front resonance chamber in which the formant of eu and ee, is 
formed, becomes necessarily smaller with lessening of the distance between 
the jaws. The narrowing of the mouth opening attending it especially in 
ee, has a contrary effect and can be the stronger of the two influences at 
work, i.e. it can cause lowering of the formant: eu and ee. Widening of the 
mouth opening has in 00 the same influence as reducement of the space: 
rising of the formant. 

I cannot explain in details, at any ra te not for eu and ee, how the moving 
point of the tongue and a small piece of wood or wax can have a similar 
effect. If BOUMAN'S views are right, there is an explanation in them also 
for these phenomena. 

Speaking generally we may say that 00, eu and ee are only pure under 
special circumstance and that everything which is anyhow detrimental to the 
pureness of these vowels, brings them in the class of the more or le~:" 

imperfect vowels (BRÜCKE), where also the so-called short vowels ha,,: 
their place. 

As 00, eu and ee are pre-eminently tense vowels and the pronunciation 
of r requires considerable laxity, it is comprehensible that they cannot be 
joined as they are. 

In the Dutch language the joining of r to any other vowel is possible. 
To me this seems to prove that these latter vowels are not tense or at 
least far Ie ss so than 00, eu and ee. 

I) Archives Néerlandaises de phonétique expérimentale, 2, 1928, 



Pathological Anatomy. - Localisation of the tuberculous 'lesions in 
Javanese and Chinese inhabitants of Java. By A. J. F . OUDENDAL. 

(Communicated at the meeting of June 25. 1927) 

In about 600 post-mortems of tuberculous patients of the Pathologie 
Anatomieal Department of the S.T.O.V.I.A. at Weltevreden, we exactly 
registered where and which tuberculous manifestations we re found. The 
collected data comprise : 

295 J avanese men 
85 Javanese women 
208 Chinese men, who all had been suffering from some form of tuber

culosis. Only part of the material was submitted to a systematie micro
scopical examination. I planned to test everything mieroscopically, but owing 
to retrenchments in the matter of assistants and subsidy, it became 
impossible to do so. Therefore only the results of the naked-eye research 
at the dissecting-table are mentioned. 

Before giving a summary of the pathologieal appearances, rIl first relate 
something about the length, the weight and the age of the dissected corpses. 

The average weight of the Javanese men was 34.1 kilograms 

(
9831.5 ) (2331.5 ) 288 - kgs • of the J avanese women 28 kgs 83 kgs and of 

(
6914.52 ) the Chinese men it was 33.7 kgs -205 kgs . 

Concerning the average length, we found for the Javanese men 1.59 m. 

(
470.86 ) ( 124:87 " 29Ç m. , the Javanese women 1.485 m. -si- m-) and the Chinese 

(
334.50 ) 

men 1.61 m. - 207 m . . 

Reliable informations about the ages is impossible to get here, so we only 
can speak about ages at an estimation. The average ages, thus estimated, are: 

for the Javanese men 31 years 
for the Javanese women 33 years 
for the Chinese men 36 years 

Scheme of the averages. 

Weight 

Length 

Approximate age 

Javanese men 

3"1. I kilograms 

1.59 meters 

± 31 years 

Javanese women 

28 kilograms 

I . "185 meters 

± 33 years 

Proceedings Royal Acad . Amsterd3m . V ol. XXXI. 

Chinese men 

33.7 kilograms 

1. 61 meters 

± 36 years 

18 
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The oldest of the Javanese men was 75 years old, of the Javanese women 
65 years, the Chinese men 70 years old. The youngest ones we re respec
tively 15, 18 and 16 years old. There was one Chinese child of 9 months old. 

We obtained our information from the notes on 2418 post-mortems, 
collected in about 5 Yz years. Year by year the proportion of the tuberculous 
cases in regard to all the post-mortems, showed us for the : 

T.B.C.+ 
I 

'Tota\ numbersy!p t 
post-mortems ereen age 

1 st year (1921 - '22) 102 597 16.7% 

2nd year (1922- '23) 14\ 608 23.2 .. 

3rd year (1923-'24) 136 397 34 .3 .. 

4th year (1924-'25) 107 364 29.4 .. 

5th year (1925-'26) 96 331 29 

6th year (1926-'27 half) 42 121 34.7 .. 

In the table above all the patients, who died of tuberculosis are counted, 
so also the Chinese women , european and arabian men and women. 

Taking 2418 post-mortems as a whole we found among th is number 624 
post-mortems of tuberculous patients, or a quarter of the total amount. 

As a rule we seldom dissect any child, so about the localisation of the 
tuberculous lesions in babies and very young people we cannot make any 
statements. Among the Chinese male patients there was one baby of 9 
month old, suffering from bilateral closed tuberculosis of the lungs, with a 
tuberculosis of the bronchial glands. How the tuberculous inflammations 
are localized in the body, of the different groups (Javanese men, Javanese 
women and Chinese men) may be found in the adjoining lists. 

Javanese men . 

We made 295 post-mortems of native men, and found about the lungs 
that: 

177 X the right lung showed one or more cavities 
173 X the left lung did so and 
118 X these cavities were found in both lungs at the same time, this 

makes 68 % of the greatest possible amount (173). 
On one side the cavities we re found 59 X in the right lung and 56 X 

in the left lung . 

Tuberculosis without cavities was found in 90 cases in the right as weIl 
as in the left lung. Bilateral "closed" tuberculosis was to be found in 30 
cases (33 % ), so 60 times we found a tuberculosis of one lung only without 
any cavities. 

Cavities of the right lung were combined with a closed tuberculosis of 
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the left lung in 48 cases. in 1 I cases cavities of the · right lung were 
combined with left lung free from tuberculosis. 

Cavities of the left lung were combined with a closed right tuberculosis 
52 times. and only 4 times th ere we re Ie ft lung-cavities with a "free" right 
lung. The cavities were mostly found in the cranial part of the lungs. also 
in Javanese women and Chinese men. 

Of the 295 post-mortems : 
28 X the right lung was free from tuberculous lesions. 
3 I X the left lung remained free. 
12 X both lungs were free from tuberculosis. Those 12 pairs of "free" 

lungs were found in : 
4 men with caries of the lumbal spine. 
I man with caries of the thoracal spine. 
3 men only showed tuberculosis of the bronchial glands. 
2 men with a coxitis tuberculosa sinistra. 

woman with a gonitis tuberculosa dextra. 
man only showed a tuberculous inflammation of the mesenterial glands. 

About the tuberculous lymphadenitis we found : 
In 170 out of 295 Javanese men tuberculosis of the bronchial glands (in 

57Y2 %) of the total amount. 88 times (in 29 % of the amount) tuber
culosis of the mesenterial glands. and 64 patients with tuberculosis of both 
glands (22 % of the total amount). 

In Javanese men tuberculous bronchial glands we re found in: 
49 % with bilateral lung cavities. 
17 % with cavities of the right lung. 
17 % with cavities of the left lung. 
9 % with bilateral closed tuberculosis. 

Tuberculous mesenterial glands we found in: 
52 % with ulcers all along the intestines. 
18 % with ulcers in the colon only. 
12 % with ulcers in the small intestine only. 
17 % without ulcers visible to the naked eye in any part of the intestine. 

In 55 out of the same 295 men. we found tuberculous ulcers on the vocal 
chords. the epiglottis etc (18 % ). 

These pharynxulcers we found : 

29 X with bilateral lung cavities 
15 X with cavities of the left lung 
9 X with cavities of the right lung 
I X with bilateral closed tuberculosis 
I X with lungs. free from tuberculosis 

Phneumothorax on one si de was found : 
4 X at the Ie ft lung. 
3 X at the right lung. 

53 % 
27 % 
16 % 
2% 
2% 

Menigitis tuberculosa was found in 19 cases (5 Y2 % ). 
18* 
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Looking for lesions of the intestines, it struck me how many tuberculous 
ulcers we re found, and very of ten accompanied by an appendicitis tuber
culosa chronica too. Therefore I should like to have an answer to the 
following questions : Is there any connection between these tuberculous 
ulcers of the intestines and the great quantity of parasites (hookworms, 
amoebes) , we find here? And isn 't it necessary with patients with a tuber
culosis of the lungs or the bones combined with dysenterical troubles, to 
think more and more about a tuberculous enteritis or colitis? Also for 
practical purposes with a view to the therapeutics this must be an interesting 
point. 

Of the 295 Javanese men there we re : 
131 with tuberculous ulcers of the colon' 45 % 
100 with tuberculous ulcers of the small intestine 34 % 
142 didn 't show any ulcers of the intestines 47 % 
In 79 cases the whole of the intestines showed tuberculous ulcera , so 

there were : 
21 men with ulcers in the small intestine only, 
52 men with ulcers in the colon only. 
Again there is a visible connection between the open tuberculosis of the 

lungs and the frequency of the tuberculosis of the intestines. So in.79 cases 
with tuberculous ulcers all along the intestines, more than half (43 cases) 
are combined with cavities in both lungs, 14 with cavities in the left lung , 
and 17 with cavities in the right lung , so from these 79 patients with tuber
culosis of the tractus intestinalis , 74 were suffering from an infectious form 
of "open" tuberculosis of the lung. Only in 5 cases we couldn't Eind any 
cavities on examination with the naked eye. 

On the other hand it is interesting to note that : 
1 18 corpses with bilateral cavities in the lungs, showed : 
43 X tuberculosis of the whole intestines, 
20 X tuberculosis of the colon only, 

3 X tuberculosis of the small intestine only, so 52 of these cases were 
free from visible ulcers of the intestines. 

We found 12 cases of tuberculosis of the bones: 
6 X Caries of the lumbar spine, 
5 X Coxitis tuberculosa, 
2 X Gonitis tuberculosa, 
2 X Caries of the ribs, 

X Caries of the thoracal spine. 

Javanese women. 

In 85 Javanese women, we found 36 X one or more cavities of the lungs, 
as weIl on the right as on the left hand side. In 24 corps es it was found to 
be bilateraI, follows that cavities on one side only were found in 12 cases 
(right and left). 
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In 42 right lungs and 38 left lungs we found tuberculous manifestations 
without cavities, but in 7 corpses the right lung , and II times the left lung 
remained absolutely free from visible tuberculous lesions. Only 3 times both 
lungs seemed to be absolutely free from tuberculosis. 

These 3 pairs of free lungs were combined : 
I X with Caries caput femoris dextra , 
I X with Gonitis tuberculosa dextra, 
I X Caries ossis pubis. 
We never found a tuberculous inflammation of the bronchial glands or 

the mesenterical glands only. 
Of the lung cavities on one-side 12 X cavities of the left lung we re 

combined with a tuberculosis of the right lung (without ca vi ties ) and of the 
12 cases with cavities of the right lung 10 were combined with tuberculosis 
of the left lung without cavities only, and 2 with a "free" left lung. 

A bilateral tuberculosis of tht! lungs without cavities was found in 24 
corpses. 

We regularly found tuberculous glands; out of 85 women 40 female 
showed a tuberculosis of the brQnchial glands (47 % ), and in 36 cases 
(41 % ) there was ' a tuberculous inflammation of the mesenterial glands. In 
20 cases the bronchial as weIl as the mesenterial glands were altered. 

Of the 40 tuberculous bronchial glands we found : 
32 Y2 % with cavities on both sides, 
10 % with cavities on the right hand side, 
10 % with cavities on the left hand side, 
35 % with bilateral tuberculosis of the lungs (without cavities). 
The 36 cases of tuberculosis of the mesenterial glands were distributed 

as follows: 
55 Y2 % with tuberculous ulcers all along the intestines, 
19 % with tuberculous ulcers in the small intestine only, 
5Y2 % with tuberculous ulcers in the colon only, 
19 % without any sign of intestinal tuberculosis. 
In 10 women we found a tuberculosis of the larynx, epiglottis, etc. 

(11 %), always with an' open tuberculosis of the lungs with cavities. 
5 out of ten with cavities on both sides, 
4 with cavities of the right lung, 
1 with cavities of the left lung. 
No phneumothorax was found in those 85 Javanese women. 
About the tuberculosis of the intestines in 31 cases we found tuberculous 

ulcers all along the intestines, 10 times in the small intestine only, and 12 
times in the colon only, respectively in 36Y2 %, 14 % and 12 %. And 
37Y2 % of the intestines were free from tuberculosis. 

These 31 cases of tuberculosis all along the intestines were in 10 cases 
combined with cavities in both lungs, 8 times with cavities in one lung, and 
10 times with a tuberculosis of the lungs without cavities. 
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Menigitis was found in 5 corpses, tuberculosis of the bones in 6, so : 
2 X Gonitis tuberculosa dextra, 

X Tuberculosis of the right elbow, 
2 X Caries of the thoracal spine, 

X Caries caput femoris, 
X Caries ossis pubis , 
X Caries of the ribs . 

Chinese men. 

In 208 postmortems of Chinese men , we found : 
129 X cavities in the right lung, I 17 X cavities in the left lung, and in 

89 cases we found cavities in both lungs. There were 68 right- and 76 left 
lungs which showed tuberculous lesions without cavities. In 37 cases there 
was an inflammation of both lungs, and only 4 Chinese were in possession 
of both lungs free from tuberculosis , although in I I cases the right lung 
and in 15 cases the left lung was free from tuberculosis. 

The 4 pairs of "free" lungs were combined with : 
2 cases of caries of the spine, 
I case of tuberculosis of the bronchial glands, 
1 case of tuberculosis of the bronchial glands with ulcers in the small 

intestine. 
In 40 cases of cavities in the right lung only, 35 we re combined with a 

tuberculosis of the left lung without cavities, so 5 were found in combination 
with a left lung free from tuberculous lesions. 

Out of 28 cases with cavities in the left lung, we found 25 right lungs 
without cavities, and 3 "free" right lungs. 

Tuberculous glands were very often found, in 208 postmortems we found 
97 X tuberculous bronchial glands (41 % ) and 66 X tuberculous mesen
terial glands (31 % ). 

46 patients possessed tuberculous bronchial as weIl as mesenterial glands, 
so in 22 % of the total amount of Chinese corpses. 

Tuberculous bronchial glands we re found in : 
54 Yz % with bilateral cavities of the lungs, 
19Yz % with cavities of the right lung, 
IO % with cavities of the left lung, 
12 Yz % with a bilateral tuberculosis of the lungs without cavities. 

Tuberculous mesenterial glands were found in: 
5 I % with ulcers all along the intestines, 
6 % with ulcers in the small intestine only, 

22Yz % with ulcers in the colon only, 
20 % without any visible lesions of the intestines. 

We found 39 cases of tuberculous ulcers of larynx and epiglottis: 
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21 X with bilateral ca vi ties 
5 X with cavities in the Ie ft lung 

10 X with cavities in the right lung 

(54 %) . 
(13 % ) . 
(25 % ). 

A pneumothorax was found 5 X on the left and 2 X on the right hand 
side. 

Menigitis tuberculosa was found in 12 corpses (6 % ). 

Tuberculous ulcers all along the intestines was seen 66 X. in the small 
intestine only 28 X. and in the colon only 20 X. so out of 208 patients only 
94 (45 % ) were free from tuberculosis of the intestines. 

Out of the 66 cases with tuberculosis of the tractus intestinalis 56 were 
combjned with lung cavities (85 % ). but only 1/ 3 of the cases with bilateral 
lungcavities we re free from tuberculosis of the intestines. so out of 89 
patients with bilateral lung ca vi ties there we re : 

35 suffering from tuberculosis all along the intestines. 
11 suffering from tuberculous ulcers in the small intestine. only. 
16 suffering from tuberculous ulcers in the colon only. 

Tuberculosis of the bones we found 9 X in 7 Chinese men. 
4 X Caries of the lumber spine. 
2 X Tuberculosis of the kneejoint. 
1 X Tuberculosis of the foot. 
1 X Tuberculosis of the sternum. 

X Coxitis tuberculosa. 

We very seldom come across a miliair tuberculosis here. Perhaps 
according to the fact that we only get very few postmortems of young 
people. We only found it : 

6 X in Javanese men 2 %. 
3 X in Javanese women 4 %. 
3 X in Chinese men 1 Yz %. 
Pleuritis chronica adhaesiva is seen in about every corps. The amount of 

corps es without this pleuritis I estimate to be less than 1 %. 

As a matter of fact this short summary cannot give you an idea about the 
dissemination of tuberculous diseases amongst the living population. 

The distribution of the tuberculous lesions. as we saw them at the post
mortems. cannot give us any certainty about the distribution of the tuber
culous lesions as they we re during life. 

So this summary only has a limited value. and is only meant as a 
beginning of large statistics. more so as the small groups and the impos
sibility of having everything microscopically tested. is a definite reason to 
refrain from drawing general conclusions. 
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Short summary of the notes on 295 Javanese men. 

I. Right lung with cavities 
Right lung with tuberculosis 
without cavities 
Right lung without tuber
ctilous lesions 
Bilateral cavities 
Bilateral tuberculosis of the 
lung without cavities 
Both lungs free from tuberculosis : 

11. Tuberculous bronchial glands 
Tuberculous mesenterial glands 
Tuberculous ulcers in the small 
Tuberculous ulcers in the colon 
Tuberculous ulcers on the larynx 

111. Tuberculosis of the peritoneum 
Tuberculosis of the liver 
Tuberculosis of the spleen 
Tuberculosis of the kidneys 
Menigitis tuberculosa 
Phneumothorax left lung 
Phneumothorax right lung 

177 X ; left lung 

t left lung 
90X' 

28 X ~ lelt lung 

118X 

~: 30X 

12X 

170X 
88X 

intestine 100 X 
131 X 
55X 

20X 
35X 
47X 
iiX 
19X 
4X 
3X 

IV. With 12 pairs of "free" lungs, we found: 
4 X Ca ri es of the lumbar spine, 
1 X Caries of the thoracal spine, 
2 X Coxitis tuberculosa sinistra, 
1 X Gonitis tuberculosa dextra, 
1 X Tuberculosis of the mesenterial glands only, 
3 X Tuberculosis of the bronchial glands only. 

V. Tuberculous ulcers all along the intestines 
Tuberculous ulcers in the small intestine only 
Tuberculous ulcers in the colon only 

79X 
21 X 
52X 

VI. In 1 18 patients with bilateral lung cavities we found : 
43 X tuberculous ulcers in the wholé bowels, 
20 X tuberculous ulcers in the colon only, 
3 X tuberculous ulcers in the small intestine only, 

52 X no ulcers. 

173 X 

90X 

31 X 

VII. Of 30patients with bilateral tuberculosis of the lungs without 
cavities we found : 

5 with tuberculous ~lcers all along the intestines, 
1 with tuberculous ulcers in the small intestine only, 
6 with tuberculous ulcers in the colon only, 

18 without any intestinal ulcers. 
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VIII. In 59 cases of right lung~cavities only. we found : 
17 X tuberculous ulcers all along the intestines. 
6 X tuberculous ulcers in the small intestine only. 
8 X tuberculous ulcers in the colon only. 

28 X no ulcers. 

IX. In 56 cases of left lung~cavities only. we found : 
14 X tuberculous ulcers all along the iiltestines. 
5 X tuberculous ulcers in the small intestine only, 

11 X tuberculous ulcers in the colon only, 
26 X no ulcers. 

X . In 12 cases of bilateral "free" lungs. we found : 
5 X tuberculous ulcers in the colon only, 

XI. 

XII. 

XIII. 

2 X tuberculous ulcers in the sm all intestine only, 
5 X no ulcers. 

Summary of the lungs. 
Bilateral cavities 118 X 
Bilateral tuberculosis l: 
without cavities ,30 X 
Bilateral "free" lungs 12 X 
Cavities of the right lung~ 41 X Cavities of the left lung l . 
tuberculosis of the left.. \: tubercul. of the right .. ~. 
Cavities of the right lung I. 11 X Cavities of the left lung I . 
free left lung , . free right lung ~ . 
Free right lung l. 12 X Free left lung I. 
Tubercul. of the left lung~ . Tuberc. of the right lung' . 
Out of 55 cases of tuberculosis of the larynx there were: 
29 with bilateral lung cavities. 
9 with cavities of the right lung. 

15 with cavities of the left lung. 
1 with bilateral tuberculosis of the lungs without cavities. 
1 with absolutely free lungs. 

We also found : 
3 X tuberculosis of the testes. 
2 X tuberculosis of the bladder. 

11 X tuberculosis of the prostatus. 
3 X tuberculosis of the epididymis. 
6 X tuberculosis of the suprarenal body. 
1 X tuberculosis of the pancreas. 
1 X tuberculosis of the thyroid gland. 
6 X tuberculosis of the lumbar spine. 
1 X tuberculosis of the thoracal spine. 
2 X tuberculosis of the ribs. 
5 X coxitis tuberculosa. 
2 X tuberculosis of the kneejoint 

52X 

4X 

8X 
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Summarg of 85 Javanese women. 

I. Cavities of the rightlung: 36 X ; of the left lung 
Tuberculosis of the rightl 
lung without cavities ~ : 42 X ; left lung 

"Pree" right lungs 7 X ; left lung 
Bilateral lung~cavities 24 X 

BI ilateral thuberculosiS of the i.: 24 X 
ungs wit out cavities \ 

Bilateral "free" lungs 

11. Tuberculosis of the bronchial glands 
Tuberculosis of the mesenterial glands 
Tuberculous ulcers in the small intestine 
Tuberculou~ ulcers in the colon 
Tuberculous ulcers of the larynx etc. 

3 X 

111. Tuberculosis of the peritoneum 7 X 
Tuberculosis of the liver 11 X 
Tuberculosis of the spleen 17 X 
Tuberculosis of the kidneys 18 X 
Menigitis tuberculosa 5 X 

IV. With 3 pairs of " free" lungs we found : 
1 X gonitis tuberculosa dextra. 
1 X caries caput femoris dextra . 
1 X caries ossis pubis. 

V . Tuberculous ulcers were found : 
all along the intestines 31 X 
In the sm all intestine only 10 X 
In the colon onlg 12 X 

40 X 
36 X 
41 X 
43 X 
10 X 

VI. In 24 women with bilateral lung cavities we found : 
10 X tuberculous ulcers all along the intestines. 
4 X tuberculous ulcers in the colon only, 
4 X tuberculous ulcers in the small intestines only. 
6 X no ulcers. 

36X 

38 X 

11 X 

VII. In 24 cases with bilateral tuberculosis of the lungs without cavities. 
we found : 
10 X tuberculous ulcers all along the intestines. 
1 X tuberculous ulcers in the colon onlg, 
2 X tuberculous ulcers in the small intestine onlg, 

11 X no ulcers. 
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VIII. In 10 patients with ca vi ties in the right lung combined with tuber
culosis of the left lung (without cavities) we found : 
7 X no ulcers in the intestines, 
1 X ulcers all along the intestines, 
2 X ulcers in the small intestine onLy. 

IX. In 12 patients with cavities of the left lung combined with tuber
culosis of the right lung (without cavities) we found : 
6 X ulcers all along theintestines, 
2 X ulcers in the colon only, 

4 X no ulcers. 

X. Summary of the lungs : 
Cavities on the right + left 
Bilateral tuberculosis (without cavities) 
Cavities on the right + tuberculosis on 

the left 
Cavities on the left + tuberculosis on 

the right 
Cavities on the right + "free" left lungs 
Cavities on the left + "free" right lungs 
Both lungs "free" 
Left "free", tuberculosis on the right 
Right "free" , tuberculosis on the left 

24 X 
24 X 

10 X 

12 X 
2 X 
OX 
3 X 
6 X (without cavities) 
4 X (without cavities) 

XI. Tuberculous ulcers of the larynx etc. we found 10 X 
5 X with bilateral lung-cavities, 
4 X with lung-cavities of the right, 
1 X with lung-cavities of the left. 

XII. We also found : 
Tuberculosis of the uterus 3 X 
Tuberculosis of the tubae 3 X 
Tuberculosis of the ovaria 5 X 
Tuberculosis of the vagina 1 X 
Tuberculosis of the suprarenal body 2 X 
Tuberculosis of the knee 2 X 
Tuberculosis of the right elbow 1 X 
Tuberculosis of the thoracal spine 2 X 
Coxitis tuberculosa 1 X 
Tuberculosis ossis pubis 1 X 
Tuberculosis of the ribs 1 X 



280 

Summarg of 208 Chinese men. 

I. Right lung with cavities 
Right lung with tuberculosis 
without cavities 
Right lung "free" from 
tuberculous lesions 
Bilateral cavities 

129 X ; left lung 

~: 68 X ; left lung 

~ : 11 X ; left lung 

: 89 X 
Bilateral tuberculosis of the ? 
lungs without cavities ~: 37 X 
Bilateral "free" lungs 4 X 

11. Tuberculosis of the bronchial glands 97 X 
Tuberculosis of the mesenterial glands 66 X 
Tuberculous ulcers in the small intestine 94 X 
Tuberculous ulcers in the colon 86 X 
Tuberculous ulcers of the larynx etc. 39 X 

lIl. Tuberculosis of the peritoneum 
Tuberculosis of the liver 
Tuberculosis of the spleen 
Tuberculosis of the kidneys 
Meningitis tuberculosa 
Phneumothorax left lung 
Phneumothorax right lung 

19X 
20 X 
29 X 
23X 
12 X 
5 X 
2 X 

IV. With 4 pairs of " free " lungs we found : 
2 with tuberculosis of the lumbar spine. 
I with tuberculosis of the bronchial glands anlg, 

117 X 

76 X 

IS X 

I with tuberculosis of the bronchial glands with tuberculous ulcers 
of the small intestine. 

V . Tuberculous ulcers all along the intestines 66 X 
Tuberculous ulcers in the small intestine anlg 28 X 
Tuberculous ulcers in the colon anlg 20 X 

VI. In 89 cases of bilateral lung cavities we found : 
35 X tuberculous ulcers all along the intestines. 
16 X tuberculous ulcers in the colon ani g, 
11 X tuberculous ulcers in the small intestine anlg, 
27 X no ulcers. 

VII. In 37 patients with bilateral tuberculosis of the lungs we found : 
10 X tuberculous ulcers all along the intestines, 

I X tuberculous ulcers in the colon anlg, 
10 X tuberculous ulcers in the small intestine anly, 
16 X no ulcers. 
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VIII. In 40 cases with right lung cavities only we found : 
14 X tuberculous ulcers all along the intestines, 

1 X tuberculous ulcers in the colon only, 
1 X tuberculous ulcers in the small intestine only, 

24 X no ulcers. 

IX. In 28 cases with cavities of the left lung only, we found : 
7 X tuberculous ulcers all along the intestines, 
2 X tuberculous ulcers in the colon only , 
3 X tuberculous ulcers in the small intestine only, 

16 X no ulcers. 

X. Together with the 4 pairs of "free" lungs, no ulcers of the intestines 
were found. 

XI. Summary of the lungs: 
Bilateral cavities 89 X 
Bilateral tuberculosis without cavities 37 X 
Bilateral "free" lungs 4 X 
Cavities of the right lungt 35 X Cavities of the left lungl . 25 X 
with tubercuI. on the left~ : with "free" right lung)· 

Cavities of the right lung) 5 X Cavities of the left lung~ . 2 X 
with " free" left lung ) : with "free" right lung~ · 
Tuberculosis of the right) 6 X TubercuI. of the left lung) . 4 X 
lung with "free"left lung' : with "free" right lung~ . 

XII. The 39 cases of tuberculosis of the larynx we re combined with : 
21 X bilateral lung cavities, 
10 X cavities of the right lung, 
5 X cavities of the left lung , 
3 X bilateral tuberculosis without cavities. 

XIII. We also found : 
Tuberculosis of the bladder 2 X 
Tuberculosis of the urethra 1 X 
Tuberculosis of the prostatus 7 X 
Tuberculosis of the epididymis 1 X 
Tuberculosis of the suprarenal body 3 X 
Tuberculosis of the pancreas 2 X 
Tuberculosis of the sternum 1 X 
Coxitis tuberculosa on one side 1 X 
Tuberculosis of one knee 2 X 
Tuberculosis of one foot 1 X 
Tuberculosis of the lumbar spine 4 X 
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Bilateral lung cavities 

Bilateral tuberculosis with-

Chinese 
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out cavities 16 

Cavities in right lung. left 
lung without cavities 17 

Cavities in Ie ft lung. right 
lung without cavities 12 

Cavities in right lung. left 
lung .. free" 2112 .. 
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Tuberculosis of left lung. 
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Kidneys etc. 
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glands 
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rial glands 

Tuberculosis of bronchial + 
mesenterial glands 

Tuberculosis of the larynx 

Tuberculosis of the peri
toneum 

Tuberculosis of the liver 

.. spleen 

.. kidneys 

Menigitis tuberculosa 

Pneumothorax (left) 

Pneumothorax (right) 

Miliair tuberculosis 

Tuberculosis of the bones 

31 

7 

12 

16 

IS 

6112 .. 
Ph .. 
I 

Ph .. 
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TABLE I. 

Javanese 
men (295) 

40 % 

10 

1.4 .. 

3 

TABLE 11 

Javanese 
men 

29 112 .. 

22 

W h .. 

9 

91h .. 
14 

II 

51h .. 
2 

1 

2 

Javanese 
women (85) 

28 % 

28 

12 

o 

7 

Index 

0/ 0 of the total amount 
of lungs from patients 
suffering from tuber
culosis. 

Javanesel 
wo men Index 11 

47 % 

41 

23 

IJlh .. 

8 

13 

20 

20 

6 

o 
o 
3112 .. 

7 

0/ 0 of the total amount 
of patients suffering 
from tuberculosis 
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TABLE III. 

Intestinal u\cers Chinese Javanese Javanese Index III men women 

Tuberculous u\cers all along 
the intestines 3J1/2% 27 % 361/2% 010 of the total amount 

of intestines from 
tuberculous corpses 

Tuberculous u\cers in the 
colon only 9 .. 7 " 14 H 

Tuberculous u\cers in the 
small intestine only 131/2 .. 18 .. 12 .. 

No ulcers 46 .. 471/2 .. 371/2 .. 

TABLE IV 

Ulcers in the sm all and the 
Javanese Javanese big intestine at the same time Chinese Index IV 

are found with: men women 

Bilateral lung cavities 531/2% 55% 321/2% 010 of the total num-
ber of u\cers of t he 
small and big intes-
ti ne at the same time 

Bilateral tuberculosis of the 
lungs without cavitles IS 6 .. 32112 .. 

Right lung cavities, left no 
cavities 21 20 " 3 

Left lung cavities, right no 
cavities 101/2 .. 16 .. 181h .. 

Both lungs free from tuber-
culosis 2 .. 

Right cavities, left lung free 3 

Left cavities, right lung free 

Right tuberculosis without 
cavities, left lung free 3 

Left tuberculosis without 
cavities, right lung free 112 .. 6112 .. 
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TABLE V . 

Tuberculous bronchial 
Javanese Javanese 

I 
glands were combined Chinese Index V 

with men women 

Bilateral cavities of the 
lungs 51 x or 54 % 84 x or49 % 13 x or 32112 % % of the total 

amount of corp-
ses with tuber-
culous bronchial 

Bilateral tuberculosis of glands 
the lungs withoutcavi-
ties 13 x .. 12112 " IS x " 9 " 14 x., 35 

" 

Right lung cavities, left 
no cavities 18 x" 12112 " 29 x" 17 " 4 x" 10 

" 

Left lung cavities, right 
no cavities 9 x" 9 " 29 x " 17 " 4 x" 10 

" 

Right lung cavities, left 
lung "free" I x" I " I x" 112 " 

Left lung cavities, right 
lung "free" I x " I " I x " 112 " 

Bilateral "free" lungs 2 x " 2 " 4x" 2112 " 

Right tuberculosis with-
out ~~vlties , left lung 

I x " I 4 x" 2112 " 2 x" 5 Hfree " " 

Left tuberculosis without 
cavities, right lung 
"free" I x " I " 3 x " P12 " 3 x" 7112 " 

TABLE VI 
-

Tuberculosis of 
the mesenterial Chinese Javanese Javanese 
glands are found men men women 

with ---
Tuberculous ul-

cers all along -the intestine SI % 34 x SI % 57% 46 x 52 % 64% 20 x 55112% 
Ulcers in the co-

lon onlg 25 " 
4 x 8 " 31 " 16 x 18 H 16 " 

2 x 5112 " 

Ulcers in the small 
inte.stine onlg 53112 " 15 x 22112 " 52 " II x 12112 " 58 " 

7 x 19 .. .. ." .. ." .. ." 

No intestinal "'c "'c "'c 
~1., .9 =' .9 ::3 

ulcers I3 x 20 
..lIC..2., IS x 17 ..lIC..E., 7 x 19 5] .9 " -~ ~ " d &I" " 

"'0; ~~ ~ ~..o :ä 
~ .... .:t Ol '" ~ ..... ~ 

Ol '" ~B~ Ol '" .- al cs ..c'U .:a :! .: ..c'U ..c'U "'C .... _ ... c ... Q "û :! .... ... C 
&I ~ &I .... ..!!l " ~ " .... ..!!l ~ ~ ~ 

.... ..!!l ..,-.., .c-.., ..c~..a -,- 00l -, - 00l -,- o Ol 
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Pala~ontology. - A contribution to the knowledge of the fossil fauna 
and flora of Neede. By C. H. OOSTINGH and F. FLORSCHÜTZ. 
(Communicated by Prof. L. RUTTEN.) 

(Communicated at the meeting of January 28. 1928). 

About two kilometres to the north-west of Neede (in the province of 
Gelderland) at approximately 52° 9' N. 6° 35' E. day is dug for the 
manufacture of bricks and tiles on the western slope of the hilI by the 
firm of the Wed. S. TEN BOKKEL HUININK. 

This day occurs betwee.n 20 and 30 metres above sea-level and is 
covered by about 7 metres of typically southern sand and gravel on the 
surface of which northern erratics are strewn. Borings proved that sand 
of a fluviatile character is underlying the day. 

The result of an examination of the remains of molluscs. mosses, fruits 
and seeds (the very abundant wood and rests of leaves are not considered 
in this artide) follows. 

A. Molluscs from the clay of Neede. 

P. HUFFNAGEL has in 1911 mentioned the occurrence of Paludina 
diluviana ]) while P. G. KRAUSE has also met at Neede with Pal. diluviana 
associated with a Valvata. dosely allied to V . naticina Menke. and with 
opercula of Bithynia tentaculata (L.) 2). 

Examination of a larger number of Needian molluscs generally led to 
similar results as I found the following species : 

1. Gyraulus sp. 
2. Ancylus lacustris (Linné) ; in limited numbers. 
3. Bithynia tentaculata (Linné) ; opercula. 
4. Viviparus viviparus (Linné) (= V. fasciatus (Müller) ) 3). 
The last is the most conspicuous species and very abundant. Most 

specimens are crushed in various directions ; a few only are undamaged. 
The bulk has more or less thick shells and in th is respect agrees with the 
form described as Paludina diluviana Kunth 4). 

An examination of a large quantity of specimens had already convinced 
me that th is so called fossil form cannot be sharply separated from the 
recent Viviparus viviparus (= fasciatus). This opinion I found confirmed 

1) Tijdschr. Nederl. Aardrijksk. Gen .. 2nd series. XXVIII. pp. 66-72. 
2) Z. d. deutschen geol. Ges., 19H. Monatsber .• 2. 
3) Viviparus Montfort, 1810. is the oldest available name for this genus. usually named 

Paludina or Vivipara. Vivipare Lamarek. 1809. is B vernacular name. 
4) Z. d. deutschen geol. Ges .• 1865. pI. 7. fig. 8 a-do 

19 
Proceedlngs Royal Acad. Amsterdam. Vol. XXXI. 
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by a recent paper of K. HUCKE 1) in which this author proves that Pal. 
diluviana (Viviparus diluvianus) is a habitat-modification of V. fasciatus 
and identical with the still living form from rapidly flowing rivers. 

5. Valuata (Cincinna) piscinalis (Müller). 
Some of tpe specimens approach the lacustrine and fluviatile forma 

antiqua Sowerby. 
6. Valvata (Cincinna) naticina Menke; numerous specimens. 

A comparison with recent specimens proved the Needian form undoubt
edly to belong to th is species. V. naticina nowadays lives in larger 
rivers east of the Oder over a large area between the Baltic and the north
western part of the Pontic seas :.!). 

7. Helicidu spec. ; a single damaged shell. 
8. PisidiuHZ spec. spec. 
Besides these shells of Cypris spec. (Ostracoda) , a small fish-vertebra 

and a small molar tooth of a mamma I were found. 

It is a striking fact th<lt the true riverdwellers e.g. V. VlVlparus, forma 
diluviana, and Valvata naticina dominate among the molluscs found. 
Consequently th ere is no ground for the opinion that the clay in which 
they occur is a lacustrine deposito Evidently we must consider it as a 
fluviatile deposit, probably from a slowly flowing branch of a larger river. 

Valvata naticina only is of importance for the determination of the 
geological age of the Needian clay. 

In western Europe th is species no long er lives, but as a fossil it occurs 
in the old-pleistocene for instance at Mosbach near Wiesbaden, at Mauer 
near Heidelberg and at Hangenbieten near Strassbourg ; besides in that 
of the hili of Oermten near Geldern. Consequently the Needian clay is 
probably of old-pleistocene age; possibly it is old-interglacial or still older. 

I do not think that the occurrence of V. naticina allows us to form an 
opinion about the climate of the time at which the Needian clay was 
deposited, as since pleistocene times the area of this species has been. 
reduced both in an eastern and in a western direction. 

Medan (Sumatra), Febr. 1927. C. H. O. 

B. The fossil flora of the clay of Neede. 

On the plant-remains buried in the clay of Neede I found the following 
publications : 

a . HUFFNAGEL said in "Opmerkingen naar aanleiding van J. VAN 
BAREN'S Morfologische bouw van het diluvium ten oosten van den IJsel" 
(T ijdschrift van het Koninklijk N ederlandsch Aardrijkskundig Genoot
schap, 2nd series, volume XXVIII, 1911) that the Needian clay also 

1) Zeitschr. f. Geschiebeforschung, 1. pp . 145-150, 1925. 
2) LINDHOLM in Archiv f. Molluskenkunde, LIX, pp. 20-33, 1927. 
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contained a flora which was still being examinated and in which probably 
a Betula-species was represented. 

b. JONOMANS stated in "Jaarverslag der Rijksopsporing van Delfstoffen 
over 1911" : "From younger, pleistocene, layers in the neighbourhood of 
Neede the districtsgeologist H UFFNAOEL and I gathered c1ay with plant
remains. However the material obtained was not abundant and scarcely 
sufficient to prove the sediments to be not older than pleistocene". 

c. VAN BAREN mentioned in de "De bodem van Nederland" , p. 626, 
black c1ay with remains of the fir, broken mammoth-bones, shark-teeth and 
the freshwatermollusc Paludina diluviana . 

Among the plant-remains could be recognized : 
I. Archegoniatae: 
Drepanocladus C. Müll. spec. 
Homalia trichomanoides (Schreb.) Bryol. euro 
Neckera complanata (L.) Hüben. 
IJ. Anthophyta: seeds or fruits from : 

Acer campestre L. 
Ajuga reptans L. 
Alnus spec. 
Carex spec. 
Chenopodium spec. 
Cornus sanguinea L. 
Euryale spec. 
Nuphar luteum Sm. 
Oenanthe spec. 
Pirus spec. 
Potamogeton spec. 

Prunus spinosa L. 
Ranunculus sceleratus L. 
Ranunculus spec. 
Rhamnus cf. Frangula L. 
Rumex maritima L. 
Sambucus nigra L. 
Solanum cf. Dulcamara L. 
Sparganium spec. spec. 
Urtica spec. 
Viburnum Opulus L. 
Vitis vinifera L. 

The three recorded mosses still are common in our country: Drepano
cladus as a bog-dweller whereas Neckera complanata and Homalia 
trichomanoides occur in forests on the soi! and on trunks of trees. 

With the exception of Euryale, Vitis and Pirus the Anthophyta found 
are not foreign to our recent flora . Conspicuous are the large masses of 
Alnus-cones and -seeds. 

Untill 1907 Euryale was represented in the Iitterature only by the living 
species Euryale ferox Salisb. which grows in tropical and subtropical Asia 
from Bengal to Japan and even in the upper Ussuri-region at 45° 56' N. 
with a mean January-temperature of -18° C. and a mean year-temperature 
of scarcely +4° C. (c. A . WEBER : Euryale europaea nov. sp. foss. 
Berichte der deutschen botanisch en Gesellschaft, Band XXV, 1907) . 

In 1907 WEBER (Ioc. cit. ) described a fossil seed from Russia as Euryale 
europaea whilst CL. and E. M. REID gave the same specific name to seeds 
from the c1ay of Tegelen (The fossil flora of Tegelen-sur-Meuse, near 

19* 
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Venloo. in the province of Limburg. Verhandelingen der Koninklijke Aka~ 
demie van Wetenschappen te Amsterdam. Tweede Sectie. Deel XIII. 
No. 6. 1907) but afterwards substituted it by Euryale limburgensis. 

Eight years later these British authors described as new species : Euryale 
nodulosa and Euryale lissa. respectively from the clays of Reuver and of 
Brunssum (The pliocene floras of the Dutch~Prussian border. Mededeelin~ 
gen van de Rijksopsporing van Delfstoffen. N0 . 6. 1915) . 

Although damaged. the Needian seed shows some characteristics of an 
Euryale~seed but differs. as may be seen from a comparison of the figures 
with those in the cited papers of WEBER and of the REIDS . so much from the 
five recorded species that for the present I feel inclined to consider it as a 
new species for which I propose the name Euryale Reidiorum. 

Vitis vinifera nowadays does not occur wild farther north than Mann~ 
heim; moreover it is questionable wh ether at its farthest northern habitats 
the plant is really wild or escaped from cultivation. 

The seed brought to the genus Pirus ag rees precisely with the cultivated 
Pirus communis L. but it is considerably smaller. 

Velp (G.). Holland. F. F. 
January 1928. 

An anatomical examination of Staphylea~seeds . after the dutch text of 
this article was already printed. threw doubt on the real nature of the 
fossil figured as N 0. 2 and referred to the genus Euryale. In some characters 
it resembles Staphylea . 

We will have to await the finding of less damaged specimens before it 
will be possible to express a definite opinion. 

EXPLANATION OF THE PLATES. 

Plate I. 

Fig . 1 Vitis viniferB L. fossiI. Neede. 3/ 1. 1). 

Fig . 2 EurYB/e Reidiorum 3/1 1). 

Fig . 3 21/ 11). 
Fig. 1 EuryB/e Reidiorum. testa-surface. 210/ 1. 
Fig. 5 EurYB/e ferox Salisb .• testa-surface. 210/ 1. 
Fig. 6 EurYB/e europBeB C. A. WEBER. testa-surface. 160/ 12). 

Fig. 7 EurYBle limburgensis CL. et E. M. REID. testa-surface. 210/ 1. 
Fig. 8 EurYBle liSlB CL. et E . M. REID. testa-surface. i10/ 1. 
Fig: 9 EurYBle nodulosB CL. et E . M. REID. testa-surface. 385/ 1. 

Plate 11. 
Fig. 10 EurYBle Reidiorum cross-selection of testa. 80/ 1. 
Fig. 11 EurYBle ferox Salisb .. cross-selection of testa. 80/ 11). 
Fig. 12 EurYBle europBeB C. A. WEBER. cross-section of testa. 95/ 12). 

F. F. 

Fig. 13 EurYBle limburgensis CL. et E. M. REID. cross-section of testa. 70/ 11). 
Fig. 11 EurYBle lissa CL. et E. M. REID. cross-section of testa. 80/ 1. 
Fig. 15 Euryale nodu/osB CL. et E. M. REID. cross-section of testa. 80/ 1. 

1) Photo C. COOLHAAS. 

2) Photo C. COOLHAAS af ter C. A. WEBER. 
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PLATE I. 

Fig. 1. Fig. 2. Fig. 3. 

Fig. 1. Fig. 5. 

Fig. 6. Fig. 7. 

Fig. 8. Fig. 9. 
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PLATE 11. 

Fig. 10. Fig. 11. 

Fig. 12. Fig. 13. 

Fig. H. Fig. 15. 



Mathematics. - On non-holonomic connexions. By Prof. J. A. SCHOUTEN 
(Communicated by Prof. JAN DE VRIES). 

(Communicated at the meeting of February 25. 1928). 

Introduction. 

N on-holonomic parameters are well known in mechanics. In geometry 
they were first used by HESSEN BERG I). by the au thor 2) . by CARTAN 3) 
and by HLAVATY 4). Using non-holonomic parameters. the equations of 
the general linear connex ion get another form. given by HORAK 5). 

VRANCEANU 6) has brought something essentially new. He has shown 
that in a V M containing a non- V m -building field of m-directions there 
exists a connexion for quantities belonging to the local Rm. and that 
this connexion can be deduced from the connexion of the V M by the 
use of the coefficients of rotation of RICCI. HORAK 7) has independently 
found th is same connexion and in a paper that is to be published in a 
short time he will give especially mechanical applications. 

Now we get a more general point of view starting from an AM (XM 

with a symmetrical linear connexion) containing a non-Xm-building field 
of m-directions. Then we can show that in the case of a general 
(n-m)-direction being given in every point (the case of .. Einspannung" 
of WEYL) there is induced a connexion for all quantities belonging to 
the local Em . So we get an A;:' some of whose properties will be studied 
more in detail. Especially we will consider the properties of curvature 
and the generalised equations of GAUSS. which have the same form as 
in the case of an X m in AM, and also something will be said on the 
geodesics in A;:' and AM' Finally the "affine geometry" of an X~-I in 
An will be treated. The first paragraph contains a short review on 
non-holonomic parameters in an AM' 

') VektorieIIe Begründung der DifferentiaIgeometrle. Math. Ann. 78 (18) 187-217. 
2) Die direkte Analysis zur neueren Relativitätstheorie. Verh. Kon. Akad. v. Wet. 

Amsterdam 12 (18) 6. 
3) Sur les variétés à connexion affine. Ann. de I'école normale (3) 40 (23) 325-412. 
4) Sur Ie déplacement lineaire du point. Vestn. Ceske Akademie (24) XIII 1-8. 
5) Die Formeln für allgemeine lineare Uebertragung bei Benutzung von nicht hol on omen 

Parametern. Nieuw Archief v. Wisk . 15 (27) 193-201. 
6) Sur les espaces non holonomes. Comptes Rendus 183 (26) 825-854. Sur Ie calcul 

différentie! absolu pour les variétés non holonomes. Comptes Rendus 183 (26) 1083-1085. 
7) (Czechisch) Sur une généralisation de la notion de variété. Publications de la Facult~ 

des sclences de l'université Hasaryk. Brno. 
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§ 1. Non-holonomic parameters in An. 
In every point of the An we introduce besides the measuring vectors 
v 

eV. e},. l. ft. v=at ••.• an. belonging to the variables xv. an arbitrary system 
}, 

Ic 

eV. e},. i.j. k = 1. .... n. Indicating the components with respect to the 
i 

latter system with latin indices we have 

p.l=v 
A~= jO.l*v 
and 

w.=wef' 
I f' . 

I 

Ie l1.i=k . e-
• i - O. i =f- k 

Ic Ie 
A},=A~ef' 

Ie Ale f' 
U = f'u wl=A:'wf'. 

In the expression 

(dxt = A~dx . 

the x lc have a signification by themselves if and only if 

(1 ) 

(2) 

(3) 

(4) 

(5) 

In the other case the x le play the same part as the non-holonomic 
parameters in mechanics. only their differentials having a signification. 
We consider just this lat ter case. A symmetrical linear connexion beiog 
given by the parameters r;U. with respect to the system of measuriog 

vectors (;) we cao fix th~s coonexioo also by parameters A~j with 

respect to the system ( ~). 50 that 

"Ie A~Ic" or ~ Ie + Ale ; 
V jU = jor V /3 U = Uj U Ij U 

\ljw, = AJ~ \l j3 w,,=Oj wl-A7j W Ie 

writiog Ol for A; Ol-'. It is easily fouod that 

A7j = r,~ + A: Oj A~ = 1';; - A~ ojA~ 
heoce 

(6) 

(7) 

(8) 

So Ai;i) =0 is necessary and sufHcieot for the holonomity of the x le• 
hence. notwithstaodiog the symmetry io Á and ft of the r;fL' the parameters 
A~i with respect to noo-holooomic parameters are not symmetrical in 

Ie 

i and j. Of course Aili ) is no afHoor. Applkating (6) on é and e; we get 
; 

Ie 

A7i = \Ij ele =- \lje; . 
i 

(9) 
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If the An passes into a V n , and if we choose the orthogonal system 
i k k 

i ll == tI, iJ.., as measuring vectors e:l, eJ.. t th en 
i 

k ~ ~ 
Aii=-\ljti=+ \ljtk=Yk1i=-Yikj (10) 

where the Yk ij are the coefHcients of rotation of Rlccl. We will write 
Y7i = - Y~j instead of Yikj= - Ykij to render more conspicuous the signi~ 

fkation of these coefHcients as parameters of a connexion. Hence in 
orthogonal components the connexion is given by 

k k k i i 
\ljV =\ljvk=àjv +Yij v =àjVk-YkjVi(=àiVk+IYlkJVi)' (11) 

1 

By differentiating and alternating (6) we get 

\lIl \ljJ v
k = là(l ArhlJJ + A; [I AfhlJJ - Afj IJ A;p! v

h 

hence for the quantity of curvature follows 

(12) 

Rij i. k = - 2 à(l Arhl iJ - 2 A; [I AfhlJJ + 2 AFjlJ A~p • (13) 

an equation passing into the ordinary form for Aiij) = 0, viz. for the 
case of holonomic parameters. 

§ 2. X: in Xn. 
In every point of an X n an m~direction be given. In the simplest 

case these m~directions are X m -building, viz. it is possible to link them 
together in such a way that they build a system of oon-m Xm. This 
simplest case will not be considered here. In general there will be a 
system of oon-M X M , m < M -=:: n, in such a manner that the given 
m-direction lies in every point in the local M~direction. We suppose 
that M = n and give up all simplifications possible for M < n. An X n 

equipped in this way with local m-directions will be called an X:. An 
afHnor of the local Em' defined over X n, will be called an .. affinor of 
the X:". Hence a field of contravariant vectors of the X: is also a 
field of contravariant vectors of the X n , but not vice versa, and a field 
of covariant vectors of the X n (represented geometrically by two parallel 
En-I in every point) forms a field of covariant vectors of the X: (repre~ 
sented geometrically by two parallel Em - I ) by intersection with the local 
Em. All this is just the same as for an X m in Xn. 

We now introduce in every point of the X n an (n-m)~direction, 
having no direction in common with the local m~direction. An 
X n equipped in this way will be called rigged 1). The essential 
difference between covariant vectors of the X n and of the X: 
disappears in a rigged X:, because here every covariant vector of 
the X: is in one to one correspondence with the covariant vector 

I) WEYLS expression "eingespannt", being untranslatab!e and the (n-m)-direction 
reminding of a hoisted sai! on a ship (the !oca! m-direction), the word "rigged" was suggested. 
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of the X n , whose En-t are determined by the Ern-t of the former 
vector aod the (n-m)~direction of the rigging. Analytically we 

express this as follows. Besides the system (~) belonging to the x Y we 

introduce io every point a system (~). in such a manner that the Brst 

m contravariant measuring vectors eY
, a, b, c, d = I, ... , m, lie arbitrarily 

a 

in the local m~direction, and that the other on es eY
, e, {. g, h = 

• = m + 1. ... , n, lie also arbitrarily in the local (n-m)~direction. With 
respect to this system the quantities of the Xr;: only have components 
with indices from 1 to m. Writing 

we have 

a • 

B~=eÀe· , . C~ = A~ -B~=e>.eY 
• 

C ~I.a=c 
Ba= 0 -I,alc 

B!=O 

(14) 

(15) 

and the Xr;: ~component of a vector of X n is given by the equation 

(16) 

or, with regard to the system (~): 
'k Bk,... 

V = ,...v (17) 

IE we write (dg)c for the (~}components of a translation dx· lying 

in Xr;:: 

. (18) 

th en the gC are non~holonomic parameters and for B~ follows 

. oxY 

B.=~ (19) 

§ 3. The connexion induced in a rigged Xr;: in An . 

By introducing the r~p' the X n becomes an An. We are going to 

prove that the connex ion of An induces a connexion in an Xr;: in A n 

provided that this Xr;: is rigged. This connexion is defined as follows: 

The covariant differential quotient of a quantitg in Xr;: is the X: ~ 
component of the covariant di[ferential quotient in An. 
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Thus. indicating the covariant differential quotient in X: by V' we 
have for vectors: 

(20) 

or. with regard to the system (~) : 

From this equation follows · for the parameters A:~ of the induced 
connexion 

(22) 

Quite as in an An the alternating part 

is no afHnor and depends on the choice of the systems (Ca)' 
A rigged X: thus equipped with a connexion will be called an A:. 

Applying (21) to eC and ea we get 
• 

'c ' c' C 

A.b = V be = - V bes' (24) 

but also. in consequence of the choice of the measuring vectors 

C 

A:'b = V b e
C = - V b ea = A:b (25) 

• 

(~.) Starting from a V n instead of from an An and choosing for • 

an orthogonal system. we get easily 

(26) 

Hence the connexion induced in a V: (= X: in V n ) is obtained in 
a very simple manner by using the coefficients of rotation of RICCI 

with respect to a suitable chosen system of m congruences of curves I). 

I) VRANCEANU has found the connex ion. Induced in V:. just in this way. 
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§ 4. Properties of curvature of an A~ in A". 
Wedefine the first and the second affinor of curvature in the same 

way as in an Am in An : 

. (27) 

It strikes that. just as in an Am in An. Hb." lies with the index v in 
the local (n-m)~direction and Li, ~ À contains with the index À. the local 
m~direction : 

But here Hb.' Y is no long er symmetrical in a and b. because 

Hib~l = - B~aÀ Cv Lu ;À]) e'J = Afab] e
Y 

C 

(28) 

(29) 

and this expression vanishes if and only if all vectors eÀ are Xn-l~ 
building viz. if the field of m~directions is X m ~building. the case which 
we have exduded expressely. 

It follows from 

H .. Y B IA
}. (à BY + r. Y B~ r" B') BiJ.Àà BY 

[ba] = [ba] IJ. À "I'- ~- À: " Y ba ~J~] Y "l (30) 

- a[b Ba] - B" a[b Ba] - C" a[b Ba] 

that the field of m~directions is X m ~building if and only if C; à[b B:] 
vanishes. 

The ordinary method of obtaining the quantity of curvature is here 
useless because in an A~ it is generally impossible to construct a 
parallelogram. this impossibility being exactly characteristic for a non 
Xm~building field of m~directions. In facto if on the one side a translation 
dyc is followed by a translation dyc. and on the other side dyc by dyC. 
1 2 2 1 

th en by using (23) and (30) we find for the dosing vector the equation 

2d yb d y"a[b B:] = 2 d y. d l (H[i,~]Y + Alab] B~). . (31) 
1 2 1 2 

glvmg the decomposition into one component in the A~ and one in the 
local (n-m)~direction. The latter one only vanishes wh en the field of 
m~directions is X m ~building. the other one depends on the choice of the 

systems (:). 

,So we choose another way and start with V;, V;1 vk which certainly 
is an affinor. We get 

V'[d V~] v
C = H[d bi m V" vI' + IH[a bl (B: à" B~ - B1. rp~) + 

. (32) 
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The expression corresponding with the right hand side of (13) I) is 
here no longer an affinor. but the expression 

R~b~c = -2 H[dbt (B~à" m - B;,~ r; .. )-2à[d Afalb]-2A;[d Afalb] + (. (33) 
+ 2 Afbd] A~p P = 1. ... , m. 

whieh we call the quantity of curvature of the A;. is. Using the 

parameters belonging to the systems ( ~) and the equations (25) and 

(29). we may write for the first term of R'db~ c 

- 2 H[dbt B: \j,,;,3 = - 2 H[bdt A~. = 2 A[bd] A~. . (34) 

and this expression can be added to the last term of (33) 50 that finally 

R'di,~ C = - 2 à[d Af.1 b]- 2 A; [d Afal b] + 2 A{bd] A~j \ 

p = 1. .. .. m. (35) 

j = 1. .. . . n. 

From (32) and (33) follows 

\j'[d V'~] VC = H[db/' B;, \j ,3 v" - 1/2 R'db~ C Va 

If the field of m-directions is X m -b~i1ding. then H[b~] ~ vanishes. 
takes the ordinary form and (33) regains the same form as (13). 

(36) 

(36) 

If the An passes into a V n• the quantity of curvature passes into 

K '· . C 2 à c 2 c p 2 j C \ . dba = - [d rlalb] - r p [d rl.lb] + r[bd] r aj 

p-l ..... m, . 

j=L . . . . n. 

(37) 

§ 5. The generalised equation of GAUSS. 

From the definition of the induced connexion it is easily deduced for 
a field VC of the A; : 

n ' '<;7 ' c H .. /3 B C '<;7 ')' + L' C H " " a I/ B d{3c R .. ')' .. V [d V b] V = [db] ')' V ,3 V [d . 1"1 blo V - 2 db')' J ,l .. V • (38) 

from which follows 

,-_B_!_Z,:_' ~_R_j(i_~')' __ R_' d_b a_' c_+_2_H_[_bl_~ I_" _L_d_] ~_"_II . (39) 

This is the generalised equation of GAUSS for an A; in An and we 
see that it has the same form as the equation for an Am in A~. 

§ 6. Geodesics in A; and in An. 
A geodesie in A; is a curve. generated by the pseudoparallel 

I) This expression has been found by VRANCEANU but the affinor Kdb~ c from (37) 
does not occur in his papers. 
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displacement of a contravariant vector in its own direction. t being a 
dyb , dye 

parameter on a geodesie. Tt V b dt must have the direction of dye : 

(40) 

Hence a geodesie in A: is also a geodesie in An if and only if the 
vector 

dx,u. dx' dxp , dx' dxl' ( dX")' 
dt VI' dt - dt V ,u. dt = dt V .. ' dt C" = 

= dxl' dx" V " B' = dy· dyb H"· 
dt dt ' " dt dt b. 

(41) 

has the direction of dx· . In consequence the geodesics in A: are always 
geodesics in An if and only if H(b~)· vanishes. Thus the alternating part 
H['b~] whieh IS of such a fundamental importance for the non-holonomity 
of A~. has nothing to do with this question concerning the geodesies. 
To the case of a geodesie Am in A n corresponds the case of an A~ with 
Há)~,v = O. all geodesics being also geodesics of An. If the An passes into a 
V n • th ere exist also shortest curves in V:. But it is immediately clear 
that shortest curves and geodesics are not identieal here. In facto through 
a point of V: only oom- I geodesies pass but generally oon-I shortest 
curves. because every point of the V n can be connected with every 
other point by a curve lying wholly in V:. As an example we take 
the linear complex in R3 belonging to a system of forces. The field of 
the 2-directions belonging to every point is not V 2-building and may 
be given by the equation 

(42) 

a ). being a constant vector. {i,,1J. a constant bivector and rY the radius
vector. Writing p for the leng th of p j, and iJ. for the unit vector 
belonging to pI. we have 

(43) 

and 
1 ' H '/ =- - {I'A C I' P . (44) 

{'I'A being the V ~ -component of {pA, The straight lines of the complex 
are geodesies as weil in R, as in V~ . Obviously two arbitrary'points in 
R3 can not be connected by a geodeSie of V; but always by a curve 
lying wholly in V; . The quantity of curvature of V~ is 

, H .. e 2" 
Kdb oe = - 2 [blal Hd1ee = - "'2 Dbl.1 (rI) e p 

(45) 
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§ 7, Afllne geometry of an X:- 1 in An' 
We will prove that an X:- 1 in An determines an afHne~normal 

direct ion in the same way as an X n- I in An does. if the following two 
conditions are fulfilled. 

I, The connexion in An leaves invariant each volume. (In En this 
condition is always fulfilled). 

2. t" heing a covariant vector having in every point the (n-1)~ 

direction of the X:- I
• the afHnor hbo = B~: \l" tJ, has the rank n-1. 

If the connexion An leaves invariant every volume. there exists a 
constant n~vectorfield PJ, ... "n' Every other constant n~vectorfield can 
be obtained by multiplying p", .. . "n with a constant scalar. Now if hb. 
has the rank n-1 # t" can he chosen in a unique way. so that 

(46) 

If the constant n~vectorfield be changed. t" only takes a constant 
scalar factor. The afHne~normal vector can now be defined by means of 
the equations 

tI' n lJ· = 1 

B: (\lp' tJ nA = 0 
(47) 

hbo having the rank n-1. n> is determined but for a constant scalar 
factor. Thus the afHne~normal direction is found. 

By use of the direction of nV just found. the X:- 1 can be rigged. and 
an afHne geometry can be ohtained. as indicated in the former paragraphs. 

Instead of hb. also kb. = h1b.) or fbo = h[bal can be used to construct 
the afHne~normal direction. 



Geology. - Concerning the Tertiary of Atcheen. By Prof. K. MARTIN. 

ICommunicated at the meeting of March 31. 1928). 

In the north of Atcheen young tertiary sediments occur. that have been 
surveyed by the Survey-office of the Department of mines. More than 6000 
mollusca from these deposits were examined to the following effect : 

The fossils belong to 347 different species. which sometimes enable us 
to recognize distinctly a mutation of the species. So. for instance. a marked 
mutation occurs of the miocene Melongena gigas . To designate aberrant 
forms of species. already known from younger strata. the addition prior is 
adopted. M utations and priores are of great significance in establishing 
the age of sediments. 

Of the named species from Atcheen only 117 from the tertiary of Java 
are known. and most of them (77) are found in this island in the pliocene 
formation . while 66 % are still living in the present . time. Moreover. a 
number of fossils are lacking that characterize the miocene of Java. So the 
strata of Atcheen must be considered to belong to the pliocene. As yet a 
perfectly similar formation from the East- Indian Islands is not known. but 
it may be that in the pliocene of Atcheen sediments occur that correspond 
to the Sondé-strata of Java. 

The Palaeontologic data are insufficient for a grouping of the tertiary of 
Atcheen into zones of different ages. for the faunae of the consecutive 
zones. separated by the geologists. reveal a very close affinity. This 
appears not only from a direct comparison of all fossiIs . but also from 
the procentic amount of recent species. known . in the several strata. The 
fossils examined have been gathered in a complex of 6 zones. whose 
thickness can be estimated at -+- 3000 m. The pliocene geosyncline must. 
therefore. have subsided very quickly in th is region. while the sedimentation 
was very intense. 

The general character of the fauna is purely indopacific. European 
species are absolutely absent . and FROST's record of the presence of 
European fish -otoliths is erroneous. It is amistake due to otoliths being 
unfit for the determination of the species. The connection between the 
Indian and the European sea was entirely broken during the pliocene time 
in the Indian Archipelago. as well as in British-India. where strata occur 
corresponding to the younger tertiary of Java. 

An extensive treatise on the subject will appear in "Wetenschappelijke 
Mededeelingen". issued by the Mining Department in the Dutch East-Indies. 



Chemistry. - Optically active a~arsoncarboxylic acids. By H. J. BACKER 
and C. H . K. MULDER. (Communicated by Prof. F. M . JAEGER.) 

(Communicated at the meeting of March 31. 1928). 

The optieally active sulfocarboxylic acids show remarkable changes in 
rota tory power on neutralisation. 

For the ' purpose of comparison we have now prepared some correspon~ 
ding a~arsoncarboxylic acids. These acids are obtained in excellent yield 
by the reaction of the potassium sa lts of a~bromocarboxylic acids with 
potassium arsenite : 

Br . CHR. C02 K + K3As03 = As03K2 . CHR . C02 K + KBr. 

Only the first two terms of the series, arsonacetic acid 1) and a~arson~ 
propionic acid 2), are known. We have prepared a~arsonbutyric and 
a~arsonvaleric acids : 

a~Arsonbutyric acid crystallises from water in anhydrous prisms and 
sometimes in plates melting at 1270

• a~Arsonvaleric acid , recrystallised from 
the same solvent, separates in prisms or plates of melting point 1140

• These 
acids may be titrated as dibasic acids , when using phenolphthalein as 
indicator. 

The a-arsonic acids, derived from propionic, butyric and valeric acids, 
have an asymmetrie carbon atom and should thus be resolvable into optieally 
active enantiomorphs. 

In fact the resolution has been successful by means of the secondary 
quinine salts. 

a-Arsonpropionic acid gives a diquinine salt with 6 molecules of water; 
the corresponding salt of a-arsonbutyric acid crystallises with 5 molecules, 
that of a-arsonvalerie acid with 4 molecules of water. The solubility of 
these diquinine sa lts in water is slight, namely about 0.8, 0.7 and 0.6 % 
respectively at room temperature. 

The quinine salts may be recrystallised from dilute alcohol. They separate 
In concentrie conglomerates oE long needIes. 

Careful decomposition by baryta geve the barium salts, Erom which 
hydrochloric acid liberated the active acids. 

About six recrystallisations were necessary to obtain the quinine salts 
in the pure active form. 

The rotation of the acids and their salts was measured for different 

1) PALMER, J. Amer. Chem. Soc. 45. 3023 (1923). RAM BERG, Svensk Kern. Tidskr. 36, 
119 (1924). 

2) WIGREN, Svensk Kern. Tidskr. 36. 127 (1924). 

20 
Proceedings Royal Acad. Amsterdam. Vol. XXXI. 
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wave-Iengths. The curves of rota tory dispersion have been plotted by means 
of the values, which are given in the following tables. 

free acids IÀ(~~)I 674.0 626.5 589.3 560.5 I 536.5 I· 516.0 

1 0 0 0 0 0 0 

d-x -arsonpropionic [M) +31.5 +36.1 +41.0 +46 .0 +52 . 2 +58 .9 

d-:z-arsonbutyric +19 .7 +22.7 +25.7 +29.1 +32.5 +36.3 

d-.x-arsonvaleric +16.7 +19 .3 +22.1 +24.8 +28.3 

secondary barium salts IÀ(~~)I ~626.5 14 560 .5 536.5 
1 

516.0 

1 0 0 0 0 0 

d-.x-arsonpropionic 

I 
[M] - 6.5 7 .3 8.5 - 9.7 -10.5 

d-7-arsonbutyric 9 . 4 -10.5 -11.9 -13.4 

I 
d- x-arsonvaleric -10 .2 - 13 . 7 - 15.6 -17.7 -20.0 -22.0 

The tables and the fjgure show that neutralisation of two acid functions 
changes the sign of rotation. 

[M] 
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675 650 625 600 575 550 525 À(~~) 

Rotatory dispersion of oc-arsoncarboxylic acids and their secondary 
barium salts. 

a. .x-Arsonpropionic acid 
b. :z-Arsonbutyric acid. 
c. .x-Arsonvaleric acid. 

a'. Salt. 
b'. Salt. 
c'. Salt. 
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The relation between the molecular rotation of the acid and the salt is 
-4.8 for a-arsonpropionic acid, -2.4 for a-arsonbutyric acid and -1.2 
for a-arsonvaleric acid. Thus th is relation changes gradually. 

The study of the permanence of rota tory power has giv 'n remarkable 
resuIts. 

Whilst optically active sulfocarboxylic acids are less stabie in alkaline 
than in acid solution, the arsoncarboxylic acids show just the opposite 
behaviour. 

The barium saIts of the active arsoncarboxylic acids are perfectly stabie 
in aqueous solution, even at 100°. 

The activity of the free acids, however, is labiIe, especially in the presence 
of strong inorganic acids. 

The racemisation was examined kinetically; it proved to be a mono
molecular reaction. 

The constant increases almost proportionally to the quantity of hy
drochloric acid added. The racemisation constant of the pure acids increases 
with their molecular weight. 

A detailed account of the a-arsoncarboxylic acids and their derivatives 
will be published elsewhere. 

Groningen. 

Organic Chemical Laboratory of the 
State University. 

20* 



PaléEontology. - The Law of the Necessary Phylogenetic Perfection of 
the Psychoencephalon. By Prof. Eua. DUBOIS. 

(Communlcated at the meeting of March 31. 1928). 

Clearly pal&ontology bears evidence of the growth of life on the Earth. 
Complex living beings. highly organized animals and plants have 

appeared after less complex living beings, simply organized animals and 
plants. taken on the whole in accordance with the natural systems. Of the 
Vertebrates - to mention only this group of animals - we fjnd first 
Fishes. then also Amphibia and Reptiles. and finally Birds and MammaIs. 
and in successive Ages the dominant types are Fishes. Reptiles. MammaIs. 
In the vegetable kingdom appear and become dominant in successive Ages 
the Cryptogams. the Gymnosperms. the Angiosperms. We see life extend 
in the water. on the land. in the air. The diversity of the forms of the 
living beings and of their functions is becoming greater and greater and 
the efficiency more and more manifold as adaptation to the great diversity 
of surroundings. 

Besides. in successive geological levels we find sequences of anima I 
farms. Following one af ter another. each farm is supplanted by a new one 
resembling the preceding one cIosely, but distinguished from it by 
intensification. transformation. or weakening of some characters. 

All these and similar facts can hardly be explained in another way than 
by descent of the living beings from each other. 

The absence of proof of con tin u 0 u s d e velo p men t should. 
however. also be considered as an other important result of the palreonto
logical research of the earth's crust. The minutest transitions between the 
members of the many parts of lines of descent with which we became 
acquainted . were so regularly absent . that this absence can na langer be 
attributed to "the imperfection of the geological record". Every member of a 
sequence is s t e p wis e distinguished from the preceding and the following 
one. Again and again we find p i II ars of the expected bridges. never 
arches. Thus. for instance. in the series of the Equidae, starting wtth 
EohippllS. of the Proboscidea, starting with Moeritherium. 

The members of these sequences are int e r m e d i a t e f 0 r m s, nq 
"transition forms", no "links". Indeed. repeatedly palreontology has 
removed from the hypothetical stock line its at first much made of transition 
forms. rderring them to side branches of the genealogical tree. 

Strictly speaking gradual transition is a priori impossible. because every 
species living as independent creature. being adapted to particular 
circumstances of life, must be specialized in its peculiar way. 
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As it must. however. be assumed that every animal and every plant. 
in the past as weIl as at present. owe their existence to another animal and 
another plant. the present vegetable and animal world must necessarily be 
connected to those of all the earlier epochs by ties of consanguinity. i.c. by 
descent or phylogenesis. 

That we again and again meet only with pieces of these ties. and that 
gradual transition between creatures living independently as different 
species is a priori impossible. leads to the conclusion that the real transitions. 
the missing pieces of the ties of relationship. the arches of the bridges 
connecting the species. took place in the embryonal period of the 
individual life, before the independent existence of the individual. 

Of this palceontology could not furnish any documents. because they 
never existed. Pithecanthropus. Mesohippus. Procamelus. Moeritherium 
are pillars of these bridges, the arches of which - we must now assume 
- will never be found. 

But the animals possess a complex of organs, the brain, which by the 
palceontological way. c anteach us something about this transition from 
species to species accomplished in the embryonic state. This applies in 
particular to the cerebrum or prosencephalon of the Vertebrata and first 
of all of the MammaIs. that part of the encephalon of the latter which is 
the direct and most highiy specialized organ of the psychic functions of 
the animaI. the definite p s y c hoe n c e p halon. 

In contrast with almost all the rest of the body. the cells of which multiply 
by division throughout life. the process of cell division is here entirely 
restricted to the embryonal period of life. The condition reached in the 
embryonal period is. therefore. preserved all through life. and the adult 
psychoencephalon still shows the embryonal cell division term in its volume. 
which latter. although still increasing subsequently to birth. no longer 
increases by cell division. This is the reason 'why the relative volume of this 
organ (which can be examined by means of natural and artificial 
endocranial casts also of extinct species of animals ) increases in its 
phylogenesis in the regular proportion of the terms of a geometrical series 
with the ratio 2. for the cell division is a repeated division into two. 

Here appears a direct relation between ontogenesis and phylogenesis. 
Phylogenetically the senses of sight. smelt. and hearing. placed at the 

head end of the animal body. "distance receptors". progress apparently 
concomitant with the cephalisation of the nervous system. With their larger 
psychoencephalon than that of the earlier forms, the phylogenetically later 
mammalian forms have also ,larger eyes, and larger olfactory receptors (we 
find the cribriform plate of the ethmoid bone extended. indicative of an 
increased number of olfactory nerve fibres). Compare the skulls of Lama 
with Procamelus (Fig. 1). Martes with Mustela (Fig. 2). 

The concomitant perfection of the senses. accompanied with particular 
or general perfection of the rest of the sensorium. and the motorium. is. 
however. combined with d i ver s e m 0 des of specialization of the 
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who Ie animal. ensuing Erom adaption through habit with negative selection 
("adaptiogenesis"). Evidently the de 9 ree of every kind of this diverse 

Fig. I. L . Side view of sku\l of the present day Lama huanachus Molina. 
Accurate photographic outlines. 113 Nat. slze. 

P. Side view of skull of the Up per Miocene Procame/us gracilis 
Leidy. Af ter CaPE. 113 Nat. size. Bodily both Camelidae. the ancestral 
form and the descendant. are of the same si ze and general build. 

specialization is determined by the degree of cephalization as given. in thc 
Vertebrates. by the size of the encephalon and this in particular of the most 
central organ of the psychic functions. that part of the encephalon which 
in morphology is named the prosencephalon. and may according to its 
functions be rightly termed the psychoencephalon. 

The increase of the size oE the prosencephalon in the series oE the 
Vertebrates. from the Fishes to the MammaIs. has long been known. It is 
very striking that such a progress also exists between mammalian species 
of Early Tertiary and of recent times. belonging to the same group. 

With regard to the volume of the whole encephalon in proportion to 
the volume of the body. th is progress was first discovered by ED. LARTET. 
in 1868, by comparing some mammals (ungulates and carnivores) Erom 
the Lower Tertiary of France with recent species. CH. DARWIN made 
mention of this "remarkable conclusion". in which he saw evidence in 
support of gradual increase of the brain. in his "Descent oE Man" (1871). 
LARTET thought that by way oE explanation. he had to suppose a "tendance 
de la nature animée vers un perEectionnement dont la cause resterait 
toujours agissante et la limite indéfinie". 

The fact of the small size oE the brains oE Lower Tertiary mammals was 
established by O. C. MARSH Eor a number oE species in North-America 
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(1874-1897) . Increase of brain volume was also shown by him for Birds 
( 1880) and Reptiles (summarized 1896) of the Cretaceous period compared 
with the corresponding forms of recent times. 

Fig. 2. Ma. Si de view of skull of a full-grown Martes foina Erxl. ,? 
Body weight 1160 9 (somewhat below average of species). 

Pu. Side view of skull of a full-grown MustellJ putorius L. d· 
Body weight 1220 9 (somewhat above average of species). 
Both accurate photographic outlines. Nat. size. 

Concerning the extinct mammals throughout Tertiary time he drew up the 
following "generallaw of brain-growth" : 

1. "All Tertiary mammals had sm all brains." 
2. "There was a general increase in the size of the brain during this 

period." 
3. "This increase was confined mainly to the cerebral hemispheres, or 

higher portion of the brain. " 
T 0 this he added : 
1. "The brain of a mammal belonging to a vigourous race , fitted for n 

long survival. is larger than the average brain, of that period, in the 
same group." 

2. "The brain of a mamma I of a dec1ining race is smaller than the 
average of its contemporaries of the same group." 

Accordingly, he quite adopted a causal nexus with the Spencerian 
"survival of the fittest" , the Darwinian "natural selection". 

Though it was known to him that "in any comparison of the size of the 
brain in different animaIs , whether in the same group or in others widely 
different, it is important to bear in mind that the brain of small animals is 
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proportionally larger in bulk than that of large animaIs", he was of opinion 
that th is fact "can have only a limited effect , which would not change, 
essentially, the general results" . Thus, as we know now, underrating the 
effect of the body size, MARSH was led to figure the brains enclosed in the 
skulls of small and large mammalian species at equal cranial length, through 
which disproportionally the former became too large, the latter too smal!. 

It is mainly due to this underrating of the effect of the body size that 
the first two articles of the "general law of brain~growth", drawn up by 
MARSH, are not valid. Not a II the Tertiary Mammals had small brains. 
Many from the Upper Tertiary are not inferior, as regards the size of the 
encephalon, to the recent species. Nor has the increase of the size of the 
brain during the Tertiary period been gen era!. In the lowest cephalized 
Mammalia of the present day, many belonging to the Insectivora and the 
Chiroptera, such an increase has not taken place. Further we know now that 
it was not s e I e c t ion that has increased the volume of the encephalon. 

Only the third article of the law of MARSH appears to be valid, but 
without the word "mainly", for the increase in size was exclusively confined 
to the cerebral hemispheres, the prosencephalon, in many later mamma I 
species in comparison with earlier species. 

Also in the present day animal world this phylogenetic brain~growth, in 
particular the -growth of the prosencephalon, is to be recognized by com
parison with allied forms, because some families and genera are more 
specialized, more progressive, particularly in this organ, than others. 

Especially in the Vertebrata it was found in every class, but in the 
Mammalia in many cases, that the more specialized forms of a group, hence 
the progressive ones, regularly possess much greater relative brain volume 
than the conservative species, that are still more closely allied to the original 
farms. 

The "comparative~anatomic" method of inquiry into the phylogenesis 
thus possible has very particular advantages here, as the si z e 0 f th e 
bod y can mastly only be determined accurately in I i v i n 9 species. 

For in every animal the volume of the brain is not only dependent on 
cephalization, but evidently also on the size of the body. The volume (and 
with this the weight) of the brain is really to be considered as the 
pro d u c t of two factors. One corresponds to the degree of organization 
of the organ, the cephalization, the other depends on the bulk of the body. 
IE the factor or coefficient of cephalization is called k, the brain weight E, 
the body weight P, E appears in general to be proportional to kP ,when 
full~grown animals of two species are compared. Hence the coefficient of 

cephalization k is proportional to ;',., Between two full~grown individuals 

of one and the same species living in thc natural state, the somatic factor is 
pO'IIl. These are laws valid for all the classes of Vertebrates. For domes
ticated species (among ot hers Man). the exponent is somewhat smaller. 

With the phylogenetic exponent 5/9 we now get not only equal values of 
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k for anima I species which are considered as similar in their whole 
organization, for in stance the members of the very homomorphous family 
of the Felidae, which differ so greatly in body size and weight (the latter 
varying in the ratio 1 to 100) , but also a sequence of the Mammals which 
- leaving aside certain exceptions to the rule - is nowhere in contradiction 
to the natural system, if the k is calculated for the psychoencephalon. 

If the value of the Ic of Man is put as unit , the coefficient in the 
Anthropoid Apes, Hylobatcs included, is ,Y.4, in the Canidae , Felidae, and 
also the Bovidae and Cervidae differing little from lIs, in the Leporidae 
I/ tG , in the Mllridae 1/a2' and in the Soricidae, Centetidae, and most Micro
chiroptera 1/64' Small deviations in some groups are due, as has appeared, 
to unimportant secondary variations in the cerebellum or some parts of the 
prosencephalon. 

In all these calculations the encephalon with its different. functionally 
inequivalent parts, was at first considered as a whoie. According to what 
had been observed in the encephalon of Lower Tertiary mammais, strictly 
the psychoencephalon alone should have been taken into consideration. But 
between the living mammalian species, leaving the families of the lnsectivora 
and Microchiroptera, which are on the lowest level of cephalization, out of 
account, the ratio of volume and weight of the psychoencephalon to the 
ot her parts of the brain, which moreover in most cases have a subordinate 
volume and weight, differ little. Hence the relations of the quantity 
found for the encephalon to those of the body can in general be considered 
as also valid for the psychoencephalon. As was already said before. the 
psychoencephalon has, however, a much smaller relative share of the totaJ 
volume of the encephalon in the Lower Tertiary Mammals and also in many 
present day lnsectivora and Microchiroptera. Besides, there are among the 
living mammalian species some in which the volume of the cerebellum has 
considerably increased secondarily and independently, namely doubled. In 
all these cases the cephalization of the p5ychoencephalon must be taken into 
consideration in itself. which has been done in the above seqtience. 

There is no need at present to point out that all the relations of quantity 
of the brain and the body are based on quantity relations of the cells, the 
neurones, to the body 1). We may only remind here, that between the 
volume of ganglion ce lis and the body the same relation exists as between 
the weights of the brain and the body in the individuals of the same species. 

This fact and direct counting · prove that the n u m b e r of the brain 
cells (neurones) is characteristic of the species, and remains the same for 
all individu als. Only the v 0 I u m.e of the brain neurones increases, 
according to the above relation. with the body weight. 

In homoneuric, but larger species, also the n u m b e r of the brain 
neurones increases in the same proportion to the body weight. 

With higher cephalization the number of the brain neuron es increases, 

I) 1 may reler for this to my earlier communlcatioDS. 
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i n dep end ent 1 y 0 f t heb 0 d y s i z e, proportionally to the cephali
zation coefficient. H, therefore, two differently cephalized species of the 
same body size are compared, the number of nerve elements (neurones) in 
the brain varies as the value of the cephalization coefficient k, between two 
species of different body size as kP"' •. 

The existence of the relations of quantity of the central nervous system, 
and in particular of the psychoencephalon to the whole body proves that the 
integrative action of this organ also extends to the ontogenetic growth or 
growth outside the individual and the phylogenetic growth or growth outside 
the species. 

Now not a few species are seen to fall outside the sequences obtained 
by the method described, which taken on the whoIe, correspond to the 
natural zoological system, of ten outside their order or family, in some cases 
outside their genus, and this with a value of the cephalization coefficient k 
which is d 0 u bIe or f 0 u r f 0 1 d that of their nearest relations. A single 
recent form is seen falling outside the series with hal f the cephalization 
coefficient of its nearest relations, thus Tragllllls. Striking is, for instance, 
the doubling of the coefficient in the genus Martes compared with the genus 
Mustela and the fourfold value in the Megachiroptera in comparison with 
most Microchiroptera 1), also in Tupaia in comparison with Sorex. With 
regard to some extinct forms there are well-founded suspicions of phylo
genetic relation with living species. When also the body si ze was known 
to some extent, I have included them in my comparison, thus Pithecanthropus. 
Mesohippus, Procamelus, Moeritherium, (?) Proviverra (Cynohyaenodon). 
The affinity between Palaeosyops and Tapirus is only a less close one, but 
presumably an intermediate form connected these two Perissodactyles. 
Certainly the selenodont Oreodon (Merycoidodon) is still more distantly 
related with Tayassus, with which, however, it possesses some primitive 
characters in common. 

It was really striking how regularly and accurately the determinations 
of the coefficients of cephalization led to equal results. The coefficient, 
calculated from the volume of the psychoencephalon, measured as exactly 
as possible, or from its weight, ascertained as exactly as possible, and the 
body weight of the species ascertained or estimated as accurately as 
possible 2) appeared to increase exactly or very nearly by duplication, 

1) In this case triplication was formerly found by comparison with the who lee n c e
p h a Ion, in consequence of the fact that the cerebellum is very much larger relative to 
the prosencephalon in the Microchiroptera than in the Megachiroptera. For the pros
encephalon quadruplication holds good. 

2) In some cases, as in th at of Procamelus gracilis Leidy and Lama huanachus Molina, 
to a certain extent also that of Merycoidodon culbertsoni Leidy and Tayassus tajacu L., 
the animals are of the same size and general build, ;0 that the somatk factor may be 
eliminated in the equatIon. In most of the cases of fossil forms the body weight had to 
he estimated from comparison with similar living forms, however, an estimation of the 
body weight, even a roughly approximative one, may be serviceable, because It enters 
into the calculatIon wlth the low exponent 5fq. 
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quadruplication, octuplication. A case of duplication between animals of the 
same size and general build is represented in Fig. 3. Further than the fourth 
term (Moeritherium to Elephas) the geometrical series is not continued in the 
following tabIe, but undoubtedly the cephalization of some Lower Eocene 

p L 
Fig. 3. Superior view of endocranlal cast of Procamelus gracilis Leldy (P) 

and Lama huanachus Molina (L). 
Both accurate photographic outlines. 112 Nat. Size. 
The casts belong individually to the skulls of Fig. 1. 

Ungulata was stillless than Va of that of their far relatives of recent times. In 
50 far as their body weight can be estimated by comparison, the Lower Eocene 
Phenacodus and Coryphodon possessed only Ihs of the psychocephalization 
of the present day Pecora, but the Middle Eocene Uintatherium already Va 
of th is group, which is at the average level of the recent MammaIs. Also 
Moeritherium, of about the same time, possessed 1/8 of the psychocephali
zation coefficient of Elephas, but th is latter genus belongs to the most high
Iy cephalized present day Mammals. In the same way the stock farms of 
Rhinoceros and of Equus, genera which, as regards cephalization, are above 
the present average level af the Ungulates, were, in their time, distinguished 
by a comparatively high cephalizatian. These facts give further support to 
the results recorded in the subjoined tabIe. (See fallawing page). 

In each of the 17 sequences of this tabIe, mammal farms on a lawer level 
of cephalizatian precede related farms of a higher level, accarding ta 
the geametrical progression of the cephalizatian caefficients. It is a matter 
of course, that in mast of the sequences the mentianed species, genera, and 
higher graups are not ta be cansidered as direct ancestars of ane another. 
In cansequence the lawer farms are seldam of smaller size than thase on a 
higher level of cephalization, and this easily may be canceived, since e.g. in 
such a hamamarphous genus as Felis, the weights of the species diverge 
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Geometrical progression (ratio 2) of the psychocephalization 

1. 

2. 

3. 
i. 
5. 
6. 
7. 
8. 
9. 

10. 

11. 
12. 
13. 

14. 

15. 

16. 

17. 

Simiidae - Pithecanthropus (U pper Pliocene) - Homo 

C 11 ' h . S . .. ~ Ateles 
a tt (IX - atmlrt -? Cebus 

Lemur - Daubentonia 
Mesohippus (Middle Oligocene) - Equus 
Palaeosyops (Middle Eocene) - ? - Tapirus 
Tragulus - Pecora 
Procamelus (U pper Miocene) - Lama 
Merycoidodon (Middle Oligocene) - Tayassus 
Hippopotamus - Choeropsis 
Moeritherium (Upper Eocene) - [Palaeoma3todon (Oligocene)] 
- [Mastodon (Miocene)] - Elephas I) 
Mustela - Martes 
Ursus - Helarctos 
Proviverra (Middle Eocene) - Paradoxurus 

M 'd ) Dipodinae urt ae -
Leporidae 

M .. . I Manis gigantea 
ants Javantea - Manis tetradactyla 

Microchiroptera - Vampirus - Megachiroptera 

~ Sorex I 1 r;:a~ale ~ T . ? Centetes ~ - Erinaceus - upata 
Potamogale 

in the ratio 1 : 100, and this divergence is still greater between Mammals 
belonging to different genera and of more distant kinship. In this way the 
lower form Hippopotamus (of which, however, several small fossil species 
are known) may be much larger (indeed 10 times heavier) than the higher 
form Choeropsis. Thus, in each stage of cephalization, we find the forms 
grow to very different sizes. Moreover they diverge greatly in form and 
function by specialization, strikingly so in the second term of our series 17. 
As very important in this respect may be mentioned here the fact, 
that the psychocephalization of the much specialized and gigantic 
Arsinoitherium from the Lower Oligocene is equal to that of the small 
present day Procavia 2) and most probably the Lower Oligocene Mega
lohyrax and other Saghatheriidae, from which fact we may infer that they 
all descended from a common stock of the next lower level. 

Seemingly between the forms of equal cephalization, there may exist 

I) Although the cephaItzation of Palaeomastodon and that of Ma"todon are not yet 
ascertained, they have" been placed in th!s series of Pcoboscidea as intermediate (if not 
transitional) forms, well-known in other respects . 

2) The estimated welght of Auinoitherium is about 700 times the weight of ProCBl1ia 



313 

gradual transition of specialization, as th ere is gradual transition in the 
sizes of the animaIs. On a nearer view we find this to be impossible, as 
specialization, depending on adaptation, is only d i ver gen c e 0 f 
t hem 0 d e of organization, not pro 9 r e s sof i t s d e 9 ree. On the 
other hand, progress of the degree of organization, indeed of animality, 
i.e. real evolution of life exists from term to term of psychocephalization. 

The discontinuanee in the phylogenetic ties thus undeniahly exists in 
respect of the psychocephalization. But th is discontinuanee is a regular one, 
resulting from the property of living bodies of growing by cell division, 
the multiplication of the units that compose them. 

Here c1early the development is autonomous, determined by internal 
factors resulting from a fundamental property of the living beings. Also 
phylogenesis appears here as a mode of growth, Iike ontogenesis. 

Furthermore, ontogenetic and phylogenetic growth of the animal evidently 
depending on the integrativc action of the psychoencephalon, we may infer 
that no 9 rad u a I transition can exist between species of d i f fe ren t 
c e p h a I i zat ion, only abrupt change in the form and structure, rea I 
metamorphosis. The nevertheless necessary connection, as we saw, must 
have taken place in the embryonal period of animal life. A smaller 
p h y log ene tic distance between species than with douhled psychoce
phalization and corresponding progress of the whole organization is, 
therefore, not possible. Quite inconsistent with this conclusion appears to 
be the phylogenetic 9 rad u a I tra n s i ti 0 n required by darwinism. 

Between animals of e q u a lee p h a I i zat ion gradual transition 
appears as a matter of fact, manifesting itself in the seemingly unlimited 
d i ver s i t Y in the specializations of the organisms, of the present dayand 
the past. But this apparent gradual transition, evidently resulting from habit 
and negative selection, is adaptiogenesis, irregular as ~epending on the 
multifarious f1uctuation of the environments, to which the mode, not the 
degree of organization of the living heing responds. This m 0 d i f i
c a t ion of the organs, apparently rapid at progress of cephalization, 
which conipellingly excited it, is no phylogenetic growth, which, being 
autonomous, has a definite direction. 

Besides, in the case of the psychoencephalon, phylogenetic growth means 
at the same time per fee t ion of the organ, continual ,phylogenetic 
progress of its functions, for the higher organization is here immediately 
attained by the increase of the number of cells, which at once leads to more 
multiple combination, greater fundional complexity, direct enlargement of 
the animal's outer world. 

Here is a law of evolution come forth out of the nature of the living being 
itself, not imposed by the surroundings. CHARLES DARWIN might still think : 
"There is no evidence of any law of necessary development", and HERBERT 
SPENCER: "We find progression to result, not from a special. inherent 
tendency of living bodies, hut from a general average effect of their relations 
to surrounding agencies". From what we now know of the evolution of thc 
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psychoencephalon, i.e. the evolution of animality, it appears that there 
actually does exist such a law of phylogenesis, and that with progression, 
with perfecting. 

It is self-evident that this perfecting, this steady progression cannot have 
been caused by factors outside the animal, to which darwinism ascribed 
phylogenesis. External factors can only have eHected d i ver s i t Y of the 
animal forms and functions , by adaptation. It is inconceivable that they 
should have acted continually in one definite direction, that oE perEection. 



Physics - A formula expressing the deflection of the plumb~line in the 
gravity anomalies and some formulae for the gravity~field and the 
gravity~potential outside the geoid. By F. A. VENING MEINESZ. 

(Communlcated at the meeting of }anuary 28, 1928). 

§ 1. In the middle of the 19th century STOKES succeeded in deducing a 
formula, which expresses the distance between the geoid and some chosen 
spheroid in the gravity anomalies of the whole earth, These gravity 
anomalies have to be computed by taking the difference of the observed 
gravity, reduced to the geoid by free air reduction (reduction of FAYE), 

and the normal gravity value, corresponding to the spheroid, which has been 
chosen; that is to say th is normal value represents the gravity~field, which 
would exist on an outside potential surface of some theoretica 1 earth of the 
same mass as the actual earth, for which th is potential surface coincides 
with the spheroid. This condition determines the normal gravity~field 

completely, as a weIl~known potential theorem indicates. To the formula of 
the normal gravity may however be added any constant or any spherical 
harmonic of the first degree without changing the result given by the formula 
of STOKES. This is an advantage, which we will secure also in § § 2 and 3 
for some other formulae, as it renders harmiess any error in the constant 
term of the formula for the normal gravity, which is not impossible so long 
as gravity is unknown for the greater part of the earth's surface. 

The chosen spheroid has to fulfill the following conditions : The volume 
as weIl as the centre of gravity must coincide with the volume and the 
centre of gravity of the actual earth. The radius of curvature has not to 
deviate more from the earth's radius than in the ratio of the first order 
of the flattening and we assume further for the spheroid as weIl as forthe 
geoid that the angle between the norm al and the radius towards the earth's 
centre is of that same order. We suppose lastly that the distance between 
both surfaces is of the second order of the flattening in proportion to the 
earth's radius. 

With these restrictions the spheroid is wholly arbitrary; it may he an 
ellipsoid, but this is not necessary and it is not even necessary that it is 
a body of revolution. It may further be emphasized that the formula of 
STOKES, corresponding to the fixed relation between gravity~field and 
shape of the geoid, is independent of the distribution of the masses of the 
earth, which are the causes of both; it is therefore independent of any 
assumption about the mass distribution. 

It is clear that the existence of this fixed relation hetween the gravity~ 
field and the shape of the geoid impHes also a fixed relation between the 
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gravity and the position of the normal on the geoid, that is to say between 
the gravity and the deflection of the plumb~line 1). It is the object of th is 
paper to deduce the corresponding equation, expressing the deflection of the 
plumb~line in the gravity~anomalies. 

The easiest way to deduce such an equation is the differentiation of the 
distance between the geoid and the spheroid, given by the formula of 
STOKES, according to a direction tangent to the ge~id; we find in this 
way the angle between the normal on the geoid and the normal on the 
spheroid, which may be considered as the deflection of the plumb~hne with 
regard to the chosen spheroid. It is however necessary first to c1ear up 
two points concerning the equation of STOKES. 

The first point is how far th is formula gives also the local deviations 
of the geoid. This is questionable because of the fact, that in deducing it, 
a constant value R is substituted at a certain moment for the earth's radius. 
HELMERT for instance expresses doubt about it in "Die Theorien der höhe~ 
ren Geodäsie" , and considers the equation as only valid for giving the 
general shape of the geoid. W ould this be true, then the result for the 
deflection of the plumb~line got in this way, would be valueless; it is 
therefore necessary to prove, as we think it is possible to do, that this doubt 
is not founded. In this regard we may drawattention to a remarkable paper 
of POINCARÉ: "Les mesures de gravité et la géodésie", which is not 
generally known to geodesists and which appeared in the "Bulletin 
Astronomique" of 1901 . POINCARÉ makes a study of the whole problem 
and, without knowing apparently about the work of STOKES, deduces 
the same formula and enlarges speciallyon the possibility of determining 
with this formula the local shape of the geoid with this equation. We will 
look into this question more c10sely in § 4. 

The second point, which has to be examined, is the question concerning 
the effect of the masses outside the geoid. In deducing the formula of 
STOKES or one of the formulae of this paper, it is supposed that there are no 
masses butside the geoid, so that their validity is questionable so long as 
there are such masses. We will eliminate this difficulty by considering a 
regulated earth, for which these masses are removed. As the masses outside 
the geoid are fairly weil known, the changing over from the actual earth 
to the regulated one presents no difficulty: we can compute the effect 
of these masses and find in th is way the changes of the gravity anomaly 
and of the geoid, caused by the removal of these masses. The change of 
the gravity anomalies is about the same as the ordinary BOUGUER reduction. 
Af ter having determined the shape of the regulated geoid by introducing 
these reduced anomalies in the formula of STOKES, the actual geoid can be 
derived by applying the difference between both geoids. It may be remarked 
- LAMBERT drew first attention to this point - that the change of the 

I) See also of M . MARC EL BRILLOUlN: .. Champ de gray. extérieur et densités internes", 
Comptes Rendus de rAcad. d. Sciences. t. 180, and t. 18f. 
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geoid will also bring along a shifting of the centre of gravity, 50 that the 
centre of gravity of the spheroid, which has to coincide with that of the 
regulated earth, will not quite coincide with that of the actual earth. 

In order to lessen the difference between the geoids of the actual 
earth and of the regulated earth, of which we determine the shape 
with the formula of STOKES, we may partly compensate the taking away 
of the masses by adding at the same time corresponding masses inside 
the geoid. We may do th is by applying the condensation method of 
HELMERT, who adds in the same vertical at a depth of 21 km the same 
quantity of mass as has been removed. Or we may do it according to the 
inversion method of RUDZKI, who compensates the removal of an outside 
mass at a distance I from the centre of the earth, by adding a mass, which 
is Ril times the former one, at a distance R211 from the earth 's centre, R 
being the mean earth's radius. RUDZKI obtains in this way, that the geoid 
remains unchanged, so that the formula of STOKES gives at once the actual 
geoid. Or lastly we may follow the isostatic method, adding the same 
quantity of mass, as has been taken away, and distributing it inside the 
geoid according to one of the accepted methods. The reduction of the 
gravity anomalies, corresponding to this last method, is the ordinary isostatic 
reduction, if we extend this mass-regulation also to the oceanic part of the 
earth's crust, filling up the oceans till they have normal density with masses 
removed from the crust below. For the purpose, which we have in view here, 
this extension to the oceans would not of course be necessary. 

Of the th ree compensation methods the isostatic one gives thegreatest 
shift of the geoid, because the di stance between the removed masses and 
the added masses is greatest. Still it seems to me that th is method is 
preferabIe to the other ones. The greater shift of the geoid is no serious 
drawback, as it can he computed. and the method has the advantage that the 
field of gravity anomalies becomes more regular by the isostatic reduction 
than by any other : it removes as weil as possible the effect of the local 
mass-irregularities in the cru st. This advantage is worth mentioning because 
it makes each anomaly value representative for a greater area of the 
earth's surface, 50 that a certain limited number of anomalies will give 
a better image of the geoid. 

When we adopt one of these methods for removing the otitside masses 
in order to be able to apply the formulae on the regulatéd earth, we must 
take care of the following question. As has been remarked in the beg inning, 
we have to reduce the observed gravity by free air reduction to the geoid, 
that is to say that we have now to reduce to the regulated geoid. We have 
therefore to apply an extra free air reduction for the distance between both 
geoids. If we take for instance the isostatic method of regulation we have 
the following series of reductions to the observed gravity : First the 
free air reduction to the actual geoid and then the reductions belonging to 
the regulation of the earth, including first the ordinary isostatic reduction, 
representing the change of gravity caused by the transport of masses and 

21 
Proceedings Royal Acad. Amsterdam. Vol. XXXI. 
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then the free air reduction from the original geoid to the regulated geoid. 
This last reduction is the same as the reduction of BOWIE. 

Objection might be made that the masses outside the actual geoid have 
been removed and not the masses outside the regulated geoid. As a matter 
of fact we ought to remove the masses outside th is last geoid. The 
difference may however be neglected if one of the compensation methods 
has been used, as in this case the distance between both geoids is small ; 
it wiU in fact not exceed some twenty meters. 

We will now proceed to the deduction of the formula for the deflection of 
the plumb-Iine, which we will do by differentiating the formula of STOKES 

according to a direction tangent to the geoid. This formula may be written : 

N . i~ "J ST .60 do . 

in which : N = distance between geoid and spheroid, 
R = mean earth's radius , 
do = surface-e1ement of a sphere with radius I, 
.60 = gravity anomaly corresponding to the element do, 

(JA) 

ST = function of the angle 1f' between the radius of the point A , 
where N is computed, and the radius of the point P 
coinciding with do : 

ST= cosec t 1f' + 1-6 sin t 1f' - 5 cos 1f' - 3 cos 1f' 19 [sin t 1f' (1 +sin t 1f')] (1 B) 

We choose in A an X direction tangent to the geoid and introduce an 
azimuthal coordinate a , representing the angle between OAX and OAP 

A 
~-':;:;:::::----

Br------
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Besides the system of coordinates 1jJ and a we introduce a second system 
() and fJ. () being the angle between the radii of Pand B (OB perpendicular 
to OAX), and f3 the angle between AOB and POB. 

Let {} be the deflection of the plumb-line in A with regard to the spheroid, 
and let {}" be its component in the X direction. Neglecting quantities of 
higher order, we have then: 

in which last formula N is expressed in the second system of coordinates 
() and f3 : 

~ 

N = 4~Y.[ Sr((), fJ) X 6 0 ((). fJ) do. 

For differentiating N according to f3 we have to determine the value 

of N + aa~ df3 in a point A' at a distance Rdf3 from A. The field 6 0 

remains at the same place, but the field 5 T shifts with the centre A towards 
A ', that is to say it rotates an angle df3. If the system of coordinates is kept 
unmoved, we find : 

a 

àN R J . N + at dfJ = 4ny. Sr[O, (fJ-dfJ)] X 6 0 ((), fJ) do 

but we mayalso shift the system of coordinates in the same way as the field 
ST by rotating it an angle df3, and we find then : 

p 

àN R f' N + öjid(3 = 4ny ~ Sr((), fJ) X 6 0 [f). ((3 + dfJ)] do 

The two expressions give the formulae: 

which are both worth while examining: The first expresses 
gravity anomaly itself and the second expresses {}" in the 
gradient of the anomaly. 

{}x in the 
horizontal 

21* 
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We will go back to the original system of coordinates, and express both 
formulae in tp and a. The spheric triangle APB gives : 

otp 
op = cos a 

oa . op = - sm a cotg tp 
! ...... (4') 

and therefore: 

:f3 = cos a o~ - sin a cotg 11' oOa' . . . . . (4B
) 

so that we get : 

• 
I J' aST {}" = - 4:nr cos a 011' 6 g do . 

a 

{}" = + 4~r J ST [ COS a °o~o - sin a cotg 11' o~o ] do. . (3B
) 

We may introduce 

do = sin 11' da dtp 

and muItiply with e" = cosec I", in order to express {}% in seconds. The 
second formula gives then : 

2'1r"'" 2"".". 

{}~ = 4~r.f~os ~ d1~in 11' ST °o~o dtp - 4~"r.Jsin a d~~ostp ST o~o dtp (3e) 
o 0 0 0 

which we will not further ex amine in th is paper. 
The first formula gives : 

2?1' '71' 

{}~ = 2~Jcos a da J Q 6 0 dtp. . . . . . (2C
) 

with 
o 0 

e". aST Q=- -smtp-
2r otp 

that is to say in introducing the expression for ST: 

Q = ~: cos2 t 11' [cosec t tp + 12 sin t 11' - 32 sin2 t tp + l 
+ 1 + s~n t tp - 12 sin2 i tp tg I sin t tp (1 + sin i tp) I ] 

(2D) 
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The following table gives the va lues of Q for intervals of 10° for '" (.6 0 and y are supposed to be expressed in 0.001 cm) : 

V' Q V' Q V' Q 

1° +12.35 70° +0.03 liOo -0.25 

JOo + 1.59 80° -0.15 1500 -0.16 

20° + 1.02 90° -0.29 1600 -0.08 

30° + 0.79 100° -0.38 J700 -0.02 

iOo + 0.61 llOo -O.il 1800 -0.00 

500 + 0.i3 J20° -O.iO 

60° + 0.22 1300 -O.3i 

For increasing "1'. Q first decreases rather quickly. afterwards more 
slowly. is zero for V' more than 70°. gets to a minimum -0.41 for 'Ijl 

about 110°. and increases then towards zero. which value is reached for 
'Ijl = 180°. 

For small V' we can neglect in the formuIa for Q all but the first term. 
and we get by introducing in stead of'ljl the Iinear distance AP = r. so that 

r = 2R sin Y2 "1': 

Q= 1338. 
r 

in which r is expressed in km. 
By substituting in (2e) the surface element df in stead of the expression 

in d", and da. we find for the effect of the anomalies in the neighbouring 
region : 

{J" = 2e" Jeas a ~o df 
x ny rA (5) 

We may express this formula in the following way: IE we apply to 
1/ 

every surface element df of the geoid a mass equal to -2e- .6 0 df. the 
ny 

reflection of the plumb~line is the resultant of the attractions. exerted by 
these masses in A if these attractions élct along the radii towards df and 
are equal to the mass divided by the square of the distance. 

The decrease of the influence of a certain anomaly with the distance 
is therefore greater than for the formula of STOKES: This formuIa reduces 
for the neighbouring region to: 

N=_l J60 df . (6) 
2ny r 

sa that the influence on N decreases only in inverse ratio to the first 
power of r. 
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Formula (6) is in harmony with formula (5) as this last formula indeed 
represents the gradient of the former. 

The property that the influence of a certain anomaly decreases more 
quickly with the distance than for the formula of STOKES, gives the advan
tage that the formula for the deflection of the plumb-Iine is more 
independent of the anomalies in other parts of the earth 's surface, so that 
the fact , that as yet the gravity is only very imperfectly known over the 
globe, need not necessarily prevent its application. 

The formula for the deflection of the plumb-Iine may be useful for 
connecting the results of both types of geodetic opera ti ons : the astronomic 
observations and the determinations of the gravity. Besides it may be of use, 
as weil as the formula of STOK ES itself, to study the local deviations of 
the geoid for the central area of a region where the gravity has been 
determined. The anomalies in the other parts of the globe will generally 
have an equable effect for the whole central area : for the deflection of the 
plumb-Iine for instance a small and nearly constant amount. So by neglecting 
the influence of the anomalies in those distant region we will get aresuIt 
for the shape of the geoid, which will perhaps be slightly wrong in position, 
but which will not be much deformed. We may even put the question, if 
the determination of the geoid along this line will not better answer the 
purpose, than that, which is founded on the direct observations of the plu mb
line deflection. The disadvantage of the uncertainty of the gravity in other 
parts cif the globe, may perhaps be more than compensated by the 
uncertainty, resulting from the fact that in using this last method, N is 
determined by integrating a quantity, which is only known in isolated spots. 

A provisional computation for the Netherlands has shown, that the 
differences of the plumb-Iine deflections for the three stations in the central 
part : Urk, Wolberg , and Utrecht, are in good harmony with the va lues 
which have been deduced from the gravity anomalies : the deviations do 
not exceed 0".5. For this computation only the gravity-anomalies in the 
Netherlands have been used . 

It appears doubtful if the accuracy of the result can ever attain such a 
perfection, that the formula could be used to controll the results of the 
triangulations by giving for each astronomical station an equation for the 
latitude and longitude components of the plumb-line deflection. Still it may 
give a useful control for traverse surveys, of which the errors are so much 
ureater, as is weil known : We may considerably improve in this way the 
con trol of these surveys by astronomical observations. For this purpose it is 
of course necessary to have a sufficient number of gravity stations in an 
area of somewhat greater extension than the area of the survey. 

Besides the formulae for the deflection of the plumb-line, it is a simple 
matter to deduce other formulae from the formula of STOKES by further 
differentiation. In this way we may derive formulae , ex pressing the second 
differential coefficients of N in the gravity anomalies or in the gradient ol 
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these anomalies . These second differential coefficientsmay be considered as 
the difference of the reciprocal values of the radii of curvature of the geoid 
and the spheroid, so that the curvature of the geoid may be determined in 
th is way. We wiIl not take up this question in th is paper and we will only 
remark that in this way a formula may be found, connecting the two series 
of quantities, given by the torsion balance: the horizontal gradients of the 
gravity and the curvature data. These data are therefore not independent, 
although the curvature cannot be brought in connection with a single value 
of the gradient but with the gradient field over the whole earth. 

The next paragraphs will treat of tbe neglected terms of the formula 
of STOI<ES and will prove the validity of this formula and of the formulae 
found by differentiating it, as weIl fol' the determination 'of the general 
shape of the geoid as for that of the local irregularities. Besides they will 
treat of some formulae about the gravity field outside the geoid, which we 
will need for our purpose. 

§ 2. Gravity anomaly in an arbitrary point outside a sphere, which 
encloses all the masses and on (:Jhich the anomaly is known . 

Before looking into the question of the validity of the formula of STOI( ES, 

we will derive the solution of the above problem, which will be wanted for 
that research. PracticaIly th is wiIl also give the formula for ex pressing the 
gravity anomaly outside the geoid in the anomalies on the geoid : the 
error committed by replacing the geoid by the sp here with a radius equal 
to the mean earth-radius is of the same order as the error in the STOI< ES 

formula i.e. the percentual error will not exceed the order of the flattening. 
Let T be the difference of the potentials caused in the same point by the 

actual earth and by the theoretical earth; by the last we mean one of the 
infinite number of possible mass-distributions inside the geoid with the same 
total mass as the earth and with an outside potential surface coinciding with 
the spheroid. Only values of T in points outside both mass-distributions will 
be considered, that is to say in points outside the geoid or on the geoid. 

Let further : 
a = aequatorial radius of the spheroid, 
f = flattening of the spheroid, 
g = gravity in an arbitrary point , caused by the actual earth, 
r = gravity in an arbitrary point, caused by the theoretica I ea rth, 
e= radius of an arbitrary point towards the centre of gravity of 

geoid and spheroid, 

go. ro. eo = values of g. rand e on the geoid. 
g •• r •. e. = values of g. rand e on the spheroid. 

No = distance between geoid and spheroid. 
R = radius of the sphere. which is considered , 

/:::"0 = go - r. = gravity anomaly on the geoid. 
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As we suppose No to be of the order of (a f2) . ~o of the order of 
(g f2) and the angle between e and g or I' oE the order of (f). we have: 

Therefore: 

T. 
No=~+(ar) . 

1'0 

_ oTo + ( fi) go - 1'0 - - ae g . 

1'0 - r. = No <;ro + (g[i) = <;ro To + (g[i). ue u(! ro 

~ = _ oTo + OI'o To + ( fi) 1) . 
o oe oe"o g 

(79 

In the same way as the anomaly ~o has been defined for the geoid. 
we may define the anomaly ~ Eor a point outside the geoid as the 
difference of the actual gravity in this point and the gravity of the 
theoretical earth in a point in the same vertical. where the potentiaI is 
equaI to the potentialof the actual earth in the first point. By rough 
approximation we may say that the second point is at the same di stance 
outside the spheroid as the first point is outside the geoid. We have 
again: 

IE the spheroid were a sphere. the differential-quotient ~; would be: 

Or =_ 2.1:'.
oe e (8) 

For a spheroid it has to be multiplied by a factor 1 + (f) (see e.g. 
HELMERT. Theor. d. h. Geod. 11. page 94) and so we get: 

~ = _ oT _ 2 T + (gf3) (9) 
oe e 

with a corresponding equation for ~o. As ~ is of the order of (gf2) 
the last term in (9) is small with regard to the others. It will in fact 
not surpass 0.0001 or 0.0002 cm in ~. We will neglect it as welI as 
all the last terms of the formulae (7). 

The problem which we want to solve is to express ~ in ~R. ~R 
representing the value of ~ on the sphere. It is weil known that for a 
point outside the attracting masses. T can be written in the shape: 

T=k
2

[K22+ .... +K .. + .... l. (IOA) 
(! e e" 

1) In the original paper (Kon. Akad. v. Wet. Amsterdam. DI. 37 NO. 1) the sec::ond 
term of the right member of (7D ) has been neglec::ted. The reasoning remains the same 
when taking it into ac::c::ount. 
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in whieh k2 is the gravitational constant and K2 . . . Kn ., are spherieal 
harmonies of the 2nd ••• nth~degree. There are no spherieal harmonies of 
zero and Srst degree, because the total mass of the actual and of the 
theoretica I earths are the same, so that the differential masses, which 
cause the potential T, have a total mass zero, and because the centres 
of gravity of the ma ss es of the actual and the theoretieal earths coincide 
with the origin of the radius e. 

We have now: 

g-,,=-~=- 3 2 + .... + n+ 1)- + .... aT k
2 

[ K2 (Kn ] 
ue e e en 

(10.8) 

~ = - ~T _ 2 T = ~22 [K22 + .... + (n - 1) Kn + .... ] 
ue e· e e en 

and for e =R: 

When ~R is known we can develop ~R into a series of spherieal 
harmonies, whieh gives us K2 ••• Kn . .. and by substituting these va lues 
in the formula for ~, the problem is solved because formula (IOC) is 
convergent when e:::=- R. We can however deduce an equation whieh 
allows a simpIer computation, by expressing ~ directly in ~R. This 
gives besides a more useful formula for the case ~R is not completely 
known over the whole globe, whieh is of course the actual state of 
things. The deduction is quite analogous to the method of STOKES, who 
solved the problem of computing T R (and thereby N R = TRI,,) from 
~R, by expressing T R directly in ~R, so th at the elaborate way of 
Srst computing all K2 ••• Kn . .. can be avoided. 

The spherical harmonie of the nth degree of ~R is: 

2n+lJ' --~r;;- Pn ~R do . (11) 

o 

in whieh: do = surface~element corresponding to ~R of a sphere with 
radius 1. 

Pn = LEGENDRE'S spherieal harmonie of the angle 1jJ between 
the radius e of the point A where we want ~ and the 
radius R of the point P where we have ~R. 

This gives: 
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whieh is convergent because e =- R. Therefore : 

or 

with 

Now S", can be expressed in R. e and 1jJ by making use of the well~ 
known formula: 

1 P n (~)n = ft - 1 - ~ cos 1jJ 
2 ere 

in whieh r is the distance AP. given by: 
I 

r={e2- 2eRcos1jJ +R2)2 . 
I 

. (13) 

. (14) 

Multiplying (11) by (~y. differentiating according to ~ and multi~ 

(R)2 ~ 
plying by 2 e makes the first member equal to S", . and we find: 

R 2 (e 2 - R2) R2 R 3 

S", = 3 - 2 - 3 3 cos 1jJ • (15) 
er e e 

(l2A ) combined with (15) gives I"::,. expressed in I"::,. R-. 
Still we have to be careful if we want to use these formulae for 

determining the difference between I"::,. and I"::,.R : IE I"::,.R does not contain 
spherieal harmonies of zero and first degree as has been assumed. the 
difference can indeed be found simply by subtracting 6R from formula 
(12A ). but if in the formula for 6R those spherical harmonies are not 
zero. we must first subtract those terms from 6R before taking the 
difference with 6. 6 is certainly free from those terms even if 6R is 
substituted in (12A ) without correction. because S", does not contain 
spherical harmonies of zero and first degree. The terms of zero and first 
degree in 6R are easily found by applying formula (11) and in this way 
we find for the difference 6 - 6R = b : 

d = i~J SJ 6R do - I"::,.R 
o 

with: 
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in which formulae !::"R may be substituted as it is. without taking away 
its terms of zero and first degree. b will not contain those terms. 

Formula (16B ) converges towards zero wh en e - R is converging 
towards zero. IE the difference e - R which we will represent by h. is 
smalI. we can write. neglecting second and higher powers of h in SJ: 

Applying these formulae to the geoid in stead of to a sphere with 
radius R. we have to substitute for R the mean earth's radius and for 
h the elevation above the geoid. 

For giving an idea of the magnitude of the variation of !::" outside 
the geoid. we will apply the formulae to a special case. 

Supposing a circular patch of anomalies. defined by the formula: 

in which !::"c is the value in the centre. u the horizontal radius from 
!::"R to this centre and 1 the outer Iimiting radius. Suppose 1 small with 
regard to the earth's radius. In this case we can neglect the second and 
third term of (I6C ). We find for a point at an elevation h above the 
centre: 

For h = 0.36 [ we get bh = 0.5 !::"c. that is to say that the anomaly 
has diminisheci to half its value for an elevation about one sixth of the 
diameter of the patch. 

This allows the conclusion. that. generally speaking. the effect of the 
diminution of !::" with the elevation is too small to warrant a corresponding 
reduction in bringing back the result of a gravity determination to sea 
level: it will seldomly exceed 0.001 or 0.002 cm sec2 per 1000 m 
elevation. 

The formulae (12). (15). (16) and (17) may be applied to all other 
quantities which can be represented by a series like: 

in which C. Q2 •••• an • • •• are constants and therefore independent of 
the radius e or the angle 'P. We have simply to substitute q and qR for 
!::" and !::"R. In this way they may for instance be used to express the 
variation of g - y outside the geoid in go - )'0 on the geoid. g - y 
representing the difference of the actual and the theoretica I gravity in 
the same point. 
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§ 3. Potential outside the geoid. 

T 0 express the variation of T outside the geoid in To on the geoid. 
we have analogous formulae deduced in the same way: 

T 

T = 4~ J ST T o do . 
o 

ST = R (e
2 

- R2) ~ ~ _ 3 R2 cos tp • 
r 3 e e2 

For the difference t = T - To we find: 
a 

t = ~:n.r St Todo - To 
o 

R (e 2 - R2) (e-R) (e2-R2) 
St = +- -+ 3--2-costp 

r3 e e 
and for a small elevation h: 

. (198) 

For expressing the di stance N in some outside point between cor~ 
responding potential surfaces of the actuaI and theoreticaI earths. we 
have to substitute for T: r N and for To: ro No. 

For local irregularities in T or N of an extension. which is small 
with regard to the earth's radius. we can neglect the second and third 
terms of (20<:) and we find the same formuIa for the diminution with h 
as for 6.. This is aIso true for the generaI case. if 6.R. and To are 
free of spherical harmonies of zero and first degree. because the difference 
between SJ and St contains onIy spherieaI harmonies of zero and first 
degree. 

Lastly we will ask to express T outside the geoid in the anomaly 
6.0 onthe geoid. or if we replace again the geoid by the sphere with 
radius R. to express T in 6.R.. This is an enIargement of the problem 
of STOKES; by making the radius e of the point. where we want T. 
equal to R. it is brought back to the identieaI problem. 

Following the same way of deduction as for the formula for 6. we get : 

with 

.. 
T = !JS6T 6.R.do 

o 

_ 00 (2 n+l) (R)"+' S6T-I-(--1) P,. -
2 n- e 
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1 

and we ffnd Sb.T by multiplying (13) by (~)2, differentiating according 

RI' I . to -, mu tIp ymg 
e 

ing by (~y: 

1 
- 1-

by 2 (~) 2, integrating according to ~ and multiply-

Sb.T= 2B. +~ - 5 R2 costp-3 Rr -3 R2cos tp log nat [e-Rcostp+r] (21 C) 
r e t/ e2 e2 2 e 

By putting e = R, which gives r = 2 R sin t tp, we get back to the 
formula of STOKES. The di stance N is of course found by dividing T 
by y. In this way th~ formula gives the outside potential surfaces of the 
earth, wh en the gravity anomaly on the geoid is known and provided the 
theoretical outside potential surfaces have been computed. N may of course 
be differentiated in the same way as has been done in the first paragraph ; 
we find th en the deflection of the plumb-line in a point outside the geoid, 
expressed in the gravity anomalies on the geoid, or in their horizontal 
gradient. Executing the same thing with the formula for N deduced 
from formula (19), we can get this plumb-line deflection expressed in the 
value of No on the geoid or in the plumb-line deflections on the geoid. 

§ 4. The validity of the formula of STOKES. 

To find the order of magnitude of the neglected terms of the formula 
of STOKES, we suppose a fictitious earth with a mass equal to the total 
mass of the real earth, and of which the outside potential surface is a 
sphere with a radius R. The difference of Rand the earth's radius is of 
the order of the flattening. The gravity on this sphere is, according to 
a potential theorem, constant over the whole surface. 

To this fictitious earth is added a mass-distribution of positive and 
negative masses with a zero total mass, in such a way, that the combi
nation of these masses with the fictitious earth gives a geoid on which 
the gravity anomalies (i.e. the gravity minus the above mentioned 
constant value) are the same as the gravity anomalies 6 0 of the real 
earth in corresponding points of the real geoid; for corresponding points 
we may for instance take points with the same geographical coordinates. 
We will henceforth indicate this added mass-distribution with the letter M. 

If 6 0 is supposed to be known, the formulae of §§ 2 and 3 all ow the 
complete determination of the outside gravity-field of this mass-distribution 
M without any further neglections than those, given by the last terms 
of the formulae (7); in the same way the formula of STOKES may give 
the distance N R between the sphere and the geoid of the above combi
nation without neglecting more than these terms of (7). 

We will now combine the mass-distribution M with the theoretical 
earth, which has been defined in the beginning of § 2, and of which 
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the outside potential surface is the spheroid. This addition to the theo~ 

retical earth causes the potential surface to shift from the spheroid to a 
geoid. which will nearly coincide with the real geoid. If we suppose 
6.0 to be known. the distances N'o between this geoid and the spheroid. 
and the anomaly 6.'0 on this geoid. may be computed with the formulae 
of §§ 2 and 3; we have to introduce in these formulae for h the di stance 
between the speroid and the sphere. 

We will now prove that the difference /JI = 6.'0 - 6.0 is of the order 
of gf3. i. e. of the order of the flattening with regard to 6.0 itself. If 
this is true we may neglect lJl as we have al ready neglected quantities 
of the same order in formula (9); these neglections are insignificant 
considering the accuracy of the determination of the gravity anomalies. 
And secondly; if we neglect the difference between the anomaly 6.'0 
and the real anomaly 6.0 we may confound the geoid. which we have 
got by combining M with the theoretical earth. with the real geoid. so 
that the distance N'o can be considered to be also valid for this last 
geoid. 

We need not doubt that /JI is of the order of ge as far as /JI is given 
by the second and third terms of (16C) in combination with (16A). 

h 
because R is of the order of the flattening. while we assumed that 6.0 

is of the order of gf2. The only doubt. which might arise. concerns the 
effect of the first term of (l6C) for small r. We have seen in § 2. page 
13. that because of this term. the difference /J. caused by local anomalies. 

2h 
may get a value of the order of T 6.0, in which I is the horizontal 

ex ten sion of the anomaly. So we see that. locally. values of lJl may 
occur. exceeding the order of magnitude of gf3. It is dear th at these 
local va lues of lJ' may be neglected for the determination of N'o in some 
point A of the spheroid which is far away ; a more thorough investigation 
which we will not repeat here. confirms this opinion. The question is 
however. if they have na effect if they occur near to A. 

In order to prove that this is not the case. we will suppose that our 
sphere with radius R is tangent to the spheroid in A. while the radius 
is supposed to coincide with the smallest radius of curvature of the 
spheroid in that point (see the supposition about this radius on page I). 
so that the whole sphere is inside the spheroid. This is necessary if we 
want to apply the formulae of the previous paragraphs. because we 
assumed there: e ==- R. This supposition makes it of course impossible 
that the centre of the sp here should coincide with the centre of gravity 
of the earth, but it may easily be seen, that this only affects the deduction 

in this way. that e in formula (8) for ~; is not measured from the centre 

of gravity of the earth. but from the centre of the sphere at some 
distance of the order of fR. This means a deviation of the formula (9) 
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of the order of g[3. which does not exceed the term. which has al ready 
been neglected. 

If we introduce in A an azimuthal coordinate a. representing the 
angle between the vertical plane through A in which the sphere and 
the spheroid osculate. and the vertical plane through A and through 
the point P. where we suppose that the value of 15' occurs. we find in 
P a distance h between the sp here and the spheroid. which may approxi~ 
mately be given by: 

r 2 

h = (f) R sin2 a 

in which (f) means ·a constant of the order of the flattening. while r 
represents again the distance AP. 

We find th us that IJ' is of the order of: , 
r 2 

(f) RI X 6p 

in which 6p is the value of 6 0 in P. We see therefore that. even for 
small r. we need not fear that 15' would exceed the order of gfJ. 

We may conclude that. if we neglect in 6 0 quantities of the order 
of gf3. our problem is brought back to the determination in A of the 
distance N'o. corresponding to the mass~distribution M. which has been 
defined in the beginning of this paragraph. As A is also a point of the sphere. 
N 'o equals NR. so that it can be computed by applying the formula of 
STOKES : we have to substitute in th is formula the anomalies 6 0 and 
the radius R. We may notice however. that it will doubtless be some~ 
what better to substitute in this formula for R the mean earth's radius: 
we only chose a slightly ,different value for R in order to be able to 
apply the formulae of the previous paragraphs. 

The conclusion at which we arrive. is that we are justified in using 
the formula of STOKES: the neglections in N will not exceed the order 
of Rf3. i. e. one metre. We may apply the formula of STOKES as weil 
for the determination of the general shape of the geoid as for the 
deduction of its local shape and obviously we may follow the same 
reasoning and arrive at the same conclusion for the formulae. derived 
from the formula of STOKES by differentiating it once or twice according 
to a direction tangent to the geoid. 



Physiology. - Annotations on the physiology and the anatomy of a dog. 
living 38 days. without both hemispheres of the cerebrum and 
without cerebellum. By Dr. G. G. J. RADEMAKER and Dr. C. WINKLER. 

(Communlcated at the meeting of April 28, 1928). 

Until now, different workers have not succeeded in keeping long enough 
alive a dog. af ter the removal of both hemispheres and cerebellum. to do 
physiological and anatomical researches on it. 

Such researches may have a great interest for : 
1 0. a physiology of the higher parts of the central system. wanting to 

be freed from the . psychological nomenclature in which it is. necessarily at 
present. bound; 

20. an anatomy, wanting to know the systematic architecture of those 
higher parts, which till now, is only known very roughly. 

Dr. RADEMAKER has tried to produce such animals for research, forced 
by considerations. from which he gives the following report. 

Total or partial removal of the cerebellum in normal young animals has 
not answered in a sufficient way the question: what function may be 
practised by the cerebellum ? 

It was his endeavour to solve this question. by removing the cerebellum 
in anima Is without hemispheres. 

It could be expected. that the loss of all conditioned reflexes af ter extir~ 
pation of the hemispheres might simplify the' symptoms of the removal of 
the cerebellum. 

Firstly. the comparison of the behaviour of animals without hemispheres 
before and after the loss of the cerebellum should probably produce more 
distinct facts to enable us to understand the cerebellar function. 

Secondly : the study of the compensation of the symptoms produced by 
cerebellar removal in normal animais. compared with those after such 
removal in animals without hemispheres. should open the possibility of 
determining the part, played by the hemispheres in compensating disorders 
caused by cerebellar removal. 

Por most workers believe. that the transient cerebellar disorders. which 
gradually pass to a certain extent, af ter cerebellar removal in normal 
animais, are compensated for by the function of the hemispheres. though 
nobody has made special experiments upon th is question. 

And lastly. Only by removal of the cerebellum af ter that of the 
hemispheres. can it be for certainty fixed. which function the brainstem 
may perform without being influenced by cerebrum and cerebellum. 

The dog. now presented to you, is an animal. living 38 days without 
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hemispheres and without cerebellum. At the first operation. on December 
9th 1926. 97 days before death. the left hemisphere has been taken away ; 
20 days afterwards. on December 29th 1926. 77 days before death. the right 
hemisphere was extirpated. and the 7th of February 1927. 38 days before 
death. the cerebellum was removed. 

All operations were very well supported. Diffieulties in the regulation of 
the warmth of the animal. of its feeding. of its uncleanliness were overcome 
by the well-trained nursery-knowledge and the devotion of Mrs. RADEMAKER. 

But a fortnight before death. an infectious distemper of dogs made its 
entrance into the kennels. Fever. purulent rhinitis and conjunctivitis. 
frequent respiration. coughing and sneezing occurred. The animal died at 
the 17th of March 1927. At the autopsia were found. purulent bronchitis 
and pneumonia and an empyema of the right frontal sinus. 

In the short time in whieh research was possible. different interesting 
facts were noticed. 

Af ter the removal of the left hemisphere. the animal walked mostly in a 
circle to the left. counter-clockwise. 

The preference for walking to the left. persisted af ter the removal of 
the right hemisphere. contrarely to what is ordinarily seen. This had been 
the only asymetrical disorder seen in the animal after the removal of both 
hemispheres. 

It is difficult to prove. th at this symptom was caused by the removal of 
the striatum at the left si de and the nearly absolute sparing of the striatum 
at the right side. as the anatomy taught us (fig. 43-96 of the series). 

Af ter the extirpation of both hemispheres the animal had the ordinary 
symptoms. described by many investigators. 

10. the animal is blind . deaf and cannot smell. if one regards the 
extensive reactions. which the normal animal produces on optie. acustie 
and olfactive stimulations. as a measure for seeing. hearing and smelling. 

20 . - the animal walks practically as a normal dog walks. setting his paws 
on the earth in the proper position and making no errors in keeping his 
equilibrium (fig. 1) . 

30 . the animal has lost all the reactions of position of the legs. and all 
the reactions of correction made by the extremities. originated by the 
surface of its body (fig . 2) . 

40. the supporting-tonus of the hind-legs has much diminished. They 
bend promptly at a slight pression upon the pelvis or when a sandbag of 
2 kg is put on the back of the anima!. But the tonus of support has not 
altered in the forelegs . 

Now. as in this animal without hemispheres. the removal of the 
cerebellum was executed . the same disorders were seen as in a normal 
animal after the decerebrate section of SHERRINGTON . The animal had 

stiffened. Without trying to stand up. the anima 1 placed on its back. 
retained this position with its neck stretched backward. with its stiffened 
back bent convexely. and with the four extremities totally stretched and 

22 
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stiffened. resisting violently every passive flexion . The stretched tonus was 
the so-called plastic tonus; it presented the clasp-knife phenomenon and 
did not disappear after passive flexion of the dis tal joints of the extremity. 
Af ter a week. this rigidity could still be seen. in the second-third week it 
disappeared (fig. 3) . 

After varying the position of the head against the trunk and still more 
after varying the position of the head in space. the extension-rigidity could 
be seen diminishing or augmenting (tonic cervical- and labyrinthic-reflexes 
of MAGNUS and DE KL EYN). 

However. at the end of the first week. the extension-tonus of the hind
legs still being a ugmented . only a very slight supporting-tonus could be 
shown in them. A pressure of 2 kg exerced on the sole was sufficient to 
bend them (fig . 4) . 

On the contrary a pression of 10 kg. exerced on the sole of the foreleg 
was supported. without bending . and if a sandbag of 5 kg was placed up on 
the shoulders. the forelegs did not bend (the dog's weight was 6.5 kg) 
(fig . 4). 

In the course of the second to the fourth week af ter the cerebellar 
removal. the rigidity disappeared and the anima I made attempts to right 
himself. 

The labyrinth-righting-reflexes returned. the supporting-tonus of the 
hind-legs augmented. positive and negative reactions of support and 
different other reactions of the extremities we re seen again. 

H the animal was put on his hind-legs and the trunk moved in a back
ward direction. the anima I made an alternative movement backward with 
the hind-legs. and the moving of the trunk to the left or to the right. was 
followed by a running movement to left or to the right. of the hind-legs. 

Also. if the animal only was supported by one hind-leg. this leg followed 
the movement of the trunk forward. backward. to the right or to the ldt. 
by hopping in the same direction. as the movement of the trunk was made. 

If the anima I was held in the air by the shoulders. and then was 
permitted to descend on an oblique plane (with the back-part of its body) . 
the hind-legs adjusted to the inclination of the plane and the anima I walked 
exactly up or down the incline as was desired (fig. 5) . 

The described hop-movements of the legs play. in normal animais. an 
extensive part in keeping and in restoring equilibrium. The dog Robbie 
however. if placed. at that time free on his legs. always feil on the ground. 
because the hopping movements of the hind-legs came much too late and 
those of the fore-legs were not yet restored. 

H. at this stage. the animal was placed on the left side. in its cage. it 
soon lifted the head and the forepart of the body and remained in a 
rolled-up position in the manner of a normal dog. 

Sometimes the animal tried to take an upright position. but. as the hind
part of the body remained in a reclining position. it turned round in clock
wise-movements to the ldt. Sometimes. the anima I succeeded in getting. by 
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a leap. on its four legs. but always then it feIl to the left side. It never 
lifted the head and fore-part of the body so weIl from the left side. as it 

did from the right side. 
The anima 1 did not govern weIl the movements of the head. If it was free 

in the air. the head feil backward or lateral-ward. If the head was damaged 
by this movement at the bars of its cage. the animal could whine vehemently. 

The restitution of different movements of the extremities in dog Robbie 
as f.i. the hopping movements af ter trunk-motion. the running backward or 
foreward of the hind-legs according to trunk-motion - all movements also 
missing in the first days af ter cerebellum-extirpation in normal dogs -
proves. that they may be restituted without intervention of the hemispheres. 

Still other symptoms of the anima 1 are worth mentioning. If chopped
meat was placed in the mouth of the anima 1. it was weil masticated and 
swallowed. But crusts of bread we re rejected from the mouth. And if meat 
and crusts of bread we re given together. the meat was swallowed. the 
bread-crusts rejected. 

If the anima 1 was irrigated with water. it shook itself like a normal dog. 
If its nose was moistened. the dog licked it off. Tickling of the mucous 
membrane of the nose was answered by sneezing. 

Af ter turning the animal along a dorso-ventral axis. vivid eye-nystagmus 
is seen. 

Interesting was the intense reaction made by the anima 1 on accustic 
stimuli. The answer to the sharp sound. made by sucking in the air with 
closed lips. was : adjusting of the auricles. lifting of the head and a 
movement with the legs. The anima 1 without hemispheres answered this 
stimulus more intensely. af ter the removal of the cerebellum than before. 

Many tactile stimuli gave vivid reflex es ; so the cornea-reflexes were 
found. as also the movements of the eyelids af ter touching of the lashes. 
and movements of the auricles after touching of its hairs. 

The animal discharged spontaneously urine and faeces. In the urine 
neither albumines. nor glucose was found . even in the first days af ter the 
cerebellar-removal. 

The animal lived in two alternatingly varying periods. In one it was 
restless. it tried to make walking movements and to lift itself. In the other 
period it seemed to sleep. If shaken or pinched. it opened its eyes. 
yawned and moved its hairs as a dog that is awaking. 

And lastly it must be mentioned. that the anima 1. after being set upon its 
legs. never had "uncontrolled" (LUCIANl'S astasia) movements. · Those 
movements do not appear immediately but only after some time. if the 
cerebellum-removal in normal animals with intact hemispheres has 
taken place. 

Reckoning with the short space of time lived by the anima 1 af ter the 
last operation. and with the appearance of an infectious distemper in the 
third week af ter it. the conclusion is nearly certain. that the anima 1 has 
not at all attained the maximum of compensation. and that the possible 

22* 
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restoration of the post-operative phenomena might have been much more 
evident. 

The anatomical annotations upon the dog Robbie, are the following . 
1 0 . If comparing the rest of Robbie' s brain with normal brains of a dog, 

with the naked eye on a photo (fig. 6), it is not only seen that the removed 
nervous mass is very important , but also that the border Hnes of the 
removed hemispheres demarcate the brainstem at the left and at the right 
side in a very unequal way. 

20. It seems that the left hemisphere has been removed more completely 
than the right one. The remaining part of the right hemisphere surpasses 
widely that of the left in a frontal direction. The most frontal piece of the 
right hemisphere is transformed in a spherical mass of nervous tissue, 
connected with the dorsal wall of the brainstem, which at the right side 
is nearly twice as broad as on the left si de (fig. 6). The cerebellum is 
taken away on both sides, except a few lateral lamellae only slightly 
connected by fibres with the brainstem. 

30. Research by uninterrupted series of sections gives a solution of the 
difference between the left and right hemisphere. 

At the left side, the striatum has been completely removed with the 
extirpation of the pallium. On the contrary on the right side, the striatum 
has been spared. Only at its most frontal end it possibly may be a Httle 
damaged. 

A more detailed research makes it obvious, that the sphaerical ma ss of 
nervous system (fig. 7, N0. 27 of the series) contains the dorsally 
opened frontal end of the lateral ventricle, with its media 1 and lateral walk 
The latter is connected with the striatum (fig. 7, Nos 27 and 69 of the 
series) in which all the constituant parts, nucleus caudatus, nucleus 
lentiformis with its putamen and globus pallidus and the nucleus accumbens 
septi are found . The operating knife has gone lateral to the .external capsule 
towards the olfactory convolutions (fig. 7, Nos 69, 83, 96 of the series). 

The striatum is very rich in fibres (fig. 7, Nos 83-111). This may be 
compared with the status marmoratus, . which OSCAR and CÉCILE VOGT 
have described in pathological cases of the striatum in overfunction. 

It is sending out a very strong system of fibres along the " Kammsystem 
of EDINGER" and the ansa lenticularis (fig. 7, Nos 111 and 126). crossing 
the capsuIa interna, wherein the cortical fibres are strongly degenerated but 
not all lost. 

At the left side neither a "Kammsystem" nor an ansa lenticularis is found. 
Together with the totally removed striatum, they have disappeared at 
that side. 

At the right side a part of the pyriform gyrus with the nucleus amygdalae 
has . remained and from th ere a certain number of fibres enter well
myelinated in the anterior commissure, that has been totally lost at the 
left side. 
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At the Ie ft side, the small remainder of the striatum which has been 
spared (fig. 7, N0. 83 of the series), appears as a small field of circular 
form between brainstem and the left corpus callosum. In this fjeld some 
fibres appear, being fibres of the capsuIa interna. 

In this way the experimental border-Iine between removed cortex + 
striatum and the remaining diencephalon is found (fig. 7, N0. 96 of the 
series) as composed of three parts. In the middle layer is seen the internal 
capsule, ventrally the cornu AMMoNls with fimbria and columna fornicis, 
at the dorsal end the corpus callosum, with the sulcus media lis of the 
hemispheres (fig. 7, Nos 96 and 111 of the series). They are united in a 
ma ss of fibres, forming the caudal border of the cicatricial iine (fig. 7, 
N0. 111 of the series). where it ends. 

The first section, in which no longer operation-Iines are passing through 
th,e hemispheres is in fig. 7, N0. 126 of the series. There it is seen, that all 
fibres going from the striatum into the "Kammsystem" or ansa lenticularis 
have fallen out; neither are they found in more caudal sections. Whereas 
at the right side those fibre-systems have developed very intensely and are 
hypertrophied. Dr. MORRISON of Boston is working out the sequences oE 
the loss of those systems at the left side. 

However, it may already be mentioned here, that, influenced by the 
well-preserved striatum of the right side, there are Eound cell-territories in 
the middle of the right diencephalon, with weil preserved middle-sized and 
small nerve-cells, missing completely in the left, where the striatum has 
been removed (fig. 8). 

Both diencephala are severely damaged by the removal of both hem is
pheres and have lost the greater part of their cells. But in the middle of 
the left diencephalon, in the nucleus medialis and in a medial part of the 
nucleus ventralis, are seen only holes, where formerly cells have been, 
while, in the same reg ion of the right diencephalon are found weil preserved 
cells (fig. 8). 

To th is region the frontal radiation of the red nucleus can be followed 
(to the diencephalon) and there are reasons for accepting, that at the right 
side, going from the red nucleus to the thalamus, Prom there to the nucleus 
calldatlls and farther to the nucleus pallidus, the Kammsystem and ansa 
lenticularis, a system has remained intact and functioning. 

At the left side cells in the substantia nigra have disappeared (fig. 9). 
At the right side (fig. 9), those depending from the striatum, and they are 
the majority, have all remained, only those dep en ding Erom the cortex, have 
disappeared. In the corpus subthalamiCum of the left side many of the 
larger cells in the lateral part have disappeared, while nearly none in the 
medial parvocellular part of th is nucleus are missing. 

It would have been of great interest, if the degenerated and fallen out 
systems between the left striatum and the tegmentum of the pons VAROLI. 
medulla oblongata and spinalis. as weil as the strongly developed paths 
from the right striatum and the corresponding parts al. the nervous system. 
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had not been complicated by the presence of the cortical and cerebellar 
pathways. But the animal has not lived long enough to bring a totalloss 
of the cortical and cerebellar fibres . 

This may be illustrated by the study of the restiform bodyand the 
brachium pontis of the dog Robbie, compared to those parts in animals 
living 136 days or 360 days without a cerebellum. 

In all those animals the cell-preparations of the nervous system do not 
differ very much. In the spinal cord, large cells in the posterior horns and 
most in the columns of CLARKE are all degenerated af ter 38 days, and af ter 
136 days or 360 days have all disappeared. In the medulla oblongata in all 
cases the cells are degenerated and most of them have disappeared in the 
nuclei olivares inferiores, the nuclei funiculi laterales, in the nuclei proprii 
corporis restiformis, together with some of the smaller cells in the nuclei 
of GOLL and BURDAcH. In the ventral formation of nuclei in the pons 
VAROLI all cells have disappeared after 38, 136 and 360 days. 

But fibre-preparations differ intensily of cell-preparations after 38 days 
or longer, because the degeneration of fibres follows the degeneration of 
cells, but the loss of fibres follows the loss of cells in a much slower tempo. 

In dog Robbie, WEIGERT-preparations give the impression that the 
corpus restiform and the brachium pontis are unaltered. 

Af ter 136 and 360 days all fibres in the restiform body have disappeared 
except the long dors al spino-cerebellar pathway, which never disappears 
totally. 

And the brachium pontis in Robbie, seems to have no fibres missing, it 

con ta ins all fibrae transversae and all fibrae rectae pontis, whereas af ter 
136 or 360 days, all fibres in the brachium pontis, together with the 
fibrae transversae et rectae, have disappeared with the cdls. 

We have not been able to have in Robbie, the fibre-systems of the right 
striatum, well devdoped but un-complicated, because not all cortical and 
cerebellar fibres had been destroyed. This would have been possible, if 
the animal had lived longer. 



G. G. J. RADEMAKER AND C. WfNKLER: ANNOTATIONS ON THE PHYSIOLOGY AND THE ANATOMY OF A DOG, LIVING 38 DAYS, 

WITHOUT BOTH HEMISPHERES OF THE CEREBRUM AND WITHOUT CEREBELLUM. 

Fig. I. The dog Robbie. af ter removal of both hemispheres of the brain. 
Exposition on the 5th of February 1927. 

Fig. 2. Absence of re8exes of posture af ter removal of both hemispheres of the 
brain. If the head or the ventral surface of the body were touching a tabie. the 

extremities were not placed upon the tabie. 

Proceedings Royal Acad. Amsterdam. Vol. XXXI. 

Fig. 3. The dog Robbie. one week af ter the removal of the cerebellum. The animal 
has extension-tonus of the extremities on both sides. 

Exposition on the 13th of February 1927. 

Fig. 4. I. The hind-Iegs are bending at a pressure upon the soles of Ph kilogram. 

2. The fore-Iègs resist bending at a pressure upon the soles of 11 kilogram. 

3. If a sandbag of 51h kilogram is. hung on the shoulciers of the animal. 
the fore-Iegs do not bend. Weight of the dog 61h kilogram. 

Exposition on the 13th of February 1927. 

Fig. 5. 

1. The animal is lowered with the hind-part of its body upon an inclined plane. 

2. The anima I does not sit. but. by moving its legs backward. it tries to remain standing 
and walks down the inclined plane. 

3 and 4. Here also the animal is lowered with the hind-Iegs upon an inclined plane. 
It again tries by moving its legs backward to keep from sitting and 50 walks backward 
up the inclined plane . 

Exposition on the 23th February 1927. 
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WITHOUT BOTH HEMISPHERES OF THE CEREBRUM ANO WITHOUT CEREBELLUM. 

Fig. 6. 
The rest of the brain of the dog Robbie se en from a dorsal view. 

Fig. 7. 
6 drawings of seetions through the frontal end of the brain of dog Robbie. 

At the left side the striatum is removéd. 

Proceedings Royal Acad. Amsterdam. Vol. XXXI. At the right side the striatum has been nearly totally spared. 

Fig . 8. 

Transverse section through the eommissura media thalami. 

At: the left : in a . total degeneration of eells in the media I part of the thalamus. 
At the right : in b. several weil preserved eells are found in that medial part. 

Fig. 9. 
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s . 

Two seetions through the peduneulus eerebri. 

A . At the left: loss of nearly all eells in the substantia nigra. 
B. At the right: nearly all eells in the substantia nigra are weil preserved. 



Anatomy. - On the Develapmental Histary of the müllerian duet in the 
Sterlet (Acipenser ruthenus). By W. Mooy. (Communicated by 
Prof. J. W. VAN WIJHE.) 

(Communlcated at the meeting of February 25. 1928). 

As an assistant and under the supervision of Prof. J. W. VAN WIJHE I 
have studied the early development of the Müller's duct in Acipenser 
ruthenus. 

I was prompted to make th is inquiry af ter a publication of A. 
OSTROUMOFF. However this worker wanted the first stages in the develop
ment of Müller's duct, Prof. VAN WIJHE succeeded in providing me with 
the missing stages. 

OSTROUMOFF (1908) examined fish:::; to the length of 18 mm in which 
he could not detect anything of the oviduct. The following stages up to 
that of 35 mm were missing in his material. In that of 35 mm he recognized 
the müllerian duct, in which he distinguished 3 parts : 

1°. the front-end, in the form of a thickened stripe of peritonea I 
epithelium, in his opinion a rudiment indicative of a phylogenetic relation to 
the posterior margin of the pronephros. 

20. a median part, the ostium abdominale passing into 
30. a channel developing posteriorly as a solid foundation between the 

peritonea I epithelium and the wolffian duct. 
Furthermore I found in the literature on this subject the following 

particulars : 
FELIX ( 1906) writes: "Unbekannt ist die Eileiterentwicklung der 

Ganoiden und Dipnoer". OSCAR HERTWIG (1910) does not express himself 
about the development of Müller's duct in Ganoids. 

The most interesting and at the same time the most recent study on this 
subject is that of MASCHKOWZEFF (1924). He writes : 

"Der grosze Eileitertrichter bildet sich aus einigen zusammengeschmol
zenen sekundären Nephrostomaltrichtern des Mesonephros. In kaudaler 
Richting von der Wurzel des Eileitertrichters an wachsen die aus 
Auswüchsen der sekundären Baumanschen 1) KapseIn entstandenen 
sekund. Nephrostomalkanälchen (N2 ) ebenso unter dem Harnleiter; sie 
bilden aber keine offene Nephrostomaltrichter, sondern laufen unter das 
Peritoneum der Rumpfhöhlê blind aus. 

Durch Verschmelzung dieser blinden sekundären Nephrostomaltrichter 

1) MASCHKOWZEPP writes mistakenly "Bauman" instead of [3owman. 
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(N 2) bildet sich ein ZeIlenband. das vorn in den Eileitertrichter übergeht. 
In der Nähe des Eileitertrichters bildet sich eine Höhlung innerhalb des 

kompakten ZeIlenbandes. das sich somit zu einem Kanal umgestaltet 
(Abb. 6, El.). 

Das Wachstum des Eileiters in kaudaler Richtung geht ziemlich langsam 
vor sich und im steten Verhältnis zu der Abbildung der sekundären 
Baumannschen KapseIn (M2 ) und der sich aus diesen entwickelnden 
sekundären Nephrostomalkanälchen und seiner blindgeschlossenen 
Nephrostomaltrichtern, die schlieszlich miteinander verschmelzen. 

Der Eileiter der Knorpelganoiden entwickelt sich also aus den Trichtern 
der sekundären Nephrostomalkanälchen. 

Ein Zusammenhang des Eileiters mit den Baumannschen KapseIn (N2 ) 

läszt sich nur für die Anfangsstadien feststellen, später aber fallen die 
sekundären Nephrostomalkanälchen auseinander. 

Unsere Untersuchungen haben uns ;:u folgenden Ergebnissen geführt . 
es sind zwei Typen von Eileitern zu unterscheiden: pronephrische Eileiter 
einerseits, mesonephrische andererseits. Der mesonephrische Typus zerfällt 
seinerseits in zwei Gruppen: Eileiter die sich aus sekundären Nephro.
stomaltrichtern entwickeln, und solche die aus primären Nephrostomal
trichtern gebildet werden. 

I. Selachia, Amphibia, Dipnoi und Amniota. 

Der Eileitertrichter entwickelt sich aus den Pronephrostrichtern, der 
Eileiterkanal aber aus einer Spaltung des primären Harnleiters in 
zwei Kanäle. 

Die Samen lei ter bilden sich aus dem primären Harnleiter, der Hodenzen
tralkanal - aus den primären Nephrostomaltrichtern. 

11. Knorpelganoiden. 

Der Eileiter entwiekelt sich aus den sekundären Nephrostomaltrichtern 
des Mesonephros und mündet in das Ende des primären Harnleiters. 

Der primäre Harnleiter dient zur Ausführung der Samen, der Hodenzen
tralkanal bildet sich aus den primären Nephrostomaltrichtern. 

111. Teleostei und Crossopterigii. 

Eileiter und Samenleiter stammen von den primären Nephrostomal
trichtern, und beide sind dem Hodenzentralkanal der beiden ersten 
Gruppen homolog." 

As it will appear lower down, my results concerning the development of 
the oviduct in Acipenser ruthenus are absolutely different from those of 
MASCHKOWZEFF. 
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Concise exposition of tbe investigation. 

For this inquiry I have made, after embedding in. paraffin, series of 
transverse sections of 7Y2-1O" thickness, which I stained with hema
toxylin and eosin. 

The microphotos have been taken by Mr. P . J. DE VRIES, instrument
maker 1 st cIa ss at the laboratory. 

Sterlet, 21 mm in length. 

I did not succeed anymore than OSTROUMOFF in finding an oviduct in 
fishes up to 18 mm in length. However, my next-following specimen, 21 mm 
long, exhibits on the left side the ostium abdominale, ju st come forth, with 
the foundation of the duct, while these parts are still absent on the 
right side. 

On photo 1 the ostium is observed under the middle of the section of the 
wolffian duct and laterad open to the body cavity. The lateral (dorsal) 
lip of the ostium leans right against that duct. The medial lip is formed by 
a laterally indined fold of the somatopleura. This fold can still be followed 
as far as 17 sections towards the rostrum. It gradually becomes sagittal and 
smaller, while shifting medially to disappear under the medial margin of 
Wolff's duct. 

Now let us follow the section of photo 1 candad; we shall th en see on th!:: 
next-following section (photo 2) that through the fusion of its two lips, the 
ostium is changed into a compact mass of cells, which can still be followed 
two sections further. The last of these two sections has been represented on 
photo 3. Here the conglomeration of cells is, as it were, hemmed in between 
the somatopleura and Wolff's duct. It is striking that the wall of the duct 
is two cells thick at the spot wh ere it is in contact with the conglomeration, 
while for the rest it consists of a single layer of cells. 

Sterlet 28 mm long. 

In th is stage of development the oviduct has appeared on either side. 
Also in this specimen the ostium abdominale is situated under the wolffian 
duct and laterad open to the body cavity. The lateral lip of the ostium 
appears as a slight swelling of the somatopleura towards the coelon. The 
medial lip is a laterally inclined fold of the somatopleura. This fold is 
present at about 25 sections rostrally from the closure of the ostium abdomi
nale, which is engendered by fusion of the two lips. This fold reveals the 
same changes as the corresponding one of the sterlet of 21 mmo When 
tracing the sections caudad from the closure of the ostium abdominale the 
müllerian duct appears to contain a lumen at 75 sections. 

Here follows a description of the successive sections of the end of the 
müllerian duct on the right si de of the anima!. 

Photo 4. We see that the müllerian duct lies closer to the wolffian duet 
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than to the somatopleura. We also see that the wall of the müllerian duet, 
turned towards the wolffian duet, is rieher in eells than the wall turned 
towards the somatopleura. Thirdly the wolffian duet is involute at the 
plaee of the müllerian duet. 

Finally the wall of this involute portion of the wolffian duet is obviously 
thiekened. it consists of several eell-Iayers. whereas the rest of its wall has 
only one eell-Iayer. The anomaly in its wall in the right top corner of the 
photo is due to the opening of a tubule of the mesonephros in the wolffian 
duet. 

On the next section the lumen of the müllerian duet appears to have 
disappeared. 

Photo 5. The boundary line between the blind end of the müllerian duet 
and the wolffian duet beeOlnes vaguer. In the middle we see between them 
a eell. of whieh it is diffieult to say whether it belongs to the one duet 
or the other. 

Photo 6. This section presents a striking similarity to the schemata 477 
and 478 on p. 506 of O. HERTWIO's Textbook. 

In connection with the preeeding photo it appears distinetly thát the blind 
end of the müllerian duet goes on growing at the expense of the 
wolffian duet. 

Photo 7. The involution of the wolffian duet has flattened. Of the 
eells in situ it eannot be said whether they belong to the eau dal end of 
the müllerian duet. or to the wolffian duet. 

On the next sec ti on the involution has flattened still more. For the rest 
it is like the preeeding one. 

Photo 8. The wall of the wolffian duet turned towards the eoelom is 
now entirely parallel to the somatopleura. The thiekening of the wolffian 
duet has disappeared. 

We also examined fishes of 25 and 33 mmo Our experienee with them 
agreed with th at of the diseussed sterlet of 28 mmo For the sake of brevity 
I omit a detailed discussion of these fishes. 

Discussion and Conclusion. 

MASCHI<OWZEFF writes that the oviduet of the eartilaginous ganoids 
develops from the funnels of the seeondary Nephrostomal-tubules. His 
argument is expressed in the above. He adds a reeonstruetion-seheme of a 
mesonephros-segment near the beginning of the müllerian duet in Acipenser. 
whieh I subjoin. 

Beforehand I will observe that I borrowed the literal explanation of the 
figures from MASCHKOWZEFF. 

Nowhere did I find in the larvae, cut by myself. the mesonephros 
derivates N:! . Neither in the sterlet of 21 mm, which assuredly presents an 
incipient stage of the development of Müller's duet. 

Truly MASCHKOWZEFF adds : 
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"Ein Zusammenhang des Eileiters mit den Ba umansehen KapseIn (N 2 ) 

läszt sich nur für die Anfangsstadien feststellen, später aber fallen die 
sekundären Nephrostomalkanälchen auseinander", but then at any rate 
segmental thiekenings in the extremity of the müllerian duet should be 
observable and I never deteeted them in my preparations. 

Abb . ó. 

Abb. 5. Quersehnitte dureb den 
Embryo vom Aeeipense r Stellatu. 

im Alter von 73 St l1n den. 
M . Miotom. Hl. Ham leiter. 

' EI. 

Ab b. 6 . Us. Ursegment. tie!. Dw. Darm . 
wand. E g. groae primär. Ge. 
8Ohleehtszelle. ek. Kleine primäre GesehleclJtszellell . N . P ri mä,. N.phrost~ 

moltr ichter. Ur. Pri märe Urn ieren k, " älchen. C. Cololll huhle . 

ALb. 6. P l.stische Rekonstru kt ion eines MesonBpbrossegment es im Bereich der Ei· 
leiteranlage hei m Acc ipenser 'Rutlwnus. . 

El. Eileiter. N, Sekundäre Nephrostomalk.nälclJen. M 2 Seku ll d iir~. Malpighlsch. 
Körperchell. U. Se kuodäre Urni.renk .nälchen. M, A lJ la~e de r terl.loren ~1.l p lgbl: 
sohen Kö rperchen. Nt. prim lire Nephro, tomnlt richter . E primäre GeschlechtszeU" 
NJ primäro NepbrofitomalkanäJchen. MI primiire !\J al pigh ische Körperchen. Dl pnman 

Urnierenkanälchell . Co, Co lomepi tellil\!ll. 

I never found in any of the stages I examined the thiekened stripe of 
peritoneal epithelium, whieh is a eontinuation of the medial fold at the 
beg inning of the müllerian duet anteriorly, whieh OSTROUMOFF found in 
fishes of 35 mm and whieh he eonsiders as a rudiment pointing to a 
phylogenetie relation to the posterior margin of the pronephros. 

Contrary to O STROUMOFF who, when speaking of the müllerian duet, 
says: "Welcher Kanal naeh hinten in Gestalt einer soliden Anlage 
zwisehen dem Peritonealepithel und dem Wolffsehen Kanale weiterwäehst", 
and who eonsequently assumes an independent growth of the solid 
extremity of the müllerian duet of Acipenser ruthenus, my investigations 
eonvineed me that the müllerian duet of Aeipenser ruthenus grows under 
a supply of material from the wolffian duet . That O STRO UMOFF did not 
observe this mode of growth is quite eomprehensible, beeause in his youngest 
specimen (35 mm long) the duet already extended over the same segments 
as in the full-grown anima I that he examined (1 Yz m in length). In both 
cases he found the posterior margin of the ostium in the 22d and the 
termination of the duet in the 27th segment. It is quite possible that the 
müllerian duet in a sterlet of 35 mm or more reeeives Iittle or no material 
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from the wolffian duct, as it has already reached its terminal. Indeed, during 
the growth of the animal the duct gets longer just as the myotomes (length 
measured parallel to the body-axis), but this may be due to its own (already 
acquired) material. just as is the case with the myotomes. 

In accordance with OSTROUMOFF I found in a sterlet of 78 mm that the 
müllerian duct extends over five segments. lts blind caudal end is, indeed, 
in direct contact with the wolHian duct, but this is no longer thickened and 
is not involute, so that it does not seem any long er to give oH any more cells. 

As known, the end of the müllerian duct in Acipenser lies at a 
considerable distance in front of the urogenital orifice. Referring to this 
OSTROUMOFF says of his full-grown specimen : "zwischen seinem hinteren 
Ende unl dem unpaaren Genitalsinus liegen noch IO Segmcnte". In the 
common terminal of the wolHian- and the müllerian duct stillkidney
tubules are emptying , and th is terminal to which also the "Genitalsinus" 
is to be counted, must of necessity be more than double the length of the 
müllerian duct. 

It will not do, therefore, to say with MASCHKOWZEFF (see supra) about 
the Cartilaginous ganoids : "Der Eileiter mündet in das Ende des 
primären Harnleiters" . 

According to wh at has been said above, the pronephros duct in the sterlet 
has been split into two tubes only along 5 segments, and is, therefore, more 
primitive than in the Selachians, in which it is divided into two tubes 
over its whole length. 

Also the front end of the pronephros duct (as far as the 22d segment 
according to OSTROUMOFF) remains unsplit in the sterlet, and in this 
respect it seems to agree rather with Amphibians and Amniotes than with 
the Selachians. 

Summary. 

1. Already at its first appearance the müllerian duct is in direct contact 
with the wolffian duct. This applies to both cases, as well when assuming 
as the beg inning (front-end) of the müllerian duct the hind-end of the 
ostium abdominale (photo 2), as when considering as such the thickening 
in the wolffian duct , two sections further caudally. (Photo 3.) 

2. The blind end of the müllerian duct, which goes on growing, keeps 
this contact also later on and in th is place the thickening of the wolffian 
duct in young larvae is strong, while it consists everywhere else only of a 
single cell-layer. 

3. The blind end of the müllerian duct is involved into this thickening 
and in younger specimens than the youngest (35 mm) examined by 
OSTROUMOFF the boundaries between the two ducts have entirely or 
partly disappeared. Here cells can be observed passing from the thickening 
to the müllerian duct (cf. photos 5, 6 and 7). 
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EXPLANATION OF THE PLATE. 

The photos I, 2, 3 belong to a sterlet 21 mm long ; 
Fig. 2 photo first section af ter that of fig. I ; 
Fig . 3 third 1 : 
The photos 1, 5, 6, 7, 8 belong to a sterlet 28 mm long ; 
Fig. 5 ph.oto second section af ter th at of photo 1; 

6 third 1 . 
7 fourth 1 ; 
8 sixth 1 ; 

W 9 = wolffian duct ; Mg = müllerian duet ; 
o a = ostium abdominale; coe = coelom. 



Physics. - The principal sllsceptibilities of Manganese Ammanium
slllphate crystals at law temperatures . By L. C. J ACKSON and 
W. J. DE HAAS. (Camm . Number 187c fram the Physical Laboratory 
at Leiden. 

(Communicated at the meeting of November 26, 1927). 

lntrodllctian. Crystalpowder of manganese ammoniumsulphate is known 
to follow the law of CU I~IE down ta the lowest temperatures at which it 
has been examined I ) . The data available at the time of the research, 
seemed ta indicate that the I Ix. T - lines for the principal susceptibilities of 
paramagnetic crystals (if these lines are straight) are parallel to each 
other. It therefore seemed important to examine the principal susceptibilities 
of a crystal of manganese ammonium-sulphate. We might namely expect 
either the three principal susceptibilitks to be equal and consequently the 
crystal to be magnetically isotropic, though belonging to the monocline 
system, or, what was more prabable both positive ancl negative va lues of 
the constant 6 to occur in the formula X (T + 6) = constant. 

It seemed however, just as weil possible that each of the three principal 
susceptibilities follows the law of CURIE. 

§ I. Experimental research. We grew large well-formed crystals of 
manganese ammoniumsulphate and made sections from these in the shape 
of small cylinders with the aid of a crystalgrinding-goniometer, so that the 
axes of these cylinders farm a definite known angle with the crystallografic 
axis. In order to determine the three principal susceptibilities and the angle 
between the susceptibility XI and the c-axis three differently orientated 
disks from the crystal are necessary, while the fourth equation is given 

by the known value of the susceptibility 1 ;"~ (XI + X2 + X3)' 
The susceptibilities in the directions of the axes of the disks were then 

determined by measuring the force exercised on the small cylinders in a 
non-homageneous field , that is with the method of CURIE. The value of 

H ~1 being not yet knawn at the place where the disk was put, the 

apparatus was calibrated with the aid of a thin celluloid capsule exactly 
of the same form as the little disks. It was fixed in the magnetic field in 
exactly the same position as the disks and filled with the finely divided 
material. The force on the empty capsule was proved to be neglectable. 

1) L. C. }ACKSON and H. KAMERLlNGH ONNES, Proc. Roy. Soc. London Oct. 1923. 
Comm. NO. 168a. 
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Thus the susceptibilities of the crystaldisks were determined in the 
temperatureregion of liquid hydrogen, boiling under different pressures. 
The apparatus used (somewhat changed for our purpose ) has been 
described Comm. N0. 139b. 

§ 2. Method af calculatian. The axes of the th ree crystal disks we re 
parallel to the "b" -axis, being the axis of symmetry of the crystal. 
perpendicular to the "c " (O.O. 1) plane and perpendicular to the "p" 
(1 . 1 . 0) plane of the crystal respectively. When the susceptibilities in 
these directians are called b, c and p , respectively while m is the mean 
susceptibility, the main susceptibilities Xl. X2. X3 (X3 coincides with the 
"b" -axis, Xl and X

2 
lie in the plane of symmetry) can be determined from 

the following equations : 

X3=b 

Xl cos2 Itp + (,8-90)1 + X2 sin2 Iljl + ((1-90)1 = c 

X3 cos2 a + (Xl sin2 lp + X2 cos2 lp) sin2 a = p 

Xl + X2 + X3 = 3m . 

(1) 

(2) 

(3) 

(i) 

where tp is the angle between Xl and the " c " axis of the crystal and a the 
angle between the normal on the "p" plane ( (1 . 1 .0) plane) and the 
"b" axis, while (3 represents the angle between thc "a" and "c" axes. 

From these equations Xl. X2' X3 and tp can be solved. 

§ 3. Experimental rest/lts. The following tab les give the va lues of 
the susceptibilities as they have been observed. 

Crystal disk "b" Crystal disk "e" Crystal disk "p" 
I 

T 
I 

% . 106 T 
I 

% . ID· T 
I 

% . 1()6 

0 0 0 
20.37 K. 547 20.3sK. 534 20.37 K. 577 

18.94 592 19.1 4 583 19.77 611 

16.94 660 17.82 613 17.60 669 

15.07 740 16.40 662 15.22 766 

15.00 
I 

738 14.85 791 

In order to make the further calculation a set of values is necessary, 
which have been reduced to the same temperatures. Consequently graphs 
have been drawn of the values mentioned above of the x's for the "b", 
"c" and "p" disks as functions of the temperature. The values of the "b", 
"c, "p are then graphically reduced to T = 20°.35, 19°.0, 17°.0 
and 15°.0 K. 
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These values follow here: 

1 

Crystal disk 
mean susceptibility 

1 

b" 
1 

" 

1 

" of the powder .. c .. p 

" 

1 1 1 

.. m 
T.K. "/.., . 106 

0 

20.3s K. 5i8 53i 578 512 

19.0 589 572 620 580 

17.0 662 639 690 619 

15.0 718 723 780 735 
I 

Moreover the following data 1) are still required : 

a: b: c = 0.7360: 1 : 0.4972 

fJ = 107°2' 

p(1 . 1.0):p(I.1.0)=70016' 

The final results of the calculation are : 

T 
1 

cos2~ 

0 

20 .3sK. 0.8518 of 0 . 1171 

19.0 0.7813 .. 0.2176 

17 .0 0 .7936 .. 0.2063 

15.0 0.8366 .. 0.1663 

T 1 "/..,1. 106 
1 

"/..,2' 106 1 'X,s. 106 

0 

20.3s K. 75i 323 5i8 

19 .0 819 333 589 

17.0 926 359 662 

15.0 1038 i20 718 

The values in the third column (0.1471 etc. ) have been accepted 
provisionally as the exact ones, as they come nearer to the values, which 
are known for the other members of the family of the monoclinic double 

1) See GROTH, Chemische Kristallographie. 
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sulphates, to which manganese ammoniumsulphate belongs. No great 
accuracy may he expected however in the determination of 'IjJ. The va lues 
of the principal susceptibilities will be accurate to about two percent. From 
these values we calculated the molecular susceptibilities, taking into account 
the. diamagnetic property of the anion, the crystallization water and the 
ammoniumsulphate. The results are given in the following tabIe. The 
values for X'3m are those , which have been observed with the aid of the 

crystaldisk " b". 

- - --

I I I T I 
, , 

T X;m Xlm X2m 

0 0 

20 .3sK. 0.295 0.127 20.37 K. 0.214 

19.0 0.321 0.130 18.9. 0.232 

17 .0 0.362 0.140 16.9. 0.258 

15.0 0 .406 0 . 165 15.07 0.290 

§ 4. Results. The inverse values of the corrected molecules suscep" 
tibilities are plotted against the absolute temperature. In this way the 
variation of the different susceptibilities with T has been represented 

1 10 

X' 9 m 
8 
7 
6 
5 
4 

3 
2 

./ 
7 

-- 0 - Al ~ 

- rn ~ X2 '" 
~ . 

A - Xl ",..... 
./ 

....... --.......... ...!!r- Il:? -~ .-&- r...- !)-. -

..... .,.... --- ....0- -<.:r 

.......- -:::::: ;..--
1 

o 2 4 6 8 10 12 14 16 18 20 22 24 26 

T oK 
Fig . I. 

graphically. We see from Fig. 1 that the~. T lines are neither coïnciding. 
X 

nor parallel. The values are lying as weIl as possible on three straight lines. 
which all pass through the origin. 

This means that the principal susceptibilities follow the law of CURIE 

'IjJ • T = C , but with different values for the C. 
The mean susceptibility of the crystalpowder of manganese ammonium

sulphate obeys the law of C URIE, hecause each of the principal susceptibili .. 
ties follows this law. 

23 
Proceedings Royal Acad. Amsterdam. Vol. XXXI. 



Physics. - Research about the question whether grey tin becomes 
supraconductive or not. By W. J. DE HAAS, G. J. SIZOO and 
J. VOOGD. (Communication N0. 187d from the Physical Laboratory 
at Leiden.) 

(Communicated at the meeting of December 17, 1927). 

Introduction. The physical condition of a metal is known to have a 
great influence up on the conductivity. Also the form of the cristal-lattice 
has a predominant influence on different physical properties of the metals. 

S :qS 

B 

This induced us to investigate, whether grey tin, 
in the reg ion of the temperatures obtainable with 
liquid helium behaved in a different way as white 
tin which, as we know, becomes supraconductive at 
about 3.60 K. 

S S ',0' '9 S A difficulty for the research of grey tin is that it 

s 

s 
B 

can only be obtained as a rough powder. The size 
of the grains of this powder ranges from 0.5 to 
0.1 mmo 

It was kindly made for us at the Van 't HoEf Labo
ratory at Utrecht by Professor COHEN, later during 
the latter's stay in America by Professor KRUYT. 
We heartily thank both gentlemen. 

§ 1. The first experiments were made with a 
quantity of tin-powder pressed into a barshape. For 
that purpose a small piece of ivory was made with 
a groove in the length-direction of 1 mm width and 

s :!? (9: S depth. At some di stance from the extremities four 
amalgamated brass pieces B (see fig.) were fixed 
to which the wires for the resistance-measurements 

S ':9 :"q: S 

were soldered. The groove was filled with grey tin 
and a lid, provided with a ledge exactly fitting into 
the groove, was screwed to the ivory by means of 
the screws. As it has no sen se to measure accurately 
the re si stance of such a badly defined resistance 
body and as moreover this was not our intention, 

Fig. l. the measurements were made with a plain Kohlrausch 
bridge. The resistances of the feeding wires were measured separately, 
50 that a correction could be made for them. 
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The results of th is research are given in Table I. 

TABLE I. 

Temperature 

3000 K. 

4.2 

3.8 

3.6 

1.2 

112.8 

. 38.3 

38 .3 

34.3 

34.3 

We can readily criticize this experiment. The current density becomes 
very great at the points of contact of the different metal grains and 
consequently a number of real resistances might arise either by heat
development or, what is more probable, by a too large magnetic field of the 
current itseIf, which, as is known, can disturb the supraconductive state. 
AIso the grains might change their positions during the cooling, so that 
it would he preferabie to pre ss the ivory ledge into the groove with 
strong springs. 

Anyhow, it would be desirabie . to repeat the experiment in a 
different way. 

§ 2. With the second method we followed a suggestion of Prof. 
P. EHRENFEST and made use of the persistent currents in analogy with 
a method for gallium used by TUYN and KAMERLINGH ONNES. 

A bàr of grey tin was made inside a glass tube long 12 cm and with a 
diameter of 7 mmo An external coaxial field of 400 to 500 Gauss was 
excited and made to disappear. At its maximum strength such a field most 
probably was strong enough to destroy the supraconductive state of the 
metals ; the supraconductive property of tin disappears namely between 
the temperatures 3.60 K and 1.5° K with fields ranging from 0 to 
230 Gauss, for indium these values are from 3°.4 K to 2°.3 K; the 
fjelds from 0 to 130 Gauss, for mercury from 4°.2 K to 10 .87 K, the 
fields from 0 to 340 Gauss, for lead from 7° .2 K to 3°.7 K and the 
fields from 0 to 600 Gauss. 

If now we let the maximal field disappear we cross the eventual maximal 
magnet temperature threshold value of the metal and rouse the persistent 
currents in every grain. At the extremities of the bar of grey tin outside the 
cryostate an easily revolving magnet has been placed to discover the 
existence of the persistent currents. The experiments were made at the 
boiling point-pressures mentioned below and at the temperatures of 
TIquid helium. 

23* 
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TABLE 11. 

Boiling point of Temperature Helium. 

0 

771 mmo 1.21 K. 

350 3.50 

165 3.00 

70 2. 55 

15 2.35 

10 2.30 

36 2.26 

33 2.23 

27 2. 15 

20 2.0i 

10 1.80 

§ 3. Conclusions. No declinations of the magnetic needIe were stated . 
We may conclude from this that grey tin does become supraconductive 
even at the lowest temperatures used . We might still object that the grey 
tin might have been in the supraconductive state continually. also at the 
highest temperatures and in the highEst fields used. A rise from 0 to 
500 Gauss and a vanishing again of the fields should have had no influence 
in that case. However. th is supposition is hardly probable with a view to 
the experiments under § 1. And yet. in orde"r to get absolute certainty we 
have repeated the experiment with the bar of grey tin in such a way that 
we excited the coaxial magnetfield. before the cryostate with the bar of 
grey tin had been cooled . Only af ter the gradual cooling of the Helium~ 

cryostate~glass and the reducing of the boiling~point of the Helium to the 
low temperature of 1.80 K. . the magnetic field was made to vanish. This 
time too the bar of grey tin did not show any persistent currents. 

While KAMERLINGH ONNES 1) came to the conclusion that a loose atom 
connection and a great distance between the atoms were to advantageous 
for the creation of the supraconductive state the above experiment shows 
that the phenomenon is more complicated. 

Grey tin has a smaller density than white tin. 

I) Lelden. Comm. Suppl. NO. 50. 



Physic:e. - On the change of colour of crystals at low temperatures. By 
I. OBREIMowand W. J. DE HAAS. (Comm. NO. 191a from the 
Physical Laboratory Leiden.) 

(Communicated ;ft the meeting of January 28, 1928). 

Introduction . In contrast with the spectra of gases, the absorption 
spectrum of solid bodies and liquids consists as a rule of very large, 
sometimes very diffuse bands. But in the last few years more and more 
experiments have shown that. by sufficiently lowering the temperature. the 
crystalspectra are transformed from large bands into sharp spectral-Iines. 
1906 already JF.AN BECQlJF.IWI. observed . that the crystals of the rare 
earths, when immersed in liquid air, gave absorption spectra, which 
consisted of a large number of very fine bands 1) . 

lt must be mentioned that already in some cases of the absorption
spectra, the spectral terms have been found and that the classification of 
the lines has succeeded 2). 

The well-known change of colour 3) , which appears at the cooling of 
crystals, suggests the formation of absorption-bands and a change in the 
structure of the bands. 

The purpose of this research is to examine, whether 
10 . the change of colour, which has been observed down to the 

temperature of liquid air continues in the temperature-region of liquid 
hydrogen and 

2°. whether in this case the absorption-bands are perhaps transformed 
into spectral lines. 

§ I. Three different crystals were subjected to a preliminary research 
viz. the crystals of azobenzol. potassium bichromate and iodine. All three 
crystals change their colours at low temperatures. Azobenzol and potassium 
bichromate become citrine-yellow and iodine dark red. 

I) J. BECQUEREL, Le Radium, i, 328, 1907. See for further literature among others. 
V. HERI, Proceedings of the Optical Jnstitute J, 2. 
M. DE S~LINCOURT, Proc. R.S. 107, p. 2i7, 1925. 
L. VEGARD, Comm. Number 175, Leiden. 
RUBENS und G. HERTZ, Stzb. d. Preuss. Akad. J, p. 256, 1912. 
A. KRONEN BERGER und P. PRINGSHEIM, Z . f. Phys. iO, p. 75, 1926. 
B. GUDDEN und R. POHL, Ph. Zs. p. 481. 1925. 
2) A. G. S. VAN HEBL, Dissertation 1925. See for the theory P. EHRBNPBST, 
Memorial Volume H. KAMERLINGH ONNBS, Leiden 1922. 
See for IIterature also P. PRINGSHEIM, Pluorescenz und Phosphorelcenz im Lichte der 

Neueren Atomtheorie. 
3) See among others KOURBATOPP, Journ. Russ. Chem. Ges. 39, 11, p. 134, 1907. 
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The method of investigation was exceedingly simple and hardly wants 
a detailed explanation . 

The light of an arc-lamp is cast through the crystal plates. After having 
first been carefully cooled by the vapour of liquid hydrogen , these are 
immersed in the liquid hydrogen boiling under atmospheric pressure. 

The vacuum-vessel in which the hydrogen boiled , was made of quartz. 
Small windows of plane quartz glass had been fused in the walls to let the 
light pass, perpendicularly to the axis of the vessel. 

The light through the first two quartz windows, falls on the crystal 
which, with the aid of cork is fixed by mean of small springs in aholder, 
passing through the cryostatecap. The light af ter passing through the 
crystals leaves the vessel by two quartz windows and falls on the slit of a 
Steinheil spectrograph. The dispersion of th is instrument is such that the 
D-lines are separated over a dis ta nee of about 1/3 mm o For the determination 
of the wave-lenghts of the absorption-lines the spectrum of an iron arch 
is cast at the same time on the photographical plate. On account of their 
large absorption the crystals have sometimes been thinly cut (for azobenzol 
about 0.1 mm, for potassium bichromate about 0 .2 to 0.3 mm and for iodine 
also about 0.2 to 0.3 mm) . Their dimensions we re prescribed by these of 
the opening in the cork holders 2 to 3 mm) . 

§ 2. Potassium-bichromate and iodine . At room temperature potassium 
bichromate has a continuous absorption-band, which beg ins at nearly 

5500 ft.. and extends into the extreme ultraviolet (fig. Ia). At 20° T.K. 
the red side of the absorption-band is split up into some sharp lines (see 
fig. I b). The potassium bichromate shows a distinct pleochroism ; when 
we place a nichol in the beam of rays of the crystaI. the spectra change 
with the azimuth of the nichol. Fig . I b shows the enlarged spectrum of a 
potassium bichromate crystal (0.2 mm thick) taken with an incident 
polarized beam of rays. The orientation of the crystal had not been 
determined. We intend to repeat these experiments and give here only 
th is preliminary communication . 

Iodine-sheets (0.1 mm thick) are not transparent at ordinary and liquid 
air temperatures. These same sheets at 20° T.K. (liquid hydrogen) 

however. transmit dark red light ( > 6700 Ä) . In the transmitted light we 
see very weak, periodical bands. Pleochroism may be very distinctly 
observed. The experiments with iodine have not heen continued for the 
present, as the sheets have to be made thinner and have to he studied at 
still lower temperatures. 

§ 3. AzobenzoI. C6H 5 - N = N - C6H 5 crystallizes in the monocline 
system (a : b : c = 2.11 : I : 1.33 ; angle (a. c) = 114°26'). From an 
alcoholic solution we can precipitate the crystals in the shape of thin sheets 

by evaporation. The base of these sheets is c (001) . Plane of the axes l. 
to the plane of symmetry (0 10). Wh en we illuminate these sheets by white 
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light they are very pleochroistic. They show an orange-colour, if the electric 
lightvector is parallel to the b-axis and a citrine-colour, if the lightvector is 
perpendicular to the direction mentioned above. At a temperature of 
-180° C one component becomes of a citrine-yellow colour and the other 
of an almost white very light green colour. The spectroscopical research 
shows that in the case of the second component, the plate is transparent for 
the whole visible spectrum. 

We examined the "red" component only. Fig. 2a shows the "red" 
absorption-spectrum at room temperature. It doesn 't show any structure. 
Fig. 2b shows the same absorption spectrum at -196 C (Iiquid nitrogen) . 
The edge of the very large absorption-band breaks up into a series of 
narrower but still large and diffuse bands. About 13 bands · could be 
counted; in the fig they are not very weil visible; in the blue the 
absorption becomes too strong to be able to observe still anything. At a 
temperature of 20° T.K. (liquid hydrogen) azobenzol shows a splendid 
absorption-line-spectrum (fig. 2c). In the case of azobenzoI, as weil as in 
the other cases described above, the change of colour continues because of 
the narrowing of the absorption-bands. In fig . 2 a .small part of a diagram 
of azobenzol at usual temperature and one at 20° K.T. have been 
reproduced above each other. We see from this fig. 2b, 2c that the 
absorption-bands are not perceptibly shifted, but that the bands are split up 
into Iines. In the reproduction the pictures lose considerably in contrast. 
Moreover the same part of the absorption-spectrum has been represented 
10 X enlarged in fig. 2d. 

§ 4. We cannot yet communicate the c1assific'ation of the Iines and we 
have the intention to examine the symptoms partly at still lower 
temperatures. Yet some regularities and periodicities are so striking that we 
will mention them here. 

The periodicity is very striking for azobenzol. We have taken a 
photogram from the spectrum of the azobenzol represented in fig. 3. We 
can state distinct periodical variations of the intensities indicated by the 
figures I. I', I", I"', 11, 11', 11", 11"', lIl , 111', 111", etc. The medium width 
of the periodicity I is 17 mm, of 11 18 mm of III 21 mm. 

We want to draw the attention to the group of Iines marked 
a', a", a"', a''''; b', b", b"', b""; c etc., d etc. This group of 4 Iines repeats 
itself four times. The di stances between the Iines of a group are given 
below: 

a A b B c C d D mean 

I 0 0 0 0 0 0 0 0 0 

11 15.8 1 17.2 18.7 1 20.9 1 

111 19.3 1.22 21.1 1.23 22.4 1.20 25.2 1.20 1.21 

IV 24.1 1.52 26.2 1.53 28.1 1.55 31.3 1.50 1.51 

In th is table the distances a' -a", b' -b" etc. have been taken as a unit 
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for the vertical columns a, b, etc. and from these the numbers A, B, etc. 
have been calculated. 

The microphotogram (fig . 3) shows that we have succeeded in splitting 
up the band into isolated lines as is for instance evident for the Hnes 
a', a", a"', a"" , b', b" , b"' , b"" , c' , c". But towards the violet end of the 
spectrum the absorption lines are lying so closely together that it is 
difficult to find the real place of their centre. 

For, if 

represents the distribution of the absorbed light in two isolated Hnes and 
if both coïncide, the light absorption caused by both · the Hnes, will be 
repr('sented hy 

The mi'l ximum i'lhsorprion will li e i'l l 

!J ' I + !J'2= O, 

viz there where the slopes of both absorption-eurves are equal and opposite, 
but not at the values of J' whcre 

y' 1 = 0 or y' 2 = O. 

As however these latter va lues of I' give the een tres of the lines it.is 
desirabie to fix only the place of the good undisturbed Hnes. The fixing of 
weak lines may lead to a mistaking of the plaee of the maximum absorption 
for that of the centre of a single line. 

Consequently we have not fixed the plaee of all maxima, but it seems 
that the total spectrum is a periodical repetition of the same Hne-groups. 
It seems that the Hnes marked as I, 1', 1", 1"', possess the same distanee 
in frequeney . 

This is also the case with the lines 2, 2', 2", 2"', 2"." , 2""', 2""", and 
with the Hnes 3, 3' , 3", 3"', and with the Hnes 0, 0' and 0". 

The experiments will be eontinued with some larger dispersion of the 
speetrograph and if neeessary at lower temperature. 

Finally we kind thank Mr. P. M . VAN ALPHEN, who made the 
microphotograms for us and Mr. G . J. FLIM for his valuable help with the 
construction of the apparatus. 



Ophthalmology. - On the Analysis of Ocular movements. Sy C. D. 
VERRIJP. (Communicated by Prof. J. VAN DER HOEVE.) 

(Communlcated at the meeting of February25. 1928). 

As the spatial position of an object is known from the location of three 
fixed points on the object . the analysis of the eye-movements may be 
imagined to be effected through the localization in a number of successive 
positions of three points indicated or supposed on the eye. lf the assumption 
be admitted that the eye call perform such movements that all points of it 
describe paths parallel to some level plane (e.g. the horizontal), it will 
suffice for the analysis of these movements to 10caHze two fixed points. 
We are justified in assuming that, at least for the horizontal and the 
vertical plane, such movements are possible. I will con fine myself to this 
kind and Brst of all consider in particular those movements Ül which all 
points describe paths parallel to a horizontal plane. 

Now, if of two fixed points the place is known for a number of successive 
positions, we can determine how the eye has shifted, respectively has rotated, 
and that with a precision that depends besides on the accuracy of the 
observations also on the minuteness of the displacements about which 
observations are made. As, in the experiment it is not possible to accuratelv 
establish the place of the fixed points indicated or supposed on the eye, I 
have relinquished this method. The object in view mayalso be 
attained if with every position a line fixed with respect to the eye, and 
one fixed point are localized. The visual line 1) I take for fixed Hne. for 

I) The current nomenc1ature distinguishes (HELMHOLTZ's Handb. der physiol. Optik:) 
1° the "B1ickhnie", i.e. the straight hne. drawn from the point of fixation to the centre 
of rotation of the eye: 20 the "Gesichtslinie" (visual line) consisting of two parts, the 
front-portion of which is a straight Hne, joining the fixation-point to the first nodal point. 
the posterior portion being the straight line running from the second nodal point tp the 
fovea centra lis. Besides these hnes also "Visierlinie" was spoken of. i.e. a line drawn 
through "two points covering each other, which means that the point is situated In the 
mIddIe of the dispersed image of the other; since the cone of rays, which forms the 
dlspersed image, is limited by the opening of the pupil. these "Vislerlinien" (lines of sight) 
should intersect each other in the centrp. of the pupil. In the third edition of HELMHOLTZ's 
manual GULLSTRAND observes that, since for "visieren" (alming. directing) central vision 
is required. only one line of sight can he concerned, which aEter the refraction touches 
the central point of the fovea centralis. In connectIon with the fact th at it is not likely 
that we may speak of one single centre of rotation. I eaU the visual line ("Blieklinie") 
the straight line which in the norma!. not squintlng eye loins the point of fixation with 
the middIe of the fovea centralis, the place of the highest v"isual acuity. 
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fixed point the intersection of this line and the anterior surface of the cornea. 
I purpose to describe in a following paper the experiments by which this 

is realized. 
The problem is now reduced to the analysis of the displacement of a 

portion of a straight line in a level plane. 
This level plane is the horizontal plane in which the visual line is moving. 

The experimental data are a number of successive positions of this line 
and the spots, (expressed in co~ordinates) which the intersection of the 
anterior surface of the cornea with the vis ua I line, occupies every time. 

Wh en a portion of a line moves in a flat plane from a position AB to a 
position A'B', a point P can always be indicated that is equidistant from 
all corresponding points of AB and A' B' (the intersection of two lines 
which divide vertically in two the connecting Iines of two pairs of cor~ 
responding points, as may easily be proved). The portion . AB may then 
have come in A'B' through a rotation in which all the points have descrihed 
arcs around the centre P. It is clear, however, that in general this rotation 
may be assumed only when the described angle of rotation is infinitely 
smalI. IE this should not he so, the dis placement from AB to A' B' mayalso 
be conceived as originating from one or more shifts of AB paraJJel to itseJf, 
combined with one or more rotations, whereby the place of the centres of 
rotation and the extent of the shiftings remain in that case absolutely 
undetermined. However, the movement may always be considered as the 
succession of infinitely small rotations, every foJlowing one round 
another centre of rotation, now altogether determined; the object of the 
analysis is to find the line described by this ever varying centre of rotation. 

The centres of rotation thus found are properly speaking the inter
sections of the axes, round which the eye rotates, with the flat plane, in 
which the visual line is moving. 

But apart from th is it is also evident that. in connection with the 
foregoing . we should not a priori speak of one single cent re of rotation. 
without knowing the movement. Every experimental method that starts 
from the hypothesis that there is only one centre of rotation, is objec~ 
tionable. This is the more cogent as i.a . on anatomic grounds we are 
induced to doubt a simp Ie rotation round one single point. 

It should be required of the experimental method that it shows us the 
place occupied by the eye in a number of successive positions. The analysis 
of these data furnishes the curve of the instantaneous centres of rotation. 

When looking up the literature to see how the various investigators have 
conceived the problem. it seems to me that they have, generally speaking, 
not formed a correct kinematic idea ahout it. When we determine the 
lines of sight for the different positions of the eye, and we find that they 
intersect in one and the same point, it is clear that this point need not he 
the centre of rotation of the eye. Already BERLIN pointed to this facto 
Conversely, when we find that these Iines do not intersect in one point. it 
is not admissible, to conclude from it that there has not been one 
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centre of rotation. But by the methods in which "the" centre of rotation is 
not assumed beforehand on a definite line, we do not attain our purpose 
either. At best they serve to prove that the centre of rotation does not 
exist. If I am not mistaken, only one method has been described that 
meets the requirements. It is that of FIC K, which J. J. MÜLLER 1) used in 
an investigation. He gives the place of the line of sight and that of the 
intersection of this line with the anterior surface of the cornea for a number 
of successive positions of the eye, each of them forming a rather small 
angle (about 5°_7° ) with the following one. From the fact that the named 
intersections lie approximately on a circle, he concludes that th ere is only 
one centre of rotation, viz the centre of this circle. 

This conclusion, however, would be justified only jf the lines of sight 
were tangents of a circle with the same centre (or if they intersected in the 
same centre) . But since the author states that this is most often not the 
case, it seems to me that the results of th is inquiry go rather against the 
hypothesis of one single centre of rotation. 

I shall not dweil further on the literature 2), but will only enter into a 
speculation of the method described by KO ST ER 3 ). 

True, this method is founded originallyon the assumption of one centre 
of rotation. However, the author has made complemeritary measurements, 
with which af ter all an image of the eye-movements can be projected. 

In connection also with the fact that it is difficuIt to judge of the 
accuracy of the data already obtained, I thought it in every respect 
expedient to undertake new experiments, in which I should start directly 
from the above speculation. 

As stated before, in every new position of the eye the direction of the 
visual line and the co-ordinates of a fixed point on that line are measured. 
The position is th en established completely. The following considerations 
now lead to the construction of the curve of the centre of rotation (see 
fig. 1). 

In the figure let the X-axis be positive downward and the Y-axis 
positive to the right. Let the zero-position of the visual line coincide 
with the X-axis; let the fixed point A 0 on it be in that zero-position in 
the intersection of X-, and Y-axis; now the eye rotates and the visual 
line takes up e.g. a position A' B'. The angle described by the rotating 
eye we call On. The co-ordinates of the point A' we call in the direction 
of X-, and Y-axis respectively bn and Cn. Now let us watch the 
movement, when the eye removes from the position A' B' to the position 
A" Bil and let us thereby assume for a moment a rotation round one 
single point P. The co-ordinates of A" are bn+1 and Cn+I; the angle over 

I) J. J. MOLLER, Arch. f. Ophth. XIV Jahrg .. Abt. 3. p . 183 : 1868. 
2) A bibliography is given by BRENNECKE (Klin. Monatsbl. f. Augenh .• Bd. 68 p. 227. 

1922) who himself seems to have determined only the intersections of lines of sight: also 
by KOSTER. and by C. SCHAAP. Thesis. Leiden 1927. 

3) W . KOSTER. Arch. Néerl. des sciences exactes et nat. T. XXX. p. 370. 1897. 
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which the eye has moved from the zero~position we eaU an+l. From 
A'B' to A"B" the angle of rotation was A'PA"=an+l-an. Thisangle 
we name dn • Of course the angle between the visual lines is the same. 

I 

/ I 

/ 

/' 

- X ... 

/ 
/' 

/ 

just as the angle between A' B' and the X~axis is an • When drawing 
from A' the line A'r parallel to the X-axis. and from P the line Pr 
normal to it. then the line PA' is a diameter of a circle passing through 
the points P. A' and r. because ~ PrA' = 90°; th is circle cuts the line 
A'A" in D and it wiU easily be seen that. as now also L A 'DP=900. 
and consequently 6. PA'D 00 6. PA"D. 

A'D = A "D and L A'PD= L A "PD=tdn. 

When producing the perpendicular A I C as far as S and erecting the 
perpendiculars DE on the X-axis and DH on A'C. th en it will be seen 
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that also the angles A'SD and A'rD= tbn. Let the co-ordinates of the 
centre of rotation P be called ; and 1) th en 

; = A 0 R = A OE + ER = A 0 E + er = A oE + eD cot L.. erD and 

rJ = CS= CH - SH= ED - HD cot L.. HSD. 

from which are derived the general formulae 

(1) 

and 

rJ = t (c"+1 + c") - t (b n+1 - bn ) cot t bn (2) 

So the location of the centre of rotation can be readily computed 
from the coordinates of A' and AH and the angle of rotation. which is 
likewise the angle between the two visual lines. 

This speculation was founded on the assumption that ,the displacement 
from A'B' to AHBH occurred through rotation round the point P; which 
assumption is admissible only if the angle between A' B' and A"B" is 
inl1nitely small. In this respect the above formulae may still be 
simplil1ed. For first of all t (bn+1 + bn) draws near to bn and t (cn+1 + Cn) 

to c". The co-ordinates of A' are both functions of a. We write 
b = F (a) and c = f (a) . It can now easily be seen that the last terms of 
the second sides of the above equations are nothing but the differential 
coefficients of these functions. for e.g. 

I ( ) • _ C"+I - c" _ C"+I - c" f' ( ) 
y Cn+1 - Cn cot t Un - 2 X tg t d" - On - a • 

when dn and a are expressed in 

x-

radials. If a is expressed in degrees this 

expression becomes 180 X f' (a) = 
7l 

= 57 . 2958 X f' (a) . The equations 
(1) and (2) change into the following: 

; = F (a) + 57.2958 f' (a) (3) 
A" 

and 

PD we call e. the angle this 

IJ = f(a) - 57.2958 F' (a) (i) 

These equations can also be derived 
directly (Fig. 2). 

Here the distance A' A" rep re
sents a very small displacement. the 
rotation taking place over an angle 
b. round the centre of rota ti on P; 

line makes with the X-axis {J. Then is 
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f3= L DT Ao = L PTR = L PDd L A' A" G . Further we have: 
~=AoR=AoE+ER=AoE+ Dd. 

Now AO E = b + t 6. b. when expressing the very small increase 
of b : A' G by 6. b. Furthermore 

GA" 6. c 
Dd=e cos f3=e A'A,,=e X ~ 

(c5 is expressed in radials and A' A " may be looked upon as an arc): now 

6.c 6.c 
--- =57.3X~ 

TC LJ,U 

1806. a 

when 6. a represents. expressed in degrees. the increment of the angle 
which the visual line forms with its zero.position (direction of the 
X.axis) ; naturally this increment is of the same magnitude as L A' PA". 
So we get: 

6.c 
~ = b + t 6. b + 57.3 X 6. u ' 

This expression has for limit. if 6. b. 6. c and 6. a are infinitely small. 

~ = F (a) + 57.3 X f' (a). 

In the same way we can derive: 

1] = RP = Rd + dP = ED + dP = c + t 6. c - e sin f3 = c + t 6. c -

6.b 6.b 
- (! X - - = c + t 6. c - - - --. 

(! b TC 

180 X 6. a 

the limit of which expression is again : 

1J = [(a) - 57.3 X F' (a). 

It is evident that only the formulae (3) and (4) are theoretically quite 
correct. If for a definite point of the curve. described by A. we wish to 
establish the corresponding centre of rotation (corresponding with the small 
piece of the curve of which A (or D) is the middle) we should try to 
construct F (a) and f (a) from the experimental data about band c, af ter 
which ~ and 7J can be computed for the said point A. But then it is 
necessary. we should have very accurate data concerning the curve. 
described by A: every slight deviation in this curve may brï"ng on great 
changes in the place of the centre of rotation. 

Meanwhile with the aid of the formulae (1) and (2) an image may be 
projected that. especially when making an adequate number of observa· 
tions, need not differ much from reality. 
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The difference with the second method, which uses (3) and (4) is, that 
the first method considers only two points of the A curve, not the points 
between them nor those round about them, and two visual lines, whereas 
the secound method gives a speculation in connection with the surrounding 
points; this is quite rational owing to the fact that the curve must show 
some gradation, that is to say that the location of all the points affects in 
any case that of the neighbouring points. But errors in the observations will 
count all the more now. With the second method, not with the first, the 
exact condition might be derived from correct observations. Yet with 
observations, not perfectly correct, there is every chance to project an image 
with the first method, which is more like the rea I image than the one 
obtained by the second method. I shall have an opportunity to demonstrate 
this when discussing the data furnished by KOSTER's observations. 

Discussion of KOSTER's method. 

This method was published as early as 1897. Strange to say, the 
notion of one centre of rotation has continued in the literature, in spite of 
KOSTER's results, which give evidence to the contrary. 

The method starts from the assumption of one centre of rotation. Three 
positions of the eye are considered, a centra I position, in which the visual 
line Mo (fig. 3) runs straight forward, and to the left and to the right a 

% 
5 

.... , , 
\ 
\ 
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lateral-position, of which the visual lines do and en are at the same angle a 
with the centra I position. This is realized in the experiment in the 
following way: on a graduated arc of which the centre is fn M, a movable 
sector is mounted, so that with every move ment it rotates round 
M . To this sector is applied a small aiming-telescope for fixation that can 
be shifted parallel to itself, as well as in the direction of the axis, which 
shiftings are measurable. Now it is first arranged so as to make the visual 
line fall along Mo . Subsequently the telescope is moved over an angle a, 
measured on the protractor, first to the one side and then to the other. 
every time determining how far it has to be shifted parallel to itself (M c. 
respectively Md) to ren der fixation possible again. The direction of the 
visual lines is then indicated q c, respectively by r d. H now it might be 
assumed that the eye had rotated continually round the one point m, the 
place of point m could be derived from the data obtained. for a simp Ie 
computation shows th at 

M = Me+ Md and Md-Me I) 
p 2 sin a pm = 2 sin a tg ta . 

50. if there is one centre of rotation. its place can. indeed. be determined 
by help of th is method. Additionally by also measuring M s: the di stance 
from M to the intersection of the anterior surface of the cornea with the 
visual line in the middle-position. the place of the centre of rotation in 
respect to th at intersection can be indicated. H, however. different va lues 
are found for M pand p m for different values of a. it follows that we 
cannot speak any long er of one cent re of rotation. On the other hand. we 
are not sure that. if the same values are always found for Mp and 
m p, there is really one centre of rotation. For the only thing we have 
established, is the position of the lines along which th ree vis ua I lines are 
running, of which the middle one makes equal angles a with the ot her two : 
this does not at all determine the piece of the line the eye cuts off in the 
th ree different positions. Suppose all visual lines should touch the circle 
with m p for radius, so that the same point m would always be found. it 
would be possible that, without one's noticing it, the distance from one and 
the same point , e.g. s. of the eye to th is point m always varies. H such be 
the case. there is of course no question about one single centre of ratation . 
KOSTER found different points m; from th is it follows that th ere is not 
one centre of rotation. But besides th is the eye has never rotated round one 
of those points m . This could be the case only if three positions were con-

1) If considering one direction of vision straight forward and two side-positions on the 
same side the one forming an angle :x, the other an angle 2:x with the first. we get: 

M 
__ 2Me(1+eosa)-Md d 2 Me cos a-Md 

p an pm= 
2 sin a 2 (1 - cos a) 
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sidered, of which the middle one would make a very (infinitely) 
small angle with the outer ones. Even then it would still depend on the 
magnitude of the shifting along the visual line how far we should 
approximate the situation of the centre of rotation with the situation of 
the point m. 

When confining ourselves to determinations of a, Me, and Md there is 
no reason to make these determinations for more than two values of a , 
for the va lues computed for the point m have no meaning in themselves. 
Indeed, KOSTER has recognized the error of this method, when he says that 
"it is not impossible that the eye moves either posteriorly or anteriorly, in 
the sense of the visual line" (p. 377). He, therefore, gives in the same tab Ie, 
in which he imparts the values for ps and pm (designated respectivelY X and 
x) a column with the values for the displacement V in the lateral position. 
He computes this V as follows; he assumes that in the right lateral position 
the front point of the cornea is found, once e.g. in x (fig. 3). He knows 
this place, as he continually measures the distance ex. Now it is clear in 
connection with the foregoing , that it is just these measurings of ex, which 
af ter all enable us to analyse the movement to some degree (the number of 
observations and the accuracy are not very great) . For the direction of the 
visual line and the situation of a fixed point of it , are known for a number 
of positions. The va lues of ex are not given as such , but KOSTER says 
he has calculated V as follows: 

Me 
V = SIX = nx - nSl ; nx = ne - xe = -- - xe and nSI = ps = X . 

tg a 
It might be fancied, that KOSTER made a mistake here, as it would be 
expected that not ps = nSl' but ps = qSl' considering that SI is to represent 
the anterior point of the cornea, without displacement. However from what 
follows, I must conclude that nSI was KOSTER's real intention but that, 
without ex pressing it distinctly, he relinquishes the method just described, 
and considers the point m no longer as a centre of rotation. The movement 
of the eye is then described as follows: (p. 382) in order to move from 
the central position, say, into the right lateral position, the eye first shifts 
over a distance np anteriorly, then rotates round n , until the visual line 
occupies the position ns] (and th en ps = nSI) and th en again shifts in the 
direction of the visual line over a distance sIn. The point p is then 
considered as a fi~ed point of rotation in the orbit, and we might conceive 
all eye-movements in the way just described, as consisting of two displace
ments combined with a rotation round the fixed point. It may be 
contended first of all that this view does not tally with KOSTER's own 
observations; for then all visuallines must go through the centre of rotation 
and in KOSTER's observations this was certainly not the case. True, it might 
be assumed that the eye first rotates (round p), then shifts twice, but this 
does not square with the description just given. KOSTER'S exposition, which 
is not quite clear, gives us an impression that a compromise is aimed at 
between his own results and those of VOLKMANN and of WOINOW. It 

24 
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would follow from the experiments of these researchers which KOSTER 
refers to, that the visual lines intersect in one point. Such a view, which 
agrees with that of HERING, who assumes a centre of rotation that is 
supposed to be fixed in the orbit and not fixed with respect to the eye, 
cannot be recommended, as it is always possible to bring about a change of 
position in a plane surface by means of two shifts and one rotation, in 
which process it does not matter where the centre of rota ti on is situated. 

Meanwhile th ere are, as I observed, sufficient data at hand to compute 
the position of the eye for the different angles of rotation. I proceeded as 
follows: 

The intersection of the axes of the co-ordinates is laid in s (fig. 3) ; the 
one axis, which I do not call the X-axis, but the ~-axis to prevent con fusion 
with KOSTER's nomenclature, falls In the direction sa (this direction 
positive), the other axis I call 1]-axis (positive to the right). Now let us 
consider the point x, of which the co-ordinates sz and zx are designated b 
and c in accordance with the foregoing (p . 359). We th en have 

'b = sz = sn - zn = (sp - np) - zn = X - x tg t a - (X + V) cos a, 

from which we deduce 

b=X(I-cosa)-xtgta- Vcosa. 

Furthermore c = zx = (V + X) sin a. 
So we have the genera I formulae : 

b. = X. (I - cos a.) - x. tg t a. - V. cos a. 

c. = (Vn + X.) sin a. . 

(5) 

(6) 

with the aid of which the values of band c can be computed for every case 
from KOSTER'S data . Now if we assume that in the displacement from every 
position observed, to the following, rotation takes place round one point 
every time, so that the expressions for b. and Cn can be substituted in the 
equations (1 ) and (2), we find for the co-ordinates ~ and 1] of these centres 
of rotation aftel' reduction : 

~ = X.+1 sin t a.+1 cos t an - X. sin t a. cos t a.+1 

sin t (an+1 - ani 

(X.+ 1 - X n ) sin t a.+1 sin t a. + t (t t ) X 
'Y) = ~ . t ( ) Xn+1 tg a.+1 - x. tg a. sIn a.+1 - a. . 

X t ( ) + (V.+I - V.) cos t(a.+1 + a.) 
cat a.+1 - a. 2 . t ( ) sIn a.+1 - a. 
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In this way the data of the following table have been obtained (to the 
right the angles are positive. to the left negative) . 

Left eye : horizontal movement : opened normally : lengths in mmo 

=== 

-- i5° 1 1 13 .2 1 1.5 1 0.1 i.i 1-- 9.il 
1 15° 1 1 I 1 1 

13.5 1-- O.i 

-- 30° 1 1 13.8 1 1.1 1 -- 0.3 2.i 1-- 6.81 
1 I 1 1 15.i 1- 3.2 

-- 20° 1 1 ti.6 1-- 2.3 1-- 1.6 2.0 1-- i.il 
1 10 ' 1 1 1 1 I 1 16.7 1-- 5.i 

-- 10° 1 1 li.i 1-- 13 .7 1-- 3.i 1 2.i I 1.91 
1 1 1 1 1 12.1 1 12.6 

0° 1 1 1 1 0 I 0 1 0 1 
1 10° 1 1 1 1 1 1 16.5 1 10.9 

10° 1 1 ti.i 1-- 13.7 1 3.1 1-- 1.61 3.01 
1 10° 1 1 1 1 I 1 ti .i 1 0.1 

20° 1 1 li.6 1-- 2.3 I 2.3 1-- 0.91 5.81 
I 10° 1 1 I I I 1 

8.71-- 3.i 
30° I 1 13.8 I 1.1 1 0.8 I 0.91 7.31 

, 15° 1 , 1 1 1 1 10.9 1 0 .8 

iSO 1 1 13.2 I 1.5 I· 0 . 5 1 2.91 9.71 

The difference between the points now found as centres of rotation and 
the poirits m is distinct. It is striking that. whereas the een tres of rota ti on 
in a rotation from the zero-position to + 1 0° and -,-10° . are both situated 
more than 10 mm to the dght. the corresponding point m lies nearly 14 mm 
to the left. It would be wrong to ascribe these diHerences to the inaccuracy 
of the observations: the fact that the points have another meanin!} is 
responsible for them. 

KOSTER's results for the wide-opened eye (in which. as pointed out 
already by J. J. MÜLLER. the bulbus protrudes) have been obtained in the 
same way. The results are corresponding; they have been tabulated in the 
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second tab Ie. According to KOSTER the point s now lies 0.8 mm to the 
front; I have assumed that the data of his table relate to this new point s, 
so that my results are also numerical va lues concerning the new central~ 

position of the eye. 
Finally I have made a graph of most data of the first tabIe. (The line 

Y4 Y3 •••• 'X3 X4 illustrates the path of the cornea, for the positions from 
-450 to +450 

; Q4' Q 3 .... P3' P4 represent the co~responding centres of 
rotation, while ml' m2' m3 and m4 are the centres of KOSTER for rotations 
over angles of respectively + 10°, + 20°, + 30°, en + 450.) 

Whether the flexion in the curve at Yl points to a discontinuity in the 
movement, or whether it is caused by the inaccuracy or the small number 
of observations, I will not venture to decide. It is obvious what difficulties 
one would meet, when working out these data in the equations (3) and 
(4); I, therefore, abstaiIled from that operation. 

Left eye: horizontal move ment ; wide-opened; lengths in mmo 

v 

13.9 I 2 0.3 i.7 1-10.01 

I I 15.8 I O.i 

_ 300 13.7 I 1.5 1- 0.1 2.3 1- 6.81 

I I 15.51- 2.5 

_ 20° li .3 1- 1.7 1- 1.3 1.8 1- i.il 

10° I I 1 I 12 .61 11.7 

13.8 1- 16 .6 1- O. i 1- 0 .8 1 - 2.31 

1 / I I 12.9 1- 6.0 

I I I I 16.31 12.3 

13 .8 1- 16.6 I 3.6 1- 1. 9 1 3.01 

I I I I 12 . 3 1- 6.2 

14 .3 1- 1.7 I 1.3 1- 0.1 I 5.31 

I I I I 10 .31- O.i 

30° 13.7 I 1.5 I O.i I 1.1 I 7.11 

I I I I 11. 8 1-
13.9 I 2 1- O.i I 3.51 9.51 
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Fig . i. (Scale about 5/ 1). 



Ch~mi8try. - Optical resolution of a spirocyclic compound of the 
allene type. By H. J. BACKER and H. B. J. SCHURINK. (Communicated 
by Prof. F. M. JAEGER.) 

(Communlcated at the meeting of April 28. 1928). 

Recent publications J) on spirocyclic compounds of the asymmetrie allene 
type xyC : C : Cxy induce us to publish some results of our investigations 
in this field . 

In order to test the stereochemical theory. that such spiranes should 
exist in enantiomorphs. we have studied spiroheptanedicarboxylic acid: 

FECHT 2) has obtained this acid in small yield. starting from tetrabromo
pentaerythritol and malonic ester. 

Af ter having improved the preparation until the yield was about 80 %. 
we attempted the resolution by means of the dibrucine salt. which crystal
Iises with six molecules of water in short prisms and decomposes at 
about 135°. 

This brucine salt. recrystallised carefully from water and decomposed 
by ammonia. gives an optically active ammonium salt. The rotation is 
feebIe and reaches its maximum value after about 5 crystallisations. 

The rota tory power is given in the following table for different wave 
lengths. 

Rotatory dispersion of ammonium spiroheptanedicarboxylate. 

l(,u,u) 656.3 (C) 

[a] + 00 .11 

[M] + 10 .9 

589.5 (0) 

00 .13 
20 ,3 

546.3 (Hg) 

00 .15 
20 .6 

486.1 (F) 
00 .19 

30 .4 

The free acid being only Iittle soluble in water cannot be studied 
accurately in aqueous solution. lts ethereal solution shows a positive 
rotation: [M]o = +1 °.9. 

We believe that this is the first observation of an optically active spirane 
of this type. whose resolution is completely reproducible. 

I) PPEIPPER and BAcKES. Ber. 61. H1 (1928) ; BÖESEKEN and PEL IX. Ber. 61. 787 (1928). 
2) Ber . .fO. 3888 (1907). 
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Further we studied a compound of analogous structure, the dibenzal
pentaerythritol : 

C6HS)C/O-CH2)C<CH2-0)C<C6HS 

H "-O-CH2 CH2-O H 

READ 1) has sought already in 1912 for optical activity in the case of this 
and related compounds. 

BÖESEK EN and FELIX 2) publish to have observed for this compound on 
one occasion an optical activity, which could not be reproduced. 

Our results, already obtained in 1927, may be shortly summarized. 
The dibenzal compound, prepared under different conditions, had always 

the same melting point (162 0
) and the same chemica I properties. Thus the 

occurrence of a cis-trans isomerism, which might be possible in the case 
of a pyramidal distribution of the valenees of the central carbon atom, is 
improbable . . 

The substance was obtained in large hexagonal crystals with edges up 
to half an inch in length. 

The Röntgen analysis, made in the inorganic chemical laboratory by Mr. 
VAN MELLE, showed that the crystal has a three-fold screw axis , perpen
dicular to the basal plane. Thus dextro- and laevorotatory crystals should 
be possible. 

Indeed both kinds of crystals we re obtained. The rotation could not be 
measured accurately with our polarisation apparatus; the value is about 

aD = ± 2°jmm. 
The Röntgen analysis of dibenzalpentaerythritol, the results of which will 

be published elsewhere, has proved, that the molecules in the crystal possess 
three mutually perpendicular two-fold axes , according to the symmetry of 
an orthorhombic bisphenoïde. Thus the central carbon atom has a tetrahe
dral (not a pyramidal) distribution of its valences and the phenyl groups 
must be placed in the long axis of the molecule, for instanee : 

C6Hs . CHC><=)HC . C6Hs 

The optical activity of the crystals is caused by the asymmetric 
distribution ofthe molecules. 

None of the crystals , when dissolved in alcohol. ethyl acetate or chloro
form , has shown a trace of optical activity. 

Groningen, April 1928. 

1) J. chem. Soc. lOl, 2090 (1912) . 
2) Loc. cito 

Organic chemical laboratory of the 
State University. 
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§ 1. 

Die Richtigkeitsdifferenzen zwischen der formalistischen Neube
gründung und dem intuitionistischen Neubau der Mathematik werden 
beseitigt sein, und die Wahl zwischen beiden Beschäftigungen sich auf 
eine Geschmacksange1egenheit reduzieren, sobald die folgenden in erster 
Linie auf den Formalismus bezüglichen, aber in der intuitionistischen 
Literatur zuerst formulierten Einsichten allgemein durchgedrungen sein 
werden. Dieses Durchdringen ist deshalb nur eine Zeitfrage, weil es sich 
um reine Besinnungsergebnisse handelt, die kein diskutables Element 
enthalten und zu denen jederman der sie einmal verstanden hat, sich 
bekennen muss. Von den vier Einsichten ist bisher für zwei dies es Ver
ständnis und dieses Bekenntnis in der formalistisch en Literatur erreicht. 
Das Eintreten der gleichen Sachlage für die beiden übrigen wird das Ende 
des Grundlagenstreites in der Mathematik bedeuten. 

Ers teE ins i c h t. Die Einteilung der formalistischen Bemühungen 
in einen Aufbau des "mathematischen Formelbestandes" (formalistischen 
Bildes der Mathematik) und eine intuitive (inhaltliche) Theorie der 
Gesetze dieses Aufbaues, sowie die Erkenntnis, dass für die letztere 
Theorie die intuitionistische Mathematik der Menge der natürlichen Zahlen 
unentbehrlich ist. 

Z wei teE ins i c h t. Die Verwerfung der gedankenlosen Anwen
dung des logischen Satzes vom ausgeschlossenen Dritten, sowie die 
Erkenntnis, erstens dass die Erforschung des Berechtigungsgrundes und 
des Gültigkeitsbereichs des genannten Satzes einen wesentlichen Gegen
stand der mathematischen Grundlagenforschung ausmacht, zweitens dass 
dieser Gültigkeitsbereich in der intuitiven (inhaltlichen) Mathematik nur 
die endlichen Systeme umfasst. 

D rit teE ins i c h t. Die Identifizierung des Satzes vom ausge
schlossenen Dritten mit dem Prinzip von der Lösbarkeit jedes mathema
tischen Problems. 

V ier teE ins i c h t . Die Erkenntnis dass die (inhaltliche) Recht
fertigung der formalistischen Mathematik durch den Beweis ihrer Wider
spruchslosigkeit einen circulus vitiosus enthält, weil diese R.echtfertigung 
auf der (inhaltlichen) R.ichtigkeit der Aussage, dass aus der Widerspruchs
losigkeit eines Satzes die Richtigkeit dies es Satzes folge, d. h. auf der 
(inhaltlichen) Richtigkeit des Satzes vom ausgeschlossenen Dritten beruht. 

1. Die erste Einsicht fehlt noch in F 2 (vgl. insbesondere den mit 
derselben in Widerspruch stehenden Absatz V auf S. 184-185). Nachdem 
sie durch POINCARÉ stark vorbereitet worden war, tritt sie zum ersten 
Mal in der Literatur auf in I 1, wo S. 173-174 die genannten 
Teile der formalistischen Mathematik als mathematische Sprache und 
Mathematik 2. Ordnung unterschieden und der intuitive Charakter des 
letzteren Teiles betont wird 2). Mit der Bezeichnung der Mathematik 

2) Eine mündliche Erörterung der ersten Einsicht Herrn HILBERT gegenüber hat im 
Herbst 1909 In mehreren Unterhaltungen stattgefunden. 

25* 
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2. Ordnung als Metamathematik ist sie in F 4 (vgl. insbesondere S. 165 
u. 174) in der formalistischen Literatur durchgebrochen. Der Anspruch 
der formalistischen Schule, mit dieser dem Intuitionismus entnommenen 
Einsicht den Intuitionismus ad absurdum zu führen (vgl. Math. Zeitschr. 
26, S . 3), ist wohl nicht ernst zu nehmen. 

2. Die gedankenlose Anwendung des logischen Satzes vom ausgeschlos~ 
senen Dritten findet sich noch in F 2 und F 3 (vgl. z. B. F 3, S. 413, Z. 
11-4 v. u., und insbesondere F 2, S. 182, Z . 16-19 v.o., S. 182, Z . 2 v. u. 
-S. 183, Z . 2 v. o., S. 184, Z. 21-13 v. u., wo jedesmal der Satz vom aus~ 
geschlossenen Dritten als mit dem Satz vom Widerspruch im wesentlichen 
gleichbedeutend angesehen wird). Zum ers ten Male findet sich die zwei te 
Einsicht in der Literatur in I 2, und sodann mehr oder weniger ausführ1ich 
in jeder der Veröffentlichungen I 3-8. Abgesehen von der mit ihr aufs 
engste verbundenen Erkenntnis der intuitionistischen Widerspruchslosig~ 
keit des Satzes vom ausgeschlossenen Dritten, bricht sie in der formalis~ 
tischen Literatur durch in F 5 :I ) , wo einerseits die beschränkte inhaltliche 
Gültigkeit des Satzes vom ausgeschlossenen Dritten anerkannt (vgl. 
insbesondere S. 155-156) , andererseits die widerspruchslose Kombination 
einer logischen Formulierung des Satzes vom ausgeschlossenen Dritten mit 
anderen Axiomen im Rahmen der formalistischen Mathematik als 
Aufgabe gestellt wird. Besonders eloquent wird dann auf die beschränkte 
inhaltliche Gültigkeit des Satzes vom ausgeschlossenen Dritten hingewiesen 
in F 6, S. 173-174, wo ab er die Erweiterung seiner Anzweiflung auf die 
übrigen Aristotelischen Gesetze über das Ziel hinausschiesst. 

3. Während der Zeit der gedankenlosen Anwendung des Satzes vom 
ausgeschlossenen Dritten in der formalistischen Literatur wird das Prinzip 
von der Lösbarkeit jedes mathematischen Problems zunächst in F I, S. 52 
als Axiom bzw. Ueberzeugung, sodann in F 3, S. 412-413 in zwei ver~ 
schiedenen Formen (in welchen statt von "Lösbarkeit" der Reihe nach 
von "prinzipieller Lösbarkeit" und von "Entscheidbarkeit durch eine 
endliche Anzahl von Operationen" gesprochen wird) als Gegenstand noch 
zu erledigender Probleme hingestellt. Aber auch nach der Erörterung der 
dritten Einsicht in 12, S . 156, I 4 , S. 80, I 6, S . 203-204, und nach 
dem Durchbruch der zweiten Einsicht in der formalistischen Literatur 
wird in F 6. S . 180, wo das Problem der Widerspruchsfreiheit des Axioms 
von der Lösbarkeit eines beliebigen mathematischen Problems als Beispiel 
einer "in den mathematischen Denkbereich fa lienden Frage grundsätzlicher 
Art, an die man sich früher nicht heranmachen konnte" hingestellt wird, 
diese Frage als unabhängig von der Sicherung der (die Widerspruchs~ 
freiheit des Satzes vom ausgeschlossenen Dritten mit umfassenden) 
Grundlagen der mathematischen Wissenschaft noch offenstehend 
vorgeführt. 

3) Nachdem schon in F 4, S. 160 Aufmerksamkeit auf den Satz vom ausgeschlossenen 
Dritten bekundet wird. 
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4. Die vierte Einsicht wird zum Ausdruck gebracht in 19. S. 64. In 
de! formalistischen Literatur findet sich von ihr bisher keine Spur. wohl 
aber manche ihr widersprechende Aeusserung. z.B. in F 1. S . 55-56 und 
vor allem in F 6. wo S. 162-163 noch ausgerufen wird: "Nein. wenn 
über den Nachweis der Widerspruchsfreiheit hinaus noch die Frage der 
Berechtigung zu einer Massnahme einen Sinn haben soli. so ist es doch 
nur die. ob die Massnahme von einem entsprechenden Erfolge 
begJeitet wird" 4). 

Nach dem Vorstehenden hat der Formalismus vom Intuitionismus nur 
Wohltaten empfangen und weitere Wohltaten zu erwarten. Dement~ 

sprechend soli te die formalistische Schule dem Intuitionismus einige 
Anerkennung zollen. sta tt gegen denselben in höhnischem Ton zu 
polemisieren und dabei nicht einmal die richtige Erwähnung der Autor~ 
schaft einzuhalten. Ueberdies sollte die formalistische Schule bedenken. 
dass im Rahmen des Formalismus von der eigentlichen Mathematik bisher 
noch immer nichts gesichert .ist (weil ja der metamathematische Wider~ 

spruchsfreiheitsbeweis des Axiomensystems nach wie vor aussteht) . wogegen 
der Intuitionismus auf der Grundlage ~einer konstruktiven Mengendefinition 
und seiner Haupteigenschaft der finiten Mengen 5) schon einige Lehr~ 
gebäude der eigentlichen Mathematik in unerschütterlicher Sicherheit neu 
errichtet hat . Wenn also die formalistische Schule nach ihrer Aeusserung 
in F 6. S . 180 beim Intuitionismus Bescheidenheit bemerkt hat. so sollte sie 
darin Anlass finden . in bezug auf diese Tugend dem Intuitionismus nicht 
nachzustehen. 

§ 2. 

In I 7. S. 3 wurde bemerkt. dass bei den Bestrebungen zur Durchführung 
des Widersprucqsfreiheitsbeweises del' formalistischen Metamathematik 
die intuitionistische Widerspruchslosigkeit des Satzes vom ausgeschlos~ 

senen Dritten als ermutigender Umstand geiten kann. 
Wenn die kombinierte Aussage des Satzes vom ausgeschlossenen Dritten 

für endlichviele mathematische Eigenschaften bzw. für eine beliebige 
Spezies von mathematischen Eigenschaften ro) als mehrfacher Satz vom aus~ 
geschlossenen Dritten erster bzw. z weiter Art bezeichnet wird. dann ist 
einerseits klar. dass die Widerspruchslosigkeit des einfachen Satzes 'vom 
ausgeschlossenen Dritten keineswegs unmittelbar diejenige des mehr~ 

fachen Satzes vom ausgeschlossenen Dritten nach sich zieht. andererseits. 

i) Uebrigens liegt bei derartigen Aeusserungen genau genommen doch wieder eine ge
dankenlose Anwendung des Satzes vom ausgeschlossenen Oritten. mithin eine Verdunkelung 
der zweiten Einsicht vor. 

5) Vgl. F 9, S. 66 (Theorem 2) . 
6) O.h. die Existenzaussage eincs Simultangesetzes. das für sie alle die Richtigkeit oder 

Absurdltät entscheidet. 
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dass die im vorig en Absatze in Erinnerung gebrachte Bemerkung erst dann 
ihre volle Tragweite erlangt, wenn nicht nur für den einfachen Satz vom 
ausgeschlossenen Dritten, sondern auch für den mehrfachen Satz vom aus
geschlossenen Dritten erster Art , die Widerspruchslosigkeit feststeht. In 
der Tat wird im Folgenden der Beweis der letzteren Widerspruchslosig
keit erbracht. Des weiteren wird sich ergeben, dass der (für die formalis
tischen Hoffnungen belanglose) mehrfache Satz vom ausgeschlossenen 
Dritten zweiter Art keine Widerspruchslosigkeit mehr besitzt. 

Die Widerspruchsfreiheit des mehrfachen Satzes vom ausgeschlossenen 
Dritten erster Art beweisen wir mittels vollständiger Induktion. Es sei 
n eine natürliche Zahl. es sei die Widerspruchsfreiheit der kombinierten 
Aussage des Satzes vom ausgeschlossenen Dritten für n beliebige mathema
tische Eigenschaften bewiesen, es seien n + 1 mathematische Eigenschaften 
al, a2' ... , an+l vorgegeben, und es sei einen Augenblick angenommen, dass 
die kombinierte Aussage des Satzes vom ausgeschlossenen Dritten für 
al, a2' ... , an+1 zu einem Widerspruch führte. Das würde heissen, dass jede 
der 2n+1 Kombinationen van al ' a2' ... ,8,,+1 je mit dem Richtigkeits- ader 
mit dem Absurditätsprädikat versehen, zu einem Widerspruch führte . 

Wir behaupten, dass unter dieser Annahme der einfache Satz vom aus
geschlossenen Dritten für 8 n +1 notwendig absurd sein muss. Denn wäre 
an+1 richtig bzw. absurd, so wäre auf Grund der Widerspruchsfreiheit der 
kombinierten Aussage des Satzes vom ausgeschlossenen Dritten für n 
beliebige mathematische Eigenschaften die Kombination der Richtigkeit 
bzw. Absurdität von an +1 mit der kombinierten Aussage des Satzes vam 
ausgeschlossenen Dritten für al' a2' ... , a n widerspruchsfrei, entgegen der 
Annahme des varigen Absatzes. Die Annahme des vorigen Absatzes hat 
sich also als unstatthaft erwiesen, und die kombinierte Aussage des Satzes 
vom ausgeschlossenen Dritten für n + 1 beliebige mathematische Eigen
schaften hat sich als widerspruchsfrei herausgestellt. 

Gegenbeispiele der Widerspruehsfreiheit des mehrfaehen Satzes vom 
ausgesehlossenen Dritten zweiter Art liefert der aus der Haupteigensehaf~ 
der finiten Mengen folgende Satz, dass bei Zerlegung des Einheitskonti
nuums in zwei Teilspezies eine dieser Teilspezies mit dem Einheitskantinuum 
identisch und die andere leer ist. Aus diesem Satze falgt nämlieh, dass 
die kombinierte Aussage des Satzes vom ausgesehlossenen Dritten für 
eine beliebige Eigenschaft in bezug auf alle Punktkerne des Einheits
kantinuums dann und nur dann widerspruchsfrei ist, wenn die Eigenschaft 
entweder für alle Punktkerne des Einheitskontinuums richtig oder für alle 
Punktkerne des Einheitskontinuums absurd ist. Insbesandere sind die 
beiden falgenden Aussagen kantradiktariseh : 

1. Alle Punktkerne des Einheitskontinuums sind entweder rational oder 
negativ-irrational. 

2. Für alle Punktkerne des Einheitskontinuums ist die Rationalitäts
{rage entweder entscheidbar ader unentscheidbar. 
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Formulieren wir in Analogie mit dem Obigen folgende drei Fassungen 
des Prinzips der Reziprozität der Komplementärspezies : 

1. ledes Element der Komplementärspezies der Komplementärspezies 
van R gehört zu R (einfaches Prinzip der Reziprozität der Komplementär~ 
spezies ) . 

2. lede endliche Spezies van Elementen der Kamplementärspezies der 
Kamplementärspezies von R gehört zu R (mehrfaches Prinzip der Rezipro~ 
zität der Komplementärspezies ers ter Art). 

3. lede Spezies van Elementen der Kamplementärspezies der Komple~ 
mentärspezies von R gehört zu R (mehrfaches Prinzip der Reziprozität der 
Komplementärspezies zweiter Art). 

Alsdann besteht auch hier die Widerspruchsfreiheit nur für 1. und 2., 
und nicht für 3. Ein Gegenbeispiel liefert die Spezies G derjenigen Punkt~ 
kerne des Einheitskontinuums C, für welche die Rationalitätsfrage ent~ 
scheidbar ist. Denn die Komplementärspezies der Komplementärspezies in 
C von Gist mit C identisch (weil nämlich die Komplementärspezies in C 
von G leer ist), während wir oben gesehen haben, dass G unmöglich mit C 
identisch sein kann. 



Mathematics.-- Beweis dass jede Menge in einer individualisierten Menge 
enthalten ist 1). By Prof. L. E. J. BROUWER. 

(Communicated at the meeting of December 17, 1927). 

Sei M eine belieb.ig vorgegebene Menge. Wir zählen zunächst die 
Menge der ersten Wahlen von M durch ei ne Fundamentalreihe ab, zählen 
sodann die Menge der zweiten Wahlen von M als Produkt zweier Funda
mentalreihen (mittels des Diagonalverfahrens) wiederum durch ei ne 
Fundamentalreihe ab, zählen darauf die Menge der dritten Wahlen von 
M als Produkt der letzteren Fundamentalreihe mit einer neuen Fundamen
talreihe (mittels des Diagonalverfahrens) gleichfalls durch eine Funda
mentalreihe ab, usw. Alsdann bekommt jede Wahl ei ne neue Nummer, und 
wenn wir alle hierbei nach bestimmter erster, zweiter, . ... bis einschliesslich • n-ter Wahl für die (n + 1 )-te Wahl nicht vorkommenden Nummern als 
gehemmte Nummern betrachten, bekom men wir ei ne mit M identische 
"monotone" Menge N, d.h. eine mit M identische Menge N, in welcher 
nach einer ungehemmten n-ten Nummer a nur Nummern ?= a als (n + I )-te 
Nummer ungehemmt sein können, und in welcher für beliebiges n keine 
zwei ungehemmte n-te Wahlen mit gleichen Nummern vorkommen. 

Nun nehmen wir in der Menge N ein Fundamentalreihe von Aende-
rungen al' a2, ... . vor, wobei für jedes beliebige n die Erzeugnisse der 
I-sten, 2-ten, .. .. bis einschliesslich (n-l )-ten Wahl nicht von a n be-
einflusst werden. Und zwar ändern wir für al zunächst in der Menge N 
die Reihe der ersten Wahlen derweise, dass jede gehemmte Wahl gehemmt 
bleibt, während eine ungehemmte Wahl dann und nur dann ungehemmt 
bleibt, wenn ihr in der Fundamentalreihe keine andere Wahl vorangeht, 
welche das gleiche Zeichen erzeugt; sodann erklären wir nach einer 
beliebigen ungehemmt gebliebenen ersten Wa hl a diejenigen und nur 
diejenigen zweiten Wahlen ungehemmt, welche zuvor nach einer das 
gleiche Zeichen wie a erzeugenden ersten Wahl ungehemmt waren, und 
die ganze Mengenfortsetzung dieser ungehemmten zweiten Wahlen wird 
bei diesem "Transport" ungeändert gelassen. Hierdurch bekom men wir 
eine mit N identische monotone Menge N l' in welcher gleiche Elemente 
immer nur aus gleichen ersten Wahlen hervorgehen. 

Die Aenderung a2 wirkt in solcher Weise auf N 1, dass für eine beliebige 
ungehemmte erste Wahl a von N 1 zunächst für die auf a folgenden zweiten 

I) Für die Definition der Menge, der individualisierten Menge und der finiten Menge 
vgl. Math. Annalen 93, S. 244-245. Im Folgenden werden wir sowohl eine beliebige 
Zeichenreihe wie nichts, kurz als "Zeichen" bezeichnen. 
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Wahlen die gleiche Aenderung ausgeführt wird. welche oben bei al mit 
der Reihe der ersten Wahlen vorgenommen wurde. sodann nach einer 
beliebigen auf (J folgenden. ungehemmt gebliebenen zweiten Wahl r 
diejenigen und nur diejenigen dritten Wahlen ungehemmt erklärt werden. 
welche in NI nach einer das gleiche Zeichen wie l erzeugenden. auf (J 

folgenden zweiten Wahl ungehemmt waren. und die ganze Mengenfort
setzung dieser ungehemmten dritten Wahlen bei diesem "Transport" 
ungeändert gelassen wird. Hierdurch bekommen wir eine mit N und NI 
identische monotone Menge N 2 • in welcher gleiche Elemente immer nur 
aus gleichen ersten und zweiten Wahlen hervorgehen. 

Die Aenderung a3 wirkt in solcher Weise auf N 2. dass für beliebiqes 
(J und r mit den auf (J und r folgenden dritten Wahlen und ihren Mengen
fortsetzungen die gleiche Aenderung ausgeführt wird. welche oben 
zunächst bei al mit der Reihe der ersten Wahlen und ihren Mengenfort
setzungen und sodann bei a2 mit den auf (] folgenden zweiten Wahlen und 
deren Mengenfortsetzungen vorgenommen wurde. 

In dies er Weise bestimmen wir der Reihe nach Nl. N 2 • N 3 •.•..• wobei 
jedesrnal N > aus N ._1 hervorgeht mittels Hemmung eines Teiles der vorher 
ungehernmten Folgen von " Wahlen und dernentsprechender Umordnung 
der (alle ungehernmt bleibenden ) ungehemrnten Folgen von v + 1 Wahlen. 
Hierbei bemerken wir. dass einer ungehemmten Folge von l' + 1 Wahlen 
mit Indizen ::::; m in N .+1 eindeutig eine die gleichen Zeichen erzeugende 
und gleiche Indizes besitzer.de ungehemrnte Folge von ,,+ 1 Wahlen in 
N. und der letzteren der Reihe nach in N._1• N.-2 ••••• Nl. N eindeutig je 
ei ne die gleichen Zeichen erzeugende ungehemmte Folge von l ' + 1 Wahlen 
mit Indizen ::::; m entspricht. Mithin brauchen wir. urn von Indizes ::::; m 
besitzenden Folgen von ,,+ 1 Wahlen in N >+I die Gehernmtheit bzw. die 
erzeugten Zeichen festzustellen. der Reihe nach in N . Nl' N'2 . . ... N> 
ebenfalls nur Folgen mit Indizen ::::; m in Betracht zu ziehen. so dass die 
betreffende Feststellung einen endlichen d.h. ausführbaren Prozess darstellt. 

Wenn wir nun die Menge P dadurch definieren. dass sie für jedes l ' 

In der Wirkung der Folgen von 1. 2. 3 ....• v Wahlen mit Nv überein
stimmt. dann ist die Menge P individualisiert and enthält N. also M. 

Wenn wir sagen. dass zwei Mengenelemente ditferieren, wenn für 
passendes n die Erzeugnisse ihrer ersten n Wahlen verschieden sind. und 
dass zwei Mengen übereinstimmen. wenn keine von beiden ein von allen 
Elementen de'r anderen differierendes Element enthalten kann. so folgert 
man im Falle einer finiten Menge M mittels der Haupteigenschaft der 
fini ten Mengen 2) leicht. dass die zugehörige Menge P mit M überein
stimmt. Mithin ist je de finite Menge in einer mit ihr übereinstimmenden 
individualisierten Menge enthalten . 

1) Vgl. Math. Annalen 97. ~. 66 (Theorem 2). 



Mathematics. - A Representation of a quadrifold set of Twisted 
Cubics on the Points of a Linear Four-dimensional Space. By 
J. W. A. VAN KOL. (Communicated by Prof. HENDRIK DE VRIES). 

(Communlcated at the meeting of Pebruary 25. 1928). 

§ 1. The twisted cubics k3 that pass through two given points H. 
and H 2 and cut two given lines a. and a2 twice. may be represented 
on the points of a linear four-dimensional space Ri in the following 
way. In Ri we choose two quadratic spaces Q2. and Q22 that have a 
double line I. resp. 12 , We suppose a projective correspondence to be 
established between the points of a. and the planes in Q2. and another 
one between the points of a2 and the planes in Q22• Let a curve k3 cut 
a. in A. and A'. and a2 in A 2 and A '2 and let R •. R'.. R2 and R'2 be 
the spaces that touch Q2. resp. Q22 along the planes associated to the 
said points. To k3 we shall associate as image point the point where the 
plane of intersection of R. and R'. and that of R 2 and R'2 cut each 
other. Inversely an arbitrary point in Ri is the image of one curve k3

• 

§ 2. Through an arbitrary point of I. resp. 12 there pass two tangent 
spa ces of Q2. resp. Q22. In this way in Q2. aud Q22 there are defined 
quadratic involutions of planes to which quadratic involutions of points 
I. and 12 on a. resp. a2. are associated. Each of the 00 3 curves k3 that 
cut a. resp. a2 in a pair of points of I. resp. 12• has its image point 
on 12 resp. I •. 

I. and 12 are cardinal li'les: an arbitrary point P of I. e.g. is the 
image of each of the 002 curves k3 that pass through the points of a2 
which ace associated to the planes where Q22 is touched by its spa ces 
of contact through P. 

The transversal t. resp. t2 of a. and a2 through H. resp. H 2 is com
pleted by the conics through H 2 resp. H. that cut a.. a2 and t. resp. t2• 

to 00 3 curves k3 that are represented in the points of the plane of 
intersection a. resp. 02 of the spaces which touch Q21 and Q22 in the 
planes associated to the points of intersection of a. and a2 with t. 
resp. t2• 

There are two singular planes a. and 02 both of which cut I. and 12: 
an arbitrary point P of a. is the image of the 001 curves k3 formed by 
t. and the conics that pass through H 2. cut t. and cut a. and a2 in the 
points corresponding to the planes where Q21 an Q22 are touched by 
its spaces of contact through P which are different from the spaces of 
contact 110. and 12 al' 
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0102 is a cardinal point that represents the 00 2 curves k3 formed by 
ti. t2 and the transversals of al and a2' 

§ 3. Our set contains 002 curves k3 that are singular for the rep re
sentation. viz. the curves P that cut al in a pair of points of 11 and 
a2 in a pair of points of 12, Each of these curves k3 has 00 I image 
points. viz. all the points of a transversalof 11 and 12, 

§ 4. Q21 and Q22 are the loci of the image points of the curves k3 

that touch al resp. a2' 
The surface of intersection 0 1 of Q21 and Q22 is the locus of the 

image points of the curves k3 that touch al as weIl as a2' 

§ 5. Let us investigate the representation of the system I I of the 
curves P that have a given chord b. The curves of I I cut al as weIl 
as a2 in pairs of points of aquadratic involution. To these quadratic 
point involutions on al and a2 there correspond quadratic plane involu
tions in Q21 resp. Q22' These involutions have the property that two 
spaces which touch Q21 resp. Q22 in plan es that correspond to each 
other through this involution. have a plane of intersection Iying in a 
fixed space through 11 resp. 12, 

The plane of intersection ab of these spaces is apparently the image 
plane of II' 

Two planes ab, and ab, cut each other in one point. Hence: 
There is one twisted cubic that passes through two given points and 

has four given chords. 
0 1 and ab cut each other in four points. 
There are four twisted cubics that pass through two given points. 

have a given chord and touch two given lines. 

§ 6. Let us call the image surface of the system I 2 of the curves k3 

that pass through a given point P. OP. We determine the degree of 
Op by examining the intersection of it and a plane a that touches Q21 
as weIl as Q22' As th ere is one curve k3 of I 2 that passes through a 
given point of al as weIl as through a given point of a2' a cuts OP 
besides in the points a 11 and a 12 in one more point. 11 and 12 are single 
lines of Op as through two given points of 11 and 12 there passes one 
curve k3 of I 2• As. accordingly. a cuts Op in all in three points. Op 
is a cubic surface. We can show that Op has one conic that passes 
through the points al 11, 0112 and al 02 in common with al and one 
conic that passes through 0211' 0212 and al 02 with 02' 

Op and ab have one point in common besides the points ab 11 and ab 12, 

Hence: 
There is one twisted cubic that passes through three given points 

and has three given chords. 
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By applying the methad indicated in § 8 we find that Op and OQ 
cut each other outside il and i2 in singular points only. whence: 

There is no twisted cubic that passes through tour given points and 
has two given chords. 

The intersection of 0 4 and Op gives : 
There are tour twisted cu bics that pass through three given points 

and touch two giuen lines. 

§ 7. Let QI be the image space of the system I3 of the curves P 
that cut a given line i. We determine the degree of SJI by means of the 
intersection with a line p that touches QI 2 as weil as SJl. p is the 
locus of the image points of the curves P that pass through a definite 
point AI of al' through a definite point A 2 of a2' and cut al and 
a2 outside AI resp. A 2 in points that correspond to each other through 
a certain projective correspondence between the points of al and those 
of a2 . The number of points of intersection of pand SJ, is. therefore. 
equal to twice the number of curves of I3 that pass through two given 
points of al as weil as through a given point of a2. This number is 
equal to two as the twisted cubics that pass through five given points 
and cut a given line. farm a surface of the fifth degree that has triple 
points in the given points. SJ, is. accordingly. of the fourth degree. We 
can show that i l and i2 are double lines and that al and 02 are single 
planes of QI. 

§ 8. The intersection of SJI and !Jm consists of al' O2 and a surface 
Olm of the degree 14. which is eVidently the image surface of the system 
I i of the curves P that cut two given lines i and m. i l and i2 are 
quadruple lines of Olm and ai has a curve of the sixth order that has 
triple points in the points a;ll and 0;12 and a double point in the· point 
al O2 in cam man with Olm. 

The intersection of Olm successively with rIb and 01 gives: 
There are six twisted cubics that pass through two given points. haue 

three given chords and cut two given lines. 
There are 24 twisted cubics that pass through two given points. touch 

two given lines and cut two other given lines. 
According to a theorem of PIERI I ) the number of points of inter~ 

section of Olm and OP outside i l and i2 is found by subtracting from 
the product of the degrees of Olm and OP the product of the multi~ 
plicities of i l on Olm and OP. the product of the multiplicities of i2 on 
Olm and OP and the classes of the envelopes of the spaces through i l 

or i2 that touch Olm and OP at the same point of one of these lines. 
The class of the envelope of the spaces through i l that touch Olm and 
OP at the same point of il' is equal to the number of spa ces that pass 

I) Rend. del Circolo Mat. di Palermo. t. V. 1891. 
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through an arbitrary point S and through I, and touch Olm and Op at 
the same point of I,. It is easily proved that an arbitrary space through 
I, cuts Op along I, and a conie that cuts I, once; accordingly this space 
touches Op once. viz. in the point of intersection of I, and the said 
conic. An arbitrary spa ce through I, cuts Olm along the line I,. which 
must be counted four times. and a curve of the tenth order that cuts I, 
in six points; consequently this space touches Olm six times. viz. in the 
points of intersection of I, and the said curve of the tenth order. To 
an arbitrary point L, of I, we shall now associáte the six points L', of 
I, wh ere Ol m is touched by the space that is defined by S and the 
plane touching OP at L,. Inversely through this correspondence there 
are associated to an arbitrary point L', the four points L, wh ere OP 
is touched by the four spal'es th at are defined by S and the four planes 
touching Olm at L',. The (4. 6)-correspondence between the points L, 
and L', arising in this way. has 10 coincidences. hen ce the class in 
question is ten. Consequently the number of points where OP and Olm 

cut each other outside l,and/2 • is equal t03 X 14-2 . 1.4-2 . 10=14. 
This number contains 4 points where the intersections of OP and Olm 

with a, cut each other outside the points I,a,. 12a, and a,a2' <4 points 
where the intersections of OP and Olm cut each other outside the points 
l,a2. 12a2 and a,a2 and the point a,a2 itself. which must be counted twiee. 
There remain. accordingly. 4 points that are neither singular nor cardinal 
points. Thus we have found the following number. which. however. may 
be derived more simply in a direct way : 

There are tour twisted cubics that pass through three given points. 
have two given chords and cut two given lines. 

If we apply the methad indieated above to twO surfaces Olm and Ono. 
we find: 

There are 36 twisted cu bics that pass through two given points. have 
two given chords and cut tour given lines. 

§ 9. The intersection of Olm and Qn consists of the lines I, and 12• 

which must be counted eight times. two curves of the sixth order Iying 
resp. in a, and a2 and a curve klmn of th", order 28 that is the image 
of the system X 5 of the curves P that cut three given lines I. mand n. 
klmn cuts I, and 12 in 14 points. as the number of points of intersection 
of klmn and I, as weil as the number of points of intersection outside I, 
of klmn and a tangent space of Q2, is equal to the number of curves of 
I5 that pass through a given point of a,. The number of points of 
intersection of klmn and a, is equal to the number of conies that pass 
through H 2 and cut the six lines a,. a2. ti. I. mand n (in different points). 
The conics that pass through H 2 and cut a,. a2. I. mand n form a sur
face of the' degree 18 ') th at is cut by t, outside the points of inter-

') Cf. SCHUBERT. Kalkül der abzählenden Geometrie. p. 96. where the numbers of 
conics P v6 = 18 and p2 vi = 4 are derived. 
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section of ti with al and a2. which are quadruple lines of the surface. 
in ten points. Accordingly al and 02 are cut by klmn in ten points. 

The intersection of Q21 and klmn gives: 
There are 28 twisted cu bics that pass through two giv8n points. have 

a given chord. cut three given lines and touch another given line. 

§ 10. We can further investigate the representations of several other 
systems. as the systems of the curves P that touch one. two or three 
given planes. that touch a given plane and at the same time cut one or 
two given lines. that touch a given plane and at the same time pass 
through a given point and others. 

The numbers that may be deduced in this way and those already 
found above are the following ones: 

P4B2 0 P3B2v2 = 4 
P3B3 P3B2"e = 8 
P2B4 1 P3B2e2 --= 16 
p3p 4 

P2BP 4 
P3BTv 4 
P3BT = 8 

P2B2Tv = 4 
P2B2Te = 8 

P2B3,,2 = 6 
P2B3"e = 12 
P2B3e2 = 24 

p2PV(! =48 
p2Pe2 =96 

P2B2V3e = 72 
P2B2v2e2= 144 
p2 B2 ve3 = 288 
P2B2 e4 =576 
P2BTv3 = 28 
P2BTv2e= 56 
P2BT"e2= 112 
P2BTe3 =224 

Here P indicates the condition that a twisted cubic pass through a 
given point. B that it have a given chord, v that it cut a given line. T 
that it touch a given line and e that it touch a given plane. 

§ 11. From the above we can derive properties of different surfaces 
formed by systems of ooi curves Pi). 

The curves P that touch al and a2 and cut a given line I. form a 
surface of the degree 24 that has 12-fold points in Hl and H 2 ; al and 
a2 are eightfold lines and I is a quadruple line of this surface. 

The curves P that touch al and cut two given lines 1 and m. form 
a surface of the degree 28 that has 14-fold points in Hl aod H 2 ; al is 
an eightfold line. a2 is a twelvefold line and land mare quadruple 
lioes of this surface. Etc. 

I) Cf. also these Proceedings 30. p. 1016 (1927). 



Bacteriology. - On the Transmuted Tubercle baeilli type BTTx., and 
their signifieanee [or the Diagnosis and the Therapy of Tubereulosis 
By C. H. H. SPRONCK and W . HAMBURGER. 

(Communicated at the meeting of October 29, 1927). 

The classical law of the invariableness of bacteria had been advanced 
under the influence of the great discoveries of ROBERT KOCH. But gradually 
facts became known that negatived this theory. Morphological and biologi~ 
cal properties may be lost, and new ones may be acquired. At present the 
variability of bacteria is wellnigh an ascertained fact; it is considerable 
with some species, small with others. But bacteria are by no means kaleido~ 
scopical beings, their invariability being subject to laws still unknown. 

According to NEUFELD 1) the tubercle bacillus belongs to the non~fluc~ 
tuating bacteria. But it has long been known, that the tubercle bacillus 
possesses a great adaptive power, and that it is possible to cultivate it on 
all sorts of media. Now, we detected that on media that are gradually 
altered and become poorer and poorer, the properties of the parasite alter 
considerably at a given moment. Wh en we saw this for the first time, we 
thought of course of contamination, and months passed by before we got 
the conviction, that we had to do with a variety of the parasite. Small 
though the variability of the tubercle bacillus may seem, in reality also th is 
micro~organism is undoubtedly capable of change, and of an intense change. 

The stability of the transmuted parasite seems even to be still .greater than 
that of the typical tubercle bacilli. Anyhow, in spite of all our efforts we 
have not yet succeeded in inducing the transmuted parasite to resume the 
state of a typical tubercle bacillus or of another variety. Moreover, the 
transmuted parasite has not only lost certain properties, it has also acquired 
new ones, which is the reason why we have not spoken of modified but of 
transmuted tubercle bacilli , and have styled the transmuted tubercle bacillus 
bacillus tuberculosis transmutatus x (BTTx) 2). 

Compared with typically human and bovine strains the transmutant grows 
with amazing rapidity, but only at 37-38° C. and in the presence of 
oxygen. It does not grow at room~temperature. 

Already in bacilli, only 24-48 hours old that do not show granulation, 

1) Deutsche med. Wochenschr. : 1924, NO. I. 
2) }OLLOS (Zentralb!. f. Bakterio!. Abt. I, Orig. Bd. 93), indeed, has cogently maintained 

that in the case of bacteria it is not right to speak of mutation, because with asexual 
propagation it is hardly possible to judge of heredity, and as the bacteria do not possess 
a nucleus, the cytological analysis is out of the question. We might use LEHMAN's term 
ooKlonumwandlung", but most bacteriologlsts use the word mutation, which is understood 
in all countries. 
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an oval, protruding spore may appear, which always lies near one of the 
extremities of the rod. In one and the same cell we never find more than 
one spore. Before long the spore is mature, the rod degenerates and the 
spore gets free. The elements of the transmutant, (threads, bacilli, and 
spores) are non-acidfast, neither do they stain after GRAM. Only the young
er still immature spores stain occasionally af ter GRAM. The spores do not 
possess great resistance, still they seem to be instrumental in preventing the 
destruction of the culture by heating to 56-59° C. during one hour, even 
wh en before the heating 0.5 % carbolic acid has been added. The transmu
ted bacilli, therefore are at least as resistant as the typical bacilli. If the 
latter are ki lied in a solution of 0.01 % formol within 24 hours (CALMETTE) 
the transmuted bacilli are undoubtedly much more resistant. Cultures of 
typical tubercle bacilli protected from exsiccation and light, survive at the 
most for 1 Yz years wh en kept in a cool place; but most cultures die oH 
much sooner. Under the said conditions cultures of the transmuted tubercle 
bacillus appeared without exception capable of reproduction af ter 1 Yz years. 

The transmutant has completely lost virulence for caviae. It does not pro
duce tuberculin, nor is the substance contained in its elements. Whereas 
typical tubercle-bacilli are rich in fat and waxy substances, the transmuted 
ones are very poor in this respect. 

Thus far we have transmuted 7 strains of tuberc1e bacilli, viz. 6 human 
ones and 1 bovine. The transmutation never having failed, no matter 
whether the strain had been cultivated in the laboratory already for some 
time, or was completely fresh, we consider the transmutation of every strain 
possible, and that of the third type of virulent tuberc1e bacilIi, viz. bacillus 
gallinaceus we deern probable. Por the transmutation, which in our 
laboratory is sometimes ca lied emaciation-curve, at least 2 or 3 months 
are required. 

It is remarkable that always the same transmutant came forth from 7 
strains. True, th ere are differences among the transmuted strains inter 
se, but they are of a quantitative character. One strain grows quicker than 
the other, also the agglutinability varies. 

It has long been known, that in cultures of typical tuberc1e bacilli not 
only acid-fast but also non-acid-fast rods are observed. They were sus
pected to be degenerated or imperfect rods of KOCH, or young, still un
developed bacilli and they we re even considered as a variety. In BALDWJN, 
PETROFF and GARDNER'S 1) recently published work "Tuberculosis" 
we read: "All attempts to separate non-acid-fast from acid-fast forms 
have failed, so that they must be considered to represent immature or 
imperfect forms rather than a separate variety". 

We con si der the non-acid-fast rods of the transmutant to be similar to 
those of the cultures of the typical tuberc1e-bacillus, but we assume 
the latter to be part of the parasite, which is not a simple 

I) The Trudeau Foundation Studies, 1927, p. 33. 
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schizomycete, but a higher micro-organism, which belongs to the genus 
actinomyces. In its growth outside the infected organism it forms 
two sorts of rods. acid-fast and non-acid-fast. both originating from non 
acid-fast threads and multiplying through fission. On the best media thc 
parasite forms few non-acid-fast rods. but their number increases when the 
medium grows poorer. and now at one moment mutation takes place which 
under the modjfied circumstances largely bene fits the existence and the 
propagation. It reminds us of a self-defence in distress. 

We have decidedly observed the same mutation. but till now only once. 
af ter inoculating tissue of a tuberculous cavia-spleen on a poor medium. 
absolutely unfit to grow tubercle bacilli. Af ter the medium. which had been 
guarded against exsiccation. had remained at 38° C. for two months without 
evincing any sign of growth. a suspicious speck became visible that gradu
ally got bigger. Of course we suspected contamination. the more so since the 
culture exhibited a number of red specks. which had never been observed 
in the transmutant. On closer inspection we learned that it really was the 
transmutation , which did not exhibit the red spots any more in the next 
following culture. 

Long before the appearance of the transmutant a typical culture had 
been obtained from the same spleen tissue. and the transmutation was com
menced in the ordinary way. The transmutant thus obtained. and the one 
cultivated directly from the tuberculous spleen-tissue. could initially be dis
tinguished by the latter's slower growth and smaller agglutinability. How
ever. these differences stayed away in further cultivation. 

In the tuberculous spleen-tissue that had been spread on the surface of 
the po or medium processes had presumably been going on that were analo
gous to those on the gradually altered media that are used for the transmu
tation. We assume that in the spleen-tissue a small typical culture has 
arisen that was soon short of foodstuffs; that the para site adjusting itself 
by little and little to this shortage. had passed into the transmutant, which 
thrives better on the poor medium than the typical parasite on the best 
media hitherto known. The direct. or rather quasi direct culture of the 
transmutant is now tried again and again, but as yet without success. 

Of late years the properties of the transmuted tubercle bacillus have been 
examined in different directions. It appeared thereby that they are signi
ficant for the diagnosis as weil as for the therapy of tuberculosis. 

After our communication concerning the transmutant as a tuberculosis
diagnosticum. the agglutination-titre of the blood-serum has been examined 
of another 100 subjects. suffering from, or suspected to suffer from tuber
culosis. of patients suffering from other diseases , or apparently healthy 
persons. The titre was determined as in the first investigation. Only in 
some cases has the titre been established more precisely. 

The cases of indubitable tuberculosis have now been divided into the 
following groups: 1°. sufferers from tuberculosis of the skin and the 
mucous membranes of mouth. throat . and nose (TabIe I) . 2°. sufferers 

26 
Proceedings Royal Acad. Amsterdam. Vol. XXXI. 
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hom tuberculosis of lymphatic glands. bones. and joints (Tabie 11). 30. 
sufferers from pulmonary tuberculosis (Tabie 111) and 4°. sufferers from 
abd~miI1al-tuberculosis. In Table V the cases are reported. in which we 
suspected the existence of tuberc,ulosis; in Table VI sufferers from other 
diseases or apparently healthy people. In all the tables the cases have again 
been arranged according to the titre the better to determine the relation 
between the number of positive titres (1 : 100 and higher) and that of 
the negative ones. 

The new observations justify us as yet in considering 1 : 100 as the 
lowest titre-limit of the positive reaction. 

TABLE I. Tuberculosis of skin and mucous membranes. 

Diagnosis 

Scrophuloderma colli. 
(Prof. v. D. V ALK, Groningen.) 

I Titre I Notes 

1 : 10 About 2 years ago begun with a 
swoUen gland. Patient looks heal
thy and now leaves clinic quite 
oured. 

2 Tuberculosis cutis verrucosa. 1 : 10 Verrucae at left middlefinger and 
fore~arm. (Prof. V. D. VALK, Groningen.) 

Lupus vulgaris nasi. 1 : 50 
(Prof. v. D. V ALK, Groningen.:) 

3 Boy of 12 years, pale, small, si en
der: no fever. For three years 
lupus of nose and cheek. Rönt
genization: large calcified hilus
glands and a calcified focus in 
the right inferior lobe. 

4 Lupus facid, mucosae oris et nasi. 1: 50 
(Prof. V. D. VALK, Groningen.) 

Boy 17 years old, lupus for three 
yea'rs. Pirque.t very strong +. 

5 Lupus nasi. 1 : 50 Woman 38 years ·old. 
(Prof. BENJAMINS, Groningen.) 

6 Lupus vulgaris faciei. 1 : 100 
(Prof. V. D. VALK, Groningen.) 

7 Lupus vulgaris disseminalus. 1 : 100 Face and arms. 
(Prof. v. D. VALK, Groningen.) 

8 Lupus vulgaris in scrophuloderma- 1: 100 
scaTS. 
(Prof. V. D. VALK, Groningen.) 

9 Lupus. 
(Prof. BENJAMINS, Groningen.) 

10 Lupus faciei et mucosae nasi. 
(Dr. LA CHAPELLE, Assen.) 

11 Lupus. 
(Prof. BENJAMINS, Groningen.) 

12 Lupus mucosae nasi. 
(Prof. V. D. VALK, Groningen.) 

13 Lupus. 
(Prof. BENJAMINS, Groninl!en.) 

1 : 100 Boy 15 years old. 

1 : 100 V ocal chords also affected. Lupus 
of 6 years standing, still small 
foei of it are persisting. 

1 : 200 Girl of 16 years. 

1 : 200 v. Pirquet +. 

1: 300 Woman 49 years old. 



T ABLE 11. Tuberculosis of lymphatic glands. bones. joints. 

DiagDosis 

Tuberculosis of 1he knee-joint. 
(Or. LA CHAPELLE, Assen.) 

I Titre I Notes 

I : 10 Rönlgenization; focus in the epi
physis of the femur. The aspira
,ted Huid gave a positive cavia 
test. 

2 Tuberculous jugular glands. I : 10 

3 

(J. HOUGKAMER, The Hague.) 

Tuberculosis of the ileo sacral joint. 1: SO 
Formation of abscess. 
(Dr. LA CHAPELLE, Assen.) 

25 years, general condition excel
lent. Fûrmerly glandular abscess 
a,t the neck. 

4 Tuberculosis of the lef! foot, perfo- I: 100 21 years; forme.rly pleuritis. 
ration of the outer ankie. 
(Dr. LA CHAPELLE, Assen.) 

5 Tuberculosis of jugular glands. 1 : 100 22 years, also laryngitis tuberculosa 

6 Tub. oI right elbow and malum 
P'Û tt i i. 
(M. C. A. KI.INKENBERGH and 
TIl. VAN DEN EIJDEN, Utrecht.) 

s'putum: oavia-test not vet 'ended. 

1 : 100 Girl of 16 years. 
coming to rest. 

ProceSS0s are 

7 Coxitis tub. many fistulae. 1 : 100 Process seems to be active. 
(M. C. A. KI.INKENBERGH and 
TH. VAN DEN EIJDEN, Utrecht.) 

8 Tuberculosis jugular glands with 1: 100 Besides old tu.b. of the lungs. 
abscesses. 
(Di. LA CHAPELLE, Assen.) 

9 Tub. of metacarpus of the lef! 1: 100 Girl of 14 years. No lever. 
hand; fislulae. 
(M. C. A. KI.INKENBERGH ,and 
Tu. VAN DEN EUDEN, Utrecht.) 

10 Tub. of the tarso metatarsal joint 1: 100 Girl of 22 years. Resection 8 Aug. 
I; fislulae. '27. Rcmains smal! fis tul a and pres-

11 

12 

13 

14 

IS 

16 

17 

18 

19 

fM. C. A . KI.INKENflERGH aoOd sure-pain. T,itre determined 29 
'hl. VAN DEN EIJDEN, Utrecht.) Sept. '27. 

Tuh. of thc lef! large Imchanler. 
(M. C. A. KI.INKENI3ERGH and 
A. VAN BEEK, Utrecht.) 

Most probably tuberculous coxitis. 
(Dr. LA CHAPELLE, Assen.) 

Coxitis luberculosa, cured. 
(Dr. LA CUAPELLE, Assen.) 

Spondylitis luberculosa. 
(J. HOOGKAMER, The Hague.) 

Spondylitis tuberculosa abscess de
scended along carious ribs. 
(Dr. LA CHAPELLE, Assen.) 

Ostc-omyelitis tuberculosa. 
(J. HOOG KAMER, The Hague.) 

Gonitis tuberculosa sin. 
(M. C. A. KUNKENBERGH and 
A. VAN BEEK, Utrecht). 

Tub. of the hand. 
(Dr. LA CHAPELLE, Assen.) 

Tuberculous jugular glands, fistulae. 
iDr. LA CHAPELLE, Assen.) 

1 : 100 Mnn 49 years has been reoently 
-operated. 

1 : 200 Boy of 5 years, photo atmphy, IlO 

focus, v. Pirquet first time -, 
second time strong +. 

I : 200 26 yeilrs, photo only morbid ,growth 
'Ûf bone. 

1 : 200 29 years. Formerly symptoms .of tub. 
of the lungs. 

1 : 200 29 years. Formerly tub. of the lung,s. 

I : 200 Woman 40 years, also tub. of the 
lungs, lingering for years. 

I : 200 Man 33 year;s. is feverish. 

I : 300 37 years, 'recovering v. Pirquet very 
weak positive. 

I: 300 40 years; fistulae from his 19th year. 
For the rest healthy. 

26* 
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With a titre of I : 100, we may think of the resorption of millions ot 
tubercle baciIli, 50 that there is no question about an insignificant tubercu
lous focus, but of a progressive tuberculous process, that exists or has 
existed for some time, for the production of antibodies proceeds still some 
time after the resorption of the antigens has stopped. On the other hand 
the titre I : 100 does not indicate anything about the nature and the ex tent 
of the tuberculous process. Not infrequently a small focus contains far 
more tubercle bacilli than a large one and the resorption is larger at one 
place than at the other. 

From a practical point of view it is significant 'that already in incipient 

T ABLE 111. Tuberculosis of the Lungs. 

Diagnosis Titre Notes 

Chronic pulmonary tub. I : 10 Se<vere, hDpeless case. 
(W. V. HASELEN, IJmuiden and 
S. V. SLOOTEN, Haarlem). 

2 Tub . .of the Lungs. 1: 10 Far advanced. 
(L. WEIJL, Middelburg). 

3 Chronic extensive tub . .of the lungs. 1 : 50 BDY .of 18 years. Far advanced. 
(M. LE HEux, Doorn). 

5 

6 

7 

8 

9 

10 

11 

12 

Chronic ,tub. .of Jungs allJd larynx. 
(J. HOOG KAMER, Den Haag.) 

Chronic tub. of the lungs. 
(DR. KERSBERGEN and C. J. Bou
WER, Haarlem). 

Chronic tub . .of the lungs. 
(DR. KERSBERGEN and C. J. Bou
WER, Haarlem). 

ChI'onic tub. of the lungs. 
(DR. KERSBERGEN and C. J. Bou
WER, H"arlem). 

Chronic tub. of the lungs. 
(J. BURCK, 's Graveland). 

Chronic tub. of the lungs. 
(F. A. v. D. BREGGEN, Haarlem). 

Chr.onic tub. of the lungs. 
(J. HOOG KAMER, The Hague.) 

Chl'Onic tub . .of the lungs. 
(J. WACHTERS, Culemborg). 

Tub . .of the lungs (formerly). 
(DR. STENVERS, Utrecht). 

13 ChrDnic tub. of the lungs. 
(Dr. LA CHAPELLE, Assen.) 

1 : 100 26 years, far advanced, pleuritis 
and spina ventosa. 

1: 100 

1: 100 

1: 100 

I : 100 29 )'ears. 

I: 100 

I : 100 Tubercle bacilli in sputum. 

I : 100 Also coxitis tubercuJ.osa and abdo
minal tub. 

I : 100 NDW influenza and acute encepha
litis. 

I : 200 Besides tub. cutis at neck and left 
shoulderolade. Now hydrops genu 
aft er trauma; titre .of the aspira
ted Huid 1 : 50. 
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tuberculosis of the lungs the titre is 1 : 100 or higher. Because recent lung
foei generally contain many tubercle baeiUi and there is in the lungs a 
favourable opportunity for resorption. it is easily understood that the 
titre is high already when the symptoms are still vague. 

In rapidly progressing exsudative forms of pulmonary tuberculosis the 
titre has not yet been examined. Probably it will appear to be low. because 
here the blood is easily overcharged with antigens. which the organism 
cannot destroy. Table 111 again shows. that in lingering forms the titre is 
regularly high and remains so for a long time; it faUs only when the 
disease is far advanced. so that a serological diagnosis is superfluous. 

Also when the lung-process has come to rest or is cured. a fall of the 
titre is sure to reveal itself af ter some time. That in the cases mentioned 
the titre is lower than 1 : 100 does not lessen the practical significance of 
the agglutination-test ror the recognition of the pulmonary tuberculosis 
If we compare the low titre with the clinical observation. its significance 
can easily be interpreted. 

Probably a titre of 1 : 100 is also attained in a short time in the case 
of tuberculosis of the peritoneum (TabIe IV). The large surface of the 
peritoneum and the initiaUy unimpeded resorption are favourable factors. 

T ABLE IV. TubercuIosis of the peritoneum. 

Diagnosis 

Peritonitis tuberculosa. 
(Dr. LA CHAPELLE, Assen.) 

2 Tubercles ,on the bowels. 
(Dr. LA CHAPELLE, Assen.) 

3 Tub. peritonei. 
(Dr. LA CHAPELLE, Assen.) 

4 Tub. of the abdomen. 
(Dr. LA CHAPELLE, Assen.) 

5 Peritonitis t.b.c. 
(DR. LA CHAPELLE, Assen.) 

Titre Notes 

I : 50 Much fluid in the belly. Also both 
lungs diffusely affected. High 
'temperatures, v. Pirquet -. 

I : 90 Found ,at an operation of the ab
domen, probaJbly originated a 
short time ago in the lactation
period. 

1 : 100 Previously pleuritis, fever, v. Pir
quet +. 

1 : 200 Recovering, v. Pirquet weak +. 

1 : 300 Regressive process. 

During an operation of the abdomen Dr. LA CHAPELLE detected tubercles 
in the serosa of the ileum. that had probably originated in the lactation
period and had not yet induced any sympton. Nonetheless the titre rose as 
high as 1 : 90 (TabIe IV nO 2). The severe far advanced case nO. 1 
(tuberculosis of abdomen and lungs) shows a fall of the titre (1 : 50) 
accompanied by negative tuberculin-reaction (negative anergy of v. 
HAYEK) . 

With lupus the tubercle baeilli are extremely rare. In the skin temperature 
and light are detrimental to their reproduction. It cannot be expected. there-
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fore, that a small lupus-spot, a dissection-tubercle, a tuberculosis vernicosa 
cutis would in duce a titre of 1 : 100. In 13 cases of lupus and other forms 
of tuberculosis cutis (TabIe I) the titre was lower than 1 : 100 in four 
cases (30 % ). In the other cases it varied from 1 : 100 to 1 : 300. 

Also in tuberculosis of Iymphatic glands, bon es and joints (TabIe II) the 
titre can be lower than 1 : 100. The resorption is decidedly tardier here, 
and the number of tubercle bacilli is as a rule smaller than in the lungs, so 
that the who Ie organism cannot join so soon in the strife against the local 
process. In 3 (15 %) of the cases examined the titre was lower than 
1 : 100, in the ot hers it varied from I : 100 to 1 : 300. 

In case N0. l,a patient of Dr. LA CHAPELLE (Assen) 'suffering from a 
tuberculous inflammation of the knee-joint, the titre appeared to be smaller 
than 1 : lOon the first examination, and more than a month later it had 
risen only Iittle (rather more than 1 : 10) . Röntgenization distinctly re
vealed a tuberculous focus in the epiphysis of the femur and by puncture 
he obtained a Iittle viscous fluid, in which tubercle bacilli could be demon
strated with the aid of the cavia-test. But the liquid injected subcutaneously 
on August the 10th contained only few bacilli, as in August and in 
September no symptom of tuberculous infection was noticeable. Not before 
October did a small infiltrate appear on the place of the infection and some 
time later swelling of the regionary glands occurred. 

From Table V it appears again that in cases that remind us of tubercu
losis the agglutination-test of ten turns out positive, which speaks for its 
validity. Out of the 36 sera of th is group 21 (58 %) had a titre of 1 : 100 
to 1 : 300. It goes without saying that we tried to verify the serological dia
gnosis. In one case there we re afterwards distinct, clinical manifestations of 
tuberculosis (no. 17). In another (no. 22) tubercle bacilli were found in the 
urine, and the extirpated kidney appeared to be tuberculous. In a third 
(no. 32) the cavia-test demonstrated tubercle bacilli in the sputum. 

Altogether we examined up to now 36 + 33 = 69 doubtful cases with 
21 + 17= 38 (55 %) positive results. 

The group of 20 sufferers from divers other diseases or apparently 
healthy persons. (TabIe VI) gives in as many as 7 cases (35 %) aflOsitive 
result. It is as if this high percentage renders the practical significance of 
the agglutination-test as iIIusive as that of the pos"itive tuberculin-reaction. 
On c10ser inspection of the positive cases, however, the surmise rises that 
the experiment might contribute to tr.e recognition of the tuberculous 
character of diseases, whose cause is still unknown, or the predisposing 
influence which a tuberculous focus exerts on the origin of other diseases. 

Since much has been written about the connection between erythema in
duratum of BAZIN and tuberculosis and J ADASSOHN considers this disease 
even as a form of tuberculosis cutis, we looked for cases of this disease and 
thanks to the assistance of Dr. TER MATEN we had an opportunity to 
examine the blood-serum in two cases. In the one case (nO. 16) the titre was 
1 : 200, in the other 1 : 50 (no. 12) . Truth to teil, we had expected a 
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TABLE V. Tuberculosis? 

NO. 1 ____________ D_i_a_g_n_o_Si_S __________ -+�_T __ it_re~I~------------N-O_t_es ____________ _ 

Tuberculosis? 1 : 10 After an operation irregular fever. 
(J. HOOOKAMER, The Hague.) 

2 Vague complaints. 1 : 10 
(DR. ENKLAAR, Amsterdam). 

3 Throat complaints, headache struma. 1: 10 Tuberculous relations. 
(J. HOOOKAMER, The Hague.) 

4 Divers complaints, not specific 1: 10 
laryngitis. 
(J. HOOGKAMER, The Hague.) 

5 Suspicious cutaneous inflamma- 1: 10 
ti on. 
(J. HOOG KAMER, The Ha,gue.) 

6 Presumably no tub. 1 : 10 

7 

(J. HOOG KAMER, The Hague.) 

Sllppuration of the ear after radical 1: 10 
operation. Tuberculosis? 
(J . HOOG KAMER, The Hague.) 

8 Headache. 1 : 50 

9 

10 

11 

12 

(W. HAMBURGER, Utrecht). 

Chronic rheumatic pedarthritis of 1: 50 
Poncet. 
(Dr. LA CHAPELLE, Assen.) 

Tuherculosis(?). 1: 50 
(Dr. LA CHAPELLE, Assen.) 

Process in the thoracic cavity. 1: 50 
Tl1be'culo~is ? 
(Dr. LA CHAPELLE, Assen.) 

Knee irritated through paving, 1: 50 
meniscus-Iuxatio. 
(Dr. LA CHAPELLE, Assen.) 

13 TUkerclllosis of the lungs? 1 : 50 
(J. WACHTERS, Culemborg). 

Radical operation years ago. No 
reason to think of tuberculosis. 

X-photo does not give a decision. 

Boy of 6 years. Subcutanrous, gra
nu lating cavity in the middle 
under the chin. 

Patient has been attended in a sa
natorium, has had a pleurisy, that 
was soon cured. Now increasing 
oppressiveness, cause unknown. 

Röntgenization negative. 

14 Tllberculosis? 1 : 50 Woman 29 years, abdominal com-
(Dr. LA CHAPELLE, Assen.) 

15 Tuberculosis? 
(J. HOOGKAMER, The Hague.) 

plaints. Scars in the neck of 
glands in youth. 

1 : 70 Tbe one physician thinks of tub. 
. the other does not. 

16 Tuberculosis? 1 : 100 
(DR. KERSBEROEN and C. J. Bou-
WER, Haarlem). 

17 Tuberculosis? 
(DR. ENKLAAR, Amsterdam). 

1 : 100 Serological diagnosis, afterwards 
confjrmed. 

18 Pr,esumably tub. of the lungs. 1: 100 
(J. HOCOKAMER, The Hague.) 

19 Tabes mesaraica. 1 : 200 20 years old. 
(DR. E. H. B. VAN LIER, Utrecht). 
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TABLE V . Tuberculosis? (continued). 

Diagnosis I Titre I Notes 

20 Rise of temper.ature, Cause 1: 100 
unknDwn. 
(J. HOOOKAMER, The Hague.) 

21 Bronchial asthma. TuberculO'sis? 1 : 100 
(J . HOOOKAMER, The Hague.) 

22 Tub. of the kidney? 
(J. WESTENBURG, Bloemendaal). 

1 : 100 Urine appeared tD contain tuberc1e 
baoilli (cavia-test). The extirpa
ted .kidney was fDund to be tu
berculous. 

23 Rheumatic pains, remindiJng of 1 : 100 
Paneel. 
(Dr. LA CHAPELLE, Assen.) 

24 Tuberculous suppuration of the ear? 1 : 100 
(J. HOOOKAMER, The Hague.) 

25 General weakness. 1 : 100 GiTl 18 years. Feels e'Y'er tired and 
weak in the muscles. 

26 Chronic bronchitis. Tuberculosis. 1 : 100 No tubercle bacilli i.n the sputum 
(DR. FREERICKS, 's Hertogen- (carv1a-test). 

27 

28 

29 

30 

31 

32 

bosch). 

llIcÎpient tub. of the lung(?) . 
(CHR. EGGINK, Amersfoort). 

Tuberculosis? 
(Dr. LA CHAPELLE, Assen.) 

IncipÎl'nt tub. of tbe lung~. 
(J. WACHTERS, Culemborg). 

Painful knee, sHght swelling of the 
capsule. 
(M. C. A. KLINKENBERGH and 
TH. VAN DEN EIJDEN, Utrecht.) 

Tubercle under the retina? Hoarse
ness, iIIJflammation DI epiglDttis 
and larynx-tuberculosis? 
(J. HOOOKAMER, The Hague.) 

Asthma brDnchiale. Tuberculosis? 
(J. HOOOKAMER, The Ha,gue.) 

33 Incipient tub. ·of the lung? 
(Dur persDnal observatiDn). 

34 Suspicious pulmonary odisease. 
(J. BAST, Oudehaske). 

35 Otitis media perforativa suppura
tiva for years. 
(J. HOOOKAMER, The Hague.) 

1: 100 

1 : 100 Gid, 11 years, wea,k, colipyelitis. v. 
Pirquet strong +. 

1 : 100 

1 : 100 Girl Df 15 years. 

1: 100 

I : 200 The cavia-test confirms the seroi. 
diagn. 

1 : 200 Young woman. debility, fatigue, 
smal! rise of temperature. Does 
not .track or oough. Lungs care
ful!y examined by IÎnterrusts. 

Doubt about affection Df the 
apex. Röntgeniz.atiDn negative. 

1 : 200 First cavia-test (sputum) negatiw; 
secoml. one Mt ended vet. 

1 : 200 This patient is ·the mother Df NO'. 25. 
Previously she was glandulDus. 

36 BilateTal suppuraUon of the ear. 1: 300 Previously patient was glandulous. 
Tuberculosis? 
(J. HOOOKAMER, T'he Hague.) 



T ABLE VI. Suffers from other diseases, or apparently healthing. 

NO. I Diagnosis 

Lupus erythematosus. 
(E. SWAAB, Breda). 

2 Sepsis. 
(L. ALKEMADE, St. Dedenrode) . 

3 Psoriasis. 
(J. HOOGKAMER, The Hague.) 

.. A pparently healthy. 
(Dur personal observation). 

5 Chronic intestinal phenomena. 
(W. HAMBURGER, Utrecht). 

Titre Notes 

I : 10 Diagnosis made by several de.nnato-
logists. 

1 : 10 !'urulent infiltration of the lower 
I~g appeared to be ,ri eh in micro
coccus catarrhalis. 

I : 10 No trac·e of tuberculosis. 

1 : 10 Robust youth. 

1 : 10 Nervous, weak man. 

6 SteriIe abscess between hepaI and 1 : 10 
pancreas. High temperature. 

Afterwards pleurisy, cl·ear steriIe 
liquid. 

(Dr. LA CHAPELLE, Assen.) 
7 Hoarseness. 

8 

9 

10 

11 

12 

13 

15 

16 

(J. HOOGKAMER, The Hague.) 

Morbus Bl1sedowi. 
(J. HOOGKAMER, The Hague.) 

Ozena. 
(J. HOOGKAMER, The Hague.) 

Lues, 
(J. HOOG KAMER, The Hague.) 

Throat complaints. 
(J. HOOG KAMER, The Hague.) 

Erythema induratum Bazin. 
(Dr. TER MATEN, Amsterdam.) 

Chronic Bron ch"iti s. 
(J. HOOGKAMER, T,he Hague.) 

Spondylitis type Beohterew; light 
psorias.is. 

(Dr. LA CHAPELLE, Assen.) 

Psoriasis and rheumatic complaints. 
(W. HAMBURGER, Utrecht.) 

Erythema induratum Bazin. 
(Dr. TER MATEN, Amsterdam.) 

17 Ozena. 
(P. BUTTER, Kampen.) 

18 ApparenUy healthy. 
(J. HOOG KAMER, T:he Hague.) 

19 Apparently healthy. 
(J. HOOG KAMER, The Hague.) 

20 Rheumatism. 
(J. HOOG KAMER, Tbe Hague.) 

1 : 10 V ocal chonds do not close up well. 

I: 10 

I : 50 

1 : 50 

1: 50 

1 : 50 

(pression on nervus recurrens?) 
No symptoms of larynx- or lung
tuberculosis. 

I : 50 74 years old. 

I: 100 

1 : 100 51 years; IlO tub. in the family. 

I : 200 The father of the 32-year-old pa· 
tient died of haemoptoe. 

I : 200 Gir!, 22 years. F or tbe rest quite 
healthy, the 24-years-old sister 
(also ozena) has been sufferin,g 
from a light tub. of the Iung. 
Parents and 7 brothers and sisters 
healthy. 

1 : 200 Miss B. no reason to thin'k of htb. 
Tub. not in tbe family. 

1 : 200 Afterwards a kidney-process was 
detected. Examination of the 
urine: cavia-test 5 Sept. up to 
now no manifestations of tub. The 
kidney alreadyextirpated had 
large purulent cavities. Result of 
anatomie examinat,ion not vet 
known. 

I : 300 Suffering for a long time. Treated 
with all sorts of remedies without 
a positive result, also with 
shepto-staphylococci vaccin. 
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positive result in both cases. The high titre in case N0. 16 cannot be at 
all surprising. 

Concerning the 22-year-old ozena-sufferer N0. 17, titre 1 : 200, for the 
rest in rude health , we heard that her sister, older by two years, who also 
suffers from ozena, is Ie ss healthy and has passed through a light tubercu
losis of the lungs, so that the high titre is probably the consequence of a 
favourably regressing or an arrested tuberculous process, 

As for case N0. 19, titre 1 : 200, a diseased kidney was detected after
wards. The examination of the urine is not yet terminated (cavia-test), but 
in the mean time the kidney has been removed. It showed large suppurating 
hollows. The result of the anatomie investigation is not yet known. 

There remain still 4 cases (20 %) whose high ti tres cannot be accounted 
for as yet. But it is remarkable that of these persons one is suffering from 
chronie rheumatism, one from rheumatism and psoriasis, and one from 
BECHTEREW's type of spondylosis and light psoriasis. 

Also in our first investigation in the group of 35 subjects suffering from 
divers diseases or apparently healthy people, there were three inexplieable 
cases two of which were rheumatism. 

Thus far 9 cases of rheumatism have been examined, in six of them a . ' 

titre was found of 1 : 100 or higher (in one case a titre of 1 : 10 and in 
two cases of 1 : 50). We may think that rheumatism and ~uberculosis may 
occur side by side, or perhaps of tuberculous rheumatism of PONCET. 
We mayalso think of para-agglutinins. 

In our previous agglutination-tests with acidfast tuberc1e bacilli para
agglutinins were very cumbersome. When using the trans mutant nothing 
was noticed as yet of the very high titres, previously revealed in other 
diseases and also in tuberculosis. In tuberculosis we, therefore, expected 
some times titres of 1 : 500 and higher; a higher titre than 1 : 400 (one 
case) has however not been found as yet. 

So far as we know the literature does not contain any indieation that 
formerly difficulties have been met with in chronic rheumatism, so that it 
seems expedient to determine the titre for a larger number of cases. It 
is not out of the bounds of probabilities, that the transmutant points to 
tuberculous cases in the chaos of chronie rheumatism. Should para;.agglu. 
tinins appear to come into play, this will detract little from the value of the 
diagnostie agglutination-test, since pulmonary tuberculosis and chronie 
rheumatism seldom go together. 

In virtue of our personal investigation the rather weak and transient 
tuberculosis-immunity can be analyzed into two components: an allergie 
(hyper-sensitiveness to tuberculin) and an antitoxic-anti-infectious one, 
whieh induce, the one as weil as the other, a sm all degree of immunity in 
the cavia. This immunity is so weak, that, if the infectious dosis is only 
a little larger than the dosis minima, little or nothing can be noticed of R 

greater power of resistance in the previously treated animals. 
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In the transmuted tubercle bacilli the antigen of the tuberculin-allergy 
is altogether absent. They evoke in the cavia only a bacillar protein-allergy, 
whieh probably has nothing to do with the tuberculosis-immunity. On the 
other hand they do contain antigens of the antitoxic-anti-infectious 
component. 

To our mind there is of ten in the tuberculous patient a shortage of 
either component, while most colleagues will be inclinedto assume only 
a shortage of the antitoxic-anti-infectious component. The reason of these 
different views is that some consider great sensitiveness to tuberculin others 
the absence of th is allergy as a favourable sign. We believe that the allergy 
is evoked by an antibody, whieh is eagerly absorbed by the cells, so th at 
there is of ten a paucity of this substance in the blood. So the tuberculin
reaction occurs in cells, and the positive reaction is in our opinion a sign 
that the blood contains little antibody. If on the contrary the blood is rieh 
in antibody, the tuberculin-adsorption takes place not within but outside 
the cells, and we speak of negative reaction. So, in our opinion, the negative 
reaction is preferabIe to the positive, except in case of negative anergy 
(v. HAYEK). 

A vaccine, consisting of ki lied typical tubercle-bacilli would be preferabIe, 
because all the antigens are contained in it. But vaccinetherapy cannot employ 
typieal tubercle bacilli, because the blood is most of ten poor in the antibody 
of the allergic component, so that dangerous adsorption processes are to be 
feared in the tuberculous cells that are riehest in this antibody, and the 
subcutaneous injection also evokes infiltrations and abscesses due to the 
very diffieult resorption of bacilli rieh in fat. 

To our mind, therefore, the use of transmuted tubercle-bacilli is making 
a virtue of necessity, for they contain only antigens of the antitoxic-anti
infectious component. The same drawback is observed in the tuberculin
therapy, whieh applies only the antigen or rather the haptene of the allergie 
component, and consequently can reinforce only the allergic component. 

A vaccine consisting of transmuted tubercle bacilli and tuberculin would, 
therefore, be preferabIe, but we thought it expedient in the first place to 
apply the transmuted tubercle bacilli as such, in order to ascertain whether 
they are, indeed, active, and if so, to what extent. 

We used exclusively bacilli 2 X 24 hours old that had been killed with 
formol (0.2 % ). Very likely the use of living bacilli would be better, but 
seeing that the resistance is not inconsiderable and the parasite of the 
tuberculosis possesses a great adaptive power, we did not think that the 
injection of living transmuted bacilli into man was allowable, harmIess 
though it may seem. 

Of the killed bacilli a vaccine is made in the ordinary way, whieh was 
called transmutan to avoid the ominous word tuberculosis, and now consists 
of the 7 strains at our disposaI. In order to obtain a stock-transmutan, 
rightly called polyvalent, more and more transmuted strains will be 
taken up in the vaccine. In many lingering cases, it is quite possible to 
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employ auto-transmutan, which has so far been tried in only two . cases. 
Two years ago the first trial was made with transmutan. to which 

SPRONCK invited some of his ex-pupils. who acquitted themselves so weIl of 
th is task. that their results of the first year published by Dr. ENKLAAR 1) , 
we re confirmed further in the second year, in a still higher degree. While 
in the first year 9 colleagues made ex periments, in the second year 128 
partook of the experiments out of their own impulse. 

Also in the second year we chiefly tried transmutan in frequently occur
ring pulmonary tuberculosis. although it would be difficult to name a second 
disease. in which the trial of a new remedy is more difficult. In all countries 
KOCIi's tuberculin has been tried again and again for years . with the result 
that some consider the tuberculin therapy usefuI. and others call it useless. 
The difficulty in judging of a new remedy for pulmonary tuberculosis arises 
from the following circumstances. The disease offers a great variety. The 
anatomical lesions may be of small ex tent. yet of a serious character; they 
mayalso he less dangerous in spite of large extent. Moreover tuberculosis of 
the lungs is rather apt to spontaneous cure, and its course is so capricious 
that the ablest specialist is absolutely at a loss to make a prognosis. 

It is evident that the activity of transmutan would have to be very great 
to cause an agreement concerning its utility in this disease in a few years. 

New experience confirms the harmlessness of the vaccine. If the blood 
should contain too many antigens. as occurs in acute and far-advanced. 
lingering cases or with high fever . no good ' can be expected from trans
mutan. which even may be pronouncedly inimical. 

The expericnccs of the second year also show that in not a few cases the 
sufferers manifest an improvement during the treatment, which with the 
application of other means had been expected for a long time in vain. This 
improvement consisted in subjective and objective recuperation and in 
clinical cure with or without a return of the power to work. As a rule 
recuperation or recovery was obtained only af ter long-continued treatment. 
but sometimes also surprisingly quick. 

The patients that have improved during the vaccine-treatment or have 
been cured c1inically have no advantage over those that are cured 
-spontaneously. As might be expected a priori . arelapse mayalso occur in 
the treated patient. 

In the case of recidivation it has struck us that when the treatment was 
resumed . improvement again was noticeable. In a more severe case of pul
monary tuberculosis the general condition improved considerably during 
the vaccine-treatment and the symptoms of the disease disappeared almost 
completely. But in the morning still some sputum was ejected occasionally 
that appeared to contain tubercle bacilli. Contrary to the ad vice of the 
physician the treatment was discontinued. while the patient got to his work 
again. A few months later again symptoms appeared. which induced him to 

1) Geneeskundige Bladen. XXV. nO. 4. 1926. 
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stop his occupation. Immediately the vaccine-treatment was resumed and 
again improvement set in just as the first time. 

The same observation was made in abdominal tuberculosis. Ouring thc 
treatment the subjective and the objective symptoms disappeared, and the 
treatment was discontinued because clinically the patient seemed to be 
restored. Some time later arelapse followed . After another vaccine-t~eat
ment the patient got bet ter again. In these cases the treatment concerned 
outpatients, so that additional favourable circumstances such as bed-rest, 
better nutrition or attendance did not mme into play. 

Most often the cases of pulmonary tuberculosis did not belong to the 
light forms but to the severer ones. In the latter, however, transmutan has 
been tried , in the hope to save the sufferer, but sometimes it was too late. 
Anyhow, the favourable impression of a large number of physicians was 
not at all attained in the treatment of light, incipient cases, in which it is 
a pity that transmutan has hardly been tried. . 

In cases of abdominal tuberculosis very favourable results have been 
obtained and the rapid improvement was striking. Little is to be said about 
surgical cases, for lack of experience. But the number of surgeons, who try 
transmutan, increases so that after another twelvemonth they will have in 
one way or other a settled opinion about it. 

In order to judge of the use of transmutan the most suitable experiments 
can be made in tuberculosis of the skin and of the mucous membranes of 
nose , mouth and pharynx, because the result can be verified so weIl. We 
are, therefore, highly pleased with Prof. VAN DER VALK's interest in the 
subject , who since November of last year has applied transmutan in his 
clinic and polyclinic at Groningen in a number of cases of lupus and other 
forms of tuberculosis cutis, and it was gratifying to learn that he has held 
a demonstration of patients, who had irr.proved so much and so quickly by 
the administration of transmutan, that many colleagues we re induced to 
ask us for it. The results of his exami~ation, which is still going on, will 
no doubt be published in due time bij Prof. VAN DER VALK. We are also 
happy to state that Prof. BENJAMINS of Groningen has put this inquiry in 
hand in his clinic, and we are not less pleased to say that he obtained 
already some positive results, which encouraged him to further experimen·· 
tation. 

Several colleagues observed that during the transmutan-treatment a 
tuberculous process can not only be checked , but that also existing ana
tomie , tuberculous lesions can recover. Regression of the anatomic changes 
has also been observed in tuberculous processes in lungs, abdomen, etc., 
but cases of tuberculosis of the skin and the mucous membranes are to be 
considered in the first place as suitable to establish regression with certainty, 
and to make out whether complete cure can be attained. 

An indicium would be very convenient to prevent deceptions in the trans
mutan-treatment. In cases of pulmonary tuberculosis a division into light, 
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middle severe, émd vere severe (fatal) cases is no doubt of importance, and 
a priori the best results of transmutan can be expected from light cases. But 
experiences like the following, show that it is difficult to foretell anything. 
In an establishment transmutan would be applied in four cases of tuber
culosis of the lungs, three of which were rather severe cases, and one so 
severe that a good result was not expected. Bilt in view of the harmlessness 
of the vaccine, the experiment was made also in this case to prevent the 
discouraging influence of exclusion. The resuIt was that the four patients 
improved and contrary to our expectation the severest improved most. 

It is obvious to suppose that the best resuIts of transmutan are yielded 
by patients, possessing the property of being good antibody-producers. Now 
some observations make us suspect that the agglutination-titre of the blood
serum of the sufferer might give us an indication in this respect. In th is 
connection we do not think of an influence of the agglutinins, but of the 
probability that the agglutination-titre is an index of the quantity of other 
antibodies attacking the parasite, that are present in the blood of the 
sufferer, for experience taught us that with bacterial infections and also 
with artificial immunization, the various antibodies increase at about the 
same rate. 

If a tuberculous process is on the way to spontaneous recovery or was 
cured spontaneously a short time ago, the agglutination-titre seems to be 
high. Examples of this are the cases of ab domina 1 tuberculosis mentioned in 
Table IV, nr. 4 (titre 1 : 200) and nr. 5 (titre 1 : 300); again in Table 11 
the case of tuberculous coxitis cured spontaneously nr. 13 (titre 1 : 200) 
and the spontaneously recovering case of tuberculosis of the hand, nr. 18 
(titre 1 : 300). 

That in the stage of recovery we find a higher agglutination-titre, that 
is at a moment when the circulation of a large quantity of active antibodies 
in the blood can be assumed, favours the supposition that also in tuber
culosis the production of the different antibodies goes on at the same rate, 
so that the agglutination-titre in connection with the clinical observation, is 
an indicium whether the patient is to be regarded as a good or a less good 
producer of antibodies. 

Therefore, we are now ascertaining whether the transmutan-treatment 
of patients, whose blood-serum has a higher amount of specific agglutinins 
already before the treatment. yields a better result than the treatment of 
patients with a lower titre. 

CliniCalobservations enable us already now to interpret low titres as 
follows: IE the disease is running an acute course, we may assume too many 
antigens in the blood. which the organism cannot absorb. IE the lingering 
disease is already far advanced, reduced production as we11 as large con
sumption of antibodies (adsorption by antigens) may be the cause of the 
low titre . In both cases the low titre is considered as a warning that the 
administration of transmutan is hazardous. In all other cases a low titre is 
regarded as an index that the whole organism does not or little partake of 
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the strife against the local process. or that the sufferer is less capable of 
producing antibodies. In the first case the transmutan~treatment may he 
deemed rational. In the second case it is still being tried at haphazard. 

That the results became gradually better. may perhaps be attributed to 
gradual change of the vaccine. which originally was prepared from one 
transmuted strain and now from seven !>trains. Doubts are also entertained 
as to the duration of the activity of the vaccine. Since a few months back it 
has been recommended not to order the whole series of increasing doses at 
anee but only 6 at a time. that the vaccine might be applied as fresh as 
possible. In order to have fresh transmutan at our disposal the preparation 
takes place at intervals of a few weeks and the amount left of the pre~ 
ceding preparations is destroyed. 

SUMMARY. 

l. From 7 strains of typical. virulent tubercle bacilli 7 strains of non~ 
acidfast. avirulent tubercle bacilli have been cultivated. which may be 
ca lIed indentie. 

2. As explanation it has not been assumed. that we have at length 
succeeded in iso lating the long known non~acidfast rods. present in every 
culture of the typical tuhercle bacillus. from the acid~fast rods. but that the 
parasite of tubereulosis. adapting itself to a poor existence. saves itself by 
transmutation. 

3. The transmutant thrives weIl on the poor medium. on which the 
typical parasite does not propagate itself. lts resistance and stability are 
greater. so that its survival is more safeguarded than that of the typical 
parasite. 

4. In the blood~serum of sufferers from tuberculosis specific agglutinins 
are demonstrabIe by means of the transmutant. 

5. The significanee of this simple agglutination~test ·for the diagnosis of 
tubereulosis is getting more and more obvious. 

6. The agglutination~test begins to be useful also in estimating the spe~ 
cific resisting power of the tuberculous patient. 

7. The favourable impression of the vaccinotherapeutic application of 
the transmutant. obtained in the first year. was confirmed and increased 
in the second. 

8. The utility of this therapy is attributed to strengthening of the 
antitoxic~anti~infeetious component of the immunity against tuberctilosis. 



Physics. - Isatherms af manatamic substances and their binary mixtures. 
XXVI. Isatherms af helium at -183.0 and -201.5° C. and 
prCSSllres af 3 ta 8 atmaspheres. By G . P. NIJHOFF and W. H. 
KEESOM. (Camm. N0. 188b from the Physical Laboratory at Leiden. ) 

(Communicated at the meeting of October 29, 1927). 

§ I. Introdllction. 
In a former communication 1) we pointed to the importance of 

measurements of gases in slightly compressed states in order to obtain 
values as exact as possible of the first vi rial coefficients. Especially 
for helium this is of great importance with a view to thermometry at 
low temperatures. Moreover, as we then also remarked already, the now 
examined pressure reg ion for helium with its low critical pressure, is of 
particular importance, because comparison, by means of the principle of the 
corresponding states, becomes possible with other gases, for which the 
equäclull Ol state in the corresponding pressure region has already been 
exactly examined. 

We found it a great difficulty that the divided manometer constructed 
by us for pressures of I to 4 atmospheres, which, as has also been described 
in the former paper, must be read with a cathetometer, is not very fit for 
a fast use, so tha t the measurements with it want comparatively much time. 
With a view to this we have constructed two closed manometers, which are 
being shortly described here. 

§ 2. The closed manometers M 6 and M 20. 
These have been arranged in the same way as those described by 

KAMEI~L1NGI-I ONN ES and HVNOMAN:!). 

The first , destined for pressures between 2 and 6 atmospheres, consists 
of a glass stem ISO cm long, with a section of about 0.08 cm 2 and a 
capacity of about 12 cm8 . To this was blown at the upper end a small 
reservoir of 6 cm8 and at the lower end a reservoir of 18 cm3 • So 
if we read the top of the mercury meniscus to 1/10 mm, when the 
mercury du'ring the measurements is standing quite at the up per end in 
the stem we have still an accuracy of 1/ 7 GOO' whereas at a lower place of 
the mercury the relative accuracy increases proportionally to the volume. 

I) G. P . NljHOFF and W . H. KEESOM, These Proc. 28, 963, 1925, Comm. Leiden 
NO. 179b. 

2) H. KAMERLINGH ONNES and H. H. F. HYNDMAN, These Proc. ., 776, 1902, 
Comm. Leiden NO. 7Bc. 
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The second manometer in principle quite identical to the first has the 
following dimensions: large reservoir 51.3 cm3 • stem 7 cm3 with a length 
of 143 cm. small reservoir 2.9 cm3• 

It must still be observed that it did not seem desirabIe to us to join the 
manometer for the reading of the lowest pressures to the piezometer by 
means of compressed air as is usually done for the other manometers 
at Leiden. Piezometer and manometer we re being filled out of the same 
mercury reservoir and formed a coup Ie of communicating vessels. In order 
to calculate the pressure in the piezometer. we must of course make 
corrections for the difference in height of the two mercury columns and 
for a possible temperature difference of the two water jackets. 

§ 3. The measurements and results. 
The measurements are made in the same way as indicated in our former 

communication 1). 
We were very pleased that. for a great part of these. Prof. BORIS ILIIN 

from Moscow was willing to work with us. We have collected the results 
of these measurements in a separate communication 2). The remaining 
ones we give in table I. In table 11 the values of BA are given then. which 
we have calculated Erom our measurements and Erom those of ours and of 
Professor ILIIN. 

Por our calculations we took the value aA = 0.0036618 used until now 

TABLE I. 

8 P dA O-C(pvA) 
°C. int. atm. 

pVA 

- 183.07 3.2279 0.33112 9.74845 +0.00012 

4 .0064 .33144 12.088 + 7 

5.1853 .33197 15.620 + 4 

7.3067 .33277 21.957 - 17 

8.1456 .33327 24.141 - 6 

- 201.52 2.9347 .26323 11.149 -0.00004 

3.5627 .26351 13.520 - 5 

6.0023 .29471 22.669 + 5 

6.5786 .26478 24.845 - 10 

1) G. P. NIJHOPP and W. H. KEESOM. These Proc. 28. 963. 1925. Comm. Leiden 
NO. 179b. • 

2) See the following communicatioD NO. 188e. These Proceedings 31. 408. 1928. 

27 
Proceedings Royal Acad. Amsterdam. Vol. XXXI. 
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TABLE 11. 

Measurements of NIJHOPP. KEESOM and ILIIN 

0 

I BA · 103 

11 

0 

I BA · 103 
O°C. O°C. 

- 103 .29 + 0.366 - 235.77 + 0.0295 

- li6 .50 + 0 .256 - 2i9 .80 - 0 .0085 

- 183.07 + 0. 158 - 252.57 - 0.0100 

- 201.52 + 0.120 - 255.8i5 - 0.0237 

- 22i . 9i + 0.059 - 258.99 I - 0.03iO 

Measurements of BOKS and KAMERLINGH ONNES. 

+ 20 + 0.550 - 103.6i + 0 .36i 

0 + 0.523 - li202 + 0.270 

- 37.iO + 0 .i80 - 183.3i + 0.185 

- 70 .30 + 0.i28 

Measurements of HOLBORN and OTro. 

0 + 0.5282 - 183.0 + 0.1562 

- 50 + O.i3H - 208 .0 + 0.0998 

100 + 0.3366 - 252.8 - 0.0093 

- 150 + 0.2295 - 258.0 - 0.0337 

- 183.0 + 0.1537 

at Leiden. We have given up the idea of a recalculation according to the 
determination of the fundamental pressure coefficient of helium by KEESOM 
and Miss VAN DER HORST 1) since the values of BA wiII only slightly 

change. But the values of B = ~: will be changed somewhat. It is also 

for this reason that we have preferred to give the values of BA in: this 
communication. instead of those of B. 

At the same time we herewith give the values of BA. which we re 
calculated by us from the measurements of BOKS and KAMERLINGH ONNES 2) 
and for comparison the values of BA. reduced to Leiden units. which have 
been found in Berlin 3). 

1) W. H . KEESOM and Miss H. VAN DER HORST. These Proc. 30. 970. 1927. Comm. 
Leiden NO. 188a. . 

2) J. D. A. BOKS and H . KAMERLINGH ONNES. Comm. Leiden NO. 170a. 
3) L. HOLBORN and J. Orro. Zs. f. Phys. 30. 320. 1924 and 37. 359. 1926. 
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These different values of BA are represented in fig. 1. 
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Fig. 1. 

Herewith we observe that the German results, as far as the temperatllre 
region, which still can be reached with liquid oxygen, are lying lower than 
ours, while at the temperatures of liquid hydrogen, though the dispersion 
of the Berlin values is larger, the agreement can yet be called very 
satisfactory. 

Besides it is very remarkable that at. lower temperatures the BA -values 
tend to depend linearly from the temperature and that af ter extrapolation 
this line passes through va lues found in the liquid helium region. 

Finally we thank Miss A. SOLLEWIJN GELPKE for her help as weIl at 
the measurements, as especially at the calibration of the manometers. 

27* 



Physics. - Isatherms af manatamic substances and their binary mixtures. 
XXVII. Isatherms af helium between -103.6° C. and -259.0° C. 
and at pressures af 1.5 ta 14 atmaspheres . By G. P. NIJHOFF, 

W. H . K EESOM and B. ILHN. (Comm. N0. 188c from the Physical 
Laboratory at Leiden. ) 

(Communicated at the meeting of October 29. 1927). 

We have measured isotherms of helium in the same way as has been 
described in the communication about oxygen 1) with the same arrangement 
of the piezometer and the manometers. 

The temperatures were obtained with the aid of Iiquid ethylene. liquid 
hydrogen and with the hydrogen vapour cryostat. 

The piezometer with which the volumes were measured consisted of the 
same stem of 108 cm3 • with which also the oxygen isotherms have been 
measured; however. with a view to the so mucho lower temperatures at 
which we wished to measure, the gas reservoir had been replaced by a 
larger one of 400 cm3 so that the normal volume with which we worked, 
amounted to about 500 emS. The smaII reservoir in the cryostat had a 
capacity of 20 ems. so that our greatest density amounts to about 25 
Amagat-units. 

The foIIowing table gives the values found by us. The BA' s. which can 
be calculated from these, have been published in the preceding 
communication 2). The last column gives the differences between the 
observed values of pv A. and those which have been calculated with the 
just mentioned BA' s. 

As could also be expected from an estimation of that term using the 
reduced virial coefficients VII I 3). it appears Erom the column O-C that 
the term with CA in the development of PVA to ascending powers of vAl 

does not come into account in the region of temperatures and pressures 
treated here. It is evident that this benefits the exactness of the 
determination of BA 4). 

I) G. P. NIJHOPp and W. H. KEESOM. These Proc. 28, 963. 1925. Comm. Leiden 
NO. 179b. 

2) G. P. NIJHOPP and W. H. KEESOM, These Proc.. page 404; Comm. Leiden 
NO. 188b. 

3) H. KAMERLINGH ONNES and W . H. KEESOM, Comm. Leiden Supp!. NO. 23, § 36. 
1) Por the interest which exact measurements of the isotherms of gases and in connection 

with this. the determination of the attraction quantity of VAN DER WAALS have for the 
theory of absorption. compare B. lLIlN. Ph i!. Mag. (6) 48. 193. 1924. Zs. f. Phys. 33. 
435. 1925. 
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TABLE I. 

8 

I 
p 

I I 
dA I O-C(pvAl oe. int. atm. PVA 

-103.30 14.242 0.62988 22 .610 +0.0002 

9.910 .62743 15 .792 + 2 

- 146.62 9.6830 .46792 20.694 

- 224.91 1.4156 .17769 24.818 0 .00000 

4.1425 . 177595 23 .326 0 

2.7909 .17721 15.747 + 6 

- 235.77 3.42295 .13737 24.966 +0.00001 

2.9017 .13720 21.150 - 1 

2.4781 .13713 18.074 + 1 

2. 1585 . 13709 15.745 + i 

- 249 .80 2.13155 .085008 25 .075 +0.00002 

2.0766 .085017 24.426 + 1 

1.9183 .085027 22.561 + 2 

1.7267 .085035 20.308 - 35 

- 252.57 1.8842 .074865 25 . 1685 +0.00002 

1.8816 .071865 25 . 133 + 2 

1.8373 .074865 24 .542 + 1 

1.1710 .0718825 19.6415 - 2 

- 255.845 1.5793 .0625045 25 .249 -0.00001 

1.5430 .062533 24.661 0 

1.1611 .062565 23 .326 + 05 

1.31095 .062673 20 .299 + i 

- 258 .99 1.28305 .050756 25.279 +0.00001 

1.12572 .0508505 22 .075 0 



Physics. - lsotherms of di~atomic substances and their binary mixtures. 
XXXIV. lsotherms of hydrogen at temperatures of 0° C. and 
+100° C. By G. P. NljHOFF and W . H . KEESOM. (Comm. N0. 188d 
from the Physical Laboratory at Leiden. ) 

(Communicated at the meeting of December 17, 1927). 

The isotherms of + 100° C . and 0° C. have been measured with a piezo~ 

meter with a capacity of 1500 cm 3, the same with which VAN URK and 
KAMERLINGH ONNES 1) have measured part of their nitrogen isotherms. 
To this we connected a reservoir with a capacity of 33.6 cm3 . The pressures 
were measured with the aid of the closed manometer M 60. The temperature 
of 0° C. was obtained with the aid of finely planed ice made from water 
of the main, whereas for that of + 100° C. the steam apparatus described 
by KAMERLINGH ONNES in Comm. N0. 27 2 ) was used, still in the old 
shape 3) . The temperature of the vapour in this apparatus was measured 
with a BECKMANN~thermometer of which the steam point had been 
determined separately. 

Beforehand, for the sake of control. we have first measured th ree points 
at +20° c., which agreed weIl with SCHALKWIJK'S isotherm. In the last 
column of table I we give the differences between the observed pr;A's and 
the values of pv A calculated with the aid of values of BA and CA, which 
we communicate in table 11 and which, in order to make them correspond 
as weIl as possible, we chose somewhat differing from the va lues of 
SCHALKWIJK 4) and from the later ones of KAMERLINGH ONNES, CROMMELIN 
and Miss SMID 5) . 

Concerning the isotherms of + 1 00° C. and 0° c., the region of pressures 
in which we have measured does not seem to be too favourable for the 
determination of the va lues of B ; for the C plays a not to be neglected 
part here. 

For 100° C. we determined BA and CA as foIlows. HOLBORN and 
OTTO 6), who have measured to about 100 atmospheres, give for + 1 00° C. 
in their development according to ascending powers of the pressure, only 
a second term, whereas they don't want a quadratic term. IE we compare 

I) A. TH. VAN URK and H. KAMERLINGH ONNES, Comm. Leiden NO. 169d. Por the 
calibration see also A. TH. VAN URK, Thesis Leiden. 

2) H. KAMERLINGH ONNES, Verslagen Kon. Ak. v . Wet. Amsterdam S, 79, 1896, 
Comm. Leiden NO. 27. 

3) Compare W . H. KBESOM and Miss H. v. D. HORST, These Proc. 30, 970, 1927 ; 
Comm. Leiden NO. 188B. 

1) J. C. SCHALKWIJK, These Proc. 4, 107, 1902; Comm. Lelden NO. 70. 
S) H . KAMERLINGH ONNES, C. A. CROMMELIN and Miss E. I. SMID, These Proc. 

18, 0465, 1915, Comm. Leiden NO. H6b . . 
') L. HOLBORN and J. OTTo. Zs. f. Physik. 33. 1. 1925. 
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their development according to p with a development in series according 
to dA, th en from the coefficients of the first development in series, we can 
calculate the corresponding coefficients of the last mentioned series. In 
this way we calculated the value of BA and CA communicated in table II. 
In the last column of table I we give the differences between the observed 
values of pv A and the values, which we calculated with the values just 
mentioned of BA and CA. We conc1ude from these that the va lues of BA 
and CA derived from HOLBORN and OTTO give sufficient correspondence 
also for our measurements. 

As the value CA = 0.606 X 10-6 calculated from the measurements of 
AMAOAT for the same temperature, is only little different, we can also put 
some trust into the value used by us CA = 0.635 X 10-6. 

For the isotherm of 0° C. we find the best correspondence with 
BA = 0.605 X 10-6 and CA = 0.565 X 10-6, whereas from the measure
ments of HOLBORN and OTTO follows BA = 0.620 X 10-3 and 
CA = 0.760 X 10-6, and from AMAOAT has been calculated for 
CA = 0.670 X 10-6. 

The measured quantities are following here: 

TABLE I. 

8 

I 
p 

I I 
dA I O-C(P"A) oe. int. atm. pVA 

+20 32.0065 1.09i7 31.0635 -0.0003 

10.098 1.0990 36 .185 0 

15.771 5 1. 1021 12.527 - 6 

+ 100 39 .961 1.3929 28.691 - 2 

13.852 I. 3951 31. 1315 + 3 

48 .146 1.3987 34.850 - 05 

51.603 1.1028 38 .921 0 

59.391 1.4061 12.237 + I 

0 32.3125 1.0188 31. 715 -0 .00035 

32.323 1.0190 31. 721 - 15 

33.524 1.0194 32.885 - 5 

34 .875 1.0206 34 . 171 - 1 

36.3065 1.0217 35.536 + I 

37.883 1.0226 37 .047 0 

39 .5155 1.0231 38 .652 - 5 

12.9055 1.0260 11.817 + 3 

H.085 1.02615 12.949 + 05 

H.119 1.0266 13 .281 0 

In the following table we collect the va lues of BA and CA found by the 
different observers. 
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TABLE 11. 

I BA · 103 I CA . 1()6 

0° C . 

AMAGAT 0.669 0.670 
KAMERLINGH ONNES and BRAAK 0.580 0.670 
WITKOWSKI 0.619 
CHAPPUIS 0.605 
HOLBORN and OTTO 0.620 0.760 
VERSCHOYLE 0.626 0.560 
NIJHOPP and KEES OM 0.605 0.565 

200 C. 

SCHALKWIJK 0.667 0.993 
KAMERLINGH ONNES. CROMMELIN and Miss SMID 0.657 1.119 
VERSCHOYLE 0.698 0.533 
NIJHOPP and KEESOM 0.677 0.797 

1000 C . 

AMAGAT 1.057 0.606 
WITKOWSKI 0.920 
HOLBORN and OTTO 0.937 0.635 
KAMERLINGH ON NES and BRAAK 0.863 0.606 
NIJHOPP and KEESOM 0.937 0.635 

In fig. 1 the most important values of BA for this temperature region 
have been indicated. 
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Physici. - Isotherms of di~atomic substances and their binary mixtures. 
XXXV. Isotherms of hydrogen at temperatures of -225.5° C. to 
-248.3° C. and pressures of 1.6 ta 4.2 atmospheres. By G. P. 
NIJHoFF and W. H. KEESOM. (Comm. N0. 188e from the Physical 
Laboratory at Leiden.) 

(Communlcated at the meeting oE January 28, 1928). 

In the same way as has been indicated in a preceding communication 1 ) 

we have measured isotherms of hydrogen at temperatures of -225.5° C. 
to -248.3° C. The piezometer used for this purpose was the same as the 
one used in the previous caS'e, while the pressures were measured with the 
closed manometer as was also described in Communication N0. 188b. The 
temperatures were obtained by the hydrogen~vapour~cryostat. 

From the measurements which are given below, we have found the 
following values for BA: 

(} 
BA 103 oe. 

-225.5i -0.268 

-231.52 .309 

-236.56 .3iO 

-241.84 .390 

-248.32 .439 

The deviations of the observed values of PVA, calculated with the aid 
of the given BA~s are added in the last column of the following tabie. 

The va lu es of BA mentioned here, agree weIl with those which VAN AOT 

and KAMERLINOH ONNES 2) have measured with the aid of the thermometer 
of constant volume and variabie density at temperatures of liquid hydrogen. 

I) G. P. NIJHOFF and W . H. KEBSOM, These Proceedings p. 404, 1928, Comm. 
Leiden NO. 188b. 

2) F. P. G. A. J. VAN AGT and H. KAMERLINGH ONNBS. These Proceedings 28,614, 
1925, Comm. Leiden NO. 176b. 
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8 

I 
p 

I I dA I O-C (pvA) oe. int. atm. pVA 

-225.51 2.7313 0.16982 16.086 + 0.00012 

3.H19 .16855 20.117 + 1 

3.9391 .16772 23.181 0 

1.1727 .16727 21.950 - 5 

-231.52 2.1830 0.11676 16.915 - 0.00010 

2.8937 . 11593 19.830 - 5 

3.1113 .IH77 23.786 + 1 

3.6201 .I1HO 25.063 + 3 

-236.56 2.0808 0.128085 16.216 - 0.00008 

2.1731 . 12695 19 .183 - 11 

2.7297 .12628 21.616 - 5 

3.0178 .12565 21.001 + 13 

3. 1153 .12523 25 . 101 + 8 

-211.81 2.5531 0.10187 21.316 0.00000 

1.7959 .10773 16.665 - 13 

2.0727 .10682 19.399 '+ 3 

2.3108 .10577 22.121 + .. 
-218.32 1.6290 0.08185 19.925 - 0.00005 

1.7319 .08128 21.303 - 2 

1. 9611 .07981 21.581 - 1 

2.0078 .07968 25.209 + 10 



Geology.- The patential enecgy af the gas in the ail bearing {armatians. 
By J. VERSL UYS. 

(Communicated at the meeting of May 26. 1928). 

Mineral oil accumulated in pools in the earth is as a rule saturated with 
gas at the prevailing pressure and in many cases some free gas is still found 
in the highest parts of the oil bearing anticlines and domes. If in some 
cases the oil was not saturated with gas at the initial pressure. the pressure 
would decline in the vicinity of the borehole as soon as the oil bearing 
stratum was struck and some oil and gas had escaped. On account of this 
some gas would be set free in the vicinity of the borehole and even 
the pressure of the edgewater would not re-establish the criginal pressure 
near the borehole. until all liberated gas had been dissolved again. So for 
some time the pressure observed would be approximately equal to that at 
which the oil would be saturated with the absorbed gas and this would 
be the pressure measured in the borehole. 

If an oil has absorbed gas and afterwards the pressure is reduced a part 
of this gas can be set free and ex pand af ter it has been set free. Owing 
to this the gas is able to exert energy and th is energy is supposed to 
yield the principal force expelling the oil from the porous rocks into 
the wells. 

The object of this paper will be to find a mathematical expression for 
the ex tent of the potential energy present in this form. The work performed 
by the gas if it is set free and expands is supplied by the molecular energy 
and cooling would be the result. Assuming that the heat needed to restablish 
the initial tempera tu re is supplied immediately we may accept that the 
process is isotherm and further we will disregard all deviations from the 
laws of BOYLE and HENRY. 

Should a volume of oil q be under a pressure of p atmospheres and 
should it be saturated with gas at that pressure. the coefficient of absorption 
being a. that volume of oil would contain a quantity of gas. which would 
occupy at atmospheric pressure a volume 

aqp. (1) 
If the pressure declines by dp a certain quantity of gas would be set 

free. occupying at the atmospheric pressure a volume 

aqdp (2) 
and at the pressure p under which the oil and gas are : 

aqdp 
p 

(3) 
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The volume of the oil and the gas associated with it, being q at the 
beg inning , is increased by the volume ex pressed under (3). The work 
performed by the gas is then : 

dAI=aaqdp, . (4) 

if the pressure of one atmosphere equals a units of power per unit of area. 
If the pressure dec1ines from P2 at which the oil is saturated with the 

gas it contains, to a pressure Pi ' in this manner, i.e. at being set free, the 
gas will perform an amount of work : 

. (5) 

As the pressure decreases between those limits P 2 and Pi the gas 
liberated while the pres su re dec1ined from P to p--dp (P2>p>p-dp>Pd, 
will still expand owing to the pressure declining from p--dp to Pl' The 
work performed by the quantity of gas, which would occupy the unit of 
volume at atmospheric pressure, should the pressure decline from P2 to Pi is: 

(6) 

according to a familiar formula. 
Hence the quantity of gas set free between the limits of pressure pand 

p--dp would, by expansion owing to the decline of pressure from p--dp 
to P2 , perform work: 

dA2 =aaqlog ~I dp. (7) 

The work performed by the expansion of the gas set free if the pressure 
declines from P 2 to Pi is : 

p. P2 

A 2 = a aq !fog p dp-Iog pJdpt =a aq 1 P2 10g ~:-(P2-PI)f· (8) 

PI PI 

Hence, the total energy exerted by the gas, if the pressure declines from 
P2 at which the oil is saturated to a smaller pressure Pi, is : 

A = AI + A 2 = a aq P2 log ~: (9) 

The product aq P:! in this equation is the volume which would be 
occupied by all the gas originally absorbed in the oil at atmospheric 
pressure. If this volume be put at 

aq P2 = Q2 . (10) 

(9) becomes converted into: 

Q P2 
A=a 2 log PI' (11) 

Arepresents the energy which the gas being set free from the oil between 
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the limits of pressure P2 and PI exerts in two manners ; viz . owing to the 
liberation and owing to the expansion. We must keep in mind that the gas 
still remaining absorbed in the oil would at atmospheric pressure occupy 
a volume 

(12) 

and the gas set free between the Iimits of the pressure P"2 and Pl' would 
at atmospheric pressure occupy a volume : 

(13) 

Hence the energy expressed by (11) is exerted by a quantity of gas 
Q :!-QI in the two manners exposed above. 

But the work expressed by (11) also equals the work which would be 
performed by a quantity of free gas Q 2 in ex panding between the same 
limits of pressure P 2 and PI according to (6). 

So we have deduced : if a volume of oil q at the pressure P 2 and PI 
(P2 >P I ) would be saturated by quantities of gas occupying volumes 
respectively Q :! and Ql . at atmospheric pressure. the volume of gas set 
free if the pressure af ter saturation dedined from P2 to P l ' would occupy 
a volume Q 2-QI at atmospheric pressure and this quantity of gas would 
during th is process perform work equal to th at performed by all the gas 
(Q2) associated with the oil if it we re free and expanded between . the 
same Iimits of the pressure P 2 and Pl ' this work being expressed by (11) . 

If the oil is - which often is the case in the highest parts of the 
structure - at the pressure PI not only associated with the quantity of 
gas Q 2. saturating it at this pressure. but also with a quantity of free 
gas. occupying a volume Qf at the atmospheric pressure. this free gas 
would if the pressure declined from P 2 to PI exert an energy 

Q P2 
a f log PI (14) 

and the total work performed by the quantities of gas Q 2 and QI would be 

a (Q2 + Qb) log ~~. (15) 

So in general for the work performed by all the gas (absorbed and free) 
associated with the oil in a pool if the reservoir pressure (" rock~pressure") 
Pr be smaller than or equal to the pressure at which the oil would he 
saturated with the gas present. may be written 

aQ log ~: • (16) 

if Po represents the pres su re under which the oil and the gas leave the 
formation and Q the volume. all the gas. free and absorhed in the oil 
would occupy at atmospheric pressure. 



Gcology. - Determination of the pressure in gas containing strata. 
By J. VERSLUYS. 

(CommunicBted at the meeting of May 26, 1928). 

The pressure in the oil bearing strata is a factor of importance in oil 
recovery, because from th is pressure the quailtity of gas dissolved in the 
oil can be calculated. In a porous rock containing Iiquid without gas the 
pres su re can be computed from the specific gravity of the Iiquid and the 
level to which it rises in a weIl. The pressure in strata holding only gas 
may be deduced from the pressure of the gas in a c10sed weil near 
the surface. 

Generally it is accepted that the pressure exerted by the weiglit of the 
gas in the weil may be neglected which would mean that the pressu;e at 
the bottom would be the same as the pressure at the head of the weil. 
This however is not by any means the case, in deep wells great pressures 
occur. The specific gravity of the gas under a great pressure may not 
always be neglected. The initial pressure of the gases and f1uids in the 
pores of the rocks as a rule does not differ much from the hydrostatic 
pressure of a column of water which would fill the borehole up to the 
surface. This was stated i.a. by J. H. GARDNER (111) in 1916, the 
phenomenon has since been observed in many districts and is mentioned 
by several authors. 

According to th is observation, in a sand at a depth of 1000 metres the 
pressure would be about 100 atmospheres. With th is pressure a gas, the 
specific gravity of which in grams/cub. centimeter is 0.001 at atmospheric 
pressure, would have a specific gravity of 1/10 of that of water. If 100 
atmospheres pressure are measured at the head of a c10sed weil the weight 
of the column of gas would equaHhat of a column of water of 100 metres, 
so there must be added about 10 atm. to the pressure at the head of the 
weil and the gas pressure in the sand would be about 110 atmospheres. 
These figures are arbitrarily chosen, but it is c1ear that the pressure in 
the well-head can considerably differ from the pressure in the earth layer. 

The correction to be applied to the measured gas pressure at the head 
of a weil can be simply deduced. If the pressure at a height y above a 
certain level in the weil is p atmospheres and the specific gravity of the gas y, 

then the pres su re exerted by the column of the gas enc10sed by the levels 
y and y + dy in units of power per unit of area is 

pydy (1) 
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If the pressure of one atmosphere is equal to a units of power per unit of 
area, we may write : 

or 

Pl' dy=-adp 

dy= _ ~ dp 
l' P 

(2) 

(3) 

Integrating this equation between the limits Y2 and Yt , respectively 
P2 and Pb we get : 

Y2 - YI = - ~ log P2 
l' PI 

(4) 

and if YI and Y2 he taken for the heights of the gas-bearing stratum and 
the head of the weIl Y2-YI = Dis the depth of the weIl. So 

(5) 

or 

(6) 

Hitherto . P2 and PI have been expressed in atmospheres; this formula 
( 6), however, holds if any other unit of pressure be chosen. 

If D be expressed in meters, then a = 10.33 and then the pressure PI 

in the gas-bearing sand would be computed from the formula : 

Dy 

PI = P2 e ïiill . (7) 

in which P2 is the pressure in the closed weIl, measured at the surface, y the 
specific gravity of the gas in grams per cubic centimeter and D the depth 
of the weIl in meters. If the depth be expressed in feet and the specific 
gravity in pounds per cubic foot th is formula becomes 

Dr 

PI = P2 e2093.6 
• (8) 

This pressure PI is generally called "rockpressure" which term however 
in recent times is being replaced by the more correct expression "reservoir 
pressure" (see I page 363 and 11). 

If we multiply the volume of a gas pool by its average porosity and the 
reservoir pressure Pb we find the amount of gas contained in the pool 
disregarding phenomena of adsorption. 

Should gas and liquid be associated in a porous bed, the reservoir pressure 
cannot be calculated from the pressure at the head of the closed weIl, this 
as a rule partly being filled with liquid. W. B. HEROY (I. p. 371) states 
that in literature many very low figures for the reservoir pressure are 
encountered, these figures practically giving the pressure read at the 
head of the closed weIl (the so-called closed pressure ). 
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In W . B. HEROY'S paper two methods are described of determining the 
reservoir pressure in oil~bearing strata. One of these methods (see I, p. 366) 
is to pump gas into the weIl, forcing the liquid from the weIl into the 
porous rock. The gas pressure required to produce this result is the 
pressure P2 in (7) and (8) and the reservoir pressure is PI computed with 
the aid of one of these formulae. 

Multiplying the volume of oi! in the subterranean reservoir by the 
absorption coefficient and the reservoir pressure, according to the 
HENRY law, we get the amount of gas absorbed in the oi!. 

LlTERATURE. 

I. W. B. HEROY : "Rockpressure". Bull. Am. Ass. Petr. Geol., XII, pp. 355-384, 1928. 
11. Communication from the "SUBCOMMITTEE TO CALWORNIA OPERATORS GENERAL 

COMMITTEE ON GAS CONSERVATION", entitled : "Increase oil recovery, conserve gas", 
in The Oil and Gas Journal, May lOth 1928, pp. 38, 142 and 1 H . 

111. J. H . GARDNER : "The Mid-Continent oil fie1ds ", Bull. Geol. Soc. Am., XXVIII, 
pp. 700-702, 1916. 



Bacteriology. - Von dem Stoffwechsel und der Verbreitung der 
Gärungssarcinen. (Sarc. ventriculi GOODSIR und Sarc. maxima 
LINDNER.) By JAN SMIT. (Communicated by Prof. W. SCHÜFFNER.) 

(Communicated at the meeting of Mareli 31. 1928) 

Durch die vortreffliche Untersuchung der Gärungssarcinen. die Herr 
Prof. BEljERINCK zusammen mit Herrn Dr. GOSLINGS in den Jahren 1905 
und 1911 1) verrichtete. wurde die damals ebenso neue als überraschende 
Tatsache festgestellt. dass man Kulturen der Magensarcinen (Sarc. ventri
culi GOODSIR). deren Anwesenheit bei einigen Magenstörungen man schon 
seit 1842 kannte. die aber immer für unkultivierbar gegolten hatten. sehr 
leicht gewinnen kann.· indem man von Gartenerde ausgeht. wobei die 
zuckerhaltige Nahrungsflüssigkeit (Malzwürze oder Bouillon mit Zucker) 
so stark angesäuert wird (mit 8 cc N. Phosphorsäure oder 6-7 cc 
N. Salzsäure pro 100 cc). dass sie nur noch für die in der Erde befindlichen 
Sarcinen geniessbar ist. Nach 24 Stunden bei 3io verrät sich ihr Wachtsturn 
durch ei ne sehr starke Gasbildung. und das mikroskopische Präparat des 
Erdsatzes weist eine grosse Menge sehr grosser Sarcinenpakete auf. deren 
Bild vollkommen übereinstimmt mit dem der im Magen aufgefundenen 
Sarcinen. 

Anderseits wurde von LINDNER 2) und HENNEBERG 3) auf die Tatsache 
hingewiesen. dass sich in spontan gegorenen Mehlbreien und in .. but ter
sa uren Maischen" bisweilen ebenfalls ei ne grosszellige Sarcine findet. 
die äusserlich stark der Magensarcine gleicht. von genannten Forschern 
aber nicht näher untersucht wurde. wahrscheinlich da sie sich nicht rein 
züchten liess. 

In den genannten Veröffentlichungen BEljERINCKS wird diese Sarcinen
art mit denen aus Boden und Magen identifiziert. zwar ohne näheren 
Beweis. Es kam mir daher wichtig vor. diese Sarcinen dreifacher Herkunft 
einer eingehenderen. vergleichenden Untersuchung zu unterwerfen. 

Es war dazu an ers ter Stelle notwendig. obengenannte Säuregrade der 
von BEljERINCK benutzten Kulturflüssigkeiten auf eine bes ser zu verg lei
chende Basis zu stellen. durch die Bestimmung der Wasserstoffionen
konzentration. wobei der Anreicherungsversuch mit Erde am besten 
gelingt und auch durch Beobachtung der Widerstandsfähigkeit der Rein
kultur der 3 Mikroben verschiedenen Säuren gegenüber. 

Als Resultat dieser anderweitig 4) veröffentlichten ausführlichen Unter-

I) Siehe diese Proceedings. 7. 580 (1905) und 13. 1237 (1911). 
2) LINDNER. Mikroskop. Betriebskontrolle in den Gärungsgewerben 30 Ed. S. 3042. 
3) HENNEBERG. Gärungsbakt. Praktikum S. 100. 
t) Siehe Ned. Tijdschr. v. Hygiene I. 201 (1927) und 11. 210 (1927). 

28 
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suchung erwähne ich hier nur, dass bei Anwendung von Malzwürze, 
angesäuert mit HCI bis zu einem PH Wert von 1.3-1.5 (8-10 cc Norm. 
H Cl pro 100 cc W ürze) gewöhnlich die besten Erfolge erzielt werden, dass 
ab er auch dann zahlreiche Erdmuster kein Wachstum der Sarcine veran
lassen, welche Misserfolge bei Anwendung von Phosphorsäure (bis 
PH = ca. 2-2.2 oder 10-15 cc N. Säure per 100 cc) noch bedeutend 
häufiger waren. Ausser den genannten Säuren waren auch Salpetersäure, 
Schwefelsäure und Milchsäure mehr oder weniger geeignet, während 
Essigsäure und Oxalsäure Misserfolge herbeiführten. Von einer so weit
gehenden Widerstandsfähigkeit freier Salpetersäure gegenüber (PH = 1.5 
war ungefähr die Grenze) wird dies wohl das erste Beispiel sein. 

Mit den Reinkulturen der Sarcinen liessen sich die Grenzen noch genauer 
bestimmen. Es zeigte sich , dass Ansäuerung mit Salzsäure ertragen wurde 
bis zu einem PH von 0.8 (20 cc Norm. pro 100 cc) , Salpetersäure bis zu 
1.5, Milchsäure bis 2.9. Die Widerstandsfähigkeit gegen Phosphorsäure ist 
sehr gross: 70 cc N. per 100 cc wird noch ausgehalten, wobei aber das 
PH nur bis auf 1.45 gefallen ist. 

Auf der alkalischen Seite liegt die Grenze bei PH = 9.8. Das Wachstums
gebiet liegt also innerhalb sehr weiten Grenzen. 

Zwei Kennzeichen fanden sich, wodurch S . maxima sich von den beiden 
andern unterschied , die indertat in all ihren Eigenschaften sich als identisch 
herausstellten und daher unter dem Ndmen S . vcntriculi zusammcngefasst 
bleiben dürfen. Es waren : die Zellulose-reaktion mit Chlorzinkjodium, die 
~ür S. vcntriculi positiv, für S. maxima negativ ausfällt. und der Stoff
wechsel, der sehr grosse Unterschiede aufweist. 

Schon BEljERI NCK hat S . vcntriculi sehr richtig als obligate Zuckermikrobe 
beschrieben, welche die Eiweisse von Pepton. Bouillon, Hefenwasser, Malz
extrakt u.ä. braucht, urn wachsen zu können, daneben aber noch Zucker 
(Glukose, Laevulose, Saccharose, Laktose 1 ) , Maltose) erfordert. Sie ist 
aber nur zur Verarbeitung weniger Prozente Zucker, 1 Yz bis 2 %. imstande, 
sodass die meistens stürmisch einsetzende Gärung nach wenigen Tagen 
aufhört, während noch genügend Stickstoff vorrätig ist sowie aller Zucker, 
der über genannten Betrag hinaus hinzugefügt sein dürfte. Es zeigte sich, 
dass S. maxima noch weniger Zucker verarbeiten konnte : nur Yz bis 1 %. 
Ueber die Stoffwechselprodukte war aber so gut wie nichts bekannt. Ausser 
den beiden Gasen Kohlensäure und Wasserstoff (Verhältnis ihres Volu
mens ungefähr 3 : 1) findet man bei BEljERINCK Milchsäure als Produkt 
erwähnt. Es zeigte sich mir aber, dass davon entweder nichts oder nur 
wenig entsteht, während dagegen ungefähr 10 % vom verschwundenen 
Zucker an Essigsäure festgestellt wurde. Die Hauptprodukte der Zucker
umwandlung von S. vcntriculi sind aber Kohlensäure und Alkohol in 
Mengen , die si'ch der der Alkoholhefe nähern. Zufügung von Kreide hat 

1) Dass BEIJERINCK diesen Zucker zu den nicht brauchbaren rechnet, muss auf einem 
Irrtum beruhen. Sowohl in Roh- als Reinkultur war die Vergärung der Laktose voll
kommen normal. 
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auf die Mengenverhältnisse nur wenig Einfluss. Nur ist S. maxIma im
stande, 2 % Zucker zu verarbeiten. 

Stoffwechsel der Sarcinen. 

S. ventriculi S. maxima 

Produkte Hefenwasser Hefenwasser Peptonwasser Hefenwasser 
(in Proz. des ver- 2% Glukose 2 % Laevulose 2% Glukose 2% Glukose 

schwundenen (verschwunden (verschwunden (verschwunden (verschwunden 
Zuckers) 1.52 %) 1.94%) 1.82%) 0.6%) 

Kohlensäure 41.7 % 45.2% 42.2% 36.3% 

Wasserstoff 0.58 0.7 0.78 2.55 

Aethylalkohol 40.3 50.6 40.2 Spore 

Ameisensäure 1.08 - 2.4 1.05 

Essigsäure 9.0 3.7 13.0 10.0 

Buttersäure - - - 37.1 

Bernsteinsäure - - - 3.H 

Milchsäure 3.05 - - 10.7 

Acetylmethyl-
karbinol Spore 0.06 1.2 -

Total 95.72% 100.26% 99.8% ') .101.14% 

In obiger Tabelle findet man die Zahlen vereinigt, auch für die Produkte 
von S. maxima, unter denen der Alkohol gänzlich fehlt , doch von einer 
grossen Menge Buttersäure ersetzt wird. Weit er findet sich auch Milch
säure unter den Produkten, während sich das Verhältnis der Kohlensäure 
zum Wasserstoff merklich verringert hatte (an Volumen 1 : 1.4), wodurch 
es sich zeigt, dass auch in dies er Hinsicht diese Sarcine den echten Butter
säurebakterien nahe steht (für Gran. saccharobutyricum findet DONKER 2) 
Werte von ungefähr 1 : 1.2). Dagegen findet sich das Volumenverhältnis 
der Gase bei S. ventricllli gerade bei der fakult. anaeroben Cl. polymyxa, 
von der einige Stämme (u.a. DONKER's Stämme 11 und 4) auch weiter in 
ihrem Stoffwechsel einigermassen der Sarcine gleichen. 

Oben erwähnte ziemlich zahlreiche Misserfolge der Anreicherungsver
suche mit Erde führten mich zu einer nähern Untersuchung einer grossen 
Zahl von Erd-, Schlamm-, und Sandmustern aus verschiedenen Gegenden 
Hollands, nebst einigen Mustern getrockneter Erde, die mir das Kolonial-

I) Dank der Freundlichkeit von Herrn Prof. KLUYVER in Delft ist diese Analyse im 
dortigen Laboratorium mit dem grossen Gärungsapparat (60 L. Inhalt) geschehen, wofür 
ich ihm und seinen Assistenten, den Herrren Ing. VAN NIEL und LEEPLANG. zu Dank 
verp8ichtet bin. 

2) H. J. DONKER, Dissertation. Delft 1926. 

28* 
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institut in Amsterdam freundlichst überliess. Aus dieser Untersuchung 
liess sich folgern, dass sich in allen obertlächlichen Erdschichten hierzulande 
und in Indien Sarcinen vortinden , dass aber verschiedene Boden~ 

arten dafür aft ganz verschiedene Säuregrade der Anreicherungsflüssigkeit 
brauchen. Während manche Bodenarten angesäuerte Malzwürze verlangen 
und in ungesäuerter Flüssigkeit nur Bakterien wachsen lassen, ist für andere 
Arten jede Ansäuerung vom Uebel. Es steIlte sich als möglich heraus, 
für .jedes Bodenmuster der Erdoberfläche denjenigen Säuregrad auszu~ 
suchen, wobei Sarcinenentwicklung möglich war und also zu dem obigen 
Ausspruch von der Allgegenwart zu gelangen. Hier und in Indien in 
grösserer Tiefe genommene Muster stellen sich als sarcinenfrei heraus. 

Die von diesen Tatsachen eingegebene Erklärung, als sollte ihre An~ 
wesenheit an der Erdoberfläche mit der Düngung zusammenhängen, konnte 
nicht richtig sein, da sich einerseits in normalen menschlichen und tierischen 
Fäkalien nie Sarcinen zeigten, anderseits in gänzlich unkultiviertem Sand· 
boden : Dünensand , sowohl am Strande als in den innern Dünen, diese 
Mikroben sich immer fanden . 

Diese Wahrnehmungen waren die Veranlassung zur Untersuchung von 
Sandmustern verschiedener Herkunft: Sand aus einer öffentlichen Anlage 
in Amsterdam, für Strassenbauzwecke herbeigeführter Sand, Heidesand, 
und Sand aus einem Sandbett der Wasserleitung in Helmond. Negativ 
waren nur das unter den Plaggen gesammelte Muster Heidesand und 
einige Muster Flusssand, die sich durch Reinheit auszeichneten, und wobei 
man also die Abwesenheit einer Infektion mit dem Schmutz der Erdober~ 
fläche voraussetzen muss , ebenso wie dies der Fall ist mit dem Muster 
Dünensand , an einer Stelle genommen, wo vor kurzem ein Sandrutsch statt~ 
gefunden hatte, wodurch auf einer Tiefe von ungefähr 2 M. eine Schicht 
blossgelegt worden war. Dagegen waren, wie bereits bemerkt wurde, die 
Muster des bewohnten und unbewohnten Meeresstrandes immer positivo 

Ferner konstatierte ich ihre Anwesenheit bis in tiefen Schichten des 
Wasserfilters in Helmond, der die letzten 4 J ahre ohne Sanderneuerung im 
Betrieb gewesen war und bei dem Infektion mit Erde nur möglich g~wesen 
ist durch das Wasser selbst, das vor der Filtrierung ein langes, offenes 
Dekantationsbassin durchläuft. Es sieht danach aus , dass Wind und Staub 
bei der Verbreitung wohl einen bedeutenden Anteil haben. Dies müsste also 
ihre allgemeine Anwesenheit in der Luft mit sich bringen, was bis her nicht 
konstatiert worden war. Von vornherein stand das Vorkommen der 
schweren, grosszelligen Sarcinen in der Atmosphäre auch nicht zu erwarten. 
Dennoch liess sich ihre Anwesenheit darin aufzeigen, wozu ich eine 
Schüssel mit sterilem Sand auf einen offenen, vom Laboratorium durch 
eine Glastür getrennten Balkon steIlte. Nachdem dieser dort ungefähr 3 
Wochen dem Wind und Wet ter ausgesetzt g~wesen war, zeigte es sich, 
dass der erst negativ rea gierende Sand positiv geworden war. 

Zweifellos spielen Wind und Staub gleichfalls eine grosse Rolle bei 
der Verbreitung von S. maxima auf Getreidearten, wo sie sich so häufig 
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zeigen. Urn sich davon zu überzeugen braucht man nur verschiedene 
Kleie-arten, wie früher beschrieben wurde 1), mit angesäuerter Saccharose
lösung bei 37° zu kultivieren. Besonden; günstig erwies sich Roggenkleie. 

Die Tatsache, dass dies stets bis auf 1 Mal. S. maxima war, während 
aus allen Mustern Erde (2 ausgenommen). Schlamm, Abwasser, Sand und 
auch aus dem menschlichen Magen S. ventriculi isoliert wurde, ist zu 
auffallend, urn nicht einen Augenblick dabei stillzustehen. Man könnte 
meinen, dass die verschiedenen Kulturflüssigkeiten (angesäuerte Malzwürze 
für Erde u.s.w., angesäuerte Saccharoselösung für Kleie) für das verschie
dene Resultat verantwortlich sein könnten. Die Möglichkeit lässt sich 
indertat nicht leugnen, und folgende Wahrnehmung spricht auch für diese 
Auffassung. 

Während ja aus einem bestimmten Kleiemuster, bei Kultivierung in der 
beschriebenen Weise in angesäuerter Saccharoselösung, nur ei nma I aus 
vielen S . ventriculi isoliert wurde, gewann ich diese Art dreimal hinter ein
ander aus der gleichen Kleie , wenn sie in der Weise wie Sand, Erde u.s.w. 
in Malzwürze (PH = 2.2) gezüchtet wul'de. Die Kleie beherbergt also. 
wie zu erwarten war, beide Arten und die verschiedenen Nahrungsstoffe 
sind offenbar die Ursache der verschicè.cr:en Ergebnisse. Dass sie dies nicht 
unter allen Umständen sind, beweisen obengenannte Ausnahmefälle mit 
Erde, wobei S. maxima auch in Malzwürze gewonnen wurde, wobei man 
noch die Wahrnehmung hinzufügen kann, dass auch aus dem halbverdauten 
Mageninhalt ei nes Kaninchens in dieser Weise S . maxima gezüchtet werden 
konnte. Dagegen ist es uns nie gelungen, diese Art aus Erde, Sand U.S.w. 
mit Saccharoselösung zu gewinnen,auch nicht wenn sterilisierte Kleie in 
der gebräuchlichen Menge hinzugefügt wurde. S . maxima scheint daher 
ausser auf Getreide-arten nicht stark verbreitet zu sein. 

Ueber die Weise, wie S . ventriculi in den Magen kommt, kann wenig 
Zwei fel bestehen. Dass sie kein ständiger Bewohner ist, steht fest: in 
gesunden Magen findet sie sich nicht und sie muss daher als ein Gelegen
heitsgast betrachtet werden, mit der Nahrung mitgekommen, der seine 
Gegenwart nur kundtut, wenn er die Gelegenheit sich zu entwickeln be
kommt, wie dies der Fall ist, wenn die Nahrung länger als normal im 
Magen verharrt und genügend freie Salzsäure anwesend ist. Infolge der 
oben angezeigten Anwesenheit in der Luft des Dunstkreises lässt sich das 
Eindringen in den Magen mit der Nahrung sehr gut erklären. Dass man 
mikroskopisch und kulturell immer S. ventriculi findet und Die S. maxima. 
bleibt inzwischen unaufgeklärt. 

Die weite Verbreitung über die Erdoberfläche bringt mit sich, dass auch 
aus Amsterdamer Grabenwasser einige Male Sarc. ventriculi gezüchtet 
werden konnte; mit Abwasser gelang dies stets, ebenso wie mit Abwasser
schlamm, "activated sludge", Meerschlamm aus der Südersee und ähnlichem 
Material. leh halte es denn auch wohl für wahrscheinlich, dass die nie 

1) l.c. 
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gezüchtete und nur einige .Male abgebildete S . paludosa (SCHRÖTER) 1) mit 
der Gärungssarcine identisch ist . Ich selbst nahm sie einige Male in 
Abwasser wahr und fand ihr Aeusseres und ihren Umfang indertat voll~ 
kommen gleich. 

Von noch einer andern Sarcinenart ist die Anwesenheit in Schlamm und 
Abwasser beschrieben worden und zwar von der Methansarcine. die einige 
fettsaure Salze in Methan. Kohlensäure und Kohlensäuresalze um
wandelt 2). Ihr Aussehen ist einigermassen dem der Gärungssarcine ähnlich 
und es ist auffallend . dass man letztere auch stets antrifft in den mehr 
oder weniger gereinigten Rohkulturen der Methangärung. Diese Sarcinen 
hat man aber nie in Reinkultur erha lten. was mit der S . ventriculi wohl der 
Fall ist und letztere sind auch nicht zur Methangärung in dazu geeigneten 
Acetatflüssigkeiten imstande. wie es sich herausstellte. Ebensowenig konnte 
ich diese Gärung erhalten mit Sandmustern. mit denen man wohl Entwick
lung der S. ventriculi bewirkt. Die Folgerung ist daher berechtigt. dass die 
letzte Art in den Methankulturen nur als Verunreinigung auftrete und dass 
beide Arten ganz gewiss verschieden seien. 

Einen ganz andern Blick auf die Anwesenheit und die Verbreitung der 
Gärungssarcinen in der Natur gewa nn ich aber. als ich es versuchte. die 
Anwesenheit auch auf mikroskopischem Wege in den Materialen darzutun. 
in denen sie den Kulturexperimenten zufolge so häufig vorkommen. Erde 
und Kleie waren dafür. aus früher (l.c . ) genannten Gründen ungeeignet. 

Als ich nun die leichte Kultivierbarkeit aus allerlei Sandmustern gefunden 
hatte. wurden damit ähnliche Versuche in der Hoffnung auf bessern Erfolg 
wiederholt. besonders als es sich mir zeigte. dass man solche Muster 
unter einem tüchtigen Wasserstrahl reinwaschen und weit er einige Monate 
unter Wasser aufbewahren kann. ohne dass dadurch das Vermögen der 
Sarcinengärung eingebüsst wird. Ich hielt es daher für wahrscheinlich. dass 
in dem so behandelten. von allem feinen Schmutz befreiten Sande. in dem 
alle Organismen genügend Gelegenheit bekommen hatten. sich mit Feuchtig
keit zu sättigen. durch genaues Mikroskopieren Sarcinenpakete oder etwa 
Kokken von einer in diesen Paketen vOl'kommenden Grösse (2 Yz bis 3 ft). 
aufgezeigt werden müssten. 

Diese Erwartung erfüllte sich aber keineswegs. W urde der rohe Sand 
mit Wasser geschüttelt und nachdem er sich gesetzt . die obenstehende 
Flüssigkeit centrifugiert . so war zwar in den Anreicherungsversuchen das 
Centrifugat stets positivo aber das mikroskopische Präparat trug ebenso 
wenig etwas eiu als die langwierigen Versuche. in dem reinen . noch 
positiv reagierenden Sande die gesuchten Organismen zu sehen. 

In der Hoffnung. in dieser schwierigen Sache etwas weiter zu schreiten. 

I) SCHRÖTER. Kryptogamenflora Schlesiens. 
WILHELMI. Komp. d . Biol. Beurt. d. Wasser. 
WEYL's Handbuch d. Hygiene. 11. Band. 3. Atb. 

2) N . L. SÖHNGEN. Dissertation. Delft 1906 . 
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versuchte ich der Entwicklung der Sarcinen auf dem Fusse zu folgen , um 
auf diese Weise etwaige junge Entwicklungsstadien beobachten zu können. 
Während nun ungefähr 16 Stunden nach dem Anfang des Experiments 
die Gärung bemerkbar wurde und eine grosse Anzahl Sarcinenpakete sich 
gebildet hatte, konnten schon nach der 11 . Stunde die ersten Pakete ge
funden werden. Sie haben dann schon die Grösse von 8 oder mehr Kokken. 
während daneben nie Pakete von geringerem Umfang, und ganz bestimmt 
kein allgemeines Kokkenstadium, wahrzunehmen waren. Unsre Kenntniss 
liber die Form, in der sie auf Naturmaterialen vorkommen , wird durch 
diese Vers uche nicht erweitert. Man kann bloss mit Bestimmtheit sagen. 
dass diese Form eine andre und viel widerstandsfähigere sein muss als 
wir sie in unsern Reinkulturen kennen, denn da haben sie nur eine Lebens
'dauer von 2 Tagen, während Naturmateriale in unbeschränkter Zeitdauer 
für den Sarcinenversuch dienlich sind, 

Man könnte dabei zunächst an Sporen denken. Die Zahl der sporen
bildenden Sarcinenarten ist gering : BEIJ ERINCI< erwähnt die Bildung bei 
S . ureae, während auch S. pulmonum (HAUSER) sporentragend zu sein 
scheint. Bei S. ventriculi hat man sie nie wahrgenommen, auch nicht 
SURINGAR bei seinen äusserst sorgfältigen Untersuchungen. leh selbst habe 
sie auch nie finden können , weder in lebendigen noch in gefärbten Präpa
raten, In unsern Kulturen fehlt den Sarcinen gewiss die Zeit sie zu 
bilden, denn sie sind schon lange vorher abgestorben. Dass die Gelegenheit 
in der Natur bes ser wäre, lässt sich nicht dartun, solange ihr Lebenszyklus 
noch so ungenügend bekannt ist. 

Man darf ruhig annehmen, dass bei Sarcinenpaketen, die in die Aussen
welt geraten, bald ein Absterben stattfindet, ohne Sporenbildung. Die 
baldige Sterilität der Sarcinenkulturen mit sterilisierter Erde oder sterili
siertem Sand, beweist das. Etwaige Sporen müssten also von der resistenten 
Form hervorgebracht werden. 

Dass die resistente Naturform nicht die Sarcinenform sein kann wird 
noch d urch nachfolgenden merkwürdigen Versuch bestätigt. Lässt man das 
Wachsen der Sarcinen in Malzwürze in Gegenwart von Sand, Kleie, Kreide 
oder Erde, die steril sind , stattfinden und befreit man nachher diese Stoffe 
durch wiederholte Waschungen mit sterilem Wasser von der Kultur
flüssigkeit , so verrät das mikroskopische Bild dies er ausgewaschenen Stoffe 
die Anwesenheit von einer grossen Zahl Sarcinenpaketen. Impft man diese 
Stoffe in neue Nahrungsflüssigkeit, so lässt sich auch indertat die Sarcine 
wieder zum Wachstum bringen, und das gleiche ist bisweilen auch am fol
genden Tage noch der FaB. Nach 48 Stunden sind aber die Pakete zu einer 
weitern Entwicklung nicht mehr imstande, während das mikroskopische 
Bild noch unverändert ist. Trocknet man den Sand nach dem Auswaschen 
der Nahrungsflüssigkeit , entweder an der Luft oder in einer Kohlensäure
atmosphäre und bei niedriger Temperatur, so bleiben die Sarcinenpakete 
gut sichtbar, aber die Lebensdauer ist nicht länger als in nassem Zustande, 
Es gelingt nicht, durch Reiben in einem Mörser die Pakete im reinge-
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waschenen Sande zu Kokken zu reduzieren. Wird der trockne Sand stark 
gerieben sa werden sie wohl in Fetzen zerrissen, fallen aber nicht in 
Kokken aus einander. Verlängerung der Lebensdauer wird durch alles dies 
nicht erzielt. Dagegen ergiebt das Trocknen eines Musters ausgewaschenen 
Fluss- ader Meersandes ein Präparat, in dem sich kein einziges Paket 
entdecken lässt, das aber trotzdem, und sogar Jahre nachher, in ange
säuerter Malzwürze ei ne reiche Sarcinenkultur veranlasst. 

Unternimmt man den gleichen Versuch mit nicht-sterilem, sarcinen
haltigem Sand, sa ist das Ergebnis das gleiche: sind einmal die Sarcinen 
zum Wachsen gebracht, sa ist ihre Lebensdauer nicht länger als 2 Tage. 

Infolge dieser starken Empfindlichkeit der Sarcinenkulturen gegen das 
Aufbewahren, die es nötig macht, die Reinkulturen alle 2 Tage zu über
tragen, darf man, glaube ich , die Folgerung ziehen, dass die Sarcinenpakete 
eine sehr emp[indliche Form dieses Bakteriums darstellen . deren Abwesen
heit man in denjenigen N at!lrmaterialen whig annehmen darf. die auch nach 
langem Au[bewahren noch positiv auf die Sarcinenprobe reagieren. Darin 
kommt sie offenbar in ciner latenten und sehr widerstandsfähigen Form 
vor. deren mikroskopische Gestalt noch nicht [estgestellt werden konnte. 
Lässt man sie sich zu Sarcinenpaketen auswachsen. so ist damit die Halt
barkeit auch ganz vcrschwundcn. Es gelingt auch nicht, die einmal ge
bildeten Pakete wieder zur haltbaren Farm zurückzubringen: fügt man den 
lebenden Kulturen Erde. Sand.Kreide ader Kleie . die steril sein müssen, bei, 
sa verlängert man die Lebensdauer nur unbedeutend. Nur wenn man die 
Röhren auf dem Höhepunkt der Gärung mit Kohlensäuregas anfüllt und 
sie darauf zuschmilzt, . kann man die Lebensdauer auf wenige Wachen 
ausdehnen. Aber auch dieses Mittel ist nicht unfehlbar. 

Es kam mir nun wichtig var zu beobachten, ob sich auch in andrer 
Hinsicht ein Resistenzunterschied zwischen den Sarcinenpaketen und der 
latenten Farm zeigte. Dazu wurde das Verhalten bei Erhitzung in beiden 
Fällert beabachtet. Die Reinkulturen der Paketform, in Malzwürze mit 
Kreide gewachsen. steIlten sich als sehr empfindlich heraus: schon 30 Min. 
bei 50° und 10 Min. bei 55° C. war tödtlich. Der rohe Sand dagegen musste 
während 10 Min. auf 75° C. erhitzt werden, bevor er das Vermögen 
verlor, in saurer Malzwürze Sarcinenwachstum zu ergeben. Die Versuche 
wurden sa ausgeführt, dass in Reagenzgläsern ungefähr 3 cc Sand mit 
10 cc Wasser zusammengefügt wurden. Diese Reagenzgläser wurden dann 
in einem Wasserbad van der bestimmten Temperatur getaucht. Kontroll
beobaciltungen crgaben. dass unter diesen Umständen innerhalb 3 Min., bei 
Schütteln in noch kürzerer Zeit. Wasser und Sand die Te~peratur des 
Wasserbades angenommen hatten. Die angegebene Zeitdauer ist die des 
jeweiligen Untertauchens. 

Urn aber noch etwaige Unterschiede in der Resistenz durch die An
wesenheit des Sandes zu beseitigen. wurden die Versuche in etwas andrer 
Weise wiederholt. Einerseits wurde roher Sand mit Wasser geschüttelt 
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und, nachdem er sich gesetzt , das Oberste abgegossen. Die sehr trübe 
Flüssigkeit wurde in Reagenzgläser gefüllt und ergab darin einen Nieder~ 
schlag, dessen Volumen und Feinheit denen der Kreide in den Röhren der 
Reinkulturen zu vergleichen waren. Eine andre Reihe von Röhren wurde 
folgendermassen behandelt. Nachdem sich die Sarcinen in Röhren mit 
Malzwürze, Kreide und sterilem Sand entwickelt hatten, wurde die 
Flüssigkeit abgegossen und der Sand durch wieder holtes Waschen mit 
sterilem Wasser gereinigt. Er enthielt dann noch eine grosse Anzahl von 
Paketen. Es wurden nun wieder 10 cc Wasser in die Röhren geschenkt 
und die Behandlung fand weiter in der gleichen Weise statt wie bei den 
Versuchen mit rohem Sand. Ebenso wie dort , wurde das Wasser nach 
Erhitzung und geschwinder Abkühlung abgegossen und durch Malzwürze 
ersetzt. 

Untenstehende TabelIe giebt eine Uebersicht von den Ergebnissen dieser 
4 Versuchsreihen. 

Resistenz 1I0n S. lIentriculi gegen Erhitzung. 

Zeitda~er I Tem~er· 1 Anzahl Röhren positiv 

Reinkultur in Satz van Reinkultur in Malzwürze und rahem Sand sterilem Sand Raher Sand 
Kreide (latente Form) (Sarcinenform) (latente Form) 

(Sarcinenform) 

15 min. 50° 5 von 6 - - -
15 " 55° keine - 2 von 5 -
30 " 55° keine - 1 von 6 -
10 .. 60° keine 6 von 6 2 von 5 -
20 

" 60° keine 6 van 6 1 von 6 6 van 6 

10 " 65° keine 6 van 6 keine 6 von 6 

10 " 70° keine 6 van 6 keine 2 van 6 

10 " 75° kei ne i von 6 keine keine 

10 " 80° keine keine kei ne keine 

Es erhellt daraus , dass die latente Form, sowohl im rohen Sande als im 
sandfreien Besatz, offensichtlich widerstandsfähiger ist als die Sarcinen
form unter den gleichen Umständen. 

Ferner musste noch die Frage beantwortet werden, ob vielleicht im Sande 
Organismen vorkommen, die, wiewohl sie selbst keine Sarcinenform be~ 
sitzen, diese dennoch bei ihrer Entwicklung in saurer Malzwürze hervor~ 
bringen können. Dabei muss man den etwa aufsteigenden Gedanken, als 
hätte man hier mit Kunstprodukten zu schaffen, die in den stark sauren 
Flüssigkeiten entstünden. fahren lassen, wenn man bedenkt, dass auch 
aus Kleie in neutralem Zuckerwasser gute Kulturen von S . maxima zu 
erhalten sind, während auch die Reinkulturen in neutralen Flüssigkeiten 
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vollkommen normal wachsen und gären. Wohl wäre es möglich. dass die 
Pakete die anaerobe Form aerober Organismen andrer Gestalt darstellten. 
Dass dafür nur die Kokkenform oder die Sarcinenform in Betracht kommt. 
liegt auf der Hand. Die Frage tat tich also auf: lassen sich in Sand 
oder sonstwo Kokken oder Sarcinen finden . die unter anaeroben Ver
hältnissen in Malzwürze das Bild und die Gasbilding der Gärungssarcinen 
zeigen ? 

leh säte nun eine Menge gewaschenen Sand. bei der sich die Möglichkeit 
der Sarcinengärung herausgestellt hatte. in Platten und in hohen Säulen 
Malzagar aus. Unter der grossen Zahl von Kolonien. die ich erhielt . kamen 
viele Kokken vor. die isoliert und dann auf ihr Gärungsvermögen hin 
untersucht wurden. Daneben wurden alle in diesem Laboratorium an
wesenden Arten von Mikrokokken und Sarcinen und noch einige Arten 
dieser letztern. die erhalten worden waren auf Agarplatten. welche der 
Luftinfektion ausgesetzt gewesen waren. in die Untersuchung hinein
bezogen. Das Ergebnis war vollständig negativ. Mit einigem Staunen steIlte 
ich die Tatsache fest . dass sich in keiner der Kulturplatten und in keiner 
der Agarröhren Kolonien der Gärungssarcinen fanden . wiewohl doch die 
Möglichkeit der Koloniebildung unter beiden Umständen feststeht . wofern 
man von gut gärenden Flüssigkeitskulturen ausgeht. Koloniebildung aus 
der latenten Form findet also offenbar viel schwieriger statt. obgleich man 
bei der Beurteilung dieser Frage zu bedenken hat. dass auch bei der 
Aussaat van gut gärendem Material ein sehr grosser Prozentsatz unver
ändert in den Platten liegen bleibt und nur ein sehr geringer Teil sich 
zu Kolonien auswächst. 

Hat vielleicht die unsichtbare. latente Form der Sarcine die Abmessungen 
eines filtrierbaren Organismus? Wie unwahrscheinlich dies auch er
scheinen mag. gerade bei diesem grosszelligen Organismus. es war dennoch 
notwendig. auch darüber Gewissheit zu erlangen. 

Nun steIlte es sich heraus. dass sich die Organismen von Material wie 
Sand nicht leicht loslösen : sogar wenn man den Sand mit Wasser in 
einem Mörser reibt. das obere schmutzige Wasser abgiesst und sich setzen 
lässt. so sind der ausgewaschene Sand und auch der Satz positivo aber mit 
der klaren Flüssigkeit ist keine Sarcinengärung zu erzielen. Filtriert man 
dann auch das genannte schmutzige Wasser durch eine sterile Kerze. so 
bleibt mit diesem Filtrat die Gärung ebenfalls aus . So ist daher obenstehende 
Frage zu verneinen. 

Zum Schlusse : ist es möglich. die Bedingungen zu finden . wobei sich 
in Stoffen wie Sand Zunahme der " latenten" Sarcinen zeigt? Diese 
F rage wurde von der Erwägung eingegeben. dass ein sporenfreier 
Organismus. er mag so widerstandsfähig sein wie er will. doch nicht so 
allgemein in der Natur vorkommen kann und dort unter so stark wechseln
den Umständen sein Dasein zu jeder Zeit behaupten kann. ohne dass 
Vermehrung stattfindet. wodurch sich der Vorrat wieder anfüllt . Zweifellos 
wirkt der Wind mit bei der Verbreitung dies er Bakterie. doch auch dies 
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erklärt ihre unbedingte Allgegenwart ungenügend, wenn man nicht auch 
auf ihre Vermehrung rechnen darf. 

Sich auswachsen zu Sarcinen, wofür Zucker und .. Pepton" nötig ist, 
kann hierbei keine Rolle spielen, da dies die Resistenz praktisch auf Null 
herabsetzt. Eine Vermehrung der Bakterie kann also nur dann eine bleibende 
erhöhte Anzahl bewirken, wenn auch die Nachkommenschaft die resistente 
Form besitzt. Vermehrung derselben wird sich zeigen, indem man zum 
Sarcinenversuch geeigneten Sand unter verschiedenen mehr oder weniger 
naturähnlichen Umständen aufbewahrt und jedesmal die Menge Sand be
stimmt, womit ein positives Ergebnis dieses Versuches zu erhalten ist. 
Nähme diese Menge merklich ab, so wäre damit eine Vermehrung der 
latenten Keime bewiesen. 

Versuche diese Vermehrung aufzuzeigen, wurden folgendermassen ge
macht. Eine grosse Menge Sand wurde durch Waschen vom schlimmsten 
Schmutz befreit, nachher bei niedriger Temperatur getrocknet und gut 
gemischt. Von diesem Sand wurden Mengen von 50 gr. in sterilen Kolben 
mit 50 cc von einer der Lösungen, die man in untenstehender Tabelle findet , 
übergossen. Nach einer Woche, bei Zimmertemperatur, wurde dann die 
Flüssigkeit abgesogen und der Sand mit wenig Wasser nachgewaschen 
und wieder bei niedriger Temperatur getrocknet. Von den so erhaltenen 
Sandmustern wurden dann je 6 Portionen von 3 gr. und 6 Portionen von 
2 gr. in sterilen Stöpselflasch~n von 50· cc abgewogen und diese wurden 
weiter mit Malzwürze angefüllt, die mit Salzsäure angesäuert war zu 
PH = 1.75. Die Tabelle giebt die Ergebnisse dieser Versuche, wobei noch zu 

A 'd . Pl·· . k ·, 6X3g,.~."~16X,g,.5;,"dl Mitd 5;,,,. 
r er ussig el Anzahl posit' j Anzahl posit. titer 

I. Ursprünglieher 3 7.5 gr. 
Sand, gewasehen 
und getroeknet 

2. Leitungswasser 4 3 4.3 .. 

3. idem + 0.01 % 3 ° 10 
Pepton 

4. idem + 0.1 % 5 5 3 
Pepton 

5. idem +0.5% i 3 4.3 .. 
Pepton 

6. idem + I % 3 7.5 .. 
Saeeharose 

7. Idem + 0.1 % 3 4.3 .. 
NH4Cl 

8. idem + 0.1 % 4 3 4.3 .. 
Asparagine 

Mikr. Bildr~ 
naeh Bemerkungen 

Behandlung 

kei ne Sare. 

idem Wasser blieb 
klar 

sehr geringe 
Trübung 

sehwaehe 
Trübung 

starkes ADwach· 
sen der Bakteri~n 

(f'auluag) 

Buttersäure 
gärung 

Flüssigkeit 
klar 

Flüssigkeit 
klar 
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erwähnen ist, dass der rohe, nicht ausgewaschene Sand schon mit 
300-500 mg die Sarcine zum Wachsen brachte. 

Aus diesen Zahlen lässt sich, dünkt mich, folgern, dass unter den ge~ 
gebenen Verhältnissen von einer starken Vermehrung der latenten Sarcinen 
keine Rede ist. Es lässt sich nicht leugnen, dass das Aufbewahren unter 
einer 0.1 Proz. Peptonlösung das Ergebnis der Experimente verbessert 
(0.5 Proz. Pepton veranlasst ein zu starkes Wachstum der BakteJ;Ïen, das 
eine Zunahme der latenten Sarcinen verhindert), aber auch durch Leitungs~ 
wasser allein geht das Titer schon von 7.5 gr. auf 4.3 gr. rückwärts. Dass 
durch diese Behandlung keine Sarcinenpakete noch auch irgend welches 
Vorstadium derselben im Sand sichtbar werden, kann nicht wundernehmen, 
wenn man an die verhältnismässig grossen Mengen Sand denkt, die zur 
Sarcinenentwicklung notwendig sind. 

Ueber die Lebensweise der Sarcinen in der Natur bringen diese Versuche 
nur wenig Aufklärung und die vielen RätseI. welche die geheimnisvolle 
latente Form umgeben, bleiben gleichfalls ungelöst. 

Amsterdam, im März 1928. 

Laboratorium der H ygiene der 
Universität Amsterdam. 



Pbysic:s. - On OSEEN'S theory for the approximate determination of the 
flow of a fluid with verg small friction along a body, By J. M; 
BURGERS. (Mededee1ing N0. 9 uit het Laboratorium voor Aero
dynamica en Hydrodynamica der Technische Hoogeschool te Delft.) 
(Communicated by Prof. P. EHRENFEST.) 

(Communicated at the meeting of December 17, 1927). 

§ 1. The determination of the flow of a viscous f1uid along a body of 
given contour is one of the most important problems of hydrodynamics. 
When we consider the stationary flow along a body at rest and start 
from the equations of motion for an incompressible viscous f1uid, the solution 
is required of a system of four partial differential equations with the 
velocity components and the pressure as variables. This solution has to 
satisfy the boundary conditions, which for the case are that the velocity 
of the f1uid along the surface of the body is zero, and that at infinity the 
flow asymptotically approaches to a parallel motion with given constant 
velocity. In the following we will suppose that this lat ter velocity has the 
value V and is directed along the negative x-axis. Until now the rigorous 
solution of these equations presents unsurpassable difficulties. However, 
many applications of hydrodynamics do not require a solution of general 
validity, but a solution for the case in which the internal friction of the 
f1uid is very small and may be put nearly equal to zero. We shall con fine 
ourselves to this case. 

The so called irrotational flow of DIRICHLET may be considered as the 
first attempt to find a solution of the problem before us. The deduction 
of this particular solution is based upon the principle that, when the intern al 
friction of the f1uid becomes infinitely smalI, no objections arise against 
the supposition that the fluid layers will glide over each other in some 
places. In consequence, even when the condition that the fluid in contact 
with the body must be at rest, is observed rigorously, we may accept a 
tangential velocity differing appreciably from zero at a small distance 
from the surface. The region in which this velocity appears is separated 
from the surface by a th in layer in which gliding occurs. Calculating the 
magnitude of the rotation of the flow in this layer by means of the weil 
known formulae, we shall get a very high value; in other words astrong 
vortex motion is present in this layer. The thickness of this layer may be 
supposed the smaller as the friction is less, 

The normal velocity component, in contrary to the tangential one, will 



434 

not acquire an appreciable value at a very small distance from the surface, 
as this would be in contradiction with the equation of continuity. Therefore 
the boundary conditions may be simplified into the single condition that 
only the normal velocity component has to be zero. 

We know that in a fluid without friction vortex motion once present 
cannot be destroyed, and that at the other hand in the interior of the fluid 
no vortex motion can arise. The flow being free from rotation at some 
distance in front of the body, we are led to suppose that it nowhere 
possesses vort ex motion. In this case the flow can be characterized by 
a potential function. This potential, which we will caU <Po, is deduced from 
LAPLACE's equation (which in itself is a consequence of the equation of 
continuity) : 

6 <Po =0, 

and from the boundary conditions : 

alP an 0 = 0 along the surface of the body; 

a <Po a <Po a <Po .. ax = - V, ay =az = 0 at lOfimty. 

As is known, these equations admit a solution. Moreover it can be 
proved easily that a pressure field may be calculated from the velocity 
distribution in such a way that the genera I equations of motion are 
satisfied. The flow determined in this way will be ca lIed the 
DIRICHLET flow. 

The experiments proved, however, that this DIRICHLET flow differs 
appreciably from the real state of motion unless we consider a very thin 
body; in particular the reg ion of vortex motion occurring in the "wake" 
down stream is lacking in the theoretical solution, while the pressure 
distribution calculated from it gives zero resultant, which is in contradiction 
with the observed facts. 

We th us have to seek other approximate solutions in which it is not 
supposed a priori that the entire flow is free from vortex motion. An 
example of such a solution is the well known discontinuous motion 
investigated by HELMHOL TZ, KIRCHHOFF, RAYLEIGH and others. We will 
not enter into a discussion of this solution, which is exposed in numerous 
text books and communications, and may be regarded as generally known 1). 
On the contrary I would treat in the following lines the theory developed 
by Os EEN . Os EEN originally started from researches concerning the flow 
with great friction. In the last years, however, several communications 

I) Cornpare f. i. H. LAMB, Hydrodynarnics (Carnbridge), art. 76, 77, 78; PH. FRANK 

u. R. VON MISES, Die Differential- und Integralgleichungen der Mechanik und Physik 
(Braunschweig 1927) I1, p. 775 and seq . 
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both from OSEEN himself and from ZEILON have appeared. treating the 
case of a very small viscosity 2) . 

Although OSEEN has given his theol'Y for three dimensional as well as 
for two dimensional flow. and ZEILON has developed examples of both 
cases. I will con fine myself in the following lines entirely to the two 
dimensional case. thereby aiming at the most simple formulation in order 
to exhibit the striking points as c1ear as possible. 

§ 2. In order to understand the leading principles of the theory we 
must pay attention to the properties of vortex motion. From the 
hydrodynamica 1 equations it follows that the vortices are transported by 
the fluid elements; the directions of the rotation vectors follow the changes 
in the orientation of the fluid partic1es. and the intensity of the rotation is 
modified in such a way that its product with the cross section of a fluid 
element retains the same value. From this follows that the strength of a 
vortex tube is not aHected by the flow of the fluid. Moreover the action 
of the viscosity has to be taken into account. producing a diffusion of the 
vort ex motion. which is gradually spread out over the entire field . The 
equations of motion show that no vortex motion can arise in the interior 
of the field as long as the motion remains regular; the only source of 
vortex motion has to be looked for in the forces which the surface of a 
solid body ex erts upon the adjacent fluid partic1es. 

We now con fine ourselves to the two dimensional motion. Then all 
vortex vectors are perpendicular to the direction of the flow and we only 
have to discriminate between positive and negative vorticity ; hence the 
property just mentioned is simplified into the following one : the vorticity 
is dragged along with the flow. does not alter its strength. but diffuses 
at the same time from the fluid partic1es to which it was bound to the 
surrounding ones. From this we deduce that in stationary two dimensional 
flow of a fluid with infinitely small frjction (in which case the diffusion of 
the vorticity becomes infinitely slow) . the vorticity will be distributed in 
such a way that the vortex strength has a constant value along every 
stream line. 

In applying this conclusion to the flow in the vicinity of a body. we can 
add that the vorticity may be found along those stream lines or parts of 
stream lines only, which extend from the body down stream: for up 
stream of the body the flow does not supply any vorticity and the diffusion 
is so weak that it cannot produce an appreciabIe extension of the vorticity 

2) The most important of these papers are : C. W. OSEEN. Zur Theorie des F1üssig
keitswiderstandes. Nova Acta Reg . Soc. Scient. Upsaliensis (IV. 4) 1914; Beiträge zur 
Hydrodynamik I. Ann. d. Physik 46. p. 231. 1915 ; and in part ic uI ar : Hydrodynamik (Bd. I 
der Sammlung Mathematik in Monographien und Lehrbüchern. Leipzig 1927). p. 211 and 
seq. ; N . ZEILON, On potentiaI prob1ems in the theory of Huid resistance. Kungl. Svenska 
Vetenskapsakademiens Handlingar. 111 Ser. I : 1. 1924; Beiträge zur Theorie des asymp
totischen F1üssigkeitswiderstandes, Nova Acta Reg. Soc. Scient. Upsaliensis 1927. 
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against the direct ion of the flow. Stream lines passing the body at some 
distance will not carry any vorticity. 

This idea seems to render little use when we do not know the course 
of the stream lines, which are found only when the problem is solved. 

Now OSEEN has put the question whether we may get a satisfactory 
approximation by determining the distribution of the vorticity in the field, 
starting from a simple flow pattern, which needs not correspond to the 
rea I flow. Accepting such an imaginary "transport flow for the vorticity", 
the lines along which the vorticity is constant could he determined. Then 
we can try to choose the vorticity in such a way that the field belonging 
to this vortex distribution, superposed upon a suitable irrotational flow, 
leads to a flow satisfying the boundary conditions along the surface of the 
body and the condition : 

u = - V, v = 0 at infinity. 

We will not investigate this idea in its most general aspect, but will 
consider a simple case, the first one treated by OSEEN, to which, until 
now, most attention has been paid. 

In this case for the "transport flow" the most simple one imaginable is 
accepted; viz. a flow with a constant velocity V parallel to the x-axis. 

This flow enters the body at one side and leaves it at the other. We will 
consider this as unimportant, as this flow does not represent the solution we 
look for, but is only a means for arriving at the distribution of the 
vorticity. 

The vortex distribution now becomes very simpIe. At the upstream side 
of the body we can only have a thin vortex layer, as the vorticity will not 
diffuse upstream; in the wake of the body, however, in a region of equa1 

breadth, extending down stream to infinity, vorticity will be present, with 
a strength independent of x, and therefore heing a function of y only 
(compare fig . 1). We shall write for this function: ,( y). 

- -- - - ---R' 

WERVELGEBIE.D 
-=~ (U) _ -~ 

Fig . I. 

v .. 
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When it is preferred to leave aside the idea of a special transport flow 
for the vorticity, one might as weIl start from the supposition that in the 
wake of the body, in a reg ion of equal breadth, the strength of vorticity 
may be represented by a function C (y). and that a concentrated vortex 
layer is present at the front side of the body, while outside of these two 
regions no vorticity occurs in the flow. 

Outside of the vortex region we must now get irrotational motion 
characterized by a potential function rp (x, y). We shaIl suppose that this 
potential may be continued analyticaIly without singularities into the 
vortex reg ion in the wake of the body. Then in th is region a flow has to 
be superposed on it determined by the distribution of the vorticity which 
is zero outside of this reg ion. W riting now in the whole field for the 
components u and v of the velocity of the resultant flow : 

orp I 

u=ox + u, (1) 

the quantities u' and v' will be zero everywhere outside of the vortex 
region. Within this region they satisfy the equations 

oU'+ov' -0 
ox ay - , 

av' _ ou' -C 
ax oy- (2) 

Now it is of importance to remark that we can find the function rp 
without knowing in advance the distribution of the vorticity. The boundary 
conditions teIl that the velocity must be zero on the surface of the body. 
Now an infinitely thin vortex layer is present on the anterior side. Just 
outside of this layer the condition for the tangential component of the 
velocity may be left aside, as it can aIlways be satisfied later on by giving 
a suitable strength to the vortex layer. Hence only the condition regarding 
the normal component has to be observed. In th is way for the potential. 
which satisfies the equation of LAPLACE 

(3) 

we get : 

orp an = 0 at the front side of the body . (4) 

justas in the case of the DIRlcHLET flow. 
In the wake of the body we have to determine a velocity distribution 

u', v' , that satisfies (2) and is zero everywhere outside of the vortex 
reg ion. Such a velocity field can be found by supposing that v' is zero 
everywhere, and that u' is a function of y only, determined by the equation 

ou' 
oy = - C (y) (5) 

29 
Proceedings Royal Acad . Amsterdam. Vol. XXXI. 
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When we suppose that over the breadth of the vort ex region f' dy 

has the value zero, equation (5) possesses a solution for u', which is zero 
at both si des of this region. The fact that , does not depend on x of course 
is of predominant importance; if this was not the case, also u' would 
depend on x and the equation of continuity would show that v' cannot be 
put equal to zero. 

Both velo city components must vanish at the back of the body. 
Substituting v' = 0 in form. (1), we get at the back: 

The condition 

~: +u'=O. oCP -0 
dy -

~: = 0 at the back of the body •. 

together with the condition (4) just mentioned and the conditions : 

oCP ox =-V. 
oCP 0 . fl . oy = at 1ll mty 

(6) 

(6a) 

(7) 

are sufficient to determine the potential function cP; once cp being found, 
the relation 

u' = - G:) at the back of the body (6b) 

gives the velocity component u', from which the vortex field , can 
be deduced. 

In this way we come to a new type of potential fields, differing from 
those of the DIRICHLET flow. 

§ 3. As a flrst example we shall consider the flow around a circular 
cylinder with radius a. In order to obtain a solution by means of the 
methods of theory of functions. the complex stream function X is intro~ 

duced. which is composed of the potential function cp and the stream 
function lJF: 

Writing z = x + iy, we shall get: 
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where crepresents the absolute value of the velocity, and 8 the angle 
U bet ween the direction of flow and the 

positive x-axis. Putting 

w = tg w = tg c - i 8. (8) 

w will be a function for which the solution 
-*-------"'k-+-,-----~+__- :x; of the boundary condition problem is much 

Fig. 2. 

for 

easier than it is for cp 3), as the value of 
the imaginary part of w, i. e. - i 8, is 
known in all points of the circumference 
of the circle. In fact the boundary con
ditions (4) and (6a) lead to the expressions 
(compare fig. 2): 

n ' n 
o <CP<2: 8=- + cp 2 

; <cp<3;: 6=n (9) 

n 
8_

3n + cp -2<CP<0: -2 

Hence the function w can be found from the integral 

w = - ! JdCP :; tg (z - a ei.t) + const .. (10) 

taken over the circumference. In our case the particularity occurs that 
in tbe point cp = 0 the angle 8 changes discontinuously; therefore a term 

taking into account the amount of the change must be added to the 
integral. 

On account of the relation: 

dB =1 
dCP 

for 

which follows from the data mentioned above, we get 
.,.. 

+2 

w = - !JdCP tg (z - a ei.t) + 19 (z - a) + Cl + i C 2 (11) 
.,.. 

-2 

3) In treating this example. and also in the following one (the oblique plate) ZEILON 

uses a theorem given by HILBERT in order to solve the boundary problem for cp. This 
leads to a rather tedious calculation. 

In a paper by the present au thor published in these Proceedings. Vol. 23. p. 1082. 1921. 
the flow around a cylinder has been calculated by means of a FOURIER expansion for the 
potential. This method does not converge quickly. Limiting the ex pan sion to -4 terms. for 
the coefficient in the expression (15) for Q was found: 2.36. with 11 terms: 2.30. the 
rigorous value being 2(?r'-2) = 2.283. In the paper mentioned a diagram of the streamlines 
etc. has been given. 

29* 
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In order to check this formula and at the same time to determine 
the value of the constant C2• we 
make the point zapproach to a 
point a e i 4'o (0 < CPo < n) of the 
circle (see fig . 3). We have to 
bear in mind that the argument 
of z - a é~ takes the value 
t (CP + CPo + n) at the points a é~ 
for which cpo-n < cP < CPo. while 
it takes the value t (CP + CPo - n) 
at the points a e i 4> for which 
CPo + n > cP > CPo. The argument 
of a e i 4'o - a being equal to 

.ij 

--~----~~--+--4--I 

Fig . 3. 

t (CPo + n). we find for the imaginary part of w : 

7r 

ctu 2 IJ IJ' !~=-~ ~~+~+~-~ ~~+~-~+ 
7r 4>0 
2 

n 
wh en 0 < CPo < 2; and: 

+ ; 

1 {' 1 !(w) = - 2n dcp (CP + CPo +n) + 2 (CPo + n) + C2 = C2 • 

7r 

2 

n 
wh en 2 < CPo < n . 

Therefore we have to take C 2 = - n. 

At a point on the lower half of the circle. for which - n < CPo < O. 
the same expression can be used when t (CPo - n) is written for the 
argument of a ei"o - a in stead of t (CPo + no). 

Wh en we calculate the value of w at a point of the field outside of 
the circle. the determination of the arguments does not give any diffi~ 

culty: as soon as the argument of z - a e l 4' has been fixed for any 
value of cp. its magnitude for other values. and also the argument of 
z - a will follow in an unequivocal way. 

Considering now the behaviour of the flow at great distances of the 
cylinder. we may expand the logarithms and shall get: 

. aé~ a 2 e2i4' 
Ig(z-ae"4')=lg z - - --2 2 - ••• 

z z 

a a 2 

19 (z - a) = 19 z - - - -2 2 - ... z z 
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which leads to: 

As the velocity at infinity is V. Cl must have the value Ig V; 
hence : 

. Jl-2a a2 

w = Ig V - t Jl - - - - - -2 2 - • • • 
Jl Z Z 

(12) 

Prom this we find for the value of w: 

(13) 

and finally we get for the complex stream function : 

I Jl-2 I x= - V z- -;;-algz - .. ~ (14) 

In the last expression af ter the term representing a parallel flow with 
the constant velocity - V. a logarithm appears. representing a flow 
radially outwards. of the total streng th 

Q = 2 (Jl - 2) a V = 2.283 a V . (15) 

We can deduce this also from the stream function '1'. the expres sion 
of which is: 

, Jl-2 Y I 
'1' = - V I Y - -Jl- a arctg x - .. \ 

showing that the stream line '1' = O. which upstream of the cylinder is 
directed along the + x~axis. is determined down stream by: 

_Jl-2 Y 
Y--- aarctg- - ..... 

Jl X 

Por x ~ - 00 this equation approaches asymptotically to: 

Y = ± (Jl - 2) a = ± 1.14 a. 

Both branches lie outside of the vortex reg ion (which is included within 
the lines y = + a and y = - a) ; therefore they also appear in the 
complete field. 

In order to deduce the value of u'. we must calculate the value ot w 
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n 3n à <I> 
for the points of the semi-circle between ~ = 2" and ~ ="2' As oy is 

zero here. we find u' from the equation: 

u, - _ a <I> __ dx - _ e'''' - eR(wl 
- iJx - dz- - . 

We can confine ourselves to consider the real part of w only. as the 
imaginary part has the constant value - n i. 

Now for z = aéÎ'o we have: 

I z - a eioi> I = 2 a sin ~o -:; ~ • 

therefore we find: 

'" +-
2 

R (w) = - !fd~ 19 sin ~o ;- ~ + tg sin io + tg V = 

= g + g Sin - + - ~o - - g Sin - - - -t V I . ~o 1 ( n) l . (~o n) 
2 n 2 2 4 

". 

+"2 

- ~( ~o + ;) tg sin (io + ~) + ~fd~ (~ - ~o) cot ~ -; ~o . 
". 

-"2 

The last term occurring in this expression can be reduced to a function 
of the form: 

ç 

rp (~) = :Jd~ ~ cot ~. 
o 

which has been calculated by ZEILON for values of ~ ranging from 0 

'11 3n 1) tIT' 
Then: 

n 
Let us consider f.i. the points determined by ~o = 2" aod ~o = n. 

1) Compare N. ZEILON. On potential problems. etc .• p. 34. table I. 



443 

According to the table given by ZEILON we have: 

<p(0)=0; <p(~)=0.465; <P(~)=lg2=0.693 5); <p(3;) = 0.229. 

:rr. 
Therefore the point CPo ="2 gives : 

1 
R (w) = 19 V + -21g 2. 

from which 

At CPo =:rr. we get: 
R (w) = 19 V + 0,111. 

and 

U;800 = 1.117 V . 

From the fact that u' is not equal to zero for y = a. while for values 
of y just higher than a, u' must be 0, it follows that the line y = a 
(and also the line y = - a) represents a vortex layer. along which , 
becomes infinite in such a way that 

.+. 
firn r, dy = U;y=a)= V V-Z. 
l=O,J~ 

a-' 

We note the relation: 
+a 

Q ,fUI dy . . (16) 

-a 

where Q is the quantity determined by (15). This is immediately deduced 
from the consideration that Q denotes the amount which the flow 
represented by (/J carries from the cylinder outward to infinity; this 

5) That the integra! .. .,.. 
"2 2 

~Jd~ ~ cot ~ = - ~Jd~ 19 sin ~ 
o 0 

has the value 19 2. is easi!y proved from the relatlons: .. .,.. .,.. 
"222 .,.. 

,fd~ 19 sin ~ Jd~ 19 cos~=~.fd~ 19 sin22~ =i.f d~ 19 Si; ~ = 
o 0 0 0 

.,.. .,.. 

"2 2 

= !fd~ 19 sin ~ = !fd~ 19 sin ~ - ~ 19 2 
2 2 2 4' 

o 0 
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amount is replenished by the flow u' directed towards the cylinder. 
Mathematically expressed. wh en ds denotes an element of the circle: 

~ ~ 

} oC/J f' (OC/J) } I Q = ds On =-. dy ox (at the back of the cylinder) = + u dy. 

-a -a 

§ 4. As a second example we can take the flow along a plate of 
breadth 2a. making an angle a with the x-axis (see fig. 4 where AB 
represents the plate). In connection with the treatment given by ZEILON 

we shall represent the flow along AB in the z-plane conformally upon 

D 
("1) 

Fig. i. 

a . 
the field outside of a circle with radius 2" In a r-plane. related to the 

z-plane by means of the formula: 

. (17) 

In this expression the complex variabIe r = ~ + i 1] = Î e{~ is referred to 

the axes OA and OD. Wh en now we suppose the values which w 

takes in the points of both sides of the line AB to be transported to the 
corresponding points of the circle. we shall get for (j: 

along the segment 0 < ~ < n, corresponding to the back of the 

plate . 

along the segment corresponding to the front side of the plate: (18) 

for n < ~ < 2 n - ~' 6 = n + a 

for - ~' < ~ < 0 . (j = a 

where - ~' is the argument of the point C' corresponding to the stagnation 
point at the front side of the plate. The position of th is point is unknown 
for the present. 

As ti has a constant value in every one of the three intervals defined 
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above. and only shows abrupt changes at the points A'. B. C' respect
ively of the amounts n-a. a. -n. (10} gives us the three t'!rms only: 

w = - n n ~ 19 (r - i) -;; 19 (r + ~ ) + 19 (1' - ~ e-W)+C l +iC2 • (19) 

Applying this formula to the points of the circle. we find: i C 2 = 

= - i n - ~ i (a - q/). When z becomes infinite. r approaches asymp

totically to z e-it< . and the expansion of w becomes : 

w = Cl - i ( n + a 2 q,') + ;z ei~ (n }a - e- i 4' J + ... 

The velocity must approach here to: u = - V. v == O. hence w has 
to take the value 19 V - in. from which follows Cl = 19 V. 'P' = a. 
Therefore: 

w = 19 V - l.7t - - 1 - - - e"" + ... . a ( n-2a . ) 
2z n 

(20) 

which leads to: 

w = e'" = - V )1 - ;z ( 1 - n n 2a ei:. ) + .. . ( . (21) 

and finally : 

~ a ( n - 2a . ) ~ 
X = - V ( z - 2: 1 - n e'" 19 z + ... ~ . (22) 

In this case too a logarithm occurs in X. now. however. having a 
complex coefficient. The flow shows a divergence amounting to: 

( 
n-2a ) Q = n a V 1 - n cos a (23a) 

and a circulation of the magnitude: 

C = a V (n - 2a) sin a (23b) 

Q and C both become zero in the trivial case a = 0; moreover C is 
n 

zero. as might be expected. when a = 2 6). In this case Q becomes 

na V. 
We can deduce the vortex streng th of the plate by calculating the 

value of R (w) for r = ~ e i 4'. where 0 < 'P < n . 

§ 5. Besides the distribution of the velocity a knowledge of the 
pres su re is of importance. In calculating the pressure it becomes evident 

6) At small values of IX the circulation C becomes eqval to 7rB VIX . As ZEILON ~emarks, 

this is half the value given by the theory of KUTTA and JOUKOWSKY. 



446 

that the flow does not satisfy the exact equations of motion. In ZEILON's 
first paper, and also in OSEEN'S Hydrodynamik the pressure distribution 
therefore is deduced from the approximate equations on which the 
calculations of the flow are based. 

If the exact equations of motion for the stationary flow are written 
in the form: 

~ ààx (u 2 + v2
) - e v C = - ~~ + ,u 6 u t 

~ àày (u
2 + v2

) + eu C = - ~= + ,u 6 v, ~ . 

wh ere, as before, 
r_àv _au 
.. - àx ay' 

the approximate equations, which were the starting point of OSEEN's 
calculations, will be: 

(25) 

The difference between the latter equations and the exact ones can 
be expressed by saying that in the terms in which the vortex intensity 
C occurs multiplied by the velocity, the components of the actual velocity 
u, vare replaced by the components of the "transport flow of the vor
ticity" as introduced into § 2, i.e. by - V and 0 respectively. 

If ,u goes to zero we can integrate the system (25); using (5) we find: 

1 
p = const. - 2" e (u 2 + v2

) - e Vu' . (26) 

For the constant term we take ~ e Vl. in order to make p zero at 

an infinite distance from the vortex region. Along the front side of the 
body, where u' = 0, (26) reduces to the ordinary BERNOULLI formula. 
At the back side we have u = v = 0 and therefcire: 

1 V2 V ' Pb=2"e -e u (26a) 

In the case of the cylinder u' lies between V V2" at cp = 90° and 
1.117 V at cp= 180°; hence Pb is comprised between - 0,914 e V2 and 
-0,617 e V2. 

In order to determine the resistance experienced by the body. we put 
in formuIa (26): 

alP 
v= ày' 
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Bearing in mind that u' = 0 at the front of the body and th at 
àr!>Jàx = - u' at the back side. we can write for the value of P at 
the points of the surface of the body: 

(27) 

We shall consider first the term 

By means of same reductions the resultant of this part of the pressure 
is found to be 7) : 

+a 

fP
I 

cos (n,x)ds = - eQV + ef U'2 dg. 

-a 

(directed along the negative x-axis). The second part of the expression 
(27) gives a pressure : 

_1 V2 puf-le . 

at the front side of the body. and a pressure : 

PIIb=~ e{u' - V)2; 

at the back side. The resultant of these pressures has the magnitude 
(again taken along the negative x-axis): 

+ a + 8 f dg (PIl f - PIl b) = eQV - ~ e,f U'2 dg. 
-a -a 

The total resistance now becomes: 
+a 

1 j' W=+le u'2dg (28) 

-8 

7) In order to prove this formula. it is necessary to add tof PI cos (n,x) ds the quantity 

e - dg---dx, J~ (ar!»2 ar!> ar!> ~ 
dx dx dg 

which is again substracted afterwards. Compare ZEILON, On potential problems. p. 17 
and OSEEN, Hydrodynamik, p. 295; the calculation is performed here in a slightly different 
way, as these authors allways consider a moving body within a Huid at rest. 
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By numerical integration Z EILON deduced for the case of the cylinder : 

W = 0.657 (} V 2 d (28a) 

where d = 2a = diameter of the cylinder. 
In the case of the oblique plate we get a resistance. and besides a 

force in the direction of y. 
We note that on account of the discontinuity of u and of the presence 

of the term - (} Vu' formula (25) for the pressure is discontinuous along 
the Iines y = + a and y = - a . which confine the vortex region. Pro
ceeding from y = a + t: to Y = a - E (where E is a small positive quantity) 
in the case of the cylinder u increases from a value - UI (depending on 
x) to - UI + V V2; u' increases from 0 to V V2. Therefore the pressure 
decreases suddenly by the amount e V2 (1 + V2 - UI V2/ V). From a 
physical point of view this result is impossible. Of course this is due to 
the fact that with the supposed transport flow we have to apply a system 
of special forces to the field of motion. which at the same time influence 
the distribution of the pressure. 

In his second paper ZEILON tried to escape from this difficulty. For 
the determination of the field of flow it was essential that the vorticity 
C was a function of y only ; the magnitude of the "transport velocity" 
does not affect this function. Therefore the calculations of §§ 2-4 are 
not modified when we take any function - U (y) for this velo city in 
stead of - V. provided that it is again directed along the y-axis. Then. 
ho wever. the second equation of (25) is changed into: 

(29) 

and for the pressure distribution an other solution is obtained. ZEIL ON 

requires that in the immediate vicinity of the body the hydrodynamical 
equations have to be satisfied as weil as possible; hence immediately 
behind the body the pressure may not change discontinuously when we 
enter into the vortex region. As the velocity is zero everywhere along 
the back of the body. and the terms ftD U. ftD V. occurring in the equations 
of motion. vanish here at the same time with ft. p has to be constant 
along the back side. It takes the value which is given by the formula 
(va lid at the front side): 

1 1 
Pf = 2 (! V2 - 2 e (u2 + v2) 

when applied to the limiting points. where the front transfers into the back. 

In the case of the cylinder this value is (with U900 = vVl. V900 = 0): 

1 
p. = - - (! V2 (30) 

2 

This value is higher than that which is found from (26); therefore 
ZEILON finds a smaller resistance : 

W = 0,523 (! V2 d (31) 
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In the case of the plate th is consideration. however. is not valid. The 
flow described by (19) gives an infinitely high velocity at the edges of 
the plate. and therefore an infinite negative pressure. which cannot be 
continued as in the case of the cylinder. 

ZEILON tried finally to obtain still other pres su re distributions by 
supposing a modified vort ex distribution. in which the vortex layer. 
occurring at the front side of the body extends over some' distance on 
both sides along the back 8). Along these parts of the back side we no 
more have to satisfy the boundary conditions : u = O. v = O. and there~ 
fore we cannot decide whether èJ<1>jdy=O. ZEILON now introduces a 
certain hypothesis about the angle () considered in § 3; then it is still 
possible to solve the boundary problem in a simple way. By means of 
an appropriate assumption about the course of (). ZEILON in the case 
of the cylinder succeeds in obtaining a pressure distribution which fits 
,the experimental results rather well. However. this modification of the 
original hypo thesis takes away its former simplicity. and contains an 
element of arbitrariness. 

§ 6. We might ask if the resistance could be found by applying the 
theorem of momentum. As the flow does not satisfy the hydrodynamical 
equations of motion. and therefore neither the fundamental equations of 
mechanics. this seems to be impossible. 

However. th ere is a characteristic particularity in the solutions given 
by OSEEN's theory. which makes the application of this theorem to be 
not entirely without prospects. Therefore we direct our attention to the 
infinite part of the field. 

According to OSEEN's theory the vorticity is zero everywhere in the 
field. with the exception of the region extending down stream of the 
body. Outside of this latter region the flow is characterized bya potential 
and therefore it also possesses a complex stream function. The latter can 
be expanded in the following progression : 

'A BI +iB2 x=- V z+ (AI-l 2)lgz + - - - - + 
z 

(32) 

which leads to the potential function (with r= V x 2 + y2): 

y Blx+ B2y 
<1>=- V x+ AIlg r+A2 arctg - +-- 2-- + (33) 

x r 

The term AI 19 r. representing a flow directed radially outward of the 
total streng th Q=2nA\. is characteristic for the theory. This term does 
not occur in the case of the DIRICHLET flow. On the contrary the term 

A 2 arctg!L. representing a circulation. is well known from the aerofoil 
x 

theory of KUTTA and JOUKOWSKY. 

8) ZEILON. Beiträge zur Theorie •... p. 35. 
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As in reality no resultant radial flow can occur. the flow has to be 
replenished by a flow directed inward. which evidently can occur only 
in the wake of the body. This is confirmed by the experiments. They 
show. however. that the breadth of the vort ex region does not remain 
fini te. but gradually increases down stream. The compensational flow is 
therefore spread over a greater extent. and its velocity decreases in 
inverse proportion. 

Let us now start from the supposition that the flow outside of the 
vortex reg ion may be characterized by a potential function ti> of the 
type (33) and that within this region it is allowed to put: 

u = ~: + u'. v = ~: + v' . (34) 

where u' and v' satisfy the equation of continuity: 

au' + av' = 0 
àx ay (35) 

It is not a priori certain that the potential can aIlways be expressed 
by a series of the type (33) and then can be continued analytically 
throughout the entire vortex region. In the case of the discontinuous 
flow described by HELMHOL TZ and KIRCHHOFF for the case of aplate. 
transverse to the x.axis. we should have found an expansion for x. 
beg inning with the terms: 

up 

X = - V z + p V~ + ... = - Vr /~ + p V-;: e2 + ... 
where the argument of Vzis determined by the condition - n < q; < + n. 9) 

However. we will adhere. be it by the way of a hypothesis. to 
formula (33). 

Now it is necessary to gather some data concerning the flow in the 
vortex region. Although the limits of this region will not be defined 
cIearly in genera!. we may suppose that it is wholly included between 
two curves 

y =t; (x). y = f2 (x). 

With great probability we may expect that at a great distance down 
stream of the body the functions fl and f2 satisfy the conditions : 

so that also the breadth b = fl - f2 of the vortex region only slowly 
increases with x. We arrive at this supposition when bearing in mind 
that at great di stances of the body. where eventual irregular motions 
are damped out. the spreading out of the vortex reg ion is determined 
only by the frictional forces. At a great distance from the body the 
velocity components u and v will approach asymptotically to - V. o. 

9) In the following terms of this series also a Iogarithm occurs. 
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so that here OSEEN's equation for the vortex motion : 

o~ 
- e V ox = f-l 6. C 

will hold with continually increasing approximation. 
The greater part of the following considerations. however. are valid 

also when the breadth b does not increase indefinitely but reaches a 
finite limit. 

The velocity u' which occurs in the vortex reg ion. is subjected to 
the relation: 

(36) 

When bincreases without limit. u' must decrease indefinitely. as 
stated above. 

If we bear in mind that ou'fox is of the order of u' fr. and that 
according to the equation of continuity (35) the same must hold for 
ov'foy. we deduce that in the vortex region the quantity v' is at most 
of the order of bu' fr. Therefore ov'fox will be of the order of bu' fr2• 

We now put the equation for opfdy into the following form: 

Investigating the order of magnitude of the terms occurring at the 
right hand side of this expression. the highest will be found to be 
bu '2/r2. The variations of the expression between I I on the left hand 
side. along a line drawn parallel to the y-axis through the vortex region. 

therefore are at most of the order: b2 u'2f r2• As J U'2 dy over the breadth 
of the vortex region cannot get an infinite value. not only these varia
hons themselves but also the integral of the variations of the 'expression 
I lover the breadth of the vortex region will become zero when r 
increases indefinitely. We may deduce from these considerations that the 
pressure in the vortex region at great distances from the body will be 
given with sufficient accuracy by the approximate formula: 

1 ~ (0<P)2 (0<P)2 ( 
P = const. - "2 e ( ox + oy ~. (37) 

Af ter inserting the value of <P from (33). we get: 

Ax-A y 
p = const. + e V 1 2 2 + terms of the order r-2 

r 
(37a) 

We may now apply the theorem of momentum to the region bounded 
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by a circle with very great radius R around the origin. Then for the 
x-component of the resultant of the pressure farces on this circle we 
find: 

2,,-

f" 1 
K . p R cos ~ d~ =71 (J VAl = 2" (J VQ 

o 

(taken in the negative direction of x). The transport of momentum along 
the - x-axis into the reg ion within this circle is: 

2,,-

J =.fe u (u cos.:p + v sin ~) R d~. 
o 

Inserting from (34). J becomes: 
2r. 

j "~(dep)2 dep dep l 
J = (J__ ~ ux cos .:p + Ox dg sin.:p ~ R d~ + 

o 
h h 

+ (J.f{ 2u' ~: + U'2) R cos ~ d:p + ~ {(v' ~: + u' ~: + u' v') R sin ~ d~. 
o 0 

3 
The first integral has the value - 3 n (J VAl = - 2(J VQ. In the second 

integral we put R cos .:p dep = - dg; as J~' dg is finite. we may take 

oepjox = - V in this formula and get : 

~ ~ 

(J.J (2u' V - U'2) dg = 2 (J VQ - (!J~'2 dg. 

~ ~ 

The greatest one of the terms. occurring in the expression between 
) in the third integraI. is of the order of bu'2j R; as also sin ~ becomes 

infinitely small for the points of the vortex region. the integral may be 
neglected entirely. 

The resistance experienced by the body is equal to the sum of K 
and J. Hence finally we find: 

f2 

W = (J V Q - (J.J~'2 dg (38) 

f1 

If we adhere to the supposition that the breadth of the vortex region 
increases indefinite1y down stream. tbe second term expires; therefore: 

W=(JVQ 10) . (38a) 

10) When the compensational flow u'. v' is not introduced. we find: K + 1= - p VQ. 
This result has been obtained by LAGALLY: compare M. LAGALLY. Zeitschr. f. angew. 
Mathematik u. Mechanik. 2. p. 409. J 922. 
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The appearance of the resistance therefore is essentially connected 
with the presence of a logarithmic term in the potential. And th is term 
is obtained only then . wh en fJ ifJj fJn is not zero at all points of the 
surface of the body. 

In accordance with this result is the experimental observation that 
the streamlines which follow the contour of the body at the front side. 
leave th is contour at certain points. usually situated in the neighbour
hood of the section of maximum breadth or of a sharp edge. The 
points where this occurs limit the region in which fJ ifJ jfJn = 0: beyond 
these points we evidently have fJ ifJ /fJn > O. 

In the case of a cylinder the potential determined from the boundary 
conditions (4) and (6a) of § 2. according to OSEEN's theory. gives 
0=2.283 a V. which leads to a much too high value of the resistance. 
Hence we must look for other boundary conditions for the potential: 
and the modification of DIRICHLET'S condition is to be varied in such a 
way, that Q decreases. The researches of ZEILON mentioned at the end 
of § 5. possibly constitute a beginning in this direction. 

In deducing form. (38a) it is supposed of course that in the infinite 
region of the field the flow determined by the functions ifJ and u' 
approaches to the flow that exactly satisfies the true equations of motion. 
However. it is not required that th is flow is entirely stationary: the 
deductions also hold when the flow in the immediate vicinity of the 
body fluctuates about a certain mean value. if only the fluctuations 
dec rea se without limit when we go farther and farther away from the 
body. The formula then gives the mean value of the resistance. 

30 
Proceëdings Rayal Acad. Amsterdam . Vol. XXXI. 



Mathematics. ~ The Congruence of the Twisted Cubics that Cut Five 
given Lines Twice. By Prof. JAN DE VRIES. 

(Communicated at the meeting of February 25. 1928). 

§ 1. The twisted cubics k3 that have the lines bI. bz, b3 • bi and bs 
as bisecants. form a congruence r. In order to represent this on a field 
of points we establish a projective correspondence between the point 
range (C) on bI and the tangents (c) of a con ic c2• As the image of the 
k3 that cuts bI in Cl and C2• we shall consider the point of intersection 
F of the tangents Cl and C2 corresponding to Cl and C2• 

The k3 that cut a line I. form a system A of which we shall determine 
the image curve. 

The k3 through Cl th at have b2• b3• bi. bs as bisecants. form a con
gruence. which has been investigated by GODEAUX I). The k3 of this 
congruence that rest on I. form a surface of the 9th degree with a triple 
point Cl' There are. accordingly. six k3 that cut bI in one more point 
C 2• Consequently the system A is represented in a curve À6 and the k3 
through Cl form a surface (C)6. 

§ 2. Any conic k2 that cuts a line bk twice and rests on the four 
other lines b. is completed byeach of the two transversals t\. t\ of 
these four b to a P of the congruence r. 

The curves k2 in planes through bI that cut bz, b3• bi. bs and m. 
form a surface 0 8. The line t ' l cuts 0 8 in four points that do not lie 
on a line b; hence the k2 that cut bI twice and rest on b2• b3 • bi. bs 
and t' I. form a surface O't with double line bI' 

On bI these k2 define a correspondence (2. 2) between the points Cl 
and C 2 ; the system ..r'1 of the figures (k 2

• t'd is. therefore. represented 
on a conic (t/~. lts points of intersection with c2 are the images of the 
n.gures that touch bI' 

There is no k2 with bisecant bI that rests on the other four band 
at the same time on the transversals t' land t" I' Accordingly any point 
of intersection of the conics w'~ and W"~ is the image of more than one 
k3 and is. therefore. a singular point. 

§ 3. This is conn.rmed by the following consideration . The hyperboloid 
H 23i with directrices bz, b3• bi contains the transversals t's and t"s of 

I) L. GODEAUX. Sur une congruence linéo-linéaire de cubiques gauches (Bull . Acad. de 
Belgique 1908. NO. 4. p . 531) . This congruence can also be investigated by the aid of 
the above mentioned representation ; however this has no singular points. 
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bI' b2• b3• b4; their points of intersection with bI are indicated by C'1234 

and C"l234 . If B'2345 and B"2345 are the points of intersection of H 2H and 
bs• H234 . contains a system of OOI curves k3 that pass through C'1234. 

C"1234 ' B'2345' and B"2345' cut b2. b3. bi twice. and belong. therefore. to 
the congruence I' I). All these k3 are represented in the singular point 
S5 - c's e"s defined by C ' 1231 and C"1234 . 

Analogously we find the singular points S2' S3 and S4 as images of 
the systems on the hyperboloids HH5' H 245 and H 235 . 

The four points Sk are evidently the points of intersection of the 
conics w'i and W"f. 

§ 4. As I cuts each of the four hyperboloids twice. the image curve 
has double points in S k. As },6 is a rational curve it has 6 more double 
points ; they are due to curves P that cut I twice. Hence a line chosen 
at random is a biseeant of six curves of the congruence. 

Two curves },6 have 20 points F in common; hence on two lines 
there rest 20 Pand the curves resting on I form a surface A2o. On 
this the Iines bk are sextuple and the ten transversals t'k. t"k are qua
druple (l has four points in common with 0'4). 

Two surfaces A have the lines bk. t\ . t"k and 20 curves k3 in common. 

§ 5. The system Z '2 of the P consisting of a k2 and the transversal 
t'2 of bI. b3. bi. bs• is represented on the points of the tangent d2 that 
corresponds to the point of intersection of bI and (2. 

The systems Z '2 and Z 3 have the degenerate k3 in common consisting 
of (2. (3 and the line of intersection of the planes b2 (3 and bl t'2• This 
k3 has the point e'2 e'3 as image. 

Each point e'k e'l. e'k e"l . e\ e"l (k, 1= 2. 3.4.5) is the image of a kl 
consisting of three parts. Also the non singular points of intersection of 
e'k (e\ ) with w'i and w"i are images of such composite P . 

Hence [' contains fourty k3 consisting of three straight lines. 

§ 6. Besides the hyperboloids considered in § 3 there are six more 
hyperboloids each of which is defined by three · lines b, that contain 00 I 

P of r; they are not represented in singular points. 
Two hyperboloids have a Pin common only when they have a common 

directrix b. For H123 and H 345 cut each other along b3 and a P that 
has b3. hence all bk. as bisecants . 

As H 3i5 is represented in S2. H 215 in S 3 and Hl23 bas a P in common 
with each of these two hyperboloids. the image of Hl23 passes through 
S2 and S3. Analogously the image of H I45 contains the points S4 and S5. 

I) If the points of H 234 are projected out of a point of this surface on aplane. the 
images of the k3 form a pencil of rational curves c3 that have their double point in 
one of the cardinal points of the representation, To them be long the Images of four 

composite k3• 

30* 
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As H123 has only one P in common with H 14s• their images are straight 
lines. viz. the lines S2 S3 and S4 Ss; we shall indicate them by h123 
and h14s, 

Hence the ten hyperboloids are represented as carriers of curves of r 
in the points Sk and the sides of the complete quadrilateral defined by them. 

§ 7. On the conic p2 which HI23 has in common with a plane p. 
the P of H123 define an involution P. Hence H123 contains four k 3 that 
touch P. Consequently the image curve of the system Ijl of the k3 

touching P has quadruple points in Sk and cuts each line h in four 
more points; it is. therefore. a pI2 (S4). . 

With W
/
12 (S) it has eight points F in common that are images of 

curves P on 0 /
1
4

; in six of these composite k3 the k2 touches Pand 
the point of intersection of Pand t' I defines a figure which must be 
counted twice. 

According to IJIl2 (S4) and ;'6 (S2) P is a surface of the degree 40. As 
a F of r chosen at random has only points of bk in common with p. 
the lines bare twelvefold lines; the transversals t. ti are evidently 
eightfold on P. 

§ 8. The surface (C)6 of the k3 that cut bi in a point C. is repre~ 

sented on the points of the line c (§ 1) corresponding to C. A line k 3 

th at does not lie on (C)6 cuts bi in two points; the other 16 points of 
intersection lie on the other four b; these are. therefore. double lines of (C)6. 

The plane Cb2 contains two k 2 that form two k3 on (C)6 together 
with t 2 and t"2; the tangents at C to these k2 are not coplanar with 
bI' hence C is a double point on (C)6; the transversal through C of 
b2 and b3 cuts (C)6 twiee in C and twice on b2 and on b3• 

As the image line c has two points in common with each of the conies 
W

/
12 and W"1 2• t'l and t"l are double lines; the other eight lines t. t" 

are single on (C)6. 

§ 9. The surface (B 2)6 of the P that cut b2 in the point B. has in 
common with (C)6 the lines bi' b2• t .. ( .. t'2• (2. whieh must be counted 
double. the lines b3 • bi. bs. whieh must be counted four times. and the 
six lines tJe, t\ (k = 3. 4. 5); besides these lines they have two curves k3 

in common. ~ence through two points chosen at random on bk and bI. 
th ere pass two curves of r. 

Consequently the image curve of the system on (Bk)6 is a conic fJk 2• 
The conics fJk 2 form a system with index 2 for the k3 represented in a 
point F be10ngs to 2 points Bk, 

As (Bk )6 contains one k3 of each of the systems I'I. I "1 (1 ~ k. 1) 
(§ 5). fJk 2 passes through the three singular points SI. The image curves 
fJ~ (S3 Si Ss) and fJ~ (S2 S4 Ss) have two points F in common: th is shows 
again that two surfaces (Bk)6 and (BI )6 have two P in common. 
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§ 10. A line d of the image plane is the image of a surface t::, 6 th at 
passes through bi and has the lines b2 • b3• bi. bs as double lines. For d 
cuts each line e in one point and each (Jk2 in two points. 

Also t' I. t" I are double lines. because each of the conics W '2 has two 
points in common with d. 

The field of rays [d] is. therefore. the image of a net of surfaees t::, 6 

with a basis consisting of six double lines and nine single lines (bi and 
eight lines t'. t"). This figure together with each P of r forms the basis 
of a pencil belonging to th is net. 

There are eVidently four more similar nets. 

§ 11. As a surface A 20 has a sextuple line in bi (§ 4). the k 3 that 
cut a line m resting on bi in C outside C. form a surface MI/; on this 
til' tl/i are double lines. the other 8 lines t are triple lines. (To the 
systems ~ th ere correspond surfaces 0 1

). 

Any hyperboloid H that does not contain bi' has two points in common 
with m; accordingly the image curve " of Ml1 has double points in Sh 
" has three points F and the double point Sk in common with the 
image line e'k or e\ of a system ~k; it is. therefore. a "S (S2). 

It has 14 points F in common with 16 (52); this shows again that the 
degree of the surface M is 14. 

A line e contains 5 points F of 11,s; hence bi is a quintuple line of 
Ml1. The other lines bk are quadrupie; this appears when we consider 
the intersection of th is surface and an arbitrary P. Combination of ,,5 
(S2) with w 2 (S) and with e'k (e"k) gives as result that Mli has t'l and (11 

as double lines and that the other 8 transversals are triple lines. When 
the line I rests on bi. A20 (bk6• tki) decomposes into (C)6 (bi' bk2) and Mli 

(biS' bk 1). 
If I cuts two lines b. A 20 is rep la eed by two surfaces (B)6 and a surface 

M8 (bk 3 bI
3 bp

2 bq
2 br

2). 

§ 12. A ray n of the plane peneil (N. ),) is a biseeant of six e3 (§ 4). 
On the intersection of )' and a hyperboloid H the k3 define an J3; two 
of the lines containing the pairs of th is J3 pass through N. Hence H 
contains two P of the system of the k3 that cut a ray n twice. 

The line h123 contains accordingly two points F of the image curve 
and the double points Slo S3; it is. therefore. a y6 (S2). 

As y6 (S2) and 16 (S2) have 20 points F in common. the P of the 
system form a surfaee N20 with sextuple bk and quadruple tk; for y6 

cuts a e 6 times. a e'k 4 times. 

§ 13. Let E be the system of the P of which a tangent passes through 
the point N. 

The tangents of the P on H form a congruence [3. 4]. For through 
a point P of H there passes a line that is a bisecant of OOi P. hence a 
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tangent of two k3, and the line that touches the k3 through P at P. 
And as the aforesaid J3 has four double points, a plane contains four 
tangents. 

Consequently the image curve of E has triple points in Sk and as hl23 
also contains three points F this curve is an 159 (S 3). 

It has 30 points F in common with ).6 (S2); accordingly the k3 of the 
system E form a surface E30. On this surface the lines bare ninefold, 
the lines t sixfold. As a check the fact may serve that E30 has 30 curves 
P in common with A20 besides the multiple lines band t. 

§ 14. A conie ro 2 through the four points S is the image of a surface 
0 4, for ro 2 (S) has four points F in comman with ).6 (S2). As ro 2 has two 
points in common with any line c and one point F with any (P, bI is 
double line and 0 1 contains the four lines bk (k ~ 1). Also the eight 
lines tk lie on 0 1. . 

The pencil (ro2) is, therefore, the image of a pencil (01) of which the 
basis consists of the double line bI and the 12 lines bk and tk. 



Chemistry. - Osmosis of ternary liquids. General considerations V. 
By F. A. H. SCHREINEMAKERS. 

(Communicated at the meeting of April 28. 1928). 

The diffusing mixture and the real membrane. 

In the preceding communications (Gen. III and IV) we have seen in 
what way the composition of the diffused mixture can be found and how 
from this the directions in which the different substances pass through 
the membrane may be deduced. the composition of the diffused liquid. 
etc. We have seen that the composition of the diffused mixture. which 
we shaU caU Lo. is represented by the point of intersection So of two 
conjugated chords. This is only the case. however. when the membrane 
itself does not contain the diffusing substances ; as. however. the membrane 
does contain these substances. we shall call the first a "theoretica)" and 
the second a "reaI" membrane. 

In fig . 1 two points of the one branch of an osmosis~path are 
represented by 1 and 2 and two points of the other branch by l' and 2'. 
In point 1· (and 1 ') of the path we imagine an osmotic system with a 
real membrane; we represent this by: 

II XLI I mI X MI : rl XL;. (1) 

On the left side of the membrane there are II quantities of a liquid 
LI and on the right si de rl quantities of a liquid L'I' We represent the 
composition of LI by: 

XI quant. of X + YI quant. of Y + (1 - XI - YI) quant. of W. (2) 

and that of L'I by: 

X; quant. of X + Y; quant. of Y + (I - x; - y;) quant. 'of W. (3) 

Although the substances will not be equally spread in the membrane. 
yet we may say that it contains a definite quantity of liquid of a 
definite composition. We shall say that the membrane contains mI quan
tities of a liquid· MI' the composition of which we shall represent by: 

al quant. of X + f31 quant. of Y + (1 - al - (31) quant. of W. (4) 

We imagine this liquid MI to be represented in fig. 1 by the point 1". 
In the point 2 (and 2') of the pa th we th en have an osmotic system: 

12 X L2 : m2 X M 2 : r2 X L; . (5) 
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In order to represent the compositions of these liquids we imagine in 
(2). (3) and (4) the index I to be substituted by 2. The liquid M 2 of 
the membrane has been represented in fig . 1 by point 2". 
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Consequently the osmosis-path of the system does not consist of 2. 
but of three branches; if namely the left side liquid travels along the part 
1 . 2. and. therefore. the right side liquid along the part 1'. 2'. th en the 
membrane travels along the part 1" . 2" of the path. 

lf the left sfde liquid gives off a certain quantity u of a substance. 
th en the right side liquid will take in a quantity. smaller or larger than 
u. according as the membrane will take in or give off a little of th is 
substance during that time; it may even be supposed that as weIl the 
left side liquid as the right side liquid give e.g. the substance X to the 
membrane or take it from the membrane. For th is reason we cannot 
speak any more of a single diffused mixture. but we shall distinguish 
three mixtures; we caU them LI. LOl and Lr and represent them in fig. 1 
by the points SI. Sm and Sr. 

LI is the mixture which is taken in or given off by the left side liquid. 
As L. has passed into L 2 by taking in or giving off a certain quantity 
of L, . SI. therefore. must be situated somewhere on the line 1 . 2. IE 
SI is situated in the way drawn in fig. 1. then this mixture has been given 
off by the left side liquid. We represent the composition of this' 
mixture by: 

x quant. of X + y quant. of Y + (1 - x - y) quant. of W. (6) 

Lm is the mixture. which is taken in or given off by the membrane: 
consequently the point Sm is situated 50mewhere on the line 1".2". In 
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fig. 1 it has been assumed that this mixture has been taken in by the 
membrane. We represent its composition by: 

a quant of X + f/ quant. of Y + (1 - a - fJ) quant. of W . (7) 

Lr is the mixture which is taken in or given off by the right side 
liquid; consequently the point Sr is situated somewhere on the line 
I' . 2'. In fig. 1 we have assumed that this mixture has been taken in 
by the right side liquid. We represent its composition by: 

x' quant. of X + y' quant. of Y + (1 - x' - y') quant. of W. (8) 

Now we shall assume that the left side liquid has given off 1 quan
tities of Ll and the membrane has taken in m quantities of Lm and the 
right side liquid r quantities of Lr. 

It appears from the liquids LI and L 2 on the left si de of the membrane 
that during the osmosis 11 - 12 quantities have disappeared here; they 
contain 11 XI - 12 X2 quantities of X and 11 YI - 12 Y2 quantities of Y; of 
course the remainder is the substance W. Consequently we find: 

1- 1 _ 1 - 11 XI - 12 X2 11 YI -12 Y, 
- I 2 x- 1 Y = 1 (9) 

From the liquids in the membrane and on the right side of it. follows: 

fJ = m2 fJ2 - mi fJI (10) 
m 

, . 
, r2 x 2- r\X\ 

x= - - --
r 

(11 ) 

As the quantities of the substances do not change during the osmosis. 
we have: 

11 + mi + rl = 12 + m2 + r2 ~ 
llxl+mlal+rlx'I=12x2+m2a2+r2x'2 . 

11 YI + mi fJI + rl y'l = 12 Y2 + m2fJ2 + r2 y'2 

With the aid of (9). (10) and (11) we find from this: 

l=m+r . 

lx=ma + rx' ly = mfJ + ry' 

(12) 

(13) 

If we consider the compositions of the mixtures Ll • Lm and Lr th en 
it follows from (13) : 

1 X LI = m X Lm + r X Lr (14) 

This expresses th at the entire mixture. which has disappeared from 
the left side liquid. has been taken in by the membrane and the right 
side liquid. As this speaks for itself. we are able to write down (14) 
without any further deduction. It now follows from (14): 

the point SI is situated between Sm and Sr and divides the line into 
two parts. which are determined by : 

SI Sr : SI Sm = m : r . (15) 
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We shaU now assume that. besides the compositions of the left side 
and right side liquids. their quantities i]. i2 • r] and r2 are known also. 
Then we are able to determine i. x and g from (9) and r. x' and y' 
from (11). Next we find m. a and fi from (13). Consequently we know 
the quantities and the compositions of the three diffused mixtures. 

Matters are otherwise. however. if we only know the compositions 
of the left side and right side liquids. Then the point So is indeed known 
but not the points S, and S" which are essential in order to determine 
the directions in which the substances now pass through the membrane. 
Yet in many cases it is possible to find these directions with the aid 
of point So only. as will be shown later on. 

When system (1) has passed into (5). then the membrane has taken 
in m quantities of Lm . We now put these m quantities in the left si de 
liquid L2 ; this now changes its composition and passes again into a 
liquid Lq which has been represented in fig. 1 by point q. This liquid 
has been formed from i2 quantities of L2 and m quantities or Lm ; con
sequently point q is situated on the Hne 2. Sm and ft divides this line 
into two parts. which are determined by: 

q . 2 : q . Sm = m : i2 • (16) 

So. instead of system (5) we now get the system: 

(i2 + m) X Lq : m] X M] : r2 X L'2 (17) 

so th at the membrane has not changed its composition in passing from 
(1) to (17); consequently the diffused mixture is represented by the 
poi~t of intersection of the Hnes 1 . q and 1'. 2'. As the state of things 
on the right side of the membrane in (I7) is now the same as in (5). 
the mixture Lr must have diffused; consequently point Sr is the point of 
intersection of the lines 1 . q and 1'. 2'. 

If we put the m quantities of Lm in the right side liquid. th en we 
get the system: 

(18) 

The liquid L'2 of (5) has now been replaced by a liquid L'q which is 
situated in fig.Ion the line 2' . Sm ; for this obtains: 

q' . 2' : q' Sm = m : r2 (19) 

As the state of things on the left side of the membrane now is the 
same in (18) as in (5). the point of intersection of the lines 1 .2 and 
I' . q' faUs in the point s,. Consequently we find: 

s, is the point of intersection of the chord 1 . 2 with the line 1'. q' 
Sr is the point of intersection of the line 1 . q with the chord 1'. 2'. 

In fig. 1 Sr is situated on the left side and s, on the right side of So; 

this is the case wh en Sm is situated between a and b; if. however. Sm 
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is situated between 2" and a, so that point q' comes on the other si de 
of the chord I' . 2', then we see that both points come on the left side 
of So. H, however, Sm is situated between band c (we imagine c at 
infinite distance) then both points fall on the right side of So. 

In the transition~cases , viz. when Sm is situated in a or in b. then 
SI or Sr coincide with so. 

We are able to express the leng th of the lines So s( and So Sr in 
different ways. A simple way of expressing it is among others: 

m 
So S( = T . fJ 

m 
So Sr = - -;: . a (20) 

in which, however, f1 and fi have another meaning than above, though 
they are connected with them. We are able to deduce these equations 
in different ways, one of which we shall briefly indicate. 

It is namely possible to prove that the equations (13) obtain for each 
system of coordinates; we now choose the point So as origin, the line 
So I' as X~axis and the line So 1 as Y~axis. Then a is the distance of 
Sm to the line So I, measured along a line parallel to the line So 1'; fJ is 
the di stance of Sm to the line So 1', measured along a line parallel to So 1. 

For the point SI now obtains x = 0 and y = So S( and for point Sr we 
find x' = So Sr and y' = O. Substituting these values in (13) we find (20). 

In fig. 1 a and fJ are both positive; now (20) gives a positive value 
for So SI and a negative value for So Sr ; we see that this is in accordance 
with fig. 1. 

From what precedes it appears that the points SI and Sr can be 
situated in different ways with respect to So; it follows from (20) that 
the smaller m is with respect to land r, the nearer they will be to So. 

For the present we shall leave it sa; to the other case we are going to 
refer later on. 

Above we have noticed already that we have to know the points 
SI and Sr in order to determine the composition of the diffusing mixtures 
and the directions in which they and the substances pass through the 
membrane. In order to consider what mistakes may arise, if we use the 
point So instead of these points, we shaIl discuss a few cases. 

Fir:,t we shaIl suppose the point So to be in field IV not too close to 
one of the sides (or their prolongations) of the triangle, so that the 
points SI and Sr will be situated in this field as weIl. 

H we were to use the point So now, then we should make amistake 
in the determination of the mixtures LI and Lr which reaIly have diffused 
and of course this will always be the case, wh en the points do not coincide. 

The directions, in which the th ree substances and their mixtures pass 
through the membrane, are, however, also indicated by the point so. 
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The same obtains also for other fields, exeept, as we shall see later on, 
towards the end of the osmosis. 

Now we assume th at during the osmosis point So passes from field IV 
to field I; as in this case na divergenees of the substances Y and W 
oecur, we need only eonsider the substance X. 

As long as So is situated in field IV, the mixture eontains a negative 
quantity of X; as liquid 1 gives off this mixture, a negative quantity 
of X will go towards the right; sa the substance X will really go 
towards the left. 

If So eomes on the side WY, sa that the mixture does not eontain 
X, then na X will eonsequently pass through the membrane. 

If So cam es in field I th en the mixture eontains a positive quantity of 
X; now the substance X passes through the membrane towards the 
right. Point So now yields the simple seheme: 

X X X (21) - --- ------. 
The first symbol obtains wh en So is situated in field IV, the second 

when So is situated in field I; the dash indieates th at at that moment 
no X passes through the membrane. 

Eaeh of the points SI and Sr indieates a similar seheme as (21); yet 
there is a differenee viz. the transition-symbol oeeurs in these three 
sebemes at lifferent moments of the osmosis. 

We now shall assume tbat the points are situated with respect to one 
another as shown in fig. 1; tben point SI will be the first to eome on 
the side WY, next point So and at last Sr- If tbe th ree systems are 
eombined to form one, we get seheme (22). 

2 3 4 5 
------. - - - (22) 

-
The top row (at the beginning and the end of whieh SI has been 

placed) represents the sl-seheme; we eall these arrows and directions 
the sz-arrows and sl-directions. Consequently these arrows indicate what 
has really been happening to the left side liquid. Therefore, an arrow 
pointing to the left indicates that the left side liquid takes in X. an 
arrow pointing to the right that this left side Iiquid gives off X. 

The middle row is the sr-seheme. The Sr-arrows indicate, therefore. 
what really happens to tbe right side liquid. Consequently an arrow 
pointing to the left indieates that the right side liquid gives off X. an 
arrow pointing to the right that this right side liquid takes in X. 

Tbe lowest row is tbe so-seheme; consequently the so·arrows only 
indieate what ean be dedueed from point so; now we must eonsider in 
how far they are in aeeordanee witb reality. 
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For this purpose we divide (18) into seven groups. 

Group 1 obtains as long as the three points are still situated in field IV. 

Group 2 obtains wh en SI comes on the side WY. 

Group 3 obtains when SI is in field I but the other points still in IV. 

Group 4 obtains when So comes on the side WY. 

Group 5 obtains when Sr is still in IV, but the other points al ready in I. 
Group 6 obtains when Sr comes on the side WY. 

Group 7 obtains when the three points are situated in field I. 

From this now appears: 
in group 1 and 7, so when the three points are situated at the same 

time ei th er in field IV or in field I. the so~arrow indicates the rea I 
direction, in which the substance X passes through the membrane; in 
the transition-groups 2- 6 this is no more the case. 

Let us e.g. take group 2. It appears from the sl~dash that the left side 
liquid does not absorb or give off X at that moment; it follows from 
the Sr-arrow that the right side liquid gives off X; consequently this has 
been absorbed by the membrane. 

The so-arrow, therefore, does not completely concur with reality; for 
it indicates that X from the right side liquid has gone towards the left 
side liquid; in reality. however. X has gone from the right side liquid 
towards the membrane. 

I t is also clear that the so-arrows cannot fully represent the state of 
things in the other transition-groups either; in each of these groups the 
Sl~ and Sr-arrows namely have contrary direction ; consequently they 
cannot be replaced by a single arrow. 

Further consideration of what is really happening in .the gróups 3-6 
is left to the reader. 

So we find the following: 
the so~scheme corresponds with reality as long as point So does not 

approach one of the sides of the triangle too much; in the vicinity of 
side WY. however. it obtains no more for the substance X and we 
have to replace it by the Sl~ and sr-schemes. In general the quantities 
of X duffusing during these transitions. are smalI. 

Of course the same things obtain for the substances Y or W when 
point So arrives in the vicinity of the sides W X or XV. 

Previously (Gen. III fig. 3) we have al ready seen that point So can 
also pass from field IV towards VII during the osmosis; this is the 
case when the chords 1 . 2 and tI. 2' (fig. 1) become parallel. 

As long as So is situated in field IV we have the scheme: 

X Y W (23) 

.-- --
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Then namely the left side liquid gives off a mixture 50' which contains 
a negative quantity of X but a positive quantity of Y and W. 

When 50 co mes in field VII. then the left side liquid absorbs this mixture; 
this. however. now contains a positive quantity of X and a negative 
quantity of Y and W; consequently we again get scheme (23). 

At the moment that 50 passes from field IV towards VII. scheme (23) 
obtains as weil as we have previously (Gen. 111) seen. Remarkable is 
only that at this moment as much of X diffuses towards the left as Y 
and W towards the right. 

Consequently we get the scheme (23) no matter whether 50 is situated 
in field IV or VII; as this also obtains for the points 5r and 51 we find. 
therefore: 

when point 50 passes from field IV towards VII; th en the 50-scheme 
indicates the directions in which the substances really pass through the 
membrane. 

It is easy to see. however. that this is no more the case for the 
directions. in which the mixtures LI and Lr pass through the membrane. 
For this another scheme with five transition-groups may be deduced; in 
these cases. however. the quantities of the diffusing mixtures are gene
rally smal!. The deduction of these schemes I leave to the reader. 

In a system with a theoretical membrane the composition of the 
mixture which really passes through the membrane. is represented by 
so; this point. therefore. can never be situated as shown in figs. 2 or 3. 

In fig . 2 namely 50 is situated between the points land 2 and it is 
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Fig. 2. Fig. 3. 

clear that L. can never pass into L 2 by absorbing 
or giving off this mixture so. Consequently the 
point So cannot be situated between )' and 2' 
either. Of course So cannot be situated as 
drawn in fig . 3. for then L. as weil as L2 should 
have to absorb this mixture. 

In a system with a real membrane the 
mixtures. really absorbed or given off on the 
left a:1d on the right side. are represented by 
SI and Sr. I t is clear now that SI. which must 
be situated on the chord ) . 2. can never be 
situated between the points ) and 2; the point 
Sr which must be situated on the chord )'. 2' 
can never be situated between the points )' and 
2' . Although in a system with a theoretical 
membrane the point So cannot be situated as 
drawn in figs. 2 and 3. this is actually the 

case in a system with a real membrane. especially wh en the points 2 
and 2' draw nearer to each other. 

We imagine that system (l) approaches its final condition without 
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changing the composition of its membrane; then the liquids become 
equal on both sides of the membrane. We represent this system by: 

Ie X Le i mI X MI : re X L. (24) 

The final liquid I is now represented in fig. 4 by a point e on the 

I 
" " " , ,.... 

.,....
~ __ - e,,, 
..... 

Fig. 4. " 
line 1 . 1'. As. however. the membrane has absorbed m quantities of a 
mixture Lm. the system (24) wiU not come into existence in reality. but 
a system: 

(25) 

This liquid Lq has another composition than Le and has been repre~ 
sented in fig. 4 by point q. If we represent the composition of Lm by 
the point Sm. then · q must be situated on the prolongation of the line 
sme. We now find: 

m 
eq=-+-I--X eSm. 

rl I-m 
(26) 

Conseqllently the position of the point q depends on the quantity of 
mand the composition of the mixture Lm which has been absorbed by 
the membrane. From this appears among other things that even the 
position of point q depends on the dimensions of the membrane. 

Instead of a path with the final point e on the line 1 . l' we conse~ 
quently get apath. which has been shifted a little and has its point 
in q. 

Branch 1'. q of this path now intersects the line 1 . l' in a point r'; 
consequently a point r conjugated with r' must be situated on branch 1 . q. 

If the liquid 2 is situated between rand q consequently 2' between 
r' and q then we see that the point of intersection So of the chords 
1 . 2 and 1'. 2' is situated as drawn in fig. 2. 

H branch 1'. q did not in tersect the line 1. l' th en So would be 
situated as drawn in fig. 3. 

Consequently we see that towards the end of the osmosis point So 
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can he situated as drawn in the figs. 2 and 3; it is c1ear that in this 
case no so~scheme can he formed any more. 

So the following things appear among others from our considerations. 
H we only know the compositions of the liquids on the left and the 

right side of the memhrane. th en we can only find the point 50; this 
gives only approximated values for SI en Sr. 

In general the so~scheme indicates the exact directions. in which the 
different substances and the mixtures LI and Lr go through the membrane; 
it is. however. no longer absolutely valid for any of the substances. 
wh en the point 50 comes in the vicinity of one of the sides of the 
triangle (e.g. for the substance X in the vicinity of the side WY). 

neither does it obtain ahsolutely any more for the direction of the 
diffusing mixture wh en 50 is situated at infinite distance (e.g. with the 
transition from field IV towards field VII). 

It is of no use towards the end of the osmosis. 
H. however. not only the compositions. but also the quantities of the 

liquids on the left and the right side of the membrane are known. th en 
we can find LI and Lr and they enable us to determine accurately what 
has been happening during the osmosis. 

(To be continued.) 
Leiden. Lab. of Inorganic. Chemistry . 



Mathematîcs. - Invarianten der Integranden vielfacher Integrale in der 
Variationsrechnung. 11.*) By Prof. L. KOSCHMIEDER. (Communicated 
by Prof. R. WEITZENBÖCK.) 

(Communicated at the meeting of November 26. 1927). 

11. Invarianten der Grundfunktion F. 

Alles folgende bezieht sich auf F (14) als Grundfunktion; in § 3 wurden 
deren Besonderheiten gegenüber (3) erörtert und dem weiteren dienliche 
Bezeichnungen eingeführt. 

1. Dieerste Variation . 

§ 6. Die einfachsten Invarianten. 

Wir beginnen mit der sogleich zu benutzenden Bemerkung. dass die 
Determinante 

(iO) 

in der die ~j den in § 3. (18) erklärten Sinn haben. nach (18). (20) eine 
Punktinvariante vom Gewichte -1 ist. 

~'=D-I ~ (41) 

Betrachten wir den Schnitt x
j 
= ~j der Überfläche f (2) und einer andern 

f mit der Parameterdarstellung ~j = ?ij (~J! Wir bilden bei dieser die 

Ableitungen ~j." = à~Jà~" und bezeichnen die den Ok entsprechenden 

Determinanten der Matrix II ~j." II mit Bk; dann ist nach (41) die Grösse 

iJj ( punktinvariant vom Gewichte -1. Schreiben wir gemäss (16) kurz 

r (Xj' B{) = F. r (~j' 8) = F. 50 finden wir. indem wir nach dem beim 

Beweise des Satzes 1 gesagten die ~{ durch die àF/àBj (21) ersetzen. den 
Ausdruck 

als eine absolute Punktinvariante 31). Nun ist. wenn f eine Extremale des 

*) I. in diesen Proceedings. Vol. 31, NO. 2, (1928), S. 140. 
31) Man kann dies sofort aus (20), (21) entnehmen ; uns lag an dem Zusammenhange 

mit (40). 

31 
Proceedings Royal Acad. Amsterdam. Vol. XXXI. 
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Variationsproblems 0/ = 0 ist. st· t' die GrÖsse. deren Verschwinden die t. 

Transversalität 35) von f zu f aussagt; daher erweist sich diese Beziehung 
als invariant. Da sich ferner bei derse1ben Aufgabe die E~Funktion in 
der Form darstellen lässt 36) 

E (Xi. (Ji. 8i ) = ft - stf, f. 
so ist wegen der Invarianz von Fund st auch E absolut invariant. 

Mit Rücksicht darauf. dass die Variationen dX
i 

(25) Veränderliche der 
Art ~i (18) sind. entnimmt man aus (40). (41) weiter. dass die Grösse 

(42) V'=D-l V . (43) 

eine Punktinvariante vom Gewichte -1 ist. 
Wir wenden uns jetzt zur Variation der Grundfunktion; es ist 

wo die Ausdrücke W(Ji = W( die Variationsableitungen 1). (7). (8) be~ 
deuten. Nach (19) und Satz 3 ist dF absolut invariant. 

IJF' = IJF . 

Da dies ferner nach der in (9) enthaltenen Forme1 

aF aF' ax~ 
OXi,O< - a x~, ~ aXi 

und nach (25. 1) für die Klammer im ers ten Gliede 

t = aa (a aF dXi). 
u" Xi ," 

(45) 

(46) 

(47) 

auf der rechten Seite von (44) und daher nach Satz 2 für dieses selbst 
gilt. so ist dort auch das zweite Glied v W absolut invariant. 

v'W'=vW. (48) 

Nacb (4:;) ist mfthin W eine Punktinvariante vom Gewicbte 1. 

W ' =DW 37) (49) 

Auf demse1ben Wege 38) kann man aucb die Parameterinvarianz der 
Funktion W dartun. Zunächst ist nach (37) und Satz 4 

(50) 

35) Nach RADON 20). S. 58. 
36) Ebd . S. 60. 
37) Dieser kurze Beweis ist dem von BOLZA 9) . S. 349 bei einfachen Integralen gege

benen nachgebildet. 
38) In anderer Weise leitet RADON 20) . S. 57 die Invarianz (57) her. - A. a. 0 . 1). 

S. 189 habe ich (49) . (57) aus der ausdrücklichen Darstellung der Wi entwiekelt. 
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In der Formel (44) 
t5F=t+vW . .. · (51) 

nimmt die Grösse t (47) bei dem Wechsel (5) gleichfalls den Faktor ~ 

an. Denn es ist nach I). (31) 

aF _ aF ~ au" 
ax.- - ax~ au,,' 

t,a I ,'"' 

infolge der bekannten Beziehung 

bleibt 

t=9)t 

Aus (50). (54) schliesst man mit Hilfe von (51). dass auch 

vW=~vW. 

ist; da sich nach (42). (38). (36. 1) 

~= 9)v. 

ergibt. erkennt man Wals absolute Parameterinvariante. 

W=W 

§ 7. Die Funktion FI von DE DONDER. 

Es sei auf f (2) 

Wir setzen 

det. rfJ"r> = rfJ • 

· (52) 

(53) 

(54) 

· (55) 

· (56) 

· (57) 

· (58) 

(59) 

(60) 

Zunächst bringen wir die Determinante rfJ zu der Funktion FI von 
DE DONDER 5) in Beziehung. Aus der Formel 

· (61) 

39) Vgl. I), S. 181; () > O. 

10) <P"" ist in I) , (5) mit F",,/()2, in 6) , (17) mit F:i~ bezeichnet. <p (60) hat in der Schreib. 
weise 6), S. 141 den Wert <1>6-2n. 

31* 
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in der BI.ia = - Bi./a die algebraische Ergänzung des Elementes x i.a bezüglich 
der Determinante BI bedeutet (Bi.ia 41) = 0), erhalten wir 

à2F . à2F àF àBi.l", 

àx. àx = àB àB- BI.i,. Bm.p,' - àB àx . 
I.a p." I m I p. ~ 

'Ist P = i, so fällt der Subtrahend rechts fort, weil x . a in Bi nicht 
auftritt (§ 3); multipliziert man diese einfachere Gleichun~ mit xh,a xk.," 
wendet die elementaren Determinantenformeln 

B -' B _. B . - \ 0 für I :;é. m, 
p.qrxr.r-Jqr p Jrp q' hm - jl fürl=m 

an und beachtet die aus (17) durch Differentiation folgende Beziehung 

à2F 
f)1 àB 8f} = 0, 12) . 

1 m 

(62) 

so findet man nach Summa ti on über i 

à2F (/J x x - ---
,. , h." k

" 
- àB h à8 k ' 

(63) 

In der (n + I)~reihigen Determinante der Grössen rechts hat die alge~ 
braische Ergänzung fhk des Elemen tes à2 F 1 àB h àB k nach (63) den Wert 

fhk = (- I)h+k det. ((/Ja S XH.x xK . ,, ) , 

wo H und K die Zahlen von 1 bis n + 1 mit Ausnahme von h und k 
vorstellen ; da hier die rechte Seite sich in das Produkt (/J Bh Bk umformen 
lässt, stimmt die Determinante (/J in der Tat mit der von DE DONDER 
durch die Formel 

(64) 

erklärten Funktion FI überein, es ist 

(/J = FI . (65) 

Was ferner die Transformation der Ausdrücke (/Ja ,' (/J betrifft, so ergibt 
sich aus I), (20), (23) und der nach u. (38), (58) gelt~nden Gleichung 

7J = CJ)B. (66) 
dass 

(67) (68) 

(/J' = D2n (/J 13 ). (69) (/J = S[)-n-2 (/J . (70) 

41) Hier wird über i nicht summiert. 
12) Vgl. RADON 20) , S. 55. Die dortigen Grössen <l>a,3 und unsere <l>a" (59) erweisen sich 

auf Grund von (63) und 20), (7) als gleich. 

43) Nach (65) ist also F; = D2nFI ; nicht Ei. = D2FJo wie a . a . O. 5) irrtümlich angegeben. 
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ist. Wir setzen (/J wie auch F in dem betrachteten Gebiete 11) etwa als 
positiv voraus; dieses Vorzeichen bleibt bei den Verwandlungen (69), 
(70) und (19), (37) erhalten. 

Mit Hilfe der vorstehenden Formeln gewinnt man die Transformation 
mehrerer später wichtiger GrÖssen. Nach (67), (69) ist . 

(71) 

hier wie im folgenden verste hen wir unter der mehrdeutigen Potenz 
deren reellen positiven Wert. Setzt man weiter 

Fn+2 (/J = f, 

so findet man aus (19), (37), (69), (70) 

f' = D2n f, (73) 

Die Ausdrücke 
I 

{joi = fh ()i 

l=f 

verwandeln sich auf Grund von (20), (38), (73), (74) wie folgt: 

àx. 
{}~ = -à : ,cf i , • 

x k 

(76) 

Vermöge (69) leitet man aus W (49) die absolute Punktinvariante 

(78) M'=M iS). 

her; darüber hinaus zeigen (73), (74), dass die Grösse 

I I 

S= Wf- h= W(Fn+2 (/J)-h 

eine absolute Punkt~ und Parameterinvariante ist 16), 

5'=S, . (81 ) 

§ 8. Das Grundintegral als Anlass zu einer Massbestimmung. 

(72) 

(74) 

(75) 

(77) 

(79) 

(80) 

(82) 

P. FINSLER H) und L. BERWALD 18) haben die Differentialgeometrie eines 
N~stufigen Raumes aufgebaut, in der auf jeder Kurve die Bogenlänge 

i4) Dieses ist hinsichtlich der xi der Bereich X n+1 [s. (I)); die xi .• haben beliebige 
endliche Werte von der Art, dass (58) gilt. 

4S) Diese Punktinvariante hat DE DONDER a . a . O. S) gefunden; die dort mltgeteilte 
I I 

Gestalt WF~ '2 Ist nach 43) durch WF~ h zu ersetzen: 
46) Wir nannten - S a. a. O. I), (14) die "mittlere extremale (Ueberflächen-) Krümmung". 
47) Ueber Kurven und Flächen in allgemeinen Räumen; Dissertation, Göttingen 1918. 
48) a) Jahresber. d. Deutsch. Math.-Ver. 3i (1925), S. 213-220; b) Math. Zeitschr. 25 

(1926), S. 40-73 ; c) Lotos (Prag) 7i (1926), S. 43-51; ei) Journ. f. d . reine u. angew. 
Math. 156 (1927) , S. 191-222. 
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durch das einfache Grundintegral eines Variationsproblems ers ter Ord~ 
nung 49) erklärt ist. Sieht man in ähnlicher Weise bei jeder im n + 1~ 
stufigen Raume X n +1 gelegenen Überfläche X n (2) das Integral (15) als 
Mass ihres Inhaltes an. so ermöglicht dieses n~fache Grundintegral. wie 
ich im folgenden andeuten will. ei ne Massbestimmung in X n +l • BERWALD 
bildet seine Entwickelungen in der Form dem Sonderfalle nach. in dem 
'das Integral die Bogenlänge in einem RIEMANNschen Raume IN angibt 50); 

entsprechend vergleichen wir hier das allgemeine Integral (15) mit dem~ 
jenigen besonderen. welches den Inhalt D eines Teiles der in einen 
RIEMANNschen Raum In +1 gebetteten Überfläche In (2) darstellt. Das 
Linienelement in In+1 sei ds2 = aik dXi dxk ; die aik sind Funktionen der 
XI allein. Mit Hilfe ihrer algebraischen Ergänzungen mik bezüglich der 
Determinante a der alk drückt D sich in der Gestalt aus 

(n) 

0=I6 du• (83) 

ersichtlich besteht die Beziehung 

m - t 
02 62 

ik -"2" Of}i OOk 

(84) 

. (85) 

Demgemäss führt man bei dem Integrale (15) zur Erklärung eines 
Grundtensors in dem allgemeinen Raume X n +1 zunächst die Grössen 

ein; entsprechend (84) gilt dann die Formel 

F2 = Alk Ol Ok • 

(86) 

(87) 

da F (17) in den Oi homogen von erster Stufe ist. Mit Ausnahme des 
FalIes (84). in dem die 21ik reine Ortsfunktionen sind. hängen die Alk 
ausser von den XI auch von den Ol ab. 

Die Determinante 

(
oF oF 02F ) 

A = det. Aik = det. OOi OOk + F aO
i 

OOk 

lässt sich leicht berechnen. Schreibt man sie nämlich als Summe 
von 2n+1 Determinanten. deren Elemente teils von der Gestalt 

oF oF . .. 02F. 
(lIk = OOi OOk smd. te!ls die Form Tik = F OOi OOk besltzen. so ver~ 

schwinden von diesen Determinanten alle. bei denen mindestens zwei 
Spalten Elemente (lik ent halten ; ferner diejenige. welche aus lauter Ele~ 
menten lik besteht. weil dies nach (64) von ihrer Reziproken Fn(n+t) det. lk 

49) n = I. q = I in der Bezeichnung (3). 
50) Vgl. 47) a), S. 216. 
51) Vgl. Z. B. 2), S. 253. 
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gilt. Es blei ben die Determinanten zu summieren. bei denen die aik 
genau in einer Spalte auftreten; da dann die algebraischen Ergän~ 

zungen der aik die Werte Fn t;k haben. ergibt sich nach (64). (65). (17). (72) 

àF àF 
A = Cf§; àfh Fn <1> {} i {}k = Fn+2 <1> = f . (88) 

Demnach ist A '=t- o. Unter Heranziehung der Grössen (75) kann man 
1 

also die Invariante F2 (87) in der Form A -;; Ak {}i {h darsteJlen; dabei 
bilden nach (76) die,'}i einen bei dem Wechsel (1) kovarianten Vektor. 

1 

Folglich sind die Ausdrücke alk = A -;; Aik die kontravarianten Kompo~ 
nenten eines Tensors zweiter Stufe; die diesen Sachverhalt ausdrückenden 
FormeIn 

. àx; àx~ 
a'lm=a'k- -

àXi àXk 

sind an Hand von (86). (88). (20). (73) leieht auch unmittelbar zu be~ 
stätigen. Wir sehen den - übrigens parameterinvarianten - Tensor der 
aik als den massbestimmenden Grundtensor in Xn+ 1 an; seine kovarianten 

1 
- -I 

Komponenten sind die mit A n multiplizierten algebraischen Ergänzun~ 
gen der Elemente Aik in Bezug auf A. Die aik sind Funktionen der 
XI und - abgesehen von dem Sonderlalle (84) - der {}/; es ist 

1 

det. aik =A;; . Wir erklären jetzt das Linienelement in X n+1 durch die Formel 

ds2 = alk dXi dXk. 

Weitere differentialgeometrische Ausführungen in der durch das Vor~ 
stehende bezeiehneten Richtung werde ieh an anderer Stelle folgen lassen. 

11. Die zweite Variation. 

§ 9. Die Verallgemeinerung der Transformation van UNDERHILL. 

Die zweite Variation der Grundfunktion F ist nach (51) 

(FF=M+ W!5v+v!5W. (89) 

Da aus (42) durch Variation und Multiplikation mit W die Formel 

Wbv = WMJ I bXi + W{}i b2Xi 

hervorgeht und ferner gemäss I), (8) 

ist. ergibt sieh 

c5Wi bXi = v!5W+ W!5{}i !5Xi 

Wbv + v!5W=bW{ bXI + W i !52Xi. 

b2F=M+bWi !5Xi + W 1 (}lXi. 

(90) 

(91) 

(92) 
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Der zwei te Summand rechts hat. wie aus der a.a.a. 6). § 1 durch~ 
geführten Rechnung [~gl. dort die Formeln (12) ..... (15)] ohne Aende~ 
rung übernommen werden kann. den Wert 

~ W:. ÖXI = ~Wi ÖX' ÖXk - Fk (l öx, ÖXk 9 
I àXk' 1 , « I .:x, 

+(~ _ _ ~~_~ o2F )ÖXiÖXk.,,; 
OXi OXk.~ OXi .• OXk ou;. OXi./'1 0Xk.2 

dem Zeichen Ek.fX,'J kommt dabei die a.a.a. 6). S. 133 bzw. I). S. 188 
angegebene Bedeutung zu. Schreibt man 

OEk.uB 0 (F ) 
- Fik. ,d ÖXi ÖXk." ' = ~- ÖXi ÖXk.,,-ÖXi ~ Ik." ,' ÖXk ... 

vUl VU,3 

ein. Sie ist a .a.a. 6). § 2. (28) im FalIe einer Extremale hergeleitet. d.h. 
unter der Annahme W = O. von der wir uns hier freimachen. Die Be~ 
ziehungen 6). (20) .. .. . (26) sind von letzterer unabhängig. Auf der rechten 
Seite von 6). (26) ersetzt man das erste Glied nach I). (7) durch den Aus~ 

druck B k.ifX (0: - Wk) 52); die weitere Rechnung unterscheidet sich 

also von der a.a.a. 6) angestellten lediglich dadurch. dass man dort rechts 
das Glied (Ji.kG< Wk 52) hinzufügt. Statt 6). (28) erhält man mithin (94). 

Trägt man (94) in (93) ein. beachtet. dass dann rechts Bi.kG< ÖXk.G< = ÖBi 

ist. und addiert beiderseits WBi Ö2X i . so findet man laut (91). (90) mit 
Rücksicht auf I). (8) . auf (42) und die Symmetrie der Grössen (59) 

oWi 0 
v Ö W + W(~v = -;:..- r5XI r5Xk - V ~ (<]). /' Bk ÖXk .• ) 

VXk vU," 

52) Hier ist nach k nicht zu summieren . 
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Wenn man daher 

à (", àBi) _ P 53) 
àu" 'Va,. àUl - i • 

t (àà'.:2 + à~k + Pk Bi + Pi Bk) = Lik = Lki 51) 

setzt. 50 wird 

Da bei Einführung der Bezeichnung 

àW 
à
-+PI=Qi 

Xi 

nach I). (8) die Formeln geiten 

~95) 

(96) 

(97) 

. . (98) 

Lik = t (Qi Bk + Qk Bi). Lik bXI bXk = VQI bXI.. . . (99) 

entnimmt man aus (97) als Wert der Variation von W 

bW = Qi 15xi -- il_ ((/Ja fl àv) 
àu" àUl 

. . (100) 

Durch Einsetzung der Werte (97) bzw. (100) in (89) gewinnt man 
diejenigen beiden Darstellungen der Grösse 15 2F. welche UNDERHILLS 

auf den Fall n = 1 bezügliche Transformation der zweiten Variation 8) 
auf unser Grundintegral (15) verallgemeinern. 

Wir zerlegen in § 10 den als Bestandteil von b2F auftretenden Aus~ 
druck 

à ( àv ) b (v W) = Wbv - v àu" (/J,, (l au
p 

+ VQi bXI. . . (101) 

der nach (48) und Satz 3 eine absolute Punktinvariante ist. in weitere 
invariante Summanden. 

§ 10. Die Punktinvariante 'P. 

Es werde in (lOl) rechterhand statt v (42). (43) die laut (43), (69) 
absolut punktinvariante Grösse 

1 

Q = (/J'b. v.. . (102) Q' = Q . . . (103) 

1 

eingeführt. Aus v = (/J- 'b.Q folgt 

~ "'_-.!.~,... 1 ,..."'_-.!. b(/J 
uV = 'V 2" U~4 - 2n J4'V 2" (5"' 

53) PI sind die a. a. O. 6). (33) mit AI bezeichneten Ausdrücke. 

. (104) 

54) Ist n = 1. so stimmen die Grössen L 11 • L I2 = L21 • Ln mit den von UNDERHILL 3). 

S. 327 eingefiihrten LI' Mlo NI überein. 
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und es ist 

Dabei kann man die Ausdrücke otIJ/ox/.fY. auch nach Art der Grössen 
(61) im Sinne von (65) geschrieben denken. Das zwei te Glied auf der 
rechten Seite von (101) bringt man leieht auf die Form 

I 

v -<L(tIJ~ (l ~~)=.o~ (tlJafl tIJ- ~ 0.0)+ .02 tIJ - ~ _0_ (tIJ" , OtIJ-'h.);(106) 
Ou" Ou," OU~ OUi3 Ou" Ou, 

man erhält daher statt (101) 

c5(vW) = WtIJ- ~ c5.o-~ .oWtIJ--};; ~-(~ otIJ c5Xi) 
2n Ou" tIJ OXi.a 

_ .o~(tlJa l cp - ~o.o)-~.oWtIJ- ~[! o tIJ _ _ O_(! o tIJ )J c5X i (107) 
nUa Ou ," 2n tIJ OX i Ou" tIJ OXi." 

I 

+ QtIJ - ~ Qi /)Xi - .02 tIJ - ~ O~" ( tIJ,,:1 O:~f,;} 

Wir werden jetzt zeigen. dass in dieser. wie erwähnt absolut invarian
ten Verbindung jedes der drei ers ten Glieder BI' 320 33 rechts die Inva
rianzeigenschaft besitzt; ist dies nachgewiesen. 50 ist eine neue Invariante 
ermittelt. nämlieh die Summe 3 der drei letzten Glieder auf der rechten 
Seite von (107). 

Die Invarianz 3; = 31 folgt aus (79). (103) und Satz 3. Was 32 
betrifft. 50 ist nach (69) 

o tIJ' _ D2" 0 tIJ OXk 
ox;::- - OXk." ox'/ • 

sodass durch Division mit ( 69) und Zusammensetzung mit den 
c5X; = c5x/. ox;!è}x/ sieh ergibt 

1 o tIJ' • 1 è}tIJ 
m'-o' c5xi = di.o-~ c5xi; . . . (108) 
~ Xi. IX 'V X". 

mit Hilfe des Satzes 2 und kraft (79). (103) bestätigt man. dass in der 
Tat 3; = 32 ist. In 33 ist nach (71) und Satz 2 zunächst der Inhalt der 
Klammer invariant. daher auch 33 = 3~. 

Nach der an (107) angeschlossenen Bemerkung ist jetzt die Invarianz 
3' = 3 dargetan. Mit 3 ist auch die Grösse BI!.! = IJl. also der Ausdruck 
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§ 11. Die Punktinvariante U. 

Da man die Variationen t5Xi (25) als V eränderliche ~i (18) auffassen 
kann. treffen auf die Invariante (109) die Voraussetzungen des Satzes 1 
zu. Ersetzt man daher in tp die t5Xi durch die Werte oF/of)i und somit 

I 

Q (102) gemäss (42). (17) durch rp];. F. so entsteht eine Invariante der 
I 

Art g vom Gewichte 1. aus der nach Multiplikation mit rp-];. zufolge 
(69) elne absolute Invariante hervórgeht. Indem wir diese mit - FU 
bezeichnen. gelangen wir bei irgendeiner Überfläche f (2) zu der abso
luten Punktinvariante 

(110) 

der Verallgemeinerung der Invariante K von UNDERHILL 55). die sich aus 
U für n = 1 ergibt. Das erste Glied 0 auf der rechten Seite von (110) 
kann man nach (17) und (99) auch schreiben 

(111) 

Ist f im besonderen eine Extrema Ie. also W = O. so lassen sich die 
Grössen Lik durch eine einzige L darstellen in der Form 56) 

daher vereinfacht sich die Invariante U zu 

bzw. 

Hiernach ist die Funktion L 6). (41) der Gestalt fähig 

55) A. a . O. 3), S . 330. 

L =F-l Q* àF 
, àf)/ 

(112) 

(113) 

(114) 

56) Das Zeichen • deutet an, dass die mit ihm versehen~n Grössen für eine Extremale 
zu berechnen sind 

57) A. a. O . 6), S. 138. - Die Grösse L veralIgemeinert den von K. WEIERSTRASS für 
n = 1 mit F2 lvg!. 9), S. 226) bezeichneten Ausdruck. 
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§ 12. Die Punkt~ und Parameterinvariante IjfO ' 

Urn über die Punktinvariante Ijf (109) hinaus zu einem Ausdrucke 
fortzuschreiten. der ausserdem parameterinvariant ist. variieren wir die 
Grösse S (80). Diese ist absolut invariant in beiderlei Sinne (81). (82); 
dieselbe Eigenschaft hat nach den Sätzen 3 und 4 der Ausdruck 

Da das laut (19). (45). (37). (50) auch von der Grösse IJF/F gilt. ist 

C=~~---'--~~~ 
W 2n <P 

eine absolute Punkt~ und Parameterinvariante. wie man mit Hilfe von 
(49). (57). (69). (70) auch unmittelbar feststellt. 

Zu geeigneter Darstellung von C wend et man auf den Minuenden die 
Formel (100) an; man bedient sich an Stelle von v (42). (56) des 
Ausdrucks 

I I I I I 

V = F - '2 + ~ <P Ïn v = F- '2 + ~ ü. (115) 

der sich vermöge (103). (70) als absolut invariant in beiderlei Sinne 
erweist. 

V'=V. (116) ( 117) 

Indem man bei der Umrechnung von (100) die den Faktor V ent~ 

haltenden Glieder zusammenfasst und den Subtrahenden in C ähnlich 
wie in (105) umformt. findet man 

c= w-' Q'bX'-IF~~:~ ~-":- ' ~ o;:([:.~:~), (FH ~- f.) ] ) 

- - - - (jXi+- (~Xi --- -- \ (118) 
2n <Pàx. 2n Fàu~ <PàXi a. \ 

_ _ ~_à_ (Fl-~ ~-~ <p" ,,! ~~)_~ ~_<L ('E à<P ~Xi). 
FSàua. àu ; 2n Fàua. <PàXi, a. 

I 

Nun ist hier rechts sowohl das vorletzte Glied - 34 als auch das letzte 
- 3s/2n invariant in beiderlei Sinne. Zunächst ist nämlich 3~ = 31 infolge 
der Beziehungen (71). (116) und des Satzes 2. Ferner ergibt sich im 
Hinblick auf (37). (70). (68). (117). (82) 

- _r!\-IF-1S-1 à (r!\Fl- ~ n.- ~ n. , à;a. à;,1 àV àu, ). 3 .. -:lU --- ~ n'V n'P). 1.J. - - - --=- • 
àua. ' àu >. àu,. àu, àu 1 

benutzt man rechts die (in u. u- statt in x. x' geschriebenen) Formeln 1). 
(27) und differenziert die Klammer als ein Produkt. dessen einer Faktor 



481 

SD. à;"làu \ ist. so erhält man kraft (53) 34 = ,14' Aus (19). (108) und 
Satz 2 folgt ,)~ = ~5; da nach (70) 

1 àCP 1 àCP àu" 

cp àXi,;'; cp è)Xi, '. àu \ 

ist. stellt sich auf Grund von (36) und (53) auch 

35 = _1_ ~- (SD ~u!: ~ ~cP (h i ) = 35 
SDP àu" àu '. cp àXI,,. 

heraus. Die Invarianten - 31 und - ~5/2n trennt man von der Invariante 
t, (118) ab; indem man deren verbleibenden Bestandteil mit S multi~ 
pliziert und 

setzt. gewinnt man die gewünschte absolute Invariante in beiderlei Sinne 

1]'0 (Xi. Xi,r:I. . Xi,r:l. i~' Xi, r:I.,'')' ' ('Xi) = Ri bXi 
1 I J 

VF- '- "'-- "" -ij 2n VP- -- - ""- - ",, 2 n 2 J à '( à'f'- --) I J à ( I àP-- -) 
- n ~ 2n - 'Pa/~ - -- - 2 n - 'V n'Pr.:t. /3 - - • 

àu" àU,1 àu" àu ! 

Durch die vorgenommene Auflösung des zweiten Gliedes auf der 
rechten Seite von (118) in die beiden mit dem Faktor V behafteten 
Glieder von 1]'0 wird die Beziehung dieses Ausdrucks zu tp (109) ersichtlich: 

I I 

J J J I à ( I àP- - -) 11' -P- --- III_VP- --- _ ""- - ",, _~ 
:t 0 - 2 n T 2 n à ~ n ~r:l. 13 à 

Ur:l. U," (I 19) 

+ 1 WP-~-! ",,-I-~ àP àifJ 1: 
- 2 n~ 2n-- UXI 
2n àu.. àXi," . 

§ 13. Die Punkt~ und Parameterinvariante Uo• 

Auf die Invariante lJlo• in der von den Veränderlichen der zweiten 
Reihe nur die absolut parameterinvarianten bXi =;i auftreten. und zwar 
linear homogen. lassen sich die Sätze 1.6 anwenden. Wenn man dem~ 
gemäss in lJlo die bXi durch die Grössen àPlà8 i und daher V (115) durch 

I 

fb. (72) ersetzt. erhält man aus 1]'0 einen Ausdruck T. der punktinvariant 
vom Gewichte 1 und absolut parameterinvariant ist. Infolge von (73). 

1 

(74) wird der Quotient - TI f2-;. also die Grösse 
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eine absolute Punkt- und Parameterinvariante . .Sie verallgemeinert die 
van UNDERHILL bei einfachen Integralen angegebene Invariante Ko 58). 
die aus Uo für n = 1 hervorgeht. 

Für eine Extremale hat U o den Wert 

1 1 

Uo• - P-- U· + p- --- n,.-- n,. 2 n 
n 2 n -- 'Y n "Pa~ - --
2 1 1 à ( I àP---) 

- àu" I àU l3 
(121) 

oder. wie sich auf Grund von (114) nach kurzer Umrechnung ergibt. 

Uo· = - P-;;<P- ;; L+ P -;z - ;; <p-:Z;; - <P",3--(Pï-;;<P-:Z;;) .(122) 21 11 là[ à 11 IJ 

àu" àu,g 

Auf die geometrische Bedeutung von Uo 59) bei RIEMANNschen Xn+ I 

und allgemeinen Räumen X n+1 (§ 8) werde ich. wie gesagt. bei anderer 
Gelegenheit eingehen. Hier sei noch die übersichtliche Porm vermerkt. 
die man der Grösse ~2 1 bei einer festberandeten Extremale f* mit Hilfe 
von U*. ut geben kann. indem man gewissen von UNDERHILL für n = 1 
aufgestellten Formeln 60) entsprechende beim Integrale (15) nachbildet. 

Man bringt unter den genannten Annahmen die zwei te Variation 
(n) (n) 

(PI*=. f~2Pdu jvdWdu 61) 

an Hand von (107). (99). (112) leicht auf die Gestalt 

Die Einführung des Ausdrucks V (115) an Stelle von Q liefert in 
Verbindung mit (121) 

(n) 

d2 /*=_ JV[à~,,(pl-~<P-~<P"13~~)+UÖ V PJdU: 

durch teilweise Integration des ersten Gliedes rechts erhält man. indem 
man das Verschwinden von V längs des Randes berücksichtigt. 

(n) 

~2 /* j(p-~ <P - ~ <P"B à V à V _ U~ V2) Pdu. 
àu" àU;3 

Diese Formel gibt Anlass zu einer Bemerkung 62) über das Vorzeichen 

58) A. o. O. 3) , S. 33'1. 
59) Diejenige von Ko ist von UNDERHILL 3). S. 338 angegeben. - Die Invarianten K55), 

Ko VOD UNDERHILL treten in den neuesten Arbeiten über die Differentialgeometrie des 
Variationsproblems der Art 3) auf : BERWALD '18b) , S. 61 ; c) , S. '16, 52; d), S. 192. 

60) A. a. O. '), S. 335 f. 
61) Vgl. u. (89) . 
62) Sie rührt für n = 1 von UNDERHILL her; 3), S. 336. 
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von d2/ *: Ist die quadratische Form q = $a,3 Wa W" etwa definit positiv 63). 

und ist ut < 0 auf f *. 50 gilt dort d2/* > O. 

111. Zerlegung der zweiten Variation in parameter~ 
invariante Summanden. 

Bei der Darstellung (89) der zweiten Variation d2 F. die nach (37) und 
Satz 4 ei ne Parameterinvariante 61) vom Gewichte 1 ist. haben gemäss 
(54). (56). (57) die drei Glieder rechts die gleiche Eigenschaft. 

dt=:Ddt. Wd;;=:DWdv. ;;dW=:DvdW. (123) 

Wir werden jetzt das dritte Glied v d W weiter in fünf invariante 
Summanden zerspalten. Dabei nehmen wir in der a.a.a. 6). S. 141 ge~ 

schilderten Wei se auf die invariante quadratische Differentialform 
qa~ dUa du,. 65) Bezug. deren Grundtensor die kontravarianten Komponenten 

qa" = B$a/3 

besitzt 40). Wie dort bedienen wir uns der - bei invarianten X. 1jJ gleicb~ 

falls invarianten - Differentiatoren 

\7( ) _ al àx à1jJ A ( ) _ \7 ( A ( ) _ 1 à (B a~ àX) 
V X.1jJ - q -à -à . L 'q X - V x. X). U X - -B à- q à- . Ua U;3 Ua Uil 

Mit diesen Zeichen kann man unter Verwendung der nach (56). (66) 
absolut invarianten Grösse 

w = ti-I v. (124) w = w (125) 

in dem Ausdrucke [5. (101)] 

à ( àV) àv àv v d W = - -à $ai' v à-' + $a(l à- à- + VQi dXi 
Ua U" Ua U l3 

das erste und zwei te Glied rechts schreiben 

Setzt man für Qi den Wert (98) ein. fügt den Summanden w 2 Pi Bi 
binzu und zieht ihn in der Gestalt wti-I tik Pk tii dXi wieder ab. 50 

erhält man 

vdW= - ~B6(W2) + B61 (w) + w2 [2B-16 1 (B)- 6 (ti) + Pi B;] 

(126) 

63) Der Faktor von q ist nach § 7 positivo 
64) Da in III ausschliesslich von Parameterinvarianten die Rede ist, nennen wir diese 

weiterhin kurz Invarianten. 
65) Die a. a . O. mit ga' bezeichneten Grössen nennen wir hier q~,. 
66) Vgl. 6), (51). " " 
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Von den Gliedern rechts ist nach (66) und (125) das erste und zweite. 
nach (57). Satz 5 und (36. 1) das vierte invariant vom Gewichte 1. Das 
dritte Glied hat diesel be Eigenschaft ; da nämlich darin der Faktor e 
von w 2 gemäss 6). (68) die Umformung gestattet 

e 28-1 .6 1 (8) -.6 (8) + Pi 8 i = f)-I r.6 1 (8) - ~ .61 (8;)]. (127) 
. i 

50 lehrt 6). (58). dass e = CJ:le. Jetzt schliesst man aus (126) und (123.3). 
dass auch das fünfte Glied invariant vom Gewichte 1 ist; man überzeugt 
sich davon auch unmittelbar. indem man in ihm laut (95) 

schreibt und dann (38). (68). (53) heranzieht. 
Vermöge (89). (123). (126). (127) erscheint die Grösse èJ2F als eine 

Summe von sieben Invarianten des Gewichtes 1. Demgemäss zerlegt 
sich die zweite Variation 

(n) 

IF I JèJ2 Fdu 

in sieben parameterinvariante Integrale 

(~) J(~) 1 fIn) 
èJ2/=) èJtdu+ WèJ(8w)du-i, .6(w2)8du 

(n) (n) 

+ J·.6 I(W) Bdu +J'w2 8-1 [.61 (8) - f .61 (8;)] du (128) 

(n) (n) 

f àW' , 1 . 
+ W àXi èJx;fi du +,J wB- Bk (Pi 8k-Pk8i) èJXi dUo 

Bei festgehaltener (n-l )-stufiger Begrenzung verschwinden das erste 
und dritte von ihnen. 

Dass unter dieser Annahme die Formel (128) für eine Extremale 
W = 0 in diejenige übergeht. welche ich in diesem Sonderfalle a.a. 0.6). 

(69) angegeben habe. bestätigt man so: Weil dann nach 6). S. 139 

à~ +Pi Bk =àWi +Pk 8 i àXi àXk 

ist. vereinfacht sich die Summe des sechsten und siebenten Integranden 
nach I). (8) und nach (42). (124) wie folgt: 

w8-18k (à Wk + Pi 8k _ Pk8i ) èJXi = wB-I 8 k à W i èJXi = w2 à Wk . 
àXi àXk àXk 



Physics. - The best method of measurement of a resistance thermo
meter. (21 st Communication of results obtained by the aid of the 
"VAN DER WAALS-Fund"). By A. MICHELS and P . GEELS. 
(Communicated by Prof. J. D. VAN DER WAALS Jr.). 

(Communicated at the meeting of December 17. 1927). 

The present communication forms a continuation of the 19th commu
nication 1) in which the replacement of the ice-point of the thermometer 
scale by another fixed point. reproducible to within 1/4000°. was proposed. 
In connection with the desired accuracy. it was found necessary te, 
investigate the factors. which determine the accuracy of aresistanee 
thermomete~. and to find how the influence of these factors could be 
reduced to a minimum. 

The following considerations are also partially applicabie to other 
observations. The use of a resistance thermometer depends on the change 
of the resistance of a measuring wire with temperature. and other influ
ences which result in an alteration to the resistance (for example the 
pressure effect) are amenable to similar treatment. 

Besides the external factors . such as the choice of galvanometer. the 
accuracy of the resistance boxes used etc .• which influence any resistance 
measurement. the most troublesome factor in the use of aresistanee 
thermometer is the temperature rise of the measuring wire resulting from 
the measuring current. 

In an absolute temperature measurement it is therefore desirabie not 
to work with current which results in a temperature rise of the wire 
greater than the accuracy with which it is desired to establish the 
temperature. 2) 

The temperature rise is determined by two factors. the amount of 
heat evolved by the Joule effect and the velocity with which this heat 
is dissipated to the surroundings. The latter is very greatly influenced 
by the construction of the thermometer and the best construction will 
be that with which the heat is dissipated as rapidly as possible. in other 
words a thermometer with as small a lag as possible. a factor also very 
desirabie for other reasons. 

The lower limit of this lag will be largely determined by other 
conditions such as insulation. stability etc. which will not be considered 
further. 

1) These Proceedings. 30. p . 1017 (1927). 
2) N.B. Actually it should be permissible to work with a constant temperature rise. 

but it would then be necessary lo be certain of the constancy. 

32 
Proceedings Royal Acad. Amsterdam. Vol. XXXI. 
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Even though it is understood that the best arrangement has been 
chosen so far as these factors are concerned. a large variation may 
still be made as to the leng th and diameter of the wire and the 
measuring current. 

The temperature of the wire is given by the expression : 

where fJ is a constant. i the measuring current and d the diameter of 
the wire. This relation between dt and i has already been tested and 
established I). The temperature rise of the wire is therefore proportional 
to the square of the measuring current. 

From the 20th communication (to be published in the following number 
of these Proceedings. vol. 31) it follows that. if i is the current strength 
in . the measuring wire and dR an arbitrary alteration to the resistance 
R. then the galvanometer deflection is given by 

idR X R 
R a=C --=--=. 

Vg+Ro+R 

when a moving coil galvanometer within its aperiodic limits is used. 
If a moving coil galvanometer in a constant field is used. this expression 

only differs in the numerator. the root being replaced by the first power. 
As a moving coil galvanometer is usually used. the derivation will be 

given for this instrument in its aperiodic limit and only the result given 
for the other case. which may be obtained in exactly the same way. 

It is hardly necessary to mention th at the formulae used hold for 
al most any circuit. whether a potentiometer. a differential or a bridge 
method is used. In the last circuit it is understood that n > > 1 (loc. 
cito for the notation used). These conditions are not sufficient in the 
case of the THOMSON Bridge. but this bridge is of little importance for 
the present purpose. The only alteration that can occur is in the value 
of Ro. which disappears in some cases. and which is always sm all com~ 
pa red to the galvanometer resistance g (loc. cit.). 

In order to simplify the present calculations g + Ro has been replaced 
by G. so that the ab~ve expression becomes 

It is at once apparent from this expression that the accuracy of the 
measurement is directly proportional to i. whilst. as al ready observed. 
di is proportional to i2

• These are therefore two opposed influences. 

I) 17th Communication of the VAN DER WAALS Fund. These Proceedings 30. p. 47. 
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The limit of the measurable temperature interval is th at interval which 
is just equal to the temperature ri se of the wire itself. 

It is th us necessary to know the leng th and diameter of the wire for 
a given resistance R. with which a minimum temperature rise is obtained. 

As already indicated 

whilst the resistance R is given by 

I 
R=r d2 

where r is a constant and 1 the length of the wire. 
From these expressions it follows that the smallest temperature rise 

with a given current is obtained when d is as large as possible. and. 
therefore. for a given R. wh en the wire is as long as possible. 

This is also clearly shown by eliminating d from the above two 
expressions to give 

(R)'" bt=Ai2 T 

(A is a constant). 
Thus. from either point of view. it is desirabIe to make the wire as 

long as possible. Other external factors. such as the winding space. 
necessary distance for insulation etc.. will determine the value of I. If 
it is assumed that I is made as large as possible in relation to the method 
of measurement. 1 may be considered as a constant and will disappear 
as a variabie from the equations. 

The problem may then be solved as follows. 
Let 6t be the temperature alteration which it is desired to measure 

and M the temperature increase which may be tolerated (this may 
be left undecided. if a relation is afterwards established between 
6t and M). 

As M has been chosen. it may be treated as a constant. 
The deflection of the galvanometer is given by 

jdR R 
R 

a=C VG+R 

in which ~ is proportional to 6t. 

dR 
Put Cl[=D6t 

iR 
a = D 6t :-V7=='=== 

G+R 
It is now necessary to find the minimum value of 6t under the given 

32* 
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condition that the temperature rise is not greater than dt. This is a 
limiting condition capable of mathematical determination 

whilst 
I 

R=r d2 ' 

Eliminating d and bringing all the constants (including <'Jt) under one 
letter, the limiting condition may be expressed as 

There is an experimental value of a, which is the smallest value 
observable. Let this be fl, then the smallest value of !::, t is given by 

iR 
fl = D !::,t V G + R 

iR 
wh en VG+R' which may be represented by z, is made as large as 

possible within the limiting conditions. 
IE z is plotted in a space diagram as a function of i and R (the x~ 

and y~axis respectively), the question is reduced to the determination 
of the maximum of a surface with a border condition. This condition 

. iR 
defines a space curve on the surface. From the expressIon z '- V 

G+R 
it appears that the surface is regular and th at the boundary lines go 
through the R~axis and run parallel to the (z - i) surface. The surface 
therefore possesses no absolute maximum, although it reaches a maximum 
value on the boundary, and the question is therefore reduced to the 
determination of the maximum of the space curve defined by the two 
equations 

iR 
z = :-:;V~G;='+~R 

;4 R3 = E. 

This determination is made as follows: 

, K R '3R3 
P(i) = V + 4 ot I = 0 

G+R 
. (1) 

. (2) 
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(l) and (2) give: 

V K + -4 À i3 R2 = o. 
G+R 

. (3) 

K 1 KR +3' '3R2-0 2VG+R3 
AI -. VG+R 

substituting in 3 

K KR - - -2-- ---3 =0 
VG+R VG+R 

R=G. 

The result R = G is independent of the value of E and therefore of 
éJt and hence holds for the case chosen éJt = L,t. 

In the latter case it is possible to obtain a simpIer solution. using 
the same proof that the maximum lies on the border curve. as the 

i3 

expression L,t = f3 3 is not then a condition for the maximum. but is 
a 

an absolute equation. 
I . 

Eliminating d between this equation and R = y d2 glves 

L,t2 = H i 4 R3. 

Solving for i and substituting the value in 

or for minimum a = fl. 

iR 
a=DL,t------ . 

o VG+R 

RIl 
= L (L, tri, ' 

VG+R 

fl.=L (L,t)'/2. __ 1 --=. 
V(R~ G)2 

(H and L constant) 

The smallest value of L,t is obtained when (G ~ R)2 is a minimum. 

Differentiation gives G = R. 
It th us appears that the best value is found when R is made equal to 

G . R is therefore determined. and where I is 6xed. d is also established. 
A simple numerical calculation shows that the maximum is not very 
pronounced and that a variation of 50 010 in d does not make any 
appreciabie alteration to the best conditions. 
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The value of !:::.t corresponding to the value of R can only be cal~ 
culated when the necessary experimental data relating to the radiation. 
galvanometer sensitivity etc. are known. 

The above deduction is only practicabie when the value R = G lies 
within the limits in which the variabie shunt resistance can be regulated. 

A similar calculation for a moving coil galvanometer in a constant 
field gives R = 1/3 G . 

In conclusion a few notes on a circuit with overlapping shunts will 
be given in connection with the above. 

In this circuit it is only the difference between the two currents passing 
through the galvanometer circuits. that acts as a directing current on 
the galvanometer. This results in a large current being passed through 
each of the galvanometer coils and the limitations of the galvanometer 
current being reached before those of the current in the measuring wire. 
This inconvenience may be avoided in the following way : 

L9 1 

R2 
D B R3 C 

R, 

L~l 

~ 

R~ 
E, 

Fig. 1. 

Fig. lis a schematic diagram of a Kohlrausch circuit. the current 
commutation being omitted. 

Take. as is sufflcient for the present derivation. the case wh en the 
two resistances Rl and R2 are equal. The galvanometer is adjusted to . 
give no deflection. An alteration of the resistance from R~ R + dR 
gives a deflection. which is determined by the algebraic sum of i g , and ig , . 

In the calculation of the deflection dR may be replaced by an 
E.M.F. idR. E left out of consideration and Ri broken. 

In the equilibrium condition an E.M.F. in R3 will also make no 
alteration to the algebraic sum of ig , and i g, . 

According to the superposition law an EMF may be introduced into 
R3 as weil as into Ri' The two EMF' s together will not influence th~ 

algebraic sum i g , + i g, . The latter. and therefore the galvanumeter 
deflection, will remain exclusively determined by idR. IE El and E2 are 
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chosen opposite in sign i91 and i92 may be both reduced to a very small 
value by the exact choice of EI and E2• 

The Steinwehr commutator must be modified to incorporate this 
addition. 

It is desirabie to place a shunt across both EI or E 2 in order to 
obtain an exact regulation. 

Figure 2 gives the potential fall in the main circuit. 

A B D 

Fig. 2. 



Geology. - Alkaline rocks ot the volcano Merapi (Java) and the origin 
ot these rocks. By H . A. BRO UWER. 

(Communicated at the meeting of Pebruary 25. 1928). 

Since HARKER 1) and BECKE 2) have separated an atlantic from a pacific 
facies of eruptive rocks . of wich the atlantic rocks with the same acidity are 
richer in alkalies. many exceptions to this rule have been found. The 
opinion that alkaline rocks are connected with radial and sub-alkaline rocks 
with tangential movements of the earth-crust has been carried very faro but 
it has been stated. that in different cases there may be but a remote 
connection with tectonic movements as E.i. by the influence of these 
movements on the erosion . by which products of differentiation formed at 
various depths. can be found now at different places at the surface. 

Of late different opinions on the origin of alkaline rocks have been put 
forward . partly emphasizing the absorption of limestone by sub-alkaline 
magmas (DAL Y) 3) partly emphasizing differentiation during crystallizé\tion 
(BOWEN) 4). 

Nearly all the volcanoes of Java have produced pyroxene andesites and 
basalts. near the north coast of Java (Moeriah. Loeroes. Ringgit. island of 
Bawean) however. there are volcanoes. from which leucite- and nepheline
bearing rocks have been erupted. 

For the study of the differentiation in a volcanic magma. which is not 
accessible for direct observation . the study of the xenoliths in the volcanic 
rocks is of much importance. If reaction with limestone really produces 
alkaline magma the study of exomorphic and endomorphic contactmeta
morphism of xenoliths could give a decisive answer. Till now my studies 
on contactmetamorphism in the East-Indies did not give any indication on 
the production of alkaline magma in connection with xenoliths of limestone. 
The minerals formed under the influence of the magma in the Iimestone are 

I) A. HARKER. The Natural History of Igneous Rocks. Article in Science Progress VI. 
1896. p . 12 and in bookform 1909. 

2) P . BECKE. Die Eruptivgebiete des böhmischen Mittelgebirges und der amerikanischen 
Andes. Atlantische und Pazifische Sippe der Eruptivgesteine. Tscherm. Min. Petr. Mitt. XXII. 
1903. p. 209-265. 

') R. A. DALY. Origin of alkaline rocks. Bull. Geol. Soc. America Vol. 21. 1910. p. 87. 
Ibid. Igneous Rocks and their origin. 1914. blz. 410. Ibid. Genesis of alkaline rocks. 

Journ. of Geol. XXVI. 1918. p. 97. 
1) N . L. BowEN. The later stages of the evolution in igneous rocks. Journ. of Geol. 

XXIII. suppl. NO. 8. 19 I 5. Ibid . Crystallization-DiffereDtiation in igneous magmas. Journ. 
of Geol. XXVII. 1919. blz. 393. Ibid. The behaviour of inclusions in igneous magmas. 

Journ. of Geol. XXX. suppI. p. 513. 
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the same as those in other volcanic regions ; they are in the first place 
lime~bearing minerais, as wollastonite, pyroxene, idocrase, garnet, anortite. 
By the influence of volatiIe constituents of the magma several other minerals 
are also formed as for instance in the metamorphosed xenoliths of limestone 
in Middle~ and South~ltaly, of which the Somma is a well~known locality. 

Rocks and Xenoliths of the Merapi. 

The sediments of most of the volcanoes on the island of Java belong 
to the pyroxene andesites and ba sa lts and the rocks of the Merapi are 
no exception on this rule. VERBEEK and FENNEMA 1) mention different 
pyroxene andesites mostly with a small olivine content, pyroxene andesite 
with some amphibole is also found. 

The top of the volcano is formed by a lava dome of pyroxene andesite 
in which amphibole and very little olivine is found 2). At my request 
Dr. G. L. L. KEMMERLING collected a number of xenoliths in the volcanic 
rocks of the Merapi, which we re sent to me by the "Dienst van den 
Mijnbouw" and th is collection was completed by myself during an ascension 
of the volcano in October 1923. Most of these xenoliths have been 
collected in rocks of the lava dome, some samples of the lava dome were 
studied under the microscope. they are pyroxene andesites with hyperstene 
in a much smaller quantity and in smaller crystals than augite. The 
numerous plagioclase phenocrysts have a zonal structure with frequent 
alternations of more basic and more acid zones so that the margin is only 
slightly more acid than the bytownitic central part. Larger crystals of ore 
are also found. In some slides were found rests of brown amphibole, which 
are mostly strongly resorbed. Some large crystals of amphibole which are 
up to several centimeters in length can more likely be considered as 
xenoliths than as real elements of the volcanic rocks. 

The groundmass consists of plagioclase, pyroxene. iron ore and a varying 
quantity of glass. 

Of the xenoliths we only mention those of sedimentary origin. They are 
principally metamorphic limestones, sandstones and arkoses. Only the 
metamorphic limestones are of importance for our present subject. 

Metamorphic Limestones. 

There are different mineral associations belonging to the metamorphic 
limestones, which appear partly in the same xenoliths but are also found 
separately as different xenoliths. Calcite is found in several xen"oliths, 

1) R. D . M. VER BEEK en R. FENNEMA. Description géologique de Java et Madoera I. 
p. 322. 

2) G. L. L. KEMMERLlNG. De hernieuwde werking van den vulkaan G. Merapi (Midden
Java) van begin Augustus 1920 tot en met einde Februari 1921. Vulkanologische mede
deelingen. NO. 3. 1921. p. 28. 
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Fig. I. Trachyte with porous groundmass :with much glass and numerous 

smal! lath-shaped crystals of orthoclase. Enlarged X iO. 

Fig. 2. Leucite phonolite with phenocrysts of leucite in a groundmass wlth 

much glass and lath-shaped crystals of orthoclase. In the fig . four leucite . 

phenocrysts with strong optie anomalies are visible. Enlarged X iO. 
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sometimes in very small quantities only. The following mineral associations 
can be distinguished. 

1. Wollastonite~diopside. They are partly fine~grained mixtures of 
these minerals with small quantities of are, plagioclase and carbonate. 
More coarsely grained parts in these xenoliths consist of wollastonite and 
diopside, in which small pyroxene crystals of ten are enclosed by larger 
wollastonite crystals. At the contact of the andesite and the xenoliths a 
narrow zone of a substance rich in iron ore is found. 

In other xenoliths parts with much wollastonite alternate with green 
parts with much pyroxene. Along the contact of andesite and xenoliths is 
found a zone, which is rich in pyroxene and iron ore with plagioclase and 
brownish glass; a light~brown glass is also found between and in the 
crystals of wollastonite. 

2. Garnet~wollastonite~epidote. They are xenoliths with much carbonate. 
Yellowish~green garnet and amineral 'of the epidote group with a low 
double~refraction are found in a fine~grained mixture. Wollastqnite is 
principally found outside this mixture and is also intergrown with 
carbonate. 

3. Garnet~wollastonite~epidote~plagioclase~diopside. Parts of the 
xenolith consist of a mixture of strongly double~refracting epidote and light~ 
brownish yellow garnet, which sometimes enclose parts which nearly 
entirely consist of wollastonite. Other parts consist of a plagioclase~ 

pyroxene mixture. The xenolith forms the central part of a homoeogeneous 
xenolith consisting of a fine~grained mixture of plagioclase and diopside 
which at the margin of the metamorphic limestone is characterized by a 
strong increase of the pyroxene content with regard to the plagioclase. 
The xenolith has a rather considerable carbonate content. 

4. Contactmetamorphic limestone with zonal structure. A block of 
large dimensions (50 X 50 X 30 cm) collected on the lahar field of the 
Kali Batang has a zonal structure and has been described by KEMMERLING 
as a greyish~green schist, probably belonging to the diabase~ and chlorite 
schists, which are found at the surface among the pre~ Tertiary rocks of 
the Djiwo mountains Sou th of Klaten (KEMMERLING loc. cito p. 29). It is 
however a contactmetamorphic limestone, in which zones or lenses of 
different mineralogical composition and colour alternate. 

The mineral associations in a certain zone of ten change hom place to 
place, in different zones certain minerals are predominating, which can 
however appear also in smaller quantities in other zones. There are for 
instance light~coloured zones, which consist of a mixture of wollastonite 
and carbonate in varying quantities, whether or no with plagioclase and 
augite, which also can predominate together. Leucite is a common mineral 
which is found in different zones, also with basic plagioclase, biotite and 
augite. Some zones consist of orthoclase and augite with some calcite. The 
leucite~bearing zones represent phanerites with preponderant leucite, which 
are extremely scarce among the igneous rocks. 
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Of great .importance are phonolitic and trachytic zones mostly with 
phenocrysts of leucite or orthoclase and with much glass in the groundmass. 
These will be described in some more detail. 

Trachytes and Phonolites. 

As has been mentioned above these are found as zones of varying 
composition in the contactmetamorphic limestones with zonal texture. 
Two main types can be distinguished : 

a. phenocrysts of orthoclase, sometimes with the fissures of sanidine, 
are imbedded in a groundmass with much glass and numerous small lath~ 
shaped crystals of orthoclase or acid plagioclase. Pyroxene microlites also 
occur, they partly have a small extinction~angle and are optical negative 
which indicates the presence of the aegirine molecule (fig. 1). 

b. The groundmass differs from that mentioned sub a by the abundance 
of leucite in more or less idomorphic or rounded crystals, leucite is also 
found as small phenocrysts or is restricted to the phenocrysts (fig. 2). The 
optic anomalies, sometimes with distinct polysynthetic twins, astrong 
potash reaction and the positive double~refraction confirm the determination 
as leucite. 

In both types (a and b) calcite, apparently of magmatic origin, is locally 
found. Both types form transitions into mineral associations, in which the 
glass~bearing groundmass disappears. These partly leucite~bearing 

phanerites have been mentioned already above. Besides, orthoclase is not 
the only mineral, which appears as phenocrysts, for exceptionally a rather 
basic plagioclase is also found, which shows the exsistence of transitions 
to more andesitic types. Also augite is locally found as small phenocrysts in 
the zones mentioned sub a and b. The great importance however lies in the 
presence of zones with the composition of trachytes and leucite phonolites, 
while for the rest the magma of the Merapi has produced pyroxene 
andesites only. 

A connection between the origin of the trachytic and phonolitic zones 
and a reaction of the pyroxene andestic magma with the metamorphic 
limestones, in and at the margin of which the zones are found, is abvious. 
The peculiar texture and the great dimensions of the block of 
metamorphic limestone might be indications that it is a part of the walkock, 
which had already been metamorphosed, before it was detached and 
enclosed in the magma. The great importance of the study of the xenoliths 
lies in the conclusions that can be obtained with regard to the processes. 
that take place in the deeper parts of avoIcano. There are no experimental 
resuits available which illustrate the assimilation of limestone by an 
andesitic or basaltic magma, while the batholitic assimilation can only be 
judged by its consequences, which are explained in different ways. The 
phenomena, which have been described above have not exactly the same 
value as an experiment because the supposition is possible that a concen~ 
tration of the volatile constituents with the alkalies took place in the conduit 
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and that the association with limestone took place afterwards. IE however 
such a differentiation by crystallization produced alkaline rocks in the 
Merapi. the expectation would be founded. that from the Merapi and 
from the numerous other volcanoes of Java. which produced pyroxene 
andesites and basalts only. at least a single piece of alkaline rock. without 
connection with limestone. would have become known. These expectations 
do not agree with the facts. 

Distribution of alkaline rocks on Java. 

In how far assimilation of limestone or diHerentiation by crystallization 
can be considered to be the cause of the origin of the alkaline magmas must 
be considered in every separate case. And though BOWEN states that 
assimilation has been but a small factor in the production of the great 
variety of eruptive rocks. be does. not exclude the possibility of limestone
assimilation f.i. for the formation of melilite basalt and some other 
alkaline rocks. 

Although th is question cannot be decided for the volcanoes of Java. it is 
of importance to consider in how far it is possible. that assimilation of 
limestone has played a part in the production of the alkaline rocks. 

Alkaline rocks are only known near the north coast of the eastern part 
of Java (Moeriah near Semarang. island of Bawean north of Soerabaya. 
Loeroes west of and Ringgit east of Besoeki). The division between th is 
region. where alkaline rocks are found and by far the greatest part of 
Java where the volcanoes erupted pyroxene andesites and ba sa lts only. 
cannot be made too sharply for besides alkaline rocks subalkaline rocks 
are found among the products of the same volcanoes. Leucite basalt, 
amphibole andesite. basalt (partly orthoclase-bearing) and trachyandesite 
are known from the Loeroes. and from the Ringgit we know leucitite. 
leucite basalt. tephrite and basanite and also trachyandesite without leucite. 
andesite and basalt. On the other hand the Merapi. a typical representative 
of the Javanese andesite- and basalt volcanoes has produced trachyte and 
phonolite although in a small quantity. As a matter of course our knowledge 
of the substratum of the volcanoes is incomplete. but a facies rich in 
limestones is characteristic for the Tertiary near the north coast of Rembang 
and in Madoera. while thick beds of limestone which must have given a 
great possibility for assimilation. are found near alkaline rocks in Sou th
Celebes f.i. in the vicinity of the Peak of Maros. Perhaps the dip of the 
limestones of the Gg. Toegoe. south-east of Klaten can be connected with 
the occurrence of xenoliths of limestone in the products of the Merapi. 
The various explanations which have been given for the origin of alkaline 
magmas show certain features in common despite great differences of 
emphasis. as has been stated already by SMYTH 1). who considers the origin 

1) C. H. SMYTH. The chemical composition of the alkaline rocks and its slgnificance 
as to their origin. Amer. Journ. of Science. XXXVI. 1913. blz. 33. 
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of alkaline rocks to be principally affected through the agency of 
mineralizers, the influence of which is also taken into consideration by 
other authors. 

The pneumatolytic phenomena, which take place in the magma 
during the long periods of dormancy of a volcano could favour the 
production of an alkaline magma on a larger scale than we described 
for the volcano Merapi. An important addition of lime will not be prevented 
by. the progressive crystallization of the magma if the magma is very fluid 
and rich in fugitive constituents. Without reaction with limestone the 
alkalies could also be concentrated but there is not one of the numerous 
volcanoes of Java, which produced pyroxene andesites and basalts only, 
where we can Eind an indication, that alkaline differentiates have been 
produced in th is way. 

Lastly also the mechanical hypothesis to explain the distribution of 
alkaline rocks cannot be lelt entirely out of consideration. For Java the 
difference in stability between north- and southcoast is a striking feature, 
but there are no data from which could be concluded that the differentiation 
is influenced by the doubtless strongly changing crustal movements. 

A further study of the limestone-xenoliths in the products of the 
different volcanoes of Java will be of interest. In the first place the attention 
can be drawn to those volcanoes near the north coast, of which no alkaline 
rocks are known. · 



Physics. - Experiments on the velocity distribution in the boundary layer 
along a rough surface ; determination of the resistance experienced 
by this surface. By B. G. VAN DER HEGGE ZIJNEN. (Mededeeling 
N0. 10 uit het Laboratorium voor Aerodynamica en Hydrodynamica 
der Technische Hoogeschool te Delft.) (Communicated by Prof. 
J. D. VAN DER WAALS Jr.) 

(Communlcated at the meeting of February 25. 1928). 

In a discussion of the experimental data concerning the resistance 
experienced by the flow through pipes and channels with rough walls. 
HOPF 1) deduced that this resistance is proportional to the square of the 
mean velocity. at least if the state of motion is entirely turbulent. According 
to FROMM 2) the same law holds for the pres su re drop in a rectangular 
channel. the walls of which are composed of surfaces having a weIl defined 
roughness. EVidently in these cases the resistance coefficient is independent 
of REYNOLDS' number and is determined entirely by the dimensions of the 
channel and of the projections on its surface. 

However. the numerous experiments on the resistance of flow still need 
completion and extension; researches on the distribution of the velocity 
in the boundary layer. on the development of the boundary layer along 
the surface and more detailed experiments concerning the resistance of 
rough surfaces are of importance for a better understanding of the 
phenomena observed by several experimenters. 

The opportunity for carrying out such researches in the Laboratory for 
Aerodynamics and Hydrodynamics of the Technical University at Delft 
presented itself in the beg inning of 1925. when by the courtesy of Prof. 

VON KÁRMÁN a sheat of "waffle-plate". of about the same aspect as used 
by FROMM in his researches on rectangular channels. was put at our 
disposal. The experiments were finished in 1927. when the measurements 
on the velocity distribution could be completed and checked by weighing 
the resistance experienced by a board. covered on both sides with waffle
plate. directly on a balance. 

I) L. Hopp. Abhandl. a. d. Aerodynamischen InstItut der Techn. Hochschule Aachen 111. 
1924. p. 1; Zeitschr. f. angewandte Math. u. Mech. 3. 1923. p. 329. 

2) K. FROMM. Abhandl. a. d. Aerodynamischen Institut der Techn. Hochschule Aachen 111. 
1924; Zl'ltschr. f. angewandte Math. u. Mech .• 3. 1923. p. 339. 



500 

§ 2. Summary of the principaltheoretical data about the motion 
in the boundary layer. 

Before describing the experiments performed and discussing their results, 
some formulae concerning the flow in the boundary layer along a rough 
surface may be deduced. ' 

The following considerations are based upon the hypothesis of Prof. 

VON KÁRMÁN 3) that the resistance of a rough surface is entirely due to 
the head resistance of the projections. It might be expected that as this 
head resistance, at least above a certain value of REYNOLDS' number, 
follows the quadratic law, the same will be the case with the resistance 
experienced by the entire surface ; this supposition is supported by the 
work of HOPF and FROMM mentioned élbove. 

The velocity distribution in a section of the boundary layer will now be 
supposed to satisfy a relation of the form : 

(1) 

where u = velocHy (parallel to the surface ) in an arbitrary point of the 
section considered; V = velocity of the undisturbed flow just outside of 
the boundary layer; y = distance of the point in question from the 
surface ; and d = thickness of th is section of the boundary layer. 

This relation has to be verified by experiment. If the surface is not too 

rough, and if REYNOLDS' number for the boundary layer ( Ra = ~ d) is 

sufficiently high, it may he expected from the results of other researches 
that form. (1) will hold. 

Although about the flow in the vicinity of the projections nothing can 

be predicted with certainty, following VON KÁRMÁN the velocity at the top 
of a projection of height h may be expressed by: 

(2) 

where a is an unknown numerical constant. 
The resistance of a projection will now be proportional to u;, and the 

resistance experienced by the surf ace per unit area may be written : 

(
h)2n 

lO =ceV2 b . (3) 

In order to deduce arelation between d and the' distance x of the section 

3) TH. VON KÁRMÁN. Ueber die Oberflächenreibung von Flüssigkeiten, Vorträge aus 
dem Gebiete der Hydro- und Aerodynamik, Innsbruck 1922 (Berlin 1924), p. 116. 



501 

considered from the leading edge of the surface, we may use the formula 

given by VON KÁRMÁN 4) for the loss of momenturn. It has to be bom in 
mind, however, that the experiments described below relate to a surface 
mounted in a wind tunnel. in which case the velocity V outside of the 
boundary layer is not constant, but increases down stream in consequence 
of the narrowing of the passage of the flow, caused by the growth of the 
boundary layers along the tunnel walls and along the surface. 

The increase of V is rather smalI; putting: 

dV 
dx = fJV. . (i) 

we may neglect terms as f3 2x 2, f33 x 3, .•.. , in the following formulae, even 
when x is equal to the length 1 of the plate. 

In this case the integral of (4) is: 

v = Vo (1 + fJx) . (4a
) 

The loss of momentum in the boundary layer per unit length will be : 

J d 

df2d V d j' d lO .iV dV 
- u y- - u y=- - +u -
dx dx e dx . (5) 

o 0 

Inserting farm. (1), (3) and (4) and dividing by V2, equation (5) is 
reduced to 5) : 

n db 2n2 + 3n (h)2" 
(2n + 1) (n + 1) dx + (2n + l)(n + 1) fJb = cF' 

the integral of which is , when b = 0 for x = 0 : 

1 

Ij = l (2n + 1 )2n(n + 1) C I2..TI X 2"1+1 h2"2:1 II - 2n_ J 3 fJx t . (6) 

Hence from farm. (3) , inserting the value of V from (4a) and that of 
b from (6), we get : 

(7) 

4) TH. VON KÁRMÁN. Ueber laminare und turbulente Reibung, Zeitschr. f. angewandte 
Math. u. Mech., I. 1921. p. 235 form. (5). 

5) The relations for d, TO and ei which are given here for the case of an accelerated 
flow, have been deduced by Prof. BURGERS. 

33 
Proceedings Royal Acad. Amsterdam. Vol. XXXI. 



502 

The integral of (7) with respect to x, multiplied by the breadth b of the 
plate, gives the total resistance : 

2n-1 2n (8) 

= V2b 2n+lh2n+1 __ n 1+ n n f3x 1 2n ( 1 )2n + 1 ( )2,;"+t I 2 2+3 +2 ! 
ce u x 2n+l (n+l)c 2n + 2 

This expression is simplified by introducing : 

J 

I = eJ~ (V - u) dy = (2n + 1~ (n + 1) e V 2
c5 . (9) 

o 

The quantity J will be called the defect of momentum in the boundary layer. 
It has to be noted that in (9) occurs the local value of the velocity, V, and 

not Voo 
By means of (4a), (6) and (9) form. (8) leads to: 

~ (2n + 1)2 / 
W = bI ~ 1 + 2 (n + 1) fJx \ . (10) 

If n and care found from experimental results for a known value of {3, 

the behaviour of 0, lO and the value of W in the case of an unlimited flow 
(where V is constant), are easily deduced by putting everywhere {3 = 0 
in the formulae. 

§ 3. Experimental arrangements. 

In order to collect data about the distribution of the velocity in the 
neighbourhood of rough surfaces and to check the formulae deduced for 
o and for the resistance, experiments were performed with two sheats of 
"waffle plate" of dural, as used f.i. for covering treadles. The first plate 
served only for the measurements in thE: boundary layer; later on, when 
a greater sheat of the metal was put at our disposal. a second plate with 
projections differing but slightly from those of the first, was used for 
measuring directlyon a balance the total resistance experienced by a board 
covered on both sides with it and for determining the loss of momentum 
in the wake down stream. In order to compare the results of these experi~ 
ments with those performed on the first plate, a few measurements of 
the velocity distribution in the boundary layer along the second plate 
were performed. 

Wa{fle plate J. The surface may be characterized as follows: The 
projections had the shape of quadrilateral pyramids, arranged in regular 
horizontal and vertical rows without change; their mean height was 



TAB LEI. VELOCITY IN THE BOUNDARY LAYER (IN CM/ SEC) . 

- . -
WAFFLE PLATE I WAFFLE PLATE II 

V=811 cm/sec. V = 1600 cm/sec. V = 2400 cm/sec. V = 3200 cm/sec. V p = 2400 cm/sec. 

x= 25 50 75 100 125 ISO 175 25 I 50 I 75 I 100 I 125 I 150 I 175 25 I 50 I 75 I 100 I 125 I 150 I 175 25 I 50 I 75 I 100 I 125 I 150 I 175 198 cm. I y cm. 

I I I I I I I I I I I I I I I 
I I I I I I I I I 

I I I I y cm. 

. 
t IJ t IJ t IJ t IJ t IJ t IJ t IJ IJ IJ IJ IJ IJ IJ IJ IJ IJ I IJ IJ IJ IJ IJ IJ IJ IJ IJ IJ IJ I IJ t IJ 

0.025 380 39 354 36 230 35 310 35 324 19 300 18 317 22 139 117 74 62 56 27 112 261 228 114 139 114 324 217 368 388 210 221 185 335 243 1018 158 0.025 

0 .050 428 90 384 81 325 90 350 74 377 58 361 31 375 66 256 208 176 132 92 109 201 420 370 285 262 188 458 370 594 590 416 385 346 511 392 1142 295 0.050 

0 .075 462 152 425 1i0 384 121 371 125 400 106 396 64 396 122 369 316 272 236 184 202 282 584 515 429 393 316 615 520 761 761 625 510 538 686 548 1211 445 0.075 

0 . 100 i76 236 439 214 409 227 400 196 425 176 416 116 425 185 484 405 384 345 295 292 i21 745 655 566 532 455 772 676 955 949 820 701 778 773 730 1260 615 0.100 

0 . 125 485 331 450 304 434 304 409 270 441 256 441 184 436 262 638 529 549 466 426 412 548 888 790 790 701 616 924 848 1185 1130 1060 911 961 973 956 1296 824 0.125 

0.150 520 396 466 361 445 361 425 313 452 341 iSO 270 445 327 734 635 645 579 530 538 615 1056 912 950 851 771 1045 980 1386 1295 1320 1120 1204 1290 1160 1340 1011 0.150 

0.175 529 434 485 400 459 389 445 342 461 379 459 334 461 374 790 692 721 656 630 625 681 1176 1025 1060 950 911 1130 1050 1586 1415 1460 1225 1384 1475 1340 1384 1116 0.175 

0.200 540 450 490 412 485 416 450 374 471 409 471 379 470 404 853 751 780 691 691 697 761 1253 1135 1160 1020 1050 1185 1120 1650 1585 1595 1410 1544 1545 1450 1421 1190 0.200 

0.250 573 493 515 450 490 450 476 412 489 432 484 415 485 i34 900 818 800 725 780 773 810 1421 1232 1240 1090 1220 1240 1225 1864 1705 1740 1500 1665 1700 1630 1513 1310 0.250 

0. 300 592 525 529 471 511 459 485 445 501 i59 494 441 501 450 999 870 830 809 821 818 841 1513 1310 1310 1175 1285 1332 1320 1975 1805 1850 1620 1798 1780 1730 1568 1384 0.300 

0.400 621 573 557 498 529 493 511 484 520 489 525 476 520 490 1082 942 900 890 a98 906 911 1681 1460 1440 1360 1430 1430 1415 2210 1935 1990 1820 1850 1936 1884 1648 1513 O.iOO 

0.500 666 618 579 539 549 529 539 493 541 510 539 494 532 520 1163 1010 961 955 950 949 961 1823 1545 1550 1460 1520 1513 1500 2395 2095 2110 1950 1971 2061 1990 1714 1600 0.500 

0.600 709 653 621 573 573 557 561 529 557 529 551 515 551 549 1246 1082 1024 989 988 992 1010 1936 1640 1620 1555 1580 1570 1582 2580 2200 2245 2015 2ioo 2135 2060 1772 1714 0.600 

0.700 729 689 640 601 592 573 573 557 573 552 568 532 568 568 1332 1150 1056 1024 1015 1015 1040 2061 1722 1660 1620 1640 1632 1620 2721 2315 2315 2100 2172 2190 2125 1815 17n 0.700 

0.800 759 713 665 621 621 590 592 573 586 568 581 557 573 573 1436 1176 1096 1050 1035 1045 1060 2190 1840 1760 1660 1680 1675 1665 2860 2430 2400 2150 2256 2245 2200 1849 1823 0.800 

0 .900 770 749 681 651 638 620 618 581 600 576 592 573 581 581 1460 1246 1130 1120 1070 1070 1080 2304 1918 1820 1740 1740 1725 1710 2962 2520 2460 2237 2315 2305 2237 1884 1884 0.900 

1.00 789 762 709 666 658 627 621 610 620 592 621 592 592 592 1513 1325 1183 1175 1100 1090 1095 2333 1955 1900 1760 1770 1765 1770 3062 2600 2525 2375 2375 2375 2294 1936 1936 1.00 

I. 25 811 784 740 715 689 665 658 630 640 620 640 621 621 621 1600 1421 1262 1262 1200 1155 1175 2400 2162 2005 1900 1880 1835 1840 3200 2860 2745 2500 2525 2440 2HO 2043 1989 1.25 

1.50 811 806 762 762 715 709 681 666 666 645 665 651 640 640 1600 1475 1355 1320 1262 1230 1262 2400 2245 2200 1990 1980 1935 1930 3200 3025 2845 2610 2610 2580 2540 2116 2061 1.50 

I. 75 811 811 789 780 749 715 713 702 688 668 688 673 665 666 1600 1521 1450 1380 1320 1310 1320 2400 2315 2240 2120 2050 1995 2010 3200 3115 2950 2765 2740 2725 2663 2190 2116 I. 75 

2.00 811 811 806 806 780 759 729 729 715 709 713 698 689 689 1600 1560 1500 1450 1360 1330 1380 2400 2345 2300 2240 2110 2060 2080 3200 3180 3100 2875 2845 2800 2767 2247 2190 2.00 

2. 50 811 811 811 811 806 784 770 762 761 749 750 722 715 722 1600 1600 1550 1500 1515 1430 1450 2400 2372 2380 2300 2240 2190 2180 3200 3200 3140 3080 2950 2960 2920 2381 2285 2.50 

3.00 811 811 811 811 811 811 806 784 790 780 770 761 762 762 1600 1600 1585 1570 1560 1515 1520 2400 2400 2390 2380 2360 2275 2290 3200 3200 3160 3140 3114 3105 3030 2430 2333 3.00 

4.00 - - - - 811 811 811 811 811 811 811 811 811 811 1600 1600 1600 1600 1600 1600 1570 2400 2400 2400 2400 2400 2360 2375 3200 3200 3200 3200 3200 3180 3160 2510 2500 4 .00 

5.00 - - - - 811 811 811 811 811 811 811 811 811 811 1600 1600 1600 1600 1600 1600 1600 2400 2400 2400 2400 2400 2400 2400 3200 3200 3200 3200 3200 3200 3200 2560 2560 5.00 

x= 200 200 175 175 175 175 175 175 200 200 200 200 200 200 200 200 175 175 200 200 200 200 200 175 175 200 200 200 200 200 175 175 200 200 200 129 129 cm. 

Bar. 768 767 768 766 770 768 773 773 769 769 765 766 766 765 758 756 764 765 771 761 765 758 757 758 765 770 760 768 755 758 758 766 773 762 763 767 767 mmo 

Tl'"mp. 18.i 17 .3 17.8 17.8 16.1 17.4 18 .6 17.5 18.0 19.6 18.0 18.4 18.4 17.1 19.7 19 . 1 18.8 15 .i 18 .6 19.1 17.0 18 .8 17.7 18.0 19 .2 16.8 18 .6 18 .6 19.2 19.5 19.9 18.9 19.7 20 . 1 19.7 13.1 14.3 oe. 
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1.7 mm; their distance in longitudinal direction 6.5 mm, in transverse 
direction 6.33 mmo The tops of the projections, as weIl as the valleys at 
their root, were slightly rounded oH. 

Comparing th is with the rough surfaces used by FROMM, our 
"waHle plate I" seems to approach FROMM'S "WaHelblech 11", although 
the height of the projections of the latter plate was less (height 0.858 mm, 
distance of the tops 6.62 mm) . 

This surface was nailed on a rectangular wooden board of 189.5 X 50 cm, 
the leading edge of which was sharpened over 15 cm. The dimensions of 
the metal sheat allowed to cover one side only; however, the metal was bent 
around the leading edge of the board and covered the back over 10 cm. 
Two wooden clarnps were provided at the uncovered side to give the board 
a greater stiHness. 

This board was mounted vertically in the wind tunnel at a distance of 
175 to 225 cm from the honey comb at the entrance (this distance is 
called X in tab Ie I). 

The arrangement for the determination of the velocity distribution in 
the boundary layer was the same as that used in the experiments on a 
glass plate, described before 6). The measurements were carried out with 
a hot wire anemometer (length of wire 37 mm, diameter 0.05 mm, heated to 
about 6000 C above the surrounding atmosphere), which was mounted 
in a screw micrometer with displacement perpendicular to the plate. The 
distance between the hot wire and the surface could be regulated to 
0.01 mmo The screw micrometer was mounted at the outside of the tunnel 
on a strong iron frame, which carried at the same time four round bars, 
two of which supported the upper edge of the plate and the two others the 
lower edge. 

The displacement of the hot wire in the direction of the flow was 
performed by shifting the micrometer along the iron' frame, without altering 
the position of the plate. 

The mean velocity of the flow in the tunnel, V, was determined with 
a Pitot-tube, connected to an alcohol micrornanometer ; the value of V 
was kept constant by the experimenter. This Pitot-tube was mounted 268 cm 
behind the honey comb at midheight of the tunnel and 60 cm from the 
vertical tunnel wall facing the experimenter; the velocity indicated by 
th is Pitot-tube will be called V p. 

Waffle plate I/. The surface of the second metal sheat, which is called 
further on "waffle plate 11", consisted of quadrilateral pyramids, 1.5 mm 
high, at distances of 6.65 mm in the longitudinal direction and of 6.4 mm in 
the transverse direction; hence it differed slightly from the surface of plate I. 

Two sheats of this metal were fixed to the sides of a wood en board, 
which was sharpened at the leading edge over 15 cm, while the upper- and 

6) B. G. VAN DER HEGGE ZIJNEN. Measurements of the velocity distributIon in the 
boundary layer along a plane surface (thesis Delft, 1924). 

33* 
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the lower edges were sloped over 5 cm in order to get a sharp edge in the 
direction of the plate. The sheats were fixed as tightly as possible to the 
board by means of small nails; at the leading edge, where the wood was 
thin, the sheats were riveted. The dimensions of the covereä board are : 
length of the metal sheat: 199.4 cm, height (measured along the curved 
sheat): 50 cm; thickness of the board: 2.4 cm. 

The arrangement for the measurement of the resistance is represented in 
fig. 1. The board C is supported by two thin steel wires D, E (diameter 
0.33 mm, length 290 cm) in the vertical plane of symmetry of the tunnel; 
they passed the top of the tunnel with sufficient clearance. At the lower 
edge of the board two pairs of steel wires F and G we re provided in order 
to avoid transverse oscillations ; they we re stretched slightly, so that the 
plate was free to swing longitudinally. 

From the leading edge a steel wire H led to a sensitive balance B outside 
of the tunneL the slope of which was 30° .30'; its end was fixed to the 
tunnel wall at K and a certain tension was given to this wire. The 
measurement of the forces acting on the model was performed in such a 
way that the other arm of the balance B was loaded with a determined 
weight, after which the wind speed in the tunnel was regulated until B was 
in balance. The resistance experienced by the plate was afterwards deduced 
from the weighed forces by resolving them graphically. During the 
measurements the distance of the leadingedge of the board from the honey 
comb (X) was 158 cm; the lower edge of the board was 17.1 cm above 
the bot tom of the tunnel, while the distance between board and the front 
wall of the tunnel was 41.6 cm. The Pitot~tube A was fixed at 143 cm 
behind the honey comb, 20 cm above the bottom and 52.4 cm from ' the 
front wal!. The velocity V p indicated by it will practically be equal to V o 
at the beginning of the board (X = 158 cm). 

The resistance measured on the balance will be affected by the resistance 
of the steel wires carrying the board, and on the other hand by the suction 
at the trailing edge. In order to arrive at the true surface friction, corrections 
have to be applied for both influences. 

The wire resistances are of minor importance; it is sufficient to deduce 
them from their length and diameter by means of the diagram for the 
resistance coefficients of cylinders given by PRANDTL 7). 

The suction at the trailing edge of the model is determined according 
a method also given by PRANDTL S) by mounting a brass tube of 9 mm 
diameter, provided with 9 holes of 0.8 mm in the space left betw~n both 
metal sheats at the rear. This tube was closed at the bottom, while the upper 

7) L. PRANDTL. Ergebnisse der Aerodynamischen Versuchsanstalt zu Göttingen 11 
(München 1923), p. 2'4. 

8) L. PRANDTL. Ergebniss~ der Aerodynamischen Versuchsanstalt zu Göttingen I 
(München 1921), p. 120. 
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end. projecting above the board. was connected with an alcohol micromano
meter ; the holes were directed down stream. For various values of V the 
suction in this space was compared to the statie pres su re on Pitot-tube A . 
which was supposed to be equal with sufficient accuracy to the pressure at 
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the leading edge of the plate. A seeond manometer was used for the 
determination of the air speed. 

The pressure differenees at the leading and at the trailing edge of the 
board, multiplied by the area of the trailing edge gives the suetion 
ex peri en eed by the model. 

This brass tube was absent during the resistance measurements with 
the . balance. 

The few measurements of the velocity distribution in the boundary 
layer along plate 11 were performed in the same way as those in the case 
of plate I, with the exception that here th~ first pair of iron bars, which 
held the board, was taken away and l'eplaced by steel wires in order to 
avoid any disturbance of the flow as far as possible. The results of the 
velocity measurements with plate I had proved that these bars might cause 
a disturbance of the flow in the boundary layer in down stream sections. 
The pair of bars in the neighbourhood of the hot wire anemometer, however. 
could not be dispensed with, so that only the foremost pair, which gave 
the greater trouble, was removed. 

§ 4. Measurements in the boundary layer along plate J. 

The measurements on the velocity distribution along plç.te 1 were 
performed at a great number of distances from the leading edge and at 
various values of V . 

As stated in § 2, the velocity outside of the boundary layer will increase 
down stream. However, during the experiments the wind speed was 
regulated in such a way that V had the same value at every value of x , 

as this made a check and a comparison of the results more easy. 
As it proved to be impossible to determine the velocity gradient in the 

immediate neighbourhood of the surface in order to evaluate the shearing 
stresses, the velocity in the boundary layer was measured only at va lues of 
y::;:;: 0.025 cm. Some of the results have been collected in table I (the 
last columns of th is table give the results of the measurements on plate 11). 
Every velocity mentioned here is obtained as the mean of 6 readings. The 
indices tand v respectively relate to the measurements in which the distance 
y is estimated from a " top" or from a "valley" between the pyramids. The 
series t we re observed immediately behind the series v and therefore the 
distance x had in this case to be increased by about 3 mmo 

The experiments have been performed with V = 811 cm/sec in the 
sections x = 5, 10, 15, 20, 25 , 37.5, 50, 62.5, 75, 87.5, 100, 125, 150 
and 175 cm, y being reckoned in this case from a top and from a valley 
respectively; with V = 1200, 1600, 2000, 2400, 2800 and 3200 cm/sec 
the velocity was observed in the sections : x= 25,50, 75, 100, 125, 150 
and 175 cm for the series v only. 

As might be expected, the series tand v show appreciable differences at 
the smaller values of y ; they disappear for the greater part, however, 
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when in the series t the value of y is increased by the height h of the 
projections. h = 1.7 mmo 

The results were plotted on a logarithmic scale (log u against log y) ; 
one of these diagrams. relating to the measurements at x = 175 cm. has 
been reproduced in fig . 2. By means of the diagrams it was inquired 
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Pig. 2. Logarithmlc scale diagram of the velocIty in the boundary layer with 

x= 175cm. 

whether the velocity in the boundary layer could be represented by the 

formula u = V ( ~ ) "with areasonabIe degree of accuracy. This proved 

to be the case; however. for all series the observed va lues of u seem to 
be arranged rather wavingly along the mean straight line 9). This 
circumstance renders it difficult to determine the value of n with sufficient 
accuracy. The mean values. deduced from these diagrams. have been 
collected in table 11. 

They show a c1early marked decrease wh en x increases; probably th is 
is due to the fact that the turbulent state of motion is not yet fully 
developed when x is small. On the contrary. n seems to be independent 

9) The same phenomenon. although less pronounced. has been observed in the researches 
on a smooth surface. mentioned in note 6) (p. 28. fig. 8).' 
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TABLE 11. Va\ues of n. 

Meao 

15 - 0.33 0.38 - - - - - - 0.35 

20 - 0 .34 0 .37 - - - - - - 0.35 

25 - 0.32 0.36 0 .34 0.37 0.36 0.36 0.38 0.37 0.36 

37.5 - 0.30 0. 32 - - - - - - 0.31 

50 - 0.30 0.31 0.33 0.34 0.33 0.34 0.33 0.33 0.33 

62.5 - 0.285 0.31 - - - - - - 0.30 

75 0.27 0.275 0.29 0.27 0.27 0.27 0.27 0.27 0.27 0.27 

87.5 - 0.275 0 .28 - - - - - - 0.28 

100 - 0.27 0 .28 0 .29 0 .30 0 .29 0.28 0.29 0 .29 0 .29 

125 - 0.2-4 0 .25 0 .24 0 .27 0.24 0 .24 0.24 0.26 0.25 

150 - 0.25 0 .24 0.25 0.26 0.24 0 .25 0.245 0.25 0.25 

175 0.24 0.24 0.24 0.25 0.24 0.25 0.25 0.25 0.25 0.25 
\ 

TABLE lIl . Values of J (in cm). 

x cm Meao =-r--; V cm/sec ;;j--=-
800 I 811 I 1200 I 1600 2000 I 2400 I 2800 I 3200 

5 - 0.4 - - - - - - 0.4 

10 - 0.63 - - - - - - 0.63 

15 - 0.90 - - - - - - 0.90 

20 - 1.00 - - - - - - 1.00 

25 - 1.20 1.16 1.14 1.10 1.06 1.02 1.08 1.11 

37 .5 - 1.50 - - - - - _. 1.50 

50 - 2.00 1.90 1.80 1.96 1.80 1.6-4 1.76 1.84 

62.5 - 2.18 - - - - - - 2. 18 

75 2.55 2.55 2.55 3. 1 2.7 2.5 2.55 2.45 2.62 

87 .5 - 3.00 - - - - - - 3.00 

100 - 3.20 3.20 3.0 2.85 2.9 2.9 3.0 3.01 

125 - 3.75 3.80 4 .0 4.0 3.5 3.7 3.1 3.69 

150 - 3.70 4.0 4.0 4.1 4.0 3.5 3.3 3.80 

175 3.80 3.80 4.0 3.8 3.6 3.7 3.65 3.5 3.H 
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of V. With x )': 100 cm, n becomes about 0.25. Our researches are not 
sufficient to prove whether th is is the limiting value, or whether n will 
decrease still further when x increases to the value 117 which holds for a 
smooth surface 10). 

The logarithmic diagrams give at the same time the thickness b of the 
boundary layer; the results have been collected in table 111 (all numbers 
mentioned here relate to the series v). 

The value of b decreases, though not much, when V increases, contrary 
to what has been supposed in § 2. However, Il never can be determined with 
great accuracy and the sensibility of the hot wire decreases at higher 
values of V. 

From a numerical integration of the value of u (V -u) over the thickness 
of the boundary layer the defect of momentum I has been determined, 
according to form . (9) . W riting : 

I 2 I 
ei = 1/2eV2x=eV2x (11) 

the coefficient ei has the values given in table IV (again for the series v) : 

x 
800 I 

5 -

10 -

15 -

20 -

25 -

37.5 -

50 -

62.5 -

75 9.08 

87.5 -

100 -
125 -

150 -

175 5.68 

TABLE IV. Values of ci X 1000 = ~ X 1000. 
e x 

-

V cm/sec 

811 I 1200 I 1600 I 2000 I 2400 I 2800 I 3200 

21.6 - - - - - -

15.8 - - - - - -

15.8 - - - - - -

14.0 - - - - - -
12.7 13.2 13.76 13.4 12.56 12.60 13.62 

10.1 - - - - - -
10.6 11.1 11 .48 12.18 11.30 10.48 10 .80 

IU - - - - - -

9.46 9.30 10 . 12 9.50 8.64 8.86 8.66 

8.90 - - - - - -

8.60 8.60 8,48 7.84 7.80 8.40 8.32 

7.39 7. 10 7.40 7.40 6.80 7.94 7.00 

6.52 6.72 6.84 6 .98 6.68 6.52 6.08 

5.68 5.84 5.92 5.48 5.56 6.04 5.66 

These values do not vary systematically with V. 

10) Compare the papers mentioned in notes 1), (p. 238) and 6) (fig. 7 and 8). 

Mean 

21.6 

15.8 

15.8 

14.0 

13.12 

10.1 

11.13 

8.4 

9.22 

8.90 

8.29 

7.29 

6.62 

5.73 
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§ 5. Discussion of the results. 

It was of importance to compare the experimental results collected in 
tables II to IV with the formulae deduced in § 2. 

In the first place this has been done with the exponent n. W riting 
form. (11) by means of (9) : 

2n d 
Ci = (2n + 1) (n + 1) x . 

and taking the mean values of d and Cl for every value of x, 

at the following results for the expression (2n + 1)(n.+ 1): 

TABLE V. 

x dlx I (2 n+l~ (n+l) 

25 1.11 0.0441 0.01312 7.77 

50 1.84 0.0368 0.01140 6.63 

75 2.63 0.0351 0.00922 7.61 

100 3.01 0.0301 0 .00830 7.25 

125 3.69 0.0295 0.00748 7.89 

150 3 .. 80 0.0253 0.00662 7.64 

175 3.72 0.0213 0.00574 7.42 

Meao . . . 7.44 

(12) 

we arrive 

This gives for n about 0.25 (exactly 0.255), which is in agreement with 
the value deduced from the measurements on the velocity distribution for 
the higher va lu es of x. 

IE th is value of n is va lid over the whole surface, form. (6) wil! become : 

(X)·I. d = 5.02 c'l. h (1 - 1.75 fJx) 

Now it was found in the experiments on waffle plate II that the velocity 
outside of the boundary layer increased by 160 cm/sec over the full length 
(198 cm) of the model. when V 0 was equal to 2400 cm/sec. This leads to 
(3 = 0.000337. IE we accept that the same value of (3 holds for all series 
the factor (1-1.75 (3 x) wil! become equal to 1-0.00059 x. 

N ow h = 0.17 cm; therefore we get for the constant the values 
mentioned in table VI : 
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TABLE VI. 

x Ó c' /, ó calculated from form. (13) 

25 1. 11 0.0473 1.21 

50 1.84 0 .0193 1.89 

75 2.63 0.0555 2.41 

100 3.01 0 .0531 2.92 

125 3.69 0.0571 3.32 

150 3.80 0.0527 3.70 

175 3. 72 0.0459 4.03 

Mean ... 0.0516 

With the mean value 0.0516, the expression for d becomes 

(X}" d = 0,259 h h (1 - 0,00059 x) (13) 

The va lues of d derived from this formula have also been mentioned in 
table VI. F rom form. (12) we now find for C i : 

(X)-'/' Ci = 0.0691 h (1 - 0.00059 x) . (14) 

Table VII gives the comparison between the values of Ci calculated 
Erom this expression and those derived Erom the observed va lues oE I. 

TABLE VII. 

x (Ci) calculated (ei) experimental 

25 0.0130 0.01312 

50 0.0111 0.01140 

75 0.00871 0.00922 

100 0.00779 0.00829 

125 0.00709 0.00729 

150 0.00660 0 .00662 

175 0.00617 0.00573 

Although the differences between both sets oE numbers are important, it 
may be said that in general the results found for n (as deduced from the 
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logarithmic diagrams for the velocity distribution) , for the thiekness of the 
boundary layer and for the defect of momentum in the boundary layer. 
confirm the relations deduced in § 2. 

With the value of the constant mentioned before, form. (3) gives for 10: 

10 = 0,01'7 eV2 V~ (15) 

The resistance experienced by a single wall of leng th land breadth b, in 
a flow with the constant velocity V, now becomes according to (8) 
(with f3 = 0) : 

(h)'!' W = 0,0690 x t e V2 bx . (16) 

§ 6. Measurements on the velocity distribution along plate Il. 

As stated in § 3, two series of measurements on the velocity distribution 
in the boundary layer along plate 11 were performed in order to check 
the results found with plate I. 

The plate was mounted in the same way as mentioned at the end of 
§ 3, with the leading edge at X = 129 cm behind the honey comb of the 
wind tunnel. The measurements were carried out at a distance of 
x = 198 cm from the leading edge, starting from a valley; a second 
series was performed 3 mm down-stream starting from a top. The hot wire 
anemometer was put at 40 cm above the bottom of the tunnel. Measurements 
have been performed only for the value V p = 2400 cm/sec (Pitot-tube 
42 cm behind honey comb; 52 cm from the front wall and 20 cm above the 
tunnel bottom ) , in w hieh case V.. proved to be 2560 cm/sec according to 
the readings of the hot wire, which instrument had been calibrated carefully 
before. This leads to the velocity increase of 160 cm/sec along the surface, 
as stated before. 

The results have been collected in the last columns of table I. They 
prove, as was the case with plate I at the higher values of x, that the 
velocity in the boundary layer increases with the 0.25-power of y; here too 
in a logarithmie diagram the observed va lues of the velocity are grouped 
more or less wavingly along the mean straight line. The exact evaluation 
of n and !5 becomes rather diffieult on account of this phenomenon. 

The value of d proved to be about 4.8 cm. 

§ 7. Determination of the resistance of plate Il. 

The total resistance of the model, as found by means of the balance, 
has been represented in fig. 3 as a function of V o (+ .... +); in the 
same diagram the suction at the trailing edge ( X .... X ) and the resis-
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tance of the suspension wires (cl) have been given. When the total 
resistance is diminished by the suction and by the resistance of the 
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suspension wires we get the surface friction. From the diagram the following 
va lues have been deduced for th is surface friction ( 0 • • •• 0 ) . 

TABLE VIII. 

Vo m/sec 
Surface friction (both sides). Vo m/sec 

Surface friction (both sides). 
in grammes in grammes 

5 \2 17.5 230 

7.5 34 20 316 

\0 66 22.5 404 

12.5 110 25 487 

15 160 27.5 584 

They may be represented by the interpolation formula: 

W=O.77V~ (Va in m/sec). 

which is in agreement with the supposition that the resistance is proportional 
to the square of the velocity. This formula is represented in fig. 3 by the 
full drawn line. 

The results of the weighing have now been compared with the value of 
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the resistance as deduced from the experiments on the velocity distribution 
in the boundary layer. To this end the value of 

J 

I=eJu (V- u) dy 

o 

has been calculated from the measurements mentioned in § 6. 
It has to be born in mind that the velocity in the first part of the 

boundary layer cannot be found with sufficient accuracy. Starting from 
a vaIIey f.i. we might expect that the hot wire anemometer, which is at first 
more or less screened by the pyramids, will be influenced at higher values 
of y by the v- and w-components of the velocity. On the other hand, when 
we start from a "top", and call the distance y between the hot wire and 
the surface zero when the wire just touches the pyramids, as has been 
done before, we still have to take into account the flow between top and 
valley, which region of course was not accessible with the apparatus used 
by us. We have allowed ourselves to extrapolate the u-y-curve from top to 
vaIIey i.e. over the distance huntil the value u = 0 is reached at the base 
of a pyramid. The reg ion between top and valley accounts for about 4 % 
of the total defect of momentum, and therefore an estimation of the flow 
in this part of the boundary layer will not lead to important errors . 

• 
In th is way we found for the expression ~ = J u (V - u) dy when 

o 
starting from a valley: 3469000 cm3/sec 2 , and when starting from a top, 
taking the flow between top and valley into account, 3242000 cm3/sec2 

(as mentioned in § 6, V p was 2400 cm/sec). The difference between 
the two values is due to the region of high velocities (i.e. high values of 
y ), where the smaller sensibility of the hot wire anemometer leads to less 
accurate readings of the velocity than in the region of low air speed near 
the surface. 

The mean value of .i = 3346000 cm3/sec 2 gives tor the surface friction 
e 

on bath si des of the plate tag ether at V p = 2400 cm/sec, accoroing to 

farm. (10) with e = 80
1
00 and b = 50 cm: 

W=338~600~0 (I + 0.9 f3x) = 411 grammes 

when we suppose that the velocity distribution is the same for all heights. 
The surface friction as determined by weighing is, according to fig. 3, 

at V p = 2400 cm/sec: 454 grammes, which differs Iittle from the value 
deduced from the measurements on the velocity distribution in the 
boundary layer. 

It is of importance to cpmpare this value of W with that given by the 
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formula deduced from the measurements with plate I, taking x equal to 
198 cm and h = 0.15 cm. Form. (13) leads in this case to : 

8 = 4,13 cm 

hence form. (9) gives : 

r= i,ls3 (VI9S)2 = i.1: (1,066)2 V~ = 0.626 V~. 
and form . (10): 

W = 0.83 vg (Vo in m/sec). 

which leads to W = 478 gram at V o = 24 mJsec. The check must be 
considered fair. especially as it is not easy to determine h with sufficient 
accuracy. 

§ 8. Resistance deduced (rom total head loss in the wake. 

Moreover the resistance experienced by the model has been evaluated 
from the total head loss of the flow in the wake of the model. We suppose 
the flow to be stationary and will neglect the components of the velocity 
perpendicular to the direction of the undisturbed wind as the model is a 
long, thin board, mounted in the direction of the flow. Calling the statie 
pressure in a section of the tunnel in front of the model PA and the statie 
pressure in a section behind the model PB we get as the resultant of the 
pressure forces for a section of unit height : 

The change of momentum per unit time of the air passing the sections 
A and B is found from the total head loss. The mass of air entering A 

per unit time is J e~A dy; its momentum: J eu~ dy; the momentum 

of the air leaving B is : J eu~ dy. Consequently : 

W JpA+eu~)dg-.fpB+eu~)dg (17) 

By introducing the total head : H=p+teu2. (17) is reduced to : 

W J 6 H dg + JI/2 eu~ dg - JJ /2 eu~dg (18) 

The second and third members at the right hand side of (18) are nearly 
equal ; taken together they can be treated as a correction applied to the 
first term. They can he simplified when UA and UB are written as the 
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sum of the undisturbed velocity V and a disturbing velocity Ua' Ub; in 
this way the correction becomes : 

fl2 (! (V2 + 2ua V + u;) dy -fJ2 (! (V~ + 2Ub V + u~) dy= t 
. (19) 

= (! v.FUa - Ub) dy + 1/2 J(u: - U~) dy ~ 
The equation of continuity, applied to the region between A and B, 

proves that the first term at the right hand side of (19) is zero. Putting 
UA = V = constant which holds if the section A is taken far enough in 
front of the model and the flow is measured not too near to the honey 
comb, 11-. will be zero, and (18) is reduced to: 

w JL, H dy - 1/2 eJ~~ dy (20) 

where the integral is extended only over the region of turbulent motion 
in the wake. 

In evaluating the experimental data. the correction proved to be of the 
order of 10 % of the uncorrected value of W. On the other hand it was 
found that the va lues of H varied in a rather important and unsystematic 
manner at various heights above the tunnel bottom. On account of this 
it was considered superfluous to calculate the correction in a more 
refined manner. 

The section B was chosen 40 cm behind the trailing edge of the model. 
while the values of UA and HA were derived from a Pitot-tube put at 
42 cm behind the honey combo 20 cm above the bottom of the tunnel and 
52 cm from the front wall. The values in the section B were determined 
by means of a Pitot-tube which could be shifted perpendicularly to the 
plate. In order to observe the variations of 6. H with the height, H B was 
read at the following values of z: 12. 15. 17. 20. 30. 40. 44. 48. 52. 56. 
60. 63. 65 and 68 cm (measured from the tunnel bottom). in a direction 
perpendicular to the plate the Pitot-tube was set at the following va lues 
of y: 20. 22. 23. 24. 25. 26. 28. 30. 31. 32. 33. 34. 34Yl. 35. 35Yl. 36. 
36Yl. 37. 37Yl . 38. 38Yl. 39. 39Yl. 40. 40Yl. 41. 4IYl. 42. 42Yl. 43. 
43Yl. 44. 44Yl. 45. 45Yl. 46. 47. 48. 49. 50. 52. 54. 55. 56. 57. 58. 
60 cm (measured from the front wall). 

During these experiments the model was fixed by means of thin steel 
wires. in the same way as during the measurements with the ba la nee. On 
account of the dimensions of the tunnel and of the position of the section 
B. the distance X had to be reduced to 129 cm; the distance from the 
model to the vertical front wall was 41.5 cm. measured from half way 
the thickness of the board. 

While reading H B the velocity of the air in the tunnel as indicated by 
Pitot-tube A. was kept constant at Vp = 2400 cm/sec. At every position 
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of BlO readings were taken of the differences of the statie pressures 
and of those of the dynamie pressures (p + Y2 e V2) on A and B, at 
intervals of 5 seconds. A third manometer connected to A aIIowed the 
determination of the velocity V p' When the pressures in a certain position 
had been observed, the Pitot-tuhe B was shifted to the next position and 
again 10 readings were taken; etc. During the readings at a constant 
value of z the fan of the wind tunnel was kept in action ; it had to he 
stopped when z was modified. 

The values of 6. H were plotted as function of y for every value of z ; 
the areas of the curves obtained in this way were determined by means 
of a planimeter. In first approximation the area I of each of them represents 
the resistance of the model per cm height at the particular value of z at 
which 6.H has been determined. Then the correction 

C fte Ub
2 dy 

was deduced from 6.H and 6.p for the same values of z. Taking this 
correction into account, so that }eorr. = I-C, the area of the curve for I eorr. 
as a function of z gives the resistance of the whole model. The results are 
coIIected in tahle IX (J being expressed in mm water X cm, i.e. in 
kg/m2 X cm). 

TABLE IX. Total head 1055 in the wake of waf He plate 11. 

z cm 112115 117 I 20 I 30 I 40 I H I 48 I 52 I 56 I 60 I 63 I 65 68 

I 
J mm.cm 18.3 104.7 116.2 111.6 138.9 145.0 132.5 129.8 127.9 107.4 91.4 98.8 97.6 12.3 

Correction ? 6.6 8.8 7.9 12.3 14.0 11.2 10.7 10.6 7.8 5.7 6.3 4.8 ? 

J corr. 18.3/98.1 107.4 103.7 126.6 131.0 121.3 119.1 117.3 99.6 85.7 91.5 92.8 12.3 

Integrating the value of Ieorr. with respect to z, we find : 

W . freo ... dz = 561,5 grammes. 

Taking into account the suction at the trailing edge, the value of. whieh 
is 120 grammes for V p = 2400 cm/sec, the surface friction on both sides 
of the model wiII be 441.5 grammes. 

Notwithstanding the uncertainty in the determination of the resistance 
from the total head loss, the agreement between the resistance found in 
this way and that deduced from other methods seems to he fair. 

§ 9. Summary. 

From measurements of the distribution of the velocity in the houndary 

layer the value of the exponent n in the relation u = V ( ~ ) n has heen 

34 
Proceeding5 Royal Acad. Amsterdam Vol. XXXI. 
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deduced. This exponent proves to be independent of the velocity V and 
seems to be determined entirely by geometrical relations. The results 
provisionally lead to the conclusion that n approaches to the limit of 0.25 
for increasing values of 15. 

The value of the thickness of the boundary layer 15 deduced from the 
experiments has been compared with the relations found in § 2 for the 
fully developed turbulent state of motion along rough surfaces. As may 
be expected from the formulae , 15 does not dep end on V and is determined 
entirely by x , by the height h of the pyramids on the surface, and by a 
numerical factor. This factor, which also occurs in the formula for the 
resistance, is connected with the shape and the arrangement of the pyramids 
on the surface. It may be expected that the relations for 15, for the 
shearing stresses near the surface and for the resistance coefficient deduced 
from our measurements, will hold for a series of rough surfaces similar to 
those investigated. The experimental materiaI. however, is not sufficient to 
decide whether this supposition is of general validity. 

The surface friction of both sides of plate 11, as weighed on the balance, 
is in agreement with the resistance as determined from the total head loss 
in the wake by means of a Pitot-tube ; the surface friction deduced fr om 
the loss of momentum in the boundary layer (determined with a hot wire 
anemometer) leads to the same value. The measurements with the balance 
lead to the formula : 

W=O,77V~ (Va in m/sec), 

while form. (10) deduced from the measurements performed at plate I, 
inserting {3 = 0.000337, gives : 

W - O,83V~. 

The results of the determinations of the surface friction of both sides 
together according to several methods may be summarized as follows (the 
length of the board being 198 cm, its breadth 50 cm and the velocity 
V o = 2400 cm/ sec) : 

Plate 11, from measurements with the balance . 
from total head loss in the wake . 
from loss of momentum in the boundary layer . 
from form. (8), x = 198, h=0.15 cm, {3 = 0.000337 . 

454 gr. 
441 gr. 
444 gr. 
478 gr. 



Mathematics. - On the Motion of a Plane Pixed System with Two 
Degrees of Preedom. (Second Communication I)). By Prof. W. 
VAN DER WOUDE. 

(Communicated at the meeting of March 31. 1928). 

§ 1. By the motion of a fixed system we always understand. at least 
in purely kinematica I considerations. the motion of two fixed systems 
relative to each other; already in the usual indication of the problem 
we notice the peculiar lack of symmetry that strikes us in the further 
treatment 2). In the simplest case. where this motion depends on one 
parameter. this lack is very little troublesome ; it seems to me that 
already in the next case - the motion depending on two parameters
it is certainly worth while to pass on to a more symmetrical repre~ 

sentation. 
As in this case we choose a system ofaxes that is not nxed to either 

of the systems. the formulas are in the beginning slightly more com~ 
plicated than in the usual methad ; this disadvantage disappears. however. 
as soon as we give this system ofaxes the movement that is prescribed 
by the problem so that the symmetry remains intact. 

The followed methad is briefly this: With the exception of a few 
special cases (§ 3) there always exists a dennite line d. that is not fixed 
to either of the systems and that is the locus of the possible poles of 
rota ti on; this line may be chosen as the X~axis of a system ofaxes. 
It is then obvious that a definite point must be chosen as origin. In this 
way the formulas for the motion have become sa simple that the known 
conclusions may be read at once. 

Por the sake of a more outward consequence the usual expressions 
"fixed" and "movable system" have been replaced by "the systems 
XI and X 2". 

§ 2. Let OXY be a rectangular system ofaxes ; the coordinates (x. y) 
of any point always relate to this system; whenever th ere is question 
of the components of a vector we always mean the projections of this 

I) The earlier communication (these Proceedings, Vol. 29. p . 652) gives a list of literature. 

I received for perusal an article on thls subject of Dr. H. J. E. BETH. which will appear 
in the next number of the Nieuw Archief voor Wiskunde (2e reeks, deel XV, vierde stuk). 
The method of Dr. BETH, however, Is entirely different from mine. Dr. BETH has always 
treated also the non holonomous cases; I restrict myself in this paper to the holonomous 
cases, although an extension would not be difficult. 

2) Except in a few chapters of : 
R. BRICARD. Leçons de Cinématique. Tome I. Paris, Gauthier-Villars ; 1926. 

34* 
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vector on this system. Let further I 1 and I 2 be two plane fixed systems 
the motion of which relative to each other depends on two parameters u 
and v; we shall assume that the motion of both relative to OXY also 
depends on u and v, that, however, it is possible that the motion of 
one, e.g. of I I' depends on one parameter, e.g. of u, but that in this 
case the motion of I 2 relative to OXY depends either on both u and v 
or on v only. 

Por convenience' sake th ere follows here first a summary of the 
formulas that express the displacements occurring in this motion. The 
elementary displacement relative to OXY of a point (x, y) that is fixed 
to Ii (i = 1, 2) is defined by 

éJx = (';\i) - W\i) y) du + (.;~) - w~) y) dv ~ 

éJy = ('r]\il + W\i) x) du + ('r]~) + w~) x) dv \ . 
(1) 

Here 
';\i) , .;~) , 'r]\i) , 'r]~) , w\i), w~) 

have the weIl known signification; between these quantities exist the 
relations 1) 

OW\i) ow~) 

ov -Öu-

~w ~w ! -' - _2 = 'r](i) w(i) - 'r](i) w(i) ov ou 2 I I 2 

o (i) 0 (i) 

~ _ _ 'YJ~ = _ ';(i) W(i)+';(i)W(i) 
Ov ou 2 I I 2 

In the same way the elementary displacement relative to I I of a 
point (x, y) that is fixed to I 2 is given by 

éJx= (';1 - WI y) du + (';2 - W 2 y) dv ~ (3) 
éJy = ('r]I + WI x) du + ('YJ2 + W2 x) dv ~ , 

WI and W2 are the rotations of I 2 in its motion relative to II; Çl is 
the projection on OX of the vector that expresses the velocity relative 
to Il of the point (0,0) fixed to I 2• If we consider (x, y) as a point 
that is fixed to Il and if in (3) we replace ';1 by -';1 etc. the dis~ 
placement relative to I 2 of a point fixed to II is expressed by these 
equations. 

In this case it follows from (1) and (3) that 

Çl = ç\2) - ~I); Ç2 = ç~) - Çli); .'r]1 = 'r]\2) - 'r]:; 'r]2 = 'r]~ - 17~11 ~ (4) 

WI = wf) - W\I); W2 = w~) - w~l) ~ 

I) Cf. e.g. G. DARBOUX: Théorie des Surfaces I. p. 67. 71 (Ga ut hier-Villars, Paris), 
or L. P. ElSENHART: A Treatise on Differential Geometry, p. 168, 170 (Ginn and Co., 
Boston, New Vork, London). Dur formulas (2) however are only identical with the cited 

ones when we replace ~~i) by _~~i) etc. as l.c. always the inverse motion, the motion of 

OXY relative to LI' is considered. 
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The equations (2,') do not hold good for ~I •••• W2' (2") remains valid ; 
we can see th is by filling in i= 1 and i=2 in (2~) and by subtracting 
the two equations from each other. It appears that 

(5) 

§ 3. We start from (3) and we consider. therefore. the motion of ~ 2 

relative to ~ I' We shall call the possible movements depending on two 
parameters the system [91F]. 

The locus of the poles is found from: 

()x= ()y = 0 

and has. therefore. as equation 

11 ~: +:: ~ 
or 

(~I W2 - ~2 w I ) x + (171 W2 - 172 wd y + ~I 172 - ~2 171 = 0 

If for the moment we exclude the cases where 

WI =W2=0 
or 

11 

~1171 WI 11 =0. 
~2 172 w 2 

(6) represents a straight line d. 
It is evident that 

WI =W2=0 

means that [9112] contains only translations and that 

11 !:~::: 11 = 0 

indicates that the system [91F] depends on 'one parameter only. 
In the future we shall always exclude these cases. 

§ 4. We shall now make the condition that d coincide with OX; 
for this it is necessary and sufficient that 

~I =~2=0 

Por the sake of a further simplification we first remark that owing 
to (5) we can introduce a new variabie (J through 

2 d (J = WI du + W2 dv (7a
) 

1 
We denote an integrating factor of 171 du + 1]2 dv by 2H(u. v) so that 

we can put 
2 H dl = 171 du + 172 dv . . . 



522 

We shall further introduce in H the variables 0 and r defined through 
(7a ) and (7b) but for a constant. in stead of u and v. 

The displacement relative to IJ of a point (x. y) of I 2 is .now ex~ 
pressed by 

äx= -2 Y dO ( 

(jy = 2 H dr + 2 x dO ~ 
. (I) 

It is evident that dO = 0 means a translation and d-r; = 0 a rotation 
round the origin; also that 0 is twice the angle between two lines one 
of which is fixed to IJ and the other to I 2 and that 1: may be replaced 
by any function of r without the form of (I) changing. 

We shall now represent the displacement relative to OXY of a point 
(x y) that is fixed to IJ by 

(Jx= (UI - QI y) dr + [U2 - (Q2 - 1) y] dO ~ 

(jy = (VI-H+QIX) dr+ [V2+ (Q2-1) x] dO ~. 
(8) 

accordingly for the displacement relative to OXY of a point of I 2 

we have 

()x= (UI - QI y) dr + [U2 - (Q2 + 1) y] dO ( 

(jy = (VI+H+Qlx) dr+[V2+[Q2+ 1) x] dO f (9) 

From (8) as weIl as from (9) there follow relations (see 2~ and 2') 
between U I' U 2. VI' V 2. QI' Q2 and H; through addition and sub~ 
traction these are simplified to 

àQI àQ2 
àO àr 

VI + HQ2=O 

àH 
àO= UI 

~UI_à~=V2Q -V Q-H 
àO àr 1 1 2 

à VI _ à'0 - U Q2 U Q 
àO àr - 1 - 2 1 

§ 5. Let a definite displacement out of [W12] be defined by 

dB _ À' 
dr - • 

. (10) 

if (x. 0) is the pole of rotation for the motion of II and I 2 relative 
to each other. we have 

H+Àx=O 

Now in the system II d turns about the point (x'. 0) for which in (9) 

(jy = 0 

hence about the point that is defined by 

VI - H + QI x' + À [V2 + (Q2 - 1) x'] = 0 ; 

in the system I 2 d turns about the point (x". 0) that is defined by 

VI + H + QI x" + À [V2 + (Q2 + 1) x"] = O. 
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The former two points coincide when 

. . (11) 

if this is the case (x, 0) and (x",O) also coincide as might be expected. 
Through (11) two points are defined - at least if QI ± 0 -; we can 
call them the stationary po/es of rotation (for the given position). Por 
the moment we shall further put 

In the future we shall always choose the middle between these 
stationary poles of rotation as origin of our system of coordinates of 
which so far we had defined the X~axis, not the origin. Now we have 
always 

V 1 - HQ2=0. 

In connection with one of the formulas (10) it follows from this th at 

V 1 =Q2=0. 

It is impossible that H is identically equal to zero as in th is case the 
motion of ~ 1 and ~ 2 relative to each other would only have one 
degree of freedom. 

The formulas (8), (9). and (10) are now greatly simplified. We have 
already found 

further in (10) 

O~-O 
08 -

hence QI is a function of "l only. Accordingly we can again denote 
I QI dl by a new variabIe ; if this is again called "l we have - cf. (10) -

SUMMARISING. The displacement relative to 2'1 of a point of ~ 2' 

hence any displacement out of [WP] , is expressed by 

bx= -2 yd 8 ( 
by = 2 H d"l + 2 xd 8 ~ , 

. (I) 

the displacement relative to OXY of a point of ~ 1 by 

(oH ) (OV2 
) ! bx = 08 - Y d"l + -a-;- + y d8; 

by= (- H+ x) dl + (V2 -x) d8 

. (11) 
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the displacement relative to OXY of a point of I 2 by 

( oH ) . (0 V 2 
) l dx= Of} - y dl+ ~- y dO 

dy = (H + x) dl + (V2 + x) dO 

(lIl) 

Between the functions H (l. 0) and V 2 (l. 0) th ere only exists the 
relation 

§ 6. Simple Results. Let any displacement be given by 

dO 
dl =l. 

(IV) 

The pole of rotation for the displacement of I [ and I 2 relative to 

each other is the point P ( - ~. 0); in the plane I[ d turns round 

the point Q[ (Hl li2
, 0) for which 

dy=O; 

in I2 d turns round Q2 (-~-~/lV2. o} 
In any position there exists a projective correspondence between P 

and Q[ and also between Pand Q2 I). 
Special cases: 
1. The three points coincide in the stationary poles of rotation. 
2. If 0 is the pole of rotation V 2 and - V 2 are the abscissae of Q[ 

and Q2. 
3. IE I[ and I 2 have a translation relative to each other (P lies at 

infinity; l = 0); d turns round Q[ (H.o) in I[. round (-H.o) in I 2• 

4. If a has a translation in I [. (-H.o) is the pole of rotation ; if d 
has a translation in I 2• (H.o) is the pole of rotation. 

o is always the middle between the found pairs of points. 
The motion of d in I [ depends on one parameter only in the case 

that 
-H+ V 2 =0 

for then in (11) 
dy=O 

for any point (x = 0) if the displacement is defined by 

dl-dO=O; 

I) Cf. BETH l.c. who derives a complete classification of the movements wlth two para
meters, Inc1uding the Iion-holonomous ones, Erom the projectlve relations between p, Q l and Q2. 



525 

in this case all points of d move on d and d is a fixed line in ~ I. For 
any other displacement d turns in ~I about the point (H.o) . 

But on the same condition the motion of d in 22 depends on only 
one parameter; the displacement defined by 

dl + d8=O 

leaves d at rest in ~ 2; Eor any other dis placement it turns about the 
point (-H. 0). This gives the 

THEOREM OF KOENIGS. If the displacement of d in "II depends on 
only one parameter. this is also the case' with the motion of d in ~ 2. 

The displacements that leave d at rest in ~ \ and those that leave it at 
rest in 22' are different. 

A second interesting special case is the following one. Suppose 

V 2 =O. 

In this case the two stationary poles of rotation coincide in 0; they 
correspond to the displacement for which 

dl=O. 

In order to examine the displacement of 0 re1ative to 2\ and 22 we 
have only to calculate bx and by in (11) and (111) for 0 (0. 0) and to 
replace them by their opposites. Then eVidently 

bx=by=O. 

The o[1gm is accordingly at rest in 2 1 and 22. in other words: 
If V 2 is identically equal to zero the system of moveme'!ts [9]12] of 

the systems ~ \ and 22 relative to each other contains a finite rotation 
about a point that is fixed to ~I and to 22. 

This leads to the problem: when does the system [9]F] contain finite 
rotations about a point that is fixed to ~ 1 and to 22? 

The pole of rotation must be fixed in 2 1 and 2?: d always passes 
through the pole. hence d turns about the same point in ~ \ and ~ 2. 

which point is accordingly one of the stationary pol es of rotation. The 
problem is therefore: is it possible that for the finite movement defined by 

V H dl + V'V;d8=O 

the pole of rotation (± ~/ H V 2 • 0) is fixed to 21. The vector of the 
displacement of a point (x. y) relative to ~ \ is given by the components 

dx - bx. dy - by wh en bx and by are taken Erom (11) and if for ~~ 
(± V HV2• 0) is substituted. 

It is tberefore necessary that for one of the points (± V H V 2• 0) 

dx-bx=O 
or 
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If Hand V 2 satisfy this equation besides (IV), [9.J12] contains a 
{inite rotation about a {ixed point. 

As might be expected this equation is always satisfied if V 2 = O. 
Does the system [9.J12] contain {inite rectilinear translations ? The trans~ 

lation is always parallel to d (cf. (I)); however we have se en that d 
turns about a point at finite di stance in ~ I as weIl as in ~ 2 and, accord~ 
ingly, has neither a fixed direction in ~ I nor in ~ 2' A finite rectilinear 
translation can, therefore, only be expected in the case that we have 
exc1uded until now ; in that case it is in fact contained in [9.JF] (cf. §§ 5. 
7; QI = 0). 

§ 7. We shall now briefly discuss the case that has so far been 
exc1uded where (cf. § 5) 

QI=O 

If we suppose in the first place 

VI - Q1 H::f 0 . 

it appears from (II) § 5 that: 

(a) 

there is only one stationary pole of rotation (or the other one iies at 
infinity). 

If we choose this stationary pole of rotation (not at infinity) as origin 
we have: 

V 2 =0. 

It appear~ further from (10) that Q2 is a function of 8 only and Q2H2 

of r only. hence 

H- <p(r) 
-V'Q; 

We shall introduce I <p (r) dr as new variabIe ; if we call this variabIe 
again r the form of (I) does not change and H is a function of f) only. 
Further 

Any displacement re1ative to II of a point of ~ 2 is still expressed by 

bx= - 2 y d8 I 
by = 2 H (8) dr + 2 xd8 \ . 

the displacement re1ative to OXY of a point of II by 

bx = ~: dr + [ U 2 - (~2 - I ) yJ d8 ~ 

by=- (~+H) dr + (~2-1) xd8 f 

(I) 

(11) 
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the displacement relative to OXY of a point of 2: 2 by 

(5 x = ~~ dr + [U2 - ( ~2 + 1) y J dO ~ 

i5y = - ( ~- H ) dr + ( ~2 + 1 ) x dO ~. 
Between the functions U 2 and H there exists the relation 

(111) 

This proves: if always (i. e. for any pair of va lues of u and v) 
QI = 0, the system [9J12] contains a rectilinear finite translation of 2:1 

and 2: 2 relative to each other. corresponding to dO = O. If besides 
H = ± 1 the motion of d in 2: I as weil as in 2: 2 depends on one 

parameter only. 
There remain the possibilities 

QI = O. VI - Q2 H = O. V 2 ~ 0 (f3) 

d does not contain any stationary pole of rotation. 

(y) 

Any point of d is a stationary pole of rotation. 
If. accordingly. QI' VI - Q2 H a~d V 2 are always equal to zero, about 

any point of d a fini te rotation is possible. Iintend to come back to 
this remarkable case in a later short paper. 

In the following discussion of the quantities of the second order this 
case QI = 0 is again excluded. 

§ 8. The quantities of the second order. 
dO 

If we start from a given original position. for a given d~ the tangent 

to the path in II of any point of 2: 2 is defined (and inversely); the 
quantities of the second order. e.g. the radius of curvature of any point 

d 20 
in its path. are not defined before also dr2 is given. 

We shall now put 

~~-). 
dr- • 

and we shall only consider the system of infinitesimal displacements 
where ). is kept constant and ).' is variabIe. In other words. we choose 
movements from [9112] with a fixed pole of rotation' wh ere to any point 
a definite tangent to its pa th is al ready assigned. 

Por the present we assume that the movement of 2: 2 relative to II 
is given by the functions t 1]. w that depend on one parameter t (the 
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time) and that the movement of .2'1 relative to OXY is given by ~(J). '1](1). w(l) 

that also depend on t only. For the components of the ve1ocity~ and 
acceleration relative to .2'1 of a point (x. y) of .2' 2 we have 

Vx = ~ - wy. Vy = 'I] + wx. 

dvx d~ dw 
Ix = dt + w(l) Vy = dt + w(l) 'I] - ('1](1) + '1]) w - dt y - w2 

X. 

) =c!Y~ _ w(l) v =d'l] - W(l) ~ + (~(I) +~) w + ~9!. x- w 2 y 
y dt x dt dt 

The radius of curvature of a point (x. y) of .2'2 in its path in .2'1 is 
given by 

PROOF. If we use fixed axes we have 

1 _ (x' y" - y' X")2 
If - (X'2 + y'2)3 

1 . 
i.e. R2 IS equal to the square of the vector product of the velocity and 

the acce1eration divided by the sixth power of the velocity. That is 
exactly what the above mentioned formula expresses. 

In the same way it appears that the center of curvature in the path 
of M (x. y) is the point 

l1-(x- V
y 

V2. y+ V x V2) 
Vxly - Vylx Vxly - Vylx 

We now pass on to the case in question by the following substitu~ 

tions (cf. the formulas (I) and (II). § 5) 

~ = O. 'I] = 2 H. w = 2 À. 

~(1)= ~1+ À. O~2, '1](1) = - H + À.V2• w(l)= 1 - À.. 

d 0 0 
dt= Ot" + À. Ofl 

These entirely determine the elements of the second order. 

§ 9. As a first example we shall determine the system of inflexional 
circ1es for these displacements. 

First we find 

V x =-2À.y; V y=2H+2À.x 

Ix = 2 H - 2 À.2V2 - -4 À.2 - 2 À.'y 

Iy = 2 °O~ + -4 À. ~~ + 2 À.2 0 ~2 - -4 À.2y + 2 À.' x. 



529 

The equation of the inflexional circle, i.e. the locus of the points where 
the curve has an infinite radius of curvature, runs: 

or 

2 .1.3 (x2 + y2) - (). H + 2 ).2 H - ).3 V 2) x -

- ().aa~ + 2).2~; +).3 a~2 -).'H) y - H(H-).2 V2) =0. 

As ). is a c..)nstant, i a variabIe parameter, this gives: 
For all displacements about the same pole of rotation the inflexional 

circles form a pencil; the base points lie on d; one of them is the po Ie 

of rotation, the other a point H ( H ~~2 V 2
, 0)- In all these displace-

ments H describes a point of inflexion. 
We found above: if f1.. (~, '/}) is the center of curvature of M (x, y) 

we have 

~=x--_YJl_- V2, '/}= y+ V
x

/ y ~ V y/
x 

V2. 
Vx}y - Jx V y 

·We substitute the values indicated for V x, V y, Jx and Jy but at the same 

time, in order to simplify the formulas, we choose the pole (- ~, 0 ) 

of the movement as new origin, i.e. we put 

- H 
x=x+T' y=y 

- H - V 
ç=~--=x- Y V2, '/}='/}. 

). VxJy - V y Ix 

Thus we find 

~ = (2 B x + 2 Cg - ).' H"iJ) x , 
8 ).3 (x2 + y2) + 2 B x + 2 Cy - ).' Hy 

_ (2 Bx+ 2 Cg-X Hg) g 
'/} - 8).3 (x2 + "iJ2) + 2 B~-+ 2 Cy - ).' Hy 

Here Band Care functions of )., land f), i.e. in all the considered 
elementary displacements - where the initial position and the value 

af) ). = a~ have been chosen - they have the same values; ).' is a para-

meter that assumes any value. 
If for the moment we choose also l' constant, any point M has a 

definite center of curvature f1..; in this case the aforesaid formulas express 
a weil known quadratic correspondence bet ween Mand f1..; it is especially 
interesting that in the inverse movement M is the center of curvature 
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of ft . Analytically this means that x and y are expressed in f and ~ 
through similar formulas. 

The eorrespondenee is quadratieally involutory; to any line 1 described 
by M (or ft). there corresponds a eonic as locus of ft (or M). The 
latter is sometimes called the con ie of RIVALS. associated to l. 

If now again we eonsider ,t' as a parameter. it is at onee evident 1) 
that: 

The conics of RIVALS that in the different displacements about the 
same pole of rotation eorrespond to the same line. form a peneil. The 
points of d - and these only - always have the same center of eurvature. 

1) H. J. E . BETH. I.c. 



Patbology. - On Anophelism without malaria in the vicinity of 
Amsterdam 1). (2nd communication. ) By N. H. SWELLENGREBEL, 
A. DE BUCK and E. SCHOUTE. (Prom the Institute for tropicaI 
hygiene, Department of the RoyaI CoIoniaI Institute at Amsterdam. ) 
(Communicated by Prof. W. SCHÜFFNER.) 

(Communicated at the meeting of April 28, 1928). 

In the vicinity of Amsterdam, including a "region I" where malaria occurs, 
and a "region 11" where it is absent or rare, we described 2) two types of 
A. maculipennis: a long one (i.e. a longwinged form, bodylength and 
leng th of wing showing a high degree of correlation) and a short one, 
the last named being characterized moreover by a greater number of 
maxillary teeth. As a general rule the long type occurs in reg ion 11, the 
short one in region I. The difference between the two cannot be accounted 
for by externaI conditions (e.g. the salinity of the breedingplaces) , because 
it persists after cultivation under exactly identical conditions. We therefore 
considered the two types as populations in which a short race or a long 
race dominate. We found no difference in their ability to act as a host for 
the para site of simple tertian. The long form showed less appetite for human 
blood under experimental conditions. The difference of behaviour during 
hibernation proved to be the most important. Among the long forms 
hibernation begins in September; it is a complete one, i.e. hardly any 
blood is taken and there occurs a wide-spread and intensive development of 
the fat body. In the short forms semihibernation is the rule: feeding 
continues during the greater part of the winter, provided the temperature 
is not too low, and there is little development of the fat body. This 
behaviour of the long-winged population prevents its taking part in the 
transmission of malaria during the winter. 

The necessity of proving the real existence of these differences by 
examining large numbers of mosquitoes and the fact th at the behaviour 
during hibernation had only been established provisionally, made a 
reexamination desirabie to check and extend our experienee. The ma in 
facts resulting from th is investigation are recorded here, for the details we 
rder to our extensive paper to be published later on. 

Our present investigation includes 46 stations where we measured 11122 2 and esta
blished the percentage of fema1es carrying blood, fat or eggs among 25065 2. Out of 
this material 4739 resp. 8945 2 came from the stations 4 (region I) and 29 (region 11). 

We have regularly examined the Anopheline population of these two stations for a period 
of over two years. If nothing el se could, this should con vin ce us of the reality of the 

I) Part of thls investigation was carried out with financial support from the malaria 
commission of the League of Nations. 

2) These Proceedings 30, p. 61. 
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The numbers indicate the stations. The upper dotted line approximately 
indieates the southern limit of the area of endemie-, the lower one th at of 
the area with sporadic malaria. The last one is the front ier between 
region I (North) and 11 (South) . 

I. The blaek sectors indieate the % (900 = 25 %) of Anophellnes with a wing Bbove 
134 ullits (1 unit = 41.7 ,u ). The half circles to the right represent stable-mosquitoes, 

those to the left mosquitoes from shelters. 

morphological ditference of their populations. The results for each station separately may 
be gathered from the maps land 11; our general results are as follows ; 

Winter 1926-'27: Autumn 1927 ; , 

Stations in region 11 with pure! wing : 131 .4 ± 0.20; % fat : 58; 
10ngwinged population \ 

Id. in reg. I with pure short- i wing : 122.2 ± 0.14; " 
winged population \ 

7; wing: 119.2 ± 0.30; % fat: 7.5 

Ditference : 9.2 ± .0.25 

Stations, :-vith \ "shelters" wing: 129.2 ± 0.28 ; % fat: 45 ; wing : 129,6 ± 0.32 ; % fat 66.5 
segregatlon ) 

mainly in reg. 11,( "stables" ; 123.7 ±. 0.30 ; " ,, : 21 ; : 120.7 + 0.31; .... 21. 

Ditference : 5.5±0.41 Ditference : 8.9±O.42 
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Both periods: 

Station 4 (reg. I): 
wing : 121.5±0.27;% fat : 6.5; max. teeth: 17.9±0.05; 

Station 29 (reg. 11) : 
wing: 130.8 ± 0.27; 

Difference : 9.3 ± 0.39 

,,:79. 17.1±0.06 ; 

Difference ; 0.8 ± 0.08 

N.B. "Wing" = leng th of wing in units of 41.7 ~ 
"max. teeth" = number of maxillary teeth . 

MAP 11 
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11. Like map I but the sectors (900 = 500/0) indicate the fat Anophelines. 

The measurement of Anophelines bred from lar'lae which had been cultivated under 
exactly identical conditions and only differed in the place the eggs came from (either region I 
or region 11) confirmed last year's experience that the difference between the mosquitoes 
from these regions cannot be explained by external conditions. The result of the measure
ment of 514 2 and 398 d' from reg ion 11, 476 2 and 500 d' from region I is as follows : 

reg ion 11, wing 2: 111.8 ± 0.32; wing d' : 102.5 ± 0.41 ; max. teeth: 16.7 ± 0.04 

reg ion I. " : 108.8±0.43; " . 93A±0.31; 17.7±0.05 

Difference : 3.0 ± 0.54 9.1 ± 0.51 

Proceedings Roal Acad. Amsterdam Vol. XXXI. 

1.0 ± 0.07 

35 
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These results seem to confirm last year's. As a matter of fact there 
exists a notabIe difference. Our statement that the shortwinged race 
predominated in reg ion I can be maintained (apart from a few exceptions) 
Dut its counterpart: predominance of the longwinged race in region 11 
should not stand unmodified. For in this region a mixture of both races 
occurs almost everywhere 1). This is brought to evidence in a very marked 
way during the winter by the occurrence of a " segregation" of the 
Anopheline population in two distinct groups : One. living in stables, is 
almost or quite identical with the short-winged type of region I; it 
continues to ingest blood and does not grow fat: it shows semihibernation. 
The other occurs in "shelters" , i.e. uninhabited sheds, barns etc .. also 
garrets and other appartments in human habitations ; it is long-winged. 
fat 2) (at least during the first two months of hibernation ) and fasting. 
In most of the stations in region I th ere is no segregation and. consequently. 
very little difference between the mosquitoes from stables and shelters. 
both. as a rule. are short-winged. with little fat and taking blood under 
favourable conditions. In other words the short-winged population of 
region I is fairly pure. the long-winged one in region 11 is very mixed. 

This is also born out by the positive correlation between the leng th of the wing and 
the number of maxillary teeth, which we failed to establish last year. This has changed 
by chosing our material as unmixed as possible. The purest material we have : laboratory
bred mosquitoes from stat. 4 in reg ion I shows a correlation of + 0.445 ± 0.040. But 
similar mosquitoes from stat. 29 in reg. JI do not show a higher figure than + 0.150 ± 0.044. 
whereas among Anophelines caught in nature in various stations of reg ion JI the correlation 
practically disappears (+ 0.05 ± 0.03). Experimental or inc.dental mixing of long and 
short forms shows this (seeming) absence of correlation to be due to a gradual increase 
in the leng th of wing being accompanied at first by a corresponding rise in the number 
of teeth but afterwards by its decrease, an anomaly which can be eliminated by dividing 
the components of the mixed material according to their place of origin. This phenomenon 
is an important support of our view regarding the racial nature of our long and short 
types because. according to thls view. the phenomenon is easily explained as a conse
quence of the short type havlng B larger number of teeth than the long one, whereas 
rejection of this standpoint leaves no room but for a highly artificial explanation . 

Owing to the fact that the majority of win tering mosquitoes in region 11 
are to be found in the "shelters" (i.e. long-winged ones) the average 
length of the wing in many stations is a high one. Stations with "meclium-

1) Last year there were a great number of stations not showing segregation. with long. 
fat and fasting mosquitoes in the stables. But many of them have turned to segregation 
In the autumn of 1927. This is why there is a blank under the heading "pure long-winged 
mosquitoes (autumn of 1927)" in the summary on p . 532. Moreover the dlfference between 
the mosquitoes from stables and shelters has increased. 

2) There exists a fairly high positive correlatloll (0.42-0.52) between length of wing 
and fatness , among the mixed Anopheline population of the segregating stations. Among 
the pure population of reg ion I it is insignificant (0.09-0.13). On the whole we take it 
to be a false correlation, a consequence of the general fatness during hibernation num
bering among the racial characters of the long-winged type, but not of any direct correlative 
link between length of wing and fatness (as there exists e.g. between length of wing and 
number of maxillary teeth) . 



535 

sized" Anophelines (as we ca lied them last year) do no long er figure a;; 
harbouring a separate type of Anophelines but as segregating stations with 
a comparatively high number of stabIe mosquitoes (i.e. short ones). 
Consequently the distribution of the long- and short-winged type has 
changed very little indeed since the autumn of 1925-'26. But it has lost 

P 
11 

---- ~RENS VAN HET 1 
ENDEMISCHE MALARIA 

_. _ ~RENS VAN HET GEBIED 
SPORADISCHE 

MAP lIJ 

[7 
77 

OMGEVING VAN 

AMSTERDAM 
SCHAAl: 

lUl!! 

VERDEELlN~ VAN ANOPHELES 
NAAR : 

DE VLEU~ELLEN~TE 

~"'%BOVEN 134 (37°/0) 

~ %VAN 130-134 (30 %J 

~ 
11 

The sectors (900 = 25 0/ 0) indicate long-winged Anophelines, the white ones: 
wing of 130-134, black ones : wing above 134 units. The difference with 
map I is that in this case an average is established taking account of the 
mosquitoes in sta bles and shelters according to their numbers in each station. 
In this way the map can he compared with the one published in our 
!st communication. 

much of its value as an explanation of Anophelism without malaria, now 
we have become aware of the existence in region 11 of the short-winged 
type, which we must con si der as the rea I vector of malaria, at least 
in winter. 

There are two circumstances going a long way to help us out of this 
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difficulty. relating to A . maculipennis visiting hu man habitations and to 
local variations of its incidence. 

Region 11 does not belong to those areas with Anopheles but without 
malaria where the mosquito is limited to the stables and does no longer 
enter houses. On the contrary. it is quite common there. in spring and 
autumn even more so than in the houses of reg ion I. In summer it is less 
numerous in the houses of region 11 than of region I. but even then its 
relative incidence (compared to the numbers found in stables ) is higher 
in the first 1). A preliminary survey of the blood ingested by Anopheles 
in region land 11. by means of the çrecipitine-test. did not reveal · any 
marked difference between the two with regard to their appetite for human 
blood 2). 

But the behaviour of Anophelines of region 11 visiting houses in winter is 
different from that in region I. The former belong to the "shelter" 
mosquitoes. which carry on a complete hibernation (long-winged. fat. no 
blood); whereas the latter show semihibernation (short-winged. with 
little fat . blood) . 

Consequent~y the behaviour of the house-visiting mosquitoes in region I 
favours malarial infection in winter. whereas in reg ion 11 it does not. 
whether there is segregation or not. 

The preceding explanation does not account for malarial infection in 
summer. Even if the long-winged race should prove to be of little importance 
in th is respect 3) the presence of the short-winged race in reg ion I can 
no longer be neglected. The local incidence of Anopheles. as shown in 
map IV. materially lessens th is difficulty. because it is comparatively low 
in reg ion II. The exceptions (e.g. stat. 52a. 52b. 58. 72) which would cause 
much trouble. if we wished to use the differences in the density of the 
Anopheline population as the sole and only explanation for the absence 
of malaria. do not raise any difficulty. For. although the Anophelines 
are numerous. they mainly belong to the long-winged type. This shows that 
the racial factor should not be neglected. 

1) In spring and autumn 14-i8 per house in reg ion 11. 12-18 in region I. In summer 
per house. against 129 per stabie in region 11, and 5 against 1066 (I : 213) in region I. 
2) In the region without malaria i8 % of house-mosquitoes contained human blood 

against 1 i % in the malarious region. But this requires confirmation by a more extensive 
investigation. 

3) We are not nearly so sure about th is as we are in the case of winter infection. 
Still the supposition is supported by the result of our feeding experiments with human 
blood which we have been carrying on for a period of 296 days with an average daily 
number of 80 « from station i and i7 « from stat. 29 in cages of iS X 30 >< 50 cm3. 

Ouring all th is time the long-winged type showed less appetite · and in summer it suffered 
of a considerably higher mortality than the short-winged type. We do not wish to explain 
this diffen'nce by assuming a special "misanthropy" of the former but simply by its being 
eVidently less able to stand confinement. This i~ of sufficient importance because the con
ditions required for A. maculipennis to act as an efficient malarial vector (as determined 
by JAMES Brit. med. frl., Aug . 27, 1927), really amount to a close confinement like th at 
in our cages. 
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There is the less cause for such a neglect as we have reason to believe 
th at the Iow Anopheline incidence in region I is itself dependent on the 
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The circles. by the length of their radius. indi at~ the largest number of 
Anophelines found in each station per stabie (black) and per shelter (white). 
in Sept. -Oct. 1927. The circles are lying one on the ot her. the smaller 
one uppermost. When of equal diameter. two half circles take their place. 
The two striped circles indicate catch es in July. 

N .B. In reg ion 11 the white circles indicate long-winged Anophelines. the 
biack circles usually short-winged ones. In reg ion I both circles Indicate 
short-winged mosquitoes (save for a few exceptions). 

raCÎéil difference. by means of the larval incidence of the breedingplaces. 
which corresponds c10sely to the mosquito-incidence in its local variations, 
being low in reg ion 11 and high in reg ion I. 

The low larval incidence in reg ion 11 could not be explained by a genera) inferiority 
of its breedingp)aces. The farthest our observations allowed us to g'o was to assume an 
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inhibition of the larval development in these breedingplaces affecting the shortwinged race 
inhabiting reg ion 11, as a consequence of the fresh water ; our experience distinctly pointing 
to the favourable influence a certain degree of salinity exercices on these larvae In region I. 
A comparison of the food of the larvae in regions land 11 revealed the former as less 
selective in the choice of their food ; in summer they were not so much restricted to the 
use of green algae and flagellates I) as the latter, a circumstance which should affect their 
chances of survival and, consequently, the multitude of the race to which they belong. 

There remains a notabIe difference between the regions land II which 
we should not neglect although, for the moment, we cannot yet es ti mate 
its proper value, viz. the number of pigs, an animal of especial interest 
because the precipitine tests had shown it to provide more blood than any 
other. The distribution of pigs seems to open the perspective of a possible 
explanation of the absence of malaria in the frontier-stations of region 11, 
with a numerous short-winged Anopheline population (e.g. No. 39, 46, 50). 

MAP V 

OMGEVING VAN 

AMSTERDAM 
SCHAAL: 

V ERDEELI NG VAN DE VARKENS 
DE ZWARTE SECTOREN eEVEN HET 
AANTAL PER 1000 INWONERS AAN 

SECTOR VAN 90·. S00 VARKENS 

ZWARTE CIRKEL. 2000 VARKENS 
or HEER 

The black sectors (900 = 500 pigs) indicate the numbers of pigs per 1000 
inhabitants in each municipality. The numbers show the situation of the 
stations mentioned in the maps I-IV. 

I) In accordance with VAN THIEL (Bull. Soc. path. exot. 1927. XX. 366) whose inter
pretation is somewhat different from ours. 
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A numerous porcine population might affect the local incidence of adult 1) Anophelines 
by distributing the same number of adults over a greater number of stables. A comparison 
of the maps IV and V shows that the districts with a numerous porcine population are 
by no means conf1ned to reg ion II (North eastern portion of the province of N. Holland) 
but that there is a bet ter agreement in the south. 

Our last year' s conclusion, explaining the absence of malaria in reg ion 11 
by the biological characteristics of our long-winged race which represents 
A. maculipennis in that region, is confirmed in so far as our present 
investigation supports the view that this race really exists and that its 
behaviour diminishes its importance as a malarial vector. But the 
phenomenon of segregation has shown us that the short-winged race likewise 
exists in reg ion 11. Still the investigation of the racial factor, although 
unable to explain, unaided, the Anophelism without malaria, has helped us 
to estimate at their proper value the local incidence of Anophelines (in 
general and in human habitations) and - provisionally - of pigs, as 
ancillary expÎanatory factors. 

1) The larval incidence could not, of course, he inlluenced in this way . 
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