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Chemistry. — “Investigations in the Field of Silicate-Chemistry. 
IV. Some data on the Meta- and Ortho-Silicates of the bivalent 

Metals: Beryllium, Magnesium, Calcium, Strontium, Barium, 

Zinc, Cadmium, and Manganese.” By Prof. Janerr and 

Dr. Van KLooster. 

(Communicated in the meeting of Nov. 27, 1915.) 

§ 1. In connection with the investigations into the erystallisation- 

phenomena of complex, molten silicate-magmas, as they were com- 

menced in this laboratory, but stopped for some time since August 

1914, — it was necessary for our purpose to study in the first 

place again the solidifying phenomena of the pure silicates of the 

alealine earths and of zine, cadmium, and manganese. 

The data about the melting- and solidifying-points and about 

several properties of the just named substances found in literature 

are rather discordant and often contradictory. As far as the silicates 

of calcium and magnesium are concerned, definite results can be 

said to have been obtained now in the very accurate investigations 

from the Geophysical Laboratory in Washington’). Some of the 

data obtained there are once more reviewed at the end of this note 

for the purpose of comparison with those established here. 

About the melting- and solidifying-points of the silicates of the 

other bivalent metals: Sr, Ba, Zn, Cd and Be, there has not yet been 

obtained any certainty, while about those of Mn, only a few, rather 

uncertain data are available. 

Indeed several investigations *) of these silicates have been published; 

but the experimental methods were in all those cases such, that no 

reliable results could be expected, as will appear clearly in the 

following pages. 

For without any exception, cooling-curves were always used in 

these determinations, which, — as has been already repeatedly 

proved, and is again stated here by us, — can never give any 

reliable result in the case of si/icates, not even in the most favour- 

able circumstances. Furthermore in not one of these cases sufficient 

attention was given to the preparation of completely pure products, 

nor to the complete chemical homogeneity of the molten substances; 

neither was a reducing atmosphere avoided with respect to the 

1) Arcen, Warre and WricHt, Amer. Journ. of Science 21, 89. (1906); ALLEN, 

Wricut and CLEMENT, ibid. 22, 385. (1906); A. L. Day and SHEPHERD, Amer. 

Journ. of Science 22, 265 (1906); ALLEN and Warre ibid, 27, 1. (1907); SuEp- 

HERD and RANKIN, ibid. 28, 293. (1909). 

*) SreiN, WALLACE, LEBEDEW, Zeits. f. anorg. Chem. 55, 63, 70. See the lite- 

rature given further-on. 



897 

presence of the silicate and the thermo-element. Finally in no case 

ihe infection of the used thermo-elements was controlled, neither 

were the obtained data reduced on the nitrogen-gasthermometer of 

Washington. A short review of the data given in literature will 

soon persuade the reader of the facts mentioned. 

§ 2. According to STEIN) a molten mass of the composition 

SrSiV, erystallises at 1287° C. He prepared the compound by melt- 

ing together the oxides, carbonates and hydroxides with silica in 

tubes of carbon, while in his measurements the porcelain protecting 

tube of the thermo-element was placed in most cases quite bare 

into the molten mass. As he mentions, the colour of his products 

was indeed more or less dark-gray, as a consequence of the admixed 

carbon. The specific gravity should be 3,89 or 3,91; no glass was 

obtained. According to Warracu®) however the solidifying-point of 

SrSi0, should be 1528° C.; he worked in an analogous way, and 

says, that the solidified substances were always greatly contaminated 

by admixed carbon, their colour being thus black or bluish-black. 

The crystallised product should be very analogous to calcium-meta- 

silicate: very strongly birefringent, obliquely or normally extinguishing 

monoclinic prisms. Evidently this analogy must be present between 

this compound and the pseudo-rwollastonite, the common solidifying- 

product of the molten calcium-metasilicate. The last modification 

being typically pseudo-hexagonal, the same should be the case with 

SrSiO,; however, this is nowhere mentioned by the author, and 

thus needs more detailed study. 

According to Straw BaSiO, erystallises at 1368° C.; the product 

should possess a specific gravity of 3.77, and also be obtained in 

the form of a glass with a specifie weight of 3.74. In this case also 

all experiments were made in carbon-tubes, and all solidifying-points 

were determined by means of coo/img-curves. 

According to LeBepew *) the solidifying-temperature is: 1488° C. ; 

the method used was the same. The product is according to this 

author monoclinic, and isomorphous with CaSvO,; but it is.not said 

with which modification of it. 
On the contrary Warrace finds 1490° C. for the solidifying-point, 

and in contrast to Stxrm’s experience, only a single crystalline 

modification, instead of two different ones. 

1) G. Srern, Zeits. f. Anorg. Chem 55. 159. 163. (1907). 

2) R. C. WALLACE, Zeits. f. Anorg. Chem., 63, 9. 10. 11. (1909). 

3) P. LeBepew, Zeits. f. Anorg. Chemie, 70, 501, 317 (1911). 

58* 
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A meltingpoint of 1494° C. for BaSiQ, is also given by Voroskov, 
Ann. Instit. Polyt. St. Petersburg, 15. 421. (1911). 

ZnSiO,, prepared by melting together ZnO and Si0, in poreelain 
crucibles, is said to erystallise at 1429° C.; the glass of this silicate 

should possess a greater specific weight (3,86) than the crystals (8,42). 

Finally Svein gives as solidifying-temperature of Sr,SiO,: 1598° C. ; 
the specifie gravity being 3,84, and for the glass: 3,57. In the same 

way Zn,Si0, would crystallise at 1484° C., and show a specific 

weight of 3,7. 

About Ba,SiO0, it is only mentioned, that products soiled by 
carbon were obtained; no data about melting-temperature or proper- 

ties are given. Data about beryllium-silicates: BeSiO, and Be, SiO, are 

only few: Srrin mentions, that the meltingpoint of BeS¢O, was too 

high, to be determined by means of tne thermo-element. Above 2000° C. 
the substance becomes a thin liquid; the specific gravity of the 

crystalline product is given as 2,35. Be,SiO, has evidently a very 

high meltingpoint, and erystallises readily; more detailed data are 

absent. 

On the silicates of manganese an investigation is published by 

DorrinckeL?); he mentions the compounds MnSiO, and Mn,Si0,, 

and says, that they melt under partial decomposition. However for 

MnO, the composition of the molten mass can only differ slightly 

from that of the pure compound. The temperatures are related. as 

follows: for MnSiO,: 1215° C., and for Mn,SiO,: about 1323° C. 

setween the two compounds there would be a eutectic point at 1185° C. 

If we now consider, that the data given for SSO, differ 242° C., 
for BaSiO, 122° C. from each other with different authors; that 

in no case the influence of the heating in an atmosphere of carbon- 

monoxide on these products and on the thermo-elements was inves- 

tigated, and that always the unreliable cooling-method was used in 

the study of these silicates, — then a renewed study of the phe- 

nomena here oceurring can hardly be said to be superfluous. Some , 

few data about these substances, although vet incomplete, may 

therefore be given already in the following pages. 

$ 3. The pure silicates were prepared by repeatedly: heating and 

melting together the purest, finely powdered quartz, and: chemically 

pure SrCO, and BaCO, in the calculated quantities. The employed 

SrCO, was free from barium-oxide, the BaCO, free from strontium- 

oxide. Both substances appeared to have no other’ impurity than an 

1) F. DoerincKer, Die Metallurgie, 8. 201. (1911). 
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insignificant trace of iron. The quartz was of American origin, and 

may be considered to be almost 100 °/, SvO,. 
The finely powdered and well mixed materials were several times 

heated in- the platinum-resistance-furnace in iridium-free platinum- 

crucibles, and then melted in the FLErcHer-furnace. 

Then they were ground and sieved, and these manipulations were 

repeated, as commonly, three or four times. Notwithstanding all 

care, an analysis of the products proved, that the composition again 

differed from the theoretical one. Thus the calculated quantity of 

carbonate or silica was added, and all mentioned manipulations were 

again repeated several times. If analysis showed the composition of 

the finely ground product not yet to be the true one, the deficient 

quantity of one of the components was again added, ete. If by at 

least two analyses it was proved, that the product showed the right 

composition, it was used for the final determinations. To study the 

influence of a slight excess of one of the components on the melting- 

point, we investigated also in some cases a not yet quite pure 

preparation. 

All. thus. prepared compounds of Ba, Sr, Be, Zn and Cd were 

stainlessly white, and beautifully crystallised; only in the preparing 

of the zinc-salts sometimes a slight bluish or pink tinge was observed, 

evidently caused by the introduction of a trace of platinum from the 

walls of the crucibles; in the case of the pink manganese-compounds 

a partial brown colouring appeared to be unavoidable in the repeated 

heatings. 

§ 4. Strontium-metasilicate. A preparation of SrSiO0,, whose 

analysis gave the following numbers : 

Observed : Calculated : 

SiO, 759°’, 37,70", 36,78°/, 
SrO 62,40°/,  62,35°/, 63,22°/, 

and which thus showed yet an excess of 0,87°/, Si0,, was first 

used for the meltingpoint-determinations. With thermo-element IL 

we found successively : 

16509 M.V., with a furnace-gradient of 30 M.V., per minute. 

16501 M.V., ,, 5, e joke hl (ee 
16495M.V., .,_,, : PAO MEV: LS 
16505 MV, .,, 5, : TOM Viel): 

mean.: 16502 M.V.. +7 M.V. (uncorr.). 

The. correction for this thermo-element at this temperature being 
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— 26 M.V., the melting-point can thus be fixed at 16476 M.V. + 7 M.V., 

this being: 1577,°5 + 0,5 C. on the nitrogen-gasthermometer. 

This compound erystallises perfectly, although perhaps not so 

extraordinarily rapidly as the barium-silicate. In cooling-experiments, 

where the molten mass was shaken continually by oscillations 

produced by repeatedly tapping and knocking the Marquarpt-tube, 

even with a gradient of 3°,5 or 5°C. per minute, the liquid could be 

undercooled down to 1239° C., a spontaneous crystallisation afterwards 

occurring, in which the temperature rose to 1339° C. because of the 

relatively great heat-effect. In another experiment undercooling was 

produced to about 1264°C. in this way, a rise of temperature there- 

upon being observed after crystallisation, up to 1547° C. Two refractive 

indices of the solidified substance were measured: n, = 1,595 

+ 0.001, and n, = 1,625 + 0,001. 

Now the preparation was improved by addition of the calculated 

amount of SrCUO,, the mixture repeatedly heated and melted, and 

again several times analysed. The data obtained were now: 

Observed : calculated : 

SiO, 36,4°/,  36.5°/, oe 436,789), 
SrO 63,6°/,  63,5°/, 63,22°/, 

The deviation’ from the theoretical composition is only about 

0,3°/,; the influence on the meltingpoint appeared to be without 

significance. 

In the usual way we now determined the melting-point of this 

beautifully crystallised, irreproachably white product; with the same 

element /// we found successively the following values for the 
E.M.F. of it at the meltingpoint: 

16515 M.V., with a furnace-gradient of 45 M.V, per minute. 

16496 MEV... nnen ‘ OMEN 

AGSOU MEV, SE 5 oy 00 EWG oe, 

Mean: 16504 M.V., +10 M.V. (uncorr.) a 

LE) 

», 

After correction (—-26M.V.), the true melting-temperature may 

thus be fixed at 16478 M.V. +10 M.V., this corresponding with: 

1578°C. +1°. An excess of 0,9°/, (weight proc.) of Si0, seems 

to cause a lowering of the meltingpoint of about 1° C. 

On cooling the molten mass it was observed, that with undercooling 

to about 12200 M.V. and with continual tapping of the crucible, 

every solidifying-temperature between 1306° and 1364° C. could be 
found. So e.g. we cooled in one of the experiments with a velocity 

of 4,°5 per minute: the result was an undercooling to 1225° C., and 
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erystallisation at 1364°C.; in a second experiment crystallisation 

occurred at 1306° C., after undercooling to 1222°C., with a gradient 

of 3,°5 C., per minute. Here also the cooling-curves did not give 

in any case a reliable temperature for the equilibrinm liquid = solid : 

all thus obtained data appeared to be 230° or 240° C. lower than 

the real temperature of equilibrium for the transition solid 2 liquid. 

These experiments and the analogous ones in the case of the Ba- 

silicate and other objects, must prove, that even mechanical stirring 

of the liquid during its cooling, e.g. by means of electro-magnetic 

stirrers, as proposed by some investigators, is not able to produce 

the reaching of equilibrium in the case of such silicate in a sufficient 

way. Even under those circumstances the cooling-method remains 

an unreliable one. 

Strontium-metasilicate erystallises on slow cooling of the molten 
mass in glittering, irregularly bounded, flat crystals. In most cases 

these are penetration-twins or again more complicated aggregations, 

which are also produced in more rapid cooling of the liquid. Often 

the boundaries of the different united crystals are irregular, sometimes 

however clearly rectilinear. Every crystal shows a fine twin-striation, 

parallel to the extinction-directions. Very probably the silicate is 

monoclinic. 

On the border of the field in con- 

vergent polarized light a single 

branch of an hyperbola is visible. 

The refractive index in the direction 

of the striation is about: 1.590; 

perpendicular to it: 1.620. Some- 

times also long flat needles were 

found, with oblique extinction. 

The angle of extinction is about 

18° with respect to the length- 

direction of the needle. The crystals 

are very strongly birefringent; by 
Fig. 1. Strontium- Metasilicate, : ; 4 

molten and solidified. means of the immersion-method two 

refractive-indiees were determined to be: », = 8.595 + 0.003, and 

n, = 1.624 + 3.003. The double refraction is about; 0.029 to 0.030 ; 

at another time we found: n, = 1.590 + 0.003, and n, = 1,620 + 

+ 0.003. 

The specifie gravity of the solidified product was pycnometrically 

determined in ortho-chlorotoluene to be: d4o = 3.652 at 25°.1 C. 

By quenching the molten substance, heated to 1687° C., in 

mercury or water, a beautiful colonrless, and almost perfectly 
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isotropous glass was obtained. However the substance will erystallise 

so easily, that also here some crystalline particles always appear 

to be present. The refractive index of the glass was: np = 1.618 + 

+ 0.002; in the immersion liquid used it produced a beautiful pink 

colour (monochrome-effect). At 25°.2 U. the glass possesses a specific 

weight of: d,.— 3.540; the specific volume thus being greater than 

that of the crystalline substance. On carefully heating the glass 

becomes gradually opaque under transformation into a microcrys- 

talline mass. 

§ 5. Barium-Metasilicate: basi, 

This compound was prepared in a quite analogous way as in the 

case of the strontium-salt. It may be remarked here, that the purest 

bariumsilicates of commerce, e.g. the product of KAHLBAUM, always 

contain an appreciable quantity of water (11 or 12°/,); if this is 
eliminated, the substance appears furthermore never to contain more 

than about 70°/, of BaO, i.e. about 1.8°/, less than corresponds 

with the theoretical composition. Often also some sodium is found 

as an impurity. 

The heated mixtures of the components were melted three times 

at 1650° C., ground, sieved and again melted. The thus obtained 

product, with refractive indices of about 1.666 to 1.669, was 

analysed. The numbers found are : 

Observed : Calculated : 

SiO, - 29,48 °/; 29,44 °/, 2812219 

BaO 10:50 fe 70,53 °/, (ee ftcha A 

In the case of this substance the meltingpoint was determined 

several times with the aid of thermo-element IV. The following 
values were found : 

16799 M.V., with a furnace-gradient of 30 M.V. per min. 

16783 ,, i353 5 5 Ns 26° 5, Sa oe 
16812 „ a >» 
16799 „ OE a 55 ALO iO 

Mean: 16799 M.V. +13 M.V. (uncorr,). 
The correction for this thermoelement at this temperature being 

—8 M.V., the melting-point of this product can be fixed upon : 
16791 M.V. + 13 M.V., corresponding with 603° + 1°C. on the 
nitrogen-gasthermometer. 

Because the substance could not yet be considered as a perfectly 
pure BaSiO,, it was improved by addition of BaCO,, repeatedly 
heated and then analysed. We found the following numbers : 
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Observed : Calculated 5 

SiO, 28,24°/, 28,19 °/, 28,22 °/, 
BaO 71,75°/, 71,85, 71,78 °/, 

The product could now indeed be considered as a chemically 

pure BaSiO,. The determination of the meltingpoint was now 

repeated, and gave with element III the following values: 

16823 M.V., with a furnace-gradient of 40 M.V. per minute 

16825 __,, ee = se er = 3 

16838 LE] ” ” LE] ” >» 45 9 ? Ad 

Mean: 16838 M.V. + 6 M.V. (uncorr.). 

The correction being here —26M.V., the meltingpoint of pure 

BaSiO, can thus be fixed at: 16803 M.V. + 6M.V., corresponding 

with 1604° + 0°5C. (G. Th.). An excess of 1,7 °/, weight proc. 

SiO, thus lowers the meltingpoint about 1° C. 

The specific gravity of the crystalline product appeared at 25°,1 C. 

to be d,.—=4.435. It erystallises on slow cooling of the molten 

mass in flat, small crystals, which only show a feeble birefringence : 

0.003 or 0.004; this is consequently 7 or 10 times smaller than in 

the case of the strontiumsalt. For the refractive indices we found : 

1.667 and 1.670, both numbers with deviations of about + 0.001 ; 

greater crystals often show an irregular extinction. 

To obtain a glass, the substance was heated to 1650° C. and 

then suddenly quenched in cold mercury. Notwithstanding all endeav- 

our, we did not succeed in changing the molten product into a 

glass, because of the exceedingly rapid crystallisation of the sub- 

stance. The melting-point is according to this so sharp, that BaSiO, 

may be recommended as a new substance for the calibration of 

thermoelements. 

After all attempts to get some information about a polymorphic 

transition with SrSvO, and Bosi, had been without success, we 

tried to obtain yet a second modification of these compounds by 

means of fluxes. For that purpose 0,5 gram of pure BaSiO, were 

mixed with 1 gram of sodium-wolframate, and in the same way 

0,5 gram of pure SrSiO, with 1 or 2 grams of the same salt, 

and then heated at 860° C. during 72 hours. Neither in these expe- 

riments, nor in others, where we started with SS:O,-glass, did we 

succeed in obtaining other crystals than those formerly obtained 

by the melting of the salts. 
Finally we wish to draw attention here also to theresults, which 

were obtained by means of the cooling-method, just because one 

would perhaps expect to find here in this favourable case some 
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agreement between the thus obtained solidifying-points and the true 

temperature of equilibrium. 

At 14000 M. V. (1371° C.) the whole mass was again a viscous 

liquid, while the cooling-velocity was 3°,5 C. per minute; after an 

undercooling to 1365° C., the liquid erystallised by shaking and 

tapping the crucible, and the temperature increased to 1376° C. 

Another time we observed undercooling to 1349° C. and a erystal- 

lisation at 1364° C.; in yet another experiment, with varied tempera- 

ture-gradient, undercooling occurred down to 1306° C., crystallisation 

setting in at 1326° C.; ete. Thus even in this extraordinarily favour- 

able case the temperature of crystallisation appears to be completely 

dependent upon the preliminary treatment of the molten mass, and 

upon the particular way, in which the heat is withdrawn: cf ds 

possible to find as solidifying-point any arbitrary temperature. 
The complete impracticability of the cooling-inethod is here also 

proved in an indisputable manner. 

§ 6. By the way it merits attention, that the temperatures of 

observation in this and the foregoing case, are close to the extreme 

limit, to which the platinum-resistance-farnaces can again be applied. 

The effect of electricity-leakage out of the heating-coil, which occurs 

by the transport of the ions in the white-hot air-column, appeared 

to be rather appreciable; and it was absolutely necessary now to 

eliminate these disturbances by means of a protecting shield of zero- 

potential round the thermo-elements, by conducting the electrical 

charges to the earth-surface. The conduction-wires of the FARADAY- 

cage were therefore lengthened, and soldered to the platinum-cru- 

cibles by means of the oxygen-flame. Only by these precautions it 

appeared possible to make the final measurements, without being 

troubled by leakage-phenomena any more. 

$ 7. We prepared by synthesis also the ortho-silicates of barium 

and strontium. However the meltingpoints appeared to be here so 

high, that the substances could no longer be melted in platinum- 

crucibles, while all attempts to determine some reliable melting- 

point by means of the optical pyrometer, using a carbon-shorteireuit- 

ing furnace, had to be given up because of the reaction between the 

carbon and the silicates. 

§ 8. Zinc-Metasilicate: ZnSiO,; Zine-Orthosilikate: Zn,SiO,, 
and Willemite. 

These compounds were all prepared from pure ZnO and SiO, 
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by melting them together in iridiumfree platinum-crucibles. The 

crystallised products are in most cases slightly pink or pale blue 

tinged by metal extracted from the walls of the crucibles: We used 

in the synthesis ‘also ZnCO,, but with less result. Analysis of the 

products proved, that originally too much S/O, was present; but 

the evaporation of the ZnO appeared however to be only very 

slight, if the crucible was covered ©. After several improvements, 

we obtained a product, whose analysis gave: 

Observed: Calculated: 

ZnO 42.43°), 42.24 °/, 45de 

m0; OTS O Ae 9108 Deo 

The obtained, stainless white substance could thus be considered 

to be pure ZnS/O,. With thermoelement IL the E.M.F. at the melt- 

ing-temperature was determined to be: 

14786 M.V., with a furnace-gradient of 75 M.V. per minute. 

14804 MV, „ „ ut ze (ONE 2 

14780 MV, ,, „ 5 OMV 5 D 

Mean: 14799 M.V. +12 M.V. (uncorr.). 

The correction of this thermoelement being at this temperature 

about —10 M.V., the reduced E.M. F. can be fixed upon 14789 M.V. 

+12 M.V., corresponding with a meltingpoint of 1437° + 1° C. 

According to Strm*) the meltingpoint is: 1429° C.; according to 

van Kroosrer®): 1419° C., but in both eases the experiments were 

made in the accustomed way. In cooling-experiments a solidifying- 

point was observed beneath 13700 M.V.; nor did we get any 

positive result in experiments, where the strongly heated substance 

was suddenly quenched in cold mercury, because in the quenching- 

product there were always crystals found besides the glassy substance. 

The solidified mass is weakly birefringent and has often a porcelain- 

like aspect, the grains of it being thus only transparent at the 

extreme borders. Evidently the product consists of very complicated 

parallel aggregations of thin, felty needles. The refractive indices 

were: n, = 1.623 + 0.006, and n, = 1.616 + 0.006, the birefringence 

thus being 0.007. The determination of the indices is very troublesome ; 

for the glass we found a mean value of 1.650. The specific gravity 

of the erystallised ZnSiO, at 25° C. is: dy = 3,52. 

1) Using ZnO; instead of ZnO with the synthesis, the loss of ZnO by flying 

away, appears to be much more appreciable. 

2) Srei, Z. f. Anorg, Chem. 55. 165. (1907). 

3) Van Kroosrer, Z. f. Anorg. Chem. 69. 135. (1910). 
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In an analogous way we prepared also the Zinc-ortho-silicate: 

Zn‚SiO,. Also here the loss of Zn) during melting appeared to be 

by no means appreciable. Analysis of the used final product gave 

the following values: 

Observed : Calculated : 

SiO, 26.94 °/, DEO S a 

ZnO 73.12 °/, TTR 

In a series of experiments, in which the furnace-gradient was 

about 50—-54 M.V. per minute, we found with thermoelement // 

at the meltingpoint an E.M.F. of: 15667 + 5 M. V. (uncorr.). 

After reducing this value on the nitrogen-gasthermometer-scale (corr. 

—9 M.V.), this E.M.F. can be fixed at: 15658 +5 M.V., 

corresponding to 1509.°5 C. + 0°.5. 

On cooling, a feeble effect was observed under 14900 M.V.; but 

neither in this way, nor by sudden quenching of the heated mass 

by cold mereury, we could obtain any reliable result. According to 

STEIN *) the solidifying-temperature is 1484° C. 

The crystallised substance consists of irregularly bordered birefringent 

grains or seales; for the refractive-indices we found the following 

values: m, =1.719 :+:0.003::and n, =1.697 ‘+ 0.004. The bire- 

fringence is: 0.022. For the purpose of comparison we investigated 

again a natural Willemite (from Moresnet); the indices and the 

birefringence appeared to have the same values as the mentioned 

ones; so that there can be no doubt whatever, that the two preparations 

are identical. Also we had at our disposal a beautifully crystallised 

preparation obtained by Goreru*), which consisted of broad needles 

with rectangular extinction and positive birefringence. The refractive 

indices were: n,=1.720 + 0.003 and n, = 1.693 + 0,006; the 

birefringence was about: 0.027. So all these preparations evidently 

represent one and the same modification of Zn,Si0,, identical with 

the Willemite. 

§ 9. Cadmium-metasilicate: CdSiO, and Cadmium-orthosilicate : 
Cd, Si0,. 

From a hydrated, crystallised cadmium-nitrate pure Cd was 

prepared by heating, and from this the ortho- and meta-silicates 

were obtained by melting it with S¢O, in platinum-crucibles. 

1) Srei, Z. f Anorg. Chem. 55. 165. (1907). 

*) A. Goranu, Bull. de la Soc. Min. de France 10, 36, 264. (1887). We bring 

here once more our thanks to Prof. P. Gausert in Paris, who was so kind as 

to give us these preparations for our purpose. 
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CdO appeared always to volatilise in an appreciable quantity, 

the preparation of products of the right composition thus being highly 

impeded. In the ease of the ortho-silicate, a beginning of layer- 

formation could be observed; however the layers disappeared finally 

after repeated melting. 
Finally we found by analysis of the product: 

For Cd05 32,1 9%) 7055’ calculated':-31,96 °/: 

oe COLOR 2 68,04 °/, 

For Cd,Si0, 19,7 Ors d US Ca 

80,2 °/, CdO; 5 80:99 

The ortho-silieate thus may not be considered to be completely 

pure, containing about 0.5°/, SiO, too much; because of the very 

rapid evaporation of CdO at 1400° C. however, it will only be 

accidentally possible to obtain a 100°, Cd,SvO, in this way. 

For CdSiO, we determinated in a series of successive experiments 

(with thermoelement //) the B. M. F. at the meltingpoint to be 

12435 + 5M. V. (uncorr.). After correction this can be fixed at: 

12426 + 5M. V., corresponding to 1241° + 0°,5 C. 

On cooling we found, after undercooling to 12240 M. V., a soli- 

difying-point at 12285 M. V., i.e. at about 1229° C. 

Experiments with the use of the quenching-method in mercury 

were also made; we found, that: 

After heating at 12480 M. V. and quenching, all was glassy. 

je e ,, 12460°M. V. »,, =f RR 5 

is Ps SA 5ORM. Va > . there were crystals 

and glass present. 

N EA Rl EE ORM Ven ” ., a idem. 

The meltingpoint must therefore be situated at about 12455 M. V., 

(uncorr.), which after correction corresponds to 1248° C. 

The crystallised product consists of beautiful, but irregularly 

bordered crystals with parallel extinction and strong birefringence. 

The refractive indices were both greater than 1,759; but the lack 

of liquids with higher refractive index made a more accurate 

determination momentaneously impossible. 

The specifie gravity of the molten and then solidified CaSO, 

was: d,o = 4,928 at 25° C. 

For: Cd,SiO, we found in the same way: E. M. F.=—= 12460 + . 

+ 10 M. V., or, after correction (— 10 M. V:):1242° + 1° C; this 

meltingtemperature being practically identical with that of the meta- 

silicate. 

In cooling a heat-effect was observed at 12280 M. V., i. e. at 
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about 1228° C. Quenching-experiments gave no positive results; a 

single indication was obtained, which could lead to the conelusion, 

that the meltingpoint should lie in de neighbourhood of 12560 M. V. 

i. e. at about 1252° C. The crystallised substance consists of irre- 

gularly shaped, strongly birefringent grains, probably resembling 

those of artificial willemite, which probably is isomorphous with 

the Cd-compound. Both vefractive-indices are greater than 1,739. 

§ 10. Manganese-Metasilicate ; Manganese-Orthosilicate; Rhodonite 

and Tephroite. 

The ortho-, and meta-silicate of manganese were obtained from a 

basie manganese-carbonate, which, as analysis showed, contained 

54,1°/, MnO, and from pure quartz. Because on melting in plati- 

num-crucibles in the open air, always black needles of higher oxides 

were observed, the components were then melted in the FrETCHER- 

furnace in graphite-crucibles, closed with a cover of the same 

material. Certainly a rose coloured product was now obtained; but 

the crucibles burnt very rapidly, and the carbon soiled the silicate 

too much, to continue the experiments any longer in this way. 

Thus the graphite-crucible in the FrLercner-furnace was again re- 

0 

placed by a platinum-crucible, which was tightly closed by a cover 

of graphite, turned on the lathe. In this way we obtained a pure 

rhodonite, or by quenching in cold water, a pink glass, which on 

heating in the Bunsen-flame was again transformed into a red crys- 

talline mass. Analysis gave the following data: 

Crystals : Glass : Calculated : 
SiO, 46.25°/,  46.20°/, 45,95°/, 
MnO 53,8 °/, 53,8 °/,° 54,0 9, 

So the product still contains 0,25 °/, ScO, too much; but it was 

only accidentally possible to approach nearer to the theoretical com- 

position. 

The preparation of the ortho-silicate occurred in quite the same 

way; after twofold correction, the analysis gave: 

Observed : Calculated : 

SiO, 29,60°/, 29,82°/, 
MnO 70,4 */, 70,2 °/, 

The product has a brownish-black colour, and consists of glittering 

erystals, which on grinding give a grey powder. 

Besides the artificial rhodonite: MnSiO,, we also investigated the 

meltingpoints, ete. of a number of natural, very pure and selected 

rhodonites from Radau-Tal, from Franklin N. J., from Auvergne 
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and from Langban in Sweden. On melting them exposed to the air 

as well as in a nitrogen-atmosphere, they always become darker by 

a decomposition, and by a slight oxydation. However, this seems 

to have .no appreciable influence on the meltingpoint, but only 

makes the localisation of the heat-effects on the curves more trouble- 

some. In all cases we found on these curves three successive 

heat-effects, which however, on repeated melting of the mass were 

gradually effaced, a more detailed research must bring a full decision 

as regards the true significance of these successive effects. The 

measurements were made with thermoelement Il; the results, after 

correction, are reviewed in the following table: 

Natural Rhodonites. | 

| Artificial | From i ia el 
| Rhodonite Radau-Tal | pom Frank- | sil From | 

| lin, N. J.) karen es Longbin 2) Effect: 

MV. °C.|MV. eC|MV. °C] MV. °G/MV. oc 
| in air 

ZT | 12820 1274° | 12620 1257° | 12185 1221° | 12800 12729 | 12740 1267 | 

2 | 12024 1208 — — [11410 1156 | — — — — 

3 | 10920 1115 — — — — — — — — 

| in | | 
nitrogen | 

Z| 12810) 12139 12535 12599 | 12175 12209 | 12734 12679 | 12710 12659 | 

| 11500 1164 12000 1206 — — | 

r | 12800 12729 | 12710 _ 12700 | 

2 | 12020 1207 — — — — | == = 

3 | 11180 1137 | | | | 
| | \ 

In cooling-experiments undercooling of 10 or 40 M.V. below the 

maximum crystallisation-temperatures immediately following, appeared 

1) The rhodonite from these places is analysed by Pirsson; he determined : 

SiO, : 46,1%; MnO: 34,3°/9; FeO : 3,69/9; ZnO: 7,3°/o ; CaO: 7,09/, ; MgO: 1,3°/. 

2) According to an analysis of Linpsrrém the rhodonite of Langban contains: 

Si0,: 47,7%; MnO: 31,60; FeO: 0,5%; CaO: 18,29; MgO: 1,2%. The 

Swedish rhodonites seem to contain no ZnO or only traces of it. 
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to be possible; these erystallisation-temperatures were however 

always 260 to 700 M.V. dower than the melting temperatures; also 
in this ease the said method can never lead to the knowledge of 

the equilibrium-temperatures. 

The meltingpoint of pure rhodonite thus may be fixed at 1273° 

+1°C.; evidently there are two transition-temperatures at resp. 

1208° C. and 1120° C. Furthermore the melting-points of all natural 

rhodonites appear to be lower: for the rhodonite from Auvergne it 
is almost equal to that of the artificial product, and the same can 

be said of the first transition-point : - 

Meltingpoint : Transitionpoint : 

Auvergne : 1270° 1206°. 

Sweden : 1266° — 

Radau-Tal: 1258° —= 

Franklin N.J.: 1221° dln Op 

The optical properties of the solidified products with the artificial 

_ and natural rhodonites were also identical with each other: 

n, = 1,739 + 0.003 and n, = 1,783 + 0.003 ; the birefringence: is 

only feeble, about: 0,007. For the glass we found: n= 1,700. 

The beautiful crystals are parallelogrammatically shaped, with an 

obtuse angle of about 107°, and an extinction-angle of 14°. There 

ean be no doubt about cdentity of both kinds of crystals. For the 

natural rhodonites some data are reviewed here : 

Rhodonite from | Rhodonite from | Rhodonite from ; 5 
Radau-Tal Auvergne | Franklin, N. J. | Rhodonite fi rom Langbin 

Natural After being | Natural | After being | Natural After being | Natural | After being 
Crystal | melted Crystal melted | Crystal | melted | Crystal melted 

| | | 

in air 
| | | | 

n= 1.122 | my —=1.712 | my =1.136 | my = 1.783 | nj —1.129 | my = 1.725 | my —=1.102 | my = 1.700 

My = 1.709 | my = 1.705 | my = 1.729 | my = 1.722 | m= 1.722 | my = 1.716 | my = 1.693 | m= 1.693 

¢=0.013 | 20.007 | *7=0.007| o=0.011 | o=0.007 | ¢=0.009 | ¢=0.009 | «=0.007 

| | in nitrogen | 

— | -- | 2, = 1.729 | — — — — 

| Ny = 1.722 

|| soy 10 007 
| 
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The specifie gravity of the erystallised MnSiO, is die= 3,716 at 

25° C.; for the glass :dye— 3,48. 

With artificial Mn S/O, no reliable meltingpoint could be found ; 

the compound became gradually darker by decomposition. With a 

natural Mn SiO,, a tephroite of Sparta (N./.), we found with 

thermoelement / 1) successively : 

E.M.F. at the meltingpoint: 13185 M.V., if the furnace-gradient was 

60 M.V. per minute. 

12991 M.V., if the furnace-gradient was 

40 M.V. per minute. 

Mean: 13088 M.V.+ 9 M.V. (uncorr.) 

which, after correction, corresponds to: 1292° + 8° C. The melting- 

point is „ot sharp; for the artificial, pure silicate it probably will 

‚be higher, in agreement with the temperature mentioned by Dorrtnc- 

KEL (1323° C... 

The melted and again solidified artificial Mn,S’O, differed rather 

appreciably from the natural tephroite used; while the latter had 

the refractive indices: », = 1,709, and n, = 1,693, the birefringence 

being: 0,016, — the indices of the melted artificial product appeared 

both to be greater than 1,739. Whether this solidified product repre- 

sents another modification of the substance, or an impure and par- 

tially decomposed tephroite, can now hardly be said; the specific 

weight of the artificial, melted and again solidified Mn,S7O, is: 

dy = 4,043 at 25° C. 

For the purpose of comparison we investigated also a beautifully 

crystallised preparation of Goreru'), which was obtained by the 

interaction of MnCl, and S/O,, under co-operation of introduced 

water-vapour. This rhodonite consisted of optically negative, often 

irregularly extinguishing, triclinic needles; 7, was greater than 1,739 

and n, was 1,728; birefringence about: 0,013. The corresponding 

tephroite had the shape of greyish-brown, flat, metallic looking 

needles, which probably were of rhombic symmetry, and whose 

refractive indices appeared both to be greater than 1,739. 

§ 1t. If now we summarise the results of these and former 

determinations, we can give the following survey : 

1) GorGEU, loc. cit. 

Proceedings Royal Acad. Amsterdam. Vol. XVIII. 



912 

Specific 
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2
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m3 
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Very remarkable is the high specifie gravity of the cadmium- 

metasilicate. 

Melting-temperature 
in °C. 

1800° 

1700° 

1600° 

1500° 

1400° 

1300” 

-1200° 
9 24 40 55 65 87 112 137 
Be Mg Ga Mn Zn St Cd Ba 

Atomic Weight 
of the Metal. 

Fig. 2. 
With respect to the melting-points of the meta-silicates (fig. 2), it 

may yet be remarked, that those of the Ca-, Sr-, and Ba-silicatés 

increase in an almost rectilinear way with increasing atomic weight 

of the corresponding metal, while those of the Mg-, Zn-, and Gd- 

salts appear to decrease in an analogous way with increasing atomic 

weight of the metal. BeSiO, on the one side, MnSiO, on the other 
side seem, however, to be quite apart from both these homologous 

groups. 

For the ortho-silicates the available data are too few, to obtain 

an analogous classification with any certainty. In every case evi- 

dently the meltingpoints of Sr,S7O, and Ba,S¢O, are probably situated 

in the vicinity of 2200° C., while that of e,SvO, must be even 

much higher. In connection with this it would be interesting to in- 

vestigate, if perhaps Be,SiV, does not possess further properties, 

which would make it recommendable as an extremely refractory 

material. 

Groningen, October 1915. University-Laboratory for Inorganic 
and Physical Chemistry. 

50% 
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Physics. — “An interpolation-formula for resistance-thermometry 

at low temperatures’. By Dr. F. Zernike. (Communicated by 

Prof. H. Haga). 

(Communicated in the meeting of October 31, 1914.) 

1. Introduction. In using resistance-thermometers to measure low 

temperatures with some accuracy one is often hampered by the 

difficulty to deduce the temperatures from the measured resistances. 

This difficulty is partly due to a want of fixed points which could 

reproduce the absolute scale of temperatures with the required 

accuracy. 
To a great extent the difficulty mentioned must be ascribed to the 

lack of an interpolation-formula which enables us to use a resistance- 

thermometer, after calibration at a few standard-temperatures, at all 

intermediate temperatures. For the following reasons such a formula 

is much more necessary in our case, particularly for the commonly 

used platinum-resistance than in that of most other physical measures. 

First of all the resistance is not a “simple” function of the temperature, 

ie. the higher derivatives of this function are large, which makes 

linear interpolation impossible even in small intervals, or quadratic 

interpolation in somewhat larger intervals. Ordinarily graphical in- 

terpolation will be used in such a case. However this will not 

remove the difficulty here, at least if an accuracy of 0.°O1 or 0.°02 

is required — as we shall suppose in the following. For a large: 

scale drawing would then be required and the few known points 

would not allow to trace the curve unambiguously. 

Some years ago considerations of this kind made me try the 

suitability to this purpose of many different formulae. I made use of 

the experimental data of Onnes and Cray’), in particular of those 

concerning the platinum wire Pt, and the very pure gold wire Au777. 

Temperatures were used after reduction to the thermodynamic scale 

and resistances reduced as far as possible to the values for pure 

metals by subtracting from everyone the resistance at the absolute 

zero, which was found by extrapolation. This was done in accord- 

ance with the well-known experiments of KaAMERLINGH ONNEs at 

the temperatures of liquid helium, which had refuted the current 

opinion that the resistance would become infinite at the absolute 

zero of temperature. Thus these experiments explained the failure 

of former attempts to find adequate formulae for the resistance 

1) Leiden Communications No. 95 and 99, these Proceedings 9, 207 and 10, 200. 
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at low temperatures *). However I did not succeed any better for a 

long time afterwards. It is now evident that this was caused by 

starting from the supposition, which seemed obvious, that the vanish- 

ing of the resistance in approaching the absolute zero had to be 

represented by a law of exponential character’). The principal 

difficulty was to represent by one single formula the resistances at 

the temperatures of liquid hydrogen together with those at higher 

temperatures. I wished however to maintain the condition that 

both regions should be represented by one fermula, in order to 

make possible an interpolation in the interval between the boiling- 

point of hydrogen and the melting-point of oxygen, where no mea- 

sures with the gas-thermometer are available. 

2. Dependence for T small. Witx*) was the first to show the 

possibility of a different law for the resistance at the lowest tem- 

peratures in a paper in which from certain theoretical suppositions 

he deduced a decrease proportional to 7”. I verified at once that 
the hydrogen-temperatures would be much more closely represented 

by such a dependence than by exponential forms. 

GRÜNBISEN *) has pointed out that the temperature-dependence of 

the product 7c, shows a great resemblance to that of the resistance 
of the same metal, especially at low temperatures. He suggests further 

that both these quantities might be proportional to a universal 

function of 7/7,, the same for all metals, 7, being a “characteristic 

temperature” of the metal’). The data available to test both these 

rules are, however, of much lower accuracy than that wanted here. 

Thus e. g. the specific heat-formula of Degije ®) could certainly yield 

a fair representation of the resistance, but not with an accuracy in 

any way comparable to that needed for resistance-thermometry. 

It appears to me that the coincidence found by GRÜNRISEN may 

have a theoretical foundation. If such be the case the rule would 

1) Compare the formulae with 5 and 6 constants to be found in different Leiden 
Comm. and also in the dissertation of Dr. Guay, Leiden 1908. 

2) This is also the case with the formulae of OnNes, Comm. 119, Proceedings 

13, 1093 and of LrypemaAnn, Berlin Sitzungsber. 1911, 316, which do not aim at 

such a high accuracy. 

3) Berlin Sitzungsberichte 1913, 184 

4) Verh. D. Phys. Ges. 15, 186 (1913). 

5) With respect to this point the result by Meissner, Verh. D. Phys. G. 16, 
262 (1914) is interesting. According to his experiments the conduction of heat 

would show a wholly different value of 7, somewhere like half the value for 

other phenomena. 
6) Ann. d. Phys. (4) 39, 789 (1912). 
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certainly hold the more exactly as the temperatures considered are 

lower. Thus I think it highly probable that the resistance vanishes 

proportional to 7“ at the absolute zero, as — according to DrBiiE — 

c‚ vanishes in the same way as 7”. The following Table I shows 

that the resistance of gold at hydrogen-temperatures *) exhibits this 

proportionality with a fair approximation, if an additive resistance, 

caused by traces of impurities, is taken into account. 

TAB LEES 

T | Observed | 0.2687 + Observed — 
resistance Au | 5.56.10—7 74 Comp. 

| | 

| 14.18 | 0.2910 | 0.2913 —0.0003 

15.83 0.3037 0.3037 0 

| 17.30 0.3190 0.3185 + 5 

19.00 0.3412 0.3412 0 

20.35 0.3621 0.3644 —0.0023 

3. The new formula. It is easy to put down an algebraic form 

which shall be proportional to 7’ for large values of the variable 

7, but proportional to 7 for very small values. A fraction such as 

Ts 

Wa En = 
af? + 67? + cl +d 

(1) 

will do. For a large value of 7’ we can develop into descending 

powers: 

for a small 7’ into ascending powers of 7’: 

Ve de (5 ae SE. Se 
d ad’ a) ide 

From these formulae we see that the coefficient a determines the 

dependence at high temperatures, d that at low temperatures, while 

the coefficients bande determine the way in which the two regions 

are linked together. n 

In representing the platinum-resistance it would seem advisable 

1) From KaAMmERLINGH Onnes and Horsr, Leiden Comm. 142 these Proceedings 

17, 508. 



to make use of the well-known fact that CALLENDAR’s formula holds 

at higher temperatures, which simply means that the resistance can 

be represented there by a quadratic form of 7. Therefore I tried 

to make formula (1) suitable for high temperatures by adding to 

the numerator a term — #7“, in which % has to be determined 

from CALLENDAR’S constant. 

This very term seems to hinder a close fit at low temperatures. 

Now Henninc') found later that at low temperatures CALLENDAR's 

formula did not deviate gradually from experiment, but that, on the 

contrary, it fits exactly down to 230° abs., deviating at once very 

markedly below this temperature. So it seemed useless to look 

for one formula suitable for both regions above and below that 

temperature, and I thus confined myself to test the unchanged 

formula (1) for temperatures below 230°. 

Some tentative computations with the experimental material of 

KAMERLINGH ONNES and Cray, and of Henninc, mentioned above, 

showed at once the suitability of the formula in question. Taking 

into account the additive resistance caused by impurities, the formula 

may be put thus: 
- 

== on —+w,.... (4) 
L--ar—1+ pr—?+ yr—3 

in which t has been substituted for 0.01 7’ to grasp easier the order 

Ww 

of magnitude of the different terms. In (4) the coefficients «, 3, y do 

no longer depend on the particular value of the resistance, but merely 

on the inherent properties of the metal experimented on. Besides, 

impurities giving only approximately an increase in resistance which 

is independent of temperature, the constants «,‚8,y will depend, 

though slightly, on the purity of the metal. 

The computations gave for Pt as the best values of the constants 

something like: 

u B Y 

0.15 0.16 0.08 

or 0.17 0.12 0.09 

I did not undertake a more precise determination with the aid 

of the data available, as the Leiden observers had announced the 

publication of a new calibration of the Pf-thermometer carried out 

TL Oils 

+. Determination of the constants. In Leiden Communications 

N°. 141a®) KAMERLINGH Onnes and Horst give the results of a very 

1) Ann. d. Phys. (4) 40, 635 (1913). 

*) These Proceedings 17, 501, 
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accurate comparison, at a great number of temperatures, of the 

platinum-thermometer designed by Pty with the H, and He-ther- 

mometers, together with the reductions to the thermodynamical 

scale. Their figure 1, representing only the resistance above 56°, 

shows onee more the peculiar way in which the resistance decreases 

when the temperature is lowered. 

I started my computation from the corrected indications of the 

/T,-ihermometer, designed by 477, by the authors, and the corresponding 

resistances, both taken from their Table I. The absolute temperature 

of the freezing-point was assumed to be 273.09. In Table II I have 

inserted the values of 7’ and W that have been used *). 

In order to calculate the constants we put the formula thus: 

a al 

neen br! or dr en arden eend) 

Assuming a suitable value for a, we shall find from this formula 

four linear equations for a,b,c, and d by using four temperatures. 

To begin with, a value of w may be found graphically. If another 

value of w is assumed, this changes only the left-hand side of the 

four equations (5). Thus the corresponding change of the unknowns 

is easily surveyed, and w is finally chosen in such a way that the 

formula gives the best approximation at a few other temperatures. 

It was found undesirable to use more than one hydrogen tempe- 

rature in the four equations. On the other hand we cannot do 

without one such a low temperature if we want to determine c and 

d accurately. 
From the four temperatures 7’— 170.39, 90.27, 60.57 and 20.42, 

I found, taking w——1.26 2, the values of the unknowns given 

as “first approximation” in Table ILI. From these were computed the 

remaining discrepancies at the other temperatures. A second approxi- 

mation was next found from the same equations, changing the 

constant terms so as to get small deviations at the temperatures 

170, 90, 60, and 20, at which the first approximation naturally 

fitted exactly. Thus the deviations could easily be distributed more 

evenly. The resulting constants have again been inserted in Table II, 

whereas Table II gives under the heading W, the resistances cal- 

culated therefrom, the next column showing the deviation from 

experiment. 

1) The values at the last four temperatures in Table I have not been used, 

that at 77.91 was excluded because of an obvious printer’s error in the original 

paper. This error has been corrected here after the indication of Prof. Onnes. 
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TAB LE, II 

W Wi | f Ww d Corres- 
Ji | W—W, WW | ponding 

observed | computed | computed | AT 

| 2 2 | 042 2 | 1042 0-001 

14.70 1.453 1.45406 | — 10.6 1.45385 | — 8.5 + 16 

16.04 1.531 1.53201 | — 10.1 1.53184 | — 8.4 | + 13 

17.01 1.601 | 1.59983 | + 11.7 1.59969 | + 13.1 | 17 

18.04 | 1.685 | 1.68326 | Ses) fg Ast. 68317 | + 18.3| — 21 

19.45 1.819 1.81786 | + 11.4 1.81784 | + 11.6) — 11 

20.43 | 1.924 1.92624 | — 22.4 1.92626 | — 22.6| + 19 

56.93 | 15.119 15.1255 | — 65 15.1260 |— 70 + 13 

60.57 | 17.097 | 17.1026 |— 56 17.1027 |— 57 + 10 

68.38 | 21.491 | 21.4859 | + 51 21.4847 |+ 63 = 12 

86.36 | 31.904 | 31.9010 | + 30 31.8966 + 74 — 13 

90.27 | 34.180 34.1808 | — 8 34.1759 | + 41 — 7 

142.66 | 64.189 | 64.2008 lS 64.1969 — 79 + 14 

159.53 | 73.629 | 73.6366 |— 76 1546361 eetl js 

170.39 79.674 | 79.6655 | + 8 79.6676 |+ 64 | — 12 

193.52 92.422 | 92.4111 | + 109 | 92.4196 | + 24 | — 4 

211.59 102.280 | 102.2987 | — 187 102305 EI 315: | reas 

230.00 112.278 | 112.3206 | — 426 | 112.3407 | — 627 + 115 | 

273.09 135.450 | 135.6372 | — 1872 | 135.6754 | — 2254 + 418 | 

77.91 26.988 | 26.9797 |+ 83 | 26.9771 | + 109 — 19 | 
| | 

5. Computation with least squares. In order to get my final 

solution 1 yet applied corrections determined by the method of least 

squares to the values found for w, a, 6, c, and d, though it was 

hardly to be expected that the experimental values would thus be re- 

presented much closer. Thence the rather lengthy computation was 

principally made for another reason, viz. for the determination of 

the weights of the unknowns. Indeed the preceding calculations 

showed clearly that the constants 4 and e could not be found very 

accurately from the data, a small change of the constant terms of 

the equations causing a great deviation in the unknowns. 
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_ 

The form (5) could not be used for the least-square solution, 

as the left-hand side of that formula is known with greatly difter- 

ent accuracy at the different temperatures, while w has also to be 

corrected. Thus the only expedient is to use the differential formula, 

and this implies a rather accurate couple of values of the unknowns 

to start with. Therefore the second approximation could not be 
dispensed with. 

In computing resistances from formula (5) it is most convenient 

to transform it as follows : 

rs, 100 

Tat + br? a cr—3 + dr—4 

Herefrom we find as the form of the equations of condition : 

Ww =|"? tod ee torn ((O)) 

W—wy? W—wy? 
+ Aer-3 (a) + Adx—4 Ga —W—W, 

100 / 100 

in which Aa, Ab, Ac and Ad are negative corrections. 

At the temperatures of liquid hydrogen one same change of 

resistance corresponds to a change of temperature from 5 to 6 

times larger than at the higher temperatures. For that reason a 

weight 30 was given to the 6 corresponding equations of condition, 

taking the weight of the 9 other ones as unity. 

The corrections found from the normal equations were applied to 

the constants of the second approximation, thus yielding the final 

solution stated in Table III. The weights found for these quantities 

have been inserted in the following line of that table. It will be seen 

at once from these weights that 4 and c cannot be determined 

accurately. The mean errors have been derived from the weights by 

assuming the mean error of a single resistance somewhat arbitrarily 

as + 0.001 2. Comparing these mean errors, stated in the fifth 

line of Table III, with the quantities themselves, to which they belong, 

it might seem that these quantities have been given far too accurately. 

Such is indeed the case, if the cunstants found are merely to be 

compared with numbers of the same kind caleulated from other 

experimental data. It is quite another thing however if the constants 

are to be used for interpolation, i.e. for the investigated thermo- 

meter itself. Then they ought not to be rounded off any more, as 

in that case other mean errors apply that are given in the lowest 

line of Table VI. These give namely the precision of each unknown 

separately, i.e. if a definite value is assumed beforehand for 

the other unknowns. The weights from which these errors have been 
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derived are simply equal to the coefficients of each unknown in its 

own normal equation. 

TABLE II. 
re RE Ens Eens = a 

w a b c | d | 

First approximation 1.245 1.881 0.2946 0.2348 0.18046 | 

Second approximation 1.249 1.8868 | 0.2852 | 0.2388 0.18046 
H | 

Final solution 1.24874 | 1.884918 | 0.289523 | 0.236524 | 0.180648 

Weights S207, . eiitases 4.94 | 7.53 55.6 | 
| | 

| Mean error +.00018 | +.000173 | + .000450 | + .000364 | +.000134 | 

m. e. for formula i 14 21 | 26 20 
| | 

6. Result. Finally Table JI shows the comparison of the resistan- 

ces computed from the definitive constants, with the experimental 

values. It will be seen from the column for W— WW, that the ob. 

servations are represented a little better still. The sum of the squares 

of the deviations shows decrease from 87 to 72. In the last 

column the quantities W— WW, have been transformed into the 

equivalent differences of temperature. Now the uncertainty of a 

determination with the gas-thermometer is stated to be 0.°02, from 

a 

TABLE IV. 
| | | | 

fe W tw | aw |) T W sw | AW 
| n | = 8 | he | 

| | | | 

10 | 1.2966 | | || 120 | 51.3535 | | —0.0439 
0.5806 | 5.6938 | 

20 | 1.8772 | +1.2563 || 130 | 57.0473 411 | 
1.8369 — 5.6527 

30 | 3.7141 | 1.4868 || 140 | 62.7000 373 
3.3237 | | | 5.6154 

40 | 7.0378 | 1.1854 || 150-| 68.3154 | | 329 
4.5091 | | | 5.5825 | 

50 | 11.5469 | 0.7336 || 160 | 73.8979 289 | 
| 5.2427 | 5.5536 

60 | 16.7896 | 3180 || 170 | 79.4515 | 254 | 
5.6207 | | 5.5282 | | 

70 | 22.4103 1608 | 180 | 84.9797 | 219 | 
5.7815 | | 5.5063 | 

80 | 28.1918 | + 454 || 190 | 90.4860 | 193 
5.8269 | | | 5.4870 | 

90 | 34.0187 | — 109 || 200 | 95.9730 | 168 
5.8160 | | | 5.4702 | 

100 | 39.8347 349 || 210 | 101.4432 |. 150 
5.7811 | | | 5.4552 

| 110 | 45.6158 | 434 || 220 | 106.8984 | | — 0.0129 
5.7371 | 5.4423 | 

120 | 51.3535 | —0.0439 || 230 | 112.3407 | 
| | | 
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which we conclude that our formula represents all points below 

200° within the errors of observation *). 

TABLE V. 

Ah Ww 1g W Tij W 

Jee | | | 

1 1.24875 55 14.1022 73 24.1347 

2 1.24883 56 14.6307 14 24.7118 

3 1.24917 57 15.1637 15 25.2900 

4 1.25008 58 15.7016 76 25.8691 

| 5 1.25197 59 16.2436 17 26.4489 

6 1.25534 60 16.7896 78 27.0294 

7 1.26079 61 17.3392 79 27.6104 

8 1.26898 62 17.8922 80 28.1918 

9 1.28064 63 18.4484 81 28.7738 

10 1.29657 64 19.0074 82 29.3561 

11 1.31758 65 19.5691 83 29.9386 

12 1.34454 66 20.1333 84 30.5213 

13 1.37831 67 20.6997 85 31.1041 

14 1.41978 68 21.2682 86 31.6871 

15 1.46981 69 21.8385 87 32.2701 

16 1.52926 70 22.4103 88 32.8531 

17 1.59896 11 22.9838 89 | 33.4360 

18 1.67968 12 23.5586 90 34.0187 

19 1.77219 

20 1.87715 

21 1.99519 

22 2.12687 

e 

A few words about the temperatures above 200°. There the 

deviations are seen to increase rapidly. If we had used the 

proportions W/W, instead of the resistances themselves as 

1) Yet it will be noticed that the deviations, at least these at liquid oxygen 

temperatures, are not distributed at random, but show a regular course. From 

this we draw the conclusion, interesting in itself, that the mutual agreement of 

these measurements is much better than would be indicated by an accuracy 

of 0°.02. Surely this only tells something about the purely accidental errors. 
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it is often done, in order to construct the formula such that it 

identically equals 1 at the freezing-point — it would have been 

impossible to obtain the close agreement at low temperatures. 

Besides I give the constants for formula (4), which may be useful 

in comparing the results for other (wires with the data used here. 

These constants can evidently be found from 5, c, and / by division 

by a: 

a B Y 
0.1536 0.1255 0.0958 

A survey of the course of W, as it follows from our formula, is 

given in Table [V, in which we find WW for every ten degrees, 

with first and second differences. The same numbers which served 

for this computation, were also used for the ten times smaller 

temperatures of Table V. 

It will be seen from the first numbers in that table, that even at 

helium-temperatures the formula is in a sense in accordance with 

experiment, yielding a resistance invariable within the errors of 

observation. However it may very well be that more accurate 

measurements in that region will show rather large deviations 

from the formula. Indeed our formula is based on the assumed 

behaviour of the resistance of pure metals at the absolute zero, 

which appeared probable partly on theoretical grounds, and may 

also be expressed thus: the resistance and its first three derivatives 

with respect to 7’ vanish at 7’=0O. Now I only dropped the 

first of these four conditions in the application to a slightly 

impure metal, whilst it seems possible, in view of the results 

for constantin and manganin, that at least also the second one, 

dW/jrp=0, is no longer exactly satisfied as soon as impurities are 

present. Therefore the accuracy of the four assumptions can only 

be tested experimentally by comparing wires of different degree 

of purity. 

Further Table V gives a part of a table for every degree, as it 

would be calculated from the formula for practical use. The numbers 

given have been obtained from Table IV by interpolation with third 

differences. Even this did not yield the exact value for the first five 

temperatures, 55° to 60°. Therefore they have been computed 

downright from the formula. On the other hand the interpolation 

becomes much simpler above 90°. 

7. Application of the formula to other metals. 

In what is mentioned above the suitability of the new formula 

has been tested for the most important case in practice, that of the 
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Pt-resistance for which more accurate measures at more points are 

available than for any other metal. Still it may be of interest to 

mention also the results obtained with the formula for two different 

gold-wires and for mercury. Table VI shows the values of the con- 

stants, together with the deviations from experiment *). 

w a b c d 

Au] 0.265 0.2056 0.04218 0 0.01425 

Au 0.5700 0.2646 — 0.040 0.0569 0.00186 

Hg 0 9.560 0.437 0.0568 0.00146 

TAB LE EVI: 

T Nl 7 ] 

ae Au, Observed | Eel Au, Observed| 7 Hg ba 

computed) — Comp. computed — Comp. computed — Comp. 

| | 0.0001 | | 0.0001 0.001 

14.18 | 0.2908 + 2 | 14.16 | 0.6108 + 40 4.19 | 0.0581 | — 2.1 

15.83 | 0.3039 — 2 | 15.79 | 0.6272 + 14 || 4.27} 0.0614 | -- 1.4 

17.30 | 0.3190 0 | 17.00) 0.6416 +3 | 4.33 | 0.0639 | — 0.3 

19.00 | 0.3408 + 4 | 11.96 | 0.6542 0 4.31 | 0.0656 0 

20.35 | 0.3618 + 3 || 19.35} 0.6756 — 7 || 14.57] 0.939 0 

65.18 | 2.2906 — 5 | 20.31 | 0.6916 — 5 | 15.78 | 1.067 +2 

72.58 | 2.6763 0 || 20.48 | 0.6946 | 0 17.89 | 1.294 +4 

83.31 | 3.2309 + 3 | 68.22 | 2.6093 0 || 20.39 | 1.563 0 

87.99 | 3.4710 0 | 18.28 | 3.0917 0 | 80.92 | 8.100 —14 

90.75 | 3.6117 — 7 | 90.27 | 3.6549 0 | 90.13 | 9.088 0 

| 116.52 11.914 | +86 
| I 

Above 100° the deviations for Hg increase gradually, just as for 

Pt above 200°. The close agreement in the region of liquid hydrogen, 
however, is remarkable. The computed curve has been drawn through 

both extreme temperatures of that region, through a much lower 

one and through a much higher one, and by that means it gets 

automatically the required curvature in the hydrogen-region. This is 

especially remarkable as the curvature appears to be practically zero. 

1) Aur and Hg after the experiments of ONNes and Horst, Leiden Comm. 
142a, these Proceedings 17, 508, Au; from Keesom and ONNEs, Comm. 143, 

Proc. 17, 894. 
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The greater deviations for Au, at the lowest temperatures should 

be aseribed to the influence of impurities. The greater value of aw 

already is an indication that Av, is much less pure than Au). 

Further the same remarks apply here that have been made in $ 6 

about the resistance of Pt at helium-temperatures. 

Physics. — “The magnetic rotation of the plane of polarisation 

in titane tetrachloride’. IL. By Prof. L. H. Stertsema. (Com- 

municated by Prof. H. A. Lorentz). 

(Communicated in the meeting of October 30, 1915). 

In a preceding communication *) the results have been recorded 

of observations on the negative magnetic rotation of TiCl, for differ- 

ent wavelengths, and an investigation was announced on the question 

whether the dispersion of rotation agrees with what was to be 

expected according to theory. 

The theories of the magnetic rotation bring it in connection with 

the ZrEEMAN-effect, and lead to formulae in which the rotation is 

represented as the sum of a number of terms, each corresponding 

to a free vibration of the substance. Similar formulae also hold 

for the index of refraction. An investigation as to whether the 

observations are in harmony with the theory will, therefore, have 

to lead to the drawing up of formulae of the form required by the 

theory, representing the observed indices of refraction and constants 

of rotation, and containing in both eases the same free frequencies. 

For the theoretic formulae we shall have to start from those 

which have been derived by Lorentz in the Eneykl. der math. 

Wiss.*), which will, however, be subjected to some modifications. 

First of all we can keep in view that we shall only apply the 

formulae for wavelengths far from a free vibration, and that therefore 

we need not take absorption into consideration. This renders it 

possible for us to put the constant y in the formulae in question zero, 

which simplifies them considerably. 

In another respect extension is, however, necessary. As here the 

formulae will be applied to liqnids it is no longer allowed in the 

computation of the force acting on a charged particle to neglect the 

term proportionate to the polarisation, which must be added to the 

1) These Proc. XVIII p. 101. 

2) Lorentz. Theorie der magneto-optische Phänomene. Encykl. d. math. Wiss. 
Vin sam pelos 
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electrical force’). We shall take for this term 4 P, representing by 

P the dielectrical polarisation. In the formula mentioned in the 

cited treatise under (38) °) this modified value will then have to be 

taken under the sign of summation for the electrical force. Following 

the derivation further as it has been given in the treatise in $$ 49 

and 50, we find for the index of refraction ” outside the magnetic 

field : 

nl C 

EEN 5 Sab)... 2 TT 5 S 
n Jd Dn 

in which » represents the frequency of the considered light vibra- 

tions (number of vibrations in 22 seconds), rv, free frequencies, while 

the constants C are in connection with LoreNntz’s constants B through 

the relation *): 

Cs BM) =S Bey) — Bl2—) 

1 La eo 

and S is introduced by way of abbreviation for the sum Sos. 

Expressions for the magnetic rotation per unity of length are 

found from ihe values of the indices of refraction of circularly 

polarized light rays in the magnetic field by means of the known 

relation *) 
. 

= 5 (= eet) 

in which c denotes the velocity of light. 

For the values of n4 and ”__ we find in an analogous way as 

in § 57 of Lorentz’s treatise : 

n> = 1 9 Rix) 
+ oa S 2 Be ews S 

Tei Se si Say by OI ATR FANT Si (DE 

pigs 1540s pd) 
lt 9 BY) 

en ES! SS CS 
5 = = Saber — 3 FCN! Gon a 
De (pd) 

in which d” represent the magnetic displacements through the Znmman- 

effect. It follows from this that: 

peeve ass 
TTS oe ease 

Taking into account that n4 and n— differ only little from 2, 

and likewise S4 and S— little from S, we find: 

1) Lorentz, loc. cit. p. 228. 

2) loc. cit. p. 229. 

8) loc. cit. p. 236. 
4) loc. cit. p. 245. 



: Ge 
== = @ n= zen = SE 

den ar den (1 —_ LS)" 

Further: 

EE Be 4 Be 

s_ — St = Saab, N Er = 
same 1 — wd)? wot Vo (rd)? 

or a term x>_ corresponding to every term #4, for which 

BI Sah Bi 7 and J es gee 

= 2 = Sp ES 
Ss eo NE 

(vr) ome 
EE 

Moreover 

1—1S=>1— Le = En 
n° +2 reed 

so that we find: 

2p(n* +2)? is 
= — = ii Sa byes = ENE SS Bede. 

Jen Dr) mm 
Zal 

If we call 4” the magnetic displacement for the unity of magnetic 

force, we find for the constant of rotation x: 
Of 20 O\2 2p (n° +2)? | 1 — 

=a Sab = —¥ Bw) A), 
den (»,°— Pp")? ome 

en 

Representing. the sums 2 BA” by D we come to a formula: 
“ot 

2p (n° +2)? _ PD 
py td En Sa b ad 8 ais 
hd eg 2 2\2 Jen (wv —v*) 

We shall now try to determine the constants C and D in such 

a way that these formulae represent the observations, the same free 

frequencies being taken for n and y. 

We shall then have to fix how many free frequencies we shall 

assume, as the number of terms in the sum 5, corresponds with 

this. We can be led in this by what is known for the dispersion 

of the index of refraction. As was already mentioned in the 

first communication, it is found that the dispersion of transparent 

substances can be explained by assuming a small number of ultra- 

red, and also one or more ultraviolet free frequencies. It must be 

tried, therefore, in the first place whether the assumption of one 

ultrared and one uliraviolet frequency leads to our purpose. 

Then two terms must oceur in the sum S for the index of 

refraction. In the usual way we shall suppose the red free frequency — 

so small that —»* may be substituted for »,*—v* for the frequencies 
60 

Proceedings Royal Acad. Aimslerdam. Vol. XVIII. 



of the visible spectrum. We can omit the term for the ultrared 

altogether in the sum S for the constant of rotation, as for this 

term we may put 4” =O, so that then we tind a one-term form 

for the constant of rotation, namely : 

2 vy? (n + 2)? D 

Den (wrr?) 
oO == . 

This form has been examined for the constants of rotation of the 

first series of observations (preceding communication p. 103). 

Observations of the index of refraction for different wavelengths 

have been made by H. BecQqvereL *). He found: 

C D E F G 

n= 1,5948 1,6043 1,6171 1,6293 1,6557. 

By the aid of this an interpolation formula has been calculated, 

and with this the values of 7 for the wavelengths occurring in the 

two tables with results have been determined. Then the values of 

D and yr, have been determined by the method of the least squares 

for the first series. The agreement appeared unsatisfactory. 

If it is further tried to represent BECQUEREL's values for the index 

of refraction with the found free frequency (»,* = 40,381.10°®) by 

a form 

n°—l A B 
=A = lg laa ara 
n° +2 vy? Vr 

it is found that this is only possible when a negative value is taken 

for A. This result must be rejected, as A=} 6” must always 

be positive. 

We shall therefore introduce an ultrared and two ultraviolet 

free frequencies, namely one far in the ultraviolet, so that »,* can 

be substituted for »,°—r° in the corresponding terms, and one at a 

moderate distance from the visible spectrum. ‘Two terms must then 

occur in the sum in the expression for the constant of rotation, and 

we must therefore put, 
Ip? (n2-1-2)2 D Agel p? (n?4 * (Be b ) 

I 9 
5 Yen (vy? —v?)? 

whereas for 7 a form of three terms must be taken, viz.: 

n?—l Cy Ce 

n° 42 viv Vv 

The values Da, Dy, and », of the first form have been calculated 

1) H. BecQvEREL. Ann. d. Ch. et d. Ph. (5) 12 p. 82 (1877). 



by the method of least squares, and separately for the two series 

A preliminary investigation had namely shown 

that the observations with the mercury are lamp (table p. 103) 

yield a dispersion curve which slightly deviates from that of the 

second series (table p. 105). 

We found: 

of observations. 

(11) o= 

(2) oo 20° (n* +2)" 

2v? (n? +2)? 

Yen 
GAO 

(zoen — - 

929 

302930.108° 
(47,485.109°—»*)? 

298540.10°° 

(48,161.102°—»?)? 
The agreement may be judged from the subjoined table, in which 

- ) 10-25 
) 

) 10-25, 

we Pp Q Ocalc. Qobserv. 

| (min. per gauss. cm.) 

(I) 0,5782 0,00668 — 0,02292 — 0,01624 — 0,01618 

0,5462 0,00752 | — 0,02771 — 0,02019 — 0,02023 

0,5087 0,00874 | — 0,03576 — 0,02702 — 0,02705 

0,4806 0,00987 | — 0,04463 — 0,03476 — 0,03468 

0,4723 0,01024 — 0,04794 — 0,03770 — 0,03782 

0,4359 0,01219 — 0,06859 — 0,05640 — 0,05633 

(ID) 0,6452 0,004.41 — 0,01557 — 0,01116 — 0,01083 

0,5956 0,00521 — 0,01983 — 0,01462 — 0,01471 

0,5601 0,00592 — 0,02417 — 0,01825 — 0,01830 

0,5245 0,00679 — 0,03030 — 0,02351 — 0,02349 

0,5097 0,00722 — 0,03363 — 0,02641 — 0,02643 

0,4889 0,00789 -— 0,03941 — 0,03152 — 0,03170 

0,4840 0,00806 — 0,04101 — 0,03295 — 0,03325 

0,4723 0,00849 ~ 0,04528 — 0,03679 — 0,03689 

0,4694 0,00861 — 0,04646 — 0,03785 — 0,03778 

0,4688 0,00863 0,04670 — 0,03807 — 0,03843 

0,4623 0,00889 — 0,04954 — 0,04065 — 0,04054 

0,4495 0,00945 — 0,05601 — 0,04656 — 0,04686 

0,4436 0,00973 — 0,05948 — 0,04975 — 0,04927 

0,4355 0,01013 — 0,06481 — 0,05468 — 0,05439 

60% 
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also the two parts of which 9 is composed, have been given sepa- 

rately, namely : 

Qv?(n? +2)? 2 (n*+2) Di 
Pa ane : = 

Oen i Pa Yen (»,?—v?)? 

In this it should be borne in mind that every value of the 

series (I) is built up of the average of six determinations, those of 

the second series being derived from one determination. In the 

former greater accuracy is, therefore, to be expected. 

At the same time the influence which the two free frequencies 

have on the constant of rotation, appears from the table. We see 

that that of the ultraviolet frequency at moderate distance by far 

preponderates. 

We can compare the dispersion of the constant of rotation found 

here with H. Breqeerer)’s determinations *). He found for the relative 

values of the constant of rotation 

@ D E b F G h 

o/op = 0,637 1,000 1,590 1,730 2,271 4,828 5,450 
while from the formula found above for series (I) follows: 

0,688 1,000 1,538 1,661 2,177 3,967 . 5,259 

The dispersion found here is, therefore, considerably less than 

BECQUEREL’S, 

We can then try to represents BreQquerer’s five values of n by 
a formula 

taking for v,? first the value 47,485.10°°, then 48,161.10*°. These 

calculations too have been carried out by the method. of least 

Observed Calculated 

n BE FE 

a LL | I | Il 

G 1,5948 0,33970 0,33966 | 0,33968 

D 1,6043 0,34407 0,34413 | 0,344 11 

EE: 1,6171 0,34996 0,34997 0,34995 

I 1,6293 0,35548 0,35547 0,35546 

G 1,6557 0,36726 0,36723 0,36726 

1) H. Becguerer, Ann. de Ch. et de Ph. (5) 12 p. 35 (1877). 
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squares. We found 

en EE 
n° +2 ‘ 47,485 . 10%? _— p? y? 

NS a an ge 
nt 2 A8 161, 10°° D? py? 

The agreement appears from the foregoing table which shows 

that a representation of the two quantities with the same free 

frequencies is possible. 

it may be further examined in how far the found numerical 

values of the coefficients are in agreement with what theory would 

lead us to expect. For a comparison with the theory it is necessary 

to recalculate the constant of rotation in the new theoretical unities 

used by Lorentz. We find then: 

2p? (n° +2)? hf 312,37.10°° 
Dr 0080 ee 

Yen (47,485.109°—p?)? 
2p? (n° +2) 307,84.10°° 

(11) ee a) 0,05556 — —_ | 19-25, 
Jen (48,16 1.10 —p°)? 

A comparison with the above derived theoretical formulae yields 

first of all (the indices #24 being further omitted) : 

XE B, Aa = 0,06702.10—25 
1 

(I) - .— > By = 0,28204, 
Va vat 

(11) — 0,27587, — 0,05556.10—25 

or if we introduce a mean value A,,, for the different values Aq: 

ORS SO. Ase S Be = 00040210 inf 
(11) = 2. 0,27587 ra’, = 0,05556.10—75 vof 

from which follows 

Aam = U) 1,584.10—26 va’, am = (IL) 1,348.10-2 vq?. 
If we take for A,, the normal value of the magnetic resolution 

Aam = 3,19.107, 

we find: 

(1) Va = 20141022; DB ride 

(1) ono 02 — 9830 

and from this the wavelength: 

ha = (Z)0,0000042 em. = (ZZ) 0,0000039 em. 

which really represents a wavelength very far in the ultraviolet. 

The following terms give 
(J) 2 > By = 2,4850.10°°, = Bj Ay = — 312,37 10° 

(11) — 2,6182.10®, — 307,84.10°° | 
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from which, again assuming a mean value A, follows: 

(Z) > B, = 3,738.10, Asm = — 0,838.10? 

(ID) — 3,938.10, — — 0,784.10? 
To 

py? = (1) 47,485 10°, == (Il) 46,161.10", 

correspond the wavelengths 

Ay = (I) 0,0000274 em, = (ID 0,0000272 cm. 

From the third term can only be derived : 

= B. = (1) 0,0706 . 10°, - = (1) 0,0647. 10°°. 

First of all we can draw the conclusion from these results that 

the found coefficients cannot lay claim to great accuracy. Small 

deviations in the dispersion curve from these series give already 

pretty great deviations in the coefficients and the values derived 

from them. Only 2, agrees for the two series. 

It further appears that really the dispersion of the index of 

refraction as well as that of the constant of rotation can be repre- 

sented by the assumption of free frequencies: 

1. one far in the ultraviolet, so that the corresponding terms 

can be considered constant, with a normal magnetic resolution, 

2. one in the ultraviolet at a moderate distance from the visible 
spectrum, 

3. one in the ultrared. 

For the second wavelength, which gives terms which have a 

preponderating influence on the dispersion, we must assume a nega- 

tive magnetic resolution of a value amounting to about a quarter 

of the normal value. As was already remarked in the first commu- 

nication this negative magnetic resolution can be accounted for by 

assuming couplings between the electrons. 

: Ala Ne 
In Lorentz’s theory the quantity 6 is an abbreviation for wi 5 

in which A is closely connected with the mass of the vibrating 

particles. The fact that for 2 4,, connected with the ultrared wave- 

length, a much smaller value is found than for the other wavelengths 

is in keeping with the view that the ultrared vibrations are executed 

by vibrating molecules, so that much larger masses come into play. 

Taking everything together it may be said that the dispersion of 

TiCl, can be explained by the theory of Lorenrz. 

Physical and electrotechnical laboratory 

Delft. of the Technical University. 

1) Lorentz, loc. cit. p. 229. 
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Geophysics. — “The propagation of sound in the atmosphere”. 

By Dr. B. van EvERDINGEN. (Communicated by Dr. J. P. van 

DER STOK). 

(Communicated in the meeting of October 30, 1915). 

§ 1. In various investigations on the propagation of heavy sounds 

over great distances, especially in the case of volcanic eruptions and 

explosions, deviations have been found, partly regular, partly irregular. 

The source of sound is always surrounded by an area of regular 

or irregular shape, where the sound is heard everywhere; but the 

source is far from being always situated symmetrically within this 

area, and the dimensions of the latter are not even in the first place 

determined by the intensity of the sound. In many cases a second 

area of audibility occurs, separated from the first by a region where 

no sound at all is heard. Sometimes this second area partly surrounds 

the first, sometimes it only consists of isolated spots — only this 

can be said generally, that the smallest distance from the source of 

sound for this second area as a rule is much more than 100 KM. 

and that the intensity of sound at this smallest distance is by no 

means smaller than at the outer border of the first area of audibility, 

which is much nearer to the source of sound. 

To illustrate this we have collected on plate I. some of the cases 

that have been investigated most carefully. 

1. (Fig. 1). Dynamite explosion (15000 KG.) at Förde in West- 

falen, December 14th 1903. Investigated by Dr. G. voy DEM Borne’). 

The small erosses indicate, in this and all following figures, the 

places where sound was heard, the cireles those where nothing 

was heard. 

With one singie exception the places where the explosion was 

heard are enclosed by two border-lines: the first line small, 20 to 

50 KM. round Förde, but displaced towards NW., the second one 

large, with an inner border at about 110 KM., and reaching outwards 

to about 180 KM., within a sector of 90° opening E. of Förde. 

2. (Fig. 2). Dynamite explosion (25000) KG.) near the Jungfrau 

railway on November 15, 1908. Investigated by Dr. A. DE QUERVAIN ®). 

Again with one exception the region of audibility may be divided 

into two parts: The first, which extends from the ‘“Kigerwand”, 

where the explosion occurred, some 30 KM. towards NE. and NW., 

whereas at a distance of 60 tot 70 KM. sound was heard at isolated 

mountain summits; the second much larger, within a sector with 

1) Die Erdbebenwarte 4, p. 1—4, 1904. 

2) Annalen der Schweizerischen Meteorologischen Zentralanstalt, J 908, 
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an opening of 90° towards NE., the inner border being formed by 

a circle with a radius of about 140 KM., the outer border lying at 

about 180 KM. not counting isolated spots at 200 and 220 KM. 

Hence in both cases the two areas of audibility are separated by 

an interspace, which Vor bEM Borre baptized “Zone des Schweigens” 

and which we shall call the “silent region”. 

3. Three eruptions of the voleano Asama in Japan, investigated 

by S. Fusiwwara '). 

a. December 7 1900. (Fig. 3). Heavy eruption, in which the 

sound and air-wave broke woodwork and windowpanes at a distance 

of more than 10 K.M. With the exception of one report, all places 

where the sound was heard are enclosed within a single line, starting 

from a place at the coast South of the voleano, passing by the vol- 

cano at a small distance Westward, curving round towards a place 

on the coast NE. of the voleano and, of course, following the coast 

thence. Within this area there lies a smaller one on the south 

coast where nothing was heard. 

Remarkable is the propagation of sound in almost exclusively 

easterly directions, coinciding with the direction in which the ashes 

fell. The extreme distance is about 300 KM. 

b. (Fig. 4). December 25 1910. Moderate eruption. The sound was 

heard eastward up to a distance of JOO KM., and moreover at two 

isolated spots at 130 and 210 KM. distance. To the west there is 

searcely other than abnormal audibility, which starts at 90 KM. 
and goes on up to 150 KM. 

c. (Fig. 5). April 4 1911. Also a moderate eruption. First region 

of audibility small, nowhere surpassing the 50 KM. limit; second 

region larger and at 120—210 KM. mostly in westerly directions. 

The density of the reports is especially Jarge at 140—150 KM. in W. 

In all, silent regions occur in 9 of the 18 cases which were 

investigated by FusiwHara, at least if we decide to use that name 

for every region of silence which is bounded inside and outside by 

regions of audibility. The distances vary between 90 and 220 KM. 

usnally between 120 and 200 KM. 

4. A case of gunpowder and dynamite explosion at Kobe on 

April 3'¢ 1910, described by the same investigator (Fig. 6). The 

region of audibility is single and much more regularly shaped than 

is the case in most of the volcanic eruptions, but still far from 

symmetrical round the source of sound. The “silent region” indicated 

in the chart is somewhat dubious, being supported by only one 

observation. 

7) Bulletin Central Meteorological Observatory Japan, Il, 1. 1912. 
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5. (Fig. 7). The explosion of the gunpowder-magazine at Wiener- 

Neustadt on June 7 1912 (200.000 KG.), investigated by J. N. Dorr’). 

Here the inner region of audibility is developed almost exclusively 

eastward and extends there to 120—140 KM., neglecting isolated 

reports; the outer region lies exclusively on the westside, where it 

forms almost half a circle, beginning at 160 KM. and reaching so 

far as 300 KM. 

For want of space in Figs. 2, 3 and 4, here and there a group 

of reports is indicated by a single cross and a number; the same occurs 

in Fig. 7, on account of the mode of representation chosen by Dorr. 

§ 2. Part of the irregularities in the propagation of sound in the 

above cases can be accounted for by the nature of the surface. The 

propagation mostly in one direction, so far as the inner region is 

concerned, may sometimes be easily explained by the presence of 

mountains, which prohibit propagation in a definite direction. 

Besides, it is long since the theory in elementary form was 

proposed, which ascribes the abnormal propagation of sound to the 

influence of variations in temperature and wind-velocity in the 

superposed layers of air in the atmosphere. Usually the starting 

point has been the supposition, that the velocity of sound in moving 

air is equal to the vector-sum of the velocity of sound in air at rest 

and the velocity of the wind, whereas the influence of temperature 

was allowed for in the usual way. 

FustwHara’) has treated the problem by drawing up the hydrodynamic 

equations for sound motion in a moving medium. The solution, 

however, meets with such difficulties that he was obliged to content 

himself with an approximation for the case of the simplest supposi- 

tions: a windvelocity in the same direction at all heights, and 

increasing or decreasing uniformly with height, and an equally linear 

variation of the velocity of sound on account of the variation in 

temperature. It appears that in this case the solution practically 

agrees with the supposition mentioned above. 

Even without going into particulars or calculations, it is easy to 

see how, by certain suppositions about the vertical distribution of 

wind-velocity, peculiarities of the propagation of sound, especially 

the silent region, may be explained. 

The influence of temperature, which in the mean decreases upwards, 

is a decrease of the velocity of sound, which causes the sound-rays 

1) Wien. Sitzungs Berichte lla. 122, p. 1683, 1913. Meteorologische Zeitschrift’ 

32 p. 207, 1915. 

3) le. p. 24. 
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to curve upwards from the earth. Hence each ray, which deviates 

ever so little from the horizontal direction, will depart faster and 

faster from the earth, and that is the reason for the relatively low 

audibility of sounds in the free air under normal conditions. A wind 

e. g. from the SW., increasing upwards, may counteract this tem- 

perature-effect, and lead to an increase upwards of the velocity of 

sound for propagation in north-easterly direction — the sound-rays 

are curved towards the earth: with a linear variation of the velo- 

city of sound the radius of curvature in each point of the orbit is 
7. 

Bes if V, means the velocity of sound in the summit of the orbit 
c 

and ¢ the variation in velocity per unit of length. The sound may 

then return to the earth up to great distances in north-easterly 

direction, after a path through the atmosphere with small frietion 

and relatively small loss of intensity. 

If we then suppose, that at a certain height the increase of wind- 

velocity ends or changes in a decrease, (resp. that the SW.-wind 

changes into a NW.-wind or into a wind of still more northerly 

direction), then the ray, the summit of which just lies at that height, 

will be the last to return to the earth. A slightly steeper ray is 

curved upwards above this level and cannot return to the earth 

for the next future. If we assume at a greater height another in- 

crease of the wind from the SW., then once more a curvature 

towards the earth may be found and at great distances the ray 

may reach the earth. 

Towards the SW. the curvature of the ray from the earth is 

increased by a SW.-wind. Hence very little sound will reach the 

earth there. But if at a higher level a strong wind from NE. occurs, 

then a second region of audibility may be found at a greater distance. 

For a direction perpendicular to that of the wind as a first approxi- 

mation no change in the normal propagation is found. 

From a theoretical standpoint little can be opposed to this mode 

of explanation; the suppositions as to the increase of wind with 

height, which have been made, are sometimes to be regarded as 

not improbable. But we know of no case, where, on the basis of 

measurements or even estimates of windvelocity at great height above 

the place of observation the proof was obtained, that the peculiari- 

ties of the propagation of sound may be explained entirely by the 

variations of wind. 

§ 3. An entirely different aspect was opened by Von prem Bornr’s *) 

supposition, that the appearance of silent regions ought to be ascribed, 
1) Physikalische Zeitschrift, 11 p. 483, 1910. 
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in some cases at least, to the change in composition of the atmos- 

phere, which is caused by the unequal decrease of the partial 

pressures of the constituents of the atmosphere. 

If no mixing by convective currents oceurred, each of the gaseous 

constituents of the atmosphere would form, entirely according to 

its own laws, an atmosphere, the pressure p of which at the height 

h would be given approximately by a formula such as 

ule 
HT 

In consequence hereof at great height the denser gases can only 

occur to a very small percentage, and the lighter constituents, of 

which hydrogen is the most generally known, must gradually begin to 

log p = log p, — 

domineer. The convection-currents alter this state of affairs only so 

far as the lower atmosphere (the troposphere) is concerned. Above 

10 or 11 KM. (at least in the temperate zone) little convection 

occurs, and above this level the change in composition begins never- 

theless. Above that same level the fall of temperature with height ceases. 

As the velocity of sound in hydrogen is much greater than that 

in nitrogen or oxygen, it follows from this, that at very great heights 

the velocity of sound increases so much that the sound rays are 

curved towards the earth. This is illustrated by fig. 8, which has 

been deduced from suppositions to be mentioned afterwards. 

Von peM Borne’s hypotheses differ only quantitatively from these 

— the entirely smooth character of the sound rays is quite in har- 

mony with his reasoning. Therefore it is really a pity that the words 

“total reflection” have not been avoided, and that he and his sup- 

porters, especially WeGeNer, have repeatedly spoken of “reflection 

against the hydrogen atmosphere’. Many writers, therefore, thought 

themselves entitled to dispose of this theory simply by drawing 

attention to the gradual character of the change in density. Our 

figure 8 shows that, notwithstanding that gradualness, a sharp limit 

is produced, within which no sound can be observed, unless parti- 

cular circumstances cause an entirely unusual course of the rays of 

little elevation. 

Without for the moment going into the details of the numerical 

results, which are obtained according to different hypotheses about 

the constitution of the atmosphere, we indicate here the principal 

features which the silent region ought toshow according to thisexplanation. 

1. At the outer limit of the silent region a comparatively large 

intensity of sound must be expected. The intensity of the sound 

within the surface between A and 4 ought to be much greater than 

that between C and D. 



2. Apart from disturbances by influence of wind and temperature, 

the silent region ought to be situated symmetrically with respect to 

the source of sound, and the abnormal audibility should be found 

on every side, at least in diametrically opposed points. 
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§ 4. Before proceeding we will communicate the results of an 

investigation about the observations of the roar of cannons made 

by a number of observers of the Royal Dutch Meteorological Insti- 

tute, temporarily reinforced by other correspondents. These observa- 

tions have been continued until now by some observers, but have 

been rather numerous during the months October—February. A 

preliminary report about the results.for October Sh appeared in the 

periodical “Hemel en Dampkring” for October 1914, p. 81, and was partly 

reprinted by Prof. Mrinarpus in “Meteorologische Zeitschrift” for 

May 1915, p. 199. The latter paper gave us the opportunity of 

extending the observational area for October Sth east and southeast- 

ward, so that almost half a circle round the source of sound near 

Antwerp was formed. 

On account of the extraordinarily large number of separate sounds 

there was no possibility of attributing the observations of definite 

sounds to well-defined causes. The only thing possible was to classify 

the reports according to the degree of clearness with which the 

sound was heard, the duration of the observations and the degree 

of certainty with which a direction was indicated. In figures 9—16 

this is shown by indicating a report without particularities by —, 

a report of moderate intensity and number of the sounds by + and 

the reports of very heavy sounds, accompanied by vibrations of 

window-panes, ete. by =. A circle, which sometimes occurs, means 

that there is a definite statement that #o roar of cannons was 

observed. 

In all figures circles have been drawn indicating the distance 

from the source of sound. 

For the bombardment of Antwerp, especially heavy on October 

Zh Gh, the place from where the heaviest gunfire was directed 

was known exactly enough, a little north of Malines. For the other 

cases of more numerous reports we had first to find out from 

what part of the battlefield the sounds might have come. Very 

useful in this inquiry has been a complete number of the mail- 

„edition of the “Nieuwe Rotterdamsche Courant” and a collection of 
the copies of that paper for periods of 10 days from the date chosen, 

which we obtained through Mr. van Manen, one of the editors of 

the paper, from Miss Dr. Cu. van Manen. We readily grasp this 

opportunity to repeat here our cordial thanks for this co-operation. 

In the second place we used the monthly war-reviews, published 

by the “Times”. 

By combining the information from different sources we succeeded 

in every case in obtaining a high degree of certainty about the 
to} o o 
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cause of particularly intense noises of the war. For the naval battles 

the determinations of place often were vague enough, nevertheless 

the place indicated will not be far from the real one. We shall 

enumerate here the dates; 

October 7—9t. Bombardment of Antwerp. 

17th, Naval battle on the North Sea, ending in the 

destruction of 4 German torpedo-destroyers. 

a SE First bombarding of German positions at the Yser 

by English naval guns. 

. 22nd, Heavy fighting on the line Ostend—Nieuport— 

Ypres. 

7 24th, Heavy fighting at the Ysercanal (Y): the Germans 

force their way over the Yser. Severe fighting E. 

of Ypres (Y,) and S. of Lille. 
2 28th, Heavy English naval guns (12-inch) bombard 

heavy German artillery in Flanders. 

November 15. Severe attack of Germans on Ypres. English 

naval guns in action. Heavy fighting at Dix- 

muiden, on the Lys, and at Messines. 

January 24. Naval battle in the North Sea, ending in the 

sinking of the “Blücher”. 
In one of the figures (fig. 11) the supposed position of the English 

naval guns and the places mentioned in the above list are indicated 

by their initial letters; at the circles these same letters indicate 

their centre. 

$ 5. The silent region. 
The little chart for October Stk (October 7 and 9t" with fewer 

reports show exactly the same features) forms a very clear example 

of a silent region. Though there are a few reports in our country 

between the circles with 100 and 158 K.M. radius, these do 

not count against the numerous reports within the circle of 100 and 

without that with 158 K.M. radius. Especially remarkable is that 

at the very large distance of over 158 K.M. reporis appear again, 

which talk of vibrating window-panes ete. — a thing which never 

occurs in the silent region. 

Some observers reported that the sound arrived at a rather 

large angle with the horizon. 

The reports, collected quite independently by Mutnarpus, fall 

exactly into line with the Dutch ones. In the neighbourhood of 

Cleve a few reports fall within the circle of 158 K.M. radius, but 

we must take into account that these reports were not asked for 
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until several days after the siege of Antwerp, and that, with a view 

to a preliminary account in the press, suggestion or mistakes in 

dates appear not quite impossible, whereas in our country there can 

be no question of such a thing. 

If we consider that on later occasions also the lightships “Schouwen- 

bank” and ‘Maas’ sent in reports, we are entitled to say that the 

inner circle has been verified over 180°, the outer one over more 

than 90°. 
It is this symmetry with regard to the source of sound which 

speaks immediately against every effort to explain this silent region 

by influence of wind. Any wind, which keeps the same direction 

over a certain distance, must form a limit of the area of audibility, 

which is less curved than the circle round the source of sound 

through the point, where the ray that has the same direction as the 

wind reaches the surface once more.') No trace of such a thing is 

shown here. We shall see afterwards, that also meteorological obser- 

vations do not give any reason to ascribe the reappearance of the 

sound at 160 K.M. and farther to the influence of the wind. 

Whereas this seemed to be in support of Von Dem Bornn’s view, 

the distance was somewhat at variance with that view. Indeed, 

Von prem borne calculated that the shortest distance at which the 

rays curved back by the high atmosphere shouid reach the surface, 

was 114 K.M. 

One might be inclined to think that meteorological circumstances 

might be the reason why another value for the minimum distance 

was found. In calculating the influences to be expected, it soon 

appears that these influences will be hardly perceptible. We return 

to this question in § 8 and will see first, whether the silent region 

was shown also on other days, and whether other distances were 

observed on these occasions. The various dates will be treated 

in succession. 

§ 6. October 17%. The initial position of the battle has been 

assumed according to a report of the ‘Drathning Sophia’, who 
reported to have been at 3°45’ E. Long. and 53°3' N. Lat. when 

1) Indeed, for a direction making an angle © with the wind, the velocity of sound 

V at the level of the maximum windvelocity v becomes Ve = Vj + Vcos¢; hence 

the initial angle of the ray, which becomes horizontal at this level, is determined by 

sin ag ese When ¢ grows, sina, increases and every element of the 

orbit is longer the more v increases. For a definite value of 9, 2» may become 

imaginary: in that case the area of abnormal audibility, belonging to this wind- 

distribution, is enclosed within a definite sector. 
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she saw the battle developing to the West, and continuing in a 

northerly direction. 

The reports from the south originate from the battlefield in Bel- 

gium or northern France, and indeed generally indicate a southerly 

direction as origin. The three reports in Groningen and Friesland 

are distinguished in the first place by the time of observation, which 

falls between 2 and 4 p.m., hence exactly the time of the battle 

in the North Sea, and indicate northwesterly or southwesterly 

directions. The distance from the most westerly places of observa- 

tion to the line of battle is about 160 KM. Evidently the first area 

of audibility did not extend to the North Sea Isles. 

October 18. The English naval guns were reported to have fired 

from war-ships lying 4 KM. off the coast at Nieuport. 

With the relatively scarce reports from Zealand, the numerous 

reports from the province South-Holland form a striking contrast; 

these reports begin at the circle of 160 KM. round Ypres, on which 

circle a report of vibrating window-panes occurs. The reports of 

heavy sounds on the 196 KM. line have been connected with the 

naval guns. We shall see that a distance of about 200 KM. is met 

with every time when these guns have been in action. 

October 2254, Very heavy was on this day the roar of cannons 

in Zealand — according to one observer more intense than during 

the siege of Antwerp. The observations at Zierikzee and Stavenisse, 

where one noted very heavy sound, the other nothing at all, 

might be taken to indicate that some cause put a sharp limit to the 

first region of audibility. But the circumstance that the observation 

at Zierikzee was made on a light-house may have had a certain 

influence. 
The sudden ceasing of reports past the limit of 100 KM. makes 

the reappearance at about 160 KM., where also heavy sounds are 

reported (Noordwijk) the more striking. It is open to doubt whether 

the second region of audibility had really as sharp an outer limit 

as would seem. In Limburg the line of 218 KM. runs along our 

frontier, and on the whole the reports are scanty. 

October 24%. As compared with the simple picture offered by 

the 22ed of October, this day at first seems very perplexing. However, 

the reports along the New Waterway, now met with for the first 

time, find their natural explanation in the fighting at Lille (R.) — 

there are two silent regions here, and both have as outer limit a 

circle with a radius not far from 160 KM. It is open to doubt 

whether the line of 200 KM. has any meaning here. 

October 28". According to the reports, no less than 16 English 
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men-of-war joined in the bombardment of the Flemish Coast, and 

12-inch guns were said to have been in action. 

And vet, in Zealand this time little was heard. So much the 

stronger were the battle-noises at great distance. The line of 160 KM. 

plays a certain part again, but that of 200 KM. likewise is clearly 

indicated. The reports from the province of Groningen give a north- 

erly origin, but evidently as far as Kampen and Dalmsholte (280 

KM. the sound of the naval guns penetrated. 

November 1st. The location of the battle is based upon corresponding 

reports from English and German sides, which place the end of the 

fighting, at which moment probably the bombardment was most 

severe, at 40 sea-miles W. of Helgoland. Also in this case there is 

no real silent region; however. if we look at the heavy sounds, 

which were frequent enough here, one sees that these are wanting 

between the circles of 118 and 175 KM. round the terminal spot of 

the battle, whereas they aye rather numerous in the province of 

North-Holland at the line of 198 KM. Hence there is sufficient 

evidence of an increased audibility beyond 160 KM. 

Concluding, we think we are allowed to say that in many of these 

cases ap increased audibility has been established near the line of 

160 AM., and that beyond this line more roar of cannons was heard 

than in the belt of 40 or 60 KM. bordered outwards by this circle. 

In none of these cases is there a clear indication of a unilateral, 

asymmetrical propagation of the sound — but only rarely the reports 

were numerous enough to allow definite conclusions in this respect. 

7. The foregoing shows clearly, in our opinion, that under the 

widely varying meteorological circumstances occurring in our country 

on the davs mentioned, there was never an indication of a silent 

region that would end as early as 114 KM. For the rest, however, 

the state of things resembles in many respects that state which von 

DEM Borne’s theory would lead one to expect. The question therefore 

arises: how is it to be explained that this theory is not verified 

quantitatively > 
We have already observed that the meteorological circumstances 

can alter little in the minimum distance. Hence nothing remains 

but a eriticism of the hypotheses about the composition of the 

atmosphere, on which Von prem Bornr’s theory is founded. 

Von prem Borne takes 280° abs. for the temperature at the surface, 

220° abs. at 12 KM. and a constant temperature from there. In 

explaining his formulae he starts from the assumption that the 

molecular weight of the air remains constant up to 12 KM. in 
61 

Proceedings Royal Acad. Amsterdam. Vol. XVIII. 



944 

partial pressure diminishes according to ifs proper molecular weight. 

The partial pressures at 10 KM. height are taken from Hann‘); 

here, however, the influence of mixture, though this influence is 

discussed, seems not to have been taken into account; this makes 

a difference in the first place for the percentage of hydrogen, which 

without mixing has increased 3'/, times already at 10 KM. The 

consequence of the convection currents; above that height every 

influence of this omission on the molecular weight in the first 

20 KM. is very small, but at great heights the differences are large 

enough. Moreover, the calculation has been largely simplified by 

considering the atmosphere as built up of two gases: hydrogen 

and an imaginary gas with a molecular weight 28.6. For the per- 

centage of hydrogen at the surface, Hann takes 0.01 °/,; from one 

of Von prem Borne’s illustrations we take: 

0 20 40 60 80 100 KM. 

0.01 0.1 3.0 37.2 94.4 98.6 °/, 

The smallest distance at which sound rays may return to the 

earth is with these assumptions 114 KM.; the sound ray becomes 

horizontal at a height of 75 KM. 

Of his method of calculation of the sound rays, Von DEM BORNE 

only says that it was tedious and was performed only in a cursory 

way. When it appeared from a preliminary control-calculation, that 

near the summit of the orbit the calculation ought to be made 

rather exactly in order to avoid great errors, we sought a mode of 

calculation, which, without taking too much time, would give results 

exact to about 1 KM. for the horizontal projection of the sound rays. 

The following general course was taken : 

Starting from different assumptions, to be mentioned afterwards, 

the composition of the atmosphere was calculated from 10 to 10 KM. 

by considering the partial pressure of each gas to decrease above 

the level of 10 KM. according to the law: 

AT, 
AT’ 

the meaning of which is sufficiently known. Above 20 KM. 7 was 

taken = 215, from 10—20 KM. 223, from O to 10 KM. 255°. *) 

From the composition thus obtained, the molecular weight was 

calculated and thence the velocity of sound by the formula: 

a Ale Ek 
ov 

log p = log p, — 

1) Lehrbuch der Meteorologie. 2te Auflage. p. 7. 1905. In the third edition 

(1914) the calculations of Humpureys, to be mentioned hereafter, are also quoted. 
2) The latter value as assumed by Hany, l.c. p. 8. 
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From a graphical representation of these velocities, the velocities 

of sound at 5, 15, 25 KM. ete. were read, and in order to simplify 

the ecaleulation we assumed that for the less curved part of the 

orbit a sufficient approximation was obtained by considering these 

velocities as constant every time over 10 KM. ; 

Starting from some initial zenith-distance of the ray «, we find 

an from sin a,: sina, = V,: Vi; the horizontal projection of the 

sound rays is then given by 2 10 ty ay. 

For the more curved part of the orbit and especially when it 

becomes horizontal, this method, however, would cause too great 

errors. It appeared, that up to the last 5 KM. height a sufficient 

accuracy was obtained by making the calculation by steps of 1 

instead of 10 KM.; hence reading the velocity at each full KM. and 

using the mean value, which practically means calculating 11 steps, 

the first and last of which only count for one half. 

Also this method would cause errors for the last kilometers as 

the tg. approaches o for « — 90°. 

To get a simple approximation here, we used the simplified 

differential-equation of the orbit for the case where the velocity 

of sound at this height varies in a linear way, hence may be 

represented by v= v,—ch. 

If we call z and / the co-ordinates of a point of the orbit, starting 

from the summit of the orbit as origin, then : 

dh v C 

cotg = — ig ee ml ch 
dx Un Vn 

cos a —= V 2ch—e?h? 

(l1—ch) dh 
de = dh tg a = ——_____ 

V 2c'h—ce'h? 

On further inquiry it appears that in this case the orbit is a 

: et, 
circle with a radius — == —. 

c c 

The approximation obtained in this way happens to be closest in 

the vicinity of the ray which reaches the earth at the minimum 

distance from the source of sound, because this ray is inverted in 

the region where the velocity of sound varies most rapidly, and 

therefore the curve of sound-velocities shows an inflexion. 

This method of calculation was also applied to the results com- 

municated graphically by von pem Borne for the velocity of sound 

biz 



946 

with his suppositions. Though the order of magnitude for the 

distances at which the ray returns to the earth remains the same, 

all distances, and with them the radius of the silent region, become 

sensibly smaller. 

We give here only the results near this point: 

Height H, where the Return to the 

at. ray becomes horizontal. earth at distance D. 

a. 30°56’ 75 KM. 114 KM. 

24°27’ 80 103 

20553 85 109 

19°12’ 90 131 

Hence at all events we find a value for the limit of tbe silent 

region, far from those encountered in reality. 

In the first place, we had to consider further the suppositions 

on the composition of the atmosphere made by other writers. 

Dh. Whauner’s') hypothesis about the occurrence of geocoronium 

in the atmosphere. 

WerGeNeR takes at the surface the lower percentage of hydrogen 

0.0033 °/, according to RarreiH, but does not allow for the mixing 

by convection currents. As VON DEM Borne practically did not do 

that either, or at least only very partially, WeGENER’s percentage 

of hydrogen remains much lower. 

0 20 40 60 80 100 KM. 

Hydrogen 0.0038 0.0 il 12 55 67 

Geocoronium = — — — 5 19 29 

Partially the low percentage of hydrogen is balanced by the 

hypothetical geocoronium, as this would be .5 times lighter than 

bydrogen. On the whole, therefore, the course of the rays is only 

slightly changed, as the course depends on the rapid decrease of 

the molecular weight between 60 and 80 KM. 

The limit of the silent region is indicated by the following sets 

of values: 

a EIS D. 

16°43’ 105 148 

20°26’ 95 118 

31°44’ 82.7 121 

42°32’ (7.2 151 

If these data are combined in a graphic (fig. 8), we find as limit 

of the silent region 114 KM. for an initial angle of 25° of the 

sound ray. 

1) A. WEGENER, Beiträge zur Geophysik, 11, p. 104, 1912. 
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Hence also this figure is far below 160 KM. We may remark 

here by the way, that the addition of geocoronium accelerates the 

decrease of density between the heights of 80 and 90 KM., where 

the inversion of the ray takes place, and hence adds to the shortening 

of the distance. Therefore, if indeed the silent region in the case 

of no disturbance ends at 160 KM., this is not in favour of 

WEeEGENER’s hypothesis, and we should be forced at all events to the 

conclusion, that the quantity of geocoronium ought to be much 

smaller than was assumed by WeGENER. 

c. Humpareys’ *) calculation, whereby the mixing in the lowest 

11 KM. is taken into account, but the percentage of hydrogen at 

the surface is again put equal to 0.01 °/,. The temperature was 

taken equal to 284 abs. at the surface, thence decreasing by 6° per 
KM. up to 11 KM., and thence equal to 218° abs. 

Humpnerys’ calculation has not been executed with the same 

accuracy in all details, so that his figures show a somewhat irregular 

course. Starting from his fundamental hypothesis, we find the 

following percentages of hydrogen: 

0 20 40 60 80 100 KM. 

0.01 0.04 0.7 10.7 67.7 97.3 

This again does not produce much alteration and we find in the 

same way as before: 

a He D 

34°21 85 155 

sle 90 118 

; 22°47’ 95 120 

20225? 100 Tote 

The limit of the silent region then comes at 117 K.M. for an 

angle of 25°. 

As the suppositions of WEGENER and Humpnrnys, apart from geoco- 

ronium, differ principally in two respects : the percentage of hydrogen 

at the surface and the influence of mixing in the lower 10 or 11 

KM., two further calculations were made in order to elucidate the 

influence of each of these factors : 

d. According to Wrerner’s hypotheses, but with 0.01°/, hydrogen 

as assumed by Hann and Humpureys (which means that the quantity 

of geocoronium, which at 200 KM. is put equal to that of hydrogen, 

becomes much larger). 

1) W.J. Humerreys. Bullelin Mount Weather 2, p. 66, 1909, 
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e. Without geocoronium, but with a hydrogen percentage as assumed 

by WeGENER, and moreover mixing up to 10 KM. 

At greater heights the percentage of hydrogen then becomes : 

0 20 40 60 80 100 120 KM. 

d. 0.01 0.14 2.6 304 68.7 70.5 67.0 

é. 0.00383 0.014 0.25 5.2 42.3. “91:0 » 98.2 

These assumptions are the most diverging as to the quantity of 

hydrogen, a thing which becomes especially important at 60 KM. 

The course of the rays is then characterised by the following figures : 

« Hi: DA 

d. olen 15) 124 

8 81.7 106 

20°38’ 85 102 

US 90 119 

e. 38°48" 90) 160 
BOZO: 95 133 

Doce! 100 126 

Dil 105 131 

Minimum distance for d += 102 e + 126. 

We see how the decrease of the quantity of hydrogen leads to 

shifting the limit of the silent region farther off. Therefore the 

question arises: Is there a reason to assume a still smaller quantity 

of hydrogen ? 

This really appears to be the case. The determination by CLAUDE *), 

in which very large quantities of air were liquefied, led to the result, 

that the volume percentage of hydrogen in the atmosphere at the 

surface would be only 0.0001, against 0.0005 Helium. For the three 

rare gases Neon, Helium and Hydrogen together 0.0021 was found. 

The most recent determination of these constituents was made by 

ERDMANN ®) in samples of air, collected at various heights in the 

atmosphere at the time of the nearest approach to the earth of the 

tail of HauLey’s comet on 18/19 May 1910. The quantity of air in 

these determinations was never more than 650 em°. Per liter of air 

26 to 57 mm’. of the gases mentioned was found ; only for the 

height of 4500 to 8000 M. it was possible to ascertain the presence 

of hydrogen by means of the spectroscope, most clearly in the latter 

case. Hence at the surface the percentage of hydrogen is far below 0.0026. 

From the increasing proportion of rare gases with greater height 

1) G. CLAUDE, C.R. 148 p. 1454, 1909. 

2) ERDMANN, Ergebn. d. Arb. d. K P. Aeron. Obs. Lindenberg, 6. p. 227, 1911. 
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we may conclude, that the mixing by convection currents is imper- 

fect; this increase however is rather irregular and smaller than 

ought to be expected without mixing. On account of the tncertainty 

of the determinations and the unknown percentage cf hydrogen it 

is not possible to calculate the degree of mixing. 

Still another consideration leads us to reckon for the higher strata 

with the possibility of a much smaller percentage of hydrogen. For 

a long time it has been doubted, on account of the kinetic theory 

of gases, that it would be possible for hydrogen to remain in the 

earth’s atmosphere ; since its presence in the lower strata has been 

put beyond doubt, the possibility has been urged that hydrogen is 

being produced continually at the surface, e.g. from mineral waters, 

ete. If this be right, it might be that in higher strata in consequence 

of the powerful ultra-violet radiation a combination with oxygen took 

place, and hence the percentage of hydrogen happened to be much 

lower than we should have to assume according to the gas-laws. 

In order to determine further the influence of the decrease in 

the percentage of hydrogen, we first calculated how the course of 

the rays would be if there were no hydrogen at all. The gaseous con- 

stituent, which then comes under consideration first, on account of 

its low molecular weight, is Helium. Starting from the figure 0.00015°/, 

Helium at tbe surface, as assumed Hann, we arrive at the following 

composition of the atmosphere : 

0 20 40 60 80 100 120 140 KM. 

N 78:03 SIS OMe SIE See) 2.2 

Ons 20:99 Lise 42e) 8.4 5.5 3.0 0.6 — 

Ar 0.94 0.5 0.2 

He = 0.00015 — — O.1 LG NSIS 75.6" IS 

As the change from the “nitrogen-atmosphere” to the “helium- 

atmosphere” occurs at much greater height than that to the ““hydrogen- 

atmosphere”, and moreover the velocity of sound varies more gradually, 

the sound rays now become higher and less curved. The results are: 

Pi: a H. D. 

42°18’ 120 218 

35° 8’ 125 193 

31°30’ 130 196 

The limit lies at about 190 KM. for rays with an initial angle of 34°. 

Hence, in order to arrive at a limit of 160 KM. we have to 

assume a small percentage of hydrogen in the higher strata. That 

this percentage ought to be very small appears from the calculation 

which, by way of test, was made with a percentage, 6 times 
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smaller than the smallest percentage assumed thus far in our calcu- 

lations i.e. 0.00055 °/,. 

This gives as composition : 

0 20 40 60 80 100 120 140 KM. 

N 78.03 81:8 875 90.8 826 28:9 2.5 0.2 

O 20.99 ded 123 8.3 4.9 tst 0.1 — 

Ar 0.94 0.5 0.2 = = 

H 0.00055 —— — OTO ORG ASIO RIS 

He 0.00015 — 0.1 L.4 6.8 7.9 6.7 

and for the sound rays: 

Y- u H. D. 

42°33’ 100 184 

27°41’ 110 139 

21° 8’ 120 142 

195204 130 223 

The limit is found here at 136 KM. for an initial angle of 25°. 

It is this calculation which served as a basis for fig. 8. 

By a rough interpolation we find that the limit of 160 KM. would 

be obtained at a percentage of hydrogen, amounting to 0.0001 at 

the surface. It would be useless to make this estimate more accurate, 

as in all preceding calculations certain influences, e.g. the curvature 

of the earth’s surface, have been left out of consideration, and the 

results therefore have no absolute value. Moreover it appears that 

at present a larger percentage of Helium is assumed than we 

derived from Hann and others. When Prof. E. ConeN was so kind 

as to draw my attention to the research of Craupr, time failed to 

make another calculation with a percentage of Helium about three 

times larger. The order of magnitude of our result, however, will 

not be altered by this circumstance, and the percentage of hydrogen 

calculated will remain very near that determined by Craupr. 

§ 8. We have treated the calculations about the sound orbits in 

air at rest somewhat at length, in order to make clear that the 

data about the constitution of the atmosphere are by no means so 

accurately known, that one would be in a position to reject VON DEM 

BorNeE's explanation only because the limit of the silent region does 

not oceur at 114 KM., as von pem BorNe's calculation would have 

it. It appears to us, that given the uncertainty existing in this respect, 

more weight ought to be attached to the shape of the silent region 

and the distribution of sound intensity at its limit than to the absolute 

dimensions, and we have pointed out already that in this respect 
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the results for October 8*> are very much in favour of that explanation. 

When pe QUPRVAIN') maintains, that even in this case the proof 

has not been given that the silent region shows a circular form, 

this can only refer to the absence of reporis from the southern 

battlefields. But he forgets to remark that already the semi-circular 

form following from the reports obtained, nay, even a circular form 

over 90°, comes into conflict with what ought to be expected in 

the case of a wind influence, sufficient to make the sounds return 

to the earth at 160 KM. distance from the source. 

As may appear from what precedes, we are of opinion, that the 

two explanations of the silent region, which we shall call for the 

sake of brevity the physical and the meteorological explanation, are 

both true and ought to be applied in combination. The question then 

arises: how is the path of the rays changed speaking generally, e.g. 

in case g, when the air is not at rest or large irregularities of the 

temperature gradient occur? 

We leave on one side at this moment the rays, starting with a small 

elevation, which will contribute most to the audibility in the first 

region, and shall concentrate our attention on the rays in the neigh- 

bourhood of 25° zenithdistance, which reach the surface again at 

the border of the silent region. Secondly we have in mind, that 

disturbances by wind and temperature will be confined almost wholly 

to the first 10 KM., at least in the temperate zone; in the strato- 

sphere no great variations of wind or temperature occur. Then we 

may also perceive, without going into details, that even very heavy 

disturbances in the lower strata can exert only little influence on 

the position of the silent region. E.g. if we take an increase of wind 

of 0.5 M. per 100 M., as pr QvERVAIN assumes in his case, then the 

velocity of sound at 10 KM. height is increased by 50 M. for 

horizontal propagation in the direction of the wind, but only by 

30 sin 25° or 21 M. for a ray of about 25° zenithsdistance. The 

velocities of sonnd in case y at the height of 10 KM. are thus 

changed in the proportion 1: 1.07, which changes the elevation there 

only from 22°37’ into 24°13’. Nevertheless this might have a rather 

great influence on the limit of the silent region, were it not that 

for the further propagation the rôle of the ray with initial angle 

of 25° is taken up by the ray, which starts with 23° 30’ and enters 

the stratosphere at an angle of 22°37’. The entire change in the 

total horizontal path of the rays with minimum distance will hence 

1) Die Umschau, 19, No. 27, 1915. Here a case of a very widespread audibility 

of roar of cannons in the Sundgau on December 25th 1914 is described, in which 

the propagation is rather unsymmetrical and the silent region of little importance. 



be confined to at most the difference 2 >< 10 (tg. 23° 49’ — tg. 23°3’), 

that is about 0.82 KM. 

Variations in the fall of temperature, even considerable inversions, 

have neither a great influence on these steep rays, the more so, 

because the mean fall of temperature over 10 KM. seldom undergoes 

great variations. E.g. a sudden rise of temperature of 10°, which 

was not balanced afterwards, would at 5 KM. increase the velocity 

of sound in the proportion 1: V5, which would alter the elevation 

by 0°30’. In other words: for these steep sound rays even the most 

heavily disturbed air behaves as a bad window-pane for a perpen- 

dieularly incident ray: it goes through almost undisturbed. Hence the 

sound, refracted by the high strata of the atmosphere, always returns to 

the earth at practically the same distance; regular modifications of the 

sound-limit, which are connected with the regular and pretty great 

velocities, which may oecur in the higher atmosphere, will always 

show the same features, since we may assume at these considerable 

heights a practically constant state of motion. 

§ 9. From this we may immediately infer, that the singularly 

shaped silent regions, observed in many of the cases quoted in the 

introduction, cannot be ascribed to a co-operation of the refraction 

in the high atmosphere and the disturbances of the lower atmosphere, 

but ought to be explained by the latter alone. That in these and 

other cases the regular second region of audibility does not appear, 

will often be explained sufficiently by the fact, that this sound is 

rather weak, absolutely speaking, and may easily be covered by sounds 

transferred in another way. Moreover we have already indicated 

the possibility, that originaily little sound is emitted in certain 

definite directions. In the case of volcanic eruptions the emitted hot 

gases and vapours, mixed with ashes, may cause tremendous disturb- 

ances in the distribution of windvelocity and temperature. Yet it 

seems to us, that among these cases some indications are found of 

an increased audibility at distances of the order of 140—160 KM. 

a. In the case of the dynamite-explosion at the Eigerwand (2 

near the Bodensee, distance exactly 160 KM. 

b. December 7th 1909 Asama 170 K.M. (Fig. 3) 

April 4th 1911 AD cu. GEIS. 45) 

55 rodel ELS ON 

December 25th 1910 i 145 „ (Fig. 4) 

2nd 1912 A One 2, 
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c. At the gunpowder explosion at Wiener-Neustadt, where the 

second area, not counting spurious observations, begins only at 

160 KM. Whether the greatest intensity of sound, which was found 

here at 210 KM.. might be ascribed to a special distribution of the 

energy of sound at the source, cannot be decided by the present writer. 

It would be possible in these cases to decide immediately whether 

the sound had made its way through the very high strata of the 

atmosphere, or had been held back in the lower 10 or 20 KML, if 

the time of propagation were known accurately. Some data about this 

point are indeed available, but often the accuracy leaves much to 

be desired. In the case of the explosion at the Eigerwand (2) the 

two statements for the immediate neighbourhood about the time of 

explosion differ by 2 minutes, and the times of propagation for distances 

of 160 to 170 KM. vary from 35 to 13 minutes. Along the orbit 

assumed bv DE Quervarn for this distance, 8 to 9 minutes would be 

required, for an orbit in case g, ascending to a height of 115 KM., 

12.5 minute. Hence the mean time of observation is in favour of 

an orbit more like that of Dr QVERVAIN, but the observation cannot 

be called decisive. 
In the case of the volcanic eruptions, investigated by Fusiwnara, 

thanks to the observations of a number of meteorological stations, 

the uncertainty of the time determinations is not so great, though 

an uncertainty of 2 minutes forms no exception. Among these 

there are at least two, that of December 7 1909 and May 25% 

L910, where at distances above 140 km. beside normal, also abnormal 

large times of propagation occur, whereas in the former case times 

of 15 and 16 minutes are stated, which would agree very well 

with a propagation through the lavers above LOO km. 

Also in the Wiener-Neustadt case at great distances times of pro- 

pagation above the normal value are mentioned. 

Hence, though the times of propagation support to a certain degree 

the applicability of the physical explanation, it cannot be denied, 

that the first impression generally pleads for a meteorological ex- 

planation; a decision however is not yet arrived at. 

So we are forced to the conclusion that in the case of Antwerp, 

where the silent region appeared so extremely regular, extraordinary 

weather-conditions have co-operated to procure an image so little 

disturbed. 

FusiwHara, as well as DE QvrrvarN and Dorr, has tried to ascribe 

the abnormal propagation of the sounds to the meteorological in- 

fluences mentioned. Unhappily these writers did not as a rule dispose 

of anything like sufficient data about the conditions in the higher 
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strata, so that they had usually to resort to suppositions or theoretical 

speculations. E.g. DE QUERVAIN in his case assumes, that from 4000 

to 11000 m. height a SW.-wind occurred, increasing to a velocity 

of 35 m. per second, whereas the observation of Cirrus-clouds in 

our country on the 15% gave Ci. in NW. (probably rising from 

NW), and on the 16 and 17' really a rather fast motion from 

WNW. (17 m. at 10000 m.) was stated. Inspection of the weather- 

chart, in connection with the motion of the isallobars, would lead 

one in the first place to sappose a motion from SE. in the inter- 

mediate layers. If the sound rays have really taken their way ex- 

clusively through the lower atmosphere, we should be more inclined 

to admit the influence of a streng inversion in the A-Cu-level in the 

same manner as was obseryed on that day at a much lower level at 

Lindenberg. Be this as it may, observations of the air-motion in the 

levels above 4000 m. over Switzerland fail on this occasion. 

Fortunately, for some of the cases of roar of cannons in the Nether- 

lands treated above, a greater certainty exists. We have collected in 

a table the observations obtained from clouds, and by means of 

pilot-balloons, kites and cable-balloons for the days mentioned, and shall 

consider how far the particularities of the sound phenomena may 

be explained by these observations. 

The table gives in the first column the dates, in the second a 

short review of the weathereonditions, principally ‘he distribution 

of pressure. Under the heading “Wind- and cloudmotion” then follow 

the observations of wind and clouds at the stations Helder (He), 

Flushing (VI) and Winterswijk (Wi), where the observations of clouds 

have been made since 1897 and have been made daily since 1905, whereas 

at De Bilt (De B) they are made on special occasions. The direction 

and relative velocity are determined accurately by Brsson’s nepho- 

scope, the height of the clouds has to be estimated according to the 

type of cloud and has been put for simplicity equal to 1000 m. 

for the lower clouds, 2000 m. for the Strato-Cumulus (St. Cu), 8000 m. 

for the Alto-Cumulus (A-Cu) and 10000 m. for the Cirrus (Ci). By 

these assumptions we are enabled to calculate the velocity in meters 

per second. In consequence of variations in height for the lower 

clouds, the real velocities may differ from the calculated ones by the 

factor 0.4 to 1.5; for the higher clouds the deviations will probably 

remain below 20 °/,. 

Evidently it was desirable to supplement these estimates by more 

exact measurements, which might consist in observations with pilot 

balloons, cable balloons, or kites. Unhappily enough the first mentioned 

observations have suffered much by the difficulty of obtaining pilot 
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balloons during the war, a difficulty which was solved only 

later. The observations with kites and cable balloons at Soester- 

berg (S) continue to suffer strongly under the absence of a private 

ground, the negotiations for which only recently met with success. 

By way of supplement, therefore, under the heading “Distribution of 

wind and temperature’, we have resorted to observations at Hamburg, 

Lindenberg and Friedrichshafen, so far as these were at hand at the 

time. The latter have already been published in their definitive 

form’), the former are quoted only partially in the German daily 

weather reports and therefore may afterwards be largely supplemented 

or amended. Afternoon observations are indicated by adding the 

index p to the name of the station. 

On October 8th there was almost no increase of wind from the 

St-Cu level up to the height where the Ci floated, and certainly 

no increasing SW.-wind such as would be required to bend back 

to the earth rays which left the source of sound with some elevation. 

Up to 2000 M. no S.-components are met with, and no nearer than 

Helder a W.-ly wind of some importance. The direction of the Ci, 

observed at Flushing, is nearly perpendicular to the principal direc- 

tion of propagation. Given the position of the anticyclone. in general, 

nothing else was to be expected. Hence the abnormal audibility as 

far as 220 KM. cannot be ascribed to an increase of wind in the 

troposphere. One might suppose, that in the stratosphere an in- 

creasing SW.-current or a decreasing NE.-current reigned, and that 

these currents caused the rays, practically straight in the troposphere, 

to curve in the stratosphere. The smallest distance, at which the 

rays may return to the earth, is then determined by the height up 

to which one makes the wind increase and by the amount of that 

increase. But in that way we can never get anything else but a 

curvature of the rays, which propagate the sound in the direction of 

the wind. For a ray perpendicular to the wind the effect is practically 

equal to zero, and the limit of the silent region cannot be a circle, 

but must show a smaller, perhaps even an inverted curvature so that 

half a circle, as our figure 9 shows, cannot at all be explained in 

this way (see the footnote on page 941). 

At this moment we indicate once more a remarkable deduction, 

which must be made from the theory of the bending of sound rays 

in consequence of the decrease of temperature with height. In the 

normal ease of fall of temperature with increasing height, the sound 

rays are curved from the surface upwards. Rays starting with a 

1) Ergebnisse der Arbeiten der Prachenstation am Bodensee im Jahre 1914, 

Stuttgart 1915. 
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very small elevation, therefore, depart faster and faster from the 

surface. It follows from this, that audibility at greater distances is 

only possible, if the source of sound lies at some height above the 

surface and rays oecur which start with a negative elevation. The 

necessity of placing speakers in open air meetings on a platform with 

a soundboard above their heads, depends on the same phenomena 

of course. 

If then the audibility at great distances on October 8th is not to 

be attributed to the wind, how is the wide-spread first area of 

audibility to be explained ? 

The answer to this question is given by the ascensions of cable- 

balloons at Soesterberg on October 7th and 8th. On the 7th a very 

strong inversion was met with at 1600—2200 M. height, a rise 

indeed from O°.4 to 9°.9 C; on the 8th the inversion lay a 

little higher, 2500—3000 M. and had decreased to 3.8 — 10.8 or 

a little lower. 

The masses of air, which were above Soesterberg on the 7th, 

moved southward with a small velocity, some 2 M. per second or 

7 KM. per hour. From a comparison with the observations at 

Friedrichshafen and Hamburg and with the distribution of temperature, 

it appears certain enough, that the southerly motion extended to 

Belgium and lasted for a considerable time. Thus in 24 hours a 

distance of 168 KM. would have been traversed, so that those 

masses of air found themselves then above Belgium. 

There is every reason to assume, that especially in the early 

hours of the morning, when the surface temperature fell very low, 

the temperature at 2000 M. was much higher than that at the 

surface, and at noon only a little lower. Under these circumstances 

in the morning sound rays with an elevation even of 9° might be 

bent back to the earth at the limit of the inversion layer: if we 

assume reflection for simplicity’s sake, they would reach the earth 

again at 12 KM. distance. Rays with a smaller elevation would 

return at a greater distance, and this might be repeated several 

times, so that the rays undulated between the earth and the inver- 

sionlayer until either the energy was exhausted or the inversion 

layer ceased or decreased and the rays ascended into space. It is 

reasonable to assume, that with the very large angles of incidence, 

oceurring at the layer of discontinuity a great proportion of the 

energy of sound fell on the ‘reflected’? rays, the more so because 

the sky was everywhere heavily clonded or overcast on October 

7th and 8th in our country. 

Summing up, we may say that the meteorological circumstances 
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on October 8th were extraordinarily favourable for a wide propa- 

gation of sound in the area which surrounded the source of sound, 

but that rays, starting with large elevation were not disturbed at 

all in the lower strata, so that a return to the earth was made 

possible only in connection with the change in composition of the 

higher strata of the atmosphere. 

October 17%. This time, too, almost no curvature is to be expected 

for steep rays in the lower 10 KM.; the increase of wind from 

NE. +5 M. to S. 10 M. per second in the Ci does not neutralize 

the curvature from the surface, caused by the normal decrease of 

temperature. Also the inversions are of little importance, at least in 

our country and at Lindenberg. The temperature does not at all 

rise to the surface temperature. 

In consequence, little is heard in this country of the war-noises 

in Flanders, in Zealand-Flanders nothing at all. The naval battle on 

the North Sea is likewise not heard at Helder and further in the 

province of North-Holland ; the motion of the Ci. from the South, indeed, 

was not apt to cause a downward curvature of rays from a Westerly 

direction. For the undoubtedly heard sounds in Friesland and Gro- 

ningen, therefore, no other explanation remains than the refraction 

by the higher strata of the atmosphere. 

October 18%, Cirrus-observations have not come to our know- 

ledge; the weather conditions of the previous day and the fact, that 

the high pressure was increasing, allow us however to assume, 

that no very great velocities occurred in higher strata. Hence there 

was only an increase of the NE. wind up to the A.Cu level at 

+ 3000 M., an increase decidedly unfavourable for the refraction of 

the sound towards the earth in the troposphere, but of little influence 

on the curvature of the sound rays in the higher atmosphere. The 

ESE-wind, observed with probably very high A.Cu, has no influence 

on the propagation of the sound in a NE.-ly direction, as was 

observed on this day. Inversions will have been of little impor- 
tance in our neighbourhood. 

That the NE-wind, increasing upwards, was unfavourable for the 

propagation near the surface appears clearly enough from the scarcity of 

observations in Zealand, which contrast remarkably with the numerous 
reports, even of heavy sounds, beyond 160 KM. 

For the first time here an indication appears of the limit of in- 

creased audibility at about 200 KM. from the place, where the 

English naval guns were in action. If these guns were indeed the 

most audible at this distance, we should have to assume, that the very 

steep sound rays, wanted for the minimum distance with these guns, 
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were endowed with less energy than the less steep rays, required 

for a distance of 200 KM. We cannot teil, whether this assumption 

be right. but a priori it does not look improbable, that the distri- 

bution of sound over the various initial angles is not equal. For 

the noises of the battles on shore, where also very steep guns are 

used, the distribution certainly will be more regular. 

October 22¢. The SE. wind at the surface changes into a stronger 

S.-ly current, which increases up to the A-Cu-level. 

The consequences in Zealand are evident; numerous reports of 

heavy roar of cannons, according to some observers stronger than 

during the siege of Antwerp. But this propagation does not extend 

beyond + 100 KM.; then a distinct silent region is shown. It would 

again be extremely arbitrary to ascribe the sounds beyond 160 KM. 

to the influence of wind; up to the Ci.-level little variation has 

been observed in the wind-velocity, and we know that an important 

increase of the wind-velocity up to this level would be required in 

order to allow the sound to be bent back. Inversions of some im- 

portance failed further Eastward, and those in the low pressure area 

will probably have been even of less importance. The explanation 

by refraction in the higher strata, on the contrary, does not meet 

with difficulties. 

October 24. Neither the distribution of temperature nor the 

distribution of wind above our country were especially favourable 

for a propagation of sound along the surface or in the lower strata. 

The number of reports, but especially the intensity of the sound 

in Zealand, are indeed smaller than on October 22°¢. Probably the 

rather strong Southerly current, which moved above the Kastwind 

in Zealand, caused the rather numerous reports in that quarter. 

Considering the smaller number of reports from Zealand, it is evident 

that the sounds, suddenly heard on that day on the South-Holland- 

Isles and along the New Waterway, must certainly have belonged 

fo a second area of audibility around Lille, for which the distance 

again is in the neighbourhood of 160 km. 

October 28%. Probably inversions were of little importance in our 

neighbourhood. Also the increase of wind near the A-Cu-level is 

smaller than on October 22°¢, when the surface wind was SE. and 

hence the whole SW. wind might be taken as increase of wind, 

whereas in this case already at a pretty small height above the 

surface a SW. wind blows, which then increases only a little to 2 

‘and 3 km. Thus may be explained that in Zealand so little was 

heard, while at the same time the naval guns were heard from 

about 160 to 300 km. In this case the possibility that an increase 
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DATE 

1914 
October 7th 

October 8th 

October 17th 

October 18th 

October 22nd 

October 24th 

October 28th 

November|st 

1915 
January 24th 

WEATHERCONDITIONS 

High pressure above 710 
mm. over Western Europe, 
centre over the southern 
part of the North Sea. 
Shallow depressions in the 
extreme North. 

As above, maximum near 
Antwerp. 

High pressure above 710 
mm. over Scandinavia with 
a ridge above 765 mm. 
over the North Sea as far 
as Portugal, and a rapidly 
deepening depression West 
of Scotland, 

which on October 18th 
already decreases again 
without having altered 
much in the high pressure. 
In our country NE..-ly 
winds prevail with a sky 
heavily clouded or overcast 

High pressure above 775 
mm, over the Bothnian 
Gulf and a depression 
below 750 mm. over Ire- 
land, which spreads its 
influence just to our coun- 
try and causes an over- 
cast sky. 

High pressure above 765 | 
mm. over Scandinavia, | 
depressions over Ireland | 
below 755 mm. Sky hazy, | 
heavily clouded or overcast, | 

| little rain. 

| 
High pressure above 76 

mm. over North Scandi- | 
navia and Spain. Rather 
deep depression below 745 | 
mm. north of Scotland, | 
which extends to the 
Mediterranean and the 
centre of which moves 
very rapidly towards 
France. 

High pressure above 770 
mM. above the Bothnian 
Gulf, depression below 
740 mm. in the Bay of 
Biscay. Pressure gradient 
in our neighbourhood 
rather small, sky heavily 
clouded or overcast. 

High pressure above 755 
mm. over the British Isles, 
the North Sea and Scandi- 
navia, depression below 
740 mm. over Ireland and 
the Mediterranean. Sky 
Overcast or hazy, moderate 
NE.-wind on the North 

Sea, temperature on shore 
slightly above the freezing 
point. 

Station | 

He. 

Vi. 

He. 

VL, 

Wi. 

He. 

Vi. 

Wi. 

He. 

Vi. 

Wi. 

He. 

Vi. 

Wi. 

He. 

Wi. 

Surface ae 
Low 

+ 1000 M. 

N-NW. 1-2) Cu. W.4 

NE. 2--4 
(fr. 9-6 variable) 

S.-SW. 1-3 

NW.-W 1-2 

SSW.-W. 3-5) 

W.-SW. 1-2 

NNE. 5-7 Cu. N.40E.6 

NE.-NNE.3-5, Fr. Cu. N.45E.10 

NE. 5—9 Fr. St. N.60E. 11 

N-NNE. 3-7 Nb. N.30E,7 

NE. 3—7 

N.-NE. 4-7 | Fr.S, N.15E. 14 

NE. 1—5 

S.—SE.\6 9) Fr.S) Soil 

SE.-ESE. 1-5 

S. 2-4 Nb. S.30W.10 

S.—E.3—4 | Fr.Nb.,St. S.6 

SSE. I—2 Cu. S.30W.25 
(9-1 variable) 

S—W, 1—5 

E. 1, C. 

ESE.3 5 | St. E.15S.82 

SE—E5—10 Fr St. E.53S.6 | A.Cu. 
E.andW.1—3 Fr.Nb. E.10N.2 

NE, 3—7 Nb. N.45E. 16? 

NE, 3—5 

WIND- AND CLOUDMOTION 

Clouds 

Intermediate 
2000—3000 M. 

W.11 

N. 36E.7 
N. 20 E.7—8 

NW.-NE. 12-2 

N.25E, 18 

N. 30E. 21 

N.30E, 17 
N.50E. 15 

NNE.-NE. 10-3 

S. 64 E. 10 (?) 
N.15E 20 

N.I5E. 15 

S, 20E.11 

S.10E. 10 
S. 14 

S.—SW. 25 —6 

S, 50 W. 10 

S.27W. 14 

S. 20 W. 25 
W.10N.5 

E‚30S, 11 

Ci. Cu. W.18S.20 | 

Surface 

a 
11.9 SW. 2.5 

| NW.2 
WNW. | 
8.6 NNW. 6 

5,4 NNE. 6 

0—500 W. ION. 4 

14.0 W.2 

4,8 SE 2 
10.4 SW. 3 

2.3 NNE. 4 

12,2 NNE. 6 

6.6 NNW. 2 

9.8N.3 

8.3 NNE. 4 

11.5 NE. 2 

N.5E.5 

76E.3 

| 8.4SSE.2 

500 

1000 

3.7 NNW. 2 

NNW. 4 

WNW. 4 

2.9 ENE. 4 

500—1000 N. 7E.3 

5.2E.3 

3.8), 12 

DISTRIBUTION OF WIND AND 

2000 
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0.3 WSW. 3 

TEMPERATURE 

3000 } 4000 | Inversions 

| 
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hs = (1820 1930 —3.2>—20 
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AE 12201550 1,8— 5,2 
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of wind towards the Ci-level played a certain part cannot be denied, 

but it is probable, that this influence made the rays return to the 

surface at a distance greater than 160 km. Especially numerous 

are the reports near the circle of 200 km., as was observed every 

time in the case of the naval guns. 

November 15. There is a rapid increase of wind upwards, but 

always in a SE-ly direction, hence perpendicular to the direction 

from the battlefields towards our country, so that for this direction 

no influence was to be expected on the bending back of the sound 

towards the surface. For a propagation from the 8. and still more 

from the SE. certainly some influence was to be expected, and it 

is possible that the rather confused picture, which the reports furnish 

on this day, ought to be ascribed to war noises from much more 

southerly quarters, whieh were carried to our country this time by 

the strong upper wind, e.g. from the Argonne. The inversions, 

extraordinarily large at Lindenberg, must have been smaller over 

our country on account of the higher surface-temperature. 

January 24%. The inversion at Lindenberg is important enough; 

on account of the Sunday (October 18 and November 1st were Sun- 

days likewise) no observation from our country is available. Considering 

the position of the high pressure, the supposition that the inversion 

was present likewise above the North Sea and perhaps more intense, 

is not risky. De Bilt, Helder and Flushing had an overcast sky all day 

and the temperature only rose to 2°, resp. 3°5 and 8°. Above the layer 

of fog probably the same or a slightly higher temperature will have 

reigned. Hence it is possible, that rays but slightly inclined reached 

the inversion layer above the northern part of Groningen, and were 

bent back there, aided by an increasing North-component of the wind. 

We therefore leave undecided, whether the weak sounds, at the place 

where otherwise the silent region would have been, must be ascribed 

to altogether horizontal propagation or to rays of little elevation 

bent back. The heavy sounds however at 170—200 KM., which 

emerge there suddenly enough, can be explained hardly otherwise 

than by propagation through the higher atmosphere. 

Conclusions. 
1. In the literature of these last few years a number of cases have 

been described, in which according to careful investigations in the 

propagation of heavy sounds through the Rn region” 

occurs. With the roar of cannons during the siege of Antwerp 

(October 7%—9th 1914) such a silent region is displayed in an extra- 

ordinarily regular form, whereas on a number of other days of heavy 
‘ 
a ep) 
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fighting on shore or at sea, likewise more or less distinct silent 

regions may be indicated. 

2. The two theories proposed for the explanation of silent regions: 

explanation by influence of variations of wind and temperature with 

height (e.g. Moun, RarreicH, FosiwHara), and explanation by the 

change in composition of the atmosphere in very high strata (von 

DEM Borne) give silent regions of a very. different character. The 

meteorological theory leads one to expect i. a. asymmetry with respect 

to the source of sound and difference between two mutually per- 

pendicular directions, and permits all kinds of distances; the physical 

explanation requires complete symmetry with respect to the source 

of sound. It is shown that the latter particularity is also preserved 

for the greater part, if considerable irregularities occur in the distri- 

bution of wind or temperature and that the outer limit of the silent 

region is thereby only slightly changed. 

3. Though for want of observations in most cases the proof 

cannot be given, we must assume that the majority of the well 

described cases of silent regions have been caused by meteorological 

circumstances. 

4+. The meteorological observations in the upper air, made in or 

near our country on the dates treated in this investigation, fail to 

give an explanation of the silent regions observed, though they are 

sufficient to explain the great differences in the first, normal area of 

audibility. 

5. For the physical explanation of these silent regions pleads the 

fact, that the distance from its border to the probable source of sound 

has been always near 160 KM., and that no appreciable deviations 

from the circular form have been found, 

6. The figure, 160 KM., does not agree with the suppositions 

on which von prem Borne has founded his calculations, nor yet 

with other suppositions published hitherto by meteorologists, but 

agrees fairly well with the much smaller percentage of hydrogen in 

the atmosphere according to Craupr, if we assume that up to 10 KM. 

height the composition of the atmosphere does not undergo a per- 

ceptible change. 

7. A percentage of geocoronium as assumed by WeGENER is at 

variance with the results of this investigation. If geocoronium is 

present in the atmosphere, we think that the amount must be much 

smaller than was assumed by WEGENER, 



Chemistry. — “The Metastability of the Elements and Chemical 

compounds in consequence of Enantiotropy or Monotropy and 

its bearing on Chemistry, Physics and Teehnies”. 1. By Prof. 
Ernst COHEN. 

(Communicated in the meeting of June 26, 1915), 

1. On the basis of the researches on allotropy of the metals 

carried out by myself and my collaborators, I pointed out © that 
the strongly marked reluctance to undergo transformation shown by 
these elements is doubtless one of the reasons why these phenomena 
remained for so long undiscovered. 

However, by employing certain devices (using the metals in a 
very finely divided state, adding an electrolyte) we succeeded in 
increasing the transition velocity to such a degree, that the change 

of the metastable to the stable form ocenrs within a short time, so 

that these phenomena can now be studied in the laboratory. 

2. Having stated that the metals as we have known them 

hitherto are metastable systems, consisting of two (or more) allotropie 

forms, the question arose whether this might also be the case with 

the non-metals and with chemical compounds, i.e. whether we have 

to deal with a special’ property of the metals or with a special case 

of a phenomenon occurring quite generally in nature. 

We shall discuss in this and in some subsequent papers the 

materials which seem to prove that this is really the case. 

3. Considering in the first place the non-metals, sulphur at once 

attracts notice. Each page of the interesting investigation carried out 

by Rercner*) (The temperature of the allotropie change of sulphur 

and its correlation with pressure), which summarises also the observ- 

ations of others, shows that the same phenomena observed by us 

in the case of the metals, play a role here. 

4. I especially mention here the investigations carried out at the 

request of van ’r Horr by Ruys*), when he wintered in the Kara 

Sea. He determined the rate of stabilisation of monoclinic sulphur 

at low temperatures. If molten sulphur is quenched, only a small 

part undergoes immediate transformation into the rhombic modifi- 

1) These Proceedings 16, 632 (1914); 17, 200 (1914); 17, 926, 1238 (1915). 

*) Dissertation, Amsterdam 1883. Zeilschr. für Kristallographie 8, 593 (1884). 

5) Rec. des Trav. chim. des Pays-Bas 3, 1 (1884). 

62* 
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cation. The two forms coexist at low temperatures (—36° to —15°; 

31° to —18°) for several days (12—10 days) and even at room 

temperature it takes a long time before the process of stabilisation 

has come to an end. 

These measurements were confirmed by GERNrz ') some years later. 

5. Just as electrolytes cause an enormous acceleration of the 

rate of stabilisation of metals, so solvents act in the case of sulphur. 

Very small quantities are sufficient. (1 already mention this here in 

connexion with some phenomena to be described in $ 9). 

Reicner says: If sulphur which has been crystallised from carbon 

disulphide is melted, without previously removing the solvent com- 

pletely by drying, the solid monoelinie sulphur is very quickly 

transformed into the rhombic form. If the sulphur is again melted, 

(during which procedure a part of the disulphide volatilizes) the 

transformation takes place more slowly and on treating the sulphur 

once again in this way, the transformation velocity is still further 

decreased. 

6. Considering now the chemical compounds, inorganic as well 

as organic, it may be pointed out that the number of substances 

known to show polymorphy increases every day. While a century 

ago only one such compound was known, to day we count them 

by hundreds, if not by thousands. There hes before us, therefore, 

ready to be brought under cultivation, a large region in the domain 

of inorganic as well as of organic chemistry. 

With regard to those compounds which are every day in hands 

of the chemist I mention NH,Cl, NH,Br, Hgl,, HeS, PbO, KNO,, 

AgNO,, Pb(NO,),, K,SO,, K,CrO,, CaCO,, KCNS, NH,CNS etc., ete. 

as being known in more than one form. In a good many cases 

these modifications are enantiotropic. 

7. The question arises whether the same phenomena as have 

been observed with the metals also occur here, i.e. whether the 

same strong retardations exist here, which make it possible for the two 

(or several) forms of chemical compounds to coexist within a range 

of temperatures where one or more of the modifications is meta- 

stable. The investigations I have now carried out prove that this is 

really the case. 

8. Thallous picrate is especially suitable for such an investiga- 

1) Ann. de Chim. et de Phys. (6) 7, 233 (1886). 
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tion. W. O. Rage!) has carried out a very extensive physico-chemical 

research with this substance, while S. Srrvanovíc®) has made some 

crystallographic measurements. The very marked change of colour 

which oceurs here renders the phenomena very suitable for demon- 

stration. Repeating and extending the experiments of Rape I have 

been able to confirm his results in all respects. 

9. The pure salt was prepared in the following way: Pure 

thallium was dissolved in sulphuric acid, and the thallous sulphate 

after having been recrystallised three times, was dissolved in water. 

This solution was mixed with a solution of pure baryta in small 

excess. The sulphate of barium was filtered off, and the solution of 

thallous hydroxide neutralised by an aqueous solution of pieric acid. 

(The acid had been recrystallised thrice from alcohol). The thallous 

picrate formed always (independently of temperature) separates out 

in the form of yellow erystals. As soon as the temperature of the 

solution has fallen below 40°, red erystals also make their appear- 

ance and after remaining in contact with the solution fors some 

days (at room temperature) the whole crystalline deposit becomes 

red. The salt is thus recrystallised from water. 
ile ( ee 
5 = 3.16) are monoclinic, while the yellow The red erystals (d 7 

9Ko 

ones de = 2.99) are triclinic. 

10. Rape has shown by means of solubility determinations in 

methyl and ethyl alcohol that the transition temperature: is 46°. He 

thought it would be impossible to determine the transition point 

dilatometrically in this case, in consequence of the strong retardations 

which occur here, but I have succeeded in fixing this point using 

the dilatometer after having abolished the retardation (adding some 

water). In this way I also found 46° to be the transition temperature. 

11. The red salt was thoroughly dried in vacuo over sulphuric acid 

for some weeks. Repeating and extending Rasr’s experiments I got 

the following results: 

1. If the dry red erystals are heated for 24 hours at 76° (that is 

30° above the transition temperature!) yellow spots are formed on 

the surface. 

2. If the dry red crystals are heated for some hours to 100° (that 

) Zeitschr. für physik. Chemie 38, 175 (1901). 

2) Zeitschr. für Kristallographie 37, 257 (1903). 
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is 54 degrees above the transition temperature!) there does not 

occur any change of colour. 

3. If they are heated in a perfectly dry condition to 130°, the 

transformation into the yellow modification occurs in a few seconds. 

+. If traces of any solvent are added (water, ethyl alcohol, methyl 

alcohol, ether) the transformation velocity increases enormously. 

For instance: If a trace of water is added the transformation occurs 

immediately at 100°. 

5. If the yellow erystals are dried thoroughly they remain unchanged 

below 46° (e.g. at room temperature) even if they are in contact 

with the red ones. Having put into a dilatometer 150 grams of each 

modification, not the slightest transformation could be observed after 

some months at 15°. (The bere of the capillary tube was 0.8 m.m. 

while the transformation would be accompanied by a change of 

volume amounting to as much as 6 per cent). 

12. These facts prove that, both above and below the transition 

temperature, we find in this case the same retardations as have 

been found with the metals: consequently the compound, as we 

know it in a pure state, is a metastable system. 

With the metals this is the general rule; stabilisation occurs only 

on using special means. On the other hand, in the case of chemical 

compounds stabilisation takes places as it were spontaneously, because 

under those conditions which are met with in the laboratory and 

in daily life, the substance which accelerates enormously the rate of 

stabilisation, a solvent, is always present. Special precautions must 

be taken here to exclude its presence (even in traces). If these 

substances are not dried very thoroughly, traces of the solvent are 

included in the erystals and even these are sufficient to bring about 

the stabilisation with great velocity. (Compare § 5). 

The pure compound is thus to be regarded as a metastable system; 

that we often get the stable modification is to be attributed to the 

presence of impurities (traces of any solvent). 

13. We shall deal later with a large number of such cases, but 

one other example may be mentioned here. If KNO, is heated above 

its transition temperature (129°) it becomes thorougly dried in con- 

sequence of the high temperature. If the dry salt is now cooled 

quickly in dry surroundings, a range of temperatures is reached, 

where the rate of ‘stabilisation (transformation of 8-KNO, into the 

a-modification) is so small, that the two forms remain coexisting. 

As there does not exist here a difference in colour between the 
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two modifications, the appearance of the substance does not show 

that we are dealing with a metastable system. Consequently, if 

the physical constants of this system should be determined, various 

values would be found, which would depend on the previous thermal 

history of the substance. 

If this system is kept without special precautions, the material 

soon takes up enough water to be transformed after some time 

into the «modification. I hope to report shortly on the quantitative 

side of these phenomena. 

SUMMARY OF RESULTS. 

From the above it is evident that: 

1. The non-metals as well as the metals, which are produced 

from their melts without special precautions are metastable systems 

in consequence of allotropy *). 

2. That the chemical compounds as well as the elements are 

metastable systems in consequence of polymorphy *). 

3. That the physical as well as the mechanical constants of all 

solid substances, as hitherto known are fortuitous values; these 

being functions of the previous thermal history *) of the substances, 

and they have to be redetermined with the pure «-, B-, y- 

modifications. 

Utrecht, June 1915. van ’r_ Horr-Laboratory. 

Anatomy. — “On the vagus and hypoglossus area of Phocaena 

communis’. By Dr. H. A. VERMEULEN. (Communicated by 
Prof. Bork). 

(Communicated in the meeting of November 27, 1914). 

Nucleus motorius dorsalis vagt. This, for nearly ?/,, stretches out - 

spinally from the calamus. (Series of 493 sections of 15 u, 138 being 

spinal and 255 frontal from the calamus, figs 1 and 7). It appears 

with a few small cells (12—15 u) dorsally from the lateral portion 

of the canalis centralis, which exhibits at this place on section 

the form of a groove running horizontally, fairly wide in the 

middle and pointed at the sides. It is quite obliterated; a normal 

1) This is also the case with substances showing dynamical allotropy. 

8) This is also the case witb substances showing dynamical isomery. 

8) Strictly speaking: a function of the previous thermal, electrical, photochemi- 
cal. . . . history, or generally, of the whole previous history. 
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epithelium is not visible in any single section. The appearance of 

the dorsal motor vagus nucleus is not constant in its most spinal 

portion, its first appearance is followed frontally by several sections 

calamus 

frontal <— —> spinal 
Phocaena communis fig. 1. 

Dorsal motor vagus nucleus. 

in which not one cell is to be seen. Spinally from the commencement 

we see cells at about the same level, and these might be erro- 

neously taken to be cells belonging to the nucleus in question. A 

careful examination however, shows us that they he rather more 

laterally, and further that they are of a somewhat larger type than 

the vagus cells which first occur. On the same level we can also 

distinctly see accessorius roots appear, and now and then we find 

the XI nucleus, with its somewhat larger elements, present at the 

place where it can be most clearly demonstrated, viz. on the border 

of anterior and posterior horns. Although only in a few sections, it 

has been demonstrated bere tbat the XI nucleus may continue 

medially, i.e. in the direction of the central canal. My experiences 

in Camelides and in tbe giraffe have convinced me that the cells 

just mentioned, spinal from the dorsal motor vagus nucleus, though 

rather more lateral and somewhat larger, are accessoriuscells and 

that at this place another portion of the link in the original connection 

between X and XI nucleus is to be found. I shall return to this point 

later. The dorsal motor vagus nucleus is still very poorly developed, 

many sections after its appearance sometimes a few cells are to be 

seen successively in a horizontal direction, and again they are 

combined in a small group. Of these groups, which consist of 6—8 

cells, it can sometimes be demonstrated that cells of the distinet 

vagus type have left their place and have shifted in a ventro- 

lateral direction. During the development of the nucleus it remains ~ 

at first above the groove-like central canal, sometimes distinct 

commissura cells occur here, so that in this animal, though less 

developed than in Camelides and even less than in Camelopardalus 
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giraffe, the two nuclei are connected right and left by a commissural 

nucleus in a very small region. Sometimes it also grows out laterally 

and projects over the pointed end of the central canai (fig. 2). Directly 

spinal from the calamus the nucleus has plainly shrunk in size; 

it becomes louse in: form and its medial pole turns upwards. 

After this we see a peculiar opening of the canalis centralis. 

This has already widened to a groove 2.2 mm. in length and 

in the middle 9.5 mm. broad. Soon the groove deepens pit-like 

towards the back, and when it breaks through at the back wall of the 

oblongata it is 1.5 mm. deep and 0.830 mm. wide. The pointed 

ends of the central canal ean still be found in many sections as 

tapering bulgings of the base of the IV ventricle. The latter, by 

Fig 2. Phocaena communis. 

Nucleus motorius commissuralis vag). 

reason of the said conditions in the caudal portion, assume a shape 

unusual in mammals, as the irregular walls of the deepest part are 

perpendicular and the base stretches out right and left like a groove 

(fig. 3). Well developed epithelium is neither present here, and the 

place of opening is therefore entirely filled with cell-remnants. The 

dorsal motor vagus nucleus has now grown thicker and has quite 

turned upwards again; it is strongest in the middle, has crept up 

against the above-mentioned perpendicular portion of the ventricle 

wall and soon spreads out with scattered cells in a curve laterally 

under the ependyma. In a few sections a distinet continuation is 

to be seen in a ventro-lateral direction, on the significance of which 

1 shall venture shortly to express an opinion (fig. 3). In this region 

the nucleus contains two types of cells differing in size; it is often 

loosely built and very different in size, with a maximum of 40 cells. 

These conditions hold for many sections further frontally. Mean- 

while the groove-like continuations of the base of the IV ventricle have 

grown smaller; soon they disappear, the perpendicular walls keeping 

their place for some time. The nucleus, especially in the medial 

portion, has become thicker; it shows at this place a club-like 
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growth in a medio-ventral direction, which curves dorso-laterally, 

growing narrower at the same time, after which the whole ends in 

a point under the ependyma in the direction of the side wall of 

Fig 3. Phocaena communis. 

Fig. 4. Phocaena communis. 

a. Ambiguus. v. Anterior horn. 
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the oblongata. When most developed this side wall is almost reached 

(figs. 4, 5, and 6). 

The medial out-grown portion frequently shows gaps, so that the 

number of cells differs greatly in successive sections. Still more so 

is this the case with the lateral part of the nucleus which in general 

is also much looser, sometimes we see a more or less horizontally 

running row of cells, arranged in a double row, then again the 

row is broken and one or two tiny groups of cells can be seen lying 

laterally. The maximum number of cells contained by the nucleus is 

here 100. in this region the base of the LV ventricle is fairly flat, 

and this can be better seen in a frontal direction. Simultaneously 

the nucleus stretches itself out, and the medial out-growth and the 

lateral pointed part of the nucleus come to lie in one line. Further 

frontally the whole diminishes in size, and very laterally, though 

even more centrally, there is a small group containing 12 —16 cells, 

sometimes arranged in two rows, which nearly touch the side wall 

of the oblongata. The cell-type and the occasional occurrence of 

connecting cells with the main nucleus establish the identity of this 

group. Of this elongated vagus nucleus the tail-end first disappears 

and then the dorsal portion of the thickened medial part. Of the 

rest a more central group of scattered cells remains longest. 

Nucleus ambiguus. Of the nucleus ambiguus in Phoeaena | have 

Fig. 5. Phocaena communis. 

a. Ambiguus. 

b. Connection between anterior horn and dorsal motor vagus nucleus. 

v. Anterior horn. 
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not detected anything before close to the calamus. At this height, as 

has been mentioned above, we can see how the lateral pole of the 

nucleus motorius X dorsalis sends out eells in a ventro-lateral direc- 

tion (fig. 3). Laterally from nucleus XI these cells penetrate down- 

wards. The phenomenon is only to be observed in a few sections 

spinally and frontally from the calamus, after which the ambiguus, 

very poorly developed, appears. According my opinion we have here 

a proof that the nucleus ambiguus originates in the nucleus motorius 

dorsalis vagi, a theory which has been supported by Karpers on 

phylogenetic and ontogenetic grounds, and demonstrated by schemata 

in his work: “Weitere Mitteilungen iiber Neurobiotaxis. VII. Die 

phylogenetische Entwicklung der motorischen Wurzelkerne in Oblon- 

gata und Mittelhirn, Folia neurobiologica. Bnd. VI. 1912.” Through- 

out scores of sections the ambiguus is still poorly developed, and 

Fig. 6. Phocaena communis. 

only rarely it contains as many as 8, 10 or at the most 12 cells. 

Frequently we see a few cells perpendicularly under each other. 

Rather more frontally the development improves, and occasionally 

as many as 24 cells can be counted in two or three groups perpen- 

dicularly above each other. Then follow many sections in which we 

fairly constantly find 10—12 cells, after which a stronger develop- 

ment again commences at the place where the tongue nucleus is 

quite separate from the cervical grey matter. We then see two 

groups lying one above the other, the dorsal one containing not more 

than 8, and the ventral one at the most 15 cells; sometimes the 

dorsal group projects somewhat laterally. This order is repeated. In 

an entire series of sections practically nothing whatever is to be 

seen of the nucleus, after which a gradual development follows, 

when it begins to appear in several groups. 

Frequently we then see one dorsal, one ventro-lateral and one 

ventro-medial group, in other cases only one or two of these groups. 

At the frontal pole of nucleus XII the frontal outgrowth has already 
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commenced. Very soon this consists of a complex of 75 rather 

scattered cells which increase in number, after which the nucleus 

here too frequently divides into two groups, a lateral one and a 

medial one. The lateral group contains the largest number of cells 

and the cell type is larger than that of the medial group. This 

medial group is of varying size, diminishes, sometimes disappears, to 

reappear again and increase. We can Clearly see cells from the lateral 

group entering a more ventral level. The medial group disappears 

for good, the lateral one decreases rapidly, and then gradually 

becomes larger again. On a closer examination, however, it will 

appear to have then reached the facialis region. 

In Phocaena the ambiguus passes directly into the nucleus facialis 

The frontal pole of the ambiguus in this animal may be considered 

to extend in this series about 90 sections frontally from the nucleus 

motorius dorsalis vagi (fig. 7). 

NW LLLLITIL TTT TTT TT TI ITD YA 

Fig. 7. Phocaena communis. 

EXPLANATION OF THE MARKS: 

“te arene). : E = 
) =calamus, (43) = oliva inferior, WH = Nucl. IX, gm= Nucl. X, 

Ne E 2 ne If : 
N= = Nucl- XI, gg = Nucl. XII + Cervicale I, if = connection between 

X dorsalis and X ventralis, = Nucl. VII. 

Nucleus hypoglossi. The direct transition of the motor cervical 
column into the tongue nucleus is very distinctly seen in Phocaena 

(fig. 4 and 7). In the vicinity of the calamus we see that the 
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large cells of the anterior horn, which has meanwhile grown much 

shorter, have united into an oval-sbaped complex which is surrounded 

by a fibre system. At the calamus a few cells have left the complex 

and now le under the lateral point of the newly opened central 

canal (fig. 3). Somewhat frontally from the calamus no traces of 

similar XII cells are to be seen, but they very speedily reappear 

and in a few sections the direct connection between the tongue 

nucleus and the cervieal anterior horn gray matter is quite plain 

(fig. 4). There are then 12—18 large XII cells to be seen laterally 

under the base of the [V ventricle, under that the remains of the anterior 

horn still well developed and clearly defined, and between are the 

connecting cells. The separation of tongue nucleus from the cervical 

gray matter is evidently difficult, for about 100 sections frontally 

from the calamus a small group of anterior horn cells can still be 

observed ventrally from XII, 

The cells in this group are larger than XII. cells, and the group 

also shows distinct remains of the surrounding fibre-system (fig. 5). 

Even when it has broken up, distinct anterior horn cells are still found 

in the immediate neighbourhood of the ventral pole of nucleus XII. 

A remarkable phenomenon presents itself here. Laterally from the 

anterior horn rest a cell group oecurs, which develops in the 

direction of the nucleus motorius dorsalis vagi. It varies in strength 

and exhibits the cell type of the tongue nucleus; sometimes we see 

28 cells. In several a few cells and again an elongated group of 25 

groups there is an actual bridge between the rest of anterior horn 

and vagus nucleus (fig. 5). 

As regards the development of the tongue nucleus itself, we see 

the medial portion appear first, in the angle between the ventricle 

base and the fase. long. posterior. As long as the rest of the ante- 

rior horn is still present, this group is well developed; it is rather 

crowded and contains cells which are but slightly smaller than the 

anterior horn cells. This medial group grows out in a lateral direction 

under the ependyma and simultaneously some cells of a smaller type 

belonging to the ventral group make their appearance ; they can be 

easily recognised owing to the remarkable difference in size from 

the few front horn cells still present in their immediate vicinity. 

Very soon the ventral pole strengthens and then forms a whole with 

the cell group which has already developed in a dorsolateral direction 

to such a degree as to form a direct connection at that place 

between the cervical grey matter and X. dorsalis. In the same 

preparations we see that cells of smaller type have appeared between 

ihe lateral portion of the tongue nucleus and the adjacent vagus 



nucleus (nucleus intermedius?) The whole tongue nucleus has 

now become triangular, with the base towards the ependyma; 

the ventral pole then contains the smallest cells, except for a 

few lying medially which have distinctly kept the anterior horn type. 

We now see repeatedly a clear division into 3 groups, a medio- 

dorsal, a latero-dorsal and a ventral group; the whole may contain 

as many as 80 cells. The cells between tongue and vagus nucleus 

are often so numerous that they quite connect the two nuclei. 

Further frontally the whole diminishes owing to all the groups 

becoming looser in construction; the bridge which had meanwhile 

disappeared between the ventral pole of XII and the vagus nucleus 

again makes its appearance, though im a less degree, and soon 

the tongue nucleus arranges itself in several small groups, 4, 5 and 

occasionally even 6 separate groups appearing. In the same region 

the connecting link between XII and X dorsalis is again complete 

(fig. 6). Now the ventral portion disappears, and we see the rest of 

the nucleus divide again into a medial and a lateral portion, the 

lateral portion with large cells and the most strongly developed. 

Then the medial portion disappears, and finally the lateral. When 

the medial has disappeared, a few cells of the ventral pole again 

make their appearance in some sections. 

Nucleus accessor. It is a very remarkable feature in Phocaena that 

the accessorius nucleus can be traced frontally to within a few sections 

spinally from the calamus. There it can be seen, though very poorly 

developed, with usually no more than 2 or 3 cells, at the place 

most clearly to be defined, viz. on the lateral border of anterior 

and posterior horns. Its efferent roots follow the much curved 

posterior edge of the posterior horn. In some sections, in which 

nucleus XI is present, the direct connection with the nucleus moto- 

rius X dorsalis can be observed. This takes place with but a few 

cells and can also be demonstrated repeatedly in more spinal regioas 

(fig. 8). There we can frequently see the XI nucleus also at the 

above-mentioned place and likewise how it spreads in ventro-lateral 

direction, along the dorso-lateral edge of the anterior horn. At other 

places, on the contrary, it spreads along the lower edge of the 

posterior horn, and contains then 8—10 cells of a fairly small type. 

Frequently we see ventro-laterally from the posterior horn a separate 

cell group of the XI nucleus with 8—10 cells, and also radiations 

of it in the direction of the medial group at the well-known place. 

The efferent XI root runs beneath the former group. Here, too, 

connecting cells are to be seen from the medial greup to X. dorsalis 
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(fig. 8). As usual the XI nucleus disappears and reappears periodic- 

ally. In this region several sharply outlined longitudinally running 

bundles have appeared in the middle-horn and also ventrally from 

it. These are stronger in a spinal direction, and in some of the 

sections have driven the medial group of XI cells, on the border of 

anterior and posterior horns, somewhat upwards, i.e. in the direction 

of the lateral group of XI cells, lying near the latero-caudal edge 

of the posterior horn. Since, further spinally behind the spinal pole 

of X dorsalis, the posterior horn turns much upwards, the lateral 

Fig. S. Phocaena communis. Fig. 9. Phocaena communis. 

group of the accessorius nucleus diverges more and more from the 

medial group, and as the efferent XI roots continue to follow the 

posterior horn, we see these in this level arise in a region lying 

more dorsally than frontally (fig. 9). 

Of the XI nucleus of Phocaena cells are thus to be observed: 

a. On the border of anterior and posterior horns, 
Db. medially, in the direction of, and in connection with X dorsalis, 

ce. ventrally from it, along the dorso-lateral edge of the anterior horn, 
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d. very lateral, near the latero-caudal border of the posterior horn. 

The opinion that these last cell-groups lying latero-dorsally belong 

to nucleus XI [ base upon the following considerations : 

1. The cells are of the same type. 

2. They occur periodically, like the medial nucleus group at the 

well-known place. 

3. They send out distinct continuations near the calamus, in the 

direction of the medial group. 

4. The efferent XI roots follow the shiftings of these latero-dorsal 

groups, which shiftings have to do with the position of the posterior 

horn, which is pointed the most upwards spinally. 

The XI nucleus in Phocaena in general bas relatively small cells 

and is poorly developed at most places. 

The oliva inferior of the porpoise commences immediately behind 

the calamus and continues frontally as far as into the region of the 

nucleus facialis. It is particularly well developed, commences with small 

cells at the base of the raphé, and immediately grows out parallel to 

the front wall of the oblongata. Very soon it becomes thicker, the 

cell type becomes larger, and cells of the same type appear in the 

raphe (I of fig. 10).Rather more frontally a second, quite independent, 

group appears, just below the surface, much smaller and quite lateral 

from the former group. The medial portion grows rapidly and 

stretches laterally in a point, thus following the frontal wall of the 

oblongata; the middle olive likewise becomes thicker, and the 

lateral portion remains relatively small. Very speedily a third small 

group appears laterally (II of fig. 10). The large medial portion is 

at first separated from the frontal wall by are-fibres which issue from 

the raphe. This fibre system grows much stronger, and in it we see 

a new group appear, again independent of other groups. 

The middle olive above-mentioned has disappeared, now however, 

in the ventral portion of the raphé, cells appear which rapidly 

increase in number right and left in the heavy arc-fibre system 

ventrally from the medial olive, This increase is so rapid that a 

dorsal and a ventral medial olive can soon be distinguished (II of 

fig. 10). The raphe cells have then disappeared. Now the lateral 

portions of the large complex diminish, the dorso-medial olive likewise 

grows poorer, while the ventro-medial portion, on the contrary, 

grows heavier and heavier. It bends dorsally in a strongly lateral 

curve, ventrally it follows, also in a curve, the frontal wall of the 

oblongata, so that the whole has the appearance at this place of a 

gigantic comma. The dorso-medial portion has then greatly decreased. 

63 
Proceedings Royal Acad. Amsterdam. Vol. XVIII. 



Meanwhile a new group has appeared laterally from the dorso-medial 

portion, and medially from the efterent hy poglossus root (LV of fig. 10), 

it becomes stronger and spreads ventro-laterally so that many XI 

bundles pass through it lengthwise ; the dorso-medial portion, originally 

so heavy, has all but disappeared, the ventro-medial turns pronouncedly 

upwards and has so spread on the lateral side as to lose its comma- 

like shape (V of fig. 10). Likewise the portions situated laterally 
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have grown smaller and disappear by degrees. In the following 
stage the dorso-medial portion of the olive is entirely gone, the 
ventro-medial, on the contrary, is particularly powerfully developed 
and much turned upwards (VL of fig. 10). The portion through 
which the XII roots now make their way shrinks and also disappears. 
Soon after, however, while the ventro-medial portion is becoming 

heavier, we see a new group appear, also medially from the efferent 

hypoglossus root (VII of fig. 10). This group also develops rapidly, 

first in a ventro-lateral direction, after which it takes a hook-like 

bend near the frontal wall of the oblongata. The original lamella of 

this group grows up so high that its top reaches the level of the 

main mass lying medially. The latter is now particularly well 

developed, except that at the base it is not so broad as before 
(VII of fig. 10). The medial lamella of the last group also grows 

upwards though not to such an extent as the lateral one. After this 

the whole complex diminishes. The medial main mass remains the 

largest and longest, till finally this also shrinks rapidly and disappears 

in a few sections. For reference I have given in Fig. 10 under 

each diagram the number of sections frontally from the calamus, 

with the indication of the place of which the diagram is made. 

In several mammals a strong development of the oliva inferior is 

accompanied by a slight development of the nucleus reticularis inferior. 

As might be expected therefore, this reticular nucleus in the porpoise 

proves to be very poor considering the great size of the olive inferior. 

Simultaneously with the olive, and ventrally from the radix de- 

scendent V, a group of cells appears which for reticular elements are 

small. With the appearance of the ventro-medial olive, small raphé 

cells make their appearance in the dorsal portion of the raphe, and 

we also see directly dorsal from the dorso-medial olive a small- 

cellular nucleus. Further frontally severat smaller groups of reticular 

cells occur very inconstantly in the substantia reticularis. Only the 

ventro-lateral portion extends in an upward direction towards the 

side wall of the oblongata, all the vest remains poorly developed 

and frequently inconstant. With the olive the elements of the reticu- 

laris group also disappear. 

The considerable development in Phocaena communis of the dorsal 

motor vagus nucleus and its extension with the commissural nucleus 

has to do with the size and the construction of the stomach in this 

animal. (Max WeBer, Studien über Säugetiere. Ein Beitrag zur Frage 

nach dem Ursprung der Cetaceen; idem Anatomisches über Cetaceen, 

63* 
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morphologisches Jahrbuch. Bnd. XIII; 5. A. ARENDSEN Hein, Contri- 
butions to the anatomy of Monodon Monoceros, Verhandelingen van 

de Kon. Akad. v. Wetensch. te Amsterdam. 2de Sectie, Deel XVIII. 

N°’. 3—4). Although Cetaceans do not ruminate, their stomach, like 

that of ruminant animals, consists of several divisions (in Phocaena 

four). In many, including Phocaena, the first only, like the 

oesophagus, has cutaneous, glandless mucous membrane, the other 

divisions are very rich in glands. The fact that in ruminants this 

nucleus is much better developed in comparison is undoubtedly to 

be ascribed to the fact that the musculature of some divisions of 

the stomach, e.g. that for the process of chewing the cud, is stronger 

than in Cetaceans. 

As regards the absence of the nucleus ambiguus spinally from 

the calamus | wish firstly to remark that in general the bulbar 

motor centra in question stretch but slightly spinally from the 

calamus, and in the second place to point out that in Phocaena the 

nucleus crico-arytaenoideus lateralis, which is innervated by the 

nervus recurrens, is lacking (WeBer, see above). The strong pharynx 

musculature and the considerable development of the musculus 

thyroideus (see above works), explain the extensive development of the 

frontal part of the nucleus ambiguus, the motor IX nucleus. The 

continuation of this with nucleus VII, which in mammals has been 

demonstrated for a part in the dog, is otherwise a phenomenon also 

met with in reptiles and many fishes (KAPPERS). 

In no mammal, so far as I know, has the tongue nucleus preserved 

such a pronounced bird-type as in porpoises. Whereas I was able 

to show the connection between nucleus XII and the cervical grey 

matter in Camelides and Camelopardalus giraffe spinally from the 

calamus, in the porpoise only the frontal half of the tongue nucleus 

is free, and only there is it at the place where we know it to be in other 

mammals, viz. laterally from the fase. long. pos., directly below the 

ependyma. Its spinal half, which is joined to the cervical grey matter, 

thereby lies in a more ventral level than in other mammals. This 

phenomenon is explained by the fact that Cetaceans have no organ 

of taste, or at least a very poorly developed one. The sense of 

taste in mammals is largely localised in the taste buds of the 

tongue. Rawitz has demonstrated that taste-buds are even entirely 

wanting on the tongue of Delphinus Delphis. (Beitrage zur mikros- 

kopischen Anatomie der Cetaceans II, Ueber die Zunge von Delphinus 

Delphis, Internationale Monatschrift für Anatomie und Physiologie. 

Bnd. XX 1903). In most mammals it has worked itself quite free 

from the cervical grey matter neurobiotactically in a more fronto- 
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dorsal region thus reaching the sensory centra which control the 

taste. Where this tendency is not evinced, or but slightly, the 

XII nucleus has comparatively kept its original connection, and 

is still wholly or partially connected with the motor cervical grey 

matter of which it is.the direct continuation. For this reason it lies 

in such animals more spinally and more ventrally than in animals 

with a finer sense of taste where, in obedience to neurobiotactic 

influences, it has had to separate from the cervical grey matter in 

order to shift in a fronto-dorsal direction. The connection of the 

frontal remnant of the cervical grey matter with the nucleus motorius 

dorsalis X, which in Phocaena occurs throughout a small extent 

but nevertheless very distinctly, is likewise a primitive phenomenon 

which has been described by Karpers in the Alligator and in Birds, 

and I have observed it to a slight degree and in a more caudal 

region in the giraffe. 

After the extremely strong development of the oliva inferior, its 

late appearance, not until near the calamus in the porpoise, is 

remarkable. 

CONCLUSIONS. 

1. In Phocaena the dorsal motor vagus nucleus spreads out only 

through a small portion, not more than */,, spinally from the calamus. 
In this portion the nucleus is poorly developed, at first it does not 
even occur constantly. In the same region an equally poorly developed 

commissural vagus nucleus occurs. As far as the immediate vicinity 

of the calamus its direct connection with nucleus XI can be repeatedly 

demonstrated. At the time of its greatest development it is club-shaped, 

the broadened portion is directed medially; the tail running under 

the ependyma may even nearly reach the side wall of the oblongata. 

This tail, frequently loosely built, often breaks up into different cell 

groups. The cells, to a maximum number in each section of 100, 

are of two types and different in size. 

2. Of the nucleus ambiguus not a trace is to be seen spinally 

from the calamus, though in sections spinally and frontally from 

the calamus before its appearance distinct radiations can be seen 

from the dorsal motor vagus nucleus in a ventro-lateral direction, 

which in my opinion confirms Karpers’ theory that in mammals at 

least the ambiguus is a splitting of the dorsal motor vagus nucleus. 

The frontal extremity of the ambiguus in Phocaena is very large, 

and begins at the frontal pole of the tongue nucleus; it passes directly 
over into the nucleus facialis. 
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3. The nucleus hypoglossi in Phoeaena is throughout the half of 

its extent joined to the ventral cervical grey matter, and consequently 

lies as far as its spinal half is concerned, in a more ventral region 

than in other mammals. In the frontal portion of this connection a 

cell group appears, lateral from the anterior horn rest, which in 

several sections is very distinetly connected with the dorsal motor 

vagus nucleus. Likewise the connecting nucleus between this vagus 

nucleus and the tongue nucleus (nucleus intermedius ?) is in many 

places well developed. The free tongue nucleus is grouped into three, 

and more frontally into as many as six, groups of cells. 

4. As far as the immediate vicinity of the calamus, efferent acces 

sorius roots can be observed. The XI nucleus in general is poorly 

developed, and only exceptionally does it contain 8—10 cells. The 

cells are of a small type. Until near the calamus it can be met with 

in the angle between the anterior and posterior horns; spinally it 

may radiate from here in a medial direction (connection with X 

dorsalis), along the dorso-lateral edge of the frontal horn, i.e. in a 

ventro-lateral direction and upwards along the lower edge of the 

posterior horn. A separate cell group of it is repeatedly to be observed 

at the caudo-ventral angle of the posterior horn. 

5. The oliva inferior appears very late, viz. near the calamus; it 

spreads very far frontally however into the facialis region. It is 

extraordinarily developed. In its development several groups appear quite 

independently of each other. First next the raphé a portion develops 

ventrally, which grows out rapidly and is connected at first for a small 

distance through the raphé with the corresponding portion of the 

other side. After this a second portion appears ventrally from the 

first, and is also at first connected with that of the other side by 

an intermediate olive. This second portion develops very strongly, 

and pushes the first-mentioned upwards, whereby the latter gradually 

shrinks, and finally disappears before the part lying distally has 

attained its greatest development. These parts form together the 

medial olive. As a third group of cells there appears in the frontal 

third portion of the last-mentioned, and laterally from it, a complex 

consisting of two lamella, a short medial one and a long lateral 

one. This corresponds with the principal olive. Besides these three 

main groups, several smaller ones appear from the beginning, but 

also later, invariably in the lateral regions, and remain a longer or 

shorter time. Their identification is not sure. 

6. The nucleus reticularis inferior contains small cells and is 

poorly developed. 
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Chemistry. — “Glutaconic acid’. (D. By Dr. P. E. VERKADE. (Com- 

municated by Prof. J. BörseKEN). 

(Communicated in the meeting of November 27, 1915), 

In a series of very interesting communications *) entitled: “The 

chemistry of the glutaconie acids” J. F. Trorer has given a fairly 

complete survey of the peculiar structure and isomerism phenomena 

noticed more in particular in the case of the alkyl and aryl deriva- 

tives of glutaconie acid and their anhydrides, dicarboxy-esters etc. 

A short time before the appearance of the first publication of this 

series (in 1911) I had noticed, in an effort to determine the hydration 

constant of the glutaconie anhydride, deviations in the normal pro- 

gress of the hydration process which could not then be explained, 

but the explanation of which is now very simple owing to the 

above mentioned investigations of THorpp (according to which this 

anhydride must be regarded as 6. hydroxy- «. pyrone). In other 

words the results obtained by Trorern by means of a purely chemi- 

cal process were confirmed by a physico-chemical method. 

It speaks for itself that I subsequently tried to also confirm other 

peculiarities of these acids by a physico-chemical investigation; in 

the subjoined, a start is made with the publication of the results 

attained. 

By various ways, which need not be discussed here, THORPE *) 

has demonstrated that in the glutaconie acid molecule: 

COOH — CH, — CH = CH — COOH 

a B bi 

the « and the y position are identical. It appeared, for instance, 

that from the « Et. y Me. a-carbethoxyglutaconate : 

(Et OOC), . C Et — CH = CMe — COO Et 

as well as from a Me. y Et. a-carbethoxyglutaconate : 

(Et OOC), . CMe — CH = C Et — COO Et 

the same acid was formed by a very careful hydrolysis (where a 

reversal was excluded). A true methylene group (CH,—) is not 

present in these acids; one of the H-atoms of this group is mobile 

1) THoRPE, Soc. 87, 1669 (1905) ete. 
THorPE and THOLE, ibid. 99, 2187, 2208 (1911). 

THoRPE and BLAND, ibid. 101, 856, 871, 1557, 1739 (1912). 

THorPE and Woon, ibid. 103, 276, 1579, 1752 (1913); 105, 282 (1914), 

Soc. 87, 1669 etc.; 99, 2187, 
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and is simultaneously under the influence of both the «- and the y- 

carbon atom, which is best symbolised as follows: 

es - iN 

COOR — CH — CH —CH-— COOK 
ee 

In this case the double bond is ‘floating’. In one of the following 

communications | hope to elucidate this formula by a model. 

(In the «e-dialkyl-substituted acids these mobile hydrogen atoms 

are wanting. These acids, in fact, form a separate class where the 

double bond is fixed and thus a pure cis-transisomerism occurs. | 

If an acid belonging to the “mobile class” is dehydrated under 

definite conditions a Aydroryanhydride is formed, namely a deri- 

vative of the a-pyrone: 

SN va 
CH = CH 

If now this hydroxyanhydride is rehydrated in turn the original 

normal acid is generally regenerated, for instance: 

CH — CO CH — cood „CH — COOK 

\\ x | vo he eae 
che © GUC CE 
| / \ Dan ignore 
CH — CC — ox CH — COOK cat eN ONON IE 

Hence, the formation of the normal acid is preceded by that of 

another one, the /abile acid. In some cases — where the hydrogen 

atoms were less mobile, — this labile acid has been successfully 

isolated, namely by hydration of the hydroxyanhydride with an 

excess of strong alkali, or with dilute alkali in presence of casein 

as anticatalyst. 

This labile acid possesses two bonds and, therefore, should be 

obtainable in two forms (cis and trans); this indeed has succeeded 

with g-phenyl-a-glutaconie acid *) so that we now know three iso- 

merides of the acid, which is certainly the most powerful support 

for TrorPe’s conceptions. The other labile acids are, as yet, known 

in one form only; probably (with the exception of the a-benzyl-p- 

methylglutaconie acid) this is always the cis-form. 

1) Soc. 103, 1579. 
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Now what about the relation of the glutaeonie acid in regard to 

this theory > 

I. Glutaconie acid may be obtained by a number of very different 

processes, which will be discussed here, briefly. 

A. Method of Conrap and Guruzerr '). By condensation of 2 mols. 

of malonie ester and 1 mol. of chloroform with sodium ethoxide, 

Na-dicarboxylglutaconic ester is formed which is then separated and 

saponitied, 

With this method of preparation are closely connected : 
1. that from tsoaconitic ester *) which is formed for instance, by 

incomplete saponification of the dicarboxylglutaconic ester. 

2. that from 6. ethoxy. a@ pyrone 3.5 dicarboxylic ester *) (formed 

by distillation of the diearboxyl ester ete). 

The melting points of the acids thus obtained mostly vary between 

130° —134°. 
B. PrcHmaNN-Broise *) based on the saponification of the glutaconic 

ester formed by cleavage of acetic acid from the acety/-3-ovyglutaric acid. 

C. Method of Morernstern and Zerner*). By saponification with 
strong alkali of the p-oxyglutaric dinitrile obtained by the action of 

potassium cyanide or dichlorohydrin a little glutaconic acid was also 

formed. The melting point is given here as 129—129°.5. 

D. Method of von PeGMANN®), which is based on the decomposition 

of cumalic acid (a-pyrone 3 carboxylic acid) by boiling with baryta. 

The acid so obtained is stated to melt at 1382—-134°. 
E. Method of Bucuxer’). The acid is formed by the saponification 

of the dimethyl ester formed in company with that of Trans 1. 2. 

trimethylene dicarboxylic acid by cleavage of nitrogen from the 

acryldiazoacetic ester (pyrazoline 3.5. dicarboxylic ester.) 

The acid so obtained melted at 127—128°. 

In addition there occur in the literature a few other methods of 

preparation or formation, of less importance. 

In Ricurer’s Lexicon a distinction is made between: 

cis-propen. ay. dicearbonsäure (cis-Glutakonsäure) 

and isom-propen. ay. dicarbonsäure (Glutakonsäare). 

The statements in the literature relating to the above syntheses 

1) Ann. 222. 253 (1883); Ber. 15. 2841 (1882) etc. 

2) ConrAD and GuTHZEIT: loc. cit. 

3) GuTHzEIT and DresseL: Ber. 22. 1425 (1889). 

4) Ann. 261. 157 (1891): Ber. 24. 3256 (1891), Bull. (3) 29. 1013 (1903). 

5) Sitz. ber. Akad. Wien 119. 589 (1910). 

6) Ann. 264. 301 (1891). 

7) Ber. 23. 703 (1890), Ann. 273. 238 (1893). 
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are however distributed arbitrarily over these two “isomerides” so 

that this distinction is quite worthless. 

A serious investigation as to the eventual identity of all these kinds 

of glutaconic acid has never been taken in hand; the investigators 

have always been content to pronounce this identity on account of the 

melting point of the different acids *) which was always fairly well 

the same. Still a similar investigation would be of importance; 

suppose the identity of all the acids was established, it would then 

be evident that there exists one form of glutaconic acid which 

exceeds over all other possible isomerides by a very great stability, 

for this variety was formed im all kinds of conditions. A. similar 

great difference in stability does not occur as far as I know with 

a series of cis-transisomerides. Hence, I have endeavoured in the 

first place to furnish the proof for this identity. 

It should be mentioned here that PerKiN and Tarrprsaut *) have 

tried in various ways to obtain a second isomerides of glutaconie 

acid, but always without success. They always obtained either the 

acid already known or the trans-trimethylenedicarboaylic acid. 

Il. The question whether to the known glutaconic acid apper- 

tains the cis- or the trans-formula has been decided by Bucnner *) in 

favour of the cis-formula and this on account of the ready formation 

of anhydride on boiling with acetyl chloride. This way of arguing 

is not satisfactory; it is generally known that fumaric acid on treat- 

ment with acetyl chloride *), phosphoruspentoxide °) or pentachloride °) 

is converted into maleinic anhydride. Moreover, the formation of 

anhydride proceeds anything but rapid. 

If to the glutaconie acid appertains the symmetric structure sug- 

gested by THorPE it. may be expected that this acid will possess 

neither all the characteristic properties of the cis- nor all those of 

a trans-acid, but will behave either as a cis or trans in reactions or 

definite properties, which can give exclusive evidence as to cis- or 

trans-positions of the carboxyl groups. 

I have been able to demonstrate the correctness of this view in 

the case of a few reactions and properties. 

1) Compare BucHner: Ber. 27. 881 (1894). 

2) Soc. 87. 361 (1905). 

3) loc. cit. 

4) AnscHutz: Ber. 14. 2792 (1881). Perkin: Ber. 15. 1073 (1882). 

5) TANATAR: Journ. Russ. phys. chem. Ges. 22. 312. 

6) VoLHARD: Ann 268. 255 (1892), 278. 31 (1893). 
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III. It was possible à priori that in this acid wherein we assume 

the presence of a floating double bond the reduction velocity should 

be different from that of an acid with an ordinary double bond. I 

have, therefore reduced glutaconic acid and also aconitie acid *) 

(where we meet with -a similar mobile hydrogen atom) according 

to the methods of Paar, Skita, and WirLsrärrer, measured the velo- 

cities of these reductions, and compared them with those of some 

other unsaturated acids. And indeed some peculiar differences now 

came to light. 

Whether the velocity measured is a true reaction velocity or some 

kind of diffusion velocity does not matter here. For in the latter 

case some differences in diffusion power would have been noticed 

between these two kinds of double bonds. The reduction experiments 

executed, however, elucidated this question somewhat; hence, I 

will again refer to the mechanism of these reduction processes 

more fully. 

IV. According to Tuorpr’s investigations *) glutaconic acid yields 

an hydroxyanhydride : 

CH — C=O 
Ue EN: 

CH O (6. hydroxy « pyrone) 

CH = C — OH 

which on hydration under different conditions — hence, also with 

strong alkali or in the presence of casein — reproduces the same 

acid (mp. 137°). The labile acid whose formation precedes that of 

the normal acid is, therefore, very unstable. 

The question now arose, however, whether the existence of 

this labile acid (of the labile acids, respectively) might not be 

demonstrated by a physico-chemical process. For this it was necessary 

to observe as accurately as possible the course of the hydration of 

the hydroxyanhydride under various conditions and at different tem- 

peratures. These experiments will also be communicated fully in 

what follows. 

Preparation of glutaconic acid by different methods. 

A. The object was attained most rapidly by the process of Conrap 

1) BLAND and THoRPE: Soc. 101 1490 (1912). 

2) Soc. 101. 863 (1912). 
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and Gernzemr; this however, is expensive as it starts with malonic 

acid and yields at most only 20°/,. 

The reaction between Na-malonie ester and chloroform took place 

entirely according to the directions of Conrap and Gurnzeir, but 

with sufficient precautions much larger quantities (say 100 grams) 

can be operated with. The yield of Na-dicarboxylglutaconie ester 

recrystallised from alcohol is bad (40—42°/, of the theoretical) but 

as demonstrated by Covrerre) in a very elaborate research it 

cannot be improved. 

From this Na-compound the ester was liberated with dilute acetic 

acid. The saponification of this dicarboxylglutaconic ester to gluta- 

conic acid has been studied elaborately by Gutazeir and Boram *). 

They found that a saponification of the esters with alkalis gave very 

bad results as a considerable portion decomposed into malonic acid 

and formie acid; on the other hand the saponification with hydro- 

chloric acid proceeded fairly rapidly. This, I have carried out as 
follows: 

Portions of 30 grams of the ester were boiled with thrice the 

volume of hydrochloric acid (10°/, HCl) and half the volume of 

alcohol in a Monracne*) reflux apparatus until the evolution of 

carbon dioxide has ceased, which took about seven hours. 

According to Gurnzerr and Boram the reaction mixture must now 

be evaporated until a separation of crystals takes place at the surface ; 
sometimes this succeeds, but frequently the crystallisation does not 

set in and a viscid syrup is obtained chiefly consisting of $-oxyglu- 

taric acid formed by the action of water on the glutaconie acid. 

The best plan, however, is as follows: 

The liquid is neutralised with sodium hydroxide saturated with 

ether, again acidified with sulphuric acid and then extracted conti- 

nuously with ether. After drying over calcium chloride the ethereal 

solution is mixed with benzene and then left to itself, on evaporation 

of the ether a yield is obtained of 50°/, of the theoretical quantity 

of glutaconie acid which is nearly white and melts above 130°. 

The crude acid was titrated with baryte: 

0.1749 gram required 26.55 ec. Ba(OH), 0.1009 n. M. 130.6 

0.1468 „ 5 2277 „ x 0.1009 ,, M. 130.7 

Theory M. 130.05. 

The purification of the acid took place by recrystallisation from 

1) J. pr. (2) 73. 49 (1906). 

2) J. pr. 54. 372 (1896); 58. 407 (1898). 
8) Chem. Weekbl. 7. 375 (1910). 
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ether-benzene or by precipitation of the ethereal solution with 

petroleum ether. Amyl acetate as recommended by Tortrn *) is less 

suitable because glutaconie acid is still too soluble therein. 

The acid melted finally without decomposition at 186°—138°. 

B. Very splendid results are obtained by the process of von Prcn- 

MANN—Brarse. Starting with citric acid, acetodicarboxylic acid was 

prepared according to the directions of JurDAN *) and this was reduced 

to g-oxyglutarie acid by von PRrCHMANN's process, after which the 

glutaconic diethylester was obtained according to Buaise via p-oxy- 

glutaric ester and acetyl-3-oxyglutaric acid. The yields are those 

stated by Braise: 500 grams of crude acetonedicarboxylic acid gave 

+140 grams of glutaconic ester b.p. 125°—132° at 15 m.m. 

I saponified this ester by boiling with 10°/, aqueous potassium 

hydroxide, using a little more than the theoretical quantity, until all 

had dissolved. The solution was then acidified with sulphurie acid 

and continuously extracted with ether. This saponification was fairly 

well quantitative. 

The acid when recrystalised as stated above melted at 186°—138°. 

C. According to the method of MORGENsTERN and ZERNER a 

prolonged boiling with strony aqueous potassium hydroxide of B-oxy- 

glutaricdinitrilene we should expect, « priort, no glutaconic acid but 

g-oxyglutarie acid instead. However, FicureR and Dreyevus *) showed 

that g-oxyglutarie acid (analogous to the monobasic oxy-acids inves- 

tigated by Fuirtig*) is converted on boiling with alkali into gluta- 

conic acid. In the synthesis of MoRGENSTERN and ZERNER, glutaconie 

acid is, therefore, a secondary product and I only needed to inves- 

tigate the acid obtained by Ficuter and Dreyrus method. 

Pure g-oxyglutarie acid was obtained from the crude syrup of this 

acid *) by warming for a few days with copper acetate. The Cu-salt 

was filtered off, washed with water and alcohol and decomposed 

with H‚S, when the aqueous solution of the acid was evaporated 

to dryness in vacuum. 

10 grams of that acid yielded, after 24 hours boiling with 50 

grams of 10°/, potassium hydroxide, on extraction with ether 5 grams 

of glutaconie which after purification melted at 135°—1387°. 

2) Soc. 75. 809 (note) (1899). 

3) Ber. 33, 1452 (1900). 
4) Ann. 283, 58 (1894). 

5) The non-crystallisation of this crude syrup is attributed by von PECHMANN 

JeniscH (loc. cit.) to the presence of a hypothetical lactide-like substance. In 

reality, this syrup contains considerable quantities of 6-oxyglutaric ester (formed 

on evaporation of the alcoholic extracts) as was convincingly shown on distillation. 
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For preparing large quantities of glutaconie acid this methed is 

certainly the one to be most recommended ; it is cheap and gives 

relatively high yields. 

D. 10 grams of cumalinie acid were boiled with 60 grams of 

barium hydroxide in a reflux apparatus until the bright red liquid 

was nearly colourless, which took + 15 hours. After removing the 

barium carbonate precipitate, the filtrate was shaken with ether, the 

barium was precipitated with sulphuric acid and after filtration the 

liquid was extracted continuously with ether. 

I so obtained 1.7 gram of glutaconic acid, melting after the usual 

recrystallisation at 135°—137°. The yield amounted to 18°/, of the 

theory thus corresponding with von PecHMann’s statement. 

i. The linking of diazoacetic ethyl ester to acrylic methyl ester 

was carried out as follows. 

An equimolecular mixture of both esters was heated in a reflux 

apparatus for 2 days at + 50°. The reaction then takes place without 

any sensible generation of heat or elimination of nitrogen. 

The (generally thick-fluid) reaction product was heated in the same 

flask at + 180° and kept at this temperature until no more nitrogen 

was evolved. The residual oil was then distilled and the fraction 

107—117° at 10 m.m. was collected. The yield of the mixture of 

olutaconic acid and trimethylenedicarboxylic ester as 66°/, of the 

theoretical amount. 

The ester mixture was now boiled with 10°/, aqueous potassium 

hydroxide, slightly in excess of the theoretical quantity, until all has 

just dissolved ; the whole was acidified with sulphuric acid and con- 

tinuously extracted with ether. 

Owing to the extraordinary resemblance in properties between 

elutaconie and ¢ranstrimethylenedicarboxylic acid (in all solvents 

these acids are both more or less soluble to the same extent whilst 

the salts also do not exhibit serious differences) the separation is 

very troublesome; it further appeared that in addition to these acids 

another czs-trimethylenedicarboxylic acid was present (although in 

smaller quantities) which might have been expected theoretically. By 

fractional crystallisation from water, from ether (with or without 

addition of benzene) and from ethyl acetate, I finally sueceeded in 

obtaining the three acids in a pure condition. 

a. Transtrimethylene 1.2 dicarboaylic acid is, of the three acids, 
the one most soluble in ether and least soluble in ethyl acetate. It 

possessed all the properties communicated for this acid by BucHNer 

(loc. cit.). M.p. 175°. 
b. Glutaconic acid melts after repeated recrystallisations from ether- 
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benzene at 136°—138°. In contrast with the acids mentioned under 

a and c it instantly reduced alkaline permanganate. 

c. Cis-trimethylene 1.2 dicarboxylic acid has not been found by 

Bucuner in this synthesis. This ether is the first to pass into ether 

as it is very insoluble in water. The m.p. was 139° in agreement 

with the statements in the literature; on mixing with acid 4 or 

otherwise prepared glutaconic acid a considerable melting point 

depression occurred. The acid did not reduce alkaline permanganate 

and was not attacked by sodium amalgam at boiling heat. 

0.1131 gram required: 8.35 cc. N/9.48 baryta M = 130.2 
Theory M = 130.05 

I hope to refer to a few properties of these trimethylenedi 

carboxylic acids later. 

Identity of the glutaconic acids obtained. 

The glutanic acid obtained according to the methods A—E had 

always fairly well the same melting point (186°—138°); moreover, 

on mixing the various specimens the melting point remained quite 

unchanged. The appearance of the erystal-mass and the relative 

solubilities are the same for all specimens investigated. It is, there- 

fore, certain that all the methods investigated yield the same acid. 

The identity of these acids is confirmed by the results to be 

discussed in the communication to follow; all kinds of the acid 

bebaved in the reactions to be stated, in exactly the same manner. 

In each method of preparation it is was tried carefully whether even- 

tually an isomeric glutaconic acid was present, but always without 

any result, however. 

The Bicuner diazoacetic ester synthesis has also a double theore- 

tical importance. 

1st. Let us imagine the linking as follows: 
\ 

C#,= CH — COO Ae EH, — CH- C OOM 

N | ee 
oc. c3e— |I EN OOC — C1 = hi = 

If now nitrogen is split off we obtain the glutaconic acid in the 

symmetric form as first proposed by PerKIN and TATTERSALL *) 

HOOC—CH—CH—CH—COOH. 

| | 

2nd, The formation of cyclopropane derivatives beside an isomeric 

1) Soc. 87, 361 (1905). 
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unsaturated acid’) is interesting because it again shows the slight 

difference in energy between S-ring and double bond, a fact also 
already noticed by others”) The difference in tension in the 3-rings 

and 2-rings is not so considerable by a long way as demanded by 
the ring-tension theory of von Baryer. That this theory does not 

hold good has been demonstrated by me previously by means of 

quantitative measurements. *) 

Properties of glutaconic acid. 

The properties of this acid have already been frequently described; 

attention may be called to a few facts only. 

a. The melting point, after keeping the acid for months over 

phosphorus pentoxide in vacuum is still quite unchanged. Hence, 

there is no question of anhydride formation in these circumstances. 

4. On evaporating an aqueous solution of the acid we obtain 

beside a little g-oxyglutarie acid a brown sticky mass, from which 

is extracted by ether a very impure brown-coloured glutaconie acid. 

The acid, therefore, appears to partly resinify. 

ce. With ferric chloride no discoloration takes place in aleoholie 

solution, but in aqueous solution a brownish-red coloration occurs. 

Contrary to Coyrap and Gurnzeir’s statement’) this solution remains 

unchanged on boiling and no ferrie bydroxide is deposited. 

Attempt to find a new synthesis of glutaconie acid. 

By Trorpe and RoGerson’) g-alkyl derivatives of glutaconie acid 

have been prepared by condensation of Na-cyanacetic ester with 

acetylacetic ester or alkyl! derivatives thereof, for instance 

1 { Me 

ni ue 

CHNa + CH — EtOOC.CNa(CN)—CMe=:CH—COO Et 

| | 
COOKt COOEt (Ethyl « cyano p methylglutaconate). 

On saponification with strong hydrochloric acid these esters yielded 

the desired acid in varying quantity often beside pyridine derivatives. 

1) The unsaturated condition of glutaconic acid is also shown by the conversion 

into dibromo-acid dioxyglutanie acid, with bromine and potassium permanganate, 

respectively. 

2) BGESEKEN: Overzicht der koolwaterstoffen I, p. 209 and 266. 

5) Handelingen XVe Ned. Natuur- en Geneesk. Kongres, p. 234. 

4) Ann. 222, 254 (1883). 

5) Soc. 87, 1685 (1905). 
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The suspicion now arose that the (readily obtainable) Na-formyl- 

acetic ester would react with cyanacetic acid as follows: 

A | H 

ie joe 

CH, + CH — EtOOC.CNa(CN).CH = CH.COOEt + H,O 
| 5 

COOEt COOEt (Ethyl « cyano glutaconate). 

This indeed appeared to be so. 

60 grams of Na-formylacetie ester (which according to a statement 

in the literature only consists of the desired compound to the extent 

of about 70 °/, 

diately afterwards 45 grams of cyanoacetic ester were added and the 

whole heated on a boiling waterbath for + half an hour (until 

) were dissolved in 150 ce. of absolute alcohol. Imme- 

the decomposition sets in). The yellow gelatinous contents of the 

flask were then taken up with dilute hydrochloric acid and the 

liquid shaken with ether. After washing with dilute soda solution 

and water the ether was evaporated. The result was 380—35 grams 

(+ 45°/, of the theory) of a pale yellow, very thick viscid oil. 

In its properties this ester completely resembled the a-cyanoglu- 

taconic ester obtained by Gurazerr and Eyssen') from 7so-imidodi- 

carboylglutaconic ester with e-cyanoglutaconic ester prepared with 

aqueous sodiam hydroxide. It had a very bitter taste, gave a carmine- 

red colour with ferrichloride in alcoholic solution and could not be 

distilled under any circumstances. *) 

By saponifying the ester with acids or alkalis Guruzeir and Eyssen 

could isolate nevther glitaconic acid nor any other product of hydro- 

lysis. I have myself tested this saponification with dilute potassium 

hydroxide, potassium methoxide, hydrochloric acid (10°/, HCD, 

concentrated sulphuric acid and 30°/, hydrogen peroxide + potassium 

hydroxide and tested the reaction fluids carefully with regard to the 

presence of glutaconic acid, malonic acid ethyl-2.6-dioxypyridine.5. 

carboxylate, 2.6.dioxypyridine.5.carboxylic acid and 2.6.dioxy pyridine, 

all products which might be expected here in consequence of the 

research of THorpr and Roeerson. The result, however, was always 

negative. 

The acid thus prepared is, therefore, certain to have another 

structure. Probably it possesses an iso-vmido structure: for instance 

1) J, pr. Chem. (2) 80. 34 (1909). 

*) The cyanoaconitic esters prepared by ErreRA PascraBosco (Ber. 34, 3704) 

cannot be distilled even in vacuum without decomposition. 

} 64 
Proceedings Royal Acad. Amsterdam, Vol. XVIIL 
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COOEt 
| 
C—O=NH 
[eae 
CH O 

| 
CH=C—OEt. 

In harmony with this is the fact that in all the saponification 

methods investigated ammonia is readily split off. There ought then 

to be formed 6. ethoxy @ pyrone derwatives; the carmine coloration 

which oceurs with all saponification products when exposed to the 

air certainly points in this direction. *) 

An effort to effect condensation of the Na-formylacetic ester with 

malonie ester to tsoaconitic ester : 
H 

Ve RN 
C—ONa COOEt COOEt 

| | | 
CH + CH, — COOEt — CH —= CH — CNa 
| | | 
COOEt COOEt COOEt 

(triethyl-isoaconitate) 

ended in failure. The two esters certainly react on each other, but 

form Na-malonic ester and free formylacetic ester, the latter of 

which is subsequently converted into formylglutaconic ester and 

trimesinie ester.*) It is, therefore, a simple double decomposition. 

Nor has Trorpr succeeded in getting the malonic ester to react 

with acetyl-acetic ester. 

Chemistry. — “On Black Phosphorus’ 1*). By Prof. A. Smits, 
G. Meyer, and R. Pa. Beck. (Communicated by Prof. J. D. 

VAN DER Waats). 

(Communicated in the meeting of November 27, 1915). 

1. Introduction. 

Besides a second modification of white P, BrIDGMAN*) obtained 

last year a black form by subjecting white P at 200° to a pressure 

of from 12000 to 13000 kg. per e.m’. 

1) So, for instance, several of the anhydrides of the glutaconic series (which 

are hydroxypyrone derivatives) obtained by THorPE and others give a dark wine 
red coloration when their neutral solution is exposed to the air. 

2) Compare also WisLicENUs and BINDEMANN. Ann. 316. 18 (1901). 

5) In the translation of the Dutch communication some passages have been 

changed. 
4) Journ. Amer. Chem. Soc. 36, 1344 (1914). 
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Violet phosphorus‘), however, was not converted to black phos- 

phorus under the same circumstances. 

That we had to do here with a new modification became probable 

first on account of the high spec. gravity of the substance, viz. 2,69, 

the spec. gravity of violet phosphorus varying between 2.21 and 

2.34 according to our measurements, and secondly because black P 

possesses electric conductivity, whereas violet P is an isolator for 

electricity. 

To ascertain the place of black P with regard to the violet 

condition of phosphorus, BRIDGMAN determined the vapour tension at 

a few temperatures, according to a method of Hirrore’s*), which 

comes to this that a small weighed quantity of phosphorus is pumped 

into a vacuum, and is then heated in a sealed vessel of known 

capacity at a definite temperature, till the space is filled with the 

vapour, which is saturate with respect to the solid phosphorus. Then 

the vessel is quickly taken out of the bath of constant temperature, 

and cooled exposed to the air. Under these circumstances the vapour 

condenses to white phosphorus, which can then be determined by 

treating the contents of the vessel with CS,, and weighing the white 

phosphorus or the remaining quantity of the original form. We then 

find the vapour tension by making an assumption about the size of 

the phosphorus molecule in the gas-phase at the temperature of 

investigation, and at a pressure equal to that of the saturate vapour. 

On the ground of the investigations by Srock, Gipson, and Stam *) 

BRIDGMAN assumed P,. 

Violet and black phosphorus were examined in this way at the 

boiling temperature of mercury and of sulphur with the following 

result: 

Black P Violet P 
Temperature vapour tension vapour tension 

in cm. Hg. in cm. Hg. 

gbi le 2.3 5.2 

443.7 | — 132 

45.2 | 58.5 — 

It follows, therefore, from this table that the vapour tension of 

black P was found lower than that of violet P. 

1) Bripeman writes red phosphorus, but as what is meant here is phosphorus 

which is almost in internal equilibrium, we write violet phosphorus. 

2) Pogg. Ann. 126, 193 (1865). 

3) Ber. 45 3527 (1912). 

64* 
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As BripamMan says, we should be inclined to infer that black 

phosphorus is the stable modification, but he did not succeed in 

confirming this conclusion in another way. Thus he heated among 

others a vacuum in which a dish with black and a dish with violet 

phosphorus was placed, at 445° for six hours. If black P was really 

the stable, violet P the metastable modification, the weight of the 

black P would have to increase at the expense of the violet P. 

Instead of an increase in weight of the black P an exceedingly 

small decrease of weight was found. 

He further heated violet and black P together in an exhausted 

glass tube at 620° fer 20 minutes. The violet P melted, the blaek 

did not. If now the black P was the stable modification, the black 

P would have to increase in quantity at the expense of the molten 

violet modification; this, however, was not the case. 

2. Under the vapour pressure the black phosphorus is probably a 

metastable state. 

When this paper by BribgmMan appeared, the vapour pressure line 

of the violet P had already been determined, and now it was very 

remarkable that as was explicitly stated, after evaporation of the 

violet P in vacuo at 360° Smits and Boksorst ') obtained a substance 

which possessed a vapour tension of 0,64 atmospheres at 445°, as 

appears from the curve N°. 75, whereas Bripeman found that the 

black P at the same temperature showed a vapour tension of 58.5 

em. Hg. or 0,77 atm. 

Hence it appeared that this substance obtained by Smits and 

Bokuorst, possessed a smaller vapour tension than BRIDGMAN’s black P. 

Now it was further found by Smits and Boknorsr that the sub- 

stance with this abnormally low vapour tension was a state of the 

violet phosphorus which bad been greatly disturbed by the said 

evaporation, and that after heating of this substance at 410° in 

contact with 1,5°/, iodine the internal equilibrium had set in again, 

and the substance had resumed the normal vapour pressure. 

It followed from these experiments that Briweman’s black phos- 
phorus, at least under the vapour pressure, is probably not the stable 

modification. 

3. Vapour pressure determinations. 

It seemed, however, very desirable more closely to examine this 

new form of the phosphorus, for which reason a request was sent 

1) These Proc. XVII, p- 962. 



to Mr. BripGMaN for a small quantity of his black phosphorus, 

which request was complied with the greatest readiness. 

As the black phosphorus contained carbon, our first work was 

to remove this carbon, which was attained by pounding it fine and 

then washing it with: water 5. Then the black phosphorus was 

extracted in a Sohxlet-apparatus with CS, further washed with 

alcohol, then with an aqueous solution of ammonia, and finally 

dried in vacuum over P,O, 

With application of the same method, in which the vapour pres- 

sure of the violet phosphorus was determined, the vapour pressure 

of the product thus obtained was measured, in which it appeared 

that the purification described here was perfectly inadequate to 

remove the kerosene from the black phosphorus, which substance 

had been used by BRIDGMAN as pressure-liquid. 

It appeared namely, that already at 300° C. a gas escaped, in 

consequence of which within half an hour the pressure had become 

2 atmospheres higher than the vapour tension of the violet phospho- 

rus at this temperature. 

In order to expel as much as possible the kerosene evidently 
dissolved in the black phosphorus, the substance was conveyed into 

a vessel of the form as given in tie. 1. Q 

Fig. 1. 

The black phosphorus was put in the globe a, after which the 

tube d was fused to. Then the tube c was connected with the 

Gaede-pump, and the apparatus was exhausted. After this the 

apparatus was placed in an air bath, the temperature of which 

was gradually raised to + 260° C. This heating had to take place 

slowly, as otherwise the powdery black phosphorus would fly 

away for the greater part in consequence of the quick generation 

of gas, and would get into the pump. By arranging the apparatus 

as described here, we ensured that when any flying up took place, 

the phosphorus blown from globe « got into globe 4, and remained there. 

The first preparation was heated up to 260° C. in the way described 

here for a day, during which part of it of course evaporated, and 

deposited in the form of white phosphorus in that part of tube 

ec which was outside the air bath. 

1) The black phosphorus thus obtained melted without any residue to a colour- 

less liquid. 
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After this heating the phosphorus was once more extracted in the 

way deseribed above, and finally dried, after which we could again 

proceed to the vapour pressure determination. 

„As the evaporation in question must give rise to a disturbance 

of the internal equilibrium of the black phosphorus, the method of 

investigation was now this that we immediately heated to such 

a high temperature that on the ground of the investigation of the 

violet phosphorus we can expect the setting in of the internal equi- 

librium within a comparatively short time. 

The result was as follows: 

| Vapour t ension in atmospheres 

Temperature | ————_— 
Black P Violet P 

566° | 28.7 (constant) | 28 ') 

580 | 38.8 | 36 

Hence it follows from this that the vapour tension of black P at 

566°, with only a difference of 0,7 atm., tallied with that of the 

violet P, but we thought the preparation had not yet been sufficiently 

freed from volatile kerosene residues, for at higher temperature the 

pressure rose slowly, and at 580° the pressure was already 2,8 

atmospheres higher than that of the violet P. A correction for the 

pressure could not be applied, because the apparatus burst, so that 

the pressure of the remainder of the gas at lower temperature could 

not be determined. 

To expel the kerosene more completely another quantity of black 

phosphorus was heated at 300° in the way described, for three days, 

and then again, just as the preceding preparation, purified and dried. 

The vapour tension determination of this preparation gave the 

following result: 

Vapour tension in atmospheres 

Temperature |— esi 
| Black P Violet P 

| | 

515° | 8.5 LEE 10.5 

552 | 21.8 (constant) | 21.0 

At 515° the pressure was still rising after + 30 minutes’ heating, 

probably on account of the internal equilibrium not yet having set 

1) Read from the vapour tension-line of the violet phosphorus. 
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in. At 552°, bowever, the pressure was soon constant, so that it 

could be read accurately. 

After this reading the apparatus was cooled to examine how great 

the pressure of the remaining gas was at the ordinary temperature. 

We were, namely, convinced that now too gases had escaped, and 

wanted to apply a correction for this. At the ordinary temperature 

a pressure of 30 em. Hg was, indeed, still found, which corresponds 

to a pressure of 1,1 atm. at 552°. If we correct the vapour pressure 

at 552° with this pressure, the vapour tension of black phosphorus 

at 552° becomes 20.7 atm., the vapour tension of violet phosphorus 

amounting to 21.0 atm. 

In the experiments discussed here we have, therefore, tried to 

expel the volatile kerosene residues from the black phosphorus by 

evaporating the substance in vacuum at 260° resp. 300°. In this 

way of purification we could of course, hardly go to higher tem- 

peratures than 300°, because else a too great loss through evaporation 

would take place. 
As it was, perhaps, necessary for a most thorough removal of the 

kerosene to heat to higher temperatures, we made at last the follow- 

ing experiment. 

Black phosphorus was placed in a thick-walled tube of sparingly 

fusible glass; then the tube was exhausted and soldered to. After 

this the tube was suspended in a bath of molten KNO,—NaNO,, 

which bath was heated up to 550°. 

After this heating had been continued for half an hour, the tube 

with phosphorus was taken out of the bath, in which white phos- 

phorus deposited out of the vapour. After cooling the tube was 

opened under CS,, and the mass extracted as usual with CS, and 

ammonia, etc. 

This preparation, of which we expected a favourable result, yielded 

what follows for the determination of the vapour tension. 

Vapour tension in atmospheres 

‘hem peratirel | man Sen In SS 
Black P Violet P 

i152 8.5 (increasing) 10.5 

553 19.3 (increasing), 21.5 

567 28.6 (constant) | 28.5 

578 39.5 35 

At the temperatures 515° and 553° the internal equilibrium had 



evidently not yet set in, whereas this was indeed the case at 567°. 

It was therefore supposed that now at a higher temperature like- 

wise agreement with the vapour tension line of violet phosphorus 

would be observed, but when the temperature was raised to 578°, 

a slow increase of pressure took place. When the experiment was 

finished the pressure amounted already to 39,5 atm., the vapour 

tension of violet phosphorus amounting to 35 atmospheres at the 

same temperature. 

After cooling to room temperature (17°) the pressure appeared to 

amount to 20 em. Hg. This pressure corresponds to 0,77 atm. at 

578°, so that the corrected pressure amounted to 38,7 atm., Le. 

3,7 atm. higher than the vapour tension of violet phosphorus. 

From the vapour tension determinations of the black phosphorus 

mentioned here it follows that at a temperature + 560° a vapour ten- 

sion is observed about equal to that of violet phosphorus. At lower 

temperatures the vapourtension of the black P was found below, 

and at higher temperatures above that of the violet. 

It might be supposed that it is possible that the vapour tensions 

of the black modification actually lie ander the vapour tension line 

of the violet phosphorus at temperatures below + 560°, and above 

it at higher temperatures. Then the two vapour tension lines would 

intersect, and this intersection would mean a transition point between 

the black and the violet phosphorus. A closer examination, however 

shows that this would mean a highly remarkable phenomenon. 

To demonstrate this, we must once more return to the fact that 

Smits and BokHorsr have succeeded in disturbing the violet phos- 

phorus in such a way that a vapour tension line was obtained from 

which followed that the vapour tension of this disturbed state of the 
violet phosphorus was smaller than that of the black. After treatment 
with iodine at 410°, hence still below the supposed transition point, 

the violet phosphorus entirely resumed its former form, the vapour 

tension again becoming perfectly normal: This normal pressure 

amounted to more than 2 atmospheres at 445°, the pressure having 
risen from a value below the vapour tension of the black phosphorus 

to a pressure far above that pressure. 

If the intersection supposed just now actually exists, the black 

phosphorus would be stable below + 560, and then the phenomenon 

would present itself that a state beginning with a vapour tension 

smaller than that of the stable state was converted by a catalyst at 
temperatures below that of the transition point to another state with 

a higher pressure than the stable state. 

We will point out here, that this is possible according to the 



999 

theory of allotropy. but it is never observed and therefore we think 

it more prudent to suppose, for the present at least, that the inter- 

section does not exist. We will suppose here, that the vapour tension 

line of the black phosphorus thus as a whole lies above that of the 

violet phosphorus. 

The investigations are continued and the results will be communi- 

cated in a second paper on this subject. 

Accordingly the general result is this that below 550° a very slow 

increase of pressure was observed, which is unquestionably partly a 

consequence of an internal transformation, just as this was observed 

for the disturbed violet phosphorus. A little above 550° the pressure 

generally became pretty soon constant, and it was exactly this con- 

stant pressure that pretty well agreed with the pressure of the violet 

phosphorus. Above 570° the vapour tension of the black phosphorus 

rose considerably above that of the violet phosphorus. 

4. Determination of the triple point temperature of the black 

phosphorus. 

To determine the temperature of the melting-point under the vapour 

pressure, we have made the following experiment. Three tubes ot 

thick-walled sparingly soluble glass were filled with three different 

substances, tube a was filled for */, with the purest preparation of 

black phosphorus; tube 4 with the same black phosphorus + 1 °/, 

iodine, and tube ec with violet phosphorus + 1 °/, iodine. 

These three tubes were fastened together by means of copper 

wire, and suspended in such a way that they could be given an 

oscillating motion. To make this suspension apparatus heavier, a 

copper bar of the same length as the glass tubes was fastened at 

the bottom. 
Then this apparatus was now placed in a bath of a molten mixture 

of KNO, + NaNO, of + 200°, in which a stirrer was placed, which 
brought about a uniform temperature. 

After a gauged thermo-element had been placed 

in the bath, which element had been inserted 

into one of the branches of a Wheatstone bridge 

in the usual way, the nitrate bath was slowly 

raised to higher temperature. 

In preliminary experiments it had appeared 

that when black phosphorus is rapidly heated, 

this substance does not begin to melt until a temperature is reached 

5° or 10° above the triple point temperature of the violet phosphorus. 

As it was now supposed that under these circumstances the velo- 
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city of heating was too great to obtain a setting in of tbe internal 

equilibrium, we heated slowly in the final definitive experiment 

mentioned here, and the bath was kept at + 580° for half an hour. 

Then we made the temperature rise exceedingly slowly. 

We then observed that in tube 5 with blaek phosphorus + iodine 

melting made its appearance first, viz. at + 587,5°, whereas in the 

tube c‚ filled with violet phosphorus with iodine melting was observed 

at 589,5°. In tube a, which contained black phosphorus without 

iodine, melting did not make its appearance before 598°. 

When this had been ascertained, the bath was brought back to 

+ 588° as soon as possible. Only +1, of the black phosphorus in 

tube a had then been melted. Our purpose was to examine whether 

the black phosphorus withont iodine would exhibit complete melting 

on continued heating at the same temperature as the black phos- 
phorus + a trace of iodine. This experiment showed that this was 

actually the case, and that after + an hour’s heating at 588° the 

black phosphorus had completely melted to a colourless liquid. This 

experiment was repeated with the same result. 

Accordingly the investigation described here yielded the result 

that the black phosphorus melts at + 2° lower temperature than 

the violet phosphorus; thus the proof has been furnished that the 

violet phosphorus as was to be expected, appears at higher 

temperatures at least as the stable modification. 

§ 5. Explanation of the behaviour of the black phosphorus. 

It is now the question how the phenomenon is then to be ac- 

counted for that the black phosphorus, which we suppose for the 

present the metastable modification, under vapour tension shows an 

initial vapour tension lower than that of the unary violet modifica- 

tion. It seems absurd that a metastable state of an element or a 

compound can have a lower vapour tension than the stable state, 

and this would really be impossible when we had to do with a 

substance built up of one kind of molecules or atoms, but when an 

element or a compound is complex, this is very well possible, but 

only for a metastable state not being in internal equilibrium. 

To make this clear we shall suppose the system phosphorus to 

be built up of two kinds of molecules, « and 3, and the P, X-section 

of the pseudo system to have a shape as indicated in fig. 3 at a 

temperature of 200°. 

The internal equilibrium in the vapour at different pressures is 

indicated by the line Gy, Gu. 

At G, this line meets the line Gd of the pseudobinary system, 
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or in other words the line indicating the vapours which can coexist 

with the mixed crystal phases 555, 

In case of behaviour as a unary substance solid violet phosphorus 

S, will therefore deposit from the vapour at G,, and this conversion 

will continue on diminution of volunie till everything has been con- 

verted to solid violet phosphorus. 

If we now continue to compress, the internal equilibrium in the 

solid violet phosphorus moves along the line SS’, 

| 
' P : 
| 8 

4 ; 
a a 

t : 

‘ : ; 
atl 

Te Da) eee 
Fig. 3. Fig. 4. 

Let us now suppose the point P to correspond to a pressure of 

12000 kg. as in Dr. BripeManN’s experiment. This point is then 

reached on account of the liquid phase LZ’, being converted to P 

under the same pressure. Let us now suppose that the pressure is 

quickly diminished to 1 atmosphere, then it is clear that the internal 

equilibrium will not be able to change in accordance with the 

pressure, and we then get a fixation of a state which corresponded 

with an internal equilibrium at a higher pressure. It is, therefore, 
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clear that we shall get a solid substance containing more of the 

B-pseudo component than corresponds to the internal equilibrium, 

and this involved a smaller vapour tension. 

If this substance is examined, a vapour tension will be found 

at lower temperature which lies below that of the unary stable 

state. If, however, we heat up to temperatures at which the internal 

equilibrium begins to set in with appreciable velocity, the vapour 

tension will rise and become equal to that of the stable unary state. 

There is, however, still another case possible. 

It is possible that the black phosphorus is not a state to which 

the violet phosphorus is converted at higher pressure in a continuous 

way, but a new modification, which is stable at higher pressure. 

If this is really the case the black phosphorus will owe its origin 

to a kind of molecule which has not been taken into account in 

our representation fig. 3. To keep the representation as simple as 

possible, however, we shall assume that the P,X-section at 200° is 

given by fig. 4. 

When the substance behaves as a unary one S,, deposits from 

the vapour on diminution of volume. The line S,, S’u indicates the 

change of the internal equilibrium with the pressure in the solid 

unary phase. 

In the point S’,, this line meets the region where unmixing takes 

place in the pseudo-binary system, in consequence of which on further 

diminution of volume the solid phase S’, is converted to S’,, in 

case of unary behaviour. Here a transition point therefore occurs, 

and at higher pressures the internal equilibrium moves along the 

line S’,, S",, in the new phase. 

If now the mixed crystals Sar are supposed to be violet and $ ay 
to be black, then a transition point between violet and black phos- 

phorus is assumed here. If we suppose this transition point to lie 

e.g. at 10000 atmospheres at the assumed temperature, black phos- 

phorus is metastable under the vapour pressure. 

Now the unary equilibrium between black phosphorus and vapour 

is indicated in fig. 4, by the points G’, and S’,,, the corresponding 

equilibrium for the violet phosphorus being denoted by the points 

G, and S,,, from which it therefore appears that the vapour tension 

of the metastable phosphorus is greater than that of the stable violet 

phosphorus. 

These considerations in themselves are therefore not sufficient to 

account for the fact that the black phosphorus, as we jirst get it, 
at first possesses a vapour tension smaller than the violet. To explain 

this behaviour we must, just as in our discussion of fig. 3, come 
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to the conclusion that the black phosphorus, coming from the state 

P under lower pressure, has not been able to follow the line of 

the internal equilibrium, in consequence of which a metastable mixed 

crystal phase S has arisen at the ordinary pressure, which possesses 

a smaller vapour tension than the violet modification, because of its 

greater content of the less volatile component. We must, therefore, 

assume a fixation of a state which was a state of internal 

equilibrium at very high pressure, so that. the phenomena observed 

also for the black phosphorus furnish an important support for the 

theory of allotropy. If the black phosphorus were no new modi- 

fication, the fact that this substance melts at a temperature + 2° 

lower than the violet phosphorus would have to be attributed to 

contaminations, and then it would have to appear, moreover, that 

on being heated at e.g. 580° black phosphorus is converted to violet 

phosphorus when in contact with a trace of iodine. On investigation 

this proved, however, not to be the case, the colour had remained 

black, and the spec. grav. was 2.71 before and after the experiment. 

In this way it had, therefore, been proved that the black phos- 

phorus is really a new modification, the triple point temperature of 

which lies at most 2° under that of the violet phosphorus. Hence 

the vapour tension of the black phosphorus must be higher than 

that of the violet, but this difference seems not to manifest itself 

until temperatures above 560° are reached. The continued investi- 

gations will decide, as we hope, if this temperature is perhaps a 

transition point. It follows from the vapour tension determinations 

of the solid and the liquid violet phosphorus that at 587°, the triple 

point temperature of the black phosphorus, the vapour tension of 

the violet phosphorus is + 5 atm. less. 

6. Dr. Bripeman’s recent researches. 

In connection with a correspondence between Dr. Bripgman and 

myself, Dr. BrIDGMAN has undertaken some more investigations, which 

have yielded very important results, and plead in favour of the 

view that the black phosphorus is a new modification, which occurs 

stable only at very high pressure. 

At 200° C. white phosphorus was compressed to 4000 kg. with 

addition of a trace of the catalyst sodium’). The result was that 

the white phosphorus wholly transformed into “red” phosphorus, of 

which Dr. Bripeman says that it was ‘distinctly violet in appearance”. 

We may probably conclude from this that at 200° C. and at a 

_ |) Dr. Bripeman found that Na acts here catalytically. 
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pressure of 4000 kg. the violet phosphorus is the stable modification. 

When the former experiment was repeated only with this difference 

that instead of to 4000 kg. the white phosphorus was compressed 

to 12000 ke, black phosphorus was formed. It seems not too hazard- 

ous to derive from this that there exists a transition point between 

violet and black phosphorus and that this must lie at 200° C. 

between 4000 and 12000 kg. 

Now it is not be denied that this view is attended with difficulties, 

though they are not such as to make the above view untenable. 

These difficulties consist in this that all attempts made by Dr. 

BRIDGMAN to convert violet phosphorus into black, have failed. Violet 

phosphorus was mixed with a small quantity of iodine and then 

compressed at 200° C. to a pressure of 12500 kg, for 5°/, hours, 

without any conversion to black phosphorus taking place. 

He has further made this experiment; violet phosphorus was com- 

pressed to 12500 kg. at 200° C. in contact with white phosphorus 

in the hope that when black phosphorus transformed to black phos- 

phorus, the same thing would also take place with the violet, but 

the result was negative. White phosphorus was converted to black, 

but the violet remained unchanged. 

This, now, is undoubtedly surprising, especially for those who 

have never made a particular study of the phosphorus, and yet 

this result is not in contradiction with what has been found tor 

phosphorus of late. 

Experiment has taught that the internal transformations of the solid 

violet phosphorus only proceed with appreciable velocity at tempe- 

ratures above 400° ©, so that it is not astonishing that at 200° C. 

and at a pressure of 12500 kg. the transformation of violet to black 

phosphorus, which is accompanied with a chemical reaction, is not 

to be realized, though increase of pressure makes the velocity of 

reaction increase. 

That under the same circumstances of temperature and pressure 

the white liquid phosphorus is indeed, converted into black phos- 

phorus is not astonishing, as here the formation of nuclei in a strongly 

metastable /iguid is concerned. This process, which is proceeded by 

a chemical reaction in the liquid, can take place with great velocity, 

whereas the conversion of the solid violet into the solid black phase, 

for which a reaction in the solid phase must take place, does not 

take place appreciably. The facts stated by Dr. BRIDGMAN are remark- 

able, but they are not in conflict with what bas become known 

about the violet phosphorus-of late. 

When we succeed in subjecting the violet phosphorus to a higher 
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pressure at a temperature of 400° or 500°, the conversion to black 

phosphorus can probably be realized, but an investigation at this 

high temperature probably brings great difficulties with it. 

In virtue of Dr. BripGman’s investigations and ours the part of 

the P,7’diagram that is of interest here can be schematically given 

as follows: 

e 

13000KG 

Fig. 5. 

S, = violet phosphorus 

S, = black 

6 =triple point of the violet P 

OI Ck 

The line df is the transition line between violet and black P. 

About this line the following remark may be made: Bripaman did 

not succeed in converting white phosphorus into the black modi- 

fication at 175°; even at a pressure of 13000 kg. the formation of 

black phosphorus failed to appear. This fact probably points to this 

that at 175° the transition pressure lies higher than 13000 kg. At 

200°, however, he succeeded in doing so, and from this it would 

follow that at this temperature the transition temperature lies already 

considerably below 13000 kg. 

7. Apparent contradictions. 

If we work quickly the black phosphorus, in the state in which 
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we get it, would give a vapour tension line as indicated here by 

the dotted line gh, if the kerosene rests could be quite removed, 

from which it follows directly that this substance will not begin to 

melt until a temperature is reached higher than the triple point 

temperature of the violet form. 

This black phosphorus is, however, a disturbed metastable state, 

hence a state that is outside internal equilibrium. When this state 

is found in molten violet phosphorus at a temperature somewhat 

above 589.5°, there will be a tendency towards a more stable state, 

which can set in superficially at least without the substance trans- 

forming itself internally in consequence of this that, the liquid con- 

tinuing to be in internal equilibrium, « deposits on the solid phase, 
or that 3 passes from the solid phase into the liquid. If the former 

takes place more quickly than the latter. the solid substance increases 

at the expense of the liquid, if the latter takes place more quickly 

than the former, the liquid increases at the expense of the solid 

substance. In the former case we might get, in case of a sufficient 

quantity of the solid substance, the solidification of a stable liquid 

in internal equilibrium to a solid metastable substance being outside 

internal equilibrium. This would, however, not be in conflict witb 

the second law of Thermodynamics, because the state of the system, 

taken as a whole, would have passed into a state of smaller meta- 

stability. 

In the second case we get melting of the solid phase, and this is 

‚exactly what Dr. BRIDGMAN has observed. 

Now the internal transformations that take place at the stated 

temperature in the solid black phosphorus have not been mentioned. 

This setting in of the internal equilibrium leads to a lowering of 

the meltingpoint, so that also this process will eventually lead to a 

melting of the original black phosphorus. So long, however, as the 

solid substance continues to exist, the foregoing continues to hold. 

This phenomenon is in close connection with another which has 

also been mentioned in the introduction, and was also observed by 

Bripeman. Violet and black phosphorus were heated at 445° in the 

same vacuum. The disturbed black phosphorus having a smaller 

vapour tension at that temperature than the violet, it was expected 

that this black phosphorus would increase at the expense of the 

violet. The result was, however, that the black / slightly decreased 

in weight. 

Here too it is noteworthy that the black P tends to pass into a 

more stable form; this is possible even without internal transforma- 

tions taking place, when only, what is certainly the case here, 
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internal equilibrium prevails and continues to prevail in the vapour. 

The black P can pass to a less metastable state by means of 

the vapour, which, as has been said, is permanently in internal equi- 

librium, and that either by « depositing from the vapour on the 

black phosphorus, or by evaporating from the black phosphorus. 

It is to be expected that both processes take place. In the course 

of the experiment of course also a slight internal transformation 

will also have taken place. This transformation, indeed, leads to a 

higher vapour pressure, but our reasoning is only valid for the 

period that the vapour tension of the disturbed black phosphorus 

has not yet risen above that of the violet. 

That the phenomenon discussed here does not come in collision 

with the second law of Thermodynamics either, is clear, since the 

state of the system, taken as a whole, again undergoes such a 

change that the metastability decreases. 

The process under discussion taking place at constant temperature 

and constant pressure, viz. at the vapour pressure of violet phos- 

phorus, we might also say that notwithstanding the substance which 

at first possessed the lowest vapour tension, evaporated, the total 

thermodynamic potential has decreased. 

(To be continued.) 

Anorg. Chem. Laboratory of the University. 

Amsterdam, Nov. 26, 1915. 

Chemistry. — “The composition of the hydrochlorides obtained 

from formaldoxime”. By Dr. C. H. Sturrer. (Communicated 

by Prof. A. F. HorLLEMAN). 

(Communicated in the meeting of November 27, 1915). 

A mixture of equimolecular quantities of hydroxylamine and for- 

maldehyde in aqueous solution yields after shaking with ether and 

drying the same over calcium chloride, a solution of formaldoxime. 

This gives with dry hydrogen chloride an amorphous white preci- 

pitate of a hydrochloride. On dissolving this in boiling methyl 

aleohol and adding, when cold, a large excess of dry ether, a colourless 

oil is formed which sooner or later solidifies for the greater part 

to a crystalline mass. Of this R. Scuoni.') remarks that it has a 

1) Ber. 24, 579 (1891). 
ep] wo 

Proceedings Royal Acad. Amsterdam. Vol. XVIII. 
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variable composition owing to a progressive change during the 

formation of the salt, whereas W. R. Dunstan and A. L. Bossr ‘), 

on the strength of some very concordant analyses, declare that the 

salt consists of three mols. of oxime with one mol. of hydrogen 

chloride. Other papers on this subject are not known to me. 

In order to study these contradictory results I have repeated these 

processes and greatly varied the concentration of the ethereal oxime 

solution as well as the amount of hydrogen chloride introdu- 

ced. I noticed that the primarily formed salt loses considerable 

amounts of hydrogen chloride when exposed to the air, or in vacuo 

over sulphuric acid, or over potassium hydroxide. Hence, analyses 

of different specimens never yielded a concordant hydrogen chloride 

content. This could be determined sharply by titration with sodium 

hydroxide and phenolphtalein as indicator, or with silver nitrate 

according to VOLHARD. 

When I freed the product that had been recrystallised once from 

methyl alcohol and then from ether, from the adhering ether at 

60° in a rapid current of air forced ‘through a wash-bottle contain- 

ing sulphuric acid charged with hydrogen chloride, the compound 

obtained appeared to contain but little more than one mol. of oxime 

to one mol. of hydrogen chloride. In vacuo over sulphuric acid 

it lost so much sulphuric acid in a few hours that it contained 

about two mols. of oxime to one mol. of hydrogen chloride. Much 

more acid was not given off readily. Specimens which had been 

kept for half a year in dry surroundings appeared to be partially 

liquefied and yet still contained two mols. of oxime to one mol. of 

hydrogen chloride. By repeated recrystallisations and drying for 

weeks in vacuo over potassium hydroxide a salt was finally obtained 

containing approximately three mols. of oxime to one mol. of 

hydrogen chloride. More acid, however, could not be eliminated 

in this manner. 

The above mentioned colourless oil from which the salt crystals 

are deposited was freed from ether by means of a current of dry 

air at 60°. This oil still gave off hydrogen chloride in the air and 

could not be got to solidify by cooling to — 20°. After remaining 

for weeks in vacuo over sulphuric acid it appeared to contain about 

two mols. of oxime to one mol. of hydrogen chloride. On distilla- 

tion at 1 atm. pressure it suffered, at about 110°, a decomposition 

similar to that of the solid salts at 180° with violent evolution of 

hydrogen chloride. 

From these observations I think I may conclude that, in agreement 

1) Journ. Chem. Soc. 73, 357 (1898). 
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with the communication by ScHorr (I. ¢.) a change takes place in 

the salt mol. under the influence of the free acid. By measuring 

the power of the bases which are the foundation of the different 

salts, I have endeavoured to get an insight into the nature of 

this change. 

For this purpose I have observed their catalytic influence on the 

saponification of ethyl acetate and on the inversion of sucrose at 

25°. The velocity constants of the salts (4”) were compared with 

those of equivalent quantities of free hydrochloric acid (h). 

The catalytic influence of the neutral salt molecules of the oxime 

was compensated as much as possible in the free acid by the addition 

of varying amounts of common salt which were so chosen as to 

correspond with the non-hydrolysed portion of the oxime salts. We 
Ke! 

may then put the degree of hydrolysis as tap From this, the 

dissociation constant of the base may be caleulated from the formula 

ln — in which / represents the ion-product of water 

(1,1. 10-H at 25°) and NV the normality of the solution. There was 

found on: 

Saponification with the salt containing 1 mol. of oxime to 1 mol. of HCI 

N . salt ke“ N. HCI k wv kp.10=18 

0,050 3,857 0,050 + 0,03 NaCl 14,72 0,2620 23,85 

0,100 5,712 0,100+ 0,08 ,, 29,60 0,1930 24,05 

0,200 8,859 0,200+ 0,16 „ 62,40 01419 23,65 

Saponification with the salt containing 3 mols. of oxime to 1 mol. of HCI. 

0,050 8,047 0,050 + 0,02 NaCl 14,22 0,5659 3,007 

0,100 13,52 0,100 + 0,05 — ,, 29,47 0,4587 2,854 

0,200 21,37 0,200 +013 „ 62,28 0,3431 3,097 

Saponijication with the liquid salt containing about 2 mols. of oxime 

to 1 mol. of HCl. 

Here x nearly becomes = 1 so that £; cannot 

| be determined from this with suffieient accuracy. 

} kp is, however, much smaller than in the case 

| of the previous salts. 

0,050 _ 13,7 
0,100 27,7 

Inversion with the salt containing 3 mols. of oxime to 1 mol. of HCI. 
65* 
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0,050 = 10,05 0,050 + 0,02 NaCl 18,382 0,5472 3,356 

0,100 17,64 0,100 + 0,05 __,, 38,55 04575 2,877 

0,200 26,71 0,200 + 0,13 _ ,, 80,58 0,38315 3,376 

Similar measurements with solid oxime salts containing less than 

three and more than one mol. of oxime in one mol. of hydrogen 

chloride yielded constants lying between the values found for /o. 

The results of the inversion measurements showed a satisfactory 

agreement with those of the saponification. 

From these values of 4, it appears that when the solid salt contains 

less acid, the power of the base decreases considerably, whilst the 

base of the liquid salt is by far the weakest of all. Hence, under 

the influence of hydrochloric acid, a shifting of atoms appears to 

set in, thus causing the basic properties to diminish. 

In the ease of the unimolecular oxime thus rearrangement might 

be caused by the formation of formamide 

CH,: NOH~O:CH.NH,. 

Of formamide, however, no well-defined hydrochloric compounds 

are known. I am thinking of undertaking a further investigation of 

the same. 

This shifting, however does not seem to me as being very likely 

because the acetyl- and the benzoyl derivative, also the formad- 

oxime themselves are trimolecular. Moreover, the existence of a salt 

(CH,: NOH), . HCI is difficult to tally with the said shifting. 

The facts may be better explained by assuming a cyclic formation 

of three molecules of oxime. The structure of the base of the primarily 

formed chloride would then be: 

(1\ 
31g ‘T) 

One mol. of this base is capable of combining with three mols. 

of hydrogen chloride; its dissociation constant is about 4, = 23 .10-!3. 

For acetoxime 4} = 6,5 Xx 1013 at 25°, whereas the higher homo- 

logues scarcely possess any basic properties. Hence, for formaldoxime 

we may expect a similar high value for fy. 

If now under the influence of hydrochloric acid a BECKMANN 

rearrangement sets in, the OH-group would change place with the 

H-atoms attached to C. 
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The base of the secondary-formed hydrochloride would then possess 

the following structure 

HOH 

OIC C/OH (LI) 
a 

H 

One molecule of this base is capable of combining, with one mol. 

of hydrogen chloride only, to a solid salt; its dissociation constant 

is only 4, = 3.105. In fact, similar imido-compounds are exceed- 

ingly feeble bases; dissociation constants thereof are not known. In 

the case in question the presence of the secondary aleohol group 
, 

H.C.OH wiil, owing to its property of forming salts with weak 

bases, still further Jower the basic character of the imido-group. 

The base of the liquid hydrochloride is still weaker than that of 

the two solid salts. Here, the BrcKMANN rearrangement appears to 

have also passed through the second phase, thus forming the car- 

bonyl group C: O, the eycle being broken up. Whether we are 

really dealing here. with a derivative of formamide can only be 

decided when the hydrochloride of this substance has been more 

closely investigated. 

How can the above structure formulae explain the remarkable 

decompositions which Dunstan and Bossr (loc. cit. p. 358) have 

studied. An aqueous solution of the salt (CH,: NOH), HCI or of 

the trimolecular acetyl derivative, heated with an excess of hydro- 

chlorie acid in a sealed tube at 120°, yielded after a few hours a 

mixture of hydroxylamine and formaldehyde on one side and of 

ammonia and formic acid on the other side. The more concentrated 

the hydrochloric acid the more of the first mixture was formed. 

An excess of H-ions would shift the equilibrium between the 

trimolecular bases in the direction of the strongest base as this 

suffers most from salt formation. In fact, this strongest base (1) 

must according to its structure, yield hydroxylamine and formalde- 

hyde with absorption of water. The weaker base, however, must 

then yield ammonia and formic acid, which is, of course, to be 

expected from the structure. 

The reduction of the salt (CH,: NOH),. HCI, where according 

to Dunstan and Bossi (loc, cit. p. 359) all the nitrogen is converted 
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into ammonia, is also in harmony with the structure of the weakest 

base (Il). For, when the OH-group is attached to nitrogen it may 

be reduced more readily than when attached to carbon. Hence, the 

stronger base (I) ought, on reduction, to yield methylamine. This, 

in fact, has proved to be the case when the methyl derivative is 

reduced, anyhow to a large extent. . 

These matters will be further explained in a more extended 

article in the Rec. tr. Chim. d. Pays-Bas in which the analytical 

figures and the titration and rotation figures of the velocity measu- 

rements will be also given. 

Oximes being amphoteric electrolytes, I have tried to determine 

also the dissociation constant of the acid. From the dried ethereal 

solution of formaldoxime a small quantity of a solid sodium salt 

is precipitated by sodium methoxide. This however, is so unstable 

that I have not been able to sufficiently purify it to execute trust- 

worthy velocity measurements with it. 

‘s-Hertogenbosch, Nov. 1915. Lab. 8. B.nSrS1j10: 

Astronomy. — “On the orbital planes of Jupiter's Satellites, as 

derived from measurements made at Berlin. By Prof. W. 

Der Sirter. 

(Communicated in the meeting of December 18, 1915). 

In the years 1906 to 1909, with the RrPsorp micrometer attached 

to the nine inch telescope by Fraunnorer of the Observatory at 

Berlin, Dr. P. Gutanick made three valuable series of observations 

of the four old satellites of Jupiter, from which he derived the 

position of the orbital planes of these bodies.) The observations 

were compared with Sampson’s tables. As Dr. Gurunick remarks, 

his results, especially those for the satellites I] and IV, agree better 

with my theory of 1908°*) than with Sampson’s. The comparison 

with my theory made by Gurunick was however of a preliminary 

nature, and it appeared desirable to carry it out more in detail. 

The immediate results from GurHrick’s discussions are the correc- 

tions to the adopted elements, which are given on the pages 121 

and 122 of his paper, together with the resulting final inclinations 

and nodes referred to the adopted fundamental plane. This funda- 

1) Veröffentlichungen der Kön. Sternwarte zu Berlin—Babelsberg. Band I. Heft 3. 

2) These Proceedings, March 1908; Vol. X, pages 653—673 and 740—729. 
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mental plane is defined by its inclination and node referred to the 

fixed orbit of Jupiter of 1900.0. These are 

Pp = 3°.10350 

w — 316°.0510 —0°.0000023 ¢ 

The longitude of the node is counted from the fixed equinox 

of 1900.0 along the ecliptic of 1900.0 to the node of Jupiter's 

orbit, and hence along this orbit. The time ¢ is counted in days 

from 1900 Jan. O mean Greenwich time. The inclination and node 

of Jupiter’s orbit are *) 

ESles098 Q, = 99°.4244 

From these we derive the inclination and node of the fundamental 

plane on the fixed ecliptic of 1900.0, and counted from the fixed 

equinox of 1900. 0: 
ji at Ws ie 35 

N’ = 836° 52’ 44" —3."99 7, 

where now the time 7’ is counted in tropical years. The longitudes 

are counted from a point 0’, which differs 180° from the node ¥, 

and whose distance from the node iV’ is thus 

ON = 200750) 57 — 0.97 7". 

The corresponding values of my theory are 

fa 22) Sed 

N = 336 24 24 —1"34T7 

O'N' = 200 37 40 — 1.247. 

Let now 7 and @ be the inclination and node of a satellite’s orbit, 

and put 

p= — isin §), 

gi tcos ), 

and the same with accents, when referred to GernNek’s fundamental 

plane. The longitude of the node is counted from the point O [or 

O’| and the inclination / [or i’| is expressed in degrees. We then 

find the following formulas of transformation *) 

OR p — aq! + P (1) 

GG e pa te 
where 

1) Gurunick, |. c. page 17. 

2) Gvrunick, in transforming from my fundamental plane to his, has only used 

the inclinations and nodes on Jupiter’s orbit, thus taking no account of the fact 

that his fundamental plane is referred to Hinu’s fived orbit of Jupiter, and mine 

to Leverrinr’s moving orbit, 
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a= 0.00488 — 0 .0000142 7 

P= -+ 0°.01465 — 0°.0000266 7 

Q= + 0.01256 — 0 .0000101 7. 

The values of p’ and q’ can be derived at once from Gurnnick’s 

final results. | have reduced the results for the different satellites to 

one and the same epoch for each of the three series, for which the 

epoch of satellite II was chosen. The corrections to be applied to 

the other satellites on this account are very small and only in one 

or two cases affected the fourth decimal place. I thus found: 

| : | o ° o o o ; o I 6 i" o 
|1907.183 | +-0.0451—0.0086 | —0.4478+0.1260 | —0.0058 - 0.1286 +0. 184640. 2943 | 

1908 .235 | + 0149— 0203 | — 4065+ 2152| — 0278— 1308|+ 1884+ 2897 
| 

1909.265| — 0151— 0433|— 3644+ 3038 — 0428— 1300|4+ 1828+ za 
EN 

These must now be transformed to my fundamental plane by the 

equations (1). We find: 

| iy a fo} = a jj 7 Eer = : 5 o o 

1907 | +0.0596 +-0.0041 \ —0.4338--0. 1366 | +0.0093—0.1161 |+0.1978}-0.3076 

1908 | + 0204— 0077 | — 30304 2260 | — 0128- 1184 |+ 2016+ 3030, 

1909 | — o011— 0300 | — 3513+ 3148 | — 0218— 1177 + 1960 
| 

These are thus mean elements as derived from the observations 

for the respective mean epochs. In comparing them with the theory 

we must therefore leave out of account those theoretical terms, of 

which the period is short compared with the periods covered by 

the observations ef each series. These latter periods are 191, 197 

and 105 days in the three cases. Such terms, however, do not exist. 

Beyond the so called ‘‘secular’ terms, there are terms with periods 

in the neighbourhood of 6 years, and some small terms with a 

period of about 248 days. All these have been taken into account *). 
1 then find the following theoretical values: 

1) Gurunick only takes account of the “secular” terms and rejects the others, 

which he calls “kurzperiodisch”’. 
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Pio dio | Px 920 P30 930 Po 740 

le) jee 5 | fe) o En gi o ; | le) le) 

1907 +0.0163-+0.0116 | —0.45140.1303 | —0.0073—0.1175 | +0.2032-0. 3009 

[1908 | + 0132— 0097 | — 4104+ 2213 | — 0160— 194 |+ 2054+ 2954 

nao — 0058— 0203 | —- 3522+ 3045 | — 0245— 1201 + 2083} - 2938 

The differences between the observations and the theory are thus : 

| Afi AN AP: A92 | APs A43 | Af4 Ada | 

[1908 + 162+ 2) + 1744 47)+ 32+ 10/- 38+ 16 

0G. 47]. 108 OE 103 == 1 334 24 | — 123+ 119 

For the sake of comparison I add the differences with SAMPSON’s 

theory expressed in the same units. It will be seen that, with a 

few exceptions, the Ap: and Ag; are smaller than the Ap;' and Ag;'. 

| apr’ Aq Apz'! AQ AP3 ‘93 

(eo) © fe} o | fo} fo} | le} o | 

1907 | +0.0274—0.0109 | —0.0106—0.0341 | —0.0034—0.0124 | —0.0182++0.0266 | 
| | 

1908 | +- 81— 38°) — Oli 348 — 172—. 147 a 1684 216, 

1909 | — 9— 250 | — 386— 265 | — 218— 153 | — 212+ 234 | 
| | 

The mean errors, expressed in the same unit, are 

7 | 
| 

| py and q | po and q% | Pz and q3 | Pa and q4 

md En = all ——— ————— — 

1907 _ | + 0.0095 +0.0060 + 0.0040 | + 0.0027 | 
| | | | 
| 1908andi909] + 73 | + 46 | + 2 | +4 117 
| | 

From the residuals Ap; and Ag; I have derived the quantities 

Aw; and Ay, which I also used in my discussion of the Cape 

observations’), by the formulas 

Ag; = Sa'yAp; 
J 

CNT 20,44; ’ 
J 

1) Annals of the Cape Observatory, Volume XII, Parts 3 and 5. 
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If for 0; we take the values corresponding to the masses derived 
by me, and which are given in Cape X1/, 5, p. 14, Table X, we find 

AX AN | Lt A2 A{3 AV3 | At Aa 

1907 | +0.0430—0.0076 | +0.015840.0060 | +0.01740.0008 | POORE 

1908 | + 158-+- 19); + 171+ 45 | + 41+ 2 |— 30+ 16 

1900 HEE ATOS | ta t= nS ELSE pe 125-122 
| 

We can now determine the quantities gi and G; by the equations *) 

where 7; 

Here y; a 

from my 

gi sin Gj = ajo + Aa; 

gi cos G; = 4;, + Ay;, 

and yj, are defined by 

Binsin ly 

Yio = yi cos Ty. 

nd 7} are the “own” inclinations and nodes, and are taken 

theory of 1908. We then tind 

Zi GQ | & G | & G3 | Za G4 

1907 

1908 

1909 

o es | a En 5 a] le} le) | le) Oo 

0.0690 89.6 0.4542 288.90 | 0.1797 188.84 | 0.2475 121.67 

0405 109.8 ‚4559 301.54 | 1825 195.61 2465 128.36 

0385 170.4 | 4740 313.17 1834 el 2362 129.65 

If now we neglect a possible correction to the position of the 

equatorial 

theory to 

g. and G; 
consequen 
A == G; 

plane, i.e. if we suppose the fundamental plane of my 

coincide exactly with the mean equator of Jupiter, then 

must be considered as observed values of y; and 7}, and 

tly we find corrections to the theory Ay;=g;— yi: and 

—TI;. These corrections are given below. I have also 

carried out the same computations for the values of p; and q; result- 

ing from 

page 17, 

the five Cape series, which are given in Cape XM 5, 

Table XII. These were first reduced from the tabular 

fundamental plane used in the reduction of the observations to the 

final fund amental plane of my theory. Then the differences Ap;, Aq: 

were formed exactly as has been explained above for the Berlin 

observatio ns; from these Av; and Ay;; were computed and finally 

gi and G;. We thus find: 

1) These are the formulae (11) of Cape XII, 3, p. 102, if we take voo = 400 = 0. 



| ian i | 
Ay, 7AM RM PANT AWD, Ys LOE Ly, AT; 

7 7 EE Sail 5 al eee EEn | : i A 

| 1891.75 | —0.0028+12.3 | +0.0005 0.00 | +0.0010—0.97 | +0.0036—0.26 | 

EO NE EEEN AS 941.12 — 105— .77|— 614 .24 | 

1902.62 |+ 50—1.0|— 19— .03|— 36— .63|— 19— 64 

1903.72 |— 51—16,1 + 23— .30 | +  ‘204-2:59 | — +34 .90 

1904.89 |+ 22123 | + 4— 789 |--|- 863-4. sijl 42682 

| | 

1907.183 |+ 408H17.4 | — 14141.35|— 42-5.32/— 61— .92 

1908.235.| + 193-15.2|— 412441/57)— 141.20 |— MH .92| 

1909.265 | + 113—6.0|/-+ 574+ .99 | — 5+ .65|—  174— .32 | 

These residuals, or rather the values Av; and Ay; from which 

they were derived, might now be used as the basis of a discussion 

similar to the one carried out by me in Cape X1/, 3 and 5, for 

the derivation of new corrections to the inclinations and nodes. The 

case of satellite I is worthy of notice. Each of the series 1891— 

1904 and 1907—1909 considered separately seems to point to a 

negative correction to the adopted motion of the own node 1. The 

two series taken together, however, confirm the theoretical value. 

For a thorough discussion of all the orbital planes, however, the 

difference of epoch between the observations of Berlin and the Cape 

is still too short. We shall have to wait till about 1920.1) This 

discussion must necessarily be supplemented by a new investigation 

of the inequalities in the longitudes for the determination of the 

masses. The observations which are now being made at the Cape 

and at Johannesburg will furnish a valuable material for such an 

investigation. 

1) See Cape XII, 3 p. 121 and “Elements and masses” p. 720. [Proceedings 

Amsterdam, March 1908, Vol X]. A summary of the present state of the theory 

and of the investigations which are still desirable, is given in History and Descrip- 

tion of the Cape Observatory, pages xcvii to ci. 
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Chemistry. — “Jn-, mono- and divariant equilibria’. IV. By Prof. 

F. A. H. SCHREINEMAKERS. 

(Communicated in the meeting of Noy. 27, 1915). 

7. Another representation of P,7-diagrams. 

In order not to extend unnecessarily the number of drawings of 

P,T-diagrams, we shall represent these diagrams in another way. 

We take e.g. the P,7-diagram in fig. 2 (IT)'); we shall represent 

this by the following figure, which we shall call a symbolical repre- 

sentation of this diagram. 

Stab. (1) (5) 4 (3) 7 (4) 

| | 
Metast. (3) (2) 1) (5) (4) 

In the P,7-diagram |fig. 2(II)] the stable parts of the curves 

succeed one another in the succession (1). (5), (4), (3), (2), (4), viz. 

starting from curve (1) in right-hand side direction; this succession 

is represented in the symbolical representation (1) by the upper line. 

In order to avoid errors this line is indicated by “stab.” 

The lower line, which is indicated by ‘metast.” relates to the 

metastable parts of the curves. Consequently it is apparent from 

the symbolical representation, in accordance with the P, 7-diagram 

(fig. 2(II)|, that between curves (1) and (5) the metastable part of 

curve (3) is situated; between (5) and (4) the metastable part of 

curve (2) ete. It is also apparent that curve (5) is situated between 

the metastable parts of the curves (2) and (3) etc. Curve (1) is 

situated between the metastable parts of the curves (3) and (4); 

this shows itself distinctly when we imagine the diagram (1) to be 

continued further towards the right. 

In order to see from the diagram, which curves are situated at 

the right and at the left of a definite curve, for instance of curve (1), 

we take into consideration that the limit between at the right and 

at the left of curve (J) is formed by the metastable part of this 

curve (1). Hence we see that (5) and (4) are situated at the right, 

(2) and (3) at the left of (1). It is also apparent that (4) and (3) 

are situated at the right, (1) and (2) at the left of curve (5). 
a / 

1) The Roman nnmerals I, II, or Ill between parentheses refer to communi- 

cation I, Il, or III. 
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We can also include into the symbolical representation the different 

regions; when we do this for the previous diagram (1), then we 

find the diagram (2). 

Stab. (1) 5 (4) (3) (2) (1) 
| 234 | 123 125 | 145 | 345 | 

5 DRI 5 200 245 —- 245 
2 —- 134 1 nm 1165) 134 (2) 
2 | 124 ene | 

| | | | | 
Metast. (3) (2) (1) (5) (4) 

Hence we see that the regions 234, 235, and 134 are situated 

between the curves (1) and (5) and that these regions are intersected 

by the metastable part of curve (3); ete. The region 235 extends 

over curve (5), the region 124 over curve (4) ete.; this is indicated 

by the horizontal connecting line. It seems in diagram (2) that the 

region 134 consists of two parts, separated from one another. This 

is, however, not the case; this region extends itself viz. from 

curve (5) over curve (1) up to curve (2); this extension over curve 

(1) is. indicated in the diagram also by a horizontal line. 

Now we shall also replace the P,7-diagram of fig. 6 (II) by a 
symbolical representation. In fig. 6 (III) the regions are not indicated, 

we shall, however, include them into the symbolical representation. 

The same as from the P,7-diagram, we see from 

stab. PF’ A’ D B Gf EF’ F’ 
ADR AE (AZ) 

an (DE) J- (DE) 
Bs AC) +-(AC) -- (AC) 
5 (BF) -- (BF) (BF) 8 
& AB) --(AB) | (BE)--(BE) (3) 
5 (DF)-+- (DF) | (CD)--(CD) | (CH) -+ (CF) 

(AF) AD) \CBDy. \ CBC) IL (CE) (EF) 

feb | Pale 
metast. C’ H’ Ja AID OB 

the symbolical representation that the curves are forming three 

bundles, viz. one threeeurvical bundle (A’D’ B’), one twocurvical 

bundle (C’ Z£’) and one onecurvical bundle (/”). 
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The regions are indicated in diagram (3) by placing between 

parentheses the two missing phases; the meaning of (AF) is e.g. 

the region with the phases B, C, D, and BE. 

Altogether we find 15 regions; some of these regions extend over 

one or more curves; this is indicated in the diagram by horizontal 
connecting lines. 

The same as in the P,7-diagram itself, we can easily deduce the 
position of the regions also in the symbolical representation. 

We have e.g. to find the region (A /') between /” and A’; between 

F’ and D’ the region (DF), which extends itself consequently over 

A’; between /” and B’ the region (BF) which extends itself, 

therefore, over the curves A’ and DY’. Between /” and C” we find 

the region (C/’); this region CF) does not extend itself over the 
curves A’, D’ and B’, for in that case it would extend itself also 

over the metastable part of curve F”, which is not allowed; con- 

sequently it goes starting from F” over curve £’ towards C’. 

Between /” and £”’ we find the region (ZF). When we act in the 

same way with each of the other curves, then we find a partition 

of the regions as in the symbolical representation (3). 

In this diagram (3) we see again the confirmation of the rule that 

each region, which extends itself over the stable or metastable part 

of a curve Fp, contains also the phase fp. We see e.g. that the 

regions BF), (DF) and (A/’) extend themselves over the metastable 

parts of the curves C’ and £”’; each of these regions contains the 

phases C and £. The regions (BF) and (DF) extend themselves 

over the stable part of curve A’; both the regions contain the phase 

A. The region (AL) extends itself over the stable parts of the curves 

D’, B’ and C” and over the metastable part of curve /”; it contains 

the phases B, C, D, and F; ete. 

8. Systems with an arbitrary number of components. 

Up to now we have applied the method for deducing the 

P, T-diagrams only on binary, ternary, and quaternary systems. We 
have acted in that case in the following way. 

We represented the compositions of the phases, occurring in the 

invariant equilibrium, by points in a concentration-diagram. This 

concentration-diagram was a straight line for binary systems, for 

ternary systems a plane, for quaternary systems the space. 

The points; which indicate the compositions of the phases, may 

be situated with respect to one another in these diagrams in different 

ways; we found for binary systems one position | fig. 2 (I)|, for 

ternary systems three different positions |fig. 1, 3 and 5 (II)], for 
« 



quaternary systems four different positions [figs. 1, 3, 5 and 7 (III)]. 

As to each of these different positions a definite P, 7-diagram 
belongs, we found for binary systems one |fig. 2 (I)], for ternary 

systems three [figs. 2, 4 and 6 (ID) and for quaternary systems four 

(figs. 2, 4, 6, and 8 (III) different types of P,7-diagrams. 
As we can no more represent the concentration-diagram for sys- 

tems with more than four components (unless in a space with more 

than three dimensions) we can no more apply in the same way the 

method which we have followed till now. 

Yet we may deduce, as we shall see further, for each arbitrary 

system the different types of P,T-diagrams. Before discussing this 

question we shall first indicate in what way we can deduce in 

each definite case the corresponding P, 7-diagram. 

We consider a system of 7 components, in the invariant point of 

which the n+ 2 phases F,.../,42 occur. The 7 +2 monovariant 

curves (/,)...(/,42) start from this point. When the compositions 

of the 7+ 2 phases are known, then, as we have seen in commu- 

nication I, the reactions, which oecur in each of the monovariant 

equilibria (/)...(/,42) are completely detined. 

We write for the reaction between the phases of the equilibrium (F’): 

a,F, -+-a,P,+...+-:Gi4eMye=0. . . . (4 

for the reaction of the equilibrium (/,): 

Oy Pigg te sa One nts 0 4 ns ara (5) 

for the reaction of the equilibrium (4): 

eF, Heb, Hel, +... teypehi42=0. . . (6) 

etc. As in all n+ 2 monovariant equilibria occur, consequently 

we have also n + 2 equations of reaction. 

These „+ 2 equations, however, are not independent of one 

another, but they are mutually dependent, viz. in this way that two 

of them are sufficient to define the others. When we know for 

instance the equations of reaction for the equilibria (#,) and (F,), 

then we find them for (/’,), by eliminating /', from both the first. 

Therefore, when we eliminate /’, from (4) and (5), then we find (6). 

In order to find the equation for the equilibrium (#,), we eliminate 

F, from (4) and (5); ete. 

Consequently we find: when we know the equations of reaction 

for 2 of the 7 + 2 equilibria (7)... Ue), then those for the n 

other equilibria are also known. 

We may express this also in the following way: we can represent 
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with the aid of the n other phases the composition of two of the 

phases of n + 2 phases, which occur in an invariant point. 

We may also say for this: in a space with »—1 dimensions we 

can represent each point with the aid of 2 other points of this space. 

We shall first apply our previous considerations to a case, 

treated already formerly, viz. to a ternary system. In an invariant 

equilibrium the phases P, Q, R, S and 7’ occur; we call the curves 
starting from the invariant point P’, Q’, R’, S’ and 7”. When the 

compositions of the phases are known, we can find the equations of 

the reactions as we have proved above. We assume that this reaction 

is for the phases of the equilibrium : 

6Q= F-23284 37f 2s 2 ee ee 

and for the phases of the equilibrium Q’: 

OPS DRS SS 4Al) oe) van ee) 

It follows from (7): 

OENE Le J ra vata et ya ee 

and from (8): 

ES ENO GH GPRS (Se rra ss NSE 

We have written (7a) and (84 in such a way that P’ is situated 

at the right of Q’. [Let the reader draw these and the following 

curves in a P,7-diagram in order to facilitate the matter; (9) gives 
a symbolical representation of the P,7-diagram. | 

Stab. Q’ P TSR Q 

ee ®) 
Metast. TSR’ Q’ P 

As in accordance with (7a) R’, S’ and 7” must be situated at the 

right of P’ and in accordance with (8a) these curves must be 

situated at the left of Q’, they are situated, therefore, between the 

metastable prolongation of P’ and Q’. Reversally the metastable 

prolongations of R’, S’ and 7” must be situated between /”/ and Q’. 

Now we have yet to define the position of the curves 2’, S’ and 

T’ with respect to one another. For this we eliminate # from (7) 

and (8); we find: 

120 = ORES en i ss ee dO 

consequently : 

NE NO LORE 
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Hence it is apparent that S’ and 7” must be situated at the same 

side of R’ as P’; consequently A’ must be situated as is indicated 
in (9). In order to find still the position of S’ and 7” with respect 
to one another, we eliminate S from (7) and (8); we find: 

SQ Piies 18 Pee TE i KAT) 
consequently : 

OPTS ek” enke eee Mou gay’ (ita) 

Hence it is apparent that SS’ must be situated between R’ and 7”, 

so that the diagram is defined. When we eliminate 7’ from (7) and 

(8), we find: 

EON TSP nk Ves te os (12) 
consequently : 

GERRON Gane «Mele <n) ee Cla) 

which is in accordance with the position of the curves in the diagram. 

Consequently we find: when the relations (7) and (8) exist between 

the five phases, then we obtain a ?,7-diagram, which can be repre- 

sented symbolically by (9). The curves form three bundles, viz. one 

threecurvical bundle (7”S’R’) and two onecurvical bundles, viz. the 

curves P’ and Q’. Consequently the diagram belongs to type HI 

(fig. 6(I})]; therefore, the five phases form the anglepoints of a 
biconcave quintangle. 

Now we take as example a system of five components, so that 

we can represent no more the position of the phases with respect 

to one another, unless in a space of four dimensions. When we 

know however the compositions of the seven phases P, Q, R, S, 

T, U, and V, which occur in a septuplepoint, then the reactions, 

which can occur in the 7 monovariant systems are known. When 

we assume that the reaction between the phases of the equilibrium 

PARIS 

Q+2R+3S=T+U+44V ... . (13) 

and the reaction between the phases of the equilibrium Q’: 

2P+RAT=S+2U4+V... . (Ad) 

We find for the reaction between the phases of the equilibrium 

R’ by elimination of R from (13) and (14): 

Q+58+38U=4P437T+4+2V... . (45) 

It follows for the reaction of the equilibrium S’ that: 

Q+6P+5R+27T=7TU+7V... . (16) 

for the reaction of the equilibrium 7” that: 

Q+2P+3kR+28S=3U+5V ... . (47) 

for the reaction of the equilibrium U’ that: 

er) ep) 

Proceedings Royal Acad. Amsterdam. Vol. XVIII. 
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2Q+3R4+7S=2P437T+7V.. . . (48) 

And for the reaction of the equilibrium V’ that: 

Q+t7S+70U=8P+2R+57T ... . (19) 

It follows from those equations of reaction that: 

OA SN Lj TU Vee sda) OUA IO) LERT NE 

OSU NPL Ve eae Lo) PORT VSNU Ve. ea 

GaP sal Ls eem 7) ORS || PT VY nd) 

(Ores OIG Pas EEEN Et AT RN 

In (18a) and (144) we have taken P’ at the right of Q’, so 

we shall do it also in the P,7-diagram. [Let the reader draw in 

order to facilitate the matter this and the following curve ina P,7- 

diagram; then he will see that (20) gives a symbolical representation 

of this). Further it is apparent from (13a) and (14a) that R’ is 

situated at the left of P’ and at the right of Q’, consequently 

between / and Q’. It follows further from (18a) and (14a) that S’ 

is situated at the left of P’ and of Q’, consequently in the angle, 

formed by the stable part of Q’ and the metastable part of P’. It 

follows also from (13a) and (14a) that 7” is situated at the right 

of P’ and Q’, consequently within the angle formed by the stable 

part of P’ and the metastable part of Q’. 

As however this angle is divided into two parts by the metastable 

part of carve S’, we have still to define the position of S’ and 7” 
with respect to one another. We see this e. g. from (167) from which 

it is apparent that 7” must be situated on the same side of S’ as 
the curves P’, Q’ and R’. Consequently curve 7” is situated within 
the angle, formed by the stable part of P’ and the metastable part of S’. 

Further tt follows from (18a) that U’ and V’ are situated at the 

right of P’, from (14a) it follows that these curves are situated at 

the left of Q’, consequently U’ and V’ are situated within the angle 

formed by the metastable parts of P’ and Q’. However we find 

yet also within this angle the metastable part of curve 2’, so that we 

have still to define the position of R’, U’ and V’ with respect to 

one another. We find this easily from (15a); hence it is apparent 

that U’ is situated on the same side of R’ as Q’ and S’; eonse- 

quently U’ is situated within the angle formed by the metastable 

parts of the curves R’ and P’. Further it follows that V’ is situated 

on the same side of R’ as the curves P’ and 7”, so that V’ must 
be situated between the metastable parts of R’ and Q’. 

We have defined, therefore, the position of the curves in the 

P,T-diagram, although we have only used four [13a, 14a, 15a and 
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16a| of the seven relations. The partition of the curves, which follows 

from 17a, 18a and 19a, is in accordance with the P,7-diagram. 

Stab. PET’ | eas Oi SOP chee” 

| | | | | | | | | | | | | | (20) 

Metast. S’ Q R’ PT v' U 

It is apparent from the P,7-diagram or from its symbolical repre- 

sentation (20) that the curves form five bundles, viz. the two two- 

curvical bundles (7” 7”) and (S’Q’) and the three onecurvical bundles 

Wee; and fi". 

When we include also the regions in the diagram, then we find 

the symbolical representation (21) 

Stab. P’ fh ae U’ S’ ()’ 18, P' 
mi ter } (ST) +-(ST) HST) ++ 
-(RV)--(BV} (RS\=- (RS) | (ROE 

++ (QT) (QV) (QD) | (QT) (QT) + 
£ PO PD LN (RO) RO) RO) 
S (PVII) | SV) ASV) |: CPS) -E (PS) = (PS) 
Oma (27) (OR Soy (QU)--(QU) (Rly ae 

Pt) 
(PT) TV) | CHIO GUY. CAS) ) COR 1 (PR) 

l- | | | | | | 
Metast. Sa Fi el v' (Ok 

We find 21 regions, some of them extend themselves over one or 

more curves; this is indicated in the diagram by horizontal lines of 

conjunction. The region (S7’) seems in (21) to consist of two parts, 

separated from one another; this is however not the case, both the 

parts meet one another viz. over curve P’. 

The region (ST) goes therefore starting from curve S’ over Q’, 

R’ and P’ up to 7”; it is apparent that it cannot go starting from 

S’ over U’ and JV’ towards 7”; viz. in this case it would cover 

the metastable part of curves S’ and 7”, which is not allowed. 
The same applies to the regions (RV), (QT) and (RT), which 

consist in (21) also seemingly of two parts separated from one another. 

We also see again the confirmation of the rule that each region, 

which extends itself over a curve /”,, contains the phase #. 
It appears from the previous considerations: when we know the 

compositions of the phases, occurring in an invariant point, then 

we can deduce the corresponding type of the P,7-diagram. 
Leiden, Anorg. Chem. Laboratory. (Lo be continued). 

66* 

21) 
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Chemistry. — “/n-, mono- and divariant equilibria”. V. By Prof. 

F. A. H. ScHREINEMAKERS. 

(Communicated in the meeting of December 18, 1915). 

9. Another deduction of the P,7-diagramtypes. 

Up to now we have deduced the P,7-diagramtypes for unary, 

binary, ternary and quaternary systems and we have indicated also 

in what way we can find the P,7-diagramtype for every definite 

system, composed of an arbitrary number of components. We have, 

however, supposed in all these deductions, that either the concen- 

tration-diagramtype or the compositions of the phases, occurring in 

the invariant point, are known. Now we shall deduce, without 

knowing the type of the concentration-diagram or the composition 

of the phases, the different types of the P,7-diagram, which may 

occur in an arbitrary system of 2-components. 

In our previous considerations we have introduced the idea 

“bundle of curves’. A bundle of curves is formed viz. by curves, 

which follow one another in a P,7-diagram, without being separated 

from one another by metastable parts of curves. 

In fig. 2 (1) the curves (1) and (4) form, therefore, a twocurvical 

bundle, the same is the case with the curves (1) and (5) and also 

with the curves (2) and (3) of fig. 4 (II). [We have to bear in mind 

that the figs. 4 (ID) and 6 (II) have to be changed mutually, as is 

already communicated in the previous publication]. In fig. 2 (IID 

we find three twoeurvical bundles, viz. B’ + D’, A’ + F” and 

C’ + EF’, in fig. 4 (UD the twocurvical bundle B’ + D’ and in 

fig. 6 (III) the twocurvical bundle C’ + EL’. 

We find an example of a threecurvical bundle in figs. 6 (II) and 

6 (II, of a fourcurvical bundle in fig. 8 (III) [viz. A’ + D’ + B’ 

+ €"). 

A bundle of curves is consequently limited at the right and at 

the left by one or more metastable parts of curves. As a limit 

we may call one single curve, which is situated between two 

metastable parts of curves, a “onecurvical bundle”. In fig. 1 (I) 

and 2 (IL) each curve forms, therefore, a onecurvical bundle. 

Consequently we find in fig. 4 (II) two twoeurvical — and one 

onecurvical bundle; in fig. 6 (II) one tbreeeurvieal and two one- 

curvical bundles, ete. 

It is evident that also the metastable parts of the curves form 

bundles, so that we may also speak of one- and morecurvical meta- 
stable bundles. 



In order to find the different types of the P,7-diagrams, we shall 

use the following theses. 

In a P,T-diagram always a same number of bundles is situated 

at the right and at the left of each bundle of curves. 

In every P,7-diagram the number of bundles of curves is always 

odd and three at least. 

In accordance with this property, which we shall show further, 

in a P,T-diagram occur, therefore, 3 or 5 or 7 ete. bundles of 

curves and diagrams with 2 or 4 or 6 bundles cannot exist. 

In the cases treated up to now, we see the confirmation of these 

rules. In each of the figs. 1 (I), 2 (I), + dD, 6 (If), 2 (ID, 6 (III) 

and 8 (III) we find three bundles in each of the figs. 2 (ID and 

4 (II) and in the symbolical diagram 21 (IV) we find five bundles. 

We may deduce the above-mentioned rules a.o. in the following 

way. First it is apparent that a P,7-diagram with only one 

single bundle cannot exist; in this case viz. one region at least 

should exist with a region-angle, larger than 180°, which is not 

possible in accordance with our previous considerations. 

Now we take in an arbitrary P,7-diagram a bundle of curves ; we 

call the stable part of this bundle a, the metastable part >. Now we 

go from a towards 6 along a curved line which does not go through 

the invariant point. Starting from a this curve intersects first a 

metastable, afterwards a stable, further again a metastable, afterwards 

again a stable bundle, etc. Arrived at 4, we have consequently 

intersected just as many metastable bundles as stable ones. | At least 

1 metastable and 1 stable bundle.) Therefore, when we find 7 

metastable bundles going from « in righthandside direction towards 

b, then we find there also nm stable bundles. As, however, every 

metastable bundle, which is situated at the right of a, is the pro- 

longation of a stable bundle, which is situated at the left of a, 

consequently at the left of « also n stable bundles must be situated. 

Therefore we find: at the right and at the left of every bundle of 

curves always a same number of bundles is situated. Hence it 

follows immediately that the total number of curves is always odd 

and three at least. 

Now we shall deduce the different types of P,7-diagrams with 

the aid of these properties. 
1. Unary systems. (One component; three curves.) 

In an unary system three curves occur, which have to be divided 

in accordance with our previous considerations over an odd number 

of bundles (three at least). This can take place only in one single 

way, viz. in such a way that three onecurvical bundles arise, 
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Consequently one single type exists only; this is represented in 

fig. 1(D. We may also represent this diagram by B, + B, + B, 

This means that the P,7-diagram consists of three onecurvical bundles. 

2. Binary systems. (Two components, four curves). Four curves 

may be divided over three bundles in one single way only, viz. 

in such a way that one bundle contains two curves and two bundles 

each one curve. We represent this by B, + B, + B, [the symbol 

B, represents a bundle which contains 7 curves]; this means that 

the P,T-diagram consists of two onecurvical and one twocurvical 

bundle. Fig. 2(I) gives a representation of this diagram. 

3. Ternary systems. (Three components, five curves). 

When dividing five curves into an odd number of bundles we may 

distinguish two principal types, viz. a division over 5 and over 3 

bundles. With a division over 5 bundles, the diagram: 

B, + B, + B, + B, + B, 

arises, consequently a P,7-diagram with five onecurvical bundles, 

as is also represented in fig. 2 (ID). 

With a division over 3 bundles 2 diagrams may arise, viz.: 

B, + B, JB, and B, + B, + B, 

The first diagram consists of two onecurvical and one threecur- 

vical bundle and is represented in fig. 6 (ID), the second consists of 

one onecurvical and two twocurvical bundles and is drawn in fig. 4 (II). 

4. Quaternary systems. (Four components, six curves). 

When dividing the 6 eurves into bundles we may also distinguish 
two principal types, viz. a division over 5 and over 3 bundles. 

With a division over 5 bundles the diagram 

Bt B 1B, B, = B: 
arises, consequently a P,7-diagram with one twocurvical and four 

onecurvical bundles. We find this drawn in fig. 4 (IID. 

With a division over 3 bundles the diagrams: 

B,+ B,+ B, Bt B, + B, and B, + B, + B, 
may arise. 

The first consists of one fourcurvical and two onecurvical bundles, 

we find this in fig. 8 (III); the second consists of one onecurvical, 

one twocurvical and one threecurvical bundle and is drawn in 

fig. 6 (III). The third consists of three twocurvical bundles and is 

found in fig. 2 (If). 

5. Quinary systems. (Five components, seven curves). 

With a division of 7 curves into an odd number of bundles we 
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can distinguish three principal types, viz. a division into 7, 5 or 

9 bundles. 

With a division of 7 curves into 7 bundles, the diagram 

BED Be Be Be ee 
1 | 1 

arises, consequently a diagram with 7 onecurvical bundles. It is 

represented in fig. 1 by a. 

(A) 
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With a division of the curves over 5 bundles the diagrams: 

B,+ B,+ B,+ B,+B, , B+ B,+8,+8,+ 8, 

and B,+ B, + B,+ B,+ B,. 

The first of these diagrams consists of one threecurvical and four 

onecurvical bundles, it is represented in fig. 1 by 0. 

The second and third diagrams consist both of three onecurvical 

and two twocurvical bundles. These diagrams differ, however, mutu- 

ally, because the bundles of curves have another position with 

respect to one another. The second is represented in fig. 1 by c 

the third by d. 
When dividing the curves over three bundles the diagrams: 

BBB, VB. Be ee Be B Brande 8, BA DEN 
arise. The first consists of one fivecurvical and two onecurvical 

bundles; we find it in fig. 2e. The second consists of one onecurvical, 

one twocurvical and one fourcurvical bundle [fig. 27]. The third 

consists of one onecurvical and two threecurvical bundles | fig. 2] ; 

the fourth consists of one threecurvical and two twocurvical bundles 

(fig. 2h]. 

Consequently we find that in a quinary system exist the eight 

types of the P,7-diagram, which are drawn in the figs. 1 and 2. 

In the previous communication IV we have deduced the type of 

the P,T-diagram for a definite case of a system of five components. 

For this we found the symbolical diagram 20 (IV); this consists of 

three onecurvieal bundles (viz. V’, U’ and Rk’) and of two two- 

curvical bundles (viz. P’7” and S’Q’). We have seen above that in 

this case two types may be distinguished; it is apparent from the 

symbolical diagram that it belongs to the type: 6, + 6, + B, + 

+ B, + B,; consequently it may be represented by fig. 1 d. 

6. Senary systems [six components; eight curves]. 

When dividing eight curves into an odd number of bundles we 

may distinguish again three principal types, viz. a division into 

7, 5 or 3 bundles. We then find the following eleven types of dia- . 

grams in which for the sake of simplification the letter B is 

omitted. 

iO En ee Te, PRR 

Lel TA ASS fe tay Gy nee PR EO ASN 
Nn A eee hl Ota es See Ce 
(ee yeti a DID, A ec esa 

The reader can easily draw or represent symbolically these types 

of P,T-diagrams. 
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7. Septenary systems [seven components, nine curves|. It is 

evident that we may now distinguish four principal types, viz. a 

partition over 9, 7, 5, or 3 bundles. We find the following seventeen 

types of diagrams. 

ges ak ene 
DEE aig en Mie TR, oie, a a Deeg een Ye 
Len to ee ge Ee 
Sa a An Re ee ey EN OS eo ae 
er ee Br eh a oh fk Bh TD ak ep One 
Meee ee Pa de 8, Oa So tee ing tS a, 

Consequently we find one diagram with 9, four diagrams with 7, 

five with 5 and seven with 3 bundles. 

It is evident that we may find in the same way as above also 

the types of P,7-diagrams for systems with more than seven com- 

ponents. After the previous deductions it is quite unnecessary to 

further discuss this matter. 

Now we shall still briefly discuss the occurrence of symmetry in 

the P,7-diagrams. We call a diagram a symmetrical one, when all 
bundles contain an equal number of curves. Consequently we may 

distinguish different cases of symmetry, viz. with onecurvical, two- 

curvical, threeeurvical bundles, ete. 

Symmetry with onecurvical bundles is only possible as the num- 

ber of bundles is always an odd one, when the P, 7-diagram contains 

an odd number of curves. Consequently it can occur only in systems 

with an odd number of components, therefore in systems with one 

component [fig. 1 (D], with three components |fig. 2 (II)|, with five 
components [fig. 1 a], with seven components [the diagram 

1+1+1+4+1+1+1++41), etc. 

As the number of bundles is always an odd one, (27 + 1) and 

three at least, symmetry with twocurvical bundles is only possible 

when the P,7-diagram contains an even number of curves (47 + 2), 

six at least. Consequently it can occur only in systems with 4n 

components, therefore in systems with + components (fig. 2 (HI), 

in systems with 8 components, etc. 

As the number of bundles is 2n + 1, symmetry with threecurvical 

bundles is only possible in diagrams of systems with 3 (2n +1) — 

2=6n-+1 components. In a system with seven components the 

diagram is, therefore: B, + B, + B, 
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It is apparent from these considerations that symmetry is possible in 
every system, of which the number of curves is equal to or a multiple, 

of 3, 5, 7...(2n +1). In systems, in which the number of curves 

is 4, 8, 16...2" therefore in systems with 2, 6, 14...(2"—2 

components, symmetry is never possible. We see the confirmation 

of this for systems with 2 components in fig. 2 (I), for those with 

6 components in the deduced types of diagrams. 

In connection with the deduction of the types of the P,7-diagram 

discussed above, of course the question arises: the ?, 7-diagram-ty pes 
deduced above, may they all really exist; or in other words: is it 

possible to find for every P,7-diagram-type of a system of 7-com- 

ponents, really „+ 2 phases of such a composition that they lead 

to that P,7-diagram? We can also put in short this question in 

this way: does a definite type of concentration-diagram belong to each 

of the P,7-diagram-types, deduced in the way treated above? We 
may show that this is the case indicating in which way we can 

find with each given P,7-diagramtype a corresponding concentration- 

diagram. 

A, AA For this we take fig. 3; this repre- 

sents a P,7-diagram of n + 2 curves, 

which are divided over different bundles 

(A); (B), (C).... Although in, this 

4 figure all bundles, except (A) and (£) 

are drawn onecurvical, yet we assume 

in our considerations that they are all 

morecurvical. We call the curves of 

bundle (A), going from the left towards 

the right (A,),(A,),(A;)...; those of 

Fig. 3. bundle (4), also going from the left 

towards the right (B,),(B,),...; the same applies to the curves of 

the other bundles. We call the x + 2 phases occurring in the invariant 

point. WAA, A, ANMB BRE ORO Re ete: 

Now we shall deduce the reactions, which may occur between 

those phases. Previously we have seen that they are completely 

defined, when we know two equations of reaction. In order to 

determine these reactions, we start from the reactions which answer 

the position of the curves with respect to curves (A,) and (f,); we 

call those curves the position-curves. [Of course we may choose for 
this every two arbitrary curves]. 

We find from fig. 3 for the reaction of the phases with respect 

to curve (A,): 
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mR, +r Rk, +...+5,8, +88, +...+¢7, HUT, == 

a,A,+a,A,+...+6,B,+0,B,+...t¢,C,+¢,C,+..+d,D,+d,D,+..° 

in which the reaction-coefficients 7, 7,... ete. are however unknown, 

but they are all positive. The sum of the reaction-coefficients at the 

right and at the left of the sign of equation must be the same. We 

find from fig. 3 for the reaction of the phases with respect to 

curve (R,); 

rR, +7',k, +..-+8,8,+8,8,+...+¢,7,+¢,T,4+. | 
+a@,A,+a@,A,+-°=6,B8,4 0,B,4.-.. - (2) 

0 +¢,€,+...4+d,D,+d,D,+... \ 

in which the reaction-coeffieients are still also unknown, but they 

are all positive. Also again the sum of the reaction-coefficients at 

the right and at the left of the sign of equation must be the same. 

We multiply (1) by 2 and deduct (2) therefrom; we find: 

ar, + (ar, as) Big exe 0 (as, —s')) 8, Hi (Js, —s',) S, “Phe 

aie (At, —t') Lp El (at, —t',) T, n= 

aA, + (da, +a',) A, + (Aa, + @’,) A, +... + (4b,—0',)B, +\ . (3) 

(4b, —b',) B, +... + (dere) C, + (Ae, el C, +... 

+ (Ad,—d',) D, + (ad,—d',) D, +... 

In this equation (3) the coefficient a’, of the phase A, is always 

positive. 

In order to find from (3) the reaction with respect e.g. to curve 

(C{), we put: 

(1) 

c 
ac,—c', = 0 consequently A= —. . . .,.. (4) 

Cy 

Hence we find some conditions, which the reaction-coefficients in 

(1) and (2) must satisfy. It is apparent viz. from fig. 3 that all the 

curves of the bundles (7’), (A) and (B) are situated on the same 

side of curve (C,) as curve (A,). As in (3) the coefficient of A, is 

positive, the coefficients of A,, A,,... and B,, B,... in (3) must be 
also positive and those of the phases 7’, 7.,,... negative. The first 

condition, viz. that the coefficients of A,, A,,... are positive, is 

satisfied; we write the two other conditions: 

b! b', b' t! Oe 
NE dee (6) 

b, b, b, t t, 

in which 2 has the value, indicated in (4). 

Further it is apparent from fig. 3 that the curves (C,), (C), … 
and the bundles D),(R) and (S) are situated on the other side of 
curve (C,) as curve ‘A,). Hence it follows that in (8) the coefficients 
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of the phases C,,C,... and D,, D,... are negative, those of the 

phases &,,.R,... and S,,S,... must be positive. Consequently we 

find : 

2! ‚ I d' 

Hi Ng tet. TG ay, <— etc. 
Cy Cs d, d, 4 

(6) 
Te digs a So 4>—, 4 > — ete. A> =a > — ete. 
Ts vs $y Ss 

wherein 2 has again the value, indicated in (4). Consequently we 

tind the following: when the curves must be situated with respect 

to curve (C) as is assumed in fig. 3, then the coefficients of the 

reaction-equations (1) and (2) must satisfy the conditions (5) and (6). 

Let us take still another example. In order to find from (3) the 

reaction with respect to e.g. curve (D,) we put: 

4d,—d', = 0 consequently A= ENE ((7) 
3 

In fig. 3 the curves (D,) and (D,) and the bundles (A), (B) and 

(C\ are situated on the same side of curve (D,) as curve (A,). The 

coefficients of the phases D, and D,, those of A,, A,..., B, B,... 

and C\, C,... in (3) must, therefore, all be positive. Hence it follows: 

ak d', | 
ae - | 

) (8) 
ie b', ln Ci 

4> —, AD ete. AD>—, AD etc. 
b, b, or Ce 

wherein A has the value, indicated in (7). 

Further it follows from fig. 3 that the curves (2,), (D,)... and 

the bundles (2), (S) and (7’) are situated on the other side of curve 

(D,) as curve (A,). The coefficients in (3) of the phases D,, D,... 

must, therefore, be negative, those of the phases Zi, R,..., SS, 

and 7, 7... must, therefore, be positive. Hence it follows: 
2 

d' d r' a" | 
Robe edt etc. tye en Ab > —— | tc. 

d, d, a Ts 
We (9) 

ce Öe te 3 Ln 

AD, A ete. AP>—, AD— etc. 
$, 85 f ty i 

wherein 2 has again the value, indicated in (7). 

Consequently we find: when the curves must be situated with 

respect to curve (D,) as is assumed in fig. 3, then the coefficients 

of the reaction-equations (1) and (2) must satisfy the conditions 

8) and (9). 
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We could aet in the same way for each of the curves of fig. 3; 

then we find all conditions which must be satisfied by the coefficients 

from (1) and (2). It follows, however, rather soon from a comparison 

of fig. 3 with the reaction-equation (5) that the conditions are: 

>>... a  eeesi(10) 
' ! 

1 as, 
¢ 2 > 

da 
and 

pe Ts b be ce ide 

Ed 
2 3 1 2 1 2 (11) 

ce Ce i te Ge ad, ee 
C, Cy t, bn d, d, 

The reader will easily find a regularity in these conditions (10) 

and (11) in connection with fig. 3. In (11) we find viz. first the 

coefficients, relating to the phases of bundle (/), afterwards to the 

phases of bundle (B), then to those of bundle (S), further to those 

of bundle (C), ete. and for each bundle in the same order, in which 

the curves in that bundle succeed one another from left to right. 

In these conditions the reaction-coeffieients a’, and 7, of the phases 

A, and R, do not occur; this is based on the fact that we have 

taken the curves (4,) and (#,) as position-curves. 

Now the question arises whether we can always find reaction- 

coefficients, satisfying 

Peale t= fas Sy a Sgt a Vn ss —— (12) 

=a,ta,+...+6,+6,+...+¢+¢4+..-+4,+4,... 

Pdre Heee HS AS Ht HE, RE ee 

=b, Hb, Hete, 4d, He tHd, Hd, He. 

and also (10) and (11). It is evident that this is always the case 

and that we can find large series of values for those coefficients. 

When we take definite values for the coefficients in (1) and (2), 

then the question arises whether the compositions of the phases are 

defined by this. We see, however, at once that this is not at all 

the case and that those compositions may still change within very 

large limits. With each type of the P,7-diagram consequently 
infinitely many concentration-diagrams correspond, which are, 

however, all bound to the same limiting conditions |10, 11,12, and 

13] and they form, therefore, a definite type of concentration- 

diagram. 

When we take a ternary system, it appears easily that the com- 

positions of the phases are not perfectly defined, even if we assume 

definite values for the reaction-equations. 
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Let us take e.g. the reaction-equation : 
aA + 6B=cC + dD. 

Hence it is only apparent that the four phases form the 

anglepoints of a convex quadrangle, the point of intersection of the 

diagonals divides the diagonal AB into parts, which bear to one 

another the relation «:5 and the diagonal CD into parts which 

bear to one another the relation as c:d. Hence it is not only 

apparent that infinitely many quadrangles exist, but also that the 

place of those quadrangles in the flat plane is still quite arbitrary. 
Consequently we are allowed to conclude from the previous 

considerations : 
the P,7-diagramtypes, deduced above, can all exist; with each 

of the P,7-diagramtypes corresponds a definite type of the concen- 

tration-diagram, which may be deduced in the way indicated above. 

Herewith, of course, the question is not solved whether in the ex- 

perimental examination of all systems e.g. with 5 components, all 

eight P,7-diagramtypes possible (fig. 1 and 2) will occur. For this 

it is necessary that the phases really occurring, lead to the eight 

possible types of the concentration-diagram and only the experiment 

can decide that. 
Now we shall apply the previous considerations, in order to find 

with some P,7-diagramtypes a corresponding concentrationdiagram- 

type. The types of concentrationdiagrams, belonging to the P,7- 

diagramtypes of the binary, ternary and quaternary systems have 

already been discussed before (I, IL and III). As these concentration- 

diagramtypes were represented graphically, we have followed there 

the reverse way, viz. we have deduced from these types the corre- 

sponding P, 7-diagramty pes. 
We take for an example a system with 5 components, in the 

invariant point of which the seven phases A, B, C, D, FE, F, and 

G occur; we assume that the P,7-diagram consists of 7 onecurvical 

bundles, as in fig. 1a. We choose the curves (A) and (/) as position- 

curves. The reactions are: 
eHE+ fF +9G=bB+4+cC+dD 

PEAGGHaA=bBHeCHdD 
The reaction-coefficients must satisfy : 

Oa Pe igi= Dae Haid ne loet va (sy sees) 

Pg Be SHO ead oo we) els aw GB) 

and also the conditions (10) and (11). It is evident that (10) dis- 

appears and that (11) passes into: 

Bit of Magis. gai ad, z ee te sk 
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by which the concentrationdiagram-type is defined. When we wish 

a definite example, we may take among others: 

QB LFA3G=4B4C+4D 
Ft9GtA=2B42C47D 

wherein the coefficients satisfy (14), (15) and (16). 

Now we take a system with 5 components, in the invariant point 

of which the phases P, Q, R, S, 7, U, and V oceur; we take 

fig. 1d for the type of the P,7-diagram. 
When we take (2) and (U) as position-curves, the equations of 

the reactions are: 

uU+tsStgqgQ=pP+tT+vV 

sStq7QtrR=pP+tT4r'v. 

De reaction-coefficients have to satisfy: 

utstq=p+t+v 5 SHgAr=p ttr 

and 
p' bes Sg 
EE a 

Pet, 8 ge 
by which the type of the concentration-diagram is defined. We may 

take among others as a definite example: 

3U4+581+Q=—4P437T42V 
78S+2Q+8R—2P4+3T7T47V. 

These are viz. the reaction-equations (15) and (18) which we have 

used in communication IV for the deduction of fig. 1d {symbolically 
represented in communication IV by (20) and (21). 

As third example we take a system with 5 components, in the 

invariant point of which the phases A, B, C, D, EH, F, and G occur, 

for the type of the P,7-diagram we take fig. 2g. We take (A) and 

(HE) as position-curves, so that the equations of the reactions are: 
eH+fF+ 9G=bB4+cC4dD. 

fi'F+tgGtid@dAtvuB+ecC=dadD. 

The reaction-coefficients have to satisfy: 

bft = Fee dige, of tret eed 
bat: ieee. 

Hon re 
by which the type of the concentration-diagram is defined. 

We may take among others as a definite example: 

vs BO AD 
83F1+8G13A14B42C0=—20D. 

The reader may also easily apply these considerations to other 
types of the P, 7-diagram. 

Leiden, Anorg. Chem. Lab. (To be continued). 
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Physics. — “The viscosity of liquefied gases. UI. The aperiodic 

rotational motion of a sphere in a viscous liquid.” By Prof. J. E. 

VERSCHAFFELT. (Comm. N°. 148d from the Physical Laboratory 

at Leiden). (Communicated by Prof. H. Kamenincu ONNms), 

(Communicated in the meeting of November 27, 1915). 

. 
1. In my previous communication (Comm. 1485) on the rotational 

motion of a sphere in a viscous liquid the motion was supposed to 

be periodic’). The question as to whether the motion can be aperiodic 

and, if so, what conditions the periodicity of the motion is subject 

to, did not need to be raised for the experimental object of the 

theoretical investigation. For the sake of completeness and with a 

view to the possibility of determining the viscosity of a liquid by 

the observation of an aperiodic motion, we here give the solution 

of the case in question. 

It may be seen at once, that aperiodicity is out of the question 

in the case of a sphere oscillating in an infinitely extended liquid. In 

the discussion of the similarity of the motions (Comm. 148c) it appeared, 

that in every liquid to each set of values of A (moment of inertia 

of the oscillating system) and J/ (moment of the rotational couple) 

a definite set of values of 7’ (time of swing) and d (logarithmic 

decrement of the amplitude per time of swing) corresponds; 7’ never 

becomes infinite, the necessary condition for the transition from a 

periodic to an aperiodic motion, unless in the limit, when J/ becomes 

zero. But in that case 6" as well as 6’ become zero, therefore / is 

1) It seems advisable to emphasize the fact, that theoretically our equations are 

only valid for infinitely small velocities; this was possibly not stated with sufficient 

distinctness in the previous communication. It is only with small velocities that 

a motion of the liquid in spherical shells can be assumed, because in that case 

the centrifugal action which is proportional to the square of the angular velocity 

may be disregarded. With a constant angular velocity the centrifugal force would 

everywhere be neutralized by pressure-differences, but in our case, where w de- 

pends on 7, this is not the case, and the rotating sphere acts on the liquid as a 

centrifugal pump (vid. Stokes, Math. and Phys. Papers, 1, p. 88), in such a manner, 

that a circulation of the liquid arises from the equator towards the poles. This 

is easily seen by considering, that the centrifugal force points everywhere away 

from the axis and is zero over the external boundary and along the axis so that 

the circulation of that force round the closed path: equatorial radius—quadrant 

of meridional circle R’—axis—quadrant of meridional circle Rf, is positive. How 
great, practically, the influence of the centrifugal action is with small angular 

velocities, would have to be specially investigated (comp. also RAyLEraH, Phil, 

_ Mag. (4), 36, 354, 1893; Sc. Papers, IV, 78; Lamp, Hydrodynamics, p. 547—48 ; 

G. ZeMPLÈN, Ann. d. Phys., 38, 84, 1912.) 
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zero, as also #, so that properly speaking we are not dealing with 
an aperiodic, but with a stationary motion, albeit one which proceeds 

infinitely slowly. *) 

2. On the other hand the motion may be aperiodic, when the 

liquid has an outside boundary. This was found to be the case in 

a qualitative experiment with glycerine. It is also easily seen theo- 

retically in the extreme case, where a sphere swings inside a second 

sphere, which is only very little larger (section 19 of the previous 

communication); for that case we found that 

R 
L=§ark'*y RER . . . . . . . (41) 

so that L is independent of the period, and by the relation 

Ké+DTk+M=0....... (26) 
k is only imaginary, i.e. the motion is periodic, when 

en R' 
L<4VK or VMKD> in rp > (83) 

If for instance R=10 and &' —R=.1, with water (y = .01) 

as the liquid, the motion will no longer be periodic, when MA is 

smaller than 16.10°. 

3. A general survey of the various possibilities in this extreme 

case is given by the accompanying graphic representation (fig. J), 

which is of the same nature as that which was given in Comm. 

148c for an infinitely extended liquid. 

K M 
The quantities «= 7 and y= power taken as the parameters 

4 

characterising the condition of motion; the periodic time is given 

by svete 
y 

As long as the motion is periodic, we have, owing to L" = 0 

(comp. equation 28) 

(PETE ets eee ie Aen! 
== = =—. hig alot 

dig Az? TS On eae 2: a ey 

By the aid of these equations the curves 7 =a and 7’= 22 

were drawn (shown as continuous curves; they are asymptotic to 

1) The circumstance that in the case of an infinitely extended liquid the motion 

cannot be aperiodic, also follows at once from the fact, that L” (equation (30) 

of the previous communication) cannot be zero (comp. further down section 5), 

when b'= 0, unless b” = 0. 

67 

Proceedings Royal Acad. Amsterdam. Vol. XVIII. 
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the corresponding 7'-lines) and similarly the curves d = a and d = 2” 

(these curves are dotted). 

The curve (=o, T=), which forms the boundary between 

the region of the periodic and aperiodic conditions, is shown by a 

somewhat bolder line. This limit is of course found by equating the 

two roots of equation (26), ie. by putting £L*—=4M K or ay =H. 

Inside the aperiodic region the equation 

K dy Te M=—90 55) T == pa se . . = e . (55) 

holds or 
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d\ es 

(=) En) 

; : Cae 5 a : 
the lines, along which 7 is constant, are straight lines which are 

tangents to the boundary curve; a few of these lines are shown in 
Ö 

the diagram (they are dotted : aS 4, 1 and 2). *) 

4. We will now discuss the general case, in which R'—R is not 

infinitely small. For an aperiodic motion it is necessary that é in 

equations (8) and (8') be real, i. e. &' =O, and as in our physical 

Ree u 
problem 4’ is necessarily negative, it follows that 5 = (/ — 

N 

— — —m is purely imaginary; therefore 5 = 6" 7, where 5 

d is 
= pe a In that case the expression for u (equation 17") becomes: 

7 
RR? 

— aa LU! (R'—r) cos b" (R'—r) — (6? R'r +1) sin D(R'—r)], (56) i 

1) Properly speaking the quantities 3 and 7’ have no physical meaning in this 

io eh: 
case, but the ratio T represents the logarithmic decrement of the amplitude per 

unit of time. 

*) These lines are really only needed on one side of the point of contact, viz. 

above it, for the following reason. To every point of the aperiodic region two 
NI 

values of T belong, viz. the two roots of equation (26); calling these kj, and k, 

which are both negative the equation of the aperiodie motion will be 

garebian ete 7s) Gee te (DO) 

At least this would be the case, if from the beginning the motion of the sphere 

satisfied the equation 

da ze EM 0 (24 
— a el ea) oer re ee ot 
de | dt ) 

as in the case of a periodic motion (comp. § 4 of comm. 148d, note) ; our theory, 

however only applies after an infinite time, so that for practical purposes we need 

only consider one of the terms of (56), namely the one with the smaller value of 
N 

ps that term must become predominant after a sufficiently long time 

We may thus confine ourselves to equations of the same form as (8) and (8’) 

and the previous calculations which were based on these equations are applicable 
in the present case. 
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where 

D=b" (R'— R) cos b" (R'—R) — (b'* RR + 1)sinb'"(R—R); (56) 

u is thus real *). 

The form of expression (56) suggests the case of stationary waves; 

for a given value of 6’, w becomes zero for definite values of 7, 

which means that nodes would be formed at definite distances from 

the centre. This cannot bappen, however, between & and £': that 

nodes cannot exist in this region becomes clear at once, if we con- 

sider that at constant value of 6" the number of nodes would have 

to increase with diminishing values of A or increasing values of R’, 

which is impossible, as at 7 = #’ there is always a node and at 

y= R there can never be one. 

The absence of nodes is due to the fact, that there is a definite 

limit, which is a function of R’—R, which 6’’ cannot exceed, so 

that « cannot become zero for any possible value of 7. For « must 

never become intinite, therefore never zero, and 6" (#'—R) must 

always remain smaller than the smallest value which makes /) zero. 

Now it is clear, that, if 6” (R’—&) always remains so small, that D 

cannot become zero, this cannot happen either with the numerator 

of u. 

Hence it appears already that, whereas, for #’—Rf infinitely 

Ò 
small, 6” and thus also — could assume all possible values in the 

aperiodic region, this is no longer the case for finite values of R’'—R, 

and that for R’'—R—=o 6" becomes zero, which completely agrees 

with what was found before. 

5. As regards LZ, this quantity assumes the following form in the 

aperiodic region: 

7 aR U 2 U " LA d Li UPRR + 3 (R—R)] 8" cos" (ER) — 

— [8b'°R'R — DPR + 3] sin b" (R—R)}, - … . (57) 

which is found from (24’) by putting 6 = 6"? or otherwise directly 

by means of (56) according to § 8 (Comm. 1484). This expression 

is again real, as it should be according to (26). 

1) This conclusion can also be drawn from equation (11), As a matter of fact 

the expression (56) can be derived directly from (11) or (12). Jn this connection 

it may be noted, that the case discussed by Zemprin in Ann. d. Phys. (4) 19 p. 

783. 1906 is actually that of an aperiodic motion. His equation (14) is thus iden- 
tical with our equation (56) except the small error pointed out in the previous 

communication (148), § 18 note). 



1043 

Ca Tr oo 
A measurement of, i. e. the logarithmic decrement for unit time 

which might be carried out by photographic registration would lead 

to the knowledge of by equations (55) and (57). It is somewhat 

doubtful, however, whether this method is really practicable, in view 

of the circumstance that our eqnations are theoretically only applic- 

able after an infinite time; it is true that the experiments showed 

‘them to be practically valid after a very short time in the case of 

a periodic motion *), but a special investigation would have to show 

whether this would still be so in the case of an aperiodic motion 

or whether perhaps the decrement would only become constant 

after a long time, when the deviation has become much too small 

: eee ae 
for the purpose of measurements. If i did not reach constancy within 

the limits of the observation, the above equations for the aperiodic 

motion would not be of any practical use. 

_6. As with the periodic motion it is possible by increasing A’ or 

d 
diminishing M/ to make the decrement —, and thus 6", as also 6" 

ge 

(R'—R), so small that the expression (57) may be developed in a 

series according to powers of 6" (R'—R). The first term of this series is 
13 

RR 
(comp. $ 18 of the previous communication); so that, if no further 

terms are needed, the calculation of 1 becomes very simple. In that 

case the condition for aperiodicity would be 
13 

L= 8x R*y EO oe es (96) 

VMK < Aa Ry 2 58 aaa \i ee ieme a suo) 

7. Similarly to wv, LZ cannot become infinite (equation 57); on 

the other hand / can become zero and indeed the smallest value 

ae ; Sik NOPE 
of 6" for which Z becomes zero gives the upper limit of rie the 

1) According to an observation which was made in this connection with a 
sphere oscillating in a practically unbounded mass of water, with a time of swing 

of about 20 seconds, the logarithmic decrement had become constant already 
after one half oscillation. 

4 5 : : JS 
2) In the experiment with glycerine mentioned before, where p Was of the 

order 0,1, R =3, R=2, K=545, M=51, » = 1,2 and » = 10 about, b” (R'—R) 

was of the order 0,1, so that the expression (36) held with near approximation. 

The condition (58) is satisfied, and thus the motion was actually aperiodic. 



L044 

aperiodic region: indeed, as soon as ZL becomes negative, it is 

impossible to satisfy (55) with a positive set of values of A and M. 

As before, in the aperiodic region the lines, along which i is 

constant, are straight lines, determined by equation (55) ; the boundary 

between the periodic and the aperiodic regions (7’—= o, 0 =o) is 

the envelope of these straight lines. The case is represented in the 

adjoining qualitative diagram (fig. 2) which gives the condition when 

J 
k’—R is finite. Owing to the values of 7 being limited in the 

aperiodic region the bounding curve does not touch the J/-axis 

asymptotically as it did in the case when R’—R was infinitely 

small. In the periodic region the curves 0 — const. and 7’ = const. 

are similar to fig. 1, except in so far as they now intersect the M-axis 

as in the diagram of Comm. 148c; indeed fig. -2 obviously forms a 

transition between fig. 1 and the diagram mentioned, in the latter 

of which the boundary coincides with the A-axis. 

8. The above equations also hold in the case, when R’ < R. 

It appears, however, that by putting 2’ = 0 — in order to pass to 

the case of a sphere filled with liquid —- w becomes infinite for 
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r=0®) which is an impossibility. This impossibility disappears, 

however, if 6’—0O, whence I think may be concluded, that in this 

case, as with an infinitely extended liquid, the motion can never 

be aperiodic, but that the limit of periodicity consists in an infinitely 

slow stationary motion (M= 0)®). 

1) This is also the case with ZemePLÉN's equation (13) (loc. cit.) which was 

arrived at by taking as a boundary condition not that the amplitude u, is finite 

at the centre, as was ZeMPLÉN's intention, but that «gr? is finite; in this case, 

therefore, uw, itself can become infinite. 

2) In that case w=a (vid. § 23 of Comm. 148); Zemprén’s formula (13) is 

reduced to the same equation by taking m (i.e. 5" in our equations) infinitely small. 
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Physics. — “Entropy and Probability” By O. Postma. (Com- 
municated by Prof. H. A. Lorentz). 

(Communicated in the meeting of November 27, 1915). i 

§ 1. In the kinetic definition of the entropy it is necessary to 

fecha foe . dQ 
determine a function S which 1. satisfies the equation dS a 

on transition from a state of equilibrium to a neighbouring one, and 

2. increases in an isolated system which is not in equilibrium. Many 

such definitions have been given, in which now special attention 

was paid to one, now to the other property. The S that satisfies the 

second demand, must then also satisfy the first in the particular case 

that there is equilibrium. Additional constants evidently have no 

influence (by constant we understand here for |: independent of 

energy and volume; for 2: independent of distribution of place and 
velocity). 

In connection with the theory of quanta, however, these constants 

have come more into the foreground, specially for so far as they 

depend on the elementary region g of the extension in phase of the 

molecules and the number of molecules .V. Of late attention has 

also been drawn to other properties which the entropy-function should 

satisfy, and more particularly: 8. the entropy of a quantity of 

substance is equal to the sum of the entropies of its parts. Further 

the dimension of the entropy has also become of more importance. 

When following PranNcK’s example we calculate the entropy in the 

state of equilibrium for a perfect gas by the aid of the definition 

S=k log P(P = probability), and make use of the condition that 
property (3) must be fulfilled, we come to the conclusion that the 

above mentiened elementary region g must be proportional to NV. 

Important objections are, however, adduced against this result by 

Lorentz in his article: “Observations on the theory of the mon- 

atomic gases.” *) 

This result, hence also these objections are obviated by TrrropE 

by dividing the expression found for the entropy by N/. In the 

cited article Lorentz observes, however, in reference to this that 

there is no physical reason to be found for this division. 

The purpose of this article is chiefly to subject the existing diffi- 

culties to a closer examination. 

§ 2. If we define the entropy by means of S=k log P, the 

1) Verslagen Kon. Ak. v. Wet. Amsterdam, Deel XXIII (1914) p. 515. 
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probability P should first be defined. In the calculus of probability 
it is customary 

number of cases of equal chance favourable to the event and ihe 

to define the probability as: the ratio between the 

total number of cases of equal chance. If there is not a finite number 

of such eases to be indicated, we get instead the ratio between the 

region of the favourable cases and the total region (either with a 

variable weight or without one). 

When we wish to determine the probability of a certain state for 

a gas mass (and henceforth we shall only consider perfect gases) 

we must understand by this region tle region of the possible phases 

of the gas-mass on definite suppositions of energy and volume. The 

region of the favourable cases is then the phase-extension for which 

the state exists, the probability of which is to be determined. 

When following the example of BOLTZMANN and GrBBs we consider 

the weight-function at a definite energy as a constant (or constant 

between # and 4 dl) we get for the probability simply the 

relation between two regions in the I-space, of 6N —1 or 6.N 

dimensions, according as we suppose definite ME, or variable F 
between EZ, and 2, + db. *) 

The former is the more natural supposition when with Esysrrin 

we think of a time-ensemble, so that the probability is equal to the 

ratio between the time in which the system is in the definite state 

and the total time. The second is more appropriate when with Gipps 

we think of possibilities existing simultaneously, so that we can 

imagine reality to be formed by a random choice from an ensemble. 

The result is of course the same in these two cases. 

If we choose the former method and ihink the state determined 

by the series of the values ,, #,, ete.. which represent the numbers 

of molecules, the p's and q’s of which lie between definite limits, 

the molecule-phase-points, therefore, in definite elements y of the 

u-space (phase-extension of the single molecule), then for definite 

E, the probability of this state is equal to the fraction: 
part of the surface E(pq)— bo in the Z-star of the T-space determined by that state 

total area of the surface. 

If we follow the second method, the denominator becomes the 

contents of a thin shell and the numerator that part of the shell 

lying inside the star in question. For a perfect gas surface and 

shell are spherical. 

Now the question suggests itself*): is this fraction also equal of the 

1) Here and in what follows ideas and names are made use of given in the 

Encyclopaed. article by P. and T. Eurenresv. 

2) Cf. Enrenrest. |. c. § 12 and § 13. 

68* 
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ratio of the contents of that Z-star to the contents of the “Schaale’’ 

E(Z) = E,, the total of the stars, for which the energy = &,, if 
the energy for an element g is taken = that of the centre? It is 

easy to see that this is not the case. The fraction defined above 

has a variable value beginning with O, if the surface of the shell 

touches the extreme points of the cells of which the star consists, 

increasing when the energy approaches that of the centre, and after- 

wards decreasing again to 0. The last mentioned fraction has a 

definite value when the energy is that of the star and else is zero. 

That the quantities are not of the same order either, appears from 

this that in the former case a definite distribution of state belongs 

to all kinds or shells, in the latter entirely to one “Schaale’, whereas 

reversely a definite “surface” contains much fewer mutually differing 

distributions than a definite shell. The value of the quotient _ 
‘Schaale” 

is further too dependent on comparatively accidental circumstances 

to serve as measure for the probability. 

The probability defined by us is, however, not easy to calculate, 

when as was supposed up to now, we think the elements g\ of 

the I-space arisen from cube-shaped regions g' and g" in the con- 

figuration-extension and the extension of momentum of the single 

molecule. It becomes easier when we think the space divided by 

E(pg)-surfaces and surfaces normal to them. 

If we think the F-space divided into a I'-space of the distribution 

of place and a I'-space of the distribution of momentum, we get 

as element: g'N\Xelement in F'-space. Hence the chance to a 

certain state now becomes: 

N! 

/ Orel 
X g'N & element in I-space 

total extension 

in which element and extension are both thought bounded by the 

surfaces H(pqg) = bh, and E(pq) = £, + dE. 
N! a’ N 

This fraction is equal to: DN xy X ratio of the spacial angles 
F ni! Ns: ete Ohe 

k N! g\N dw\N … . 
in F’-space' = De X | — |, if dw = spacial angular 

n,!n,! v dn Meme 7 

element for every molecule separately. 

However this probability is not applicable for the entropy in the 
state of equilibrium. When, namely, we make the probability maxi- 

mum, the obtained value P appears on calculation to depend no 
longer on ZH and v,. so that & log P cannot represent the entropy 
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which we know from thermodynamics as a function of E and v. 

Accordingly nobody has as yet made use of the real fraction of 

probability for the entropy; always either the numerator or the 

denominator was taken’) or a quantity which differed little from 

it. With regard to the latter it is noteworthy that in & log P terms 

without the factor V may be cancelled against terms with the factor 

N, so that for the calculation of P quantities, the ratio of which is 

of lower order than MN, come to the same thing. 

The denominator which represents the whole extension is available 

in the state of equilibrium, the numerator both in the state of 

equilibrium and outside it. In the state of equilibrium they represent 

the same function of £ and v, so that the quotient is independent 

of it. We should further notice that if not the fraction of probability 

itself is taken, but e.g. the numerator it is of no consequence how 

the space is divided into elements, since the extension itself, determined 

by the state, is decisive. We may therefore just as well take the 

N! 
usual 

§ 3. This expression is, however, open to the objection that the 

dimensions are not in order. In the expression //og P P must bea 

number without dimensions. If P has dimensions, the entropy will 

have logarithmic dimensions, i.e. increase or decrease by a definite 

1) In explanation of this fact, which seems so strange at first sight, that both 

numerator and denominator may be taken as measure for the probability, Prof. 

Lorentz was so kind as to make the following remarks : 

Let Q be a comparatively large region in the phase-extension, (either reduced 

by a function of weight or not), Q' the part of Q that is left when a certain 

restriction (a) is introduced (eg. that the energy lies between two closely defined 

limits) and Q" the part of Q’ where besides e.g. the numbers of molecules are in 

the different elements 7,7”... The latter with restriction (a) may define a state S. 

Now the probability of ali the states satisfying (a) conjointly may be represented 

by Pd (1), or if the denominator is disregarded by P= ()' (2). 

But when remaining inside the limits of the restriction (a) we pay attention to 
ui 

the state S, we may write for its probability P= —- (3). This becomes for the Q' 

On account of the “sharpness” of the maxima 
" 

m 
qr 

Qm’ differs so little from Q' that (also in connection with the fact that Jog Q is 

required for the calculation) Q' may be replaced by Qm”. Now (2) becomes there- 

fore: P= Qm" (4). 
It is clear: P is determined by the denominator of (3) in (2), and by the 

numerator in (4), 

most probable state: Pin= 
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value when the fundamental units are made a definite number of 

times larger or smaller’). The differential of the entropy will have 

other dimensions than the entropy itself ete.; im other words the 

entropy will not be a physical quantity in the usual sense’). The 

same objection holds for the denominator. To avoid this the numerator 

or the denominator itself should not be taken, but it should be 

divided by an expression of equal dimensions, e.g. by g. 

Planck takes the numerator divided by gy; at least it comes 

to this when he defines the ‘thermodynamic probability” as 

the number of possible ways in which a certain distribution of 
N! 
— and now 

EMAL os 
state can come about. Thus we get: W= 

S=hklog P is taken again. 
This omission of g\ is an essential point; for the consequence 

of it is that PLANCK’s entropy function contains the element g; the 

original value was independent of g. 

Thus we find the value: 

S=k}N log N —- = flog f do ~- Nlog do} if gm do 

In this expression for S BOLTZMANN had left out the first and 

the third term as constants, through which he arrived at: 

S=—k flog f do 

> flog f do is Bourzmann’s H function. 

In the state of equilibrium 

S=—kWN}3 log (2 am BE) + logv — log (3 N) + 3 — logg} 

follows from PrANcK’s formula, and 

S=kN$3 log (2am E) + loge — 3 log (3 N) + 3 — log NÀ. 

from that of BOLTZMANN. 

In Bontzmann’s formula the dimensions no longer come right; the 

property (3) from $1, that the entropy of the whole is equal to the sum 

of the entropies of the parts, however, does hold, which property 

does not come true in Prarck, if no definite assumption is made about 

y. To make up for this PLaNnck assumes that g is proportional to NM, quite 

arbitrarily in my opinion; the reasoning, namely, by which he tries 

to make plausible that this “elementary region of probability” would 

be proportional to NV, does not bold for a perfect gas *). 

1) Unless also logarithmic dimensions are assigned to k, which neutralise the 

first. Vut this would be very unpractical. 

2) It should be remarked that GrBBs has not hesitated to state this abnormal 

behaviour of the entropy explicitly. Cf. on this § 4. 

3) Cf: “Die gegenwirlige Bedeutung der Quantenhypothese fiir die kinetische 

Gastheorie” in “Vorträge über die kinetische Theorie der Materie und der Electri- 

zität, von Max Pranck u a.” Leipzig u. Berlin 1914. 
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It would have been better, it seems to me, to divide the ““thermo- 

dynamie probability”, which does not represent the originally meant 

probability at all now, also by V/, as Trrropr did for the denominator, 

by which property (3) is also satisfied. 

Instead of the numerator, Lorentz uses the denominator in his 

above-mentioned article. It may be represented by: 

Sees 
(2x Ein)? „2amovN 

OL dE. 

dV. nae: 
Now 2 represents the function — introduced by Gisps, of which : 

the dog forms one of the three functions for the entropy given by 

Gipps (viz. ). If we now still divide by g\, and if we omit the 

terms which do not contain N as a factor, we get again PLanck’s 

formula for S= k log P. 
Terrope makes use of another function introduced by Gusss’). 

This function (V) does not represent the extension of the microcanonic 

ensemble, but the total extension below the / in question. We now find: 

EN 

V (22 Em)? .oN 

) “ren 

while FrrropE now puts: 

S=k log gv. NT 

from which follows: 

S=klog}3 log (2 4 Em) + log v > 3 log (3 N) — log N + & — log g} 

which formula differs from that of PrarcK in the term — log N, 3 

having taken the place of $. Property (3) is now satisfied without 

relor 

a special assumption having to be made about the elementary volume g. 

Now the vindication of the division by g\ and N/ is still to be 

discussed. As far as the former is concerned, that the dimensions 

are not in order is of course no reason to divide particularly by 

gÀ, which causes the result to depend on g, whereas it would 

otherwise be independent of it. 

When it has once been assumed that S— 4 log extension (either 

of the state of equilibrium alone, of all states at definite £ or of 

all states between 0 and £). the division by gqÀ may be justified 

by this that not a purely microcanonic ensemble must be considered, 

but a roughly microcanonic one, in which elements of certain 

1) H. Terrope, “Die chemische Konstante der Gase und das elementare Wirke 

ungsquantum’”’. Ann, der Phys. 38 (1912), 
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extension g\ represent cases of equal chance. Not the absolute 

extent of the phase extension would therefore be of importance, but 

the number of finite cases of equal chance contained in it. 

If we assume that a gas, not in equilibrium, can be represented 

by an arbitrary ensemble between narrow energy limits tending to 

a microcanonie ensemble which represents the gas in the state of 

equilibrium, the elements g\ have the practical signification that 

they represent the extent of the parts of the extension with regard 

to which the distribution has become homogeneous, whereas this is 

not the case inside it. Then the elements g\ would, therefore, have 

no fixed extent, but this would depend on the time during which 

the considered gas is left to itself; they can, namely, be taken smaller 

as the “stirring” has continued longer. 

The division by N/ is necessary to ensure that the entropy of 

the whole is equal to the sum of the entropies of the parts (for so 

far as these parts are large with respect to the space element q’), 

or the extension of the whole equal to the product of the extensions 

of the parts. As a justification of this the following explanation may 

be given. If we have & separate quantities of gas, each of  mole- 

cules in a volume v, the total extension of this in the space of the 

distribution of place is (vt =v. If, however, the volumes v are 

not separated from each other, but parts of a larger volume kv, we 

may not take v” for the extension of the parts, because there need 

not be n definite molecules in every volume v, but all the molecules 

of the vessel can get there. It is, however, difficult to say, how 

much every extension changes through the parts not being separated, 

since the extensions are not independent of each other. For the 

extension of all the states, in which there are 7 molecules in the 

first volume v,, is for the greater part the same as that in which 

there are n molecules in v, ete. We can, however, say what change 

must be effected in the total extension in consequence of the absence 

of the partitions. 

We must, namely, take into account that the molecules from the diffe- 

rent (£) volumes v can be interchanged, so that instead of the original 

(en)! ten 
extension (v")* — vin must be taken: of” x je or in approximation: 

nije 

(kn)kn : : : ; 
kn en (hv), which is also the extension which we should 

n cn 

have found by direct calculation of the whole. The equation ) | 
(kn)! athe i 

Conk > —— = (kv)kr or (vr)k X =(kv)N can now be taken as 
(nl) (n!)* 

basis to obtain an available function, which can take the place of 



1055 

the extension considered up to now. We can, namely, write for this: 
(vn)k (kv) pr \k iV _ 4 ‚ RN 

ZE or ——. We take, therefore, now the function 
(ne NI N! 

je instead of »*, and have retained the property (3). 

We arrive at the same result, when we do not take into account 

the interchanges between the molecules of the different parts v, 

but also disregard the individuality of the molecules of each part 

in itself, so that the number of generic phases instead of the number 

of specific phases has become decisive. *) 
The remark might be made that a consideration as the above is 

more of a mathematical than of a physical nature. It should, how- 

ever, not be overlooked that no physical reason is given either why 

the entropy should have to be S=k log P or &k log extension. 
These functions have been taken tor the entropy because they 

showed analogy with the thermodynamic entropy. It is, therefore, 

natural to make changes in these functions which render the analogy 

more perfect, when it is seen that the analogy is not perfect yet. 

We may also call the division by .V! such a change, through which 

we get a mathematically determined quantity, which satisfies the 

three or four conditions mentioned in § 1. 

§ 4. We will now discuss for a moment the quantity for the 

entropy which GrBBs puts most in the foreground, viz. —%j= —| ndt, 

D 
in which 4 = /og P and Fs when JD is the density of the 

system points in the element dr of the Ispace, and NV the total 
p-E 

number of system points. For a canonic ensemble P = es, in 

which attention is drawn to the fact that P has the dimensions of 

1 

“phase extension’ 

But then » has logarithmic dimensions, hence also — 7; as was 

observed above, this is no quantity in the strict sense of the word.” 

E and 9& being of mutually equal dimension, also y must have 

logarithmic dimensions; y and £ have therefore different dimensions, 

are therefore dissimilar quantities. Yet G1BBs speaks of w as of the 

energy, for which the coefficient of probability (P) = 1. 

1) Cf. also: H. Terrope, “Theoretical Determination of the entropy constant 

of gases and liquids”. These Proc. XVII p. 1167. 

2) Cf. Graas, Statistical Mechanics, p. 19. 
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tE 

The diffieulties may be removed if e > is considered as a value 

with dimensions 0, and then multiplied by a constant C to bring 

the dimensions into order. 

The procedure is the same in other parts of Physics where ex- 

ponential functions are used. Hence the relative density would now 

Td 
become VER or rather, because in this way we should get too 

wl te many constants: Ce ‚ so that fe =1. Now we should have 

E 
to take for the entropy not the mean — log P or — log Con 9 

but the mean — loy PX certain constant extension). If we now 

take g for this constant extension, so that the form within paren- 

theses represents the relative number of systempoints over an ex- 

tension element g*, we get, after multiplication by the usual con- 

stant 4, Pranck’s above discussed formula. 

If besides we multiply the form, the logarithm of which is taken, 

by NJ, we arrive at Terrope’s formula. 

Botany. — “On the mutual effect of genotypic factors.’ By 

Dr. Tine Tammes. (Communicated by Prof. J. W. Morr). 

(Communicated in the meeting of November 27, 1915). 

The varieties of Linum usitatissimum L., which 1 have used for 

my crossing experiments, show three types with regard to the 

breadth of the petals. In two of these, however, the length of the 

petal is the same. 

The broadest and also the longest petal belongs to the so called 

Egyptian flax. I have previously.’) reported on the variability-curve 

and the median value of both length and breadth. In the present 

investigation, however, the use of the mean value was to be preferred, 

because in some cases the measurements could not be very numerous. 

Since this paper only deals with the breadth, it will suffice to give 

the mean value of this dimension only. It is 13.4 millimetres. 

The breadth of the petal was formerly taken and is still taken 

to be the greatest breadth. The colour of the flower of Egyptian 

flax is blue and has been repeatedly discussed before. 

1) Das Verhalten fluktuierend variierender Merkmale bei der Bastardierung. Rec. 

d. Trav. bot. Néerl. Vol. VII, 1911, p. 249. 

ee 
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The second type, as regards breadth of the petals, occurs in the 

ordinary blue flax, commonly cultivated in the Dutch province of 

Groningen, and in the flax with white flowers, grown in some 

districts of the neighbouring province of Friesland. These two agree 

in the length and also in the breadth of the petals. For plants 

grown under identical conditions, the average breadth of the petals 

from 30 flowers, taken from 30 different individuals, was 7.0 mm. 

for the common blue flax and 7.1 mm. for the common white. The 

small difference between these values may here be neglected. 

The third type of petal-breadth occurs in another variety with 

white flowers. This was formerly described under the names Vilmorin 

white') and erisped white’). The latter name was applied to this 

variety to distinguish it from the common white flax, which like 

the common blue and the Egyptian, has quite flat petals, whereas 

in the crisped white flax the apical margin of the petal is somewhat 

crispy and rolled upwards at the sides. The petals are further 

distinguished from those of the common blue and white flaxes, by 

being much narrower. Since the margin is only erisped at the top 

and the rest of the lamina is flat, the greatest breadth is easily 

determined. In 50 different plants the breadth of a single petal was 

measured: the mean was 3.3 mm., i.e. less than half that of the 

other white and of the common blue flax. The length of the petal, 

however, is about the same on all three varieties. Thus for 50 petals 

the average was 10.1 mm., as against an average length of 10.6 mm. 

for the common white, and 10.3 mm. for the common blue flax. 

The Egyptian flax has much longer petals, their average length 

being 16.2 mm. 

As is evident from the average values for the petal-breadth viz. 

13.4, 7.1, 7.0 and 3.3 mm., the above mentioned varieties differ 

considerably in this character; two of the four belong to the same 

type as regards breadth, ie. that of 7 mm., but these two differ 

in colour. This paper deals with the behaviour of the petal-breadth 

and the correlation between breadth and colour in the various 

crosses between the four varieties. For details regarding the behaviour 

of the colour of the flowers I refer to the above quoted paper of 

1915. Here it is enough to know that on crossing a white with a 

blue variety, blue and white individuals occur in #,. The ratios of 

these do not concern us here. First the successive crosses with 

1) The explanation of an apparent exception to MENDEL’s law of segregation. 
Proc. Kon. Akad, v. Wetensch. Amsterdam Vol. XVI, 1914, p. 1021. 

*) Die genotypische Zusammensetzung einiger Varietäten derselben Art und ihr 

genetischer Zusammenhang. Rec. d. Tray. bot. Néerl. Vol. XII, 1915, p. 219. 
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their attendant phenomena will be described, and then conclusions 

will be drawn from the observations. 

The common blue and the common white flax, differing in 

colour but having the same average petal-breadth viz. 7 mm., when 

crossed, give only progeny of the same type of breadth. This shows 

that these two varieties have the same factor or factors for breadth 

of petal. Since the blue and the white offspring agree in breadth, 

there is evidently in this crossing no relation between breadth and 

colour of the petal. 

The common blue flax (7 mm.) and the Egyptian flax (13.4 mm.) 

differ, in contradistinetion to the varieties of the previous cross, in 

breadth, but not in colour. The phenomena, observed in this cross 

with regard to breadth, have been previously ') described by me 

in detail. The following excerpt from this paper will suffice. The 

first generation is intermediate, the breadth of the petal is about 

the average of that of the parents. In the second generation segre- 

gation into various types of breadth occurs. On account of fluctuat- 

ing variability the limits between the different groups cannot, 

however, be observed and all transitional states between the breadth 

of the common flax and that of the Egyptian are found, but in 

definite ratios. The most frequent breadth in /, is approxi-° 

mately the mean of the P-varieties, and the number of individuals 

having any particular breadth diminishes, the nearer this breadth 

approaches that of the P-forms. All F,-individuals together give a 

curve for the breadth, apparently corresponding to a variability- 
curve. The deduction from the whole set of observations was, that 

the Egyptian flax has, compared with the common blue, a few 

more ordinary Mendelian factors for broadness. Since the whole 

offspring is blue and nevertheless differs in breadth, the colour and 

breadth of the petals are evidently independent of each other in 

this crossing also. 

In the cross between the common white flax (7 mm.) and the 

Egyptian (13.4 mm.) which differ in colour, as well as in breadth, 

the phenomena observed with regard to breadth are the same as 

those in the preceding cross. Here also the first generation is inter- 

mediate and in the second generation every transition between the 

breadth of the white and that of the Egyptian flax occurs in the 

ordinary manner. From this we may deduce, that these two varieties 
also differ in factors for broadness and that the Egyptian flax has 

a few more factors than the common white. The observations 

further show that, in this case also, there is no interdependence 

1) le. Vol. VIII, 1911, p. 253. 
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between breadth and colour. For in the second generation there 

occur among the white, as well as among the blue flowers, narrow, 

broad and intermediate petals of every kind, although the white 

P-variety is narrower than the blue. The factors for broadness and 

for colour evidently follow Merper’s law of segregation independently. 

On the other hand the behaviour of the breadth and its relation 

to colour is quite different in tbe cross between the common blue 

(7 mm.) and the narrow-petalled white flax (3.3 mm.). These two 

varieties, like the preceding pair, differ in breadth as well as in 

colour. Here, however, all the blue descendants agree in breadth 

with the common blue flax and all the white ones with the narrow- 

petalled white. Although the two P-varieties, as in the two previous 

crosses, differ in breadth, there are here no transitions. Two sharply 

separated groups arise, one with broad blue petals and the other 

with narrower white ones, each agreeing with one of the two 

varieties crossed. In this case there is therefore a connection between 

breadth and colour, in contradistinction to the crosses previously 

discussed; the broader petals are always blue, the narrower ones 

always white. 

Knowing only the phenomena occurring in this cross, one would 

doubtless feel convinced, that one and the same factor, or a group 

of completely coupled factors produces here simultaneously the 

superior breadth and the blue colour of the petal. We learn, however, 

from the investigation of another cross, namely between the Egyptian 

(13.4 mm.) and the narrow-petalled white flax (3.3 mm.) which also 

differ both in colour and in breadth, that the relation of breadth to 

colour is a different one, although these factors are not wholly 

independent either, as was apparently the case in the crossings 

discussed first. 

In this cross between the Egyptian flax and the narrow-petalled 

white variety, the first generation has blue petals intermediate in 

breadth between those of the parents. In the second generation the 

relation of white and blue individuals as to the breadth differs from 
that in the crosses already discussed. 

Of 300 different white-flowered #-plants the breadth of the petals 

of one flower was determined and also of 300 plants with blue 

flowers. Whereas the petal-breadth in the narrow P-variety varies 

from 2.1 to 4.2 mm. and in the Egyptian flax from 10.5 to 16.4 mm., 

the white /’,-plants gave for the breadth 2.1 to 10.4 mm. and the 

blue F‚-plants 5.7 to 16.2 mm. 

The white #-plants in general have much narrower petals than 

the blue. Hence two groups are formed, one with narrow white 
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and the other with broader blue flowers. These groups do not, 

however, correspond to the white and blue P-varieties, as is the 

case in the cross between the narrow-petalled white and the common 

blue flax. The white ones are in general broader than the narrow- 

petalled white flax and the blue ones are on the whole narrower 

than the Egyptian. In both transitional breadths occur between the 

two P-varieties. Nevertheless the phenomena do not agree with those 

observed in the cross between the common white and the Egyptian 

flax, for, although transitions do occur, the white and the blue F,- 

individuals are not identical in breadth, as in this last named cross. 

The white ones have no very broad, and the blue ones no very 

narrow petals. In order to determine the extreme limit, which both 

groups can reach, some of the white /,-plants with the broadest 
petals were cultivated further. From the third generation so obtained 

a few of the broadest were again selected for further culture, and 

similarly from the fourth and the fifth generation. Although the 

nutritional conditions were always most favourable, the greatest 

breadth cbserved in the 786 plants from the second to the sixth genera- 

tion was 11.4 mm. This was in the fourth generation. Among the off- 

spring of this plant in the fifth and sixth generation even this 

breadth did not oceur again; the maximum in /, was 10.5 mm. 

Evidently therefore the very broadest white ones barely surpass 

the minimum breadth of the Egyptian flax and do not even reach 

its mean breadth. 

In the same way the narrowest blue ones were cultivated further 

for some years, the conditions being made less favourable. The 

extreme minimum was found to be 5.7 mm. Blue flowers with 

petals of the breadth of the narrow-petalled white flax did not occur 

at all among the 722 plants investigated up to the fifth generation. 

In this crossing then two groups are indeed formed, one with 

narrow white and the other with broader blue flowers. This was 

also found to be the case on further cultivation of the heterozygotic 

F- and F,-plants; the whites were always on the whole narrower 

than the blue ones formed at the same time. 

The way in which the breadth behaves in this crossing, is at 

first sight not in accordance with Merpri’s segregation-law. The two 

forms crossed show a great difference in breadth and among the 

offspring intermediate forms are also found. Yet the second genera- 

tion does not show the ordinary phenomenon of Mendelian segrega- 

tion, as is observed with characters which vary in a fluctuating 

manner, where the limits between the different groups formed in 

fF, are obscured. In such cases the /,-individuals together give a 
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curve for the breadth which extends from the minimum of the 

narrowest to the maximum of the broadest form, with the summit 

near the average of the two P-forms. Here, however, the whole of 

the second generation gives a curve for the breadth, which indeed 

extends from the minimum of the narrow white to the maximum 

of the Egyptian flax, but which shows two summits between these. 

Since one part of the curve towards the minimum with one of the 

summits is formed by the white, and the other part with the other 

summit by the blue F-individuals, it is evident that there is here 

an interdependence between breadth and colour. Yet this relation is 

not simply, that blue colour is associated with broadness, because 

the same factor or factors simultaneously cause broadness and blue 

colour, or because the factors for broadness and those for colour 

are completely coupled, as is apparently the case in the crossing 

of the ordinary blue flax with the narrow-petalled white. If this 

were the case, then all the white offspring would have to show 

the type of broadness of the narrow-petalled white flax, and all 

the blue descendants the broadness-type of the Egyptian flax. 

This is not so, however, for white petals occur, which are broader 

than the white P-variety and blue ones, narrower than the blue 

P-variety. In an attempted explanation we might assume incomplete 

coupling of the factors for broadness and for colour, leading to 

very complicated relationships. This is, however, a great disadvantage 

and we are induced to search for another explanation of this pecu- 

liar interdependence between the two characters, which here presents 

itself. Now previous experiments on the crossing of these varieties of 

flax have demonstrated *) the presence of various factors and it is a 

knowledge of these and of their action that enables us to give a satis- 
factory explanation, not only of the phenomena attending the last 

mentioned crossing, but also of the fact, that in the various crossings 

the behaviour of the breadth and the connection between breadth 

and colour are so varied. 

Previously it was shown, that the genotypic composition of the 

common blue and of the Egyptian flax for the colour of the flower 

is represented, in the common blue and in the Egyptian flax, by 

the formula AABBCC, in the common white by AABB and in the 
narrow-petalled white by AACC. The factors B and C acting 
conjointly, cause the blue colour, but are separately unable to produce 

a blue colour. Furthermore B and C exercise an influence on other 

characters, as was previously discussed in detail. A is an intensification- 

factor for the colour, but remains out of account here. 

1) Le. vol. XII, 1915, p. 217. 
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A crossing of two of the varieties which has not yet been discussed 

here, viz. of the common white with the narrow-petalled white, 

shows on the basis of their genotypic composition, that the narrow- 

petalled white flax, although it has much narrower petals than 

the common white, nevertheless possesses the same factors for the 

breadth. 

For in this crossing there arise in F, white flowering individuals 

of the composition AAbbee, in which therefore B as well as C are 
absent and which have the same breadth as the common white 

flax. This proves, that the factors B and C do not regulate the 

breadth of the petals, but that there are present other factors for 

breadth in the two varieties crossed. If these factors for breadth 

were different for the two varieties, then the above mentioned indi- 

viduals would necessarily belong to different types of breadth, 

some narrow like the narrow-petalled flax, others broader like the 

common white or intermediate, possibly even narrower or broader 

than the P-varieties. This is not the case. All individuals of the 

composition AAbdcc are of the same type of breadth. From this it 

follows that the common white and the narrow-petalled white flax 

have the same factors for breadth. Nevertheless the narrow-petalled 

flax is narrower than the common white. There is therefore present 

in these varieties some cause which partially inhibits the factors for 

breadth. This must be the factor C, for as soon as this factor is 

wanting as in the above mentioned individuals in #, of the compo- 

sition AAbbee; the breadth is equal to that of the common white 

flax. This factor C, which together with B, gives the blue colour, 

is therefore seen to be an inhibiting factor for the factors of breadth. 

The factor C also occurs, however, in the common blue flax 

AABBCC, which is nevertheless not narrower than the common 

white flax. The reason for this must be the presence of factor 5 

which prevents the inhibiting action of Con the factors for breadth. This 

agrees with what I have already published *) concerning the action of the 

factors B and C with reference to the crisping of the petal margin, 

the numibers of seeds per fruit and the germinating-power of the seed. 

For the factor C is also the cause of the crisping of the petal apex, of 

the diminution of the number of seeds per fruit and of the diminution of 

the germinating-power of the seed, whilst the factor 5 prevents this 

action of C. Here the same relation for broadness presents itself; 

C causes a diminution of breadth and £ again abolishes the inhi- 

biting action of C. 

It is now necessary to examine whether indeed all the phenomena 

1 Le. Vol. XII, 1915, p. 217. 
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observed in ‘the different crossings are fully and satisfactorily explained 

by this conception of the occurrence of factors of breadth and the 

action of the factors B and C. 

Common blue flax AABBCC and common white AABB, which 

have the same breadth and when crossed give only offspring of this 

breadth, do not form in crossing a single individual in which the 

factor C occurs alone, i.e. without B. Either C is absent from the 

offspring as in the white, or B occurs together with C, as in the 

blue. The factors for broadness are not inhibited in any single 

individual and this explains why the white, as well as the blue 

offspring have ail the same breadth. 

In crossing the common blue flax AALBBCC with the Egyptian 

AABBCC, and the common white AALS with the Egyptian 
AABBCC there is not either produced any offspring in which C appears 
without £ also. The factors for broadness were not inhibited in a 

single individual. The differences in breadth between the P-varieties 

of these two crossings will therefore not disturb the phenomena, 

which will present themselves in accordance with the law of segre- 

gation and this is indeed observed. 

In the second crossing, namely that between the common white 

and the Egyptian flax, there exists in the P-varieties a difference in 

colour as well as in breadth, and it was observed that these two 

characters behave quite independently of each other. This now 

becomes clear, for C is absent from the white offspring and the 

action of C' is inhibited by B in the blue; the factors for broadness 

are not limited, in the white as little as in the blue individuals. 

But it further becomes evident that complete independence of the 

colour and breadth is only superficial. In a certain sense there is 

indeed an interdependence between them, for the same factor C 

which is necessary for the occurrence of the blue colour. has a 

limiting action on the factors for broadness, and if the factor 6 

alone were to disappear from the blue-flowering offspring, then on 

this account colour as well as breadth would change. The colour 

would then become white, because C alone cannot produce blue, 

and the breadth would be lessened under the influence of C alone. 

In this crossing the relationship is, however, so affected by the 

presence of 5 that the interdependence between the factors for 

broadness .and colour is not noticeable and these characters behave 
independently. It is therefore clear that when in a crossing two 

characters behave quite independently we may not conclude, that 

an interrelation between the factors for these characters is wholly 

wanting. 

69 
Proceedings Royal Acad. Amsterdam. Vol. XVIII. 
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In crossing common blue flax AABBCC with the narrow-petalled 
white AACC, which differ in breadth and in colour, a complete 

connection was observed between these two characters. All 

blue descendants had the broadness-type of the common blue 

flax, all white ones were of the narrow-type like the white P-varie- 

ty. This is now also quite intelligible. It was shown above that 

the narrow-petalled white flax has the same factors for broadness as 

the common blue. All offspring from the crossing of these two 

varieties will therefore have the same factors for broadness. Now all 

the blue descendants possess, in addition to these factors for broad- 

ness also both the factors B and C, the white ones however have, 

besides the factors for broadness, only C. In all the blue therefore 

the factors for broadness are undisturbed, they will in consequence 

all have the breadth of the blue P-variety. In the white ones on 

the other hand the factors for broadness are inhibited, they will be 

narrow like the white P-variety. It follows that in this case also 

the interdependence between breadth and colour is other than can 

be deduced off hand from this crossing. The blue colour and the 

greater breadth of the common blue flax are not caused by the 

presence of a single factor or group of “factors, in the absence of 

which the colour is white and the breadth smaller, but the relation- 

ship is a different one. The factor B which is present in the common 

blue ‘flax, and absent from the narrow-petalled white, is not at the 

same time a factor for both, colour and broadness. In the two varie- 

ties there are present broadness-factors other than B and they are 

the same for both; but in the narrow-petalled white they are inhi- 

bited by C, in the common variety they are unaffected owing to 

the presence of B and C together. 

Further the more complicated phenomena which were observed 

in the crossing between Egyptian AABBCC and the narrow-petalled 

white flax AACC, can now be completely explained. The difference 

between these two varieties is, so far as the factors for broadness are 

concerned, exactly the same as that between Egyptian and common 

blue and as that between Egyptian and common white flax. For 

the narrow-petalled white flax has the same factors for broadness 

as the common blue and the common white. Now since the broadness- 

factors follow the segregation law quite independently of the presence 

or absence of the factors B and C, the offspring will agree perfectly, 

as regards presence of broadness-factors, with the offspring from the 

crossings of the Egyptian flax with the common blue or the common 
white. 

If no other causes were acting the individuals of /, would together 
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show all transitions of breadth from the common blue or white 

flax to the Egyptian. Individuals with petals as narrow as those of 

the narrow-petalled white flax would not occur, for as has been 

shown, this variety agrees in factors for broadness with the common 

blue and common white flax. Moreover there would be no difference 

between the blue and the white. The phenomena are, however, altered 

by the presence of the factor C by itself or of the factors B and C 
together. The blue offspring possesses B as well as C, the inhibiting 

action of C' is therefore removed and the blue individuals of /’, must 

show all transitions from the breadth of the common blue or white 

to that of the Egyptian flax. The narrowest blue offspring cannot 

therefore agree with the narrow-petalled /-variety, but with the 

common blue or white flax, the broadest must agree with the 

Egyptian as has indeed been observed. 

The white offspring of the crossing all possess the factor C only; the 

breadth in all individuals will therefore be less than if it were exclusively 

the result of the existing factors for broadness. They are not, however, 

all restricted to the factors for broadness of the narrow-petalled 

white flax, but some individuals even have the same factors for 

broadness as the Egyptian flax, others are intermediate with regard 

to the factors for broadness. Individuals, which have the same factors 

for broadness as the narrow-petalled white flax will agree also in 

breadth with this P-variety, because they, like it, have only the 

factor C. The individuals with the same factors for broadness as the 

Egyptian flax will, however, not have the type of broadness of this 

P-variety because of the presence of C, but they will be narrower. 

The white #-individuals together will show therefore a breadth 

ranging between the minimum of the narrow-petalled white and a 

breadth less than the maximum of the Egyptian flax. The afore- 

mentioned observations agree with this, the broadest white offspring 

from this crossing does not even reach the average of the Egyptian, 

hardly exceeds its minimum. 

The behaviour also in the third and following generations is seen 

to be in agreement with what has been discussed. A heterozvgotic 

blue plant of #,, with petals 13 mm. broad, produced blue offspring 

with a breadth of 9.1 to 14 mm. and white with a breadth of 7.4 

to 11.1 mm. Another narrower, heterozygotic blue /’,-individual 

with a breadth of 9 mm. produced blue plants in F, of 7 to 10.7 

mm. in breadth and white ones of 4 to 6.5 mm. The first broader 

F-plant had more factors for broadness than the second and this is 

also observable in the offspring, but in both cases the white /’, is 
narrower as a result of the influence of C. 

69* 



1066 

The foregoing shows that all the phenomena observed in the 

different crossings are, without exception, completely explained by 

the action of the factors B and C in relation to the factors for 

broadness which are present. Another question now arises with 

reference to the strength of the inhibitory influence of C: it is the 

following. Does C exercise an influence on the factors for broadness 

occurring in the common blue or common white flax only or are 

the additional factors for broadness present in the Egyptian flax 

also subject to the inhibitory action of C? From the observations 

something indeed can be deduced with respect to this. Tbe average 

breadth of the common blue flax is 7.0 mm. and of the common 

white 7.1 mm., whilst that of the narrow-petalled white is 3.3 mm. 

The breadth therefore is decreased from 3.7 to 3.8 mm. by the 

influence of C. Now in the crossing of the Egyptian flax with the 

narrow-petalled white the average breadth of 100 blue individuals 

in F, was 10.8 mm. and of 100 white 4.6 mm. That is a difference 

of 6.2 mm. Here, where the broadness-factors peculiar to the 

Egyptian flax are also present, the decrease in breadth caused by C 

is more marked. This is also evident from a comparison of the 

maximum that is reached by the white offspring of this crossing 

with the maximum of the Egyptian flax. The former amounts to 

11.4 mm., the latter to 16.4 mm., that is to say there is a difference 
of 5 mm., a good deal more therefore than the diminution which the 

breadth of the common white flax suffers under the influence of C. 
\ 

As other investigators have many times shown there occur in the 

plant not only factors which are quite independent of each other, 

but in many cases the perceptible action of one. factor depends on 

the presence or absence of one or more other factors. It is even 

likely that no single factor is wholly independent of others, but that 

in many cases the factors only appear to be so, because in the 

investigation the two forms crossed, which are found to differ in 

respect of one given factor, are identical as regards other factors 

connected with that one. Thus, for instance, from the crossing of 

the common blue flax AABBCC with the common white AABB, 

it is only evident that the former has one factor more, than the 

latter, namely C, but not that this factor C is in a certain sense 

dependent on £ and can only have an inhibitory action on the 

factors for broadness, if B is absent. 

The present investigation shows that the factors may be mutually 

interrelated in a complicated way and may exercise an influence on 

each other. In the varieties of Linum usitatissimum which have been 
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investigated, the factors which are present for the breadth of the 

petal are inhibited by another factor C, whilst again another factor 

B is able to counteract the inhibitory action of C; B is the inhibi- 

tory factor of the inhibitory factor C. 

Because moreover the factors 6 and C together cause the blue colour 

of the flower, there arise complicated relationships with regard to 

the interdependence between the breadth and the colour of the petal. 
There are various cases known of the existence of inhibiting factors, 

but so far as I know the existence of factors which are able to 

counteract the inhibitory action of inhibiting factors, has not hitherto 

been demonstrated. 

It is moreover evident from this paper that the different mutual 

crossings of some varieties may lead to varying conclusions. 

When only the crossing of the common blue flax with the narrow- 

petalled white was investigated, one would have come to the con- 

clusion, that in the common blue flax the breadth and the colour 

are caused by the same factor or factors, or that the factors for 

these characters are completely coupled in these varieties. 

Knowing only the observations on the crossing of the Egyptian 

flax with the common white, one would have concluded that the 

factors for the breadth and colour of the petal are completely inde- 

pendent of each other. 

From the crossing of the Egyptian with the narrow-petalled white 

flax, without a knowledge of the results of the other crossings, one 

would, on the other hand, be obliged to postulate an interrelation 

between the factors for broadness and colour certainly insusceptible 

of further definition, whilst the factors for broadness apparently 

present here an exception to the Mendelian law of segregation. 

From this it is seen that the phenomena are much more complicated 

than the two first-mentioned crossings by themselves give evidence of. 

But at the same time the investigation of the different crossings 

together has proved, that, when two characters in the crossing behave 

quite independently, the inference cannot be drawn without further 

proof that there will also be no interrelation whatever between the 

factors which cause these characters. 

_ The above clearly shows how relative our knowledge is. Views 
on the presence and action of factors obtained by an investi- 

gation of one single crossing, however simple and well founded 

they may be, are liable to modification when even only one of the 

forms investigated is crossed with a third form. Hence it is necessary 

to cross the same form with more than one partner in order to 

arrive step by step at the truth, 

Groningen. Botanical Laboratory. 
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Physics. — “On the reversible change of the remanent magnetisation 

with the temperature’. By Dr. G. J. Bras. (Communicated 

by Prof. H. A. Lorentz). 

(Communicated in the meeting of December 18, 1915). 

When the temperature of a ferromagnetic body that possesses 

remanent magnetism rises, the magnetism changes too. Let us suppose 

e.g. that a decrease of the magnetisation corresponds to a rise of 

temperature. If then the magnet is again cooled down to its original 

temperature, the magnetisation increases again, but does not return 

to its original value. A following rise of temperature equal to the 

first one causes again a decrease of the magnetisation, but now a 

smaller one than was caused by the first rise. The next return 

to the original temperature brings the magnetisation only back to 

a value below that after the first cooling. With continued changes 

of the temperature this goes on in the same way; the differences 

between the magnetisation after two subsequent equal changes of 

the temperature in the same sense become always smaller, till finally 

a state is reached in which the changes are reversible, that is to 

say, that by a rise of temperature the magnetisation decreases as 

much as it increases again by the following equal fall of the 

temperature. This reversibility only holds however between the 

used limits of temperature; if these limits are taken wider, the 

cyclic process of heating and cooling must first again be gone through 

a few times, before the reversibility is reached. This reversible 

change we shall investigate here. With a change of temperature 

without more we shall denote the reversible change. 

On this subject there are experiments of AsHworTH ') and DurwarD’). 

Both have investigated different kinds of steel; and cast-iron. The 

first author obtained very different values for the change with the 

temperature, according to the kind of steel used. In most cases the 

coefficient a, defined by the equation 

M= Mi, [1 — a(t, — t,)), 

was found to be positive. In this formula J/;, resp. J, is the 

magnetisation at the temperature 7, resp. ¢,; the highest value found 

for steel was about 0,0014, for cast-iron even 0,0029. For some 

kinds e.g. for piano-strings @ had a negative value even down to 

— 0,0003. Further « proved to be strongly dependent on the thermal 

history (process of hardening) of the material, while also the influence 

1) G. R. Asuworrn. Proc. Roy. Soc. A. 62 p. 210, 1898. 
*\ Durwarp. Sill. Journ. 5 p. 245, 1898, 
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of the dimensions of the magnet that was used, therefore of the 

demagnetising force proved to be great. So AsnwortH found e.g. for 

one single piano-string of certain dimensions a negative value of «, 

while three equal and equally treated strings combined into a bundle 

gave a positive value of «. 

In the experiments that are to be described here, iron and further 

also some kinds of steel were used. 

The iron (soft Swedish iron from G. E. Mristrr’s SönNe, Stettin) 

was investigated in the form both of bars and of a ring. In the 

first case the measurements were magnetometric, in the latter one 

ballistic. For the magnetometric measurement a THOMSON galvanometer 

was used. The magnet that had to be investigated was placed 

horizontal and perpendicular to the direction of the small magnets 

in the galvanometer system. The deviation of the system by the 

presence of the magnet was compensated by sending a current through 

the coils. The intensity of this current was used as a measure for 

the magnetic force that was exerted by the magnet. In order to 

avoid the influence of terrestrial magnetism the bar was always 

placed perpendicular to the magnetic meredian. 

The ballistic measurements were made by means of a flat coil 

that could be brought into the interferricum of the ring. 

For the different forms used the demagnetising factors were very 

unequal. They had the highest value for a bundle of bars with total 

diameter of about i.5 em and 24 cm length; and the lowest one 

for the torus with narrow interferricum. The magnetisation was also 

varied within rather wide limits. The mentioned bundle gave for a 

variation of temperature between 10° and 100° and for magne- 

tisations that were in the ratio 1: 2:12 changes resp. of 3.7, 3,8 

and 3,7°/,. Between the same limits of temperature a bar of 0,5 em 

diameter and 21 em length gave a change of 4,0°/, and one of 

0,3 em diameter and 17 em length of 4,1°/,. In the two last cases 

the magnetisation was nearly as strong as the strongest magnetisation 

in the case of a bundle of bars. In all cases the magnetisation did 

not reach its saturation value, though the strongest magnetisation 

did not differ much from it. For the ring made of iron of 23 mm 

diameter and having itself a diameter of about 10 em with an inter- 

ferricum of 2 mm a variation of 4°/, was obtained for weak 

magnetisations between 20° and 100°. 

So the values for the variations of temperature obtained for iron 

do not differ much from each other. It is questionable, whether 

these differences have a real significance; probably they must be 

assigned to observation errors, as the methods used did not allow 
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great accuracy. Of all observations on iron the mean is 8.86°/, for 

a variation of temperature between 10° and 100°. 

According to the theory of the molecular magnetic field of Werss 

the spontaneous magnetisation of the ‘elementary crystals’ which 

Weiss regards as the building stones of the iron decreases with a 

rise of the temperature. The law of this decrease is given by the 

formula 

M 30 M ] 
ED 

M, T M 

where J/ is the magnetisation at the temperature 7’, M, that at the 

absolute zero-point and @ the Curt-point. In this formula the mutual 

action between the different elementary crystals has been neglected. 

If by means of it we calculate the change between 10° and 100°, 

we obtain, taking for the Curim-point 757° C., 4,2 °/,, what agrees 

rather well with the experimentally found variation of 3,9 °/, between 

10° and 100°. 

Also for steel the above described magnetometric method was 

used. To render possible however the investigation of different parts 

of one and the same magnet a ballistic method was used. A flat coil 

placed round the experimental magnet could be shifted with regard to 

the latter over a small distance. In order to make the deviation 

of the galvanometer not too great, it was for the greater part 

compensated by means of a second coil equal to the first one and 

mechanically connected with it, so that it followed its motion, 

moving itself however in the opposite direction; within this second 

coil a second magnet was placed. If now the first magnet was 

heated, the ballistic deviation changed and from this the influence 

of the heating could be investigated. By bringing respectively different 

parts of the experimental magnet within the first coil, compensating 

each time by means of the second magnet, the change of the mag- 

netisation could be determined for the different parts. 

_For steel the results of AsHwortH were confirmed. In the first 

place for different kinds of steel very different values of « were 

found; the highest value for a very old steel magnet viz., nearly 

0.0015, for other kinds of steel « was smaller, while piano-strings 

even gave a negative value. 

By the mentioned ballistic method was found however, that the 

value of « was not the same for all parts of the magnet. Near the 

ends « proved to be larger in the positive sense than more towards 

the middle, Between 20° and 100° the change for the above men- 
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tioned old steel magnet e.g. amounted to 12,9°/,, near the middle 

however to §,5°/,; for a magnet of hardened steel the change near 

the end was 2,1°/,, at a distance from the end equal to 4 of the 

length 1,2°/,. In both cases the coefficient « was positive. For a 

bundle of piano-strings which each had a diameter of 1,2 mm and 

a length of 17,5 em the change between 20° and 100° was —3,9°/, 

at the end and — 6,1°/, at a distance from the end equal to 4 of 

the length. After partial demagnetisation, by which the magnetisation 

was diminished to 4 of its original value the change between the 

same temperature limits at the end was only — 1,5 °/,. Magneto- 

metrically (now we are principally concerned with the action of the 

end of the magnet) there was found before the demagnetisation SoMa 

and afterwards —1,6°/, (here the temperature limits were 10° and 

100°). From this we might conclude that for steel the coefficient « 

depends on the magnetisation in this way that it increases in the 

positive sense according as the latter decreases. This agrees with 

what was found in the investigation of different parts of one and 

the same steel magnet, viz. that near the end « is greater in the 

positive sense than in the middle; for because of the demagnetising 

force the magnetisation at the ends is much smaller than in the 

middle. 

December 1915. Physical Laboratory of the 
Teyler Institute. 

Physics. — “Some remarks on the hydrogen-molecule of Bour — 

Deere.” By Miss H. J. van Lesuwen. (Communicated by 

Prof. H. A. Lorentz). 

(Communicated in the meeting of December 18, 1915). 

$ 1. Bour has been the first who supposed the hydrogen-mole- 

cule to be formed by two nuclei which carry a positive elementary 

charge and in which nearly the whole mass of the molecule is 

concentrated, together with two electrons which in the normal state 

circulate with a constant angular velocity diametrically on a circle 

that has its centre in the middle between the nuclei and its plane 

perpendicular to their line of connection, the “axis” of the molecule *). 

Bour supposes that such molecular systems do not obey the laws 

of classic mechanics, that on the contrary all motions of the electrons 

are bound by the condition that for each single electron the moment of 

') N. Bonr. On the constitution of atoms and molecules III, Phil. Mag. 6, 26, 
1913 p. 857. 
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momentum with respect to the axis of the molecule must have the 

value Ee where / is PrLANCK’s constant. 

Under the same suppositions as Bonr made on the constitution 

of the molecule, Draijer has investigated the forced vibrations which 

the system can execute under the influence of the electric force of 

a transmitted light-beam *). Desise supposes the mass of the nuclei 

to be so great that their motion may be neglected and further that 

these vibrations can be calculated according to the laws of ordinary 

mechanics. If the forced vibrations are known, the mean electric 

moment of the unit of volume is found at the same time and from 

this follows again the index of refraction 7. 

For this Drsise finds: 

n?—1 e 2,97429 2,15347 | 
= Sn nt 

4AaN mw? a ia 8 a 1 8 2 

0,412375w 0,556397w 

0,246581 + 0,579918 (: as 2) 
0,0276447 

8 es a See 
Lm 0,304388 Ls 

(asso) + ( *) 

a. | 
| 

Sk 
0,246581 + 0,579918 (1 a “) 

ij Ef 
0,304388 + (: IE ) 

w | 

where: N is the number of molecules per unit of volume, 

—e the charge of the electron 

m the mass of the electron. 

By comparison with experimental data of J. Kocn or C. and M. 

Curaperson DeBiJR found: 

© — 4.64.10" or 5,01. 10%, 
m 

which value agrees very well with the data for the electrons from 

cathode rays (5,58.10), and for the moment of momentum of each 

that is, within the limits of error, just what Bonr 
, dad 

had assumed. 
Now we will consider, however, how the system behaves, firstly 

1) P. Denise. Die Konstitution des Wasserstoff-Moleküls. Sitz. Ber. München 1915 p.1, 
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if, as to its small vibrations, it obeys the laws of mechanics, secondly 

if it is restricted by Bonr’s condition. 

§ 2. Let the distance between the nuclei be 2a, the radius of the 

path of the electrons 7. The conditions that the nuclei are at rest 

and that the electrons circulate with the angular velocity @, are 

e 

Hse, 3? == (BOI) ve nn te a ee (2) 
Amr? 

For the case that no external forces act on the system, the equa- 

tions, which according to Desise hold for the forced vibrations, 

become those for the free vibrations of the system. If 7,, 9, 7, 

and 9, are polar coordinates for the two electrons in the plane of their 

path and z,, 2, their distances to that plane, X,, Y,, 4, X,, YZ, 

the components of the electrostatic attractions and repulsions, all with 

respect to a system of coordinates that also rotates with the angular 

velocity @, then these equations are for the first electron 

mr, —2mor, 3, — mor, = X, cos &, + Y, sind, 

mrd, + 2mor, = — X, sin 9, + Y, cos 9, 

m 2, =, 

For the second electron we find similar equations. If we introduce 

SDE an U A en ah 

then 0,, 9, fp, 2, and z, may be treated as small quantities, of 

whieh we need only take the first powers (this is not allowed for 

the deviations of 9, and #, themselves from the values they have 

in the stationary motion, because by a small change of the angular 

velocity 9, and &, may obtain great deviations). The equations 

then become 

nl 5 e? 2r 47?°— 2a? 1 Oo 
Jore ro) eS A 

Cam sr 1 (7 alt VY; Or err. | ! oa rn bev SL an 2 3 VrPta VY ra? dr dr 

2 

ne 

IN 42 é e g 
ro 200, = — 

1 1 
5 m 8r? 

- 5 ; e? 2r 4r?— Za? 1 0, +0, 
0,—-2urd,—w’* (r+o,)= SS gers =a 

m Vrt Ha? Vr a? dr dr 

ae e p 

rd, + 200, = — — — 
2 2 2 

3 m 31° 
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If, further, we put 

EH 0; = 0, 0, —0,=8, a, + 3, =u, Ai Gj 2,—2,=9, 

and use the equations (2) we obtain 

5 ‘ y3—s . 
a — 20 ru — w* a = ———— Wa 

48//3—1) ee 
ru 20 a=—=0 

ef 5 15/8 
B — 20 rp — w’ 8 = — Un wp 

(BVB —1) 
(4) 

Peony SNS rop \ 

Pas AE 
ec 5 
RTE ( 

3 34 
re Ay cee PR een Won (0) 
4 (8 W83—1) 

From this we shall deduce the six principal modes of vibration 

of the system. We suppose that all quantities contain the time only 

in the factor et, by which the differential equations (8)—(6) become 

ordinary linear equations which we shall indicate in the same order 

with (3’)—(6’). The determinants of the systems (8’) and (4’) and 

the equations (5’) and (6’) give us then the six values of 7. From 

the obtained equations (3’) and (4’) we calculate for each value 

of n the complex ratios between ru and «, rg and 8 and then 

know the form of vibration. So we obtain 

(A) from equations (6) the mode of vibration (A) in which both 

electrons execute linear vibrations along the Z-axis, in such a way 

that they always have the same and opposite deviations ; the frequency 

U PA Ok 

(B) from equation (5) the mode of vibration (B), in which they 

always have equal deviations in the same sense parallel to the 

Z-axis with the frequency nz = 0,556 w. 
(C) from the equations (3) mc =O and ng, = + 1,47 w. To ng, 

belongs a mode of vibration c, in which both electrons are dis- 
placed over the circle in the same sense; to which disturbance the 

system is of course indifferent. To ne, belongs a vibration C,, in 

which both electrons describe equal and congruent ellipses of the 

same position, but in such a way that the radii vectors are always 

oppositely directed : = = 20,64 7. 
nL 

(D) from the equations (4) finally np, = + 1,41 2m. In this mode the 

electrons describe equal and congruent ellipses of the same position 
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: 4 Rae B On 
with radii vectors that always have the same direction: — = + 0,627; 

rp 

this we call the motion D,. There is another mode of motion D,, 

in which the electrons describe straight lines and always have the 

same and equally directed deviations, but in which the frequency is 

inp, =+0,55 iw. To the value —0,55 dw belongs the direction of motion 

B NNT : : Ae 
— == 0,49, which is indicated in the figure and in which the deviations 
ry 
decrease exponentially; to +0,55 {w belongs one, in which the deviations 

increase exponentially; the lines of motion being equally but oppositely 

inclined with respect to the circle in the two cases. In the scond case 

core D, 

B | core 

= — 0,49. 
6 

re 

The system therefore is unstable, as has already been remarked 

by Bonr*) for all systems consisting of two nuclei with a ring of 

electrons between them. 

§ 3. In the vibrations A, C, and C, the molecule does not possess 

any resultant electric moment. Therefore an external electric force 

will never set the molecule in vibration, in this way and if the 

molecule had this motion, it would not exert an influence on the 

propagation. 

It is otherwise with the motions 5, D, and D,. In DeBie’s dispersion 
formula the second term corresponds to the motion B, the 1st and 

3 terms together correspond to the motion D,, the 4 and 5t together 

to the motion D,. This becomes evident by the following reasoning. 

The periodic electric force, which itself is proportional to cos (st-+-p), 

1) N. Bour, loc. cit. 
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: 2x 
has along the Zaxis a component also with the period —, but 

bi 

alone the rotating axes in the plane of the path components propor- 

tional to cos (stp) cos (wl Hg), which may be split up into terms 

; 2 23 É ; 
with the periods ——— and ——. The electric moment which the mole- 

s+o s—Ww 

cule has under the influence of the electric force will depend linearly 

: As Meee 
on 7, B and p. If we write D for the sign of differentiation re the 

a 

equations (4) and (5) for these quantities may be brought into the form 

(D? +. n° pi) (D? — n*p2) B = 0 

(D* + n° pi) (D? — n’*p2) p= 0 

Eder 0. 

(The integration constants in the solutions 6 and ~ must then be 

determined with regard to the equations (4)). 

For the forced vibrations we obtain instead of these equations: 

(D? + n°pi) (D? — n* po) B= Fe + Fe (7) 

(D? + n° pi) (D? — n° pa) p= F, a Fy ee 2) U 

(Bz oo n” 2) y= F, 

where Ha, Fe, PF, Fy, #, are homogeneous, linear functions of the 

components of the electric force in the beam of light, taken with respect 

to the rotating system of coordinates, so that Pe and /’, have the 
2a 2m 2 

period — —, /’,' and // the period - and F, the period —. 
stow s—w 8 

In virtue of the linear character of the equations (7) we may add 

the solutions that would be obtained, first if on the right hand sides 

Fz and F, stood alone, secondly if only Fy and 4 occurred there. 

In the first case we assume that 8 and ~ contain the time only in 

the factor est+)', in the seeond that they are proportional to els” 

and so we obtain 

; Fs Fy 
3— eae ur iad = = = = a oll = 

\n? pr— (s + w)?}{n? po 4- (sw) fn? pi — (s—w)*} fn? po + (s—w)*} 

Fy, Fy 
(00) Ze = — Ees — == = an —— = Lb == — 

/ in? py — (s+o) Un po + (st) } n° pr (s—w)*} pa +- (s—o)} 

and in the same way for y: 

REE 
n° B—s* 

In the expression for the moment of a molecule we obtain 

terms corresponding to each of these, and the first term in 2 can 
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be taken together with the first in p and also the second in 2 with 

the second in gp. The mean moment of the molecule and therefore 

also the moment of the unit of volume with respect to axes fixed 

in space have corresponding terms, but all with the period 

27 eager ees ips i 
—'), Hence the ratio of this moment to the electric force that excites it 

Ss 

has likewise corresponding terms; as this ratio determines the index of 

refraction, the latter must be expressed by an equation of the form : 

NS 

u, u, {ts 

piston po + (s+) en in? pi -(s—@)*} jn" pe + (e+) | npe 

or if we decompose each of the first two terms into terms with 

denominators of the second degree: 

n?—1 = 

! t ! 

ne (ey ee ass oe u, = + 

s s s 
1 — | —-—— 1— | — 1 — | ——_—— 

nDi—-W AB ND tw 

fia u 

ge np2\? y, s\? i. npe \* at Cay ( yO ov o 0) o 

NG i = de Pz 09200 AD 0,304 w?, the terms of 

this equation correspond to those of (1) in the same order. The 

determination of the numerators would only lead to an unnecessary 

repetition of the long calculations Dersie had to make. Without 

it we can see already that the second term points to resonance 

if sng, the first-if st w— np, the third if s—o—7p,, the 

fourth if s—w—inp,, the fifth if s + w —= np. Professor Lorentz 

pointed out to me that by attending to the dispersion formula 

we should expect the unstable character of the hydrogen molecule 

of Bonr—Drpie. 

If now an electric force has worked on this system in the way 

assumed by Drie, the electrons remain in positions and with 

velocities which necessarily must give rise to the modes of motion 

B, D, and D,. Hence, after having been exposed for some time to 

an external electric force the system would be destroyed. 

§ 4. Now we can try to limit the freedom of motion of the 

system in the plane of the path in such a way that the motion 

1) As soon as the mean value has been determined with respect to the different 

phases of the electronic motion, this result is obtained. 
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D, is excluded. It is however not easy to do so for the motion D, 

alone. We could prescribe for the centre of mass of the electrons 

an elliptical path of the form belonging to D,, but by this we 

should loose the homogeneousness of the equations for the free 

vibrations and the possibility of superposing them on the forced 

vibrations. 

It is easily seen, however, what form the dispersion formula for 

hydrégen will take if the motion of the centre of mass of the 

electrons is limited to the axis of the molecule. We may as well 

exclude al! disturbances in the plane of the path, as there is no 

electric moment in the case of the motions C, and C,. The only 

moment of the molecule is now in the Z-direetion and a calculation 

similar to that of Draijer shows that in his dispersion formula only 

the second term remains, so that 

n?—1 BG 2,153 

4nN — mw? 1 Sen OG 

are 
or 

2a Ne? 
De le 

s? 

~ ( 2,153 + 6,954 — 
mo” wo 

while the observations of Kocn give 

nl 1,361 10m4 2,908, 10m 2" s*. 

From this we obtain: 

DO = 5-00 On 

and using the value Ne = 1,289.10" 

2 

~ = 1,18. 10" 
m 

which is just twice what is found for the cathode rays. If the charge 

of a hydrogen atom were twice that of the particles in the cathode 

rays or if its mass were half that of these latter corpuscles RypBER@’s 

constant as calculated by Bonr from his analogous hypothesis 

concerning the hydrogen atom would no longer have the value that 

follows from the experiments *). 

Let us further consider the moment of momentum of each of the 

electrons. From the formula for this moment 

mw = zh 

and from that for the uniform rotation 

1) N. Bour. On the constitution of atoms and molecules [ Phil. Mag. 6: 26, 

1913 spa’: 
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: 4 ma)? 

A 3V3—l1 \? me! 

a ae a 
If here we take for e the value 4,69. 10—!® that has been found 

€ 

for cathode rays (though the value of — for these rays is different 
1 

follows 

from that to which we have been led) we get 

1 

aie 

If we take e= 2.4,69. 100 this becomes 

] 

258 
: : ; 1 

which no longer agrees with Bonr’s hypothesis: <= —. 
2 

One would be led to the same conclusion if it were possible to 

obtain Dersise’s dispersion formula witbout the two last terms, i.e. 

without those that have called forth our objections. The formula 

would then be: 

mao U) 

„3 
Je n—1= 2a N— Ba + 24,456 S| 

We should have: 
2 

Or A OLO Geos howe 
m 

and if we take e= 4,69 10-10 
1 

2 = Tar 

We must still mention that it is possible to give to the electrons 

such a mobility that an electric moment in the plane of the path 

is possible, while still the system remains stable. For this purpose 

we may assume that the electrons can only circulate on a circle 

with prescribed radius. As we must now introduce radial connecting 

forces, one of the equations 2, that which connects 7 and w, must 

be omitted, a rotation with any angular velocity being now possible. 

Instead of the equations (38)—(6) we get: 

u — 0 7 

a ey 
( ——_. = Q), 
Pas dmr® 

» 3V3e ‘ 
y+ — iis 

16mr? * 

70 

Proceedings Royal Acad. Amsterdam. Vol. XVIII. 
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from which we find the solution 

uw Mt +n. 

Further it follows from these equations that p and y are periodic 

functions of the time, so that the system is stable. 

If Pest, Qe’ and Reist are the components of the electric force 

Hest in the beam of light, M,, 1, and M. those of the electric moment 

of the molecule, both respectively along the X-, Y-, Z-axis of the 

rotating system of coordinates and if 

Dia Ok g=P—71Q, 

we find the relations: 

e? ie’ ; piet 
M=" sin(, jd Ee 

m e e 4 
(s+M) -+ —— —(s—M)? + —— 
( ) Amr? Gai) EED 

es gie” pie i 
M,=— cos(9, + Mt) == —_— pi(s+M jt = ss ei(s—M )t 

7 Mm 3 
—(s-+ ML —— —(s- MY +- —~ 

re) 4imr* ( ) WS, 

ge? R : 
M, = — ——____— est 

m 3/8 e? 
Ene abe 

1l6mr* 

From this we find for the mean moment M of the molecule (in 

the supposition that for all molecules r and J/ have the same value): 

Bn ih 8 1 1 2 
fe, 

7 22 313 erp BM 2 & = —s* enen 

4mr* 16mr® Amr? 

The index of refraction is then determined by 

s( —_—M? )+ 4e 
a Sa Ne? 1 Amr? | 1 s? 
SE EE RO I aa ZT . 

3m A Ee Wij ee 3Y Be? sy de? 3 

4mr* 4mr* 16 m7? 16 mr?) - 

e? 

Now, while giving to — the value that belongs to cathode rays, 
m 

we are still free to choose a value for 7 and M and we may do 
this in such a way that the equation changes into that of J. Kocu: 

n= tr 1S 6T 042908. M08 32: 

Indeed, if we put: 

« = 16 m7’, wes zede — xy. 
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we have to solve the equations: 

and 

2(v7?—b)—6Y3be 2 —(Slat 4+ 27 b)etz + 482 ae — 0 

where 

This cubic equation has two positive roots, the first of which lies 

between 10-17 and 10—'8 and the second between 10-!® and 

9.10; these are of no use as they do not give a positive value for 

zy. The third root is negative viz: 

With this we find 

@ — 9.02 10—e2. NISA 1032, 

so that 

Pr Sid LOE: M = 2,0. 1016, 

If with these values we calculate the moment of momentum 

h 
mr’ M, we find for it: —. We are again led to the conclusion that 

oy, 

h 
it is impossible to obtain agreement with the value — sa introduced 

),a0 

by Bonr. 

§ 5. It would certainly have been better if the way in which 

we limit the freedom of motion of the electrons agreed more closely 

with the restriction which Bour has introduced for the electrons in 

the atoms, and which is one of his assumptions on which the 

deduction of BaLMER’s formula rests, viz. that for each electron 

. h 
mr D=. 

2m 

If in this way we find stable configurations, we have to solve 

the difficult problem to establish the equations of motion for a 

system, for which the equations of constraint contain velocities as 

well as coordinates. In dynamics we are taught how to form the 

equations of motion for those systems only in which the same con- 

nections exist between the velocities and between infinitesimal displa- 

cements (e.g. rolling without sliding) and this is not the case here. 

In order to investigate the stability we shall apply to this hydrogen- 

molecule the criterion, introduced by Bone instead of that of ordinary 

mechanies. This criterion is as follows: 

MOE 
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If in the motion considered the total energy of the system is a 

minimum with respect to all those disturbances of the system in 

which the moment of momentum of each of the electrons remains 

unchanged, the system will be stable. It must be remarked, however 

that, both for his hypothetie atoms and e.g. for the hydrogen- 

molecule Bonr examines only disturbances, which consist in an 

increase or a decrease of the radius of the circle on which the 

electrons continue circulating uniformly and in which the moment 

of momentum keeps the same value as in the undisturbed motion. 

Such a disturbance, however, is no longer possible now, for in 

the case of uniform rotation the values of r, (=r,) and those of 

9, =d) and a may be deduced from equations similar to (2); 

if besides we give the value of the moment, the value of 7, will be 

determined. The electrons cannot therefore describe a larger or a 

smaller circle with the same value of the moment of momentum as 

in the undisturbed motion. 

For the atoms, i.e. for systems with one nucleus, about which 

electrons circulate in a circle, L. FOppL*) has investigated disturb- 

ances of a more general kind. We shall now apply his mode of 

reasoning to the hydrogen molecule. Thus we have to take the 

sum of the kinetic energy 7 and the potential energy P viz. 

mn ic . . . 

P + =e rd dr DH 
-_ 

a 

Has aa 
Vr,24+1r,? — 2r,r, cos (,—9,)+ (z,—2,)” 

e? e? e? 

ta)? Vrt) Vr +@, +0) 
Replacing 9, and 9, by the values found from 

h : h 
<3 ae axe ie a Pe TPE DE 

mt Qa 

and expanding in powers of the small quantities that determine the 

deviations from the stationary motion, we obtain : 

; ji (3/3 —1 — Mm. B B Ss 

Pat BE + 5 (es Tri@as ey, ay) 

| a BY Ble tes) = gi mast +(21 V3 Loy te = (@: +02)" 
r 32r? 16 167? 32r? 8r? 

or 

1) L. Förpr: Ueber die Stabilität des Bour’schen Atommodelles. Phys. Zeitschr, 

XV, 1914, p. 707. 
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(3 VAS = m 
Po T= =| ae ae Vase 5 (90,7 + 9,7 + 2,? + 2,7) 

2 ORI al» 2 or ATEN 2 tel a | 12 

= ea ze an Gat 2)" oe 94.3798 re lere) > (3) 
r 3dr? eons 16 327? 8r? 

After introduction of the condition for stationary motion 

h? 8 W3—l1 
—_ = (mr? wo)? = mre? OES ie 

4? 4 

the first power terms have vanished as they ought to. 

Formula (8) shows that the hydrogen molecule of Bour-Drpise 

satisties Bonr's criterion of stability. The question remains in how 

far a system with a limitation of its freedom of motion consisting 

in the constancy y of moments of momentum can execute forced 

vibrations under the influence of external forces which without that 

restriction would change those moments. 

§ 6. Finally we may mention some remarks of others on the 

hypotheses of Bonr-DeEBIJP. SOMMERFELD °) has applied to molecules 

of a more complicated structure the method of deduction of the 

dispersion formula used by Dersue.. In his paper he says that Desir 

has shown that the frequencies of the free vibrations of the system 

need not be real. Such a proot however is not to be found in 

Desun’s paper, only a remark about the good agreement between the 

experimental and theoretical dispersion formulae exactly on account 

of the terms that cannot become infinite for real frequencies of the 

transmitted light. 

OspeN®) shows that Maxwerr’s equations cannot hold for the space 

between the atoms and molecules, if we suppose the electrons not to 

radiate and therefore give up the validity of those equations for the 

space within the atom or molecule. However it is on their validity 

that Desie’s deduction rests. 

Krrsom *) has investigated the magnetic properties and has been led to 

the conclusion that with this constitution of the molecules hydrogen would 

be paramagnetic with a susceptibility only little below that of oxygen. 

In conclusion, I should like to express my indebtedness to 

Prof. Lorentz for his interest and many helpful suggestions. 

1) A. Sommerrerp: Die allgemeine Dispersionsformel nach dem Bour’schen 

Modell: Sonderabdruck aus den Arbeiten aus den Gebieten der Physik, Mathematik 
und Chemie J. Erster u. A. Geren gewidmet p. 577. 

2) CG. W. Osren: Das Bour’sche Atommodell und die Maxwrrr’schen Gleichungen 

Phys. Zeitschr. XVI, 1915, p. 395. 

5) W. H. Keesom: The second virial coefficient ete, These Proc. XVIII p. 637, 

note 2, 
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Chemistry. — “On Catalysis”. By NILRATAN Duar. (Communicated 

by Prof. Exnst Conen). Part I. 

(Communicated in the meeting of Nov. 27, 1915.) 

The work on catalysis consists of the following main divisions: 

(1) Release in supersaturated systems. 

(2) Photo chemical actions. 

(3) Pseudo catalysis or induced actions and catalysis in homogen- 

eous systems. 

(1) Release in supersaturated systems. Lrcocq DE BoisBAUDRAN (Ann. 
Chim. Phys. 1866 (4), 9, 173) was the first to show that not only 

were crystal germs of the substance itself able to provoke the 

crystallization of supersaturated solutions, but that also germs of 

such substances as were isomorphous with the substance were able 

to do so. 

GERNEZ (Compt. rend. 1866, 63, 843) showed that not only the 

crystal system required to be the same in order to call for the 

crystallization but also, in the case of crystals belonging to other 

than the holohedral class of any system, that is, crystals showing 

less than the full symmetry of the system, the particular variety 

must be the same. 

J. M. Trouson (Zeit. für Kryst. 1881 6, 94) showed that strict 

isomorphism was essential in the ervstal germ and that the internal 

structure of the germ must be similar to that of the dissolved 

substance. 

Up till now this has been accepted by all scientists. Thus Turron 

in his large volume on Crystallography (1912) states: — “The state 

of supersaturation can be removed not only by the agency of solid 

germs (excessively minute crystals) of the dissolved substance itself, 

but also by the action of solid germ crystals of a substance isomorphous 

with it and possessing close similarity of molecular volume and of 

the molecular distance ratio”. 

Moreover, the power of the release of supersaturation has been 

adopted as one of the tests for the determination of isomorphism. 

In this investigation on many isomorphous substances it will be 

shown that the above test is not generally applicable. 

Hydrated calcium chloride (CaCl,, 6 H,O) is well known to be 

isomorphous with strontium chloride (SnCl,, 6 H,O) but the release 

of a supersaturated solution of calcium chloride cannot be effected 
by strontium chloride. 

Also Reterrs (Zeit. Phys. Chem. 1889, 8, 289, 497; 4, 599) from 
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other evidences has shown that calcium fluoride is isomorphous 

with calcium chloride, but it will be seen that calcium fluoride 

cannot release the supersaturation of a solution of caleium chloride. 

Experimental Procedure. 

A bulb was blown at one end of a clean piece of soft glass 

tubing of length of about 12 ems. and of internal diameter of about 

10 mms. A little constriction was made near the open end of the 

tube in order to facilitate its sealing off, The bulb tube was carefully 

cleansed and well steamed and then dried in an air oven. Now the 

tube was weighed (@,) and then a weighed amount of the substance 

(w,) in question was poured upon a small funnel held at the open 

end of the tube. By small additions of water the salt was completely 

dissolved and the funnel was washed. (C.f. Buarracnaryya and Duar. 

Proc. Royal Acad. Amsterdam 1915, 18, 369). 

The tube was now heated to boiling of the solution over a BunsEn 

flame for some minutes and by some trials it could be ascertained 

that a supersaturated solution is obtained. 

In this connection it is worth while mentioning that stable super- 

saturated solutions of almost all substances conld be prepared by 

this simple method (e.g. supersaturated solutions of such sparingly 

soluble substances as potassium perchlorate, potassium chlorate, 

benzoie acid, salicylic acid ete. have been prepared). 

The tube containing the supersaturated solution was cooled and 

carefully sealed off at the constricted portion and kept in an un- 

disturbed position. 

Usually after the lapse of two hours the solution was vigorously 

shaken for some minutes in order to observe the effect of mechanical 

shaking on crystallization, but in almost no cases did crystallization 

begin on shaking. 

The bulb containing the solution as well as the sealed-off portion 

of the tube were weighed (w,) and from these we can calculate 

the amount of supersaturation. 

Now the mouth of the bulb was broken and a small amount of 

the isomorphous substance was added and vigorously agitated for 

about 15 minutes. If no crystallization sets in, a small crystal of 

the dissolved solid was added and shaken; in this case, copious 

crystallization immediately begins. 

In some cases, instead of using a weighed amount of the substance 

each time, a concentrated solution of the substance is prepared and 

standardised. In each observation 5 e.c. of the standardised solution 

are used and thus the amount of the substance taken is known. 
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In all cases Merck’s pure reagents were recrystallised and used 

in the present investigation. In order to avoid contamination of the 

isomorphous substance with germ erystais of the original substance, 

the isomorphous body was kept in a different room. 

Extreme care should be taken against the inoculation of the 

solutions with germ erystals, and in sealing off the tube care should 

be taken that no erystals are formed due to the evaporation of water. 

In all cases no erystallisation was produced with either calcium 

fluoride or strontium chloride (SrCl,, 6 H,O) though the amount of 

supersaturation was fairly high. 

Rereers (loe.eit) says, “CaF, and CaCl, are both cubic, the former 

being nearly insoluble, the latter extraordinarily deliqueseent. Mixed 

erystals, therefore, cannot be formed from an aqueous solution, yet 

the two compounds are isomorphous. It is quite possible that a 

common solvent might exist from which mixed crystals would be 

obtainable or the latter might be obtained from the fused mixture”. 

SrCl,, 6H,O is well known to be strictly isomorphous with 

CaCl,, 6H,O (cf. Roscor's Chemistry, Vol. IJ (1913) p. 596). Yet 

SrCl,, 6H,O or CaF, cannot release the supersaturation of a solution 

of calcium chloride. 

In Grotn’s “Introduction to chemical Crystallography” translated 

by MarsHarL (1903) the following statement occurs, “copper sulphate 

CuSO,.5H,O is isomorphous with sulphates of Magnesium, Man- 

ganese, Iron, Cobalt, Zine and Cadmium”. 

Pure samples of all these hydrated sulphates were tried for the 

relief of supersaturation of the solution of copper sulphate but 

crystallization began only in the highly supersaturated systems, which 

were rather unstable; in the solutions containing as much as 60°/, 

of the salt in excess, there were no cases of occurrence of crystal- 

lisation by the isomorphous bodies. lt was also observed that in the 

highly supersaturated systems, crystallisation was sometimes induced 

by such substances as (NH,),5O,, K,SO, ete., which were not iso- 

morphous with copper sulphate ; evidently these form unstable systems. 

The solubility data for cobalt sulphate are taken from the work 

of WerzeL (Zeit. Phys. Chem. 52, 395 (1905) |. In the case of 

cobalt sulphate crystals appeared with isomorphous substances only 

when the solution contains more than 70°/, of the dissolved salt in 

excess. Evidently at this stage the supersaturated solution is unstable 

holding such enormous amount of cobalt sulphate in excess. As 

long as the supersaturated solution contained about 60 °/, of the 

dissolved salt in excess, there was no induction of crystallisation 

with the isomorphous substances. 

5] 
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C
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L
T
 

S
U
L
P
H
A
T
E
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5 
c.
c.
 

so
lu

ti
on

 
us

ed
 

in
 

ea
ch
 

ob
se

rv
at

io
n 

co
nt

ai
ni

ng
 

0.
52
45
 

gr
s.

 

| 
| 

| 
|
 6)
 

(1) 
(2) 

(3) 
a
a
n
 

(7) 
weight 

of 
| 

wt. 
of bulb 

|
 wt. 

of sol. 
|
 + 

o
o
n
 

| we 
of water 

[
u
m
e
 en
 salt) solubility 

at 
bulb 

in 
grs. 

|
 andsol.ingrs.| 

in 
g
r
a
m
s
 

: 
| 

3 
100 grs. 

water 
‚the 

exp. 
T
e
m
p
.
 

(1) 23.8798 
| 

25.4278 
1.5480 

| 
0.5245 

| 
1.0235 

51.24 
42.26 

| 
| 

(2) 24.5896 
| 

26.0872 
1.4976 

D
o
 

0.9731 
53.91 

D
o
 

(3) 20.7232 
22.0735 

1.3503 
Do 

| 
0.8258 

| 
63.52 

| 
Do 

| 
| 

(4) 23.6198 
| 

24.8586 
1.2388 

| 
Do 

0.7143 
| 

73.56 
Do 

Fresh 
solution 
used, 
5 c.c. 
containing 
0.7532 
grs. 

| 
| 

| 
| 

(5) 
17.1925 

18.9315 
1.7390 

0.7532 
0.9858 

| 
78.45 

|
 

42.26 
|
 

| 

(6) 20.1015 
21.8585 

1.7570 
Do 

1.0038 
15,39 

|
 

Do 

(7) 
17.8698 

19.6172 
1.7474 

D
o
 

0.9942 
|
 

15.76 
| 

D
o
 

(8) 
18.9898 

20.7438 
1.7540 

D
o
 

1.0008 
|
 

15.26 
|
 

D
o
 

| 
| 

| | 

(8) 

8.98 
grs. i.e. 210/0 (IGS eh OS. 5 121026 DORs 

| (3130 
se 

Agee 136.19 grs. i.e. 85%o 

63100. 
amon 33.50 

„
8
0
m
 

[a3(00= 
IBS 

(9
) 

remarks 

No crystals with 

FeSO,, 

7H,0, 

MgSO,, 

7H,0O 

etc. 

Do Do 

Crystals with 

Fe
SO
,,
 

7H
,O
, 

Mg
SO
y,
, 

7
H
;
0
 

et
c.
 

Cr
ys
ta
ls
 

wi
th

 
Fe
SO
,,
 

7
H
2
0
 

et
c.
 Do Do Do 
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No erystals were obtained with the isomorphous substance sodium 

selenate (Na,SeO,,10H,0), though the solution was highly super- 

saturated containing as much as 100°/, of the dissolved substance 

in excess. The experiments were carried out in the month ot 

February, when the temperature was about 25°. 

In Indian climate, supersaturated solutions of sodium sulphate cannot 

be obtained in the usual way in the summer, since the laboratory 

temperature is about 33° or 34°, ie. above the transition temper- 

ature of Na,SO,, 10H,O; (the transition temperature being 32.383 at 

the International Hydrogen thermometer). Consequently supersatu- 

rated solutions should be prepared at a temperature lower than 32°. 

Rereers (loc. cit.) has proved that sodium nitrate and silver nitrate 

are isodimorphous. Under ordinary conditions, sodium nitrate is 

rhombohedral and has the specifie gravity of 2.265; silver nitrate 

is rhombic and has a specific gravity 4.35. 

Mixed crystals were obtained by Rrregrs, which were rhombo- 

hedral; these contained from O to 52°/, of AgNO, and gave for 

the curve representing the relation between specific volume and 

percentage composition a straight line. If the specific gravity, of 

the AgNO, present in these rhombohedral crystals, is caleulated on 

the suppesition of the additive nature of this property, the value 

obtained is 4.19, a value which is different from that of the ordinary 

rhombie form and hence it points to the existence of a labile rhomb- 

ohedral AgNO, in the mixed crystals. Besides these rhombohedral 

crystals, he obtained also some crystals very rich in AgNO, and 

showing the ordinary rhombic form of AgNO,. Still NaNO, cannot 

release the state of supersaturation of silver nitrate. 

From Kuster’s [Zeit. Phys. Chem. 18, 445 (1894); 17, 357 (1895)| 

work we know that benzoie acid can form solid solutions with 

salicylic acid. Yet either of the acids cannot release the supersaturation 
of the other. 

So Osrwarp’s. view [Ueber Katalyse — Deutsche Naturforscher- 

versammlung zu Hamburg (1901)| that substances which can form 

solid solutions, can release the state of supersaturation of the other, 

is not applicable in the cases of benzoic and salicylic acids. 

The catalysis of the release in supersaturated systems can be 

fairly explained from Osrwarp’s law of successive reactions. Like 

all examples of catalytic reactions in these cases also we notice 

the characteristic disproportion between the quantity of the acting 

substance and the amount of the substance changed by its influence. 

By a particle of dust far below the limit of what is ponderable it 

is possible to cause the relief of supersaturation of an indefinitely 
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B
E
N
Z
O
I
C
 

A
C
I
D
 

(r
ec

ry
st

al
li

se
d)

 
5 

c.
c.

 
so

lu
ti

on
 

co
nt

ai
ni

ng
 

0.
00

52
 

gr
. 

us
ed
 

in
 

ea
ch
 

op
er

at
io

n.
 

(6) 

(1) 

(2) 

(4) 

(5) 

calc. 

wt. 

of 
sub- 

(7) 

(8) 

(9) 

weight 

of 

wt. 

of 

bulb 

| 
wt. 

of 

sol. 

| 
wt. 

of 

sub- 

| 
wt. 

of 

water 

| 
stance 

dissolv-/ 

solubility 

at 

| 

excess 

ATD 

bulb 

in 

grs. 

| 
andsol. 

in 
grs. 

stance 

in 
grs. 

in 

grams 

ed 

in 

100 

grs. 

[the 

exp. 

Temp. 

us 

water 

: No ppt. with 

(1) 

18.2425 

19.3486 

0.0052 

1.0999 

0.472 

0.41 

at 

30° 

[0.062 

gr. 

i.e.15/p 

salicylic 

acid 

(2) 

19.2487 

20.3689 

Do 

1.1150 

0.466 

Do 

OBO 

dln 

Do 

(3) 

18.3068 

19.3274 

Do 

1.0154 

0.512 

Do 

OM 

O2 

ZN 

Do 

(4) 

21.8008 

22.8532 

Do 

1.0472 

0.496 

Do 

10.086 

„ 

, 
20, 

Do 

(5) 

22.7146 

| 

23.7238 

Do 

1.0040 

0.518 

Do 

OPOE 

cin, 

Do 

| 

Fresh 

solution 

containing 

0.0056 

gr. 

in 

5 
c.c. 

used 

in 

each 

exp. 

| | 

: 

No 

crystals 

with 

(6) 

18.7532 

19,7642 

| 

0.0056 

1.0086 

0.555 

0.41 

at 

30° 

(0.145 

gr. 

i.e. 

350/, 

salicylic 

acid 

(7) 

19.2315 

20.2408 

| 

Do 

1.0037 

0.557 

Do 

OAT 

e305; 

Do 

(8) 

14.7832 

15.7874 

| 

Do 

0.9986 

0.560 

Do 

(O50 

re 

Do 
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large amount of supersaturated solution. Osrwarp (loc. cit) has 

shown that the smallest particle capable of release has an approximate 

weight of 10 H gram. 

In all these cases we have the formation of a system the stability 

of which is not the greatest possible under the existing conditions 

of temperature and pressure. There are on the contrary other more 

stable conditions, which are characterised by the fact that in them 

a new phase, that is, a physically different component with other 

properties makes its appearance. In the case of a supersaturated 

solution of copper sulphate, it is the solid pentahydrate. As a rule 

such a new phase does not appear of its own accord and the system 

behaves as if it were in a state of equilibrium and hence stable 

supersaturated solutions can be kept unchanged for years; but if a 

small quantity of the absent phase comes in contact with the meta- 

stable system, the action at once sets in and the new phase increases 

until equilibrium is established. Thus we see that the essential con- 

dition is the presence of a metastable system which only passes 

from the more stable state by its inherent, forces, after the way 

has been opened to it by the external addition of a germ crystal. 

The germ crystal is not the cause of the reaction because it does 

not provide for the free energy necessary for the process, but is 

only the means of starting the process which goes to completion 

by its own forces after it has been once begun. 

Now in a saturated solution of a substance there is equilibrium 

between the solution and the solid phase of that substance only ; 

in a supersaturated solution there is an excess of the dissolved sub- 

stance. Hence it seems reasonable that only the same solid phase 

should release its state of supersaturation; consequently it seems 

improbable from theoretical considerations that an isomorphous sub- 

stance with which the solution is not in equilibrium would be able 

to release its state of supersaturation and this is corroborated by 

experimental observations. 

From this investigation it is clear that isomorphous substances or 

substances capable of forming solid solutions are not able to release 

the state of supersaturation of substances with which this work was 

undertaken and hence considerable doubt is thrown on this test of 

isomorphism long advocated by numerous workers. 

In order to test the hypothesis more thoroughly, works in non- 

aqueous solvents with various solutes are in progress. 

Presidency College, Calcutta. 

Imperial College of Science, London. 
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Chemistry. “On Catalysis’. By NmraTHAN Duar. (Communicated 

by Prof. Ernst Coney). Part II. 

(Communicated in the meeting of January 29, 1916), 

(2) Photo-chemical catalysis. 
Photo chemical reactions may roughly be divided into two main 

groups : 
(1) Reversible reactions i.e. formation of an unstable system 

reverting to the initial state when light is removed. Here work is 

done against affinity. 

(2) Irreversible reactions i.e. acceleration of the change to a more 

stable state; these may be divided into two subgroups: 

(a) Complete reactions ; 

(b) Pseudo-reversible reactions. 

Examples. 
Light 

(1) Reversible reactions: The symbol AD typifies this, of which 
Dark 

the polymerisation of anthracene is an example. 

Wricert (Ann. Phys. 1907 (IV) 24, 55) has shown that the in- 

fluence of light on the reversible reaction of CO + Cl, 2 CO Cl, is 

purely catalytic and the position of equilibrium suffers no displacement. 

(2) (a) A case of a complete irreversible reaction is that of 

H, + Cl, ~ 2 HCI in light, HCI being stable. 

(6) As a pseudo-reversible light-reaction, we may take the reduc- 

tion of ferric oxalate : | 

F, (C,0,); — 2 Fe C,O, + 2 CO, 
Light 

to ferrous oxalate. In the dark, ferrous oxalate solution is again 

oxidized by oxygen of the air to ferric oxalate, so we have: 

Fel” Fe! + x 
Light 

Fe” Fe” + y 
Dark 

In their experiments on the photo-chemical combination of hydrogen 

and chlorine, Roscor and Bunsen (Osrwarp’s Klassiker N°. 34) observe 

that the activity of the rays from a definite source of light is diminished 

to a much greater extent in passing through a layer of the reacting 

gases than it is when the light is allowed to pass through an equi- 

valent layer of pure chlorine. Since the absorption due to admixed 

hydrogen is negligibly small, it is apparent that the photo-chemical 

change, which occurs in the mixed gases, is accompanied by the 

absorption of light energy. This transformation of light energy may 

flak 
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be regarded as the distinguishing characteristic of all photo-chemical 

reactions. From the data obtained in the experimental investigation 

of a number of such reactions, it appears that these are in general 

unimolecular and have a very small temperature coefficient of 

velocity. Thus, Dewar (Chem. News 84, 281, 293 (1901) ) has shown 

that at the temperature of liquid air (— 188°), photographie action 

is 20°/, and at the temperature of liquid hydrogen (— 250°), it is 

but 10°), of its value at ordinary temperatures; but from van ’r Horr’s 

rule we know that in ordinary chemical reactions a rise of 10° 

doubles the. velocity of the reaction. These facts have led to the 

view that the absorbed radiant energy is not directly responsible 

for the chemical change, but that its action consists in a preliminary 

transformation of the reacting system. This change, which may consist 

in the intramolecular transformation of the molecules of the light 

absorbing substance or in the formation of molecular complexes 

which act as reaction nuclei (ef. Duar, Zeit. Elektrochem. 1914, 20, 

57) and (Wricert, Ann. Physik. 1907 (IV) 24, 243) is then followed 

by the chemical reaction proper and if the speed of the latter is 

relatively very large it is obvious that the rate of formation of the 

products of the photo-chemical change will be determined by the 

speed at which the preliminary light change occurs; as has already 

been remarked in the work on supersaturation that the catalyst 

only acts as a nucleus to a change which proceeds by its inherent 

forces, this also applies to the catalytic influence of light. 

The law of mass action has been first applied in a special form 

by Wirriwer (Pogg. Ann. 97, 304 (1856) in his work on the 

influence of light on chlorine water and has been generalised by 

Nernst (Theoretical Chemistry 4 edition p. 732) in homogeneous 

systems. In a homogeneous system the velocity of the reaction at 

any moment will be given by the kinetie equation 

= ae = kambr,..— Ker aq 
dt 

in which a, 6, ¢,...d...ete. are the concentrations of the reacting 

substances m, n...p, q..- the number of molecules of the several 

substances actually involved in the change and A and A’ are the 
velocity coefficients of the two opposed reactions. The values of A 

and A’ depend on the intensity of the light acting on the system, 

and for light of the same kind, are, in certain cases at any rate 

proportional to the intensity. 

In consequence of absorption, the light intensity varies from point 

to point of the reaction mixture with the result that differences in 
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concentration, due to the varying reaction velocities, oecur, which 

can only be equalised by the operation of diffusion or by mechanical 

mixing. On this account, it is evident that the velocity coefficients, 

which are obtained in any series of experiments can only represent 

average values, which are influenced by the particular conditions 

under which the reaction is allowed to take place. Although in the 

case of certain non-reversible changes the observations of the rate 

of change appear to be in satisfactory agreement with the above 

general equation of Nernst, it seems improbable that this can be 

regarded as the expression of the general law of photo-kinetics. 

Lurner and Welcrrt (Zeit. Phys. Chem. 1905, 51, 297 ; 58, 385) 

are of opinion that the general equation is not applicable to rever- 

sible photo-chemical changes and these authors formulate the law in 

the following words: “The quantity of a substance, sensitive to light, 

which undergoes change in a given element of volume per unit of 

time, is proportional to the light absorbed during the same time by 

the substance contained in this volume element.” 

This is the general aspect of photochemical changes. 

In the present investigation it is shown that light acts as a positive 

catalyst to a series of chemical reactions and that light may be 

substituted for many catalysors in those changes. 

The reactions studied come in the category of irreversible reactions 

i.e. group (2) of photochemical reactions (see page 1097). 

Ilhimination of the photochemical reactions studied. In all these 
observations direct sunlight or diffused daylight was used. The light 

of the sun, whether in its direct form or as diffused daylight, is the 

most available and immediate source and naturally is the normal to 

which, in regard to colour, artificial light source must approximate. 

Experimental procedure. 

It is self-evident that the chemical intensity of sunlight would 

depend on the sun’s altitude. So in the present investigation, the 

difficulties, due to change of the sun’s altitude, were avoided by a con- 

comitant blank experiment carried out under exactly similar condi- 

tions in darkness. Thus two similar thin glass 100 c.e. stoppered 

bottles were taken and cleansed ; they were then steamed for half an 

hour and dried. Exactly the same volume of solution was added to each 

of them and one was exposed to light, while the other was either 

covered with a piece of thick black flannel or pasted with a thick 

coating of black Japan (ef. Carprcorr. Proc. Chem. Soc. (1904) p. 

199) in order to cut off all light rays. Generally the bottle with 
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the black covering had a temperature slightly higher (about 0.5°) 

than the other one exposed to light. 

It is well known that bromine is sensitive to sunlight and many 

photo bromination processes have been studied. Rororr (Zeit. Phys. 

Chem. (1894) 18, 327) and recently Benratn (Zeit. Phys. Chem. 

1910, 74, 115) studied the action of bromine on oxalic acid in 

presence of sunlight and found that it proceeded more rapidly in 

light than in darkness. 

In the present investigation it is shown that not only oxalic acid 

but oxalates and other organic acids as well as their sodium salts 

also are acted upon by bromine water more rapidly in light than 

in darkness. 

The bromine solution was standardised each day just before use 

by adding an excess of potassium iodide and titrated against standard 

sodium thiosulphate. Always a blank experiment under exactly similar 

conditions was made in order to get the data in darkness. 

In all cases the whole amount of the solution was titrated after 

the lapse of the fixed time. The temperature of the experiments 

was 30° C. 

Ammonium oxalate and bromine. 

Amount of | 
: : Time of bromine | Unchanged : Quality of Light exposure | added in | Bromine Volume of solution 

grams 

ee. | | 
a) Sunlight 8’ | 0.15872 | 0.00016 | 2 N E 

| ORGICE 5 ammonium 

oxalate and 25 c.c. 
Darkness 8 | 0.15872 0.00223. |} bromine water. 

b) Sunlight 20/ 0.31744 0.00028 | N 5 
2oRC:C: 5 ammonium 

. ( oxalate and 50 c.c. 
Darkness 20’ | 0.31744 0.00325 bromine water. 

€) Diffused light 9 | 0.15872 | 0.00103 
DOGG: = ammonium 

| 
| 

| 
| oxalate and 25 c.c. 

Darkness 9’ 0.15872 0.00221 bromine water. 

d) Diffused light 22’ 0.31744 0.00147 N 4 
25) CiC: 5 ammonium 

oxalate and 50 c.c. 
Darkness 22’ 0.31744 0.00321 bromine water. 
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Potassium oxalate and bromine. 

| Amount of 
5 : Time of | bromine | Unchanged 7 : 

Quality of Light exposure added Brie Volume of solution 

| in grams 
gy | 

a) Sunlight 30’ Oee: | )40.00858 IN Pd Merel, 
C5 d 

| | oxalate and 25 c.c. 
Darkness | 30’ 0.15872 | 0.02831 bromine water. 

b) Diffusedlight} 29 | Do 0.02417 | 

| | | Do 
Darkness | 29 | Do | 0.02813 

Oxalic acid and bromine. 

a) Sunlight (Snel | 0.06177 | 0.00103 25 cc N head 

| ze Dee 

| | \{ and 10 cc. bromine 
Diffused light 11 _ 0.06177 0.03346 | water. 

b) Sunlight 35’ 0.12354 | 0.00102 | pee Mn 
| a wh. 10 C 

| and 20 cc. bromine 
Darkness Bb! 0.12354 0.05678 water. 

| 

c) Diffused light 60’ 0.12698 0.00485 | Boe N OM ed 
| | | C59 © 

| | and 20 c.c. bromine 
Darkness | 60’ | 0.12698 ‘0.05834 water. 

d) Diffused light | 95’ 0.15872 | 0.00785 |] 50 cc Nin ne 
| 19 © a) 

| | | and 25 cc. bromine 
Darkness ly 295 0.15872 0.06938 |! water. 

| 

Tartaric acid and bromine. 

; | ; 5 
a) Sunlight | 40 | 0.06527 0.01035 | : tartario. asso 

| | | and 10 cc. bromine 
Darkness | 40’ Do 0.05875 |) water. 

b) Sunlight NP SGOAM Ee D 0.00835 |} 
| i Do 

Darkness | 60’ Do 0.04875 \ 

€) Diffused light | 80 | Do | 0.02238 | 
| Do 

Darkness 80’ Do | 0.03975 

d) Diffused light 120’ Do | .0.01725 | 
| Do 

Darkness 120’ Do | 0.02987 



Quality of light 

a) Sunlight 

Darkness 

b) Sunlight 

Darkness 

c) Diffused light 

Darkness 

d) Diffused light | 

Darkness 

a) Sunlight 

Darkness 

b) Sunlight 

Darkness 

c) Diffused light | 

Darkness 

d) Diffused light 

Darkness 

a) Sunlight 

Darkness 

b) Sunlight 

Darkness 

c) Diffused light 

Darkness 

d) Diffused light 

Darkness 

Bromine and Sodium tartarate. 

‚ Amount of | 
Time of bromine | Unchanged 
exposure added bromine 

in grams | 
| 

25’ 0.06527 0.01028 

25! 0.06527 0.05735 

40’ 0.12354 0.01832 

40’ | 0.12354 0.10374 

90’ | 0.06527 | 0.01724 
| | 

90’ | 0.06527 0.03542 

120’ | 0.12354 0.02238 
| 

120 | 0.12354 | 0.04834 
Bromine and Citric acid. 

55/ 0.06527 0.02014 

55! 0.06527 0.05912 

Thy 0.12354 0.03975 

15! 0.12354 0.10172 
| 

100’ 0.06527 | 0.02175 
| 

100: | 0.06527 | 0.03487 

140’ 0.12354 0.04203 

140’ 0.12354 0.05875 

Bromine and Sodium citrate. 

45’ 0.06527 0.01012 

45’ 0.06527 0.05035 

80’ 0. 12354 0.01894 

80’ 0. 12354 0.09575 

100’ 0.06527 0.01695 

100’ 0.06527 0.03172 

150’ 0.12354 0.02938 

150’ 0.12354 0.05673 

Volume of solution 

N50 c.c. sodium tar- 

tarate and 10 c.c. bro- 
mine water. 

50) ‘c:c. © sodium tar- 

tarate and 20c.c. bro- 
mine water. 

50) cic: 

tarate and 10c.c. bro- 
mine water. 

a sodium tar- 

5OWcic: © sodium tar- 

tarate and 20 c.c. bro- 
mine water. 

N 
BORE. 5 

and 10 c.c. bromine 
water. 

citric acid 

citric acid HORG:c: 5 

and 20 c.c. bromine 
water. 

citric acid DORE: 5 

and 10 c.c. bromine 
water. 

N 
50M cic: a; 

and 20 cc. bromine 
water. 

citric acid 

— 

50 c.c. 5 

trate and 10 c.c. bro- 
mine water. 

sodium ci- 

50 cc. 5 sodium ci- 

trate and 10 c.c. bro- 
mine water. 

50itcic: 

trate and 20 c.c. bro- 
mine water. 

= sodium ci- 

50 cc. = sodium ci- 

trate and 20 c.c. bro- 
mine water. 



Quality of light. 

a) Sunlight 

Darkness 

b) Sunlight 

Darkness 

c) Diffused light 

Darkness 

d) Diffused light 

Darkness 

a) Sunlight 

Darkness 

b) Sunlight 

Darkness 

c) Diffused light | 

Darkness 

d) Diffused light | 

Darkness 

a) Sunlight 

Darkness 

b) Sunlight 

Darkness 

c) Diffused light 

Darkness 

d) Diffused light 

Darkness 

Bromine and lactic acid. 

| 

= 

| Volume of Solution. 

| 

50). cc MS 8 j i d 10 lactic acid an 

| \ 10 c.c. bromine water. 

—_— ——— 

Do 

Do 

| 100 c.c Sodium lactate 

and 20 c.c. bromine 

Amount of 
Time of | bromine Unchanged 
exposure. added in bromine. 

grams. | 

| 
60’ 0.06328 | 0.03458 

60’ Do _ | 0.04975 

125’ Do 0.01032 
| 

125% Do 0.02419 

85’ Do _| 0.02992 

85’ Do 0.03975 

150’ Do 0.01038 

150’ Do 0.02045 

Sodium lactate and bromine. 

DD, 0. 12656 0.04872 

55/ Do 0.08532 

130’ Do 0.02319 

130’ Do 0.04875 

60’ Do 0.06925 

60’ Do | 0.08498 

160’ Do —— 0.03012 
| 

160’ Do 0.04234 

Bromine and malonic acid. 

251 0.06275 | 0.02125 

| 

25% Do | 0.04035 

48’ Do 0.01238 

48’ Do 0.02345 

30’ Do 0.02935 

30’ Do 0.04005 

100’ Do _ 0.00984 

100’ Do | 0.01375 

water. 

| OOR 

and 
water. 

Do 

N : : 
10 malonic acid 

10 c.c. bromine 

Do 

Do 



Bromine and potassium malonate. 

| | 
| Amount of | | ; : | Amount of 

B . Time of | bromine es ‘ 
Quality of ligth exposure | added in | Grieps | Volume of solution 

grams 

a) Sunlight 20’ 0. 12550 0.04475 | Ee = potassiin 

| malonate and 20 c.c. 
Darkness 20’ 0.12550 | 0.08532 |} bromine water. 

b) Sunlight 45/ 0.06275 | 0.00684 | Boon potassiur 

| | malonate and 10 c.c. 
Darkness 45’ 0.06275 0.01385 |! bromine water. 

| | 

c) Diffused light | 25 0.12550 | 0.05975 | BOLE. 2 potassium 

| | \ malonate and 20 c.c. 
Darkness pees! 0.12550 0.08235 |! bromine water. 

d) Diffused light | 50 0.06275 0.00925 | ed a potassium 

| | malonate and 10 c.c. 
Darkness | 450% | 1006275 0.01285 |) bromine water. 

Malic acid and bromine. 

i f | 2 4 . . a) Sunlight 40 | 0.06134 | 0.01532 | 50 c.c. z alie acid 

| and 10 c.c. bromine 
Darkness 40’ Do | 0.05672 | water. 

| | 

b) Sunlight 60 Do | 0.01035 | 

| Do 

Darkness | 60/ po |oo | 

©) Diffused light 80 | Do 0.02238 | 
| Do 

Darkness 80 Do 0.03225 | 

d) Diffused light 120’ Do 0.01785 

| | Do 

Darkness 12000 Do . | 0.02435 | 
Sodium malate and bromine. 

a) Sunlight | 25’ | 0.06134 | 0.01025 | 50 cc. & Sodium RE 

| N | | and 10 c.c. bromine 
Darkness 25/ | 0.06134 0.05735 water. 

b) Sunlight 40’ 0.12268 0.01832 | 50 ec. * Sodium Rat 

| | and 20 c.c. bromine 
Darkness 40’ 0.12268 0.09875 water. 

€) Diffused light | 120° | Do 0.02675 
| Do 

Darkness 1207 | Do 0.05324 | | 

d) Diffused light | 90’ | 0.06134 0.01824 | Sitar Y Sodium ite 

(| and 10 c.c. bromine 
Darkness 90’ 0.06134 0.03725 |) water. 
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Glycollic acid and bromine. 

| Amount of | 
: ‘ | Time of | bromine | Unchanged : Quality of light. | exposure | added in Bromine Volume of solution 

grams 

a) Sunlight 22 | 0.06035 0.01234 | eere 
| | ! 10 

‚{ acid and 10c.c. bro- 
Darkness | 22’ | 0.06035 0.04218 |} mine water. 

b) Sunlight En: 0.00597 | 
| | Do 

Darkness 45 | Do 0.02242 

c) Diffused light 25° | Do 0.02234 | 

| Do 

Darkness | 25’ Do 0.04138 | | 

d) Diffused light | 50’ Do 0.01075 | 

| Do 

Darkness 50’ Do 0.02105 

Sodium glycollate and bromine. 

a) Sunlight 20’ (0.06035 | 0.00584 | 50 ce Ne 
| €. 50 

| collate and 10 c.c. bro- 
Darkness 20/ 0.06035 0.03345 mine water. 

b) Sunlight 50’ 0.12070 | 0.00052 || 59 le ere B 
A "7 10 
| collate and 20 c.c. bro- 

Darkness 50’ 0.12070 0.06375 |} mine water. 

c) Diffused light 55’ Do 0.02475 | 

| Do 

Darkness 55’ Do 0.06231 | | 

d) Diffused light 24’ 0.060385 | 0.01375 | | EDGE EN; sodium gly- 

| "10 
| collate and 10 c.c. bro- 

Darkness 24’ 0.06035 0.03205 |! mine water. 

From a glance at the foregoing tables it will be clear that the 

reaction velocity is greater with the salts than with the corresponding 

acids. Hence it can be inferred that the action of bromine takes 

place on the negative radicles (e.g. tartarate ions, oxalate ions ete.). 

It will be seen that oxalic acid and oxalates act most vigorously. 

Moreover it will be seen that in these actions the ‘Reciprocity 

Law” holds good; (i.e. a photo-chemical change will be in general 

greater the greater the intensity of light. If we denote by A — B 
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the change, then the photo-chemical effect will be measured by a 

definite quantity of B produced from A. This effect, which may be 

termed E, should always correspond to the same amount of light 

energy. 

The total amount of light or “Light flux” over a time ¢ will be 

equal to /¢, where / is the intensity. Then the photo-chemical effect 

FE should be proportional to this, ie. A= A/t. This is the “Reci- 

procity law”, which states that the same photo-chemical effect is 

obtained with a light sensitive reaction for the same amount of 

light, whether the intensity be diminished and the time proportion- 

ately increased or conversely. 

It will also be seen that in sunlight the difference between the 

bromine that remains unchanged in the exposed and covered bottles 

is very marked, whilst in diffused light the difference is not so 

very marked. 

The oxidation of ethylaleohol by bromine in dilute aqueous solution 

has been investigated by BuGarszky (Zeit. Phys. Chem. (1901) 38, 

561; (1904), 48, 63; (1910). 71, 705) and he has found that the 

reaction takes place in consecutive stages, as represented by the 

formulae . 

C,H,OOH + Br, = CH,COH+2HBr.. . . . (D 

CH,COH + Br, + H,O = CH,COOH + 2HBr. . . (II) 

But he has not examined the effect of light on this change. It 

has now been observed that the change takes place more rapidly 

in sunlight and diffused daylight from the following tables. Similarly 

Bromine and ethyl-alcohol. 

| | Amount of | ‘ | 
5 i b i U d 5 

Quality of light. | mena | Ed | kerke | Volume of solution. 

| | in grams. 

a) Sunlight 158’ | 0.06527 0.01545 5 c.c. ethyl-alcohol and 

Darkness 158’ Do 0.06412 10 c.c bromine water. 

10 c.c. ethyl-alcohol and 

Darkness 286’ Do 0.04628 10 c.c. bromine water. 

c) Diffused light 159’ Do 0.02895 | 5 cc. ethyl-alcohol and 

Darkness 159’ Do 0.06248 10 c.c. bromine water. 

d) Diffused light 285’ Do 0.02012 

Darkness 285’ Do | 0.04613 

10 c.c. ethyl-alcohal and 

b) Sunlight 286/ Do 0.01084 | 

| 10 cc. bromine water. 
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Bromine and methyl-alcohol. 

| 
; Amount of 

Quality of Light eae Bromus Venen | Volume of solution. 

in grams. 

a) Sunlight 150’ 0.06527 0.01154 | 5 c.c. methyl-alcohol and 
eines 150’ Do 0.06205 \ 10 cc. bromine water. 

b) Sunlight 280’ Do 0.00903 | 10c.c. methyl-alcohol and eee 280 | Do 0.05420 { 10 cc. bromine water. 

c) Diffused light 155’ Do | 9.01998 |) sec methyl-alcohol and 
ee 155! Do 0.06210 \ 10 ec. bromine water. 

d) Diffused light 285’ Do 0.01610 10 c.c. methyl-alcohol and eae 283/ Do 0.05412 { 10 ec. bromine water. 

it has also been observed that the action of bromine on methyl 

alcohol is also accelerated by light. Price (Zeit. Phys. Chem. 1898, 

27, 474) has shown that persulphates slowly liberate iodine from 

a solution of potassium iodide. 

Now it has been found out that persulphates can slowly liberate 

bromine from a solution of bromides and that in presence of light 

the action is much more rapid than in darkness 

2 NaBr + Na,S,O, = 2 Na,SO, + Br,. 

Sodium persulphate and Potassium bromide. 
— ——— —— 

Time of | Amount of 
Quality of Light. exposure. bromine liberated: Volume of solution. 

1) Sunlight 300’ | 0.00508 |) 25 cc. N KBr and 10c.c. 
Marknese 300’ | 0.00406 | | 10 sodium persulphate. 

2) Sunlight 420’ | 0.00687 

Darkness 420’ | 0.00575 | 23 

3) Sunlight 480 ___|____0.00923 | 5 cc. N KBr and 20c.c. 

Darkness 480’ 0.00801 | | a sodium persulphate, 

4) Diffused light 540’ | 0.00776 | 25 cc. N KBr and 10 ec. 

Darkness 540 | Ss 0.00712 | {9 Sodium persulphate. 

5) Diffused light 620’ | 0.00916 25 c.c. N KBr and 10c.c. 

Darkness 620’ 0.00849 na sodium persulphate. 
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It will be seen that in all these cases in presence of light the 

chemical change is much more rapid than in darkness and so we 

see that light acts as a positive catalyst in all these reactions. 

Up till now practically there was no instance known in which 

light was said to have any influence on the action of free iodine 

on a reducing agent. Thus Lurner and Prornikorr (Zeit. Phys. Chem. 

61, 524 (1907)) have shown that the action of iodine on phosphor- 

ous acid is un-influenced by light. 

In the present investigation it has been proved that light has much 

influence on a number of oxidations by iodine. Thus it bas been 

found that oxalic acid and oxalates are acted upon by iodine much 
more rapidly in light than in darkness. 

The action of iodine on the free acid is rather slow but the action 

on oxalates is fairly rapid. Hence a closer study was undertaken 

and it has been found out that the action of iodine on ammonium 

oxalate is quite regular. Thus a dozen observations were made in 

the month of March under exactly similar conditions and concordant 

readings were obtained. 

As usual two 100 c¢.c. stoppered bottles were taken and 50 c.ec. 

N : INR ZE 
_ ammonium oxalate and 5 cc. Ti iodine were taken in each of 
5 

At 30°. 

No of observation | See one aed Uncraneed 

! ] 

Light | 6 0.0685 —-0, 00012 
2 ae 60’ Do 0.05178 

Light 60’ Do 0.00011 

2 | Darkness 60’ Do 0.05175 

Light 60’ Do 0.00012 

4 | Darkness 60’ Do 0.05169 

Light 60’ Do 0.00012 

ni | Darkness 60’ Do 0.05182 

Light 60’ Do 0.00011 

2 eu 60’ Do 0.05179 

Light 60’ Do 0.00012 

5 | Darkness | 60’ Do 0.05175 
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them. One of them was exposed to bright sunlight on clear days at 

12 in the noon, the other covered with a piece of black flannel and 

was placed by the side of the other. After one bour’s exposure the 

amount of residual iodine was titrated against standard thiosulphate. 

In the four following observations, in order to exclude air a 

current of nitrogen was passed through the solution and the bottles 

were stoppered and exposed at 12 in the noon as usual. 

" | Light 60’ 0.0635 0.00012 

| Darkness 60’ Do 0.05180 

_ {Light 60’ Do 0.00011 

2 oe 60’ Do 0.05176 

5 | Light 60’ Do 0.00010 

| Darkness | 60’ Do 0.05177 

Light | 60’ Do 0.00012 

2 Darkness | 60’ Do | 0.05178 

In the four following observations a current of carbon dioxide 

was passed through the mixture and thereby oxygen was excluded 

and the effect of carbon dioxide could be observed. 

| Light 60’ 0.0635 0.00011 

| Darkness | 60’ 0.0635 0.05176 

55 | Light 60’ Do | 0.00012 

Darkness 60’ Do | 0.05175 

Light ja RGO Do 0.00010 
ke | Darkness 60’ | Do | 0.05180 

Light 60’ Do 0.00012 

2 | Darkness | 60’ Do | 0.05178 

Evidently oxygen and carbon dioxide are without any influence 
on the actinometer. 

Now the effect of diffused day-light was observed. The bottles 
were put in a shady place on bright sunny days. 
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1) | Diffused SKL 190’ | 0.0635 0.01412 

Darkness 190’ Do 0.03925 

Diffused light 190’ Do 0.01414 

4 | Darkness 190’ Do 0.03925 

AN | Diffused light 190’ Do 0.01411 

| Darkness 190%. =| Do 0.03925 

Diffused light | 190’ | Do | 0.01411 

Z | Darkness | 190’ Do | 0.03925 

The following three experiments were carried out in an atmosphere 

of nitrogen. 

_ Diffused light | 190’ 0.0635 | 0.01416 

Dae 190 Do | 0.03928 

5 Diffused light 190’ Do | 0.01412 

Darkness | 190’ Do 0.03924 

. Diffused light | 190’ Do | 0.01411 

ae Darkness | 190’ Do | 0.03926 

The following three experiments were carried out in an atmosphere 

of carbon dioxide. 
| Diffused light 190’ 0.0635 | 0.01415 

ne | Darkness | 190’ Do 0.03928 

a Diffused light | 190’ | Do | 0.01411 

| Darkness 190’ | Do | 0.03928 

Diffused light | 190°, | Do | 0.01413 

=" Dannes 190 | Do | 0.03926 
Evidently the behaviour of this actinometer is quite regular. 

Potassium oxalate may be substituted for ammonium oxalate and 

the potassium oxalate-iodine actinometer works as well as the ammo- 

nium oxalate-iodine actinometer. 

Eper’s (Sitzungsber. der Kaiserlichen Akademie der Wissenschaften, 

Wien, October 1879) actinometer, which consists of a mixture of a 

saturated solution of ammonium oxalate and mercuric chloride, is 

generally used; but unfortunately there are several disadvantages of 

this actinometer. WiuntrHer (Zeit. Wiss. Photo (1909) I, 409) has 

shown that oxygen plays the part of a negative catalysor in the 

photo-catalysis of the reaction of a solution of mercuric chloride and 

ammonium oxalate in light. It is well-known that after exposure 

to sunlight Eper’s solution begins to separate mercurous chloride 

according to the following equation : 
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2 Hg Cl, + (NH), C,0, = 2 He Cl + 2 CO, + 2 NH, CI. 

The above author has shown that the sensitiveness of Eprr’s 

actinometer may be increased eighty (80) times in absence of oxygen. 

Moreover, Rororr (Zeit. Phys. Chem. 18, 329 (1894)) has shown 

that carbon dioxide, which is one of the products of decomposition 

and consequently always present, largely increases the sensitiveness 

of the above form of actinometer. 

The lodine-Oxalate actinometer worked out in this investigation 

and which depends on the following reaction in presence of light 

I, + (NH,),C,O, = 2 CO, + 2 NH,I 
or 

I, + K,C,0, = 2 CO, + 2 KI 

is absolutely free from the disadvantages of the Eper Actinometer 

as has been proved by the foregoing tables that neither oxygen nor 

carbon dioxide has any influence on this actinometer. 

Moreover the estimation of iodine by standard sodium thiosulphate 

is decidedly simpler and easier than the estimation of mercurous 

chloride in the Eper Actinometer. Obviously the use of the iodine- 

oxalate actinometer is to be preferred. 

It has also been found out that iodine acts more rapidly in 

presence of light on other organic acids and their sodium salts than 

in the dark. 

The action of iodine on formates which takes place according to 

the following equation 

H.COONa + I, = Nal + HI + CO, 

is quite rapid as will be shown in the following table. 

Sodium formate and iodine. 

Time of | Amount of | Unchanged 
‚ exposure | iodine added iodine Volume of Solution 

Quality of light 

a) Sunlight | 154 0.0635 | 0.00103 40 c.c. Normal Sodium for- 

Darkness | 15/ Do 0.00295 en and 5 c.c. iodine. 

b) Sunlight 26’ Do 0.00116 20 c.c. Normal formate and 

Darkness rs 267 Do 0.00298 5 CC. x iodine. 

c) Diffused light | 40/ Do 0.00154 40 c.c. Normal Sodium for- 

Darkness 40/ Do 0.00225 mate and 5 c.c. 7 iodine. 

d) Diffused light | SOA Do 0.00142 40 c.c. Normal formate and 

pores | Gey ol Do 0.00224 | 10 cc. 2 iodine. 
| 

re 12 
Proceedings Royal Acad. Amsterdam. Vol. XVIII. 
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Formic acid and iodine. 

Quality of light. Pee epmmeuntery Cnebeneed | Volume of Solution. 

a) Sunlight | 300’ | 0.0635 | 0.00642 10 c.c. 3.87 normal formic 

Darkness | 300’ Do 0.00809 an and 5 c.c WY iodine. 

b) Sunlight | 180 | Do 0.00858 | 

Darkness | is ‘| Do 0.01023 | sip 

©) Diffusedlight| 180’ | __Do 0.00922 | 
Darkness | 180’ Do 0.01092 | | me ’ 

d) Diffusedlight| 820° | Do | 0.00175 | 

Darkness | 820’ Do 0.00201 | ne 

Ammonium oxalate and iodine. 

1) Sunlight | 180° 0.0635 | 0.00321 eN aon 
(feeble) | 5 

Darkness 180! 0.0635 0.04369 | tate and 5 cc. A iodine 

2) Sunlight | 300° | 0.1270 | 0.00823 ‘\50 ee Namen 
(feeble) | : | | | 5 

Darkness 300’ | (0.1270 \_ 0.09854 \ tate and 10 cc. iodine. 

3) Sunlight | 65 | 0.0635 | 0.00013 |) 59 eN ammonium oma: 
(bright) | 5 

Darkness bees 0.0635 0.05140 \\ late and 5 cc, hl iodine 

4) St aaa ais | 170 0.1270 0.01648 50 cc. À ammonium oxa- 

Darkness | 170 Barad el Owordenkl Nate aaa ables N iodine. 

5) Diffusedlight | 240° | 0.1270 | 0.02441 

Darkness | 240’ | 0.1270 | 0.05871 | i 

6) Diffused light | 190’ 0.0635 | 0.01452 | 50 cc. 2 ammonium 

Darkness | __190’ 0.0635 | 0.03985 |\late and 5 cc. * iodine 

Potassium oxalate and iodine. . 

1) Sunlight 60’ | 0.0635 0.00011 |) 90 Cc. 5 Pot. oxalate and 

Darkness | 60’ | 0.0635 0.05140 He Gc: 7 iodine. 

2) Sunlight 168’ 0.1270 | 0.01657 | ti oe 2 Potioxelate ant 

Darkness. … | 165 | 0.1270 | 0.09778 |) 10 ee. a AE 

3) Diffused light | 245’ Do | 0.02401 | a 

Darkness 245 Do 0. 05321 | 

4) Diffused light | 190’ 0.0635 0.01412) 50 cc. } Pot. oxalateand 

Darkness 190 0.0635 | 0.03925 | Bice iy iodine. 
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Oxalic acid and iodine. 

ee 

dl Time of | Amount of Unchanged | 
Quality of ligh Volume of Solution 

exposure (iodine added, iodine 

1) Sunlight 210’ | 0.00635 0.00379 | 50 cc. ® oxalic acid and 

Darkness 210° \ 0.00635 | 0.00482 | 5 ec. ‚op iodine. 

2) Sunlight 360° _0.01210 \ 0.00693 _}50 cc. N oxalic acid and 

Darkness 360 0.01270 < 0.00921 | 10 cc. {4 iodine. 

3) Diffused light 420’ 0.00635 | 0.00365 +] 50 cc. N oxalic acid and 

Darkness 420° 0.00635 0.004075 cc. ‚og iodine. 
4) Diffused light 520’ 0.01270 0.00785) 50 cc. ™ oxalic acid and 

Darkness | 520’ 0.01270 | 0.00861 { 10) c.c: x iodine. 

Malonic acid and iodine. 

1) Sunlight | 240’ | 0.00635 0.00483 H price: a atomho- acid 

| : 

Darkness | 240’ | Do ‚_0.00565 | BRE B odin 

2) Sunlight 420’ | Do | 0.00285 | a 

Darkness | 420’ Do 0.00372 | | 

3) Diffused light | 480’ Do | 0.00245 | A 

Darkness | 480’ Do 0.00288 

4) Diffused light | 560/ Do 0.00201 | i 

Darkness 560’ Do 0.00246 

Sodium malonate and iodine. 

1) Sunlight | 180’ | 0.00635 | 0.00134 
| 50sec: > sodium malo- 

Nis 
Darkness | 180 | Do 0.00526 | dees 

2) Sunlight 320’ Do 0.00065 |} ae 

Darkness | 320’ Do 0.00269 | 

3) Diffused light | 360 | Do 0.00148 | 

Darkness 360 =|) Do 0.00251 | a 

4) Diffused light! 520° | Do 0.00102 

Darkness 520’ Do 0.00199 | A 

| | 
(ph 
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Lactic acid and iodine. 

Time of | Amount of Unchanged | 
Quality of light Volume of solution 

| exposure |iodine added iodine | 

ry ES 7 | 2 1) Sunlight 300 0.00635 0.00519 | si ny EN 
| 

Darkness 300’ Do 0.00595 | op Leenen 

2) Sunlight | 340’ Do 0.00501 | 
| | | Do 

Darkness 34000 Do 0.00570 | 

3) Diffusedlight | 360’ | Do 0.00525 | 
| | Do 

Darkness | 360’ | Do 0.00560 
} | 

4) Diffused light | 520’ Do 0.00335 | | 
Do 

Darkness 520’ Do 0.00380 

Sodium lactate and iodine. 

1) Sunlight | 250° | 0.00635 | 0.00325 | eine “i ate 

| ; | tate and al iodine. 
Darkness |. 250 Do 0.00575 | 100 

2) Sunlight 480’ | Do | 0.00135 || a 

Darkness 480’ 4 Do 0.00295 | 

3) Diffused light | 490’ De 0.00203 | 

Darkness | 490° | Do | 0.00292 | | ae 

4) Diffused light | 560° | Do | 0.00113 | ee 

Darkness 560’ | Do 1 “Of0021573| 

So m tartarate and iodine. 

a) Sunlight 135° | 0.00635 | 0.00148 
| 50 cc. 5 © sodium tarta- 

| | No 
Darkness ' 135’ |. Do 000381 | Fo ENS ey en 

b) Sunlight 250’ | Do _ | _0.00085 | 
| Do 

Darkness 250’ | Do | 0.00213 

€) Diffusedlight | 200° | Do | 0.00272 | 

Darkness | 200 Do 0.00356 
ight | Zal 0: d) Diffused light | 240 | Do | 0.00132 | ae > sodium Gie 

Nashe 
rate and 5 c.c. iodine. Darkness | 24 | Do 0.00205 100 



Quality of light 

a) Sunlight 

Darkness 

b) Sunlight 

Darkness 

c) Diffused light 

Darkness 

d) Diffused light 

Darkness 

1) Sunlight 

Darkness | 

2) Sunlight | 

Darkness | 

3) Diffused light | 

Darkness | 

4) Diffused light | 

Darkness 

1) Sunlight 

Darkness 

2) Sunlight 

Darkness 

3) Diffused light 

Darkness 

4) Diffused light 

Darkness 

Time of 
exposure iodine added 

220 

220 

360 

360 

380 

380 

520 

520 

180 

180 

380 

380 

420 

420 

520 

520 
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Tartaric acid and iodine. 

Amount of 

0.00635 

Unchanged 

Sodium citrate and 

0.00635 

Citric acid and iodine 

0.00635 

| Volume of solution, 
iodine 

| N 
0.00485 | 50) cic: = tartaric acid 

0.00589 | and 5 cc. A iodine 

0.00272 | 
Do 

0.00386 J 

0.00315 
| Do 

0.00377 

0.00242 9 
| Do 

0.00305 | 

iodine 

WU 5 ; 
0.00051 50 c.c. — sodium citrate 

0.00244 \\ and 5 ce. “» iodine 
0.00029 

Do 
0.00141 | 

0.00263 
| Do 

0.00321 

0.00121 | 
| Do 

0.00185 | 
| 

| ; 
0.00512 50 cc. ~ citric acid 

0.00603 and 5 c.c. Sn iodine 

0.00283 
| Do 

0.00375 

0.00318 | } 
| Do 

0.00365 | 
| 

0.00247 

0.00303, 
Do 
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Sodium Malate and iodine. 

_ Quality of light | Time of | Amount of | Unchanged | Volume of solution 
exposure iodine added, iodine 

| 

1) Sunlight 200’ 0.0127 | 0.00415 50: ce; af sodium malate 

Darkness | 200° | Do 0.01072 and 10 c.c. x iodine 

2) Sunlight 380/ | Do | 0.00203 | 

Darkness 380’ | Do | 0.00552 | | a 

3) Diffused light 400’ Do 0.00385 | 

Darkness | 400° Do 0.00539 | | i 

4) Diffused light 480° Do 0.00295 | En 

Darkness 480’ Do | 0.00425 |} 

Malic acid and iodine. 

1) Sunlight 210’ | 0.00635 | 0.00512 | 50 c.c. x Malic acid and 

Darkness RA OA Do | 0.00595 : c.c x iodine solution 

2) Sunlight | 307 + Do _ | 0.00229 | ae 

Darkness | 390’ Do 0.00320 | 

3) Diffused light | 410 Do | 0.00261 | a 

Darkness | 410 | Do | 0.00312 |J 

4) Diffused light| 520’ | Do | 0.00187 | 

Darkness | 5204 Do | 0.00248 | a 

Sodium glycollate and iodine. 

1) Sunlight le 255/77 | 20500635) ||) 0500203 50 c.c. v sodium glycol- 

Darkness 255! | Do 0.00458 | late and 5 c.c. vv iodine 

2) Sunlight | 420’ | Do | 0.00128 

Darkness | 420’ | Do | 0.00287 | mie 

3) Diffused light | 480 | Do ‘0.00147 

Darkness | 480’ | Do |_0.00224 oe 

4) Diffused light | 550’ | Do 0.00125 |) 

Darkness | 550’ | Do 0.00192 | ne 
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Glycollate acid and iodine. 
vr nne eer een ene ene reen ma SSR EE STI Do ee 

Quality of light Time of | Amount of | Unchanged | 
exposure iodine added iodine Volume of Solution 

1) Sunlight | 250" | 0.00635 0.00415 isde a A glycollic acid and 

Darkness | 250° © ~~ =Do | 0.00542 |45 c.c. x iodine. 

2) Sunlight 420' | Do | 0.00224 | 5 

Darkness 420’ Do 0.00352 || is 
3) Diffused light 480’ Do 0.00217 | on 

Darkness 480' Do 0.00275 { 

4) Diffused light 560' Do | 0.00185 | ne 

Darkness 560! Do 0.00232 | 

From the foregoing tables it will be seen that the action of iodine 

is more rapid with the salts than with the acids. Hence it may be 

inferred that iodine acts on the negative organic radicals (i.e. formate 

ion, malate ion, etc.). Moreover the “Reciprocity Law” holds good 

Concentration of nitrite solution 2N (0.991 factor). 
‘EE 

ES | rer 
Quality of tight | Time of | Amount of | Unchanged | —Vojume of solution 

| exposure iodine added iodine 

Dyounhent 30! 0.0635 0.00128 50 c.c. Sodium nitrite and 
| IN DAN 

‚03469 |)5 cc. iodine. Darkness 30’ 0.0635 0 | 10 

2) Sunlight 125’ | 0.1270 0.00642 | 50 c.c. Sodium nitrite and 
| Nae 

Darkness | 125’ | 0.1270 0.06832} 10 c.c. 55 iodine. 

3) Sunlight 280’ „01905 | 0.01135 | 50 cc. Sodium nitrite and 
| | | | { ING Ys 

Darkness | 280’ \_0.1905 | 0.09985 | | 15 cc, +5 iodine. 

4) Sunlicht | 25° | 0.03407 | 0.00054 | ice. Sodiimmitriteand 
| | | mk 

Darkness 25’ | 0.03407 0.01854 ZO GG, 100 iodine. 

5) Diffused light, 100’ | Do 0.00663 | 
| | | Do 

Darkness | 100° | Do 0.01235 || 

6) Diffused light 180° | 0.0635 0.01101 ie cc. Sodium nitrite and 

Darkness | 180’ | 0.0635 0.02195 |\5 cc. 9 iodine. 

7) Diffused light | | 244’ 0.1270 0.02403 50 c.c. podium nitrite and 

| | 
Darkness | 244’ 0.1270 | 0.04785 10% cer ty iodine. 
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in all the instances studied i.e. for equal times of exposure, the 

change is much more rapid in sunlight than in diffused light. 

It has been found out that a solution of a nitrite slowly acts upon 

a solution of iodine and that the change is greatly accelerated by 

sunlight; the change never proceeds to completion, since it is reversible 

Na NO, + I, + H,O 2 Na NO, +- 2 HI. 

Moreover the hydriodie acid formed acts on the nitrite. 

Pure sodium nitrite was prepared by the double decomposition 

between silver nitrite and sodium chloride (Ray & Duar, Trans. 

Chem. Soc. 1913, 108, 10) and dissolved and standardised. 

The standard sodium nitrite solution was mixed with iodine and 

exposed as usual in stoppered bottles. (See table p. 1117.) 

Hydrazine hydrochloride and iodine. 

Time of | Amount of | Unchanged | 
exposure iodine added, iodine | Volume of Solution Quali-y of light 

1) Sunlight =| 255 | 0.1270 0.01066 | ES A (Factories) 

Darkness AC 256° Iecoriz0 | OLoles In 
| and 10 c.c. 10 iodine. 

2) Sunlight | 290 Do 0.00858 

Darkness 290’ | Do 0.01475 | me 

3) Diffusedlight| 240’ | Do 0.01712 | 

Darkness 240’ Do 0.01875 | | oh 

4) Diffused light | 70’ (0.0635 0.00964) li ioe. galt solutions 

Darkness 70’ Do 0.01028 | DCE: " iodine, 

5) Diffused light 135’ | Do 0.00488 

Darkness 135’ | Do 0.00642 | is 

Hydroxylamine hydrochloride and iodine. 

1) Sunlight | 258°. | 0.1270 0.00758 | Ae Onde NCI eee 

Darkness = 1255! 0.1270 0.01295 | | tor) and 10 c.c a iodine. 

2) Sunlight 45’ 0.0635 0.00671 10 cc. salt solution and 

Darkness 45! Do 0.00923 3 CC. al iodine. 

3) Diffused light 15! Do 0.00651 

Darkness 15 Do 0.00747 | ie 

4) Diffused light 39 0.03175 0.00051 10 feel salt solution tant 

Darkness 39’ 0.03175 0.00077 i ce. sf iodine. 10 
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Evidently light markedly accelerates the action of iodine on nitrite 

solutions. 
It has also been observed that in presence of light the action of 

iodine on hydrazine hydrochloride and hydroxylamine hydrochloride, 

is decidedly more rapid than in darkness. (See table p. 1118.) 

The oxidation of hypophosphorous acid by Iodine has been inves- 

tigated by various workers. Rupp and Finck (Arch. Pharm. 1902, 

240, 663) propose for ‘the estimation of hypophosphorous acid a 

method which is based on the fact that in acid solution the hypo- 

phosphorous acid is oxidized to phosphorous acid. Srer.e (Trans. 

Hypophosphorous acid and iodine. At 28°. 

Quality of light Time of Amount of | Unchanged 
| reaction liodine added| iodine Volume of solution 

HOC: a (factor 0.852) 
1) Sunlight | 150’ 0.03175 0.02475 

| | hypophosphorous acid 
Darkness | 150’ | Do 0.02934 Vienne: 

and *2:5' ic; 10 iodine. 
\ 

2) Sunlight 250 Do 0.01396 
Do 

Darkness 250’ Do | 0.01612 | 

3) Diffused light | 160’ Do ___0.02689 | 
| Do 

Darkness 160’ Do | 0.02912 

4) Diffused light | 260’ Do 0.01425 
Do 

Darkness | 260’ Do | 0.01587 

Sodium hypophospnite and iodine. At 28°. 

| N salt soluti 1) Sunlight 140’ 0.03175 GvOtosss eee AO es ROLL E 
(factor 0.984) and 2.5 c.c. 

Darkness | 140’ Do 0.01385 mp 
| 10 iodine. 

N 
2) Sunlight 240/ Do 0.00268 (75 ee. 75 (factor 0.984) 

Darkness 240’ Do 0.00360 |ana HE ee iodine. 

N 
3) Diffused light | 150’ Do 0.01175 (50 ee. 79 (factor 0.984) 

Darkness 150’ Do 0.01378. | |and DINE Wy iodine. 

| N 
4) Diffused light 245’ Do | 0.00308 | \75 cc. 75 (factor 0.984) 

Darkness 245’ Do | 0.00356 [and 25 ce. a jodine, 
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Chem. Soc. 91, (1907), 1641) has again attacked the same reaction 

and has found out that the reaction is unimolecular with respect to 

hypophosphorous acid, but it is catalytically accelerated by hydrogen 

ions. Nobody has examined the action of light on this reaction. 

lt has now been found out that the action of iodine on the acid 

as well as its salts is eatalytically accelerated by sunlight as will 

be evident from the following tables, though Luruer and PLorNikorr 

(Zeit. Phys. Chem. 61, 524 (1907)) have shown that light is without 

any influence on the action of iodine on phosphorous acid. (See p. 1119). 

Evidently light markedly accelerates the action of iodine on hypo- 

phosphorous acid as well as hypophosphites. Here light plays the 

same part as hydrogen ions do in these oxidations. 

Dawson and his pupils (Trans. Chem. Soc. (1909), 95, 1860; 

(1913) 108, 2135) have shown that iodine acts slowly on an aqueous 

solution of acetone and that the action is catalytically accelerated 

by hydrogen ions. According to the above authors the reaction takes 

place according to the following scheme 

[CHE COCH, = CHe: € (OH) CH, 

Il CH,:C(OH)CH, + I, > CH, Cigar OH, 

Il CH,.i¢ con CH, > CH,ICOCH, + HI. 

Now it has been found out tbat light acts as a positive catalysor 

in the above reaction. In the absence of an acid, the interaction 

between iodine and aqueous acetone proceeds very slowly ; so at 

the beginning an equal amount of acid was added to each of the bottles 

in order to accelerate the reaction. 

Acetone and iodine. 

EA | 3 | 
: . Time of | Amount of | Unchanged » : 

Quality of light | exposure iodine ae RTE Volume of solution 

| 

1) Sunlight 360’ 0.00635 0.00145) 5 cc. zog iodine and 5 cc. 

Darkness | 360’ Do | 0.00248 | acetone and 5 c.c. 5 HCI 

2) Sunlight | 420 | Do |- | 0.00121 | 

Darkness | 420° Do | 0.00225 | 

3) Diffused light 365’ Do | 0.00197 

Darkness 365’. | __Do ‚ | 0.00242 | a 
4) Diffused light | 425/ | Do 0.00162 | 3 

Darkness | 425/ Do 0.00219 | 
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Evidently it is clear that just as hydrogen ions catalytically 

accelerate the action of iodine on acetone, so light is also a positive 

catalysor in the above reaction. 

Price. (Zeit. Phys. Chem. 1898, 27, 474) has shown that persul- 

phates slowly liberate iodine from iodides in aqueous solution accord- 

ing to the following equation : 

K,S,0, + 2 KI = 2 K,SO, + 

According to the chemical equation it should be one of the third 

order, but investigation by the ordinary methods of chemical dynamics 

showed it to be of the second order; evidently the reaction takes 

place in stages. Moreover, Prick has shown that the reaction is 

sensitive to the catalytic influence of iron and copper salts, a marked 

acceleration being produced even in the presence of Alen solutions 
) 

of either ferrous sulphate or copper sulphate. In each case the 

acceleration is directly proportional to the concentration of the 

catalyst and in the case of iron salts independent of whether it is 

added as ferrous or ferric salt. 

The action of light on this chemical change has now been in- 

vestigated and it has been found out that light, as in other instances, 

Sodium persulphate and potassium iodide at 30° 
EE LY TS ET 

. Amount of 
Quality of light Time of iodine Volume of solution 

exposure xP liberated 

[| D:c¢ af ersulphate and 1) Sunlight 109 0.01054 | °°“ 10 P P 
p N 

Darkness 100’ 0.00926 | Onee: 5 KI and 50 c.c. 

| | distilled water 

2) Sunlight | 140 0.01475 | 
| | Do 

Darkness 140’ 0.01355 | 

3) Sunlight 80’ 0.00732 | 
| Do 

Darkness 80’ 0.00638 | 

4) Diffused light 70’ 0.00668 
Do 

Darkness 70’ 0.00579 | 

| N 

5) Diffused light] 120’ Ox01386 IAA Tore Oee 
| N 

Darkness | 120’ 0.01299 GG 5 Kl and 25 cc. 
| water 

6) Diffused light | 60’ 0.00694 | | 
| Do 

Darkness | 60’ 0.00635 
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acts as a positive catalyst i.e. more iodine is liberated in presence 

of light than in darkness. (See table p. 1121.) 

From a series of reactions investigated in this connection it will 

be seen that bromine and iodine are reduced and pass into ionic 

state i.e. beeome bromidion (Br) and iodidion (I’) respectively 

more rapidly in light than in darkness. Moreover, it has been seen 

that in the action of sodium persulphate on potassium bromide or 

potassium iodide, light acts as a positive catalyst i.e. in presence of 

light bromidions (Br’) and iodidions (I’) are oxidized to free bromine 

and íodine more rapidly. Thus this process is the reverse of the 

former and this action of light forms an instance of reversible 

catalysis. It is well known that platinum black absorbs free oxygen 

and yields it again immediately to oxidizable substances, but it can 

also, by virtue of the same affinity, take oxygen from substances 

capable of readily losing it. When platinum black is dropped into 

hydrogen peroxide, the platinum immediately takes up oxygen, probably 

forming an unstable oxide, which decomposes at once. Platinum 

black thus acts as a positive catalyst in processes involving the 

addition or removal of oxygen, according to circumstances. 

SABATIER (Rec. Gén. Chim. pure et appl. 1914 17, 185) in his 

lecture on catalysis states that finely divided copper or nickel placed 

in an atmosphere of hydrogen, fix the gas temporarily and pass it 

on to other substances conversely in the presence of substances 

capable of giving up hydrogen, these metals take up hydrogen, 

which is immediately set free. 

Thus SaBATIER holds the view that the unstable intermediate com- 

pounds formed by catalysts can determine the reaction in either 

direction and the author attempts to explain reversible catalysis 

by the hypothesis of “unstable intermediate compound” formation. 

As has already been observed, in the catalytic action of light on 

the oxidation of bromidion (Br’) and iodidion (I’) by persulphates 

and the reduction of free bromine and iodine by various reducing 

agents (e.g. oxalic acid, oxalates, hydroxylamine hydrochloride ete.) 

we have an instance of reversible catalysis; but SABATIER’s explana- 

tion cannot be extended to these actions, since light is not a material 

substance as used in the ordinary sense. 

The study of the influence of light was extended to various other 

reactions. 

The mechanism of the reduction of mercuric chloride by formic 

acid and formates has been investigated by Portes and RuyssENn 

(Compt. rend. 1876), 82, 1504) Scana (Gazetta (1890), 20, 393), 

LirBeN (Monatsh. (1893), 14, 750) ete. Recently Finpray and Davins 
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Trans. Chem. doe. (1913), 108, 1554) have attacked the same problem 

and have observed that the reduction of mereurie chloride by sodium 

formate is a reaction of the second order and as the complete re- 

action appears to be represented by the equation 

2 HeCl, + NaCHO, = 2 HgCl + NaCl + HCI + CO, 

and it follows that the reaction must take place in stages. 

It has now been found out that light accelerates the reduction 

of mercuric chloride by formic acid i.e. more mercurous chloride 

is formed in light than in darkness. 
Formic acid and mercuric chloride at 30°. 

Time of HgCl formed 
Quality of light Volume of Solution reaction in grams 

1) Sunlight 150’ 0.02361 20 cc. 5 HgCls and 20c.c. 

Darkness 150’ 0.01886 j 3.87 Noriral formic acid. 

2) Sunlight 4123) 0.02006 |) 
Do 

Darkness 123’ | (0.01486 | $ 

3) Sunlight 195’ | 0.06095 |) opec” N HgCl, and dee 
Darkness | 195’ |. 0.048% | f 3.87 Normal formic acid. 

4), Diffused light 125’ | _0.01732 | 20 ec. HHC and 20e. 

Darkness 125/ | 0.01512 { 3.87 SoReal formic acid. 

5) Diffused light 155’ | 0.02013 

Darkness 155° 0.01895 | fl a 

The estimation of mercurous chloride was carried out according 

to the method of Kasrrr and Brary (Amer. Chem. Jour. 24, (1900), 

182). The precipitate of Calomel was decomposed by boiling sodium 

hydroxide solution 

2 HeCl + 2 NaOH = Hg,0 + 2 NaCl + H‚C 
and the mixture is filtered through an asbestos filter and dt filtrate was 

exactly neutralised with HNO, and the chloridion (Cl’) was estimated 

with deci-normal or centi-normal silver nitrate using potassium chro- 

mate as an indicator. The accuracy of this method was first determined 

by gravimetric analysis and in all cases concordant results were obtained. 

Mercurie chloride is slowly reduced by sulphurous acid and at 

about 30°, the reduction is quite measurable. The reaction takes 

place according to the following equation: 

2 HeCl, + H,50, + H,O > 2 HCI + H,SO, + 2 HeCl. 
It bas been found out that the reduction is markedly accelerated 

by light as is evidenced from the following table: 
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Sulphurous acid and mercuric chloride at 30°. 

Quality of light 
‚ Time of 

Mercurous | 
chloride form- 

| reaction | ed in grams | 

1) Sunlight | 270’ 0.11328 

Darkness 270 0.10148 

2) Sunlight 120’ 0.02832 

Darkness 120’ 0.02242 

3) Sunlight 240’ 0.05592 

Darkness | 240’ 0.04394 

4) Diffused light | 250’ 0.04876 

Darkness | 250’ 0.04421 

5) Diffused light | 280’ 0.11185 

Darkness | . 280’ 0.10232 

50 c.c 

Volume of solution 

50 c.c. = HgCl, and 20 c.c. 

(1.25 factor) H,SO; 

cic: a HgCl, and 20 c.c. 

H,SO, 

Do 

Do 

N 
“10 

(factor 1.25) H,SO; 

HgCl, and 20c.c. 

A solution of sodium hypophosphite slowly reduces a solution of 

mercuric chloride. The reaction takes place according to the following 

equation : 

NaH,PO, + 4 HgCl, + 2 H,O = 4 HgCl + NaCl + HCI + H,PO,,. 

The reaction is markedly accelerated by light as will be evident 

from the following observations, which were carried out at 30°. 

Sodium hypophosphite and mercuric chloride. 

Quality of light 

1) Sunlight 

Darkness 

2) Sunlight 

Darkness 

3) Sunlight 

Darkness 

4) Diffused light 

Darkness 

5) Diffused light | 

Darkness 

Time of Amount of HgCl 
reaction formed in grams 

} 48° | 0.03304 

48 (0.02596 

125’ | 0.09834 | 

125’ | 0.07638 | 

160 0. 12862 

160’ 0.09654 

50’ 0.02854 | 

50’ 0.02558 | 

| 180° 0.12895 | 

180’ | 0.10321 | 

25 c.c. hypophosphite solution sl 

Volume of Solution 

10 

(factor 0.981) and 10 c.c. = Hegcly 

Do 

| | 25 cc. same hypophosphite solu- 

| \ tion and 20 c.c. 10 mercuric chloride. 

25 c.c. same hypophosphite solu- 

tion and 10 c.c. — mercuric chloride 
10 

25 c.c. same hypophosphite solu- 

tion and 20 c.c. = HgCly 



The light sensitiveness of the mixture of HgCl, and (NH,),C,O, 

was first discovered by Prancne (Jour. de Pharm. 1815 p. 49). 

BECQCEREL and Fremy (“Loa lumière, ses causes et ses effets”, 1868, 

2 Bde, 2, p. 69) used a mixture containing 6.5 grams of HeCl, and 

12.5 grams of oxalic acid dissolved in 100 ¢.c. of water for the 

construction of their chemical photometer. 

In an interesting work “Etude sur la force chimique continue dans 

la lumière du soleil”, 1875, Marcuanp observed that the rate of 

decomposition of oxalic acid and mercuric chloride in presence of 

light, is not regular. 

Eper (loc. cit.) in 1879 made a thorough study of this photometer 

and introduced some corrections, by which this photometer can be 

used in measuring accurately the chemical intensity of light. A light- 

sensitive mixture of ammonium oxalate and mercuric chloride is 

known as Eper’s solution. 

The action of light on a mixture of mercuric chloride and any 

other reducing organic acid seems not to have been studied. 

It has now been observed that many other organie acids can 

reduce mercuric chloride in presence of sunlight; thus it has been 

observed that tartaric acid, citric acid, lactic acid, malic acid, glyeollie 

acid, malonie acid, mandelie acid, mucic acid, mono-chlor-acetic acid 

ete. as well as their soluble salts slowly reduce mercurie chloride 
in presence of sunlight. 

In presence of diffused light there is no appreciable reduction ; so 

a certain volume of the reacting solution was exposed to bright 

sunlight for a few hours each day and this procedure was continued 

for several days and the amount of mercurous chloride formed was 

estimated by the method already described. 

| Time of Mercurous chloride 
Volume: of solution used | exposure | formed in grams 

| 
1) e253 cics 2 Potassium oxalate {| 

5 | 165 | 0.12508 
and 10 c.c. Tô mercuric chloride | | 

N | 

25, GC: 5 Potassium oxalate and | | 
N ii 220’ 0.17854 

20 c.c. ID mercuric chloride | 

N | | 
2DRCEC: 5 Potassium oxalate and | 

N 80’ 0.06225 

10 c.c. 10 mercuric chloride | 
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a 

5 Time of | Amount of HgCl 

Velume sotiselution | exposures formed in grams 

ee EEE EEE EE 

N : 
2) 25c.c. rg Sodium tartarateand 20c.c. 

N 90 hours 0.06562 

10 HgCl, 
| 

PU (eer To tartaric acid and 20 c.c. 

N | 88 hours 0.01065 

1 Mec 
3) 20cc. = sodium citrate and 10 cc. 

N J 20 hours 0.04248 

10 eee 

20 c.c. — citric acid and 20 c.c. 

ee 88 hours 0.00944 
10 HgCl, 

4) 10c.c. N sodium lactate and 10 c.c. 
N 40 hours 0.09865 
— HgCl, 
10 

10 cc. N lactic acid and 10 cc. 

N 
a 

NEZ | 45 hours 0.02974 

10 

5) 10c.c. Nsodium malate and 10c.c. 

N 40 hours 0.02874 

10 

10 c.c. N malonic acid and 10c.c. 5 

N 45 hours 0.00515 

— HgCl, = 
10 

6) 25 cc. N malonic acid and 10 c.c. 
N 50 hours 0.00952 

10 

25 cc. N sodium malonate and 

10. ee. 7 Heel, ; 60 hours 0.04532 

7) 25 ec. N glycollic acid and 10 cc 

N 50 hours 0.00854 
ma Hgclo 
10 

25 cc. N sodium glycollate and 

10e = HeCly | 45 hours 0.04234 

N ” A F 
8) 50 c.c. = Mandelic acid and 10 c.c. 

N 5 88 hours 0.01254 

— HgCl Tier } 

9) 50 c.c. — Mucic acid and 10 cc 
N 5 90 hours 0.01354 

— HgCl, 
10 5 

10) 50 cc. N mono-chlor-acetic acid and 
N 68 hours 0.02238 

10 cc. = HgCl, 
10 

50 cc, 3 N mono-chlor-acetic acid zi oe 
hours : 

and 10 c.c. “ HgCl, zi 
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Evidently the velocity of reduction of mercuric chloride by pot- 

assium oxalate is very rapid in comparison with other acids and it 

will also be seen that the amount of mercurous chloride formed is 

proportional to the time of exposure. (See table p. 1126). 

Moreover it has been found out that canesugar solution, hydroxyl- 

aminehydrochloride, hydrazine hydrochloride and ferrous sulphate 

can slowly reduce mercuric chloride in presence of sunlight; in 

diffused daylight there is no appreciable reduction. 

| Amount of HgCl 
Volume of solution 50 hours formed in grams 

. M 
11) Cane sugar solution ‚… 50c.c.and 

N 10 50 hours 0.00752 
10 ce. 14 HgCl, ‘| 

50 cc. Molar cane sugar and 10 c.c. | | 
N ' 55 hours 0.02684 

~ HgCl, | 
10 

| 
12) 50 c.c. hydroxylamine hydrochlo- | 

ide 2N (factor 1.128) and 10 c.c. 
Ny aes ae Mea ae 80 hours 0.02175 
Iya ae | 

50 cc. hydroxylamine hydrochlo- | | 

ride = (factor 1.128) and 10 cot 95 hours 0.00435 

13) 50 c.c. 2N (factor 1.156) hydrazine 
N | „02 

hydrochloride and 10 c.c. “HgCh. PEO 0.02915 

N 5 
50rec; ry (factor 1.156) hydrazine | 

N ‘85 hours | 0.00463 
hydrochloride and 10 c.c. qosCh- | 

N | 
14) 50 c.c. 5 Ferrous sulphate and | | 

N | 25 hours 0.02512 
10sec: 10 HgCl,. | 

Do 45 hours | 0.04987 
| 

When a solution of mercuric chloride is boiled even for hours 

together with tartaric acid, citric acid, or any of these reducing 

agents, there is no appreciable reduction but in presence of sunlight, 

only the reduction takes place even at the ordinary temperature. 

Since the velocity of these reduction processes is very slow, these 

changes cannot be used in measuring the chemical intensity of sun- 

light and hence these mixtures cannot serve as photometers. 

73 
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Moreover, it will be shown that these reductions are markedly 

accelerated by oxidizing agents (e.g. KMnO,, Na,S,0,, H,O, etc.) so 

here light serves the same purpose as these oxidizing agents. 

It has been found out that in presence of sunlight a solution of 

sodium hyposulphite can reduce cupric chloride to metallic copper 

but in darkness the cupric salt is reduced to the cuprous state only. 

KAHLBAUM's pure sodium hyposulphite was dissclved in oxygen 

free water and a ee solution was prepared. The observations were 

carried out at 30°. 

1) 5 ee. cupric chloride containing 0.2194 gram of CuCl, and 
M ; ; 

35 C.C. 0 sodium hyposulphite were exposed for 90' minutes to bright 

sunlight; after a few minutes’ exposure metallic copper began to 

separate out. The reduced copper was estimated as CuO, which 

weighed 0.0277 gram i.e. 28°/, of the cupric salt is reduced to 

metallic copper by 90 minutes’ exposure to sunlight, whilst in the 

dark no metallic copper was formed in the same interval. 

; M 
2) 5 ce. of the same cupric chloride and 20 c.e. — sodinm hypo- 

o 

sulphite were exposed for 25’ minutes to bright sunlight. The amount 

of CuO obtained from the reduced copper weighed 0.0123 gram i.e. 

9°/, of the cupric chloride is reduced to the metallic state. 

Bennet (Jour. Phys. Chem. 16, (1912), 782 has shown that in 

presence of light a dilute ether solution of hydrazine hydrate can 

reduce ammoniacal copper sulphate solution. Evidently it is clear 

that the effect of light is superposed on the effect due to the reducing 

agents and thereby making possible reductions, which would not take 

place in the dark. 

It has also been observed that the velocity of reduction of gold 

chloride (H AuCl,) by oxalic acid, tartarie acid, citric acid, lactic 

acid, malic acid, formic acid ete. is greatly accelerated by light. 

The reduction by oxalic acid takes place according to the following 

equation : 
EN, 

2H Au Cl, +3. GOO =8 HOI 4600, + 2 Au. 

Moreover Vanino and SEEMAN (Ber. 32, (1899) 1968) have shown 

that hydrogen peroxide in alkaline solution immediately precipitates 

gold from gold chloride as finely divided metal : 

2H AuCl, +3H,0, + 8KOH=8K Cl-+-8H,0+ 30, + 2 Au. 

Now it has been found that a mixture of gold chloride and hydrogen 
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peroxide gradually separates metallie gold and that in light the 

change is markedly accelerated. 

The gold chloride solution used in these observations contains 1.8 

grams of metallic gold per litre of solution. 

As usual always blank experiments were made in darkness. The 

following table is formed from the mean of several observations 

carried out under exactly similar conditions. The temperature of 

experiments was 28° C. 
v 

= . . ~ . . . 

1) 5 ec. — oxalic acid and 5 e.e. gold chloride (containing 1.! 
10 j 

= 

grams cf gold per litre); reduction begins i.e. metallic gold appears after 

Sunlight Diffused light Darkness 

27" (seconds) 45! 65" 

(Deep-red coloured (Deep-red coloured (Yellow colour) 

particles) particles) 

N 
ZOMG Cc: Ti tartaric acid and 10 ¢.c. gold chloride; gold appears 

after 

Sunlight Diffused light Darkness 

8'— 56" 24 40 

N 
3) 10: ce. i citric acid and 10 ee. gold chloride; gold appears 

after 
Sunlieht Diffused lieht Darkness 

6'— 25" 20’ 45 

iN, : 
5) 10 ec. i malonie acid and 10 ee. gold chloride; gold appears 

after 
Sunlight Diffused light Darkness 

5'—10" 10; 17 

N 
OWN 7 formic acid and LO ce. gold chloride; gold appears 

after 

Sunlight Diffused light Darkness 

15’ 40) 95' 
7 

7) 10 cc. Th laetie acid and 10 ee. gold chloride; gold appears 

after 

Sunlight Diffused light Darkness 

30’ 85’ 180' 
13% 
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2 

8) 5 ee. gold chloride and 2 ec. a hydrogen peroxide; gold 

appears after 

Sunlight Diffused light Darkness 

10' 14 18: 

From the foregoing table it is clear that the reduction of gold 

chloride is markedly eatalytically accelerated by light. Moreover it 

has been shown that oxidizing agents also act as positive catalysts 

in these reactions. Therefore light and oxidizing agents play the same 

part of accelerators in these reductions. 

A solution of platinie chloride (H,PtCl,) is not reduced by oxalic 

acid or tartaric acid even in presence of sunlight but it is slowly 

reduced by formic acid and formates 

H,PtCl, + 2H .COOH = 2 CO, + 6 HCI + Pt. 

This change is also found to be accelerated by sunlight. 

Metallic platinum begins to separate after 

Sunlight 40 

Darkness 55’ 

Sunlight = 75’ 

Darkness 360! 

It is well known that a solution of selenious acid can be easily 

rT. D y m N | 10 ec. N sodium formate and 5c.c. a HEPiGH 

: N 2 
5c.c. 3.87 N formic acid and 2.5 c.c. 6 HSPtCl 

reduced to selenium. 

It has been observed that reducing agents like oxalic acid, tartaric 

acid ete. even in large excess cannot reduce a solution of sodium 

selenite in the dark, but in the presence of sunlight the reduction 

takes place and selenium separates out. 

Mrrcks’ pure sodium selenite was dissolved in water and it was 

standardized by weighing the selenium separated in a Goocn crucible 

when the solution is boiled with an excess of sulphurous acid. 
M . B 

An exact — solution was prepared and the observations were 
t 

made at 31° C. 
vd 4 A : 

125 "ec: 0 oxalic acid and 10 c.e. =; Sodium selenite, selenium 

separates after 40’ minutes’ exposure to sunlight. 

i . . . 

2) 10 ee. — tartaric acid and 5 ee. — sodium selenite, selenium 
o J 

separates after 330’ minutes’ exposure to sunlight. 

Ee NN sess M 
3) LO ee: = ClUriC acid and 5 c.c. Ei sodium selenite, selenium 

v 

separates after 300’ minutes’ exposure to sunlight. 
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N . : Mn . : 
AY LON Ce: = malonie acid and 5 e.e. — sodium selenite, selenium 

2) 

separates after 140’ minutes’ exposure to sunlight. 

5) 10) Gc; = malie acid and 5 cc. 7 sodium selenite, selenium 

separates after 660’ minutes’ exposure to sunlight. 

Here also it bas been shown that oxidizing agents (e.g. K Mn O,, 

Nas, O,, H, O, ete.) markedly accelerate these reactions. Hence light 

and oxidizing agents play the same role of positive catalyst in these 

reductions of sodium selenite. 

Moreover, it has been observed that the oxidizing action of pot- 

assium permanganate on oxalic acid, tartaric acid, citrie acid, malonic 

acid, malie acid, lactic acid, ete. is markedly accelerated by light. 

A. Potassium permanganate and oxalic acid. 

A OO. 

N en . 
ORE: oxalie acid and 5 c.e. Tr KMnO,. Mixture becomes 

colourless i.e. KMnO, completely disappears after 

Sunlight Diffused light Darkness 

2'—30" 3 —50" 8'-—40" 
AT 

N yi : 
2) 20 ee. — oxalic acid and 10 cc. — KMnO, 

10 10 

SO Heo 105 

B. Permanganate and Tartaric acid. 
N T 

1) 10 cc. — tartaric acid and 5 c.c. Ta KMnO, becomes colour- 

less after 
Sunlight Diffused light Darkness 
lj 0 Bb " 8’ 

dN. : 
Then to the clear mixture 5 cc. Th KMnO, was added in each 

bottle; becomes colourless after 

Sunlight Diffused light Darkness 

2'— 30" 3'—50" 5'—45. 
N 2 N 

De id CC. a tartaric acid and 5 c.e. Th KMnO, colour disappears 

after 
3'—40! 4'—50" 7'—10". 

C. Permanganate and Citric acid. 

ENOR ‘ Ne : : 
1) AKO 5 citrie acid and 5 c.e. To KMnO, ; colour disappears 

after 



1132 

Sunlight Diffused light Darkness 

3'— 40" 5'—-45" 18 
= 

Then 5 c.c. Vi LMnO, added in each of the bottles; colour dis- 

appears after 

2! 5'—20" 11'—30" 
N NE 

2) Hee. = citrie acid and 5 ee. a KMnO, ; colour disappears 
) 

after 
2585 Lbb 12'—45". 

D. Permanganate and Malie acid. 

N Na ; 
1) 10 cc. — Malie acid and 10 ec. 0 KMnO,; colour disappears 

) 

after 
Sunlight Diffused light Darkness 

6'—10" 10'—15" 28' 

iN é Ni ; : 
2) 10 ec. — malic acid and 3 c.c. Th KMnO,; colour disappears after 

o 

Sunlight Diffused light Darkness 

3—5" 5'—10" 9'—20". 

E. Permanganate and lactic acid. 

N N df 3 
1) 10 ee. > lactic acid and 7.5 cc. 0 KMnO,; colour disappears 

after 
8'—40' 25'— 13" 54! 

N N 
2) 10 ee. > lactic acid and 1S ce.c ioe MnO,; colour disappears 

after 
10'—10" 30'—15" Gil: 

F. _Permanganate and Malonic acid. 

N es 4 : 
1) 20c.c. — Malonie acid and 5 ce. — ‚; colour disappears — KMnO 

0 5 1 

after 
Sunlight Diffused light Darkness 

20' 30'—40" 40'—10". 
N N € 

2) 25 e.e. — Malonic acid and 2.5 c.c. Ti KMnO,; colour dis- 
0 

appears after 

15'—20" 25'— 20" 38'—20". 
It is well known that manganese ions (Mn°°) act as a positive 

catalyst in the oxidation of oxalic acid by permanganate. 
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Now in the present investigation it has been proved that manganese 

ions (Mn°°) also act as a positive catalyst in the oxidation of tartaric 

acid, lactic acid, malonic acid ete. 

Thus light and manganese ions (Mn°) play the same role in these 

oxidations with KMnQ,,. 

Since numerous chemical actions have been shown to be markedly 

accelerated by light, hence light may be regarded as a positive 

catalyst of great generality. 

Presideney College Calcutta. Imperial College of Science, London. 

Physiology. — “On the structure and covering of the trunk- 

dermatomes of the cat’. By Dr. S. pr Borr. (Communicated 

by Prof. G. van RIJNBERK). 

(Communicated in the meeting of December 18, 1915). 

The investigations of EckKnarDp have already proved that two 

adjoining dermatomes partly cover each other. The measure, in 

which this covering takes place, could up to the present moment 

only be ascertained by calculation. [t was not yet possible to do so 

experimentally, because with one and the same animal two adjoining 

dermatomes had never yet been determined by physiological methods 

of investigation. The method of isolation, hitherto most followed, 

by which towards the head and the tail of one hind root two 

were cut, excluded, as a matter of course, the possibility of deter- 

mining two adjoining dermatomes. In 1911 however DussEr DE BARENNE 

invented a new method for the determination of dermatomes. This 

method is founded on the fact that with local poisoning of the spinal 

cord on the spot where one hind-root enters, the dermatome belonging 

to it, shows a syndrome consisting of three sorts of phenomena, to 

which belongs a.o. also hyperreflexion. Dusser pe BARENNE moistened 

the spot where it enters with a piece of cotton wool drenched in a 

coloured solution of strychnine (1°/,) that had previously been 

squeezed out. He could then easily limit the hyperreflectory field 

of skin. According to this method Barenne determined a.o. the 

dermatomes of the hind leg with the dog, and found in this way 

fields of skin, corresponding with the dermatomes in the same kind 

of animal, determined by Winker and van Risxperk according to 

the isolation method. KrrsseNs determined the dermatomes with cats 

chiefly according to the strychnine-isolation-method. He applied the 

strychnine-method of Dusser DE BARENNB combined with the isolation- 

method. On both sides of the moistened root he cut one or two 

roots. In this way he determined in a cat the root-field of thoracalis 
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8 and 11 on one side. From the measures of the widths of these 

dermatomes and the areflectory field between these he calculated 

the measure of these root-fields and of those lying between them. 

In this way he arrived at the conclusion, that on the dorsal median- 

line this covering amounts to °/,,, on the ventral median-line to 

*/,,. Kurssens concluded likewise 

from this calculation that on the 

dorsal medianline strips of covering 

of 3 fields alternate with strips of 

2 root-fields, and that on the ventral 

median line this covering is stronger, 

so that there alternately strips of 

4and 3 root-fields cover one another. 

With these calculations we must 

not lose sight of the fact that they 

are the result of the mensuration 

of two tields. To indicate the cover- 

ing of adjoining dermatomes expe- 

rimentally I applied the strychnine- 

method of Dusser DE BARENNE. 

Consequently I proceeded in the 

following manner for my experiments 

on cats. The spinal cord was first 

laid bare, the dural was split fora 

certain length. After the spinal 

moisture had been removed with a 

piece of cotton wool, the spot where 

a hind-root entered was moistened 

with a piece of cotton wool drenched 

in a coloured solution of sulphate 

strychnine (1°/,) and squeezed out. 

If now the cat has awaked from 

its narcosis the hyperretlectory 

region of the skin can easily be 

ascertained by touching it softly 

with a pencil, and marked out with 

water-colour. Then the hind-root 

issuing from the poisoned region of 

the spinal cord, is cut through, 

afterwards the spinal cord near the 

adjoining hindroot is in the same 

way locally poisoned. We find then 



another field of skin hyperreflectory, but it covers the former for a 

great part (about °/,). Afterwards we can cut this second hind-root 

and beside it limit a second dermatome after previous local poisoning. 

We find an example of two adjoining dermatomes in the cat re- 

presented in Fig. 1, the dermatomes of thoracalis LX and X are 

ity r 
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indicated here. The skin region between the posterior-boundary of 

IX and the anterior-boundary X has been hatched. Consequently 

this region is covered by both dermatomes. We see here likewise that 

the covering increases towards the ventral side. 

oO o 
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This figure makes us already surmise that part of each dermatome 

ean be covered by more than one. For this reason I have determined 

rows of adjoining dermatomes with different cats. | found then, that 

three dermatomes from the thoraco-lumbal region have a rather 

large strip of skin in common; this strip which is rather narrow 

at the dorsal median line, ventrally increases in width. 
In this way I determined of the cat, represented from the dorsal 

side in Fig. 2 and from the ventral side in Fig. 3, the dermatomes 

of thoracalis 12 and 13 and lumbalis 1, 2, 3 and 4. T obtained 

these six dermatomes, by always cutting the hind-root of the 

indicated dermatome and then determining the adjoining dermatome 

according to the strychnine-method. So I obtained a series of lines 

on the skin as boundaries of the dermatomes in such a way that 

every time both the anterior and the posterior boundary of each 

dermatome moved a little farther. At the ventral side (Fig. 3) I 

have made white a part that is covered by + dermatomes. In order 

to elucidate these figures I have made an entirely finished prepara- 

tion of that part of the skin on which these dermatomes occur, and 

made a sketeh of the extended figure of the skin. This sketch is 

represented in Fig 4. I have indicated the anterior and the posterior 

boundary of each dermatome on the dorsal side by the figures that 

indicate the roots. If now we examine the covering of the field of 

lumbalis 1, we find the part that is indicated by transversal dashes 

covered by lumbalis 2 and thoracalis 12 and 13. The piece indicated 

by longitudinal dashes is only covered by thoracalis 13. The other 

part of the dermatome of lumbalis 1 is partly. covered by one, 

partly by two dermatomes. 

We see likewise in this representation, that the dermatomes of 

lumbalis 3 and 4 deviate especially in the ventral part considerably 

in a posterior direction. Here we receive indeed the impression as 

if through the development of the hindlegs these dermatomes have 

been drawn backward. (SHERRINGTON). The anterior boundary of 

lumbalis 3 cuts consequently the posterior boundaries of 1 and 2. 

It is to be attributed to this fact, that these two dermatomes cover 

in the ventral part those lying in front of them less completely. 

Moreover I found, that in the middle of the trunk the covering 

of the ventral side is strongest. We see in this figure that thoracalis 

12 and lumbalis 2 have one strip in common beginning at the 

lateral side and widening ventralward. It appears consequently 

that dermatomes not covering each other dorsally can do so to the 

ventral side. Measurements of the mutual covering of these 6 root- 

fields taught me that at the dorsal medianline: 
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At the ventral medianline the covering for the first 3 fields was 

certainly much greater, not however for the 2 last fields. These two 

fields run in a strongly backward direction, as I communicated 

already previously. At the ventral side these two fields are neither 

entirely complete. The strychnine fields namely often show them- 
selves imperfectly at the ventral side. It seems to me that the so 
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much stronger outgrow of the dermatomes at the ventral side of 

“the body has a special signification, and cannot be explained only 

by the differences in length of the dorsal and the ventral medianline 

of the body. 

I think I must find the signification of this fact in the physiolo- 

gical relations existing in the ventral side of the body in opposition 

to the dorsal one. It is certainly clear, that each animal receives 

more stimula from the outside world at the ventral side than at 

the dorsal one. The most primitive functions of life as coition and 

suckling of animals occasion irritation at the ventral side. 

“Umklammerungsreflex’” can during a certain period be easily 

brought about with the male frog by a blunt irritation of the 

sternal part of the skin. Respiration gives rise to oscillation 

of the thorax to the front; the intestines of the abdomen stretch 

the skin here and in this way reflectorically give rise to a tension 

of the abdominal muscles. The two extremities of the tractus in- 

testinalis are at the ventral side. Consequently it is clear that exactly 

at the ventral side of the body the usual, normal physiological 

funetions take place. 

But there is still more. The animal that attacks its prey or enemy 

jumps upon them with the ventral side, the mother animal encloses 

her young ones with the ventral side of the body. All vital func- 

tions are performed at the ventral side of the body, the dorsal side 

is of no account. 

Stimulants consequently always react only on this side of the body. 

For this reason the nervous and organic (receptorical) tissue develops 

itself here more energetically, and we find here a greater extension 

of the dermatomes than at the dorsal side. The stronger anatomical 

development is here consequently a result of the increased physio- 

logical function. 

In order to be able to apply the method indicated by me for 

the determination with one experimental animal of several adjoining 

dermatomes, we must be quite certain that the strychnine method 

is in every respect reliable. It might indeed be that the number of 

dermatomes obtained is too great, because the poison has not 

remained local, and an adjoining dermatome has for this reason become 

entirely or partially involved in the hyperreflexion. The fact that the 

strychnine-dermatomes found by Dusser bE BARENNE for the hindleg 

of the dog corresponded with those of WINKLER and vaN RIJNBERK, 

found according to the isolation-method, speaks strongly for the 

fact that the influence of the strychnine remains local. 
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I have still more accurately examined the validity of this-method. 

When applying it, I determined with some cats a dermatome and 
afterwards 1 cut on either 

side the two adjoining hind- 

roots. When I examined then 

once more the region of the 

hyperreflexion on the skin, 

I found that it had not di- 

minished. 

Ricco and Maenini had in- 

deed already discovered that 

local application of this poison 

to the spinal cord produces 

phenomena that remain re- 

stricted to this region. 

The method for the deter- 

mination of more adjoining 

dermatomes with one animal, 

indicated by me, gives great 

advantages for further in- 

vestigation. Now, for instance, 

we need no more use for 

one extremity the dermatomes 

that have been found with 

different animals, in order to 

obtain an insight into the 

manner in which these der- 

matomes are divided over that 

extremity, but we can directly 

determine all dermatomes on 

one extremity with the same 

animal and in this way find 

and study the exact arrange- 

ment and mutual covering. 

During this study which I 

continued in the mean time, 

I succeeded in determining 

all the dermatomes of one 

hind-leg with several cats *). 

1) The result of these investigations which are still continued, will afterwards 

be communicated. 
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This is therefore of great interest because in this way the factor of 

variability is excluded, which certainly plays a part, when we use 

the separate dermatomes of different animals for it. We can also 

apply this method to ascertain whether there is any connection 

between the pigmentation of the skin and the dermatome-covering, 

and what connection there exists between these. The selection of 

such animals as are fit for this purpose, must, in my opinion, lead 

to a reliable solution. The connection that might exist between the 

lines of LANGELAAN and the arrangement of the dermatomes can 

now be studied more directly. My experiments prove with certainty 

what was already demonstrated by KresseNs for one case viz. that 

not only two adjoining dermatomes cover each other, but that there 

exists also covering between two that are separated from each other 

by a third one. I found even also at the ventral side covering of 

four dermatomes. Now the question rises whether these covering- 

spots of more than two dermatomes correspond with those parts of 

the skin, where under normal conditions hyperalgesy exists. 

This problem can now likewise be more directly studied. 

Fig. 5 gives a representation of the mutual covering of the root- 

fields in the thoracal region. 

The spinal-cord in the thoracal region of this cat was first 

laid bare to a large extent. First | moistened the spinal-cord behind the ' 

13 thoracal root with a solution of sulf. strychnine (1°/,). The 

hyperreflectory field that I discovered, is found between the lines 1 

and 4. Then I cut the 13" thoracal-root through and determined 

the field of thoracalis 12 in the same way. | now cut every time 

the root of the determined field and looked for the field that follows 

immediately in a frontal direction according to the strychnine method. 

In this way [| found the field of ‘ 

thoracalis 13 between lines 4 and 4 
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Two fields viz. those of thoracalis 11 and 10 are represented here 

with the covering of the adjoining fields. Let us now make a close 

inspection of the field of thoracalis 11. Its posterior boundary is 

constituted by line 8, the anterior boundary by line 8. Line 4 is 

the anterior boundary of thoracalis 13 and line 6 that of thoracalis 12. 
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The lines 5 and 7 constitute 

in the same way the posterior 

boundaries of thoracalis 10 and 

9. The scheme of fig. 6 is to 

represent this dermatome with 

the coverings. The anterior 

boundaries of thoracalis 13 and 

12 and the posterior boundaries 

of 10 and 9 are indicated by 

the ordinal figure of these 

Ai ; 7 ol dermatomes. 

k § f Now we find, that the der- 

Hig. 6. matome-part ¢, e, d, is covered 

(Dermatome of Thoracalis 11). by 13 and 12, likewise 6, 4, / 
by 10 and 12 a,h,k by 9 and 

10. These 3 strips are consequently innerved along three hind-roots. 

Between those are two strips of innervation by 2 hind-roots. 

We found with the dermatome of thoracalis 12 equal relations. 

A dermatome of the thoracal region contains consequently 3 strips 

that are innerved along three hind-roots. Two of these are found at 

the edges, whilst the third is on the centre of the dermatome. 

The number of strips that are innerved by 3 hind-roots is however 

equal to the number of dermatomes, for each of the covering strips 

of 3 fields lies on the centre of a dermatome, but likewise at the 

edges of two adjoining dermatomes. So the strip 6,9, /, that is 

innerved from the hind-roots 10. 11, and 12, in the centre of root- 

field 11, at the anterior edge of field 12 and at the posterior edge 

of field 10. 

The dermatomes determined here have most likely not appeared 

completely at the ventral side. At least I did not find here anywhere 

4 dermatomes covering each other. Often the strychnine-fields are less 

sharp and distinct at the ventral side. In many other determinations I did 

find this covering of + fields ventrally. If this had here also been 

the case, c,e would have cut the line 6,7 and g, 6 the line a, h. 

Before I had found the method of determining the covering of 

the root-fields described above, I had already reflected on another 

method which has only a theoretical value. If namely the skin is 

irritated on a definite spot, action-currents must flow to the central 

nervous system along more than one hind-root, in case there is 

covering. Now we ought to registrate these action-currents by means 

of two string galvanometers. If now, when irritating on one definite 

spot, we can deduct action-currents from 2 successive hind-roots, 
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the covering would likewise be demonstrated experimentally. This 

bowever has only value as a theoretical method and could not 

experimentally be applied. For the action-currents flowing from one 

spot of the skin to the central nervous-system are certainly much 

too weak to be conducted to the string galvanometer. 

I have however obviously proved by a circuitous way in my 

experiments described above, that after irritation of one part of the 

skin, action-currents must flow from each part of the skin to the 

central nervous-system at least along two hind roots. For if I have 

determined with the eat of Fig. 1 the root-field of thoracalis IX, 

the hyperreflectory field disappears, after the hind-root of thoracalis 

IX has been cut. If then I moisten the spinal cord behind hind-root 

X part of the root-field of thoracalis LX becomes again hyperreflectory 

(this part has been hatched in the figure). Consequently action-currents 

will flow to the central nervous system from this hatehed skin-field 

both along the hind-root of thoracalis IX and that of thoracalis X. 

If we isolate a dermatome by cutting on either side two or three 

hind-roots, how is then the division of the separate radicularia of 

which each hind-root consists over the dermatome belonging to it. 

WiNkKrER and vaN RIJNBERK found with regard to the hind-roots, 

that, if one bundle had remained intact, the sensibility continued 

over a field, that as to form and extent could not be distinguished 

from the field that had been found after isolation of the entire root. 

Dusser DE BARENNE moistened the spot of entrance of two fila radicu- 

laria of one dorsal root with a solution of strychnine (1°/,) and 

obtained then the complete strychnine-dermatome. 

I have studied this problem again for the strychnine-dermatomes. 

If we try to solve this question, we must direct our investigations 

to root-fields that appear in their full extent, and in the second 

place we must be sure that the stimulant applied can be applied 

strictly locally. The strychnine-isolation can satisfy these two demands 

as much as possible. I proceeded hereby first in a different way from 

that of Dusskr De BARENNE and arranged my investigations into this 

subject in the following manner: After | had laid bare the spinal- 

cord for a sufficient length and opened the dura, I cut cranially and 

caudally from one hind-root two or three hind-roots. Then I deter. 

mined according to the strychnine-method the root-field of the isolated 

root. When I had then obtained a sharply limited field, J cut at the 

anterior or the posterior side of this hind-root either some radicularia 

or all but one or two. The result was then such, that a strip of the 
74 
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formerly determined root-field was no more hyperreflectory. This 

strip extended along the posterior boundary when I had cut the 

posterior radicularia, and along the anterior boundary when I had 
cut the anterior radicularia. 

In this way I had determined Lumbalis 1 with the cat of Fig. 7. 

Thereupon I cut the three posterior radicularia of this root. The 

hyperreflectory field had then shrunk from behind and extended now 

only over that part that is indicated in the figure by transversal 

dashes. 

1 have repeated this experiment with many dermatomes with the 

same result. If now, after the determination of a dermatome accord- 

ing to the stryehnine-method, I cut all fila radicularia but one, 

I could still obtain a sensible field covering about */, of the width 

of the original one. Just like the dermatomes the fields of the fila 

radicularia consequently cover each other mutually rather for a great part. 

If this is indeed correct and it seems to me to be very likely, it 

might open new points of view with regard to the arrangement 

established by Winkier and van RIJNBERK of the theoretical derma- 

tome in a nucleus field and a border zone. The nucleus field would 

then be that part of the dermatome where the radicularia mutually 

cover each other. 

The borderzone would then be the exterior edge where no covering 

of adjoining radicularia-fields takes place. 

It is likewise the borderzone, that was found most vulnerable by 

these investigators, which might be expected, if we admit that the 

borderzone is only formed by the most exterior radicularia, whilst 
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the adjoining ones do not take part in it. Indeed if every root- 

bundle oceupies the entire field of the dermatome, how can we 

then imagine, that by trauma of the spinal-cord or the hind-root the 

dermatome partly does not appear. Trauma. of part of the spinal-cord 

or the hind-root would not be injurious, as the unhurt parts were 

sufficient to supply an entire dermatome. 

I am of opinion that the advantage of my method lies in the fact 

that by the strychnine-method I obtain dermatomes that are most 

likely complete and that by touching the hairs with a pencil I can 

entirely localise the stimulants. These two conditions must be satisfied 

in order to obtain any certainty of the division of the radicularia 

in the dermatome. 

Afterwards I followed the method of pe BARENNE, but then first 

moistened that part of the spinal cord that was lying behind the 

anterior or posterior fil. radiculare of a root, after which the spinal cord 

behind the whole root was moistened. Previously towards the head 

and the tail 1, 2, or 3 adjoining roots had been cut. As an example 

I give here fig. 8. I moistened with the cat of this figure of 

Thoracalis 18 the spinal cord behind the anterior fil, radiculare with 

1°/, sulf. strychnine. The hyperreflectory field that I obtained lies 

between the lines 1 and 3. Thereupon I moistened the spinal cord 

behind the whole root. The field then extended posteriously as far 

as line 4. The field I obtained had now become 1'/, times as large. 

Thereupon I cut all the radicularia but one, I left the most posterior 

one untouched. The field that I obtained now, is enclosed by the 

lines 2 and 4. Consequently the central zone would here be between 

the lines 2 and 3 and the edge-zones between 1 and 2 and between 

3 and 4. From this it appears distinctly that one exterior fil. radiculare 

“covers a great part of a root-field, and that the field that is occupied 

by the central radicularia is much smaller. 

One condition that must be satisfied with these experiments, is 

certainly this, that we make our experiment on complete dermatomes. 

For even with the strychnine-dermatomes we are not always fully 

certain of this completeness. Caricature-formation often occurs here 

likewise. At the ventral side e. g. these dermatomes often appear 

imperfectly, and the edge-zone is very often incomplete or absent. 

And it is exactly this edge-zone in which the difference of extension 

is to be found between the field of the entire root and the most 

exterior radicularia. 

At all events the results of my experiments seem to justify the 

conclusion that the dermatome is not a unity but that it is com- 

posed of separate regions of root-bundles, arranged in a cranio- 

74* 
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eaudal direction, which cover each other for the greater part, but 

not entirely. 
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Mathematies. — “On twisted quarties passing through eight associated 

points’. By Dr. Cus. H. van Os. (Communicated by Prof. 
JAN DE VRIES). 

(Communicated in the meeting of December 18, 1915.) 

Let be given eight associated points Bj (4; = 1, 2,...8), the base- 

points of a net {®*| of quadries ®°. Through these points pass oo’ 
twisted quartics e*, the base-curves of the pencils (®°) in this net. 

Of this system some properties will be investigated, which are 

analogous to the properties of the pencils of plane cubics, investigated 

by Prof. Dr. Jan DE Vries '). 

$ 1. A plane V intersects a peneil (®°) of the net along a pencil 

(y*) of conics; the base-points of the pencil (4°) are the intersections 

of the plane V with the base-curve @° of the pencil (®*). Let us 

now choose for the plane V a stationary plane, i.e. the osculating 
plane a in a point of injlewion [ of the curve e*. The four inter- 

sections mentioned coincide now: the conics of the pencil (p°) have 

a contact of the third order in the point /. Consequently the twice- 

counted tangent ¢ in the point / also belongs to this pencil. One of the 

surfaces of the pencil (®*) is being intersected by the plane a along 

two coinciding straight lines; this surface must therefore be a cone, 

having the plane a as tangent plane. The stationary planes of the 

curves 9° are therefore the tangentplanes of the cones of the net | B*|; 

the tangents in the points of inylerion are the associated generatrices. 

These tangents ¢ form a congruence (4, 12). For an arbitrary 

point / determines a pencil (®*); as tbe latter contains four cones, 

four generatrices ¢ pass through the point P. And the vertices of 

the cones of the net [y?| form a twisted curve g°, of the sixth 

order; a plane V consequently contains the vertices of siv cones of 

the net, which are each intersected along fwo generatrices. 

Each of the planes a will osculate fwo curves v* in points of 

inflexion /. For such a plane intersects the net [#*] along a net 

[y*| of conics, which net contains the straight line ¢ counted twice. 

A point P of ¢ determines in the net {[y*] a pencil (y*), of which 

all figures touch in the point P, and in a second point P’ of the 

straight line ¢ The pairs of points (/,P’) evidently form an invo- 

lution /?; the two double points of /* are the points of inflexion 

wanted, as in each of them the base-points of a pencil (#*) coincide. 

If the straight line ¢ is drawn through one of the base-points B, 

1) These Proceedings Vol. XVII, p. 102. 
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all conics of the net |v*| pass through this point. The involution 

mentioned becomes then parabolic and the two double points coincide 
in the point Bz. 

§ 2. From this it ensues that any straight line ¢, passing through 

a point A; is tangent of a curve @*, which has a point of inflexion 

in By. These straight lines ¢ connect the point Bj with the vertices 

of the cones of the net; as they le on the curve 0°, those straight 

lines form therefore a cone of order six. 

Let now the order be required of the surface «, formed by the 

points of inflexion of the curves 9%. This surface has multiple points 

in the points B}; the tangents in such a point are the tangents of 

the curves e*, which have a point of inflexion im this base-point ; 

so they form a cone of order six, so that the points Bj are seatuple 
points of the surface «. A g* intersects this surface, besides in the 

points Br, moreover in its 16 points of inflexion; so it is to be 

seen that this surface is of order sixteen. 

Through an arbitrary point P of a straight line / pass + cones 

of the net, which cut / moreover in 4 other points P’. The corre- 

spondence (4, 4) of the points P and P’ has eight coincidences, 

consequently there are ezght cones that touch /, therefore also eight 

planes zr, passing through /. 
The stationary planes envelop therefore a surface of the eighth class. 

§ 3. In the base-point B, the osculating plane may be laid to 

each of the curves 9%; this plane intersects the curve once more in 

a point 7, which we shall call the tangential point of B,. These 

points 7’ form a surface rt, of which we shall determine the order. 
If the curve of has a point of inflexion in B,, the point 7” will 

coincide with 5. The surface + consequently passes through B, and 

the tangents in this point are the tangents of the curves e*, which 

have a point of inflexion in 5,; B, is therefore a sertuple point of r. 

A straight line / passing through B, intersects r in the first place 

in this point. Let 7’ be one of the other intersections. The curve 

* passing through this point 7’ has / as bisecant; it is base-curve 

of a pencil (®*). The surface ®* from it, passing through a point 

of /, has / as generatrix. Now there is only one ®* in the net [*| 

for which this is the case, viz. the surface determined by two points 

of /; consequently @* must in any case lie on this D°. 

All curves g* lying on one and the same #& touch in B, the 

plane of contact V of ®? in B. They intersect V moreover each 

in two points, lying on the two generatrices of ®*, which pass 

9 
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through B, consequently in the case considered on / and on a 

second straight line /’. If one of these intersections is made to 

approach to B, along the associated generatrix, one curve g° is 

obtained every time, which oscu/ates the plane V in B,. The gene- 

ratrix mentioned is the tangent in this point, while the tangential 

point of B, lies on the second generatrix. In order to find the 4 

wanted, which passes through the point 7’ we have to make the 

intersection with / to approach to B. In this way one definite 

curve ef is found, consequently one point 7’. 

The straight line / intersects therefore the surface rt outside 5, 
only in one point, this surface is therefore of order seven. 

A curve ef intersects t’, besides in the point 4, and the associated 

tangential point, only in the other base-points #,..... B,. From this 

it is easy to see, that these points are triple points of t’. 
From this it ensues at once: If we consider all the curves 0‘, 

on which B, is the tangential point of B,, the tangents of these 
curves form in each of the points 4,.... B, a cone of order three. 

A surface ® contains three of these curves; for the plane of 

contact of dP° in the point B, has three generatrices in common 

with the cone mentioned, and each @*, which touches d>? in one 

of the base-points lies entirely on this surface. From this it ensues 

at once that in consequence of this the tangents in the point 5 

form a cone of order three, for of these tangents three lie in the 

plane that touches ®? in the point 5, 

$ 4. Through the base-point 5, nine other osculating planes may 

moreover be laid to each of the curves o*. The points of contact 

A of these planes we shall call the antitangential points of B, ; 
they form a surface a. 

If B, is a point of inflexion, one of these planes of osculation 

coincides with the one in B, so one of these points with B,. As 

above it follows that B, is a sextuple point of a. 

The surface « will also pass through the point B,; the tangents 

of « in this point are the tangents of the curves e*, on which 5, 

is the tangential point of B, It appeared above that they form a 

cone of order three; B, is consequently a triple point of a. The 
same holds good for the other base-points. 

A curve o* intersects the surface a, besides in the point B 

moreover in the 9 points A lying on 9%, a is therefore a surface 

of order nine. 

5. To each of the curves of eight other osculating planes ma Q eg Sl y 
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be laid moreover, passing through the tangential point 7 of B,; 

the points of contact C of these planes we call the cotangential points 
of B,; they form a surface y. 

The surfaces t° belonging to the points B, and 5, intersect along 

a curve of order 49, whieh has 18-fold points in the points 6, and 

B. 9-fold points in the other base-points. A * of the net inter- 

sects this of” outside the base-points, moreover in 8 points, and 

consequently contains 8 curves e*, on which B, and 5, are cotan- 

gential. The tangents of these curves in B, form therefore a cone 

of order eight, so that B, is an octuple point of the surface y. The 

same holds good for the points b,..., B, 

As none of the cotangential points can coincide with 5,, y does 

not pass through B,. 

From this we may easily deduce that y is a surface of order sixteen. 

§ 6. Out of an arbitrary point P twelve osculating planes may 

be laid to each of the curves 9*; the locus of the points of contact 

of these planes we call the polar surface II of P in regard to the 
congruence |9*|. 

This surface will again have multiple points in the base-points Be. 

The tangents in the point ZB, are the tangents of the curves 0‘; 

the osculating plane of the point B, passes through P, consequently 

through the line P5,. Now we have found in $ 3 that there are 

two curves o*, which osculate in B, an arbitrary plane passing 

through that point; there is further one 0*, which touches the line 

PB, in B. An arbitrary plane passing through PB, contains 

therefore three of the tangents wanted, so they form a cone of order 

three. The points Bj are consequently triple points of the surface 11. 

From this it follows that MZ is of order nine. 

$ 7. Each of the osculating planes considered in the preceding 

$ intersects the o* to which it belongs moreover in one point; the 

locus X of these points we call the satellite of the point P. 
The tangents of this surface in the point B, are the tangents of 

those curves @*, in which one of the 9 oseulating planes laid through 

B, passes through P, consequently through the line PB,. The order 

of the cone formed by these tangents is equal to the number of 

these v*, which are lying on an arbitrary #* of the net. 

If we now project all the v* lying on one and the same @?, out 

of B, on a plane V passing through P, we acquire as projection 

a pencil of plane cubics. The base-points of this pencil are the pro- 

jections of the points 5,....8, besides the intersections of V with 
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the two generatrices of @° passing through B,. Any osculating plane 

of a curve o° laid through B, intersects the plane V along a tangent 

in a point of inflexion of the projection. Now the inflexional tan- 

gents of a cubic pencil envelop a curve of the ninth class; conse- 

quently nine of the planes of osculation wanted pass through P. 

So it is proved that Y has the base-points B as nonuple points. 

From this it easily ensues that + is of order twenty-one. 

$ 8. Through an arbitrary point P passes one curve 9; let P’ 

be the tangential point of F lying on this 9%. As to each point P’ 

of a ef nine antitangential points P belong, there exists a corre- 

spondence (1,9) between the points P and P’. 

If P is a point of injleaion of the o* the points P and P’ coin- 

cide; the surface of coincidence of this correspondence is therefore 

the surface r'® found in $ 2. 

If P describes a straight line /, P’ will describe a curve gy. The 

latter has nonuple points in the base-points Bj; for every time P 

comes on one of the surfaces «° found in § 4, P’ will lie in one 

of the base-points. 

A surface ®° intersects gy, further in the #vo points, which cor- 

respond with the two intersections of ®* and /. So we find that 

gi is of order 37. 

If P describes a plane V, P’ describes a surface Py. This is 

intersected by a 4° along the locus of the points P’, associated to 

the points of the intersection of ®* and V. As this locus is of order 

74, Py is of order 37. 

A g* intersects ®y*’, besides in the points Bj, in the 4 points //, 

associated to the 4 intersections of o* and VV; #7”, has therefore 

eighteen-fold points in the points Br. 

If P’ deseribes a straight line /, P will describe a curve wy, 
which has septuple points in the base-points Bj; they correspond to 

the intersections of / with the surfaces t° found in § 3. A @? inter- 

sects y, further in 18 points, corresponding to the two intersections 

of ® and /; w too is therefore of order 37. 

If P’ describes a plane V, P describes a surface wy. Just as 

this was done above for dy, we find that wy is of order 37 and 

has fourteen-fold points in the points Bg. 

§ 9. If to each point P are associated the eight points which lie 

on the o° passing through P and are cotangential with P, we get 

an involution I? in space. 
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As no two cotangential points can coincide on a not-degenerate o*, 

this 7° has no surface of coincidence. 

If P describes a straight line /, the associated points P’ describe 

a curve x. We easily find then that it has 16-fold points in the 

base-points Bz and is of order 72. 

If P describes a plane V, the points P will describe a surface Z, 

which is of order 72, and has 32-fold points in the points Bk, 

§ 10. By the results acquired here, we can also find the corre- 

sponding numbers for the bilinear congruence of twisted quartics ' 

which are formed by the intersections of the quadries of two given 

pencils (a?) and (b°). 

We first determine the locus of the points of inflevion of these 

curves. 

Let a° be a surface of the pencil (a). The @* lying on a’ pass 

all through the 8 intersections of a° with the base-curve p* of (6°). 

They consequently form a system entirely corresponding to that of 

the 9*, which in this case lay on one and the same ®*; the locus 

of their points of inflexion is therefore a curve of order 32, which 

has sertuple points in the intersections mentioned. 

So it is to be seen that the locus wanted has the base-curves 

a’ and g* as sertuple curves. A surface a’ intersects this locus now: 

1 along the o0* found just now; 2 along the sextuple curve a‘; 

the order of the locus is therefore 28. 

In the same way we find: 

The polar surface of a point P with regard to the congruence [94] 
has a‘ and #* as triple curves, and is of order 15. 

The satellite has «* and B as nonuple curves, and is of order 39. 

§ 141. If a point P describes the curve a', the tangential points 

of P will describe a surface t,. 

A surface a? intersects tz, besides along a*, in the locus of 

the tangential points of the points of a* lying on a‘. Now the 

curves 9* lying on a’ form a system entirely corresponding to the 

one which in the case of a net lie on one and the same @®; the 

locus mentioned is therefore the same as with a net [®*| that should 
have the 8 intersections of a? and 8 as base-points. Applying the 

results of § 8, we find, that this locus is a curve of order 4 x 37 

= 148, which has 36-fold points in the base-points mentioned. 

From this it ensues further that B* is a 36-fold curve of the surface tr. 

A surface 6? intersects rt besides along 8“, in the locus of the 

tangential points of the 8 intersections of 6? and a‘. According to 
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$ 3 they are 8 eurves of order 14, which have a sextuple point in 

the associated intersection and triple points in each of the others. 

So we see that af is a 27-fold curve of r,. 

The intersection of +. with a quadric is therefore of order 

148 44 Xx 27=8 x 144 4 X 36 = 256; r, is therefore of order 128. 

The antitangential points of P describe a surface A,. It is inter- 

sected by a surface a®, besides along «*‚ in a curve of order 

437 —=148, having 28-fold points in the intersections of a* and 

B's B' is therefore a 28-fold curve of A,. A surface 6? intersects A, 

besides along 8%, in 8 curves of order 18, which each have one of 

the intersections of 5? and «@ as sextuple point and the remaining 

ones as triple points; «* is therefore a 27-fold curve of A,. The order 

of A, therefore amounts to: 74+2 xX 27=8 X9+42 x 28= 128. 

The cotangential points of P describe a surface L. It is inter- 

sected by a surface «°, besides along «°‚ in a curve of order 

4 72 = 288, which has 64-fold points in the intersections of a* 

and pt; 8* is therefore a 64-fold curve of I. A surface 6° inter- 

sects I, besides along 8°, in 8 curves of order 32, each having 

8-fold points in 7 of the 8 intersections of 4° and a‘; «“ is therefore 

a 56-fold curve of EF. The order of TM, amounts consequently to 

1444-2 56=8 X16-+4+ 2 x 64= 256. 

§ 12. Ifa point P describes an arbitrary plane J’, the tangential 

point P” of P describes a surface ®y. This is intersected by a surface 

a’, besides along «°, in a curve of order 2 < 387 = 74, which has 

18-fold points in 8 intersections of a* and 3*. Consequently «* and 

8: are 18-fold curves of ®y, and the order of ®j amounts to 

ea en laf 

The antitangential points of P describe a surface Wy. This is 

intersected by a surface a’, besides along «', in a curve of order 

2 37 = 74, which has 14-fold points in the intersections of a? and 

8. Consequently ae“ and 8* are 14-fold curves of Wy, and the order 

of Wy amounts to 37 +2 14=— 65. 

The cotangential points of P describe a surface Zy. This is inter- 

sected by a surface a’, besides along a‘, in a curve of order 

2 72 —= 144, which has 32-fold points in the intersections of a? and p*. 

Consequently «* and g' are 32-fold curves of Ey, and the order 

of Ey amounts to 72+2*32=136. 
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Physiology. — “On the value of the simultaneous registration of 

the plethysmogram and the psychogalvanic reaction. By Prof. 
E. D. Wiersma. 

(Communicated in the meeting of December 18, 1915), 

The respiration causes distinct fluctuations in the length and height 

of the pulse, in the blood-supply of the hand and in the position 

of the diacrotism. These fluctuations disappear under all influences 

which impel the heart to more labour, that is to say they disappear 

owing to bodily influences, but also in consequence of psychical 

agents such as emotions. 

These emotions likewise bring about important modifications in 

the so-called cutaneous currents. If a zine plate is taken in one 

hand, which is connected by a conducting-wire with a stick of 

carbon held in the other, an inserted galvanometer will deflect. 

This electric current which is pretty stable at a quiet attitude of 

the subject is called the ‘‘rest-current”. This investigation was first 

carried out by Ffré in 1888, and subsequently repeated by Tar- 

CHANOFF in 1890. I shall pass by the many researches made after- 

wards. An important question was where the potential differences 

arise. They may originate in the body, and then we speak of 

endosomatie electromotive force. If they arise ontside the body by 

the action of perspiration on the zine, the electromotive force is 

exosomatic. 

Where the potential difference takes its origin, may be determined 

in the following manner. If it takes place outside the body, an 

exchange of the hands will not affect the galvanometric deflection. 

Only by changing the conducting wires we can reverse the current. 

If the potential difference is found in the skin, the galvanometer 

will deflect as much in the opposite direction’). It appears that in 

the method I denoted above, the exosomatie electromotive force 

preponderates to such an extent that in these experiments it is the 

only factor we need take into account. 

The above-mentioned rest-current is considerably strengthened by 

every sensory stimulus and by every psychical labour. Now it is 

of importance to determine what causes this increase. When namely 

a current in the opposite direction is made to counterbalance all 

electromotive forces, so that the galvanometer points to zero, not a 

single stimulus will produce a deflection of the galvanometer. It 

follows that such a stimulus produces no electromotive force, but 

1) A. Grecor and S. Löwe. Zeitschrift für die Ges. Neurol. u. Psychiatrie p. 411. 



1155 

that only an existing current can be strengthened by it, in other 

words that the resistance to that current has decreased, or that the 

polarisation-current in the skin grows weaker, as appears from the 

latest investigations of GILDEMEESTER *). 

Now if the respiration, the plethysmogram and the galvanic reaction 

are simultaneously registered photographically, the effects of bodily 

stimuli and of psychical labour on these curves may be compared. 

In the first place it appears then that the modifications caused by 

them are chiefly dependent on emotions acting simultaneously. This 

appears from the weakened reactions of the plethysmogram and of 

the galvanometric deflection in consequence of the stimulus being 

repeated. 

aT osname neet 

This reaction on emotions supplies us with a very reliable means 

of distinguishing organic anaesthesiae of the senses from functional 

anaesthesiae and from simulation. Every sensory stimulus and every 

psychic labour effects considerable modifications in the plethysmogram 

and in the psychogalvanie curve. This investigation enabled me 

Respiration 

Psychogalv. 
curve 

1) Prrücers. Archiv. Bd. 162, p. 489. 
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repeatedly to identify organic deafness, and to demonstrate functional 

or organic deafness where it would have been very difficult or 

impossible to arrive at results by other methods. 

After the stimulus the pulse (Fig. Ll) grows regular, its height 

decreases, the dicrotism is lower and the blood-supply of the hand 

diminishes. Sometimes, however, these modifications in the plethys- 

mogram do not occur. In cases of hysteria. for instance, the plethys- 

mogram often does not undergo the slightest change, while the 

psychogalvanic reaction clearly manifests itself. (See Fig. il). 

A ws Respiration 

REEK an) 

OOMEN 0 
Clap hel 

Fig. 3. 

The insensibility to stimuli, of the plethysmogram finds its expla- 

nation in the fact that all changes otherwise effected. by the stimulus 

have already taken place. The heightened emotionality of the hys- 

teria has caused them. The lines of the plethysmogram enable us, 

therefore, to form an opinion on the existence of more permanent 

mental states. Wherever there is preoccupation, with normal persons 

as well as in pathological conditions, the respiration oscillations of 

the plethysmogram have diminished or disappeared. The above 

curve originates from a patient who had suddenly become deaf. 

This investigation, at which the stimulus consisted in the ticking of 

an electric bell, proves distinctly that organic deafness was out of 

the question. The patient showed, moreover, a number of hysteric 

stigmata. After a treatment of some weeks the deafness had entirely 

disappeared. An organic deafness, which is sometimes very difficult 

to identify, can easily be discovered by this method. 

The absence of the respiratory oscillations in the plethysmogram 

is pretty regularly to be seen in the curves of melancholic or cata- 
tonie stupor-patients. This suggests, therefore, that. here we have not 
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to deal with a suspension of consciousness, of which the patients 

often show the outward signs, but with preoccupation. 

Preoccupation. 

Respiration 

Pulse. 
Psychogalvanometer. 

Fig. 4. 

With these stupor-patients (see fig. 4) the psychogalvanometer 

mostly does not respond to stimuli, which must be attributed to the 

fact that they are so entirely occupied with their own emotions, 

that the additional emotion leaves no result. 

Opposed to these states of preoccupation are psychic suspensions, 

as they normally occur in dozing, sleeping, and in coma. These 

suspensions can immediately be recognized by the extremely great 
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respiratory oscillations in the plethysmogram. The coma-patients I 

examined did not respond to sensory stimuli, neither in the plethys- 

mogram nor in the psychogalvanic curve (see fig. 5) 

Psychogalvanom. 

Respiration. 

Pulse. 

In sleep the reaction is different. In a light sleep the pulse still 

responds when the psychogalvanic reaction has ceased (see fig. 6). 

Respiration, 

Psychogalv. 

Pulse. 

In a profound sleep, however, as in coma, no reaction manifests 

itself (see fig. 7). 

This investigation establishes, therefore, the relationship existing 

between preoccupation and stupor on the one hand, and between 

sleep and coma on the other. 



Zoology. — “On the Occurrence of desmas or desmoids in 

Hymeniacidon sanguinea”. By Prof. G. C. J. Vosmarr. 

(Communicated in the meeting of January 29, 1916). 

The term desma was first applied by Sorras (1887, p. 416) to 

the well-known irregular spicules of Lituistips. A desma is com- 

posed of two distinct elements, the crepis and the prosthema'). The 

crepis is a spicule, tetraxon or monaxon in form, and produced in 

a single mother-celi. It soon undergoes an arrest of development 

and the axial filament is entirely shut in by spicopal. On the crepis 

as foundation secondary layers of silica are deposited. These layers 

are at first concentric with it, but subsequently grow out into irre- 

gular branches, cladi, and tubercles which are altogether indepen- 

dent of it (Sorras 1888 p. LIX). Sorzas sometimes saw cells which 

resemble the ordinary scleroblasts situated in close contact with 

such a crepis and feels inclined to consider them as the mother-cells 

which seerete the epirhabd. Mincuin, whose early death we all 

learned with profound regret, was more definite. He wrote (1909 

p. 220) that the crepis “is produced in a single mother-cell. On the 

crepis secondary layers of silica are deposited by other cells”. This 

is plain enough. However, as far as [ know, nothing has been published 

on the subject after Sorras. The question is of importance and it 

is highly desirable that arguments should been given which either prove 

or disprove SorLas’ suggestion. For the moment it is not decided. 

Whether formed by the scleroblast of the erepis or by other cells, 

the prosthema may at any rate be considered as a secondary for- 

mation of spicopal, since the axial canal of the crepis is shut and 

normal primary growth of the spicule therefore excluded. The 

crepis is usually considered as a spienle. If this is of a tetraxon 

nature the desma will become tetracrepid; if it is a monaxon 

rhabdocrepid (monocrepid). In several cases the original axial fila- 

ment cannot be seen; such desmas are called acrepid. 

The diagrams in fig. 1—38 explain the different parts. 

As a rule the desmas are considered to be characteristic of 

Lithistids. But Scamipr found similar spicules in certain other sponges. 

The question is in how far these are real desmas. 

Oscar Scumipt described in 1862 two “new species” of Suberites, 

which he called S. crambe and S. fruticosus. | showed in 1880 

1 meóeSvur, what is added, any addition. | propose this term prosthema for 

secondary additions of spicopal in general. In desmas the prosthema can represent 
either the epirhabd or the epactines of SorLas. 

75 
Proceedings Royal Acad. Amsterdam. Vol. XVIII. 
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|. that these sponges certainly do not belong to Suberites and 

2. that the two “species” are identical. I believed a new genus had to 

Fig. 1. Fig. 2. Fig. 3. 

Fig. 1. Rhabdocrepid desma; aa. axial thread of the crepis, cr; epi epirhabd. 

Fig. 2—3 Tetracrepid desma, az. and cr. as in fig. 1; epa epactines; t. 

tubercles. The layers which form the prosthema are in all three figures 

represented by dotted lines 

be established for which I proposed the name Crambe. Because of 

the isochelae I diseovered in type-specimens both of Suberites crambe 

and fruticosus, 1 arranged the genus Crambe under the Desmacidinae. 

Unacquainted with these statements, LENDENFELD (1894 y) once 

more identified the two “species” and again coined a new generic 

name viz. Tetranthella. Obviously this name is a synonym of Crambe 
and acvordingly it has to be cancelled.') Whereas I considered the 

sponge under consideration to belong to the Desmacidonidae, LENDEN- 

FELD brought it to the Lithistida. Now it is universaily admitted 

that these two groups stand far from each other. How then is 

this contradiction to be explained? The fact is that in Scnmipt’s 

sponge, in addition to the styl, which form the great bulk of 

spicules and indeed chiefly compose the skeleton, two other sorts 

of spicules are met with, viz. isochelae and spicules, which look like 
desmas. The former we know to be characteristic of Desmacidon- 
idae, the latter of Lithistida. LENDENFELD says (1894 y p. 50): 

“Microselere habe ich nicht finden können. Wohl beobachtete ich 

zweimal ein Chel. Aber es scheint mehr als fraglieh ob diese Chele 

nicht von aussen her zufällig hineingerathen sind”. LENDENFELD, 

therefore, believes the sponge to belong to the Lithistida. My opinion 

was, on the contrary, that the chelae were of primary importance 

1) It seems to me superfluous to enter into a discussion of the nomenclature; 

enough can be found in the papers by Torsenr and Trrere. The more so, as | 
will demonstrate later on that both names, Crambe as well as Tetranthella should 

be cancelled. 
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and that not too much value was to be attached to the occurrence 

of the irregular “Kieselkörperchen” (Script). TuierE afterwards 

(1899 «) arrived at the same conclusion. It struck him that the 

enigmatic corpuscles were very irregular and very variable in size. 

He could never trace an axial thread in the prolongations (“Fort- 

sätze”); ouly in the centre he saw a “sternförmige Hohlraum” in 

the full-sized specimens, whereas juvenile specimens resemble irregular 

asters as occur eg. in Thenea. ““Darnach ist es unmöglich, diese 

Kieselkörper für ‘tetracrepide Desmen’ zu erklären, vielmehr werden 

sie für eigenartig entwickelte Aster, also Microsclere, gelten müssen. 

Damit stimmt auch ihre absolute Grösse, die bedeutend hinter 

derjenigen der gewöhnliehen Lithistiden-Desmen zuriickbleibt”. And 

further on Tiene correctly remarks (l. ec. p. 90): “Auch die Lage 

der fraglichen Kieselkörper, die man als Desmoide wird bezeichnen 

können, ist ja doeh so ganz verschieden von derjenigen der Lithistiden, 

dass schon dieser Umstand ihre Homologie ausschliessen muss’. 

THieLn never observed that the extremities of the desmoids possessed 

many tubercles by which neighbouring spicules were fixed together as 

LENDENFELD asserted having seen. Triep, consequently, said : “Ich 

bin also der Ansicht, dass die Desmoide von Crambe nur die 

Bedeutung von accessorischen Microscleren haben, demnach für die 

Stellung der Gattung von untergeordneter Bedeutung sind”. Although 

I maintain my old opinion and so far agree with THIELR’s conclusion, 

the following observations may be made. 

Trier uses the term “Desmoide” *) in order to emphasize that 

the spicules under consideration are different from the desmas of 

Lithistids. He does so, on account of the fact that the corpuscles 

often show more than four axes and are rather to be derived from 

asters. SOLLAs and later Mincain derive certain desmas from 

calthrops, which, according to SoLLas, are also a form of asters. 

And on the other band Sorras says (1888 p. LX—LXI): “In one 

group of Lithistids.... the desma does not form upon a crepis, 

at least not a spicular erepis; it presents a massive centrum 

with what appears to be a large nucleus, and which may indeed 

actually be the nucleus of a erepidial scleroblast, which has ceased 

to secrete its sclere; variable numbers of actines proceed from the 

centrum, usually four to twelve; when, as is usual, only four or 

five are present, they proceed from one face of the centrum....” 

It follows that there is no special reason so far for the new term 

desmoid. However, if the spicules are desmas, this does: not involve 

the sponge in which they are found belonging to the Lithistida. 

1) Cf. Topsenr 1894 (3) p. 314. 
Hee 
or 
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Supposing the general structure of “Crambe” to be entirely different 

from that of Lithistids,there remainevident!y two other possibilities: either 

the desmas are formed by Crambe itself or they are not. In the 

former case the desmas would no longer be especially characteristic 

of Lithistids. In the latter case they are corpora aliena as occur 

so frequently in sponges. 1 hope to make it probable that this is really 

the case. 

Among the sponges I collected in Naples, there are several 

specimens in which such irregular spicules oceur as found in 

Crambe. In working out the Desmacidinae for the “Fauna and 

Flora of the Bay of Naples” I provided each specimen which 

is mentioned therein with successive numbers. In the following I 

will use the same numbers, so that everything can be checked and 

compared with the numerous illustrations, when the monograph is 

published. \ 
There are in the collection from Naples two specimens, 977 and 

1039, which form thin red inerustations on barnacles. The skeleton 

is mainly composed of styl, with a few strongyla. From the sub- 

stratum start more or less vertical bundles, generally beginning with 

a single stout stylus, around which slenderer styli are situated. 

Such a bundle may bifureate and the two branches may bifurcate 

again. At any rate the bundle terminates in a flat tuft of diverging styl. 

The shape and size of the styli vary slightly ; the maximal length of the 

stout styli is435 u in 977 and 480 u in 1089; the slender styli vary 

between 200 u and 280 u in 977, between 170 u and 300 u in 1039. 

A third specimen (1153) appears as a red crust on Luspongia. No 

doubt the three specimens belong to the same species. In all three 

we find chelae of the sort Lrvinsen (1894 p. 4) calls “anchorae”; 

they are tolerably frequent in 1039, but rather scarce in the two 

other specimens. Externally in no way distinguishable from 977 and 

1039 is specimen 1090. It forms likewise a bright red crust on 

barnacles. However, here no chelae could be discovered at all; on 

the other hand a few acantbostylt oecur. In six other specimens 

(967, 975, 1026, 1087, 1040, 1127), in which chelae are present, 

though sparingly, | found likewise some few acanthostyli. Specimen 

1040 is especially remarkable because distinct acanthostyli are exceed- 

ingly rare, but on many styles vestiges of spini are visible *). All 

these sponges appear as scarlet crusts and most certainly belong to 

the same species, as their general structure shows. If this be so, the 

presence or absence of acanthostyli or chelae (‘‘ancorae’’) has no 

specific value in the present case. With rare exceptions, chelae are 

') The illustrations are all ready for the monograph. 
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not abundant; in some cases they are exceedingly scarce and 

only discovered after looking through many sections. What we have 

said about the chelae likewise holds for sigmata. If microsclera are 

present, generally a few acanthostyli occur; but it sometimes happens 

also that the latter “are present, without any microscleres being 

found (1090). Taking everything together we get the impression 

that the sponges under consideration are deseendants from forms 

with a full set of spicules: styii, acanthostyli, sigmata and 

isochelae. 

If the scarlet crusts mentioned above oceasionaliy possess such a 

small quantity of acanthostyli or microsclera that these are only 

discovered after long searching, there is a fair chance that we shall 

meet with. specimens in which the additional spicules are entirely 

absent and in which the skeleton is composed of styl only. At 

any rate the absence of accessory spicules does not prevent us from 

identifying our specimens with already described sponges of which it 

is stated that they possess only styli; of course if they agree in other 

respects. I do no thesitate, therefore, to recognise a close relation 

between our crusts and two sponges formerly described, viz. Spongia 

sanguinea Grant and Hymeniacidon caruncula Bwk. The former was 

subsequently likewise brought to the genus Hymeniacidon and Torsent 
even advocated the identity of both. He writes (1900 p. 261):.... “je 

crois bien que FÉponge désignée par BowrrBank sous le nom de 

Hymeniacidon sanguinea west pas différente de celle qu'il a appelée 

Hymeniacidon caruncula’. Miss Stupnens (1912 p. 37—38) I under- 

stand, arrived at the same result and I can but agree with these 

distinguished spongiologists. 

Now there is among the Sponges from the Bay of Naples a 

remarkable specimen (16), which covers the rhizoma of Posidonia. 

In some places it is a mere thin crust, in others it is thicker and 

exhibits knobs and lobes and ridges. In such places it looks rather 

massive, but sections show that in reality the whole sponge is hardly 

more than a crust. Besides this specimen there are several others 

in my collection which possess such lobes and ridges, which are 

prolongations from the general encrusting base. In this connection 

Jonnston’s observation on “Halichondria sanguinea” (= Spongia 

sanguinea Grant) is worth noticing. He says that the sponge occurs 

in crusts; but he adds (1842 p. 134): “MH. sanguinea occasionally 

occurs in amorphous masses of considerable size and thickness with 

very uneven or ragged surface”. Further I draw attention to KOLLIKER’s 

statement that some of the spicules of a sponge which he determined 

as Halichondria sanguinea possess short spines (1864 p. 56). 
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We see thus that there are specimens of Hymeniacidon sanguinea 

which are only thin inerustations but that others tend to grow out. 

Indeed 1 examined several such specimens and they gradually lead 

to really more massive ones. All these specimens doubtless belong 

to the same species, which I, therefore, all determined as H. sanguinea. 

Some of them show an unmistakable likeness to certain specimens 

of Scumipt’s “Acanthella”, e.g. specimens 607, 749, 1154. Now it 

must be remembered that Scumipr (1862 p. 66), in describing his 

Suberites crambe and S. fruticosus, draws attention to their external 

resemblance to Acanthella. Of the former he wrote: “Diese Art 

wiirde man nach dem äusseren Habitus für eine Acanthella halten, 

indem die Oberflache des blättrig und lappig gefalteten Körpers mit 

stumpfen Dornen besetzt ist” and about S. fruticosus SCHMIDT says: 

“Auch die Gestalt dieser Art erinnert an Acanthella obtusa.” On the 
other hand Torserr taught us (1894 © p. XXXV and 1894 dp. 314) 

that in Banyuls Scumipt’s Suberites fruticosus *) often occurs in thin 

crusts. These red inerustations were already known to Torserr and 

described under the name of Siylinos brevicuspis (1892 « p. XX). 

So far for the external appearance. If we now examine the 

microscopic structure and the spicules we find the same variability 

as we found in the inerusting specimens. 

A specimen which comes very near 16 is 749. In both the 

skeleton is built up chiefly of styli of various dimensions, only in 

749 we find in addition some strongyla. It is, however, evident 

that these strongyla are modified styli. Torpsenr found in his Sé/ynos 

brevicuspis that the styli were characterised by the shortness of the 

pointed extremities. Topsent proceeds (1892 « p. XX): “leur pointe - 

(est) parfois reduite à un mucron ou meme tout a fait atrophiée”. 

This is exactly what often happens in my specimens. In some there 

are more, in others there are fewer strongyla, but a comparison of 

several specimens teaches us clearly that the presence or absence 

of strongyla is of no specifie value. We have seen already that this is 

likewise the case in the inerusting specimens with regard to acan- 

thostyli, chelae and sigmata. In the massive or pseudo-massive ones 

if is the same. The specimens 484 and 486 resemble each other 

most strikingly, but the relative number of acanthostyli and their 

grade of spination differ slightly. Moreover I found, after a long and 

careful examination, a few isochelae in 484. Again in another 

specimen (487) which nobody could externally distinguish from 

486, there are no acanthostyli, but a few more isochelae than 

in 484. Surely all these specimens are identical with specimen 16, 

') Topsent calls it Crambe fruticosus and afterwards Tetrunthella fructicosa. 
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which in its turn is identical with the crusts mentioned above 

and which I believe are equivalent to Spongia sanguinea Grant, or, 

as its name should be now: Hymeniacidon sanguinea. 

In the foregoing table the variability in spiculation and in size of 

the spicules is conspicuous. The measurements are given in microns ; 

the sizes of the spicules in Bowerbank’s specimens are calculated 

from his illustrations. In the specimens marked with an asterisk, 

desmoids were found. : 
Generally two sorts of styli can be distinguished: slender and 

stout ones. In such cases this is indicated in the above table; the 

upper numbers refer to the slender ones. Often it is, however, 

difficult to make a distinction on account of the transitions. The absolute 

mininum in my specimens is 150 u, the maximum 865 u; on an 

average they vary between 210 u and 470 w. Of course the figures 

in the list do not prove much, for a much larger material is wanted 

in order to draw conclusions of importance. But it is sufficiently 

evident that the styli vary a good deal in length and that no specific 

distinction can be made on account of slight differences in size of 

the styli. If, therefore, Ridley says (1884 p. 467) that this Hymenia- 

cidon agmimata is near H. caruncula, “only the spicules are of a 

rather smaller average size”... this is for me no reason for a 

specific distinction. Topsent has already identified M. consimilis and 
H. viridans with H. caruneula. | am of opinion that the differences 

between H. imammeata Bwk., H. medius Bwk. and H. consimilis 

Bwk. are not of a specifie nature; the more so since BOWERBANK- 

Norman (1882 p. 82) state that the ‘““mammiform organs” are by 

no means always present. 

As for Maas’s Avinella crista-galli 1 suggested (1912 p. 316) that 

this sponge was not an Aavnellau. As far as can be judged from 

Maas’s description A. crista-galli is nothing but a synonym of the 

sponges mentioned above. In external appearance it agrees with 

such specimens from Naples as e.g. 888, of which I give a coloured 

illustration from the living animal in my monograph. Among the 

hundreds of sponges from Naples I examined I never saw a single 

Avinella with which it could possibly be identified; whereas the 
resemblance with several specimens of Hymeniacidon sanguinea is 

very striking. “Der Schwamm ist von ansehnlicher Grösse, bildet 

Krusten, die seitlich comprimirt und gewunden sind wie ein Hahnen- 

kamm. Die Oberffäche ist unregelmässig wellig” (Maas, 1893 p. 338). 
The skeleton, according to Maas, is composed of two sorts of spicules 
which are said to be ‘“stecknadelformig’’, but according to the figures 
these spicula are styles with some strongyla. I examined a number 
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of larvae and pupae of H. sanguinea; I perfectly agree with Maas’s 

statements; only in my specimens I discovered sometimes, though 

very scantily, isochelae. And Torsent (1911 a p. LX) says about 

the larvae of Maas’s sponge: “La ressemblance en est tres grande 

avec celle que je viens de decrire...” (viz. Hymeniacidon caruncula). 

Taking everything together [ believe that we may draw up the 

following list of synonyms of Hymeniacidon sanguinea (Grant) Bwk. : 

1826 (1). Spongia sanguinea GRANT. 

1828. Halichondria sanguinea FLEMING. 

1848. Halispongia sanguinea Gray. 

1857. Hymeniacidon caruncula BOWERBANK. 

1862. Suberites crambe Scumipt. 

1862. Suberites fruticosus SCHMIDT. 

1866. Hymemacidon caruncula BOWERBANK. 

1866. Hymeniacidon consimilis BoWeRBANK. 

1866. Hymeniacidon mammeata BOWERBANK. 

1866. Hymeniacidon sanguinea BowERBANK. 

1866. Hymeniacidon viridans BoweRBANK. 

1874. Hymeniacidon medius BOWERBANK. 

1880. Crambe harpago Vosmarr. 

1882. Amorphina caruncula BoWERBANK-NORMAN. 

1882. Amorphina consimilis BOWeRBANK-NORMAN. 

1882. Amorphina sanguinea BOWERBANK-NORMAN 

1882. Reniera mammeata BOwERBANK-NORMAN. 

1882. Reniera caruncula BOWERBANK-NORMAN. 

1882. Reniera consimilis BOWERBANK-NORMAN. 

1882. Reniera sanguinea BOWERBANK-NORMAN. 

1882. Reniera viridans BOWERBANK-NORMAN. 

1884. Hymeniacidon agminata Ripiey. 

1888. Amorphina viridans Topsent. 

1892 («)._Stylinos brevicuspis Topsent. 

1893. Axinella erista-galli Maas. 

1894 (e). Crambe fruticosus Topsrnt. 

1894 (y). Tetranthella fruticosa LENDENFELD. 

1899 (a). Crambe crambe THIELE. 

With this conception of Hymeniacidon sanguinea we may say 

that it isfa sponge which usually appears as a scarlet’) crust. In 

1!) Of course the red colour is not always exactly the same; sometimes it is 

more blood-red or coral-red, sometimes more scarlet ete. On the whole it generally 

comes nearest “miniatus” of Saccarpo’s list. 
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some specimens this crust is only one or two millimeters thick and 

then the surface is generally smooth and even. In others it is thicker 

and provided with small tubercles, lobes or ridges. Such specimens 

form transitions to more massive ones, albeit that they often rather 

simulate a massive mass, in reality being but incrustations. In the 

former case they are described under the names Spongia (Hymeni- 

acidon) sanguinea and Stylinos brevicuspis. Specimens like Hymeni- 

acidon caruncula, consimilis, mammeata ete. form transitions to such 

as are known as Awrinella erista-galli, Suberites (Crambe) crambe 

and fruticosus. In the simplest condition, as thin crusts, the skeleton 

is formed of vertical bundles of styli, branched or not, terminating 

in fan-shaped tufts. These bundles are attached to the substratum 

by means of a thin layer of spongine, which forms conical 

elevations in ‘which the bundles are firmly fixed with their basal 

parts. If the erust becomes thicker, localised or in general, the 

bundles of course grow higher; neighbouring bundles may be united 

by spicules, with or without the aid of spongine. This gradually 

leads finally to a sort of network of bundles, united by a very 

variable amount of spongine. Between the vertical bundles loose 

spicules may be found, often in a horizontal position i.e. parallel to 

the substratum. Moreover some acanthostyli occasionally occur; 

their typical situation is erect on the substratam. And finally, 

likewise in very variable number, sigmata and isochelae may be 

found. 

Let us now return to the desmas. 

In six of the inerusting specimens [| found desmoids, viz. in 958, 

977, 1026, 1037, 1039 and 1130. However, these organisms are 

never found regularly dispersed through the sponge, but only in 

certain parts. More especially they oecur at localised places of the 

base of the sponge, immediately against the substratum or, if they 

are found higher up, they are more or less in contact with the erect 

bundles of styli. This situation suggests that they are organisms not 

belonging to the sponge itself. Supposing this to be the case, where 

do they come from and what can possibly be their true nature ? 

It is highly improbable that they belong to some Lithistid, simply 

because I found Lithistids only twice or thrice in the Bay of Naples. 

It is a fact well known to everyone who has examined microscopic 

sections of sponges that they frequently contain foreign objects. 

Leaving out of consideration the numerous commensals we find in 

sponges, we often find spicules of other Sponges, Radiolarians, Fora- 

minifera ete. entirely incorporated in the parenchyma. Thus I found 

in some sections of specimen 975 spicules which had a great 
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likeness to the microcalthrops of Plakina trilopha. They are for the 

greater part found in groups on the same substratum as the sponge 

975. They are kept together bv traces of degenerated soft tissue. 

Now it is certainly of importance that in several cases I found on 

the same stone together with the red inerustations mentioned above 

crusts of Plakinidae. The majority of my specimens of Plakinidae 

came from the same grounds as the red crusts of H. sanguinea viz. 

Posillipo, Pozzuoli and Nisida. The supposition that the irregular 

siliceous bodies are to be derived from spicules of Plakinidae seems 

to me, therefore, not over fantastic. We know by F. E. Scsunzr’s 

researches how variable the spicules of Plakinidae are. The various 

shapes of the desmoids we find sometimes in Hymeniacidon sanguinea 
are all easily explained, if we admit that spicules of Plakinidae 

form the crépis.. We might suppose that little crusts of these curious 

Porifera are overgrown by the stronger, expanding Hymeniacidon 

and are finally killed by it. In this way groups of spicules of some 

Plakina or other may be incorporated in the parenchyma of Hy- 

meniacidon. But, these spicules are not yet desmas or desmoids. 

We saw that, according to Sorras, Mincuin and others, desmas are 

formed by secondary deposit of silica on a spiculum, which is early 

arrested in growth,and by which process the axial thread becomes shut 

off from the surrounding cytoplasm of the scleroblast. Whether the 

spicopal, which will form the prosthema is secreted by the mother- 

scleroblast of the crepis or by others, is of no consequence for 

our suggestion. 

Is there anything to be seen in our Hymeniacidon which resembles 

the development and structure of true desmas? I believe there is, 

as far as can be judged from examination of objects no more in contact 

with their mother-cells. Every phenomenon we are able to observe 

in true desmas can be seen in the siliceous bodies under conside- 

ration. If we apply the heating method and subsequent mounting in 

glycerine, in general in observing the spicules in question in media 

of various refractive index, we get pictures which fully correspond 

to SorLras’s statements about desmas. So far there seems to be no 

reason for a distinction between desma and desmoid, since it is „ot 

confirmed in any way that the secondary silica is deposited by other 

cells than the mother-scleroblast of the crepis. Consequently, if one 

wishes still to make a distinction, it must be for other reasons. 

Such a reason might be found in the fact that the desmas of Lithis- 

tids are spicules normally secreted by the Sponge itself — at least 
as far as we know. But the desmoids of Hymeniacidon sanguinea, 

according to my views, do not belong to the Sponge; the erepis at 
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any rate is foreign and this is essential. It is unknown how the 

surrounding layers of the prosthema are formed; but it seems to me 

very probable that the mother-scleroblast of the crepis is responsible 

for it. Little is known about such secondary deposits; still less than 

about the primary -spicopal, which is in contact with the axial 

thread and very probably stands under its influence. A slight irre- 

gularity in the axial thread is followed by the same irregularity in 

the spicopal. One can convince oneself easily of this fact by care- 

fully examining microscopic preparations of spicules. Invariably 

some abnormalities are found. Take e.g. a preparation of styli; 

generally there are some which show slight thickenings in the axial 

thread near the base. The layers of spicopal follow the thickening 

most minutely. Often between the normal styli, others are found 

which are obviously arrested in growth so that they do not termi- 

nate in a sharp point, but are rounded off. In such cases one can 

repeatedly see that at that end the spicopal has formed exactly 

the same curved lamellae as, normaliter, at the base. Such layers 
are thicker, the earlier normal growth has stopped. These are patho- 

logical products. We get the impression that the silica, which is still 

present in the scleroblast, is used up, «/so if the axial canal is shut. But 

this secondary deposit is generally more irregular. We may suppose 

that similar processes are going on in desmoids, only on still larger 

scale. The reason of such abnormal development may be sought in 

the poor condition into which P/akina comes after it has been over- 

grown by Hymeniacidon. We know of several analogous cases of 

secondary deposit of spicopal. As far as 1 am aware little attention 

has been paid to it. Examples we have e.g. in sterrasters, spherasters, 

sterrospirae ; but also, I believe, in the spines of acanthostyli. Ster- 

rasters and spherasters are both polyaxon spicula; the primary 

spicopal is deposited orn the axial threads, with some form of 

oxyaster as result. If then the axial canals are shut, the secretion of 

silica goes on for a while, with the result that the centre becomes more 

and more one mass of spicopal. This mode of growth is for both 

kinds of spicules fundamentally the same; only in sterrasters it goes 

farther. For these spicules at least it has been proved that the primary 

spicopal as well as the secondary is secreted by a single cell. Sterro- 

spirae *) on the other hand are monaxon spicules. As in sterrasters 

secondary silica is secreted after the closing of the central canal, so it 

happens in sterrospirae, albeit in another way. Why the secondary 

spicopal in acanthostyli and spinispirae is deposited in concentric 

lamellae and finally as conical spines vertical on the axis, whereas 

1) Cf. Vosmaer 1902, p. 111. 
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in desmas or desmoids it happens as irregular knobs and tubercles, 

are questions I am as little- prepared to answer as why some spicules 

are monaxon, others tetraxon etc. I only wish to draw attention 

to what I believe to be analogous phenomena. 

In describing the development of desmas in Neosiphonia superstes, 

Sollas says explicitly that cladi and tubercles are formed independently 

of the axial thread. But he continues (1888 p. 300): An axial 

portion, however, is still to be traced through the twigs and branches. 

It consists of silica of different refractive index and different solu- 

bility in the outer coatings, and runs as a wide core...” ete. This” 

is, however, by no means peculiar to desmas. It has been long 

known that a lamellar structure is often met with in sponges. 

Birscut1 demonstrated that different layers may show different 

refraction, an observation which Wijsman and I myseif afterwards 

confirmed. Leaving out of discussion the explanation, it may be 

stated that in most spicules the different layers not only have a 

different refractive index but also a different solubility. I have made 

in this matter a number of observations, which I hope to continue. 

These observations all point to the fact that we have to do with 

very complicated, partly optical phenomena. Roughly speaking we 

can say that the spicopal around the axial thread has a lower 

refractive index than the peripheral layer or layers *). Similarly is 

the solubility in bydrofluorie acid of the central layers is stronger than 

that of the pheripheral ones, in so far as the former are easier dissol- 

ved. Another difference between the layers is observed after careful 

heating; the well known brownish colour first appears in the inner 

layers and seldom occurs in the most external layer just under the | 

spicule-sheath. All these phenomena are seen in desmoids of /7. sanguinea 

just as distinctly as in simple styli of this or other Sponges. 
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1173 

1866 —1874 BoweRBANK, A Monograph of the British Spongiadae. I—III. 

1880 VosMAER, in: Notes Leyden Museum. II. 

1882 BowERBANK—NormMaAn, A Monograph of the british Spongiadae. Suppl. 

1884 Ripiey, in: Rep. Zool. Coll. “Alert”. 

1887 SoLLas, Article Sponges in: Encyclop. Britann. 

1888 SorLas, Report Tetractmellida in: Rep. Challenger. Zool. XXV. 

1889 (4) TopsEn'r, in: Bull. Soc. Linn. Norm. (4) Il. 

1892 (z) Topsent, in: Arch. Zool. Expérim. (2). X. Notes et revues. 

1893 Maas, in: Zool. Jahrb Abth. Morph. VII. 
1894 (7) LENDENFELD, in: Zool. Anz. XVII. 

1894 LeviNseN, in: Vidensk. Medd. naturh. Forh. Kjöbenhavn. 1893. 
1894 (6) TopsENnT, in: Rev. biol. Nord France, VII. 

1894 (‘) Topsent, in: Id. VI. 
1894 (se) TopsEentT, in: Arch. Zool. Expérim, (3) I. 

1899 (z) Triere, in: Arch. Naturgesch. LXV. 

1900 Topsent, in: Arch. Zool. Expérim. (3) VIII. 

1902 (8) Vosmaer, in: Versl. gew. verg. Kon. Akad. Wetensch. Afd. W. en N. 

1902 (2) VosMAER en VERNHOUT, in: Siboga Expeditie VI, a. 

1905 VosMAER en WIJsMAN, in: Versl. gew. verg. Kon. Akad. Wetensch. 

Amsterdam. Afd. W. en. N. 

1909 Mrinceur, in: Ergebn. u. Fortschr. Zoologie. II. 

1911 (4) Topsent, in: Arch. Zool. Expérim. (5) VIL. 

1912 STEPHENS, in: Proc. Irish Acad. XXXL. 

1912 VosMaer, in: Zool. Jahrb. Suppl. XV. 

Leiden, Jan. 27 1916. 

Mathematics. — A posthumous work of Dr. P. H. Scrourw. By 

Prof. J. CARDINAAL. 

(Communicated in the meeting of January 29, 1916). 

At the moment of Dr. P. H. Scnoutn’s regretted decease four 

sections of his great treatise ““Analytical treatment of the polytopes 

regularly derived from the regular polytopes” had been inserted in 

the works of this Academy (Verhandelingen XI3 and X15). The 

fifth section failed, which was the more to be regretted, as the 

author considered it a quite essential part of his researches and 

might well hope to complete the whole work in his lifetime. 

It was to be supposed that part of this fifth section might be 

found amidst ScHourn’s papers. Happily this supposition proved to 

be true; the fifth part was found nearly complete in manuscript. 

It is true, the manuscript bore the character of a first concept and 

had to be put in final form, but the clearness and accnrateness of 

expression, so characteristic of the deceased, revealed themselves 

in this concept. The results were nearly all put down, so we can 

fairly admit, that it is Scmovre’s work that is now to be published. 

We wish to give some remarks relating to this publication. In 
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1910 this Academy published a treatise of Mrs. A. Boone Storr: 

“Geometrical deduction of semiregular from regular polytopes and 

space fillings’. This treatise contains a method by which bodies 

having a certain kind of semiregularity may be derived from regular 

bodies, with application to any number of dimensions. The methods 

were essentially geometric; ScHoure resolved to give the analytical 

counterpart. The conception might seem simple, the execution 

proved to be very laborious. Many theorems had to be tested for 

spaces of more than three dimensions; we give the subdivision of 

each of the four published sections as a proof. A. Symbols of the 

coordinates. £4. The characteristic numbers. C. Extension numbers 

and truncation integers and fractions. DD. Expansion and contraction 

symbols. #. Nets of polytopes. #. Polarity. G. Symmetry, con- 

siderations of the theory of groups, regularity. The author’s analysis 

extends over four principal forms of polytopes and many difficulties 

in the consideration of spaces of more than three dimensions had 

to be conquered. 

The fifth section deals with polyhedrons deduced from icosahedron 

24? C C 

The author had to apply a method very closely connected with the 

geometrical generation of the bodies as a consequence of the impossi- 

and dodecahedron and the forms of S, deduced from C "ap, Gene 

bility of applying some of his former principles. The analysis of 

C,,. did not present insurmountable difficulties, but the number of 

characteristic numbers and coordinates belonging to C,,, and C,,, is 

very great. The reciprocity of C,,, and C,,, however allows to limit 

the considerations to C,,,. 

It has been already hinted that subdivision and results were 

found in Dr. Scnoure’s manuscript. The form was however very 
v 
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concise and a mark from his hand indicated some results he had 

not yet soundly tested. The text was in Dutch, a final redaction in 

English in harmony with the other sections was not yet begun. A 

general revision of the work which would have allowed the author 

to give to its methods that perfect unity at which he aimed, had 

not been made. 

Now this became the task of the editors, a task which had to be 

fulfilled with all the piety due to Scnourw’s memory. The author of 

this communication gave a first redaction in English. The great and 

laborious work however, consisting in the controlling and filling up 

of the characteristic numbers and coordinates and the ensuing final 

redaction is due to Dr. W. A. Wutrorr, whose kind collaboration 

made it possible to publish Scuournr’s last work, a collaboration 

which will be thankfully remembered. 
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Chemistry. — “In, mono- and divariant equilibria’. VL By 

Prof. F. A. H. SCHREINEMAKERS. 

(Communicated in the meeting of January 29, 1916). 

10. Relation between concentration- and P,T-diagrams. 

We have seen in our previous contemplations in what way can 

be deduced the types of the P,7-diagram which may occur in a 

system of -components and in what way the concentration-diagram 

belonging to each of those can be found. Now we shall consider 

more in detail the correspondence between the two diagrams. 

Instead of 2 reactions, each between + 1 phases, we consider 

2 reactions between the „+ 2 phases of the invariant point. We 

write these reactions: 

a,P, Hal, + + ante Hito ONE tp (1) 

and 
BRR gle, ie Papp. et + 2) 

We take a, and 5, always positive, so that in each of these 

reactions one of the other coefficients at least must be negative. 

Further we suppose that we have written the phases /, /,... in 

(1) and (2) in such order of succession, that: 

a Ne, EN (3) 
a, ds as Ana 

These ratios may all be positive; when one of the ratios e. g. 

h,: a, is negative, then in (8) going from left to right also all 

following ratios are negative. When we multiply (1) with 2 and 

when we subtract (2) from it, then we may write: 

b ; b. L 
a, k —- ) F+ ‚(7 — ‘) F+ „(> — ) Ve == Oe 0(4) 

a, a, : a, 

Hence we may deduce „+2  reaction-equations, each between 

n+1 phases. When we put >= b,:a, then the coefficient of 7, 

becomes zero; it is apparent from (4) that the coefficients /’,, /,... 

have the same sign as a,,a,... We represent this by the series: 

OP eas Eb eis SEG Ee 0) 

When we equate 42=%,:a, then the coefficient of /’, has the 

opposite sign of «@,, those of F,, /,... obtain the same sign as 
a,,a,... We represent this by the series: 

— a, 0 Ja, Hagen Hante . - - - » (6) 

For 4=6,:a, we obtain the series: 

OEE ae ee ut its. cou Ae) 

and at last for 4= b,42: Ante 

Proceedings Royal Acad. Amsterdam. Vol. XVIII. 



a, a, a, a, —dnti? On on 1.8 SEG) 

It is apparent from those series that the removal of the 0 from 

left to right causes a regular change of the signs. 

Now we have n+ 2 reaction-equations, so that we can easily 

find the type of the P,7-diagram. It is evident that this type shall 

depend on the signs of a,a,... (a, is viz. positive); we could think 

now that those signs can be quite arbitrary, we can show however, 

that this is not the case for the sake of (2) and (3). 

Let us imagine that the signs of a, a, ... are represented by the series: 

ee i eet pe ene aia reo ((C.) 

This means that «,a, «4, are positive, a, and a, negative, a, 

and a, positive, etc. We shall call a group of » equal signs following 

one another: an „-group; as case of limit 2 can also be =1. 

Jonsequently we find in (9) firstly a positive 3-group, afterwards a 

negative 2 group ete. As a, is taken positive, the first group 

therefore must always be positive. 

Now we can show: “each series consists of three groups, at least”. 

It is apparent, without more, that the occurrence of one single 

group only is not possible. The impossibility of two groups occurring 

appears in the following way. 

When we put in (3) 6,:a,=4,, 6,:a,=, ete. then it follows 

from (1) and (2): 

Arias alert Bp ap Opel fo sten f= Arlen Ot (ton) 

and 

UA + UA Hee + Up Gp Up Ap +--+ + Une Ane — 0 (12) 

in which 
DN OAN EEE oe (IE) 

We take herein a,...a, positive and a)41...Q,42 negative; as 

regards the signs of u, u,, we take u, ...u, positive and uti... Ute 

negative ; in this q may change from 1 towards „+ 2. 

Let us take g=n-+2; this means that all values in (13) are 

positive. As apy1...djp2 are negative, we replace them by — a, 

—a,42 ete. Now (11) and (12) pass into: 

a, a, es Oy = yt Sowa reo ea on 6. | ((125) 

and 

Ur A Hg Gy Hes Up Ap — Up Op Heee + lint ante « (15) 

The first side of (15) is smaller than uw, (a, + a, +... + ay) and 

larger than u, (a, +a, +... + 4) ; consequently we may write for this: 

a(a, +a, 4... Hap) in which p, > a >u,. 

We write for the second part of (15): 

B (apa H.H ante) in which wa > B > nge: 
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Consequently (15) passes into: 

Ela a, Jee. Hap) =P (appa +... ante). . « (16) 

in which a > 3. 

As neither @, nor 8, nor the reaction-coefficients may be = 0, 

(11) and (12) can, therefore not be satisfied. 

When we give another value to g, then we come to the same 

conclusion. Hence it follows, therefore, that the occurrence of two 

groups is not possible. As further we may easily prove that three 

and more groups may occur indeed, we may consequently conclude : 

“each series consists of three or more groups”. 

Now we take in (1) for a,a,... the series: 

AlB |B |S |e | 7 | D 2 an 
tr ges ENE nt pases, | —— a ate | Po naa 

This series consists of four positive groups, which are indicated 

by A, B, C, and D and of three negative groups, which are indi- 

cated by FR, S and 7’; for the sake of clearness these groups are 

separated from one another by vertical lines. Going from the left 

to the right, we number in each group the curves: 1, 2,..., con- 

sequently A,A,..., B,B,... 

When we deduce from (1) and (2) with the aid of (4) the n+ 2 

reaction equations, then we find the series : 

Oes Fr, allt. 

oe ae aed ee ee 
a iyi ae he ee EE 

and at last: 

ed eel 0 
These series represent the signs of the coefficients of the reactions, 

which may occur each time between 7 -+ 1 phases; they indicate, 

however also which curves are situated at the one and at the other 

side of the curve, which is represented by O; the curves with the 

positive sign are situated viz. at the one side, those with the nega- 

tive sign at the other side of the curve 0. 

Now we find easily that the P,7’ diagramtype can be represented 

by fig. 3(V) and that with each group of signs in (17) a bundle 

in the P,7' diagrain corresponds, which contains just as many curves 

as the group contains signs. We shall refer to this later. 

We have assumed in series (17) an odd number of groups, when 

we add another negative one, then arises the series : 

+ aa | A gl ee EN be KONE tE) 
En Ranges 



Hence we deduce the type of the P,7 diagram in the way indi- 

cated above. Although there are in series (18) eight groups of signs, 

yet in the diagram not 8, but only 7 bundles are found. We obtain 

viz. again fig. 3 (V), in which we have, however, still to draw the 

curves U,U,... and in such a way that they form with A,A,... 

one single bundle only, in which the order of succession from left 

to right is U,U,...A,A,.... Consequently we find a diagram, 

satisfying also the series : 

U A Rass S GEN Wee) 

NE ay reac Ee 

Hence it is apparent: when the last group of a series is negative 

| ay 
(series 18) then we may place this last group, after reversing its 

sign, before the first group and unite them to one single group 

(series 19). : 

[Below we shall indicate in another way that a similar removal 

is possible and in what way we can carry it out. | 

From the previous considerations follow at once the rules: 

in each P,7' diagram the number of bundles of curves is always 

odd and three at least ; 

in a P,7 diagram always a same number of bundles of curves 

is situated at the right and at the left of each bundle of curves. 

We can also find in this way the types of the P,7 diagram, 

which may occur. in a- system of m components. We have viz. to 

examine in how many and in what ways the 7+ 2 signs of a 

series can be divided into an odd number of groups. This is perfectly 

the same as the way followed in communication V viz. examining 

in how many and in what ways*2 + 2 curves can be divided into 

an odd number of bundles. 

The following is apparent for the relation between the type of 

the concentration- and the P,7-diagram. 

1. We know 2 reactions between the phases, which occur in 

the invariant point and we seek the corresponding type of the 

P,T-diagram. We write then those two reactions just as the equations 
(1) and (2) viz. in such a way that condition (3) is satisfied. Now 

we take the series of the signs of reaction (1); when the last group 

is negative, then we combine it with the first in the way indicated 

above (compare series 18 and 19). We may use the following pro- 

perties for drawing the type of the P,7-diagram. 
With each group of the series a bundle of curves corresponds, 

which contains as many curves as the group contains signs. 

These bundles succeed one another in the same order as the 
groups in the series, on condition that we follow it from left to right 
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and when we take firstly consecutively the positive groups and then 

the negative ones |consequently in series 18 the order of succession: 

ABCDRSTU, this is in accordance with fig. 8 (V) |. 
We can also take the order of succession of the groups, without 

taking the sign into consideration [consequently in series 18 the order 

of succession: ARBS...| Then we consider in the P,7-diagram not 

only the stable —, but also the metastable parts of the bundles 

[Consequently in fig. 3 (V) the order of succession of the bundles 

is ARBS....; Now we may say: in the P,7-diagram the bundles 

succeed one another in the same order as the groups in the series; 

the positive groups indicate the stable parts, the negative ones the 

metastable parts of the bundles. 

In each of the bundles the curves succeed one another as in the 

corresponding group of the series. 

2. We know the type of the P,7-diagram and we seek the 

corresponding type of the concentration-diagram, therefore, two reaction- 

equations between the phases. 

For this we firstly define the series of signs, which corresponds 

with the P,7-diagram; this is easiiy found after the above con- 

siderations. As by this only the signs of the coefficients of (1) are 

given, we may satisfy this reaction, therefore, in infinitely many 

ways. Equation (2) is also still to be chosen quite arbitrarily, on 

condition that (3) only is satisfied. Consequently we find an infinite 

number of solutions, which satisfy all, however, the same conditions 

and which form together the type of the concentration-diagram. 

Consequently the type depends on the series of signs, so that we 

may consider the series of signs as a representation of the type of 

the concentration-diagram and of the /,7-diagram. 

We shall refer with an example to this deduction of the type of 

the concentration diagram. 

We shall apply those general considerations to some definite cases. 

We have taken in communication IV as an example (reactions 13 

and 14) of 2 reactions in a septuplepoint: 

OSR ASIL ok dy ei ee 20) 

and PR TSA a ZE 

and we have found for the corresponding type of the P, 7-diagram the 

symbolical diagram 20 (IV) or fig. 1d(V). We shall deduce this 

diagram following the method indicated above. As in both the equa- 

tions (20) and (21) one phase is missing, we are not allowed to 

apply to it without more our previous considerations ; for this reason we 
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shall deduce from (20) and (21) two other equations, which contain 

each the seven phases. We may obtain infinitely many of those 

equations, which are however of course dependent on (20) and (21). 

When we multiply e.g. (20) by 2 and when (21) is added to this 

then we find: 

OP LY Ot5R BST AU = 07s Mme 
When we multiply (20) by 8 and when we add (21) to this, 

then we find: 

SPLSIOL TRI ESAT SU 187 =0. ANS) 
Now we have to choose in (22) and (23) the order of succession 

of the phases in such a way that condition (3) is satisfied. 

As: 

al volte ee be as ee eo 
we must consequently write (22) in ae form: 

TES LQ NR EA U NP SON 
Therefore we obtain the series of signs: 

| S Q zl R | UP 

SS SEE 

for which we can also Br 

Jh | S Q Abal 

tak 

Hence it appears consequently that the P,7-diagram consists of 

the 2 twocurvical bundles (P+ 7’) and (S + Q) and of the 3 one- 

eurvical bundles (VV), (#) and (U). Starting from (P) is, therefore, 

in accordance with (25) the order of succession of the curves: 

(P), (1), (V), (U), (S), (Q) and (R), which is in accordance with the 

symbolical diagram 20 (IV) and fig. 1d (V). 

We assume that in a system: with 5 components the reactions: 
PENS De Visa. ee ee 

and LP OO AR EPSP GU 3V=0 | REK) 

occur. We have to choose in those equations the order of succession 

of the phases in such a way that condition (3) is satisfied. As 

nt tent 
we have to write, therefore, for 26: 

(25) 

Pr SOS WARE KU =O ho ees 
we obtain consequently the series of signs: 

PYPNO eS Va) RU (29) 
beslaan ees 

The P,7' diagram consists, therefore, of two twocurvical and one 

threecurvical bundle and it can be represented by fig. 2 h (V). 
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Now we shall seek the concentration-diagram belonging to a P,7’ 

diagram. We take fig. 1 a (V); as each bundle is onecurvical, the 

series of signs becomes: 

A|E BLEIC|IG|D Ne ND) 

hale 
so that the type of the concentration diagram is defined. We can 

find it in the following way. From (80) follows the reaction : 

aA—eB+bB—fF4teC—gG+dD=0 +. (81) 

wherein a,e,6,... are positive. We write for the second reaction : 

Agee bob Bae sd DO. (32) 

wherein the coefficients may have positive and negative values. 

Now we have the conditions : 

a—e+tb—fte—g+d=0 

diéeé+tbh+tft+eétgid=o 

at 
a ( eé_ b a c! gd 

and > >-> Dn dan ~>- 
e b / c g d a 

by which the type of the concentration-diagram is defined. It is 

evident that those conditions can be satisfied in infinitely many 

ways. We may take as example amongst others : 

A—2EF+B—F+C—G64D=0 

and 6A—THIL3B4F—-20436—4D—0 

Herein is viz. : 

6>i>3>—-1>-2>-3>-—4. 

Below the corresponding series of signs follow for each of the 

P,T diagramtypes in quinary systems [figs. 1, (V) and 2 (V)] 

fiel a (Wee or B8 
fig. 1 5 (WV) +++—+—-4+ .... (4 
AN Sear nn a fight ee 
ites CIO ee ai ede 
ii Nr raten ideen eee aC 
Dees fe ea ee ln ed VS 
FMA a re dei ge = a) 
fe ele Weta = otis oie epg cee ee 

Series 33 contains seven, each of the series 34, 35 and 36 contains 

five and each of the series 37, 38, 39 and 40 contains three groups 

of signs. 

The reader himself can now easily deduce the series of signs for 

systems with 6 and more components. 

Above we have deduced: when the last group of a series is 
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negative, then we may place this last group, after reversion of its 

sign, before the first group and combine them to one single group. 

We have deduced this by indicating that from both the series (18 

and 19) the same P,7’ diagram-type results. 

Now we shall indicate that both series may be converted mutually 

and in what way this can take place. 

We write reaction (1) when we put » + 2—r for the sake of. 

abbreviation 

a, FP, +a, Py. + Arn Era + ag Fy +... + oy F, =0 … (41) 

we assume that @,—; is positive, and that a,...a, are negative, so 

that those last form a separate negative group, just as group U in 

(18). We represent the ratios by u,...«,, so that 

Oy > My > Darl Dole > Dr 
is satistied. Reaction (2) now passes into : 

wal, + pga, +. + ur Ar Fe + tates +... + Hal, =0 (42) 

It follows from (41) and (42) 

(ua, FY +. + (aar Pr + (faa Pe +... + (a, =O (48) 

wherein % is arbitrary. We choose % in such a way that 

iE Ao Ss eas alleen er a flea (ie!) 

is satisfied. 
The negative coeff. of #.../, from (41) become positive in (438) ; 

the coefficients of /’,..: F, keep all the same sign. We place the 

positive group 4... £, at the beginning of the series ; then we obtain 

(Ua-%) 0g: F' ye 4- + (Uy -*) ay (u, Ba, PH + (Ue -1-#)a2 Eri = 90 (45) 

wherein the coefficient of the first term is positive | viz. u, — «<0 

and a, < 0]. Now we take u, > 0, so that also x > 0. We write for (42): 

—Urar Py — ... -— wy ay Ea, Ke Ur der Er = 0 (46) 

so that also herein the first term is positive | viz. uw: > 0 and a, < 0]. 

Now we shall show that condition (3) is satisfied. We write this: 

RSS gS SSS re ee AN 
wherein : 

he semi A en dn ef 
Us—X 

Now we have: 

—Uj — Hg (tj — lg) 
45 hg == = = - (48) 

Up % Ug—% ne (Up —*)(Uq—*) 

When we apply (48) every time for two values of 4, and i, 

which sueceed one another, consequently for 4, and 2,, for 2, and 2,, 

ete. and also for 2, en A,, then we find when we take (44) into 

consideration 
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hand AR, No VE A Ae ce Dee Ags 

so that (47) is satisfied. 

When we take ue< 0, then we write for (46) in order to make 

the first term positive [viz. u, <0 and a; <0]: 

{ly dy By Ho + Gee wrd est Aa rl Beets (49) 

Consequently we equate now : 

{is < 
= he 

Us % 

Now we have: 

: ; up u “(up — Ug) : 
4p — 44 = ——— — > = SS : (50) 

Up—% Ug—% (up — *)({tg—*) 

As uw, is taken negative, # can be in accordance with (44) as well 

positive as negative; we now give to x one of the many negative 

values, which satisfy (44). With the aid of (44) and (50) we then 

find that again (47) is satisfied. 

Consequently we find: when the last group of a series is negative, 

then we may place this, after reversing its sign, before the first one 

and combine them to one single group; also it is apparent im what 

way we can find the new coefficients. 

We can still put the question whether all pairs of reaction- 

equations, which we can deduce from (1) and (2) will have the 

same series of signs. As a P,7-diagramtype is perfectly defined by 

its series of signs and reversally the series of signs is perfectly 

defined by a P,T-diagram, consequently this must be the case. When 

we deduce, therefore, from (1) and (2) another pair of reaction- 

equations, then the series of signs for this latter pair must, therefore, 

be the same as that for the first. Let the series of signs of the 

reactions (1) and (2) be given by (17), then this is also valid for 

each other pair of reaction-equations which can be deduced from 

(1) and (2). Of course it is possible that this new series of signs 

begins with another group; the order of succession, however, remains 

the same. In (17) the series begins with group A; when a new 

series begins e.g. with the group S, then is the order of succession; 

Se aCe | ats Ie DON eae Tc NE 

pasta Ba eRe ea Del: ree CA 
Oe 

In the first series the signs of the groups S, C, 7, and 7 are 
the reverse of those from (17), in the second series this is the case 

or 
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with the groups A, R, B and S. Both the series are, however, the 

same as in (17); when we go in fig. 3 (V), starting from bundle A 

towards the right, then series (17) follows; when we go, however, start- 

ing from.S towards the right or the left, then the above series follow. 

We can also deduce this property without using the P,7-diagram. 

For this we form from (41) and (42) the two new reaction-equations : 

(u, — *) a, Fy +... + (uy, — 2%) a, Fy +... + (4 — 2X) ar Fy =0 (509) 

(u, —l) a, FH... + (uy —l) ay Fy +... + (ur—!) a, F, = 0 (502) 

wherein we give arbitrary values to / and z. As we are allowed 
to always take the last group in (41) positive, we suppose a, > 0. 

We distinguish three principal cases. 

JE ATE See IES CAD ES. Th Soa SSS 

Principal case I. We may distinguish three cases: 

a. u, >landl>x; 6. u, >landi<z; ce. l> 4, therefore 1 >~x. 

Now we can show that the equations (50¢) and (50%) satisfy con- 

dition (3), if we take them in the given or in opposite order of 

succession as it appears necessary. |The reader, to whom we leave 

this deduction, has to bear in mind that the coefficient of the first 

term must be positive in both equations; in the case c this term is 

negative in (50%), so that we have to reverse all signs of (50%)|. 

As all signs: of (50°) are the same as in (41) the series of signs 

of (50%) is, therefore, the same as that of (41). 

Principal case II. We distinguish three cases: 

a) l>wu,,and/>x; 6) l>u,and/< x; c) /<u, therefore /< x. 

It appears that the series of signs of (50° is the same as that in (41). 

Principal case III. u, > x > u, 
We take x between the two ratios w,—; and u, which succeed 

one another, so that is satisfied: 

By > ssi Se Sot ya St ey Se Se os Sb 

We assume that in (41) the phases #,..,../: belong to the 

same series of signs; a;..da,..a; are, therefore, all either positive 

or negative. We write (50,) and (50,) in the order of succession: 

AE a 
(«—p,)a,F, +... (#—pa)acPs + ... (gag =O 

(—py)ayF, + ..-(—uz)azF, +... (l—u,)a,F, a ord | _ (604) 

-.-(l—u,)a,F, .. . (l—ug)azl; +... lugar = 0 

We distinguish again three cases viz. : 

a) l>p,andl >=; 6) 4>p,andl <x; c) 1<u, therefore 1< x. 

When we take care that in all those cases the coefficient of the 
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first term is positive, then we can show that the two reaction- 

equations, taken in the given or in opposite order, satisfy condition (3). 

Considering the signs of the phases in (41) and in (50°), then it 

is apparent that the phases form in (50°) the same groups as in 

(41); only the group /...#,..#: makes an exception; this is viz. 

separated into two groups, of which the one viz. /’,../-is found at 

the beginning and the other viz. /... HA at the end of (50°). As 

both those groups have, however, an opposite sign, we can again 

unite them to one group. Consequently we find in (41) and in (50°) 

the same groups and with respect to one another in such an order 

of succession, that the series of signs of (41) and that of (50°) are 

the same. 

We could put the question why in all considerations the series 

of signs of the reaction-equation : 

a,b, +... + A1 Fr + ap F, +...+ ante Fata ="). (o0e) 

is used and not that of the equation: 

ma, + .. + Up—1dp—1 Fp—1 HW apFp +. + UntogntePnte= 0 (50S) 

We might just as well have used this, for both the reaction- 

equations have the same series of signs. In order to find the series 

of signs of (504), we must give another order of succession to the 

phases, viz. in such a way that condition (3) is satisfied. Now the 

ratios are, however, no more: 

but eel 1 
fis. Were ely 129 WG = ge gts F t1 3 {n+ al ls Uno 

When we take uw,..."p—1 positive and w,...Uj42 negative, then 

we find: 

So. > es 
Up t, Un+2 Up 

Hence it is apparent, ae that we have to write the reaction- 

equations : 

Bp—1%)—1F pi al uaf, = Urn Fn? am epo  UpapEp = — 0 (509) 

ap -1F pr ee a,F, 4 NEVE +...4+ ars ==) ae (50%) 

When a, is negative, then we give the opposite sign to all 

phases. Considering the signs of the phases in (50°) and (507) then it 

appears that both equations contain the same groups, so that both 

have the same series of signs. 

It is apparent from our considerations that with each coneentration- 

diagramtype corresponds a P,7-diagramtype and reversally and that 
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each series of signs is a representation of both diagrams. Consequently 

a certain relation must exist between the two diagrams ; we shall show : 

a P,7-diagramtype can be considered as a schematical reaction- 

diagramtype of the corresponding concentration-diagramtype; and 

reversally: a concentration-diagramtype can be considered as a 

schematical representation of the corresponding P, 7-diagramty pe. 

When we take e. g. the P,7-diagramtype of fig. 2 (ID. Hence it 

is apparent that the curves (1) and (2) are situated at the one side, 

curves (3) and (4) at the other side of curve (5). We may express 

this by 

(OUSE Sier list 4. ee 

This relation (51) expresses however also, that in the monovariant 

equilibrium (5) =1 +2 43 +4 a reaction occurs of the form: 

IR Bede Me eee EN 

This reaction expresses that a complex of the phases 1 and 2 

can pass into a complex of the phases 3 and 4 and reversally, the 

quantitative proceeding of this reaction, however, does not show 

itself in (52). We may deduce this quantitative proceeding from the 

concentration-diagram [fig. 1 (II)]; herein it is determined by the 

ratio of the parts into which the diagonals 12 and 34 divide one 

another. As 52 represents the proceeding of the reaction schematically 

only, we shall call for this reason 52 a schematical reaction. 

Now it is evident in what way we can contemplate a P,7- 

diagram as a schematical reactiondiagram. For this we first change 

the meaning of the curves; in the P,7-diagram a curve, e. g. curve 

(/,) represents the temperatures and pressures under which the 

monovariant equilibrium (/,) = #, +... Hope can occur; now we 

assume that this curve (/) represents nothing else but the phase 

F,. [In fig. 2 (II) curve (1) represents therefore, the phase 1, curve 

2 the phase 2, ete.|. Now the diagram is no more a P,7-diagram; 

it is also not a econcentration-diagram, for, although we represent 

in it the 7 + 2 phases, their compositions do not show themselves. 

It is a schematical reactiondiagram only. 

Now it follows from the previous: each phase divides the other 

into two groups; each of those groups represents a complex of phases 

and in such a way that both the complexes may be converted 

mutually. 

In the reactionequation the phases of the one complex are situated 

at the one side, those of the other complex at the other side of the 

reaction-sign. 

Let us apply these considerations to fig. 2 (ID, which we consider 
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now as a schematical reaction-diagram. From the position of the 

phases with respect to one another, the reactions follow: 

24345 1452384 Dee eo 

gs 5) cE VS sec So \ 

Consequently we find the same reactions as from the concentration- 

diagram [fig. 1 (II)]; the difference is only that they may be deduced 

schematically from fig. 2, quantitatively from fig. 1. 

When we consider also the other P,7-diagrams of binary, ternary 

and quaternary systems, then we find perfect concordance between 

(53) 

those and the corresponding concentration-diagrams. 

It is apparent from the previous that we may deduce the sche- 

matical reactions from both the diagram-types and that the concen- 

tration-diagrams have the advantage that they indicate the reactions 

also quantitatively ; the schematical reaction-diagrams have, however 

the advantage, that they can be drawn in a plane for each 

system of 2 components; the concentration-diagrams, however, are 

situated in a space with n— 1 dimensions and consequently they are 

difficult to draw for systems with more than four components. 

We can also obtain schematical reaction-diagrams in other ways. 

When we wish to know the reactions quantitatively, then the 

concentration-diagram has to be known. A similar diagram of a 

system of m components is represented however in a space with 

n—1 dimensions and it is difficuit to draw it for systems with 5 and 

more components; but this is unnecessary for our purpose. It is 

viz. unnecessary for the deduction of the P,7-diagrams to know 

the reactions quantitatively, but it is sufficient when we know them 

schematically. 

Consequently we put the following question : is it possible to draw 

for each system with 2 components without using a space with more 

than three dimensions, a diagram, which represents all reactions 

schematically 7 

We shall discuss one of the different ways, in which this is 

possible. We imagine an invariant point with the phases A, B, C, 

D, E, and F’; suppose in the monovariant equilibrium (A) the reaction : 

Bei Ee Die, A oo ots. eoa ane (O4) 

occurs. We represent each of the phases by a point on a closed 

curve, e. g. a circle, in this we shall place at the outer side of the 

cirele the letters or figure-signs, belonging to these points). 

First we draw in fig. 1 on the circle the point A and we 

imagine through this point the diameter AA, which is not drawn ; 
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as the point A, does not represent a phase, we shall draw it on 

the inner side of the cirele. In order to express reaction 54, we place 

the points # and F at the one side, B, C and D at the other side 

of the line AA,. 

Fig. 1 gives a graphical representation of reaction 54 and in such 

a way that any error is excluded. When we had not drawn the 

point A, in it, the representation would be indistinct, as we could 

not know then, to which monovariant equilibrium the reaction related, 

so that we might make six suppositions. This doubt, however, is 

entirely taken away by the point A,; this means that the reaction 

relates to the monovariant equilibrium (A). 

In this way of representing the position of the points # and # 

at the one side and that of the points B, C and D at the other 

side of A is quite arbitrary with respect to one another. Consequently 

it is not allowed to deduce from fig. 1 the reactions which occur 

Zh 

£ 

A 

G B 

Fig. 1. Fig. 2. 

in the equilibria (B), (C) ete. Suppose one wishes e. g. to represent the 

reaction in the equilibrium (C), then for this another figure is wanted, 

in which we draw a point C, within the circle. When this reaction 
happens tobe A+ B+ HZ D-+ PF, we can represent both reactions 

in fig. 1; then we obtain fig. 2. 

As in asystem of 2 components 7 + 2 monovariant equilibria occur, 

we should want 2-2 diagrams for representing those + 2 react- 

ions. We can, however, give to the phases with respect to one 

another such a position, that all reactions can be represented in a 

same diagram. 

Let us take for an example a quaternary system with the phases 

A, B, C, D, Wand F. We assume that herein occur the reactions : 

A+B+D2C+EHE , A+ FRBHCHD 

B4+CHD2ESEF , At+BL+D2EIF!. . (55) 

A+F2B+C+E and A 4 pDirac+eE\ 
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In order not to make those equations discord, they have been 

taken from fig. 3 (LID). 

We imagine that in fig. 3 preliminary the circle is only drawn 

and on it the points £, ZE, #,and F,; we take the points Hand # 

arbitrarily. We take the first reaction in order to examine where the 

point A must be situated; hence it is apparent that A and // must 

be situated on different sides of the line /'/,. It is apparent from 

the second reaction that A and F must be situated on the same 

side of the line ZE. Consequently the point A must be situated in 

figure 3 on the are EL, ; now we draw this in the figure and also 

the point A, 

In order to define the position of the point C, we take again the 

first reaction, hence it follows that C must be situated at the same 

side of the line FP, as the point /; consequently point Cis situated 

on the are FEF’. It appears from the second reaction that C and 
F must be situated on different sides of the line HE, ; consequently 
point C must be situated on arc EEK, It follows from both these 

conditions that point C must be situated on are EF. As on this are 

also the point A, is situated, we have still to determine the position of 

C with respect to A,. This follows at once from the third reaction, 

from which it appears that we must take C and £ on different 

sides of the line AA,. Consequently the point C takes its place 

between A, and /’, and the point C,, therefore, between A and #. 

When we determine also in a similar way the position of the 

other points, then we obtain fig. 8; this represents, as is easily 

seen, the six schematical reactions. For the deduction of this figure 

the six reactions are not exactly wanted, this is not accidental; but 
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it is based on the fact that the reactions are dependent on one 

another and that of course it is not allowed to take them in discordance. 

Now we have represented the six schematical reaction-equations 

by a schematical reaction-diagram ; when these equations were given 

quantitatively and when we would also express them quantatively, 

then a representation in space would be necessary ; then we should 

obtain fig. 3 (II). [The six equations 55 are viz. taken from this 

figure |. . 

Consequently it is apparent from the previous that we may 

draw a schematical reaction-diagram in a plane for each system of 

n-components, while a space with —1 dimensions is wanted for 

the corresponding concentration-diagram. 

Now we shall give another form to fig. 3. For this we draw the 

diameter A,A and we prolong it through A; we dot the part A, M and 

we omit the letter A,, which is not necessary now. This line, which 

we shall also call A, represents the phase A just like the point, 

situated on this line. When we do the same with the lines 5,5, 

CC ete, then fig. 4 arises. It is evident that we may find from 

fig. 4, just as from fig. 3, the six reactions schematically. 

When we compare this diagram (tig. 4) with the P,7-diagram- 

type belonging to fig. 3 (III), which is represented in fig. 4 (IT), then 

we see that both figures are perfectly in accordance with one another. 

The only difference is that in fig. 4 the hnes represent a phase and 

in fig. 4 (III) the lines represent monovariant equilibria. 

Hence it is apparent, therefore, that a schematical reaction-diagram 

and a P,7-diagramtype are represented by the same figure and that 

the only difference exists in the meaning which we give to the lines. 

It might seem strange to the reader that we have deduced in 

the way followed above a schematical reaction-diagram, which is 

a perfect representation of a P,7-diagram, withont having spoken 

anywhere in our considerations of temperatures and pressures. 

When we compare, however, the deduction of fig. 3 and 4 from 

the reaction-equations 55 with the deduction of fig. 4 (IIT) from 

fig. 3 (LI) then we see that this deduction is perfectly the same. 

From those considerations it is apparent once more that a P7- 

diagram can be considered as a schematical reaction-diagram of the 

corresponding concentration-diagram. 

The reader himself can deduce that a concentration-diagram can 

be considered as a schematical representation of the corresponding 

P,T-diagram. 
(To be continued). 

Leiden, Inorg. Chem. Lab. 
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Anatomy. — “Concerning the nervus sympathicus of domestic 

animals”. By Dr. H. A. Vermpunen. (Communicated by Prof. 

L. Bork). 

(Communicated in the meeting of January 29, 1916). 

According to the researches of v. p. BROEK, there are three ganglia 

in the cervical sympathieus of all mammals’). In animals where 

these three are not present, the ganglion cervical medium has merged 

into one of the others; only in Echidna does it merge into the 

ganglion cervical superius, in all other mammals hitherto examined 

with two cervical ganglia, it merges into the ganglion cervical 

interius. VAN DEN BROEK believes he has proved this in the case of 

the rabbit, in which animal, by way of exception, a separate 

ganglion cervical medium occurs. We might therefore suppose a 

similar condition in the borse and the ruminating domestic animals, 

with the exception of the goat, as these animals as « rule possess 

only a ganglion cervical superius and inferius; as a rule, for although 

we shall find it everywhere given that the cervical sympathicus of 

the horse has constantly two ganglia, I have twice found a ganglion 

cervical medium, and in both cases only in the vago-sympathicus 

dexter of this species. In both horses the right vago-sympathicus on 

the level of 2°¢ and 3 cervical segments, was thickened into an 

elongated spindle over a length of 13.5 and 11 cm. respectively, 

in both the greatest breadth was 8 m.m.; in one horse a ganglion 

was present in the proximal portion of this growth 15 m.m. long and 

6 m.m. broad, while in the distal portion several smaller ganglia 

were to be seen; in the other horse the ganglionic mass was more 

eqnally distributed over the whole; it was finely shown when, after 

treatment first with formaline 10°/, and alcohol 95 °/,, this portion 

was placed in equal quantities of glycerine and water. Unfortunately 

in both cases the side cervical region of these horses was in the 

students’ hands when I discovered the ganglia, so that I was not 

able to ascertain what branches were sent out and whether they were 

connected with cervical nerves by rami communicantes. The scatter- 

ed position of ganglia in the former case led me to subject the 

rest of this portion of the cervical sympathicus of the horse to a 

microscopical examination, in which the presence of ganglia every- 

where was evinced. This was a reason for me to make further 

research in this direction, and | examined the different parts of the 

sympathetic trunk of several horses and dogs, of one eow, a calf’s 

TON EE VAN DEN Broek, Untersuchungen über den Bau des sympatischen 
Nervensystems der Säugetiere, Morpholog. Jahresbuch 1907 u. 1908. 

dr 
(i 

Proceedings Royal Acad. Amsterdam. Vol. XVIII 
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foetus ( months), a goat and a pig, besides the nervus splanchnicus 

major of a few of these, and in the horse the rammifications of the 

plexus lienalis, the plexus mesentericus cranialis (superior), the nervus 

vertebralis and rami communicantes of thoracal and lumbar regions 

for the presence of microscopic ganglia. 

Nervus Sympathicus, Pars cervicalis. 

Equus. 

The pars cervicalis of the horse 

has been divided every time, between 

the ganglion cervical superius and 

the ganglion cervical inferius, into 

a proximal, middle and distal third 

part; of the other portions, as in the 

other species of animals, portions 

have been treated from between two 

ganglia. All the material has been 

examined according to the Nissi 

method; that of the horses also as 

to the presence of chromaffin cells. 

Yquus. In the proximal third 

part of the cervical sympathicus, I 

found separate ganglion cells, sur- 

rounded by small bundles of nerve 

fibres, frequently close to the peri- 

phery, though sometimes also more 

central, occasionally several con- 

secutive cells, besides one ganglion 

consisting of + 30 cells. In the 

middle portion the cells increase 

in number, sometimes 6 or 8 cells 

can be seen behind each other, 

and again numerous little groups 

of a few eells one behind the 

other, in one case even for a length 

of 1.5 em. In the distal third part, 

beside numerous scattered small 

groups, large cell complexes occur 

(fig. 1). 

a maximum 

The ganglion cells have 

size of 50 u, often 

shapeless or irreguiarly round in 

form with a central nucleus at the 

blunt end. They are surrounded 

by a capsule consisting of flat 
cells. Of the pars thoracalis, I 
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examined the portion between the 3° and 4 and between the 12% 

and 13' segments. In the first-named portion very strong radia- 

tions from the 3 thoracal ganglion into the sympathetic trunk could 

be seen, and beside them seattered cells, also sometimes little groups 

of 6—8 cells, in the latter portion separate elongated masses of cells, 

peripherally as well as more centrally. Of the nervus splanchnicus major 

I examined the middle portion of the free part and in a few series 

[ was able to show a ganglion centrally situated and consisting of 

8 cells (fig. 2). A ganglion splanehnium Arnoldi occasionally occurs, 

and this I found also. In the pars lumbalis (between the 3" and 4th 

vertebra) rows of ganglion cells and small ganglia were to be seen, 

= 

as —= 

Fig. 2. Equus Nervus splanchnicus major. 

the largest colleetion of small ganglia, however, exhibited the pars 

sacralis (fig. 3).- In the plexus lienalis and the plexus mesentericus 

cranialis I met no ganglion cells, neither in the nervus vertebralis 

Fig. 3. Equus. Nervus sympathicus. Pars sacralis. 

nor in thoracal rami communicantes; in a few lumbal rami 

Ge 
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communicantes very sparsely scattered cells were to be observed. 

Bos taurus. In the ealfs foetus in the proximal portion of the 

cervical sympathicus a few small oval or roundish ganglion cells 

could be seen, in the middle portion, at a few places 10—12 cells 

consecutively and in the distal portion, beside numerous little groups 

consisting sometimes of but a few cells, a large elongated ganglion, 

consisting of over 100 cells arranged principally in two rows, while 

a few cells also lay outside (fig. 4). In seetions of 1.5 em. 8—10 

small ganglia may be met with. The cells have a maximum size 

Fig. 4. Bos taurus. foetus 41/, months. Nervus sympathicus, 

Pars cervicalis, distal third portion. 

of 30 uw, have no capsule, or only an undeveloped one, though in- 

dications of one can sometimes be seen. On the other hand, two or 

more cells consecutively are frequently surrounded by connecting 

tissue, so that the impression is conveyed as if they lie in a com- 

mon capsule. 

Of an old cow only the distal third portion of the cervical sym- 

pathicus could be examined. In this I found only two ganglia, one 

peripherally of 25 to 30 cells, and a more central one consisting of 

10 cells. In the thoracal portion an elongated oval peripheral ganglion 

appeared to be present in the part between the 3'¢ and 4" segments 

containing 45 cells, and in the last portion (12' and 13% segments) 

a ganglion lying more centrally with + 60 cells. In the pars lum- 

balis many peripheral ganglion cells could be seen and central 

oval-shaped complexes of them, where, however, the cells were less 

numerous and very sparse. Capsule cells were not visible at all, or 

Fig. 5. Bos taurus. Nervus Sympathicus. Pars lumbalis. 
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but indistinetly (fig. 5). In the rami intergangliares of the pars 

sacralis I found no ganglion cells. 

Capra hircus. The goat is the only ruminating domestic animal 

in which a ganglion cervical medium occurs. In the proximal portion 

of the cervical sympathicus of this animal numbers of peripheral 

small ganglia oecur, besides a ganglion lying more centrally and 

consisting of + 60 cells and in the distal portion, beside many 

smaller ones, a very large oval ganglion. The goat is poor in gang- 

lion cells in the portion between the 3 and 4'' segments I found 

only a few cells, in that between the 12!" and 13* segments small 

ganglia and a few series of never more than 25 cells. In the nervus 

splanchnicus major several ganglia occur with 8—25 cells. The pars 

lumbalis, on the contrary, is rich in large strong ganglia, in the 

pars sacralis no ganglion cells could be seen. 

Sus scrofa domesticus. Also the pig has a ganglion cervical medium. 

In the proximal half of the cervical sympathicus I found a ganglion, 

1.38 m.m. long, in the distal half none, the thoracal portion of the 

sympathetic trunk (3'¢ and 4" segments) large ganglia and whole 

rows of cells, in its caudal portion, on the contrary, none. Both the 

pars lumbalis and the pars sacralis are rich in ganglia and in series 

of ganglion cells (fig. 6). 

Fig. 6. Sus scrofa domesticus. Nervus sympathicus. Pars sacralis. 

Canis familiaris. Likewise in the dog a ganglion cervical medium 

is present. In the proximal portion of the cervical sympathicus | 

found only a few scattered ganglion cells, in its distal portion, 

besides several small ganglia, a peripheral ganglion containing + 120 

round -cells, most of them 25 u in size, arranged in two rows. In 

the beginning of the thoracal portion series of ganglion cells occur 

in the rami intergangliares, frequently also arranged in two rows, 

sometimes, however, collected in small heaps; at the end of that 

part I saw no ganglion cells at this place. In the nervus splanchni- 

cus major, a small ganglion was to be observed consisting of five 

! 
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cells. The pars lumbalis is unusually rich in cells (fig. 7), in the 

pars sacralis they are less numerous and more sparse. 

Fig. 7. Canis familiaris. Nervus sympathicus, Pars lumbalis. 

The pars cervicalis trunei sympathiei of the horse has been 

examined repeatedly by myself as to the presence of paraganglia 

and invariably with negative results, although everywhere in the 

ganglion cells much pigment was found, frequently accumulated at 

one pole of the cells, sometimes at both poles. In old animals con- 

stant cells were also present which seemed to be in decay and 

remains of degenerated cells could be demonstrated. 

As regards the occurrence of microscopic ganglia in sympathetic 

nerves, we have a few communications on this subject. BARABOSCHKIN *) 

found them in the nervus vertebralis of the human body, Manx *®) 

in the horse, in the nervus jugularis, a rammification from the 

ganglion cervical superius which gives off threads to IX, X, XI, and 

XII. In the same exhaustive treatise Mannu describes a ganglion 

accessorium in the ramus cardicus inferior of the horse. A similar 

observation was made by myself, the ganglion in question was as 

large as a small pea. 

It is known that in all animals there are many exceptions to 

what is considered the general rule regarding the occurrence, the 

form and the development of the sympathetic ganglia. This is very 

strikingly demonstrated by the researches of BARABOSCHKIN which 

were made on 128 preparations of the cervical sympathicus of 

man. BARABOSCHKIN then found 52 times 3, 63 times 4, twice 2 

and 10 times 5 cervical ganglia in one case he describes a 

1) W. S. Barasoscuxin. Die Anatomie und Topographie des Halsteils der N. 

Sympathicus und die Operationen am Sympathikus bei der Basedowschen Krank- 

heit und bei der Epilepsie. Doktor Dissertation der medizin. Fakultiit zu Moskau, 1903. 

2?) A. Mannu. Richerche anatomo-comparative sul Sympathico cervicale nei 

Mammiferi, Internationale Mopatschrift für Anatomie und Physiologie 1913, Bnd. 

XXX, Heft 4/6. 
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ganglion supremum that covered nearly the entire length of the 

neck, viz. 10 em. He likewise found in 80°/, of all the cases 

a ganglion accessorium, which is situated on the level of the 7th 

cervical vertebra, against the arteria vertebralis and which has a 

maximum size of 5 mm. In the horse the so-called segmental 

thoracal ganglia are often small and indistinct: | recently found 

them not only strongly developed but also radiating in such a 

way on both sides that the whole thoracal portion of the sympathetic 

trunk consisted of a gigantically long, almost continuous, narrow 

ganglion. The sacral ganglia of the horse are always elongated 

ovals; these may also radiate so that hardly any of the white rami 

interganglionares are to be seen with the naked eye. | have often 

seen a similar radiation of the ganglion stellatum in the cervical 

sympathicus. These observations, besides those of BARABOSCHKIN regard- 

ing the gigantic ganglion supremum, which otherwise, like acces- 

soris ganglia and striking conditions in the cervical sympathicus, 

are regarded as curiosities, have more significance now that it 

appears that almost everywhere in the sympathetic trunk microscopic 

ganglia occur outside the already well-known ganglia. The opinion 

generally prevailing is that the gangha in the trunk of the sym- 

pathetic system, with the exception of the cervical portion may be 

arranged segmentally. In the Lehrbuch der Anatomie des Menschen, 

by Ravper-Kopscn, VIII. Edition, we read: “Am Hals kommen 

“jederseits in der Regel drei Grenzstrangganglien vor, doch sind die- 

“selben durch Verschmelzung aus acht segmentalen Ganglien hervor- 

“gegangen”. Keien and Mart, in their Handbuch der Entwicklungs- 
geschichte des Menschen, 1911 write: “Grösstenteils sind die Ganglien 

“seomental, nur in der Cervical- und oberen Thoracalregion bleiben 

“die Zellen in grossen Klumpen beisammen und so entstehen dort 

Ganglien die zwei bis fünf Segmenten entsprechen’. Considering 

the ontogenesis this exception need cause no wonder, if we share 

the opinion of the majority of the embryologists who have made 

researches on this subject. (Barrovr, Onopi, Brarp, His and others), — 

and who have stated that the sympathetic ganglia grow out from 

the ventral portions of the spinal ganglia after the neural list has 

segmented. Meanwhile J] cannot refrain from recalling what CaJar 

published in 1908 in his investigations on the hen, in which he 

comes to the conclusion that the cells which will build up the sympathetic 

ganglia originate in the motory area of the spinal cord, and shift 

later towards the periphery. However this may be, in their shifting 

the ganglia cells accumulate net only to the formation of the well- 

known ganglia but also shift in a sidewise direction along the fibres 

of the so-called rami intergangliares. 
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In my opinion, therefore, there is no question of a segmental 

arrangement of the sympathetic ganglia in the sympathetic trunk. 

It was a matter of no small surprise to me that I was able to 

demonstrate so few ganglion cells in the rami communicantes, for 

they have pointed the way to the original cells for their shifting ; 

in a human embryo of 7 m.m. in length, they are still very rich. 

in cells. (KerpeL and Marr). 

Microbiology. — “Formation of pyruvic acid from malic acid by 

microbes”. By Professor M. W. Brtsnrinck and Dr. T. FOrLPMERS. 

(Communicated in the meeting of January 29, 1916). 

Of the organic acids malic acid seems the most easily decomposed 

by microbes. Then chinic acid might follow in the readiness of 

this decomposition, whereas the other acids are more difficult to 

split up. 

The decomposition can take place by fermentation at exclusion 

of air, or by oxidation. Here oxidation will only be discussed. 

As to the malates their oxidation is commonly a complete con- 

version into water, carbonate, vand carbonic acid; it can be caused 

by a number of microbes. But among the bacteria numerous species 

occur which at the same time produce a less complete oxidation of 

the malates, whereby especially pyruvic acid is of importance. 

The reaction evidently is: 

C,H,O, +0 = C,H,O, + CO, + H,O 
Malic acid Pyruvie acid 

or, as to caleiummalate : 

2C,H,CaO, + 0, = C,H,CaO, + CaCO, + CO, + H‚O. 

With potassiummalate the reaction has the same course. As a reagent 

on the pyruvie acid a ferric salt is used, such as ferric chlorid or 

ferric citrate, giving an intensive and characteristic orange yellow 

colour, which by the action of dilute hydrochloric acid first passes 

into red, then disappears. 

The following experiment is simple and convincing. 

Ordinary agar is diluted with once or twice its volume of pure 

2°/, agar dissolved in water; to this mixture is added 1 or 2°/, 

calciummalate, which does not quite dissolve, and a little ferric 

citrate or ferric chlorid as an indicator. 

After pouring out and solidification a plate is obtained, still turbid 

by the not quite dissolved malate. 
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Canal water is now flowed over the plate and the excess removed 

so that isolated colonies can develop; or on the surface of the plate 

streaks of various species of bacteria are made and the plate is 

then kept at 25° to 30° C. After a few days around most of the 

colonies or streaks the said reaction appears with great distinctness. 

Tartrates, citrates, succinates, glycolates, salts of volatile acids, and 

sugars do not give the reaction. 

The experiment may be modified in different ways, for example, 

by using instead of broth agar a culture medinm of the composition : 

100 tapwater, 1 calciummalate, 0,1 ammoniumsulfate, 0.02 potassium- 

fosfate, with some ferric citrate as an indicator, and furthermore 

„treated as above. The less favourable source of nitrogen is cause 

that on such a medium a smaller number of species of bacteria 

grow, but the reaction is as distinct, and the proportion of the active 

to the non-active germs on the ammoniacal medium even greater 

than on the broth-agar plate. 

The species that cause the conversion may be arranged in the 

following order according to their intensity of action. 

The most vigorous splitters are B. fluorescens, B. jl. liquefaciens, 

B. calco-aceticus and B. pyocyaneus. Then follow B. aerogenes, B. 

viscosus and B. levans, and some varieties of B. violaceus. 

A little less active are B. coli, B. proteus, B. prodigiosus, B. 

kieliensts, and the vinegar bacterium Acetobacter rancens. Quite 
inactive are B. termo, B. punctatus, B. devorans, B. ochraceus, 

and the luminous bacteria; nearly inactive are the vinegar bacteria 

Ac. melanogenum, and Ac. pasteurianum. 

Nor do the moulds and yeasts examined up to now produce 

pyruvic acid, although many of them readily oxidise the malates to 

carbonic acid and water. 

As some bacteria such as B. pyocyaneus, B. aerogenes, B. levans, 
B. viscosus and some moulds and yeasts are able also to oxidise 
the pyruvates themselves to carbonate and water, one might suppose 

that the species which appear not to produce pyruvic acid from 

malic acid, in fact do so, but only as a transition product, but what 

follows is in contradiction with this supposition. First, the pyruvates 

are less readily attacked than the malates, so that accumulation 

and not oxidation of the pyruvates would become probable. Secondly 

experiments prove that the ferric salt solution enters the microbie 

cells. As now the oxidation of the pyruvates like that of the malates 

undoubtedly takes place in the interior of these organisms, the 
presence of the pyruvie acid ought to cause a colouring of them, 

which is not observed. 
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With the active microbes the reaction is caused by a certain 

portion of the living protoplasm, or in other words, by an endoenzyme 

or an endooxidase, to which the name of malopyruvase might be 

given. [t belongs to the complex of the different endoenzymes which 

together govern the respiration function, of which it is one of the 

factors in MENDELIAN sense. 

From the levogyrie or common malic acid and the inactive malice 

acid pyruvie acid results with the same readiness; from the dextro- 

gyric malice acid, which we owed to Prof. BLANKsMa, it is produced 

with much more difficulty. 

The said microbes which produce pyruvic acid from the malic 

acids do the same from fumaric acid: 

C,H,0, + O=C,H,0, + CO, 

but not from maleinic acid. We used fumarie acid as lime salt, 

prepared from the free fumaric acid after its purification by washing 

with water. Hence, malate of lime was not present in our fumarate. 

That the ferric reaction is in fact caused by pyruvie acid is 

corroborated by the following observations. 

The conversion of the malate can very well occur in a strongly 

aerated culture liquid, for instance in an ERLENMEYER-flask containing 

a thin layer of: 100 tapwater, 2 calciummalate, 0.1 ammonium sulfate, 

0.02 potassium phosphate, with or without ferric citrate as an indicator. 

By infection with B. fluorescens and when cultivated at 20 to 25° C., 

after a few days the pyruvic acid can be destilled with sulfurie acid 

and be recognised in the destillate, not only by the odour and ferric - 

salts, but also by the two following reactions: with the sulfite of 

hydrazin a characteristic phenylhydrazon results, and with ammoniac- 

al nitroprussidsodium a violet colouring is obtained, which by 

acetic acid passes into blue, with potash into red. ’) 

Indirectly the correctness of our diagnose was proved by the fact 

that as well alanin as asparaginie acid with the fluorescent bacteria, 

and besides with B. evans and B. viscosus, produce the iron reac- 

tion, so that also from these substances, in accordance with our 

expectation, pyruvic acid results. 

On the other hand, this acid cannot be obtained from asparagin, 

aminopropionie acid, and glycerin, nor, as has already been noted, 

from maleinic acid. 

1) Rosenruater, Der Nachweis organischer Verbindungen. P. 390, 1914. 
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Physics. — “The Symmetry of the Röntgen-patterns of Monoclinic 

Crystals.” By Prof. H. Haca and Prof. F. M. Jancer. 

(Communicated in the meeting of Jan. 29, 1916). 

§ 1. In the following pages we publish the results, which were 

obtained by radiating through planeparallel plates of monoclinic crystals. 

As is well known, the monoclinic system possesses three classes 

of symmetry. The crystals of the sphenoïdical class only have a 

polar binary axis as their single symmetry-element; those of the 

domatic class only a single symmetry-plane; and those of the pris- 

matic class are in possession of a plane of symmetry, a binary axis 

perpendicular to it and a symmetry-centre. According to the now 

adopted theory of the diffraction-phenomenon here considered, a 

symmetry-centre is added to the elements of symmetry of the crystal 

already present. And just because the simultaneous presence of each 

pair of the three elements of symmetry here to be considered, 

necessarily involves the presence of the third of them, the crystals 

of each of the three classes mentioned will thus behave with respect 

to the symmetry of their Röntgen-patterns, as if they belonged to 

the monoclinic-prismatic class: for here are the three elements of 

symmetry mentioned above, exactly combined. Thus, indifferently 

to which of the three said classes a monoclinic crystal will belong, 

its Röntgen-pattern for a section parallel to. {100} or {O01} must 

always show one single plane of symmetry, while for a section 

parallel to {O10} only « single binary avis, perpendicular to the 

photographie plate will manifest itself. By the investigations described 

in this paper, we have brought full proof of the exactitude of these 

conclusions. 

§ 2. As representatives of the different classes of symmetry, we 

have studied the following crystals: 

a. Of the monoclinic-sphenoidical class: dextrogyratory tartric acid, 
cane-sugar and dextrogyratory rhamnose. 

b. Of the monoclinic-domatic class: scolezite. 

e. Of the monoclinic-prismatic class: gypsum, epidote, amphibole 
and augite. 

I. Monochnic-sphenoidical class. 
Plates parallel to {100}, {010} and {0015 were cut from some 

beautiful, transparent crystals of dextrogyratory tartric acid: C,O,H,, 
whose axial ratio is: a:b:c=1,2747: 1:1,0266, and 8 = 79°43. 

The erystal-plate parallel to (100) had a thickness of 1,08 mm., 

that parallel to (010) of 1,15 mm., and the plate parallel to (001) 

of 1,18 mm. 
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Although the obtained patterns were very regularly built, they 

appeared to be too feeble for immediate reproduction. However, in 

fig. 1 to 3 of Plate VI their stereographical projections are published. 

In a quite analogous way crystals of cane-sugar: C,,H,,O,, were 

studied; their parameters are: a:b:¢=1,2595:1:0,8782, and 

3 = 76°30'. In the case of the erystal-plate parallel to (100) the 

thickness was: 1,86 mm.; that parallel to (O10) was 1,88 mm., 

and that parallel to (001) was 1,81 mm. thick. The obtained photos 

are reproduced in fig. 1 to 3 of Plate i, and in stereographical 

projection in fig. 4, 5, and 6 of Plate VI. 

From an aqueous solution of d-rhamnose, magnificent Instrous and 

faultlessly shaped erystals were obtained, and here also plates parallel 

to the three pinacoides were cut out of them. The axial ratios of 

these crystals, whose chemical composition is :C,H,,0, + H,O (mtpt: 

93° C), were: a@:6:¢c=0,9998:1:0,8435, and @= 84°35’. The 

erystal-plate parallel to (100) had a thickness of 1,91 m.m. ; that parallel 

to (010), of 1,95 m.m., and that parallel to (001) of 1.93 m.m. The 

obtained patterns are reproduced in fig. 4 on Plate I, and in fig, 5 

and 6 on Plate II; their stereographical projections in fig. 7,8, and 

9 on Plate VI. 

From all these experiments it can be clearly seen, that notwith- 

standing the fact, that these crystals possess only a single binary 

axis, their R6nreEN-patterns parallel to (100) and (001), however, 

always manifest a plane of symmetry, while that parallel to (010) 

shows a binary axis, manifesting itself in the image as a centre of 

symmetry. Thus it is proved, that these patterns possess the same 

symmetry, as if they were obtained with monoclinic-prismatic crystals. 

§ 3. LU. Monochnic-domatic Class. 

After many tentatives we were able to get some crystal-plates 

from a small, simple scolezite-erystal from Teigarshorn in Iceland. 

It is very difficult to find crystals of this mineral, — whose com- 

position is: CaAl,Si,O,, + 3H,O, and whose axial ratio is: a: b:¢= 

0,9764 : 1: 0,8434, with @ = 89°18', — which appear not to be twins 

or multiplex crystals. The thickness of the small plates was as follows : 

for that parallel to (100), it was 0,78 m.m., for‘that parallel to (010) 

0,76 m.m., and for that parallel to (001), 0.83 m.m. 

Of the resulting photograms we have only reproduced here the 

image parallel to (001), in fig. 7 and Plate II, while the correspond- 

ing stereographical projections are reproduced in fig. 10 and 11 

on Plate VL. 

Notwithstanding the close approximation of the symmetry of this 
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Scolezite. Plate parallel to (001). 
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Fig. 6. 

Rhamnose. Plate parallel to (001). 

Fig. 8. 

Heulandite, Plate parallel to (010). 
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Gypsum. Plate parallel to (100). henna 

Fig. 11. Fig. 12. 
Gypsum. Plate parallel to (001). Epidote. Plate parallel to (100). 
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Fig. 13. Fig. 14. 
Epidote. Plate parallel to (010). Epidote. Plate parallel to (001). 

Fig. 16. 

Amphibole. Plate parallel to (100). Amphibole. Plate parallel to (010). 
Fig. 15. 
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Fig. 17. 

Amphibole. Plate parallel to (001). Fig. 18 

Augite. Plate parallel to (100). 

Fig. 19. Fig. 20. 
Augite. Plate parallel to (010). Augite. Plate parallel to (001). 
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mineral to that of a rhombic crystal, its monoclinic symmetry, how- 

ever, is shown very clearly in the resp. RÖNTGeEN-patterns. Also in 

this case the symmetry of the ROnTGEN-images is quite in agreement 

with the conclusions drawn from the theoretical views. 

§ 4. HL. Monoclinic-prismatic Class. Three plates parallel to (100), 

(010), and (001) were cut out of a beautiful erystal of gypsum from 

Bun Abis, S.W. Africa; their thickness was resp. 0,71, 0,89 and 

0,75 mm. The parameters of this compound are: a: 5 :e = 0,6895 : 

1: 0,4132, and 3 = 81°2’. The obtained RÖNrGrNogrammes are repro- 

duced in fig. 9 to 11 on Plate III, and in stereographical projection 

in fig. 12, 13 and 14 on Plate VI. 

In the same way three plates parallel to (100), (010) and (OOI), 

whose thickness was respectively 1.02, 1,00 and 0,93 mm., were 

cut from a beautiful crystal of epidvie: Ca,HAI,Si,O,,.. The para- 

meters of this mineral originating from Untersulzbach, ave: a:b:e= 

1,5807 :1:1,8057, and p= 64°36". The resulting photos are repro- 

duced in fig. 12 on Plate III, and in fig. 15 and 14 on Plate IV; 

while in fig. 15, 16 and 17 on Plate VI their stereographical 
‘projections are given. 

In this case as well asin both the foregoing, the patterns of erystal- 

plates parallel to (100) and (O01) only show a single plane of sym- 

metry; those corresponding with sections parallel to (O10), a single 

binary axis perpendicular to the photographic plate. This is in full 

agreement with the theoretical expectation; also in these cases the 

observed symmetry of the RÖNTGEN-patterns thus appears to agree 

completely with the conclusions derived from the supposition. 

Finally we reproduce here a pattern of heulandite from Teigars- 

horn on Iceland obtained with a cleavage-lamella parallel to (010), 

parallel to which form this mineral, — whose composition is: 

CaAl,H,(SiO,),+3H,O, and whose parameters are: a: 6:¢c = 0,4085: 

1:0,4788; 8 = 63°40’, is very perfectly cleavable. In the photo 

(fig. 8 on Plate Il) the presence of a binary axis, perpendicular to 

the photographie plate, is clearly discernible. 

§ 5. In this connection a case of dimorphy may find its place 

at the same time, namely that between amphibole and augite (pyroxene). 

As is well known, according to the older conception of TsCHERMAK 

and others, the rhombic, monoclinic, and triclinic pyroxenes, and 

the corresponding rhombic, monoclinie and triclinic amphiboles, 

would be in the relation of polymerides, notwithstanding their equal 

empirical chemical composition: to the amphiboles according to these 
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views, a molecular formula of four times the single one, to the 

pyroxenes such of twice the single chemical formula of the resp. 

metasilicates would have to be attributed. Furthermore the crystal- 

forms themselves of this dimorphous series are related to each other 

in a close and well known way. The composition of amphibole 

and augite can be expressed as that of mixed crystals of Ca(Mg,Fe) 

(SiO,), and MgAl,SiO,; their parameters are: 

Of amphibole: a:b: ¢ = 0,5318 : 8 : 0,29386; 8 = 75%. 

Of augie: abe 1.05820). 0/5925 NRS 89°38’. 

If now for augite a somewhat different choice of the axes *) than 

the ones here adopted is made, its parameters become: a: 6: ¢ = 

= 1,0921: 1: 0,5893; 8 = 74°10’. In this form the analogy with 

amphibole immediately comes to the fore: the values for a and c 

in the case of augite are evidently twice those of amphibole, while 

the angle of inclination 8 is about the same. It may be remarked 

furthermore, that if the conclusions of Brace, according to whose 

investigations the conception of “molecular weight” for the solid 

crystal is losing its significance, were right, appreciable differences 

in the structures of the RöNraeN-patterns of amphibole and augite 

could hardly be expected any more, if the above mentioned great 

analogy between the structure of the two minerals is taken into account. 

Indeed, experiment shows this analogy in the RöNrGrN-patterns of 

augite and amphibole for sections parallel to (100) in a striking 

manner; moreover it is quite well discernible for sections parallel 

to (O01). It is more difficult to distinguish in the patterns obtained 

parallel to (010), which fact partially may be explained by the not 

completely similar orientation of the two images with respect to each 

other, and the accompanying suppression of some spots and unequal 

distribution of the intensities of the other ones; a direct comparison 

is here much more difficult than in cases, where the images possess 

one or more planes of symmetry. 
The plates of amphibole had a thickness of respectively 1,08, 1,11, 

and 0,84 mm.; those of augite: of 1,02 1,08, and 1,00 mm. Both 

minerals came from Bohemia; the photos are reproduced in fig. 15 

and 16 of Plate [V, and in fig. 17 to 20 on Plate V; the stereo- 

graphical projections in fig. 18 to 23 on Plate VI. 

In every case also these patterns show a symmetry quite in 

concordance with the conclusions drawn from the proposed theory 

of the diffraction-phenomenon. 

1) In the first choice of parameters, the pyramid o had the symbol {122}. We 

simply take 0 = {111}, which symbols are also given by Naumann-ZirxeL, according 

to the measurements of Von Koxscuarow. 
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Similar relations as exist between amphibole and augite, which 

are found with the minerals bronzite and anthophyllite, we hope in 

future to discuss in detail. 

In addition we wish to make a remark on some R6xtarNogrammes 

published here, where a bright ring is visible round the black 

central spot. This occurs in those cases, where by the erystal or by 

the glass, upon which in some cases the crystal-plates were fixed, 

secondary RÖNTGEN-rays are emitted, giving a veil of the photographic 

image; this veil will be intensified of course by the action of the 

intensifying screen. Now this screen is perforated in its central part, 

for reasons formerly explained; thus in this part of the photo the 

said veil will wot be intensified by the action of the sereen, and a 

brigbt ring will appear round the black central spot. From this 

it follows, that if the crystals must be fixed upon a glass-layer, it 

will be of advantage to keep this glass-layer as thin as possible, 

because the secondary radiation of a thinner layer will be less 

intensive than that of a thicker one. 

Laboratories of Physics and of General and 

Physical Chemistry of the University. 

Groningen, January 1916. 

Palaeontology. — “Some young-pliocene Ostracods of Timor”. By 

Miss E. C. Fran. (Communicated by Prof. J. W. Morr). 

(Communicated in the meeting of Jan. 29, 1916). 

The Ostracods, which will be discussed in this essay, have been 

obtained from washings of tertiary clay of the left bank of the 

Mota Talau near Atamboea in Timor. This clay, which according 

to the label which went with it, was formed in the latest part of 

the Pliocene, was collected by Prof. Dr. G. A. F. Mortereraarr and 

Mr. F. A. H. WEeECKHERLIN DE Marez Ovyers m.e. on the expedition 

which took place during 1910—1912 to the isle of Timor under 

the auspices of the former. The leader kindly allowed me the use 

of the material, for which kindness I express my thanks to him here. 

The rests of the different Ostracods have been preserved excel- 

lently. Very often they are quite transparent, often white, sometimes 

black and occasionally blue. This last colour is very likely caused 

by vivianite. By a treatment with hydrochloric acid appeared, that 

the transparent ones consist also almost quite of carbonate of lime. 

This last kind of valves are particularly fit to mark the “Innen- 

rand”, the “Verwachsungslinie’ and the “randständige Porenkanäle” 

AOR ps 1025 14 ps. 2): 
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1. PARACYPRIS ZEALANDICA. G. S. Brapr. (Fig. 17). 

1880. Phlyctenophora Zealandica. G. S. Brapy, 5, p. 33, t. 3, f. 1. 

1912. Paracypris Zealandica. G. W. Mürrer, 11, p. 126. 

Of these Ostracods comparatively few remnants have been pre- 

served viz. a few loose valves and one entire carapace. 

The thin valves are quite transparent, with a pearly lustre or 

they are of a chalky white colour. 

The entire carapace has a length of 0,78 mm., a height of 0,37 

mm. and a width of 0,35 mm. 

The reasons for my classing these rests with Paracypris Zealan- 

dica, which according to Mürrer is found alive near New Guinea, 

New Zealand and Australia, though only the hard parts were at 

my disposal, is, because in all important points they are in accord- 

ance with the illustrations and the deseription which Brapy gives 

of this now living species. 

The height of the carapace is about half the length and as large 

as the width, so that it is more or less cylindrical. The dorsal edge 

however is rather convex, the ventral one slightly concave. The 

anterior edge, which merges imperceptibly into the dorsal and ven- 

tral ones is rounded. The posterior part of the carapace ends in a 

fairly obtuse point. 

The hinge lines contain no teeth. The left valve shows on all 

ridges a furrow, while those of the right valve are sharp everywhere. 

The calcified part of the inner sheet is narrow in the case of the 

hinge line and otherwise rather wide. This is especially so. at the 

anterior part, while it gets narrower along the ventral edge towards 

the posterior end. 

The ‘Verwachsungslinie’ is not at all parallel with the ““Innen- 

rand”. The first proceeds with large curves. These lines approach 

each other prominently in the middle of the anterior, the ventral 

and the posterior edge. The result of this is, that the “Porenkanäle”, 

which are very much bifurcated and scattered and which are to be 

found in these places are very long and much shorter in the parts 

that lie between. 

The peculiar sculpture which the nether part of the shell shows 

and which was sketched by Brapy is a result of the qualities of 

the inner sheet, which we discussed just now. 

According to Brapy the carapace of the now living animals pos- 

sesses dark strigae. [ have not been able to see these, but it is 

quite possible that they have disappeared. On the other hand little 

round elevations are to be found on the outside of the valves in 
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my material of these Ostracods just as Paracypris polita O. Sars 

(4, p. 378) seems to possess. 

Especially the transparent valves have very clear muscle impres- 

sions. In a vertical row there are four near to each other, and then 

two more can be seen behind. 

The measurements of the rests which I had at my disposal, are 

smaller than those of the carapaces described by Brapy. The length 

of the largest valve of my material is 0,82, while Brapy gives for 

the length of the shells 0,98 mm. 

2. NESIDEA MOLENGRAAFFI n. sp. (Fig. 3, 4, 5, 6). 

1880. Bairdia attenuata G. S. Brapy, 5, p. 59, t, 11, f. 3. 

1901. a 5 J. G. Eeeer, 7, p. 425, t. 2, f. 9—12. 

1912. N(esidea) sp. G. W. Mürrer, 11, p. 249. 

The rests of this Ostracod are also rather rare. Only loose 

valves occur. 

Of a left valve the length is 0,85 mm., the height 0,6 mm. and 

the width 0,24 mm. while with a right valve these measurements 

are 0,92 mm., 0,55 mm. and 0, 23 mm. 

That these valves originate from a representative of the genus 

Nesidea appears at once from their characteristic shape (11, p. 241). 
It is directly shown that the hinge line of the left valve possesses 

a furrow and that the right valve is acute. 

I do not think the theory of Bosquer (1, p. 19) quite correct, in 

which it is stated that in the case of Nesideu (formerly called Bairdia) 

a furrow occurs on the free ridges of the left valve in which the 

sharp edges of the right valve lay themselves down, when the 

valves are shut. At least I only find directly behind the place, where 

the ventral edge is bent inwards, a raised ridge, which together 

with this encloses a furrow. Perhaps Bosqver got confused by the 

presence of rests of a “Lippe”. 

The space of the muscle impressions has also the qualities, which 

are given as characteristic of the representatives of the Mesidea 
genus. (8, p, 167). 

Characteristic of this new kind of the Nesidea genus is in the 

first place the sculpture which occurs on the outer surface of the 
valves. This consists in the presence of small, round, undeep pits, of 

which the diameter diminishes. towards the ridges of the valves, 

while at the same time they are here placed nearer to each other 

than in the middle. . 

78 
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Then tbe muscle impressions consist of 8 more or less roundish 

spots, which are always situated in a fixed order with regard to 

each other viz. 2 are placed next to each other below and above 

respectively, while between them are four at the corners of a flat 

diamond shaped surface, of which the longest diagonal is horizontal. 

At the extremities of the side-parts of the hingement, the right 

valve has little teeth, while the left valve has in the furrow small 

cross furrows. 

Close to the extremities of the ventral line both valves possess 

some little teeth, which however have as a rule more or less 

disappeared by wearing (11, p. 242). 

The calcified part of the inner sheet can be clearly distinguished 

in adults. With the hingement it is narrow, with the free ridges 

rather wide especially in front and at the back. The “ Verwachsungs- 

linie’ cannot always be seen with certainty. At the wide parts it 

seems however, not to coincide with the “Innenrand’’. 

From my material I think | may draw the conelusion, that the 

proportion between the measurements of the carapaces are liable to 
rather great variations. For this reason I class the Ostracods which 

were wrongly described by Brapvy and Eacrr as Bairdia attenuata, 

also under this class, although they are of a smaller width. Recent 

representatives of this class have been found at Honolulu, in the 

Arabie Sea and in the Indian Ocean. 

3. NESIDEA MULLERI n. sp. (Fig. 4, 2). 

Of these only loose valves are to be found and in a small number. 

It differs from the previous Nesidea species, with which it has 

many points of resemblance, especially, because the valves are larger, 

the sculpture on the outer surface consists of fine pressed-in points, 

and because the angle which is seen behind, is drawn out to a 

greater length. 

With old specimens the sculpture has disappeared for the greater 

part, only at the edges it has been preserved there. With a right 

valve [ find for the length 1,15 mm., the height 0,75 mm. and the 

width 0,34 mm., while in the case of a left valve these measure- 

ments are respectively 1,5 m.m., 0,75 mm. and 0,29 m.m. 

4. LOXOCONCHA AUSTRALIS G. S. Brapy. (Fig. 12, 13). 

1880. Loxoconcha australis G. S. Brapy, 5, p. 119, t. 28, f. 5 af. 

1912: ne 55 G. W. Miter, 11, p. 312. 
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The rather abundant material which [ have at my disposal consists 

of whole carapaces and loose valves. We notice at once that it 

originates from 2 forms viz. from a longer and a shorter one. 

According to Brapy the former is the male, the latter the female. 

With a carapace of a male I find a length of 0,58 mm., a height 

of 0,39 mm. and a width of 0,32 mm., while these measurements 

in the case of a female are 0,50 mm., 0,37 mm. and 0,29 mm. 

That these rests originate from a representative of the Lovoconcha 

(8, p. 232; 9, p. 530) appears in the first instance at once from 

their peculiar shape. This is more or less diamond-shaped, because 

the ventral and hinge line are about parallel, just as the anterior 

and posterior one. This last phenomenon is partly caused by the 

posterior line having a prominence above the middle. Then both 

species have valves which are fairly thin walled, at each extremity 

of the hinge line a slightly developed tooth is found, while the 

hinge line itself is thinly crenelated. The hingement of the right 

valve has a furrow and that of the left valve is acute. [ find the 

same relation very clearly with the free ridges. The “Verwachsuangs- 

linie” and the “Innenrand” coincide every where. The “Porenkanäle” 

which are not bifurcated and which are wide apart are clearly 

visible. There, where the first hinge tooth is to be found, both 

valves possess on the outside a glassy globular tubercle. The outer 

surface of the valves has at the same time a sculpture which is 

caused by smal! pits. The distance between these varies considerably. 

Sometimes it is so small, that the sculpture becomes more or less 

reticulous. 

Especially as to shape and sculpture of the carapaces, this Ostracod 

resembles Loxoconcha australis Brapy so much, that | think, I had 

better class it among this species. Yet the sculpture does not agree 

in all respects with what Brapy says about it. He says, as a matter 

of fact, that it is on the outside ‘obscurely concentric” while in 

our remnants the pits are clearly placed in concentric rows. However, 

he remarks at the same time, that the pits are placed in furrows, 

so that probably this difference does not exist. 

According to Mürrer these Ostracods have been found alive in 

Australia, New-Caledonia, Funafuti and Ceylon. 

5.’ LOXOCONCHA ALATA G. S. Brapy. (Fig. 14). 

1868. Loxoconcha alata G. S. Brapy, 8, p. 223, t. 14, f. 8—13. 

1880. rs > Gis. BRADY, 5; py 1225 te Ain afs Gear: 

L910! a »  . CHAPMAN, 6, p. 435. 

1912. N „GW. Mürver, 11, p. 344, 
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Only one right valve and one left valve of this Ostracod are at 

my disposal. However, they show so much resemblance to those of 

the previous mentioned Ostracod, that undoubtedly they also originate 

from a Lowvoconcha species. 

Especially the shape, the sculpture and the edges of the valves 

resemble the others very much. However they differ from those 

directly, because the lateral parts of the valves show a prominence 

on the posterior part above as well as underneath, on which the sculpture 

with pits is present. Whereas the preceding Ostracods had a glassy 

globular tubercle, the valves of this kind possess a rather slightly 

couspicuous prominence, on which the sculpture is wanting. Moreover 

the prominence, characteristic of the species Loxoconcha, which is 

to be found on the posterior ridge, above the middle, is somewhat 

more developed. 

On account of the qualities enumerated just now, I do not hesitate 

to draw the conclusion, that both valves originate from the Lowo- 

concha alata G. S. Brapy, and that, because of their compressed 

shape, they originate from one or two female specimens of this kind. 

Brapy tells us, that the pits on the ventral side of the valves are 

placed in furrows. In this case I have not noticed any sign of this 

eitber. On the other hand, he does not mention the prominence 

which is situated near the posterior ridge of the hinge line, but from 

the sketches it is apparent, that they are undoubtedly there. The 

length of the right valve is 0.52 mm., the height 0.36 min. and 

the width 0.16 mm. 
With certainty this Ostracod was found alive near Tenedos, in the 

Indian Ocean and near Funafuti. 

6. CYTHERIDEA SPINULOSA G. S. Brapy. (Fig. 7, 8). 

1868. Cytheridea spinulosa G. S. Brapy 8, p. 182, t. 13, f. 1—6. 

1880. ss 5 4 5, p. 112, t. 33, f. 6 (a—d). 

1912. 5 53 G. W. Mürrer, 11, p. 328. 

Among the rests which have been investigated by me, there are 

many of this species of Ostracods. Whole carapaces are more or 

less cylindrical. In front they are laterally flattened and while the 

width augments towards the posterior part, the section is circular. 

Seen from above, they are consequently, somewhat wedge-shaped. 

Seen laterally the carapaces are about elliptical. At the dorsal ridge 

they are somewhat convex, ventrally almost straight and somewhat 

concave. The front part is more prominently rounded than the 
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posterior extremity. With the young specimens the carapace is much 

higher in front than at the back, so that then the shape agrees 

more with that which occurs most in Cytheridea. 

The outer surface of the valves which are always firm, shows 

fairly large, somewhat round pits, which are placed close together 
and which are in more or less concentric rows towards the edges. 

Both valves have short teeth on the front edge, which end obtusely 

and are somewhat buffer-shaped. At the hind-edge. on the other hand, 

the right valve has underneath a plate-shaped protuberance, fringed 

with a few small teeth and the left one a few small teeth without 

a plate. 

The valves are unequal. The right one is smaller and slenderer 

than the left one and the latter overlaps the former on all sides. The 

hingement consists of two crests in the case of the right valve and 

in that of the left in two furrows corresponding to this with 

cross furrows. The “Verwachsungslinie’ and the “Innenrand” only 

do not coincide in the front. They run everywhere about parallel 

with the carapace edge. In the place where the inner and outer 

sheet are grown together, are numerous “Porenkanäle”, which some- 

times bifureate. I could notice nothing of muscle impressions. Of 

an entire carapace the length is 0.62 mm., the height 0.87 mm. 

and the width 0.29 mm. 

I think I may safely infer from this, that these rests originate 

from Cytheridea spinulosa G. S. Brapy, though there are perhaps a 
few differences. 

First of all the left valve does not possess the fold near the front 

part of the hingement, which according to the figures from the second 

of the above-mentioned publications of Brapy are present in this 

species. However it is not to be found in the sketches of his first 
publication. 

Moreover the spines, which occur at the under part of the posterior 

ridge of the valves, are more highly developed in the recent ones. 

However I do not consider this difference sufficiently large to class 

these rests as a new species. 

Recently this kind was found near the Fidschi islands, Mauritius, 

New Caledonia and the East Indian Archipelago. 

7. CYTHERIDEA TIMORENSIS n. sp. (Fig. 9). 

The Cytheridea species which is only represented by some loose 

valves and which up till now I found nowhere described, resembles 

the preceding one in many respects. Besides the characteristics, from 
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which it appears that it must be classed with the Cytheridea genus 

and which have reference to the hingement and the way in which 

the valves are connected with each other, it has still the following 

qualities in common with it. The height of the adult specimens is 

almost equally large over the whole length, whereas with the young 

ones it is larger in front than at the back. Towards the hind part 

the width of the carapaces augments, so that, viewed from above, 

they are also more or less wedge shaped. Moreover both kinds of 

valves possess along the under part of the anterior edge and the 

front part of the ventral edge, short teeth flattened at the posterior 

end and on the under part of the posterior edge conical teeth. This 

Ostracod differs from Cytheridea spinulosa because of the following 

points. The carapaces are smaller and firmer. As a rule the valves 

have pits on the outer surface, but sometimes these are so indistinct, 

that they seem smooth. This is almost always the case with the 

middle part, while round it are found pits which are clearly visible. 

Often the edges of the pits are very much raised, by which the 

surface becomes more or less scaly. A consequence of this is, that 

the valves are flatter in the middle and steeper at the edges. This 

is especially the case with the posterior edge, so that the greatest 

width is almost at the anterior part. 

Then the row of spines, flattened towards the end, extends further 

on the front part of the ventral edge, while the sharp teeth on 

the under part of the posterior edge are more prominent here. In 

these Ostracods the plate-like part is also missing, which the right 

valve of the Cytheridea spinulosa has in the above mentioned place. 

The length of a right valve is 0.46 mm., the height 0.27 mm. 

and the width 0.11 mm. 

8. CYTHEREIS GOUJONI. G. S. Brapy. (Fig. 10, 11). 

1868. Cythere Goujoni. G. S. Brapy, 2, p. 78, t. 10, f. 9, 10. 

1880. 33 5 i 5; PaO; ts 25 ted 

non 1901. ,, 3 J. G. Eeerr, 7, p. 431, t. 6, f. 29. 

1912. Cythereis _,, G. W. Mürrer, 11, p. 342. 

In my material I found that the entire carapaces and the loose 

valves of this Ostracod are by far the most numerous. 

Easily two forms can be distinguished viz. a longer and a shorter 

one. According to Brapy the former is the male, the latter the 

female specimen. With a carapace of a male the length was 0.68 mm., 

the height 0.38 mm. and the width 0.33 mm., while in the case of 
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a female these measurements are 0.6 mm., 0.35 mm. and 0.35 mm. 

That these Ostracods belong to the Cytherzis genus is apparent 

from the following characteristies. Viewed laterally, the firm cara- 

paces are long and square, while the front part is higher than the 

posterior part. On ‘account of the greater length, the ventral edge 

is in the male ones almost parellel with the hinge line. 

The right valve has at each of the extremities of the hinge line 

one tooth, while the left one has only one altogether, which is 

situated behind the cavity of the front tooth of the right valve. In 

the place, where the front teeth are, each valve has a glassy globular 

tubercle on the outer surface. The right valve has a furrow between 

the two teeth, which is bounded by two raised ridges, of which 

the outer is highest. With the left valve however the hinge line is 

sharp. while it fits in the furrow of the right one. I have not been 

able to see, that the left valve also possesses a furrow on the 

hingement, of which the inner ridge is higher than the outer, as 

Bosqver (1, p. 50) remarks. The furrow on the hinge line of the 

right valve and the sharp hingement of the left one are both cut 

by cross furrows. 

A little in front of the middle the ventral edge is with both 

valves somewhat turned inside. In that place the left valve overlaps 

the right one. This is undoubtedly the reason, why Bosquer (1, p. 50) 

and LIENENKLAUs (8, p. 174) say, that the left valve is higher than 

the right one and overlaps the latter a little. However I found here 

and also in other Cythereis species, just as it is described by Bosquer, 

that the right valve possesses a furrow on the remaining parts of 

its free edges, in which, when the carapace is closed, the sharp 

edge of the left valve is laid. Thus the valves of the carapace are 

unequal, while the right one as a rule overlaps the left. 

The “Innenrand” runs almost everywhere parallel with the edges 

of the carapace. With this the “Verwachsungslinie” coincides. As 

a rule the lines are straight, sometimes crenelated. 

The “Porenkanäle” are numerous. Sometimes they are bifurcated, 

a thing which, according to Mürrer (11, p. 336), happens very 

seldom in the Cythereis species. The four posterior muscle impressions 

can be seen distinctly. This is not the case, however, with those 

situated in front. 

I think I may accept, that the above discussed Ostracods-rests 

originate from representatives of Cythereis Goujoni G. S. Brapy and 
this for the following reasons. From the description and the sketches 
which Brapy gives of this species it is shown, that the sizeand shape 
of the male as well as of the female specimens and their sculpture 
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agree in the main. It is very characteristic that the sculpture, con- 

sisting of a network of frames that enclose angular spaces, is wanting 

on the front part of the valves. It is also very characteristic, that 

on the sideparts of both valves, behind the middle, about halfway 

the posterior edge and somewhat nearer to the ventral edge than 

to the dorsal edge, a somewhat curved spine occurs which is turned 

slantingly towards the back. 

In the description, given by Brapy no mention is made of the 

fact, that in both valves a posterior part of a ‘Dorsalrippe” (11, 

p. 337) occurs, as is always the case with the remnants of Timor. 

Probably however this is also found in the recent representatives of 

this species, since as a matter of fact, Brapy says, that the dorsal 

edge is concave, as is also depicted in the figures. 

Recently these Ostracods have been found on the coast of Australia, 

near Caledonia, in the Chinese Sea and near Ceylon. 

9. CYTHERELLA SEMITALIS G. 8S. Brapy. (Fig. 15, 16). 

1868. Cytherella semitalis G. S. Brapy, 2, p. 72, t. 8, f. 23, 24. 

1880. , i 5, p. 175, t. 44, f. (a 
1912. 2 x G. W. Möürrer, 11, p. 395. 

Cc). 

This Ostracod is only represented by a few loose valves. From 

the presence of the following qualities it appears, that these valves 

originate from a Cytherella species (8, p. 262). The valves are very 

firm and possess a small width, which augments towards the back. 

Consequently the carapaces are laterally flattened and seen from above 

wedge-shaped. Seen laterally, the valves are egg-shaped, while they 

get higher towards the end. 

The left valve as well as the right one has a furrow on its edges. 

With the first it is indistinct and of the ridges which bound this 

furrow, only the inner one can be seen very well, whereas on the 

other hand in the right valve the outer ridge is more prominent. 

With the closed shells therefore, the right valve must have over- 

lapped the left one on all sides. Therefore the shells are unequally 

valved. 

The “Verwachsungslinie” and the “Innenrand” coincide. They run 

parallel with the edges of the carapaces and at a small distance from 

those. The “Porenkanäle” are bifurcated and are at a considerable 

distance from each other. 
The musele impression, which is sometimes distinctly noticeable, 

is situated somewhat before the middle and closer to the dorsal edge 



than with the ventral ridge. It is oval shaped, while the longitudinal 

axis is placed almost perpendicularly to that of the carapace. 

By a line which is concave towards the end it is divided into 

two unequal parts. 
While from this line towards the front as well as towards the 

back crosslines originate, the muscle impression consists of two rows of 

oblong parts. Undoubtedly the valves which | have at my disposal 

originate from Cytherella semitalis G. S. Brapy, which appears at 
once from the characteristic sculptures on the outer surface. This 

shows small round pits round about a broad smooth stripe which 

runs lengthwise across the middle, as is reported and illustrated by 

Brapy. With the exception of the posterior ridge these pits are also 

missing at the edges of the valves, except in the middle. Brapy does 

not point out this but from the sketches which he gives of this 

species it appears that this is also the case with the recent animals. 

It is true that the carapace of the animal depicted by Brapy 

in fig. 2a is different, but that is no objection. Brapy tells 

us, as a matter of fact, that the illustrations have been made from 

a specimen not yet fullgrown and there the height of the carapace 

remains the same along a great length, so that viewed laterally it 

is elliptical. That can be distinetly seen in the smaller valves of my 

material. 

The measurements of a right valve are: length 0,63 mm., height 

0,40 mm. and width 0,17 mm. while those of a left valve are 

0,62 mm., 0,37 mm. and 0,14 mm. 

Recent specimens of these Ostracods were caught in the East 

Indian Archipelago and near Samoa. 

From what is said above it is clear, that as a rule the same or 

related Ostracods are described by Brapy in the “Challenger report” 

and that these therefore still occur in the neighbourhood of Timor. 

If we consider in the treatise mentioned above, at what depth 

this species is found, it appears, that it usually is less than 72 m. 

Finally I want to express my thanks to Prof. Dr. J. H. Bonnema, 
who has always so willingly put his time at my disposal in order 

to assist me in the treatment of this material and to Mr. J. Borkr, 

biol. doct"s, who was so kind as to make the drawings for this essay. 
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EXPLANATION OF THE PLATE. 

ig. 1. Right valve of Nesidea Miilleri E. GC. Fyan, from the outside, 50 X 

ig. 2. Left valve of Nesidea Miilleri E. C. Fyan, from the outside, 50% 

Left valve of Nesidea Molengraaffi E. G. Fyan, from the outside, 50 >< 3. 

r. 4. Left valve of Nesidea Molengraaffi ©. C. Fyan, from the inside, 50 

5 Right valve of Nesidea Molengraaffi E. C. Fyan, from the outside, 50 >< 

. 6. Right valve of Nesidea Molengraaffi E. CG. Fyan, from the inside, 50 XX 

. 7. Right valve of Cytheridea spinulosa G. S. Brapy, from the outside, 50 X 

. 8 Left valve of Cytheridea spinulosa G. S. BRADY, from the outside, 50 

. 9. Right valve of Cytheridea timorensis E. C. Fyav, from the outside, 50 X 
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Right valve of a male specimen of Cythereis Goujoni G. S. Brapy, 

from the outside, 50> 

Right valve of a female specimen of Cythereis Goujoni G. S. BRADY, 

from the outside, 50 X 

Right valve of a male specimen of Loxoconcha australis G. S. BRADY, 

from the outside, 50> 

Right valve of a female specimen of Loxoconcha australis G. S. BRApy, 

from the outside, 50> 

Right valve of a female specimen of Loxoconcha alata G. S. BRADY, 

from the outside, 50 <x 

Right valve of Cytherella semitalis G. S. Brapy, from the outside, 50 X 

Left valve of Cytherella semitalis G. S. BRADY, from the outside, 50>< 

Right valve of Paracypris zealandica G.S. BRADY, from the outside, 50 X 
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Physics. — “On the Additivity of the Values of b and Va of 
the Equation of State, and on the Fundamental Values of 

these Quantities for Different Elements, in Connection with 

the Periodical System”. By Dr. J.J. van Laar. (Communicated 

by Prof. H. A. Lorenz). 

(Communicated in the meeting of Jan. 29, 1916). 

1. Introduction. 

The additive qualities of the quantity 6 of the equation of state 

have already been pointed out by Prof. v. p. Waats'), particularly 

as far as the elements C, O, H and Cl are concerned. I have 

extended this research over many other elements, in which remark- 

able regularities have come to light with regard to the fundamental 

values of } for the different elements in connection with the pervo- 

dic system. 

In reference to the values of a Van Der Waars mentions nine 

Papers by Marnrews*), adding that this writer bad come to “very 

remarkable” relations with respect to these values. ““Remarkable” 

Maruews’ assertions decidedly are — but in an entirely different 

sense, I am sorry to say, from that probably meant by VAN DER 

Waars. From the critique which I have ventured to give in the 

following paper on Maruews’ treatises, it will be clear to the readers 

that Marnews’ views and the rule at which he thinks he has arrived, 

lack every sound foundation. 

On the other hand | have found that also the values of p/a are 

perfectly additive, and that here too we meet with striking regula- 
rities with regard to the periodic system. 

But there is more. In this I have found that in all cases, in which 

the central atom — e.g. C in CH,, CCl,, CHCI,, C,H, ete. etc., Ge 
and Sn in GeCl, and SnCl,, N and P in NH, and PH, — is entirely 

surrounded on all sides by other atoms or atom groups, the attrac- 

tion of this central atom to the outside on other molecules entirely 

vanishes. That namely the lines of force of the attracting (cohesive) 

1) These Proc. of Febr. 28 1914, p. 880. See also ibid. March 28 1914, 

p. 1076 and my treatise These Proc. XVII p. 598. This additivity itself was 

already long known, bowever. Cf. among other things Guyr Dissertation, Paris 1892). 

fterwards Barscuinsx1 (Zeitschrift für physik. Chemie 82, p. 87 (1918) ) found 

at Te, reduced to our unities, H = 67, 0 = 139, C= 114, all X 10—5. These values 

are, however — particularly those for H and O — quite erroneous (see our 

table in § 3). 

2) Journ. of Phys. Chem. 1913. 
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action are totally absorbed by those surrounding atoms, and do not 

exert any force whatever outside the molecule. 

This is, indeed, in perfect harmony with what was found lately 

by Erste *) with regard to the influence of the molecules on each 

other as far as their sphere of action is concerned (this would 

namely not extend any further than to the surrounding molecules). 

But now the same thing is found with regard to the atoms in the 

molecule. Only the peripheral atoms take part in the cohesive 

attraction, the central ones — for so far as they are entirely shut 

are perfectly inactive. If, however, off by the surrounding atoms 

these central atoms are partly free, as e.g. with the doubly and 
triply bound C-atoms, either half the action or the full action imme- 

diately shows itself again. This is certainly one of the most remark- 

able results to which our researches have led us. 

In what follows I shall confine myself to what is indispensable 

as a support of my contention, reserving the fuller discussion of 

this subject for another occasion. *) 

2. The calculation of the values of a and b. 

As a and 5 are in general functions of v and 7’ (a is probably 

independent of 7), it is desirable to calculate these quantities for 

corresponding states, and for this the critical state is first of all to 

be taken into account. Also when we pay attention to the fact that 

the variability of 46 with the volume is different for every substance, 

and that therefore something special continues to adhere even to 

the critical state, this circumstance can yet be eliminated by the 

introduction of a new parameter. As I have lately demonstrated *), 

in the first place we may take for this the quantity y, Le. the co- 

efficient of direetion of the straight joining line between the densities 

YD, and D, in a D,T-diagram, which quantity is at the same time 
='/, (b-:6,). We can then express all the quantities in y, which 

henceforth represents the only independent parameter; thus the idea 

of correspondence will also have obtained a wider meaning. 

Thus e.g. the quantity s— RT): prvrx is always = 8y: (y + 1), 

and the quantity r=v,:b, will always be =(y+1):y. For 

f= RT: pr (ve-—be) = 1 + (ar: preven’) we find 8y. (f/ is the critical 

coefficient of pressure for the case that @ and 4 may be taken in- 

dependent of 7 at 7;). Further rs=8, /’ (r—1)=8, (f-A)r?-= 

‘) Bemerkung zur dem Gesetz von Eörvös. Ann. d. Ph. (4) 34, 165 (1911). 

*) In the Journ. de Chimie physique of Prof. Guye at Genève. 

8) These Proc. of March 26, April 23, May 29 and Sept. 26, 1914, resp. p. 808, 
924, 1047 and 451. 

79* 
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= 27:4, (f’—1): s? = 27: 642. Compare moreover the table on 

p. 819 of the first of the cited articles, and that on p. 1052 of 

the third paper. 

For the quantities 7% and pz we find then perfectly accurately: 

8 az U : 
RT, >= — A — B Pii 

27 br 27 bp 

at least for normal substances which are not assoaciated at 7. In 

. 27 2 NE 
this (see loc. cit.) the factor À is given by 4 = —— {| —— | For sub- 

Pag, y+1 
stances with a particularly beberer critical temperature y has the 

limiting value 4 and 2 becomes =e, — 01964. Rorstordinarvan 
lo herd substances y—=0,9 and 4 becomes = 0,977 ; for argon, wher 

4 becomes = 0,992; for H, with y=0,6, 4 =0,999; while for He, 

where y = 0,55, 4 will be = 0,999. For ideal substances, where 4 

is constant, y approaches 0,5 and 4 approaches 1. 

We see from this that the correction factor 2 deviates about 

2,3°/, from unity for ordinary substances, so that in the second of 

the relations: 

1 RT; 7 (RT%)' 
ke == 9 == 

Dik 642 pr 

the value of a, must then be augmented by this amount; and by a 

smaller amount when the critical temperature, as for argon, O,, N,, 

H,, ete, is particularly low. We have always taken this factor 

into account. 

When the substances at 7% are still associated, the above simple 

formulae must be replaced by much more intricate ones. ') For the 

few abnormal substances, however, which occur in the following 

tables, we have calculated the values of a, and 5, on the supposi- 

tion that these substances are normal at 7} and then added that 

the accurate values are smaller. (Always in reference to a single ~ 

molecular quantity.) 

For R we have put the value 0,0036618 — 1 : 273,09, so that 

the values a, and bj are expressed in the ordinary ‘‘normal” unities, 

Le. 6 in the normal volume v, = 22412 cm° (the volume of 1 gr. 

mol. of substance at 1 atm. and O° C. in the Avocapro state), and 

a in atm., when 1 gr. mol. has the volume »v,. 

Want of room obliges me to omit the extensive table of 74 sub- 

stances, in which 7%, pk, by, dx, Waz, and 4 have been given; there- 

fore the values of 7; and p, have been added in the following 

sae tables for 6,. These values have been taken from the best 

NG Arch. Teyter 1908. and also These Proc. of Nov. 7, 1914, p. 598. 
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and newest sources (tables of ABRAHAM and SACERDOTE, Tables An- 

nuelles, values given by K. ONNes aud his collaborators, determina- 

tions of Carposo and others). ‘ 

8. The additive qualities of / in connection with the 

periodic system. 

The values of 4, found can now be composed additively from 

the following fundamental values for by. X 10°. 

|| He < 105? 

Hi 4357) C= 1000) (Na 65 IO = 70 | F =D NEST 

(Si=155) P =140 | S =125 | Cl=115 | Ar=144 

Ge=210 | (As=195)| Se =180 | Br=165 || Kr =177 

Sn = 265 | (Sb—=250)| (Te—235) | 1 —220 || x =228 

The regularity is very striking. In every vertical column the increase 

is 55 units, whereas in every horizontal row the decrease amounts 

to 15 units. (Only Cl—= 115 fits in better than 110). Hydrogen seems 

to belong to the first series, the noble gases evidently always pro- 

longing the horizontal rows. (The value for He still continues to be 

very uncertain; nor is Ne quite certain). 

It must be further observed that C presents two different values. 

In the anorganic compounds and in the aliphatic organic compounds 

C is always=100, but in the aromatic compounds, i.e. in the 

eyelically built compounds, the smaller value 75 should be taken 

for 75. (75 is somewhat greater than 100 X '/, V2 = 71). 

The same thing is found for N. Only for N, itself do we find 

the fundamental value 85; for all other compounds of N on the 

other hand the condensed value 69 (= 85 >< */, V2). 

As for O, here the fundamental value 70 holds everywhere; only 

for CO, and for one of the two oxygen atoms of the organic acid 

group CO.OH (or of the group CO.OX of the compound esters), viz. 

that which just as both atoms in CO, is bound to C through a 

double binding, the diminished value 50 (= 70 x */,W 2) is found. 

For H three values are found. The fundamental value 48,5 only 

for H, and HCl. In the anorganic compounds NH, (and also in the 

radicals NH, and NH), PH,, H,O, H,S, H,Se H is everywhere = 34 

(= 48,5 X '/,W2), whereas in the organic compounds, where H is 

directly bound to C — both in the aliphatic and in the aromatic 

series — the doubly condensed value H=14 = 48,5 x (4—'/,V 2)] 

is found. 



Now the 

may follow. 

| | 

H, =2X 485= 97) 97 CX10-5) 
Hi 

N, =2X 85 

Os =2X 70 

P, —=4X 140 

Clo=2X 115 

| 

for the 

Elements. 

Tp 

31,95 

126,0 

154,25 

968 

414,1 

b. Anorganic Compounds. 

Found 

(CN), = 2 X {100 +60) — 320 

CO = 100 +70 

CO, =100+2><50 

cS, =100+2125 = 

Ge Cl4 = 210+ 4115 = 670 

Sn Cly = 265+4 X 115 = 725 

NH, =60+3>< 34 

NO =2<60+70 

NO =60+ 70 

*NO, =60-+270 

PH; =140+3>34 

*H,O0 =2<34+70 

HS =2>34-+ 125 

SO, = 125+2>70 

H,Se =234 + 180 

HCl = 48,5 + 115 
| 

= 163,5 

307 (10-5) 

172 

191 

343 

663 

133 

165 

198 

114 (127) 

<197 

233 

<141 

192 

254 

206 ? 

173 

reconstruction of the 5-values 

Pp 5 

5,20 > 2,26 « 0,9999 

29 | 0,9976 

48,0 | 0,992 

54,3 | 0,989 

58,2? | 0,988 

59,75 

35,5 

72,9 

72,9 

38,0 

36,95 

| 112,3 

711,65 

71,2 (64) 

‚100 

64,0 

200,5 

89,05 

71,65 

91,0 

86,0 

Only H,Se deviates considerably, but it is very well possible that 

the critical pressure (91 atm.) has been found too high. With regard 

to NO it is known that the critical data of this substance necessarily 
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require revision. Indeed, with OrszewskKr’s second value, viz. pj —= 64 

instead of the first value used by us (which gives better agreement 

in other respects), we should have found hz = 127, in good agreement 

with the calculated value *). 

The abnormal H,O does not seem to be considerably associated 

at the critical temperature. (Abnormal substances are indicated in 

the tables by an asterisk). From Scuerrrr’s researches we know 

already that NO, at 7% is hardly associated to N,O,. 

c. Carbon-hydrogens. 

Found Tj, Pp 

CH, —100+414 — 156 191 (156) OX10-5) 190,2 | 45,6 (53) 

C,H, = 200 + 6X 14 = 284 | 286 | 305,2 | 48,9 

C‚Hs = 300 +8 X 14 = 412 | 377 | 370,6 | 45,0 

n-C‚Hio  =400+10%14 = 540 | 525 [+424 [+37 

n-CsHio  —500 + 12X14 = 668 | 652 | 4703 33,0 

i-CsHi2 =500-+12><14 — 668 | 641 | 460,9 | 32,9 

n-CsHj, = 600 41414 = 796 | 785 | 5079 | 29,6 

n-C7Hjg  =700-+16X 14 = 924 919 | 539,9 | 26,9 

n-CsHig = 800 + 1814 — 1052 1059 | 569,8 | 246 

CH — 200 +2 X 14 — 228 | 229 | 308,6 | 61,65 

CoHy = 200 + 4X 14 = 256 | 255 | 2826 | 5065 

i-CsHyo = 500 + 10 14 = 640 | 627 || 464,7 | 33,9 

CoHe =6X< (15+ 14) == 534 | 537 | 561,6 | 479 

C;Hs — 534 +(100 +214) — 662 | 653 | 593,1 | 41,6 

o-CsHjo «= 662 + 128 — 790 | 780 | 636,1 | 36,9 

Cyclohexaan = 6 X(75 +214) = 618 | 636 553,1 | 39,8 

C,,Hg =O CHI 28 = 862 | 866 | 741,3 | 39,2 

The value 191 found for methane is probably too high in conse- 

quence of the too low value of pr. For this we have, namely, 

1) Prof. Gure is so kind as to inform me that in 1910 Apwenrowskr found 

Tx = 180,2, almost identical with 177,1 assumed by us, but px = 64,6 atm. 

This is really the value, which gives the expected value for by. 
For Cl, Pettaron (Dissertation, Neuchatel 1915) found Tp = 417,1, pk = 76,1 

These values would yield bx = 251 X 105, Vag = 11,5 K 10-2, 
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assumed Carpboso’s value, which is 45,6 atm., whereas Dewar found 

50, and Onszewsky and v. Wropinwskr on an average 56 atm. With 

pk = 53 156 would have been found for 4, instead of 191, in perfect 

harmony with the calculated value. 

In all cyclical compounds C = 75, i.e. in the core. But of course 

C again = 100 in the substitution groups CH, (in toluene and xylene 

e.g.). For H we find everywhere 14. 

The fact that the values which have been found for 0; for 

n-pentane and iso-pentane from Youne’s data differ as much as 11 

units, suggests that the constitutive influences should not be entirely 

neglected, even though they do not make their influence felt much, 

compared with the so much stronger additive influences. 

d. Other organic compounds. 

Found | Te (4325 

CHF = 1004 424 55 —197 | 2352(<10-5) | 318,0 | 62,0 

CH,Cl =100-+4 424 115 —257 | 260 | 4146 | 73,0 

CHCl, =1004+ 14+ 345 450.1456 | 5360 | 538 

CCl, =100+ 0+ 460 — 560 | 566 556,2 | 45,0 

CH; Cl — 200 + 704115 = 385 | 386 | 455,6 | 54 

CoH,Cl, = 200 + 56 + 230 — 486 | 484 | 562,4 | 53 

C3H,CI =300-+ 98 +115 =513 | 4622 | 404,1 | 49,0 

(C‚H3)O = 400 +140 + 70 —= 610 | 600 | 4660 | 35,6 

(CH3, CHO =300+1124 70 —482 | 436? | 441,5 | 463 

*CO(CH3)2 = 300+ 84+ 70 — 454 |2444 || 505,9 | 52,5 

H.COOCH, =200+ 56+ (10+50)—376 | 376 487,1 | 59,25 

CH3. COOCH; —= 300 + 84 + 120 =504 | 501 || 506,8 | 46,3 

‚CH3. COOC>H; = 400 +112 + 120 = 632 | 630 } 523,2 | 38,0 

CH3. COOC;H; = 500 + 140 + 120 — 160 | 758 | 5493 | 33,2 

GEE 520 65 =575 | 574 || 5596 | 44,6 

CyH5Cl = 520 + 115 — 648 | 648 632,3 | 44,6 

CsH;Br — 520 + 165 =685 | 687 | (670,1) | (44,6) 

CoHsI = 520 + 220 — 7140 | 740 | (721,1) | (44,6) 

C,H,S = 400+ 56 +125 —581 | 567 590,4 | 47,7 

The abnormal acetone seems already to be normal at 7%. 

For CH,F, C,H,Cl and (CH,,C,H,)O we have had to be satistied 
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with old determinations of 7% and px; hence the critical pressures 

may be inaccurate. As we have already observed above, for the 

compound esters one O in COOX (of OX) = 70, the other (of CO) = 50. 

In the group C,H, C= 75 as in benzene, whereas we find C = 100 

in thiophene. This is rather strange, as in cyclohexane (Hexame- 

thylene), also a cyclical compound, C is very decidedly = 75, just 

as in C,H,. But it is very well possible that the reduction of the 

value from 100 to 75 

ste C-atoms and not of four. 
only takes place in the eyelieal binding of 

e. Some alcohols and amines. 

Found Tj Pp 

“CH,0H =1424 (10 + 34) =246 | <300(X 10-5) 513,1 | 18,5 

*C,H;0H =270-+ 104 =374 | <375 516,2 | 63,0 

*C3H,0OH = 398+ 104 — 003 < 490 536,8 50,2 

*CH;.COOH = 142 + 254 = 396 <4T1 594,7 57,1 

{ NH,CH; = 128-4 142 = 270) } 272 428 12 

| NH,C,H; = 128 + 270 — 398 312? 450 | 66 

| NH.C;H; = 128 + 398 = 526 450? 491,1 50 

/ _NH(CH3), = 94- 284 = — 318 356 436 | 56 

NH(C2Hs), = 94 + 540 = 634 560 ? 489 40 

| NH(C;H7)2 = 94 +706 — 890 814? 550,1 31 

| N(CH3)3 = 60-+ 426 = 486 484 433,5 41 

| N(CjH5)3 = 60 +810 0 812? 532 30 

NH,.CsH; = 128 +520 = 648 | 611 698,7 | 52,35 

Kthyl- and propylaleohol seem to be about normal for 7%, but 

methylaleohol and acetie acid are still considerably associated. In 

the group OH O = 70, H = 34, the first O-atom in COOH being = 50. 

With amines we are struck with the remarkable phenomenon 

that always only the Jower members agree, the higher ones on the 

contrary deviate greatly. Thus e.g. NH,CH, is in good harmony, 

but NH,C,H, deviates 20 °/, and NH,C,H, deviates 15 °/,. It is possible 

that the determinations of Vixcent and CuHappius, (who have also 

investigated the divergent C,H,Cl) are inaccurate, and the critical 

pressures too high. If e.g. for NH(C,H,), we substitute pj, = 35 

atm. for 40 atm, for N(C,H,), pr = 28atm. for 30 atm., and for 
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NH(C,H,), pr = 28 atm. for 31 atm, all deviations vanish. And suca 

diminutions of the critical pressures in later, more accurate experi- 

ments with purer substances are by no means rare. History even 

knows more considerable diminutions. Thus e.g. for CH,Cl the old 

and the new values are resp. = 73.0 and 65.9 atm.; a difference 

of almost 11 °/. In view of such facts it would be rash to attach 

too much weight to the deviations found for some amines. The 

more so as the agreement for the many other substances in the 

foregoing tables is almost perfect, or the deviations do not amount 

to more than 1 or 2°/, in the extreme cases. 

$ 4. The additive properties of the values of //a. 

As we have seen, the values of 6 can be built up additively from 

a small number of fundamental values — those of the elements —; 

such an additivity is not found, however, with regard to a, though 

it is with regard to Va. 

This is quite natural. For « is always composed of the product 

(or the sum of some products) of two values, one of which always 

refers to the first of two molecules that attract each other, the 

other to the second molecule. 

Thus e.g. when the “attracting mass” of a helium molecule is u, 

the total cohesion will be a = Cu’, when Cis a certain factor 

of proportionality, in which also the summation with respect to all 

the molecules is included. (This summation is the same for all 

substances, because a refers to the same volume v,, and the 

molecules lie equally far apart therefore). If the attracting mass of 

a Clatom = u, the cohesion of Cl, will be represented by a= C. 4u’. 

Lastly, if wu, is the attracting mass of H, u, of Cl, the quantity a 

for HCI will be represented by a= C (u,?+2u,u,+u,’) = C(u,-+u,)’. 

Accordingly, the cohesion is not supposed “specifie” (chemical) 

— so that e.g. the attraction of an atom H in another molecule 

being given by u, u, =u,°, the attraction between H and an atom 

Cl (likewise in another molecule) is determined by uw, X u,; ie. 

the attracting mass of H will remain the same, viz. 1, independent 

of the fact whether H attracts a second H in another molecule, or 

whether it attracts an atom Cl. 

Hence we assume — and this assumption is perfectly confirmed 

and justified by the found additivity of a — that the cohesion is 
of entirely physical nature, only depending on certain not yet 

sufficiently known circumstances concerning the number, mass, 

velocity, path of the different electrons, of which the atoms are built up. 

We may add that the above considerations come to this, that the 
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quantity «,, in a= a, + 2a,, +a,, in which a, and a, now refer 

to the attractions between the homonymous atoms of e.g. two 

molecules HCI, is always == Wa,a, so that a becomes = Wa, + Wa)’, 

and therefore Ya = Ya, + Va,"). 

It is now clear that not the values of a, but those of “a must 

be found to be additive ©. 

Well, we shall prove in the following tables that the values of 

Va can be built up additively from the following fundamental 

values for Vaz X 10°. 

He < 0,8? 

H=3,2 CES Ni 2,98 ORN Fe =O ZA Nei 2.0 

— |P=64/S =63| Cl1=54 || Ar =5,2 

— — Sse Gl) Br ='6,9 Kr = 6,9 

— |Sb=89| — |I =88 |X =91 

As has already appeared from the table for the fundamental 

values of 5 and is now again confirmed, H belongs genetically to 

the series C. N, O etc, and does not stand separately somewhere 

above Li in the periodic system. The monatomic noble gases again 

form the continuation of the different series. The value of Ne seems 

a little too great that of H too small to us. 

a. Elements. 

Found f , 
iI 

rr OE | 195 || 0,999 

ND 5,2 0,992 

Or =2K21= 54 5,2 0,992 

Py 40,4 = 25,6 25,1 0,97 

Clr 410,3 10,9 0,977 

1) The relation a. = ad, will evidently have to hold for homogeneous 

mixtures of two substances 1 have always held to this relation of BerrHeot’s 

in different earlier papers. I am more than ever convinced, that everywhere where t 
a Vajda, has been found, association or molecular compounds occur. Whenever 

it is possible to eliminate these disturbing influences by calculation, a3 = Vajda 

will always be found back. 

2) WarpeNn and Swinne (Zeitschr. für physik. Ch. 82, 289 (1913)) cursorily 

mention the partial additivity of the “specific molecular cohesion’’, i.e. of @ or 

afs. They too — like Marnews — seek connection between the values of a and 

the sum of the effective valencies. On Maruews compare the paper following this. 
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The values found for H, and Ne are too low. [2 in the last column 

(RG? 
of the table is the factor in a, = —~- —-— 

644 Pk 

b. Anorganic Compounds. 

Found | y 

| 

(CN) =2X(3,1+2,9)= 12,5>< 10-2 || 0,977 

CO. = 31429 = 5,8 5,35 0,992 

CO, =3,1-+5,4 = 85 8,5 0,988 

CSo = Bl 126 =15,7 | 15,4 0,975 

GeCly = 0+4%5,4 =21,6 21,5 0,975 

SnC, = O+4X54 =21,6 23,5 0,975 

NH; =. 0-296 = 96 9,2 0,977 

NO =5,8-12,7 =1185 8,75 | 0,988 

NO =29427 =56| 50 | 0,902 

"NO, =2,9+5,4 = gga 2104 ‚0977 

PH; = 0496 = 96 | 98 0.985 

“HO =64+42,7 = 91 | <10,7 | 0,97 

HS = 30-63 vonnis os | ops 

SO, =63+5,4 = 11,7 | 1 | 0,977 

H‚Se =3,2+71 =103 | 103 | 0,977 

HCI =3,245,4 = 86 | 84 | 0,985 

NO, and H,O seem to be still a little associated at Tj. It is further 

seen that H is everywhere = 3,2, except for H,, H,S and H,Se, where 

half the value is found, as for all organic compounds. 

For GeCl, and SnCl,, and also for NH, and PH, the attractive 

action of the elements Ge,Sn,N and P is entirely eliminated. In 

these compounds and we shall find back the same phenomenon 

for C in organic compounds — the central atom is quite inactive, 

because it is symmetrically surrounded on all sides by atoms H, 

Cl, ete. (or atom groups), which wholly absorb its attractive action. 

(shadowing-action). 

This is in perfect harmony with what Einstein found already in 

1911. Only with us the absorption of the lines of force takes place 

already im the molecule through the surrounding atoms, whereas 
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Erxstrin considered the attractive action of the molecules as a whole, 

which was absorbed by the surrounding molecules. 

A glance at the values of Waz for CCl,, GeCl,, and SnCl, is 

already sufficient to convince us of the truth of what has heen 

said. They are namely almost equal, resp. = 20,0, 21,5, and 23,5, 

yielding for Cl the mean value 5,4, the same value as is also found 

from other compounds (e.g. Cl, itself). 

And the same thing is found for NH, and PH,, where Waz is 

found resp. =9,2 and 9,8, corresponding with H = 3,2 as mean 

value, also again the same value as is found for H in H,O and HC]. 

C. Carbon hydrogens. 

Found ; 

CH, =0+4 1,6 = 64 6,7 0,992 

C‚Hs =0+6X1,6 = 96 10,4 0,988 

C3Hg =04+8X1,6 lc OR Acre 

n-C Ho =0 + 10X 16 =16,0 | 168 0,977 

(n-CsHip  =0HI2X16 = 19,2 19,7 0,977 

Eese So =192 | 193 || 0977 
n-CsHj, =0+14X1,6 =224 | 225 || 0977 

n-C‚Hie =0+16X1,6 =25,6 25,1 0,975 

n-CsHig =0+18X1,6 =28,8 | 27,6 || 0,975 

CH, =2*314+2X1,6 = 94 9,4 | 0,988 

CH, ~2> 1,55 +4X 16 = 95 9,5 0,988 

i-C-Hio =2X 1,55 + 30+ 10X 1,6 = 19,1 19,2 0,977 

CsHe =6 1,55 X 6 X 1,6 =189 | 195 0,975 

C‚Hs =6X 1,55 + 1X0H8X1,6 — 22,1 2,2 0,97 

o-CsHio _ =6X1552X0+10X1,6=253 | 25,3 0,97 

Cyclohexaan = 0 + 12>< 1,6 

Gills = 101,55 +8 X 1,6 

= 19,2 21,1 0,975 

=283 | 286 0,97 

We see again at first sight that the values of Va, for carbon 
Arnor: \ hydrogens C,H,.+, are simply proportional to the number ot 

H-atoms from CH, to C,H,,, and that again C= 0, just as Ge and 

Sn in GeCl, and SnCl,. For in these carbon hydrogens all the 
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C-atoms are again entirely surrounded by other atoms or atom groups. 

But for ethylene and iso-amylene, where double bonds are found 

— so that two carbon tetrahedra adjoin along a side instead of by 

the angular points — half the fundamental value is found for C, 

i.e. 1,55. In each of the compounds H,C = CH, and ree == CHE 

there are #vo such tetrahedra, which therefore freely expose part 

of their surfaces — without shadowing atoms or atom groups — to 

the attractive (cohesive) action to the outside. For the other atoms 

of iso-amylene C remains therefore = 0, because {hese remain sur- 

rounded on all sides. (single bindings in the angular points of the 

tetrahedra). 

For acetylene there is triple binding, i.e. the tetrahedra adjoin 

each other by an entire side plane, so that now the whole central 

body is exposed to the attractive action to the outside. Accordingly 

we duly find C = 3,1 as for the above considered anorganie substances. 

For C,H, and its homologues we have 6 atoms with a double 

binding, so that here we have 6 > 1,55. But in the aliphatie sub- 

stitution groups CH, with single bindings we find again duly C=0. 

For naphthaline with 10 double bindings we have also 10> 1,55, 

and for eyelohexane with only single bindings C is again = 0. 

From the above table it appears how close the agreement is 

between the calculated and the found values (for C,H,, C,H,, 

i-C,H,, among other compounds this agreement is even perfect); 

only for C,H, and cyclohexane a discrepancy exists of 8 a 9°/,, 

probably to be attributed to inaccurately known critical data *). 

Table d., see following page. 

The agreement is again satisfactory. Only CH,F deviates in a 

similar way as for hb, which may be ascribed to inaccuracy in the 

critical data. 
In acetone the C-atom bound directly to O, just as that of the 

group COOX for the compound esters, is = 3,1 — in accordance 

with CO, CO,, CS, ete. 

1) We should be careful not to transfer in our thoughts the deviations in Wa 

(calculated and found) doubled to a itself as a standard. An error of 30/, in Ka 

would of course give rise to an error of 60/, in a; but then we should overlook that 

(RT)? occurs in the formula for a, on the other hand RT in that for Va, so 

that an error in Tx is transferred to Va wnenlarged, but doubled to a. Not the 

deviations between the values of a. but between those of Ka are therefore to be 

considered as standard of accuracy. Indeed, @ is always a product of two separate 

factors. And these separate factors must only be taken into account and are com- 

parable with the quantity 5 
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d. Other organic compounds. 

Found y 

CHF =0-4+3<1,6 +29 = 11 9,7? 0,988 

CH,Cl =0+3X1,6+5,4 = 10,2 er 0,977 

CHCl, =—04+1X1,6+3X5,4 = 17,8 | 17,6 0,975 

CCI, OEE en A = 21.6 20,0 0,975 

C>H;CI =0+5X1,6+5,4 = 13,4 14,9 0,977 

CHC =OHAX16 +2X54 = 17,2 18,5 0,975 

C3H;CI Z0HTX16 +54 = 16.6 17,0 0971 

(CoH). O —0-+ 10 1,6-+.2,7 = 18,7 18,8 0,977 

(CH3,C,H)O =0+8X1,642,7 = 15,5 16,0 0,977 

* CO(CHs)2 Sane 021 =154 | <168 0,977 

H.COOCH, _=044X1,6 +(3,1 + 2X2,1) =149 15,2 0,977 

CH,. COOCH; = 046 X 1,6 + 8,5 = 18,1 17,9 0,977 

CH; . COOC;H; = 0+ 8X 1.6+8,5 = 21,3 20,4 | ___0,977 

CH3 . COOC,H; = 0 +10 X1,6 +85 = 24,5 23,0 0,975 

C‚H;F = 17,3 + 2,9 — 20,2 20,2 0,975 

C‚HsCI =118 454 = 22,1 22,8 0,97 

CsH;Br = 17,3-+-6,9 = 24,2 24,2 0,97 

CsHsI = 118 48,8 = 26,1 26,1 0,97 

C‚H4S Z=AX155+4X16+63 =18,9 20,6 0,97 

C,H, being — 18,9 (see table c)), we have C,H, = 17,3. 

HCS CH 
In thiophene | >>S all the C-atoms have a double binding 

He = CH x 

as in Benzene; therefore here again C = 1,55. 
The abnormal substance acetone has evidently become about 

normal for 7%. 

Table e., see following page. 

Methylaleohol and acetic acid are still pretty much associated at 

the critical temperature, whereas ethyl- and propylaleohol are almost 

normal. 

In the alcohols is the group OH = 2,7 + 3,2 —5,9; hence 3,2 



holds for H just as in H,O = H.OH, and some other organic com- 

pounds (see under c). The same applies to group OH in COOH, 

C again being = 3,1 there. 

e. Some alcohols and amines. 

| Found | ; 

*CH,OH =0--3><1,6 (274-32) 107 | 14,0 || OOH 

*C.HOH =—0+5X1,6+5,9 130 |) 2156 0,977 

*C;H;OH =0+7>X1,64+ 5,9 = 17,1 < 18,2 0,975 

*CH,.COOH =4,8 + (3,1 + 2 2,7-+ 3,2) = 16,5 < 19,0 0,97 

/NH,CH, =(0+2>3,2)+48 = 11,2 | 12,1 0,977 

/NH,CH; =64+8 = 14,4 13,3 0,977 

'NH,C3H; =6,4-+ 11,2 = 17,6 16,7 0,977 

NH(CH;), =3,2+2<4,8 = 12,8 14,0 || 0,977 

NH.C,H;), =3,2+2>8 = 19.2 18.6 0,977 

NH(C3H7). =3,2+2> 11,2 — 25,6 23,8 | 0,975 

N(CHs3)3 =01348 = 14,4 16,3 | 0,977 

N(C2H;);3 =0+3X8 = 24,0 23,4 || 0,975 

NH,.CsH; =6,4+17,3 = 23,7 23,3 0,97 

For the amines the agreement is better than with respect to the 

values of hj; we should bear in mind that in consequence of V pz 

in the expression aj errors of pz are transferred to Waz for half 

the amount, passing to the full amount to bj. 

SUMMARY. 

If we summarize what. has been discussed above, it may therefore 

be said that also the values of Vax can be built up perfectly additively | 

from a few fundamental values. These fundamental values have 

been given at the head of this paragraph, and roughly it may be 

said that in the first series of the periodic system (H included) Va, 

is about = 38 (> 10-2); in the second series about 5; in the thire 

series 7, and in the fourth series 9. 

After this paper had been written we have seen that in the fourt 

series Sb—8,9 quite in agreement with I= 8,8, and NERO 
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Further that in the fifth series He — 11,0. Hence we have for the 

six horizontal principal series of the periodic system resp. the 

fundamental values (with He == 1 in the series zero) 

ies OT 9; and A WOOS), 

so that Ya is exactly 2 units greater in every successive horizontal 

series. 

We may still remark that the proportion of the fundamental values 

of hj. of the last members in the first four horizontal series (of the 

halogen group) is exactly as: 

ioe ee co = tk, 

a) For the application of the fundamental table fora, we should 

further bear in mind that the atoms C,Ge,Sn,N, and P hare no 

part in the attraction, when (as in CH,,CHCI,,CCl,,C,H, ete.; 

GeCl,, SnCl,; NH,, PH,) they are surrounded symmetrically on a// sides 

by other atoms (or atom groups) which absorb the lines of force. 

6) Wherever a carbon atom exhibits double bindings (C,H,, i-C,H,,, 

C,H,, C,H,S) © must be taken = 1,55, and for’ triple binding 

(C,H,) C=3,1. The same full value 3,1 also oceurs in CO, CO,, 

CS, ete., just as in the group CO of the ketones, organic acids and 

compound esters. 

c) Finally with regard to hydrogen, the fu// value 3,2 is found 

for all anorganic compounds (except H,S and H,Se) and in the group 

OH of the alcohols and organic acids; whereas Malf the value 1,6 

is found for H,S, H,Se and for a/l organic compounds, where H 

is directly bound to C. 

Physics. — “On the Validity of Matunws’ so-called Valency Law.” 

By Dr. J. J. van Laar. (Communicated by Prof. H. A. Lorentz). 

(Communicated in the meeting of January 29, 1916). 

It now remains to say something about fhe so-called rule of 

Marturws') that namely a would be = C(M x vj, hence Va = 

=WCM xv)’, when M represents the molecular weight, and » 

the total number of effective valencies. Thus e.g. for n-C,H,, J/= 72, 

Pri box 412 KAD hence BTA x32) 19,2 tand 

— 19,7 Xx 10-2: 13,2 = 1,49 x 10-2. And for C,H,C]l M=112,5, 

r=6 X¢+5x1+1 x 1=830, hence Bb (112,5 x 30) = 15,0) and 

VC= 22,8 Xx 10-2: 15,0 =1,52 « 10-2, which is almost equal to 

daal. 

1) Journal of Physical Chemistry, 1913 (nine articles). 

SO 

Proceedings Royal Acad. Amsterdam. Vol. XVIII. 
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Unfortunately, however, in about 50 out of 100 substances examined 

by Marnuws the rule does not hold good at all; while at least 37 

of the 74 substances investigated by us, hence also about half of 

them, deviate considerably. 

Marnews determined the values of a chiefly in two ways, first from 

the surface tension, reduced to the absolute zero-point, and secondly 

from the critical data. The two series of values of a did not differ 

much, from which M (loc. cit. p. 160) drew the conclusion that a 

is almost independent of the temperature. Tyrur ‘') came to the same 

conclusion. 

We found, however, by means of an accurate calculation that 

the two series of values do differ, indeed, and that the values of 

» are about 16°/, higher than aj (at least when the critical tempe- 

rature is not too low). 

We will not enter here into the details of the caleulations (loc. 

cit. p. 154 et seq.), nor into some theoretical considerations which 

seem very questionable to us (particularly those in the last Paper, 

loc. cit. p. 603 et seq.) *), but only mention that M has found 

1,50 X 10-2 (loc. cit. p. 183) for V/C as middle value, whereas we 

find 1,47 — 10-2 as mean value for those substances in our tables 

a 

for which the rule is more or less valid. 

In the numerous cas 

succeeds in finding means to make his rule hold good. He either 

s in which the rule does not hold, M always 

pronounces the most normal substances to be associated (even still 

at the critical temperature, where water, ethylalcohol ete. are already 

almost normal!), or he applies strange corrections to the valencies, 

and e.g. declares chlorine to be triwvalent in all the cases in which 

his rule does not hold good, while this element again falls back to 

its monovalent rôle in the cases in which his rule does apply. *). 

1) Z. f. ph. Chem. 87, p. 195 (1914). 8 

2) This will be more fully treated in my book on the Equation of state, which 

I hope, will be able to be published alter the war. 

3) In the same way M manipulates some numerical factors, e.g. the constant of 

the formula of Eörvös (resp. Ramsay and Sutetps) in order to establish a non- 

existing identity of the two series of values @ and ax. For the same purpose also 

v. p. Waats’ factor *7/g,.(or corrected by us to °7/¢,,, in which a is =1 for 

ideal substances, and for ordinary substances about = 0,977) was replaced by 

[s°—(s—2)] : s*(s—2) = nee AT Re s—2 g2’ a 
which is only correct in the limiting cases = 4 

(for substances with very high critical temperature), and N.B. does not converge 

to 27/4, for ideal substances (s = 5/s), but actually to §7/¢,! In the correct expres- 

sion for 27/g4,, viz. (f/—1): 5? he namely substitutes for //—1 the entirely faulty 

expression (s*—{s--2)]:(s—2}, which for s—5/, would not converge to 3, but 



We shall now shortly pass in review the different groups of 

substances, in which the little serupulous manipulations will be 

manifest with which M. gets rid of exceedingly troublesome 

deviations of up to 3800°/,. 

a. For the valenceless noble gases Marrrws’ rule is, of course, not 

valid at all. For if » =O, then Wa ==0 would also be = 0. But this 

diffieulty the author entirely ignores. He simply assumes the formula 

to be valid, and now simply calculates the valencies of He from 

it ete. Thus he finds for He »v = 0,04 a 0,07, for Neon » = 0,32, 

for Argon v—=1,12 a 1,35, for v—= 1,23, and finally for Xenon 

p= 1,80 à 1,95 (loc. cit p. 339). 

Hence He '/,,-valent, Ne '/,-valent, Ar. and Kr. 1'/,-valent and X 

very nearly bivalent ! 

And in order to justify these singular broken valencies (among 

which < 1), M assumes that these inactive gases are, indeed, 

valenceless, but that they yet possess two ‘extra’’-valencies, which 

are, however only partially active. One of these two valencies in 

extraordinary service would be positive, the other negative, but only 

for a part of the molecules present those valencies — which are 

neutralized in ordinary circumstances, — would be “closed”, as 

M expresses himself free and “open”. And only these “open” 

valencies are revealed by M’s rule. Thus 90°/ 

open for X, about 65°/, for Kr., 60°/, for Argon, 16°/, for Ne, and 

at last about 5°/,, for He (loc. cit. p. 341). 

of the valencies are 0 

After this ingenious explanation — we see our way to explain 

away all discrepancies in the whole of Nature in this way — there 

is no need of anything further. 

B The other elements. Where with us only hydrogen departs from 

the rule with regard to Va, not a single element is found to conform 

to his “rule” in Marnews. In order to make this rule valid also now, 

however, he declares the factor *’/,, inaccurate by 60°/, for e.g. H, 

(though it happens to be almost perfectly accurate for H,, being 

4= 0,999); further N and O to be monovalent in N, and O,, and 

chlorine trivalent in Cl. 

y. The anorganic compounds. In our table all the normal com- 

pounds (also CO and NO after correction of py — see hj. in § 3) 

are in good agreement. With Matnews, however, 12 of the 14 

substances of our table do not agree at all. Only H,Se and SO, 

to 92/,! For ordinary substances this singular formula gives already errors of 

15%, for the factor 27/,4, and the errors can rise to more than 200°/) when we 

approach ideal substances. But his purpose is attained: the values of dj now 

coincide with those of a) (Gf. the last of the cited papers). 

SO” 



1238 

(Se considered as bivalent, S as tetravalent) concord well. The other 

substances are “hopelessly aberrant’, as M himself remarks with 

respect to CO. (loc. cit, p. 195). *) 

To redress this he assumes C and O to be monovalent in CO; 

~C and O divalent (mark C divalent) in CO,; S hevavalent in CS, and H,S; 

N monovalent and O bivalent in N,O; N and O both monovalent in 

NO; N and P pentavalent in NH, and PH,; Cl trivalent in SnCl, (!), 

but again monovalent in HCL In GeCl, three atoms Cl would be 

trivalent, but the fourth monovalent!! (loe. eit. p. 259), though M 

also pleads for the inaccuracy of the critical data for GeCl,. 

And to further the good cause CS, NH,, PH,, H,S, HCl are declared 

to be associated at 7, (loc.cit. p. 190 et seq.).*) Then Cl can also 

be taken frvalent in HCl. 

I should not have diseussed all these things at such length, if 

vaN DER Waars had not stated in his paper on the additivity of 

the h-values (cited by us in § 1), that M had found “very remark- 

able relations” with regard to a. I thought it therefore necessary to 

criticize these papers of M. 

d. The carbon hydrogen. Here we find 13 of the 17 substances 
of our table in accordance with M’s rule. But CH,,C,H,,C,H,, C,H, 

(important members, indeed, of the series) deviate greatly. For CH, 

MATHEWS again tries to save his cause by declaring the factor *7/,, 

to be faulty (comp. Footnote 3 on p. 1236)*), and as for C,H,: one 

C-atom would be divalent, the other tetravalent | 

The cause why M’s rule happens to hold good for the higher 

members of the series, is this that the values of Va are simply 

proportional to the number of H-atoms, and that for compounds, in 

which also C,N, and O occur by the side of H, the fundamental 

values of these elements differ little (resp. 3,1, 2,9, 2,7). But when- 

ever Cl occurs, the fundamental value of which is about double the 

value, or S etc, the rule does not hold good at all. 

e. Other organic compounds. As may therefore be expected 

CH,Ci, CHCl,, CCl,, C,H,Cl,, C,H,S deviate more or less considerably. 

1) Instead of VC=1,5>X 10-2 we find for V CX10° resp, 1,4, 0,97, 1,2, 

1,3, 1,8, 5,8, 2, 1,24, 0,94, 1,7, 1,85, and 2. Deviations therefore of on an 

average 459/, (for SnCl, even 2909/9). 

*) M. also asserts that H,Q0 — because it departs more than 700/, from his 

rule — is the most associated (at 7% ) of all substances known. We found H,0 
at 7 only slightly associated, just as C,H;OH ete. Much less than CH30H and 

acetic acid e.g. 

5) M even pronounces the conviction that if only the factor °7/,, were duly cor- 
rected for every substance, all the discrepancies would vanish. Indeed. 



For this reason Cl is pronounced to be trivalent. But in C,H,Cl, 

where the rule does hold good, Cl is suddenly again monovalent. In 

C,H,S S would be heaavulent. Besides: several substances which 

more or less deviate, are declared to be associated or slightly asso- 

ciated (at 7). 
For the compound esters one of the O-atoms in COOX is declared 

tetravalent (except for methyl-isobutyrate and methyl propionate, where 

it is unnecessary), the other O atom bivalent: 

p. For the alcohols and the acetic acid M finds the oxygen in 

OH tetravalent, the other atom O in COOH is /ivalent. Compare 

these assertions with ours in § + under ¢). We saw viz. that the 

eause must not be found in the O-atoms, but that the C in COOH 

has the normal fundamental value against 0 in other compounds 

and that also H and OH have the full value, viz. 3,2, against 1,6 

for the other H-atoms (bound to (©). 

For the amines NH,CH, and NH,C,H, deviate, which accordingly 

are declared to be associated with N pentavalent, but for the other 

amines, which do agree, association is unnecessary, and therefore 

N may remain trivalent. 
After these remarks, to which we shall not add anything (in my 

book to be published later [ subject also some very singular the- 

oretical considerations from his latest paper to criticism) the reader 

himself can form an idea of the value which he will have to attach 

to this remarkable “rule” of Mathews. 
In § 4 we have sufficiently shown, that not only the values of 

bz, but also those of Va, can be built up perfectly additively from 

a few fundamental values. With regard to these fundamental values 

themselves, we found with respect to hj exceedingly remarkable 

regularities in connection with the periodic system, and also the 

fundamental values of Va, — which are almost equal for every 

horizontal series — certainly open up important perspectives in 

connection with THomson’s and Nicworson’s theory about the atomic 

structure. 

But to this we shall revert later on. 

Clarens, November 1915, 
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Physics. — “An optical method for determining the ratio between 

the mean and maximal velocities in the turbulent motion of 

fluids in a cylindrical tube. Contribution to the experiment of 

Fizeau’. By Prof. P. Zeman. 

(Communicated in the meeting of January 29, 1915), 

1. In my experiments on tbe Fresnet-coefficient for different 

colours *) the mean velocity of the water-current was found by deter- 

mining the total volume that had passed through the tubes. Thence 

the maximal velocity near the axis of the tubes was derived by 

division of this mean velocity by 0,84. This numerical coefficient 

has been calculated from numerous and careful observations of 

American engineers. It seems however not quite satisfactory, that 

this coefficient has not been measured under the same circumstances 

that occur in the experiment of Fizwav. This is the reason I have 

made some measurements myself. The particularity of the method used 

was that no measuring apparatus had to be brought into the tube 

in which we are going to investigate the motion. 

If PoispuiLe’s law were valid for the tubes used in Fizeau’s ex- 

periment, the maximal velocity v,, might directly be derived from 

the mean velocity v,, v, being equal to 2v,. In Fizeau’s experiment 

however only velocities occur far above the limit of the critical 

velocity given by the eriterion of OsBORNE Rerynoups. If PorsbuiLLe’s 

law did hold, the distribution of the velocities in the tube would 

be represented by a parabola, so that near the axis the velocity 

would change rather rapidly. Im the case of the great velocities 

occurring in our experiments the distribution of the velocities is 

much more uniform and the interference fringes are much sharper 

than else might have been expected. As the velocity is not every- 

where the same, a curving of the wavefronts must occur, from 

which a broadening of the interference fringes will result. At the 

inspection of the interference fringes we are struck by the fact, 

that the turbulence of the motion leaves the interference fringes so 

sharp. This is also shown by the sharpness of the photos added to 

my communication of May 25 1915. 

2. In Fizwau’s experiment the water is led into the tubes through 

which the interfering beams pass, by symmetrical connecting-pieces. 

In the experiments to be described in this communication the water 

supply has been arranged in the same way. To the wall of the 

1) These proceedings 445, 17, 1914; 398, 18. 1915. 



laboratory the ironpiece A BCH is fixed which passes into the 

glass tube £ D. By means of the mirror S a strong light-beam can 

be thrown along the axis of the tube (diameter 2 em). The meaning 

of the window JV will be given below (§ 10). Before the water 

reaches A it is mixed with small gas-bubbles. The paths of these 

bubbles beautifully contrast with the dark back-ground, which 

enables us to pursue particulars of the motion of the fluid’). 

3. The illumination is arranged in such a way that a vertical 

plane through the axis of the tube /’D is strongly illuminated. 

On the horizontal axis of a small continuous-current motor, the 

speed of which can be regulated, a vertical disk of eard-board with 

a number of holes in it is fixed; through these we look at the tube. 

At a proper velocity of the disk the confuse image of the many 

entangled stream-lines is decomposed into simple elements. At / we 

then discern straight line-elements, of which many are horizontal, 

while others show an inclined direction. It is by the latter that the 

radial motion becomes visible, which has been discovered by OsBorne 

REYNOLDS. The further we go from / to Die. in the direction of the 

streaming water, the simpler the image becomes, until at a distance 

of 20 em. from // it does not change any longer. There are however 

1) The gas-bubbles can be introduced into the fluid by pressing compressed air 
through a fine opening. Better results are reached however with an electrolytic 

developer as ZENNECK uses in his method for demonstrating the stream-lines in 

the inner part of the fluid. (Berichte deutsch. phys. Ges. p. 695. 1914). In my 

experiments the electric current entered through two coat plates. The behaviour 

of different coal plates is not always the same. The gas-bubbles had a diameter of 

0,1 to 0,3 mm. When of one of the plates a piece had been broken off we took into 

use a new pair. Then the gas-bubbles proved to have become far too small, so 

that we took again the old plates. If the bubbles are too small the stream lines 

cannot be observed very well, at least not in the mirror of § 4. In the experiments 

of ZENNECK the bubbles might be very small, 
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still elements that ave inclined with respect to the axis of the tube, 

but the inclination has decreased considerably. 

4. Now we pass to a second experiment. A strong light beam, 

which over a length of a few centimeters has a diameter of 4mm., 

ean easily be thrown along the axis of the tube “D. The velocity 
of the small gas-bubbles illuminated by this light-beam was 

measured by means of a rotating mirror the axis of which was 

parallel to that of the glass tube. 

If the mirror is at rest we see in a telescope, pointing to the 

mirror, the streamlines principally in horizontal direction. From the 

inclination which the apparent stream-lines assume when the mirror 

rotates with a known velocity we can derive the value of the 

velocity in the axis of the tube i.e. the maximal velocity. It is evident, 

that this determination is most accurate when the velocity of the 

mirror and the distance from the glass tube are so chosen that 

the angle of inclination « of the stream-lines with the horizontal 

direction becomes nearly 45°. By reversing the current in the electro- 

motor, by which the mirror is rotated we can directly read the angle 

2a. The velocity of the mirror was 1,052 rotations per second. The 

“effective length” of the distance of the axis of rotation of the mirror 

to the axis of the tube could be determined within a fraction of a 

millimeter, attention being paid of course to the passage of the 

light through water and through glass. 

5. In a direction perpendicular to the tube the small gasbubbles 

scatter less light than in a direction which makes a smaller angle 

with the water-current. 

In some experiments I have observed in an ‘clined direction, the 

greater intensity in which is advantageous for the accuracy of the adjust- 

ments. But then the observations must be reduced to the values that 

would be found in a plane perpendicular to the axis of rotation of 

the mirror. Instead of calculating this reduction from the angles that 

determine the deviation I have preferred to determine experimentally 

by a separate experiment the corrections for the observed values of «. 

For this purpose | used a series of luminous points, which were 

moving with the velocity of the water-current, but exhibiting 

a greater intensity and a particular regularity. Thirty-six small steel 

balls were fixed near the circumference of a copper disk of about 

20 em. diameter. In this additional experiment the plane of the disk 

could be placed perpendicularly to the direction in which in the 

flow-experiments the light from the tube fell on the mirror. At 
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the same time care must however be taken that in the lower 

part of their path the balls have the same direction as the water 

current in the middle of the tube. The distance between the copper 

disk and the glass tube was made very small. A strong light- 

beam is concentrated on the lower part of the disk, so that the 

clear luminous points of the moving balls can be observed in the 

rotating mirror. The velocity of the copper disk is thus regulated 

that it is approximately equal to the velocity of the water in the 

tube. The observations on the disk with the balls are so much more 

accurate than those on the water-current that the correction by which 

observations in an inclined direction must be reduced to a plane 

perpendicular to the mirror becomes exactly known. This correction 

approximately amounts to 1°/, of the angle. 

6. The result of the experiment for a part of the tube at a 

distance of about 23 em from the point denoted by J” is given in 

the following table. 

V Jh ve ct a | om |p= ONCE 

3001 2623 | 330.3 | 44.9 | 443 | 389.9 | 0.847 

1051 985 | 308.1 | 46.2 | 45.6 | 372.6 | 0.827 

1609 | 1479 | 314.1 | 46.2 | 45.6°| 372.6 | 0.843 

1286 | 1175 | 316.0 | 45.6 | 45.0 | 380.5 | 0.830 

1617 | 1501 | 311.0 | 46.0 | 45.4 | 375.2 | 0.829 
| peas 

0.835 

Under J” is given the water-volume, expressed in liters, which 

has flowed through the tube in 7’ seconds. This amount has been 

corrected for the error (—1,6°/,) of the ‘Ster’meter, as it was 

given to me by the Direction of the municipal water-works. 

Then wv, foliows (in cm./sec.) from the transverse section of the 

glass tube. The angle @’ is half the directly read angle, « the value 

corrected for the inclination. v,—=v/tange@ gives the maximal velo- 

4al Ar a IRS on cm 
= —_ = 380,5 — is the velocity 

1.052 1,052 sec : 

which by means of the rotating mirror is added to the velocity of 

the water, where / is the ‘effective’ distance from the axis of the 

mirror to that of the tube. 

city in cm./sec.; v 
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7. A second series of observations has been made for points of 

the tube at distances between 20 and 30 em from the point V. By 

using a stronger source of light, | could now make observations 

in a plane perpendicular to the axis of rotation of the mirror so 

that the correction of «° to « can be omitted. The “effective” length 

/ was 31.3 em and v was 374.0. 

In the same way as above the measurements have been collected 

in this table. 

V T Vo a Un |P==L,/ Um 

1165 1067 315.2 45.4 | 368.8 0.855 

1757 1625 B1222) Lt 368.8 0.846 

1075 979 317.0 45.2 | 371.4 0.854 

1497 1383 312.5 45.3 370.1 0.844 

886 814 314.3 45.2 371.4 0.846 

762 696 | 316.1 45.3 370.1 0.854 

0.850 

8. Finally, a few observations bave been made in the initial part 

of the tube, in the neighbourheod of /. 

With the effective length / = 31.8 em and v= 380,0 em, the 

measurements gave the following result: 

| | | | 

T i dP v | a | Um PD Vm 

1346 | 1267 306.7 | 45.8 | 369.5 | 0.830 
| | 

1038 956 313.5 | 44.6 385.3 | 0.814 
| | | | 

1358 |) 1261) 311059") 4525 | 373.4 | 0.833 

0.826 

9. As is shown bv the experiment of § 3 the motion near / is 
more complicated than that further away in the tube, so that the 

result of § 8 cannot directly be compared with those of $$ 6 and 7. 

The image observed in the rotating mirror is also less simple in 

the experiments of § 8 than in the other series of observations. 

In the latter experiments a distinct principal direction of the 

stream-lines can be indicated; in the experiments of § 8 this is only 
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the case to a much less degree. Paths of particles which have high 

radial velocities and therefore exhibiting extraordinary inclinations 

are shooting again and again through the field of view of the telescope. 

In the experiments of § 6 and $ 7 the accuracy of the adjustment is not 

so much lowered by this phenomenon, though even here such 

deviating paths are visible from time to time. Summarising the 

results of § 6 and $ 7 by taking the mean of the values of y we 

obtain 0,843. *) 

If we assume that over a length of 10 em. a smaller value of 

y holds, this has no perceptible influence on the final result, as in 

Fizrav’s experiment the whole length of the tube is 300 em. For an 

estimate of the accuracy of the determinations I give here as an 

example those referring to the last observation of § 7. 

V= 762 L T= 696 seconds. 
Reading of the divided circle. 

Direction of rotation of the mirror: 

to the right to the left 

308.2 218.1 

307.0 2155 

310.5 218.2 

309.9 218.0 

309.1 215.4 

308.2 219.5 

309.8 218.8 

307.0 218.9 

307.8 219.0 

311,3 219.6 

308.8 218.3 

Difference = 2a = 90°5, «a = 45°,3. 

It is difficult to estimate the accuracy of the determination g —0,845, 
but we shall not be far from the truth, if we call a deviation of 

more than 1°/, very improbable. An effort to increase the accuracy 

by an accumulation of observations would only then have sense if 

we were quite sure that the influence of the strongly deviating paths 

on the optical phenomena might be neglected, which is very probable, 

and if the measurements could be made with the same tube that 

was used in Fizrav’s experiment. This is not well possible. It is 

however not necessary to justify an important conclusion concerning 

1) The mean of all observations of § 6—§ 8 gives 0.839. 
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the absolute values of the differences in phase, observed in Fizrau’s 

experiment. 

From the table in my second communication on the experiment 

of Fizeav (These Proceedings Vol. 18, 405. 1915), I take these data: 

p = 2,14 K.G /em? v, == 465 em./sec. Umar == 5538.6 em. /sec. 

EE | i: 
in ACE. PE AL Dexp 

4500 0.786 0.825 | 0.826 + 0.007 

4580 0.771 0.808 0.808 + 0.005 

5461 0.637 0.660 | 0.656 + 0.005 

Under Ap, en A; the shifts of the interference fringes are given 

here without and with the dispersion term. Under A, are to be 

found the observed shifts together with the probable error in the 

final determination. 

Now the values under A; and Ap, have been calculated with 

the value y—0.840. For other values of g the results are given in 

the following table: 

4 = 4500 

| il 
AN Ar P | Aap 

0.771 | 0.810 | 0.856 

0.779 0.817 0.848 

0.786 0.825 0.840 0.826 + 0.007 

0.794 | 0.833 0.832 

0.802 0.841 0.824 

From this table it is evident that no plausible value of can be 

indicated for which the values under Ap, would agree with the 

results of the experiment. With the theory of Lorentz, however, for 

the neigbourhood of gy —0.843 the measured differences in phase 

are in extremely good agreement as to their absolute values. Already 

in my above cited communication I came to the conclusion of the 

necessity of LoreNtz’s dispersion term. This was based upon the ratio 

of the measured shifts independently as well of the value of p as of the 

length of the whole tube. We may say however that now the 
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validity of that term has been proved with still greater certainty as 

to its absolute value. Especially the measurements in the blue part 

of the spectrum have here the greatest convincing power. 

Finally I wish to express my thanks to Miss C. M. PrrrrBoom 

assistant at the Physical Laboratory, Amsterdam, for her assistance 

in part of the experiments and of the caleulations and to Mr. J. 

VAN DER ZWAAL, mechanician of the Laboratory for his assistance in 

making the apparatus. 

10. In one respect the experiments can teach still something on 

the question whether the length of the moving water-column with which 

the calculations have been carried out, has been fairly well chosen. 

According to these Proceedings (Vol. 18, 401, 1915) 1 took for this 

length the distance between corresponding points of intersection of 

the axes of the O-shaped supplying-tubes with the axis of the ap- 

paratus. With the apparatus described in $ 2 I have been able to 

prove that this was the right length. Through the window JV stream- 

lines can be observed, if a vertical plane through the axis of the tube 

is illuminated. With an accuracy ‘of some millimeters we can indicate 

in which point the stream-lines become rather suddenly parallel to 

the axis of the tube “YD, while on the left of that point the fluid 

is nearly at rest. There cannot exist any doubt whether the motion 

must be reckoned from the point W indicated in the Figure. On the 

whole length of Fizmau’s tube i.e. 302 em. the inaccuracy of some 

millimeters in the determination of the place of |” is of no consequence. 

Physics. — “The specifie heat at low temperatures. U1. Measurements 

of the specific heat of solid nitrogen between 14° K. and the 

triple point and of liquid nitrogen between the triple point 
and the boiling point” By W. H. Kersom and H. KaMeRLINGH 

Onnes. Communication N°. 149a from the Physical Laboratory 

at Leiden. (Communicated by Prof. H. KAMERLINGH ONNBs). 

(Communicated in the meeting of January 29, 1916). 

§ 1. The investigation of the specific heat of condensed monatomic 

and di-atomic gases appears of special interest with a view to the 

conclusions, which may be drawn about the crystal structure from 

the comparison of the specific heat in the solid state for these two 

groups of substances. In particular the question arises whether for 

the last mentioned group of substances their di-atomie nature- does 

or does not show itself in the solid state also. 

§ 2. We began with the investigation of the specifie heat of 
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nitrogen '). We measured the specific heat of solid and of liquid 

nitrogen with the aid of the apparatus represented in Figs. 1 and 2. 

The gas, which was first passed from the eylinder B (Fig. 1) 

3b9 

TSM 

1) While this communication was being printed we received the number of 

January 15th of the Verh. d. D. physik. Ges., in which Eveken publishes the results 

of his measurements on specific heats ete. of compressed and condensed gases, 

Our results agree in general with those of amongst which is also nitrogen. 
EuckeN concerning nitrogen. 
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through the drying spiral Sp, cooled 

in liquid air to the reservoirs R, was 

condensed in the calorimeter flask /” 

(Fig. 2). The heat capacity of this 

flask (provided with heating and ther- 

mometer wires) with the condensed gas 

in it was then measured by the method 

of electrical heating in a high vacuum 

(ef. Comm. N° 143, these Proc. De- 

cember 30, 1914). 

The capacity of the steel reservoirs 

(together about 45 L., the same 

reservoirs which served for the mea- 

surement of the heat of vaporization 

of hydrogen, Comm. N°. 187e), and of 

the connections as far as necessary, 

was accurately determined by the vo- 

lumenometrie method, using two glass 

bulbs (together 4.5 LL.) calibrated with 

water. The quantity of gas, which was 

condensed in 4, was calculated from 

the pressures of the gas in FR before 

and after, taking into account the gas 

which remained in the connections. 

For a check after the measure- 

ments the gas was collected from the 

Fig. 2. calorimeter into /? and measured again. 

The spiral Sp,, which was cooled in liquid air, serves for retaining the 

last traces of moisture and other vapours. To prevent a deposition 

of solid nitrogen in the glass inlet tube 5, (continued by the copper 

tube d,, internal diameter 3 mm.), and to get the calorimeter properly 

filled, the cooling was performed very slowly from below upwards. 

The, condensation process was checked with the manometer J/ and 

for the measurements on solid nitrogen was continued until at the 

triple point the nitrogen, as calculated from the volume of the 

calorimeter and the density of the liquid, filled the flask /’to a little 

below the top. For safety a second tube b,d, was provided, by which 

the gas, if 6, or d, sbould become obstructed, can escape through the 

safety tube v (provided with a strike-back safety-valve v, for the 

mercury and a U-tube wv, cooled in liquid air for protecting the 

calorimeter from mercury vapour), or else be led back to £ through 4, 

Through the bottom a chamber is let in into #, into which the 
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core A77; with heating and thermometer wires (Comm. N°. 148, Oct. 

1914, N°. 147a, June 1915) is screwed. 

For the purpose of promoting the heat conduction in the condensed 

gas a quantity of copper gauze f, is introduced into the flask and 

soldered to the walls. Three copper rods f, serve the same purpose, 

particularly also to prevent that, when the solidified gas melts again 

and vaporizes, that part of it which is nearest to the openings of 

the tubes d,, d,, should remain solid longer than the other part and 

so obstruct the streaming off of the liquid or the gas. Moreover from 

the reservoir H a small quantity of hydrogen gas could be introduced 

to convey the heat between the crystals or parts of the solid gas which 

might lie side by side thermally isolated, when the vapour pressure of 

the condensed gas is too small to provide itself for the heat convection. 

The conduction of heat in the nitrogen appeared to be sufficiently 

rapid, to render the temperature uniform within a couple of minutes 

after the heating in the calorimetric experiment. On the other hand 

the heat conduction through the glass tubes 6,, 6, was sufficiently 

small, so that with a good vacuum inside the calorimeter glass the 

temperature of the calorimeter showed before and after the experi- 

ment a sufficiently slow rate of!change. As examples we give in 

Figs. 8a and 4 the galvanometer-curve in two measurements ‘at 15.3 

and 61.7° K. respectively, ef. table I). 

a 
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Fig. 3a. 

ce The capacity of the flask # is about 50 eem. 

For the measurements we refer further to the description in 

Comm. N°. 143 § 2, for the charcoal tube for keeping up the 

vacuum, which is left out in Fig. 1, to Comm. N°. 143 Fig. 1. 

As explained in Comm. N°. 147a (These Proceedings September 

1915, p. 485 note 3) the scale of the thermometer wire Au‚s in the 
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region of liquid hydrogen temperatures was each time determined 

at least at two temperatures, viz. at about 20,3 and 14° K. For 

this purpose the vapour pressure of the hydrogen in the ervostat bath 

was measured with the aid of a vapour pressure tube p. The vapour 

pressure was read (the stop-cock 4, being opened) on the manometer J/. 

For the measurement of the temperatures!) we refer to Comm. 

N°. 143 § 2 and 147a $ 1. 

The heat capacity of the calorimeter flask / (of copper) with the 

core Ajj; was determined by special measurements in liquid hydrogen 

and in liquid air. 

§ 3. The triple point of nitrogen. 

The nitrogen was prepared and treated in the same way as the gas 

which served for the measurements of Comm. N". 1454, ¢ and d (ef. Comm. 

N°. 1455 § 2), so that we may rely on a high degree of purity. In fact 

the analysis with copper in ammonia (Hempen) as well as that with 

pyrogallie potash yielded less than 0.1°/, for the admixture of oxygen. 

For the temperature of the triple point of nitrogen we found 63.06° K. 

This temperature lies higher than that found by Fiscurer and Arr®): 

— 210.50° on a hydrogen-thermometer with p, = 96 cm, lower than 

that derived by Horst *) from the measurements of v. SreMENs. 4 

1) We gladly record our cordial thanks to Messrs. P. G. Carn and J. M. Burgers 

for their aid in these measurements. 
2) K 

5) ( 

C.T. Fiscuer und H. Arr. Ann. d. Phys. (4) 9 (1902), p. 1149. 

t. Horst. Comin. NY. 148a (Sept. 15). 

tj In order to see whether transformation 

points occur in solid nitrogen, on cooling 

below the triple point the time-rate of 
froony the temperature was followed continuously. 

Originally on examining our cooling curves the 

presence of a transformation point had escaped 

us through a combination of fortuitous circum- 

stances. On a renewed examination, made in 

consequence of the fact that EuckEN (p. 1248 

note 1) found a transformation point, it appears 

that our observations confirm its existence. 

In fig. 5 (ordinates: galvanometer readings, 

abscissae: minutes) we give a part of one of 

the cooling curves. Three different cooling cur- 

ves point to a transformation at 35.3 , 35,4 , 

35,3° K., whereas in a temperature curve taken 

during heating an indication of the beginning 

of a transformation occurs at 36.4° K. Down 

to 14.55° K. we did not find any indication 

of the existence of a further transformation 

point. 
zi fo | 

Proceedings Royal Acad. Amsterdam. Vol. XVIJL 
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9 4d. Atomic heat of solid nitrogen. 

In table I the results of the measurements concerning solid nitrogen 

bave been collected. 

TABLE. I. 

Atomic heat of solid nitrogen. 

= 5 5 » | Heat capacity | Heat capac. ome 
on Mean | #4 | Of nitrogen + | of flask and | nitro sen 

ot See 
& bo Es | joules degree K. 
Bye 5 degree K. | degree K. | Cp 

13 July I A030 |) 15 s2iTen |) 124380 20.63 32 | 1.60 

ICS ze » | 16.50 | 1.306 22.60 1.57 1.745 

13) 7 LIT 5 20.75 | 0.904 | 32.69 2.64 2.49 | 

se in Ol 42.1 20.78 | 0.875 33.29 2.65 2.43 
(Weight !/.) 

12) Le ORS NOSE ZI SAI 2.70 2.51 

| 22 June I 40.4 | PAVED 0.662 32.82 2.95 2.47 

12 July Il 42.1 | 39.16 | 0.316 67.6 121 4.41 

Hie Oe single 39.40 0.310 68.8 12.2 4.50 

22 Junell | 40.4 45.88 0.696 A3 16.5 4.74 

23.0ct. I |) 40:5 55.26 05722 86.1 23.6 5.16 

23 etal De 56.04 | 0.7315 86.5 24.15 Dal | 

27 Nov. II | 42.6 56.12 | Wd 88.4 24.1 | 5.05 

W2a pane atl 5, 56.85 0.691 90.9 24.7 5.195 | 

Zine IVa AS arom 61.32 0.631 96.7 27.75 5.27 | 

| 23 Oct. III | 40.5 | 61.68 | 0.668 | 94.3 28.0 5.48 | 

ae Ee ! EA Ln = —— En 

The results for C, are represented in fig. 4, together with those 

of § 5 concerning liquid nitrogen.) (See fig. 4 following page). 

In this figure have also been drawn the curves, which are obtained 

from Desiwer’s formula for C, with 4 == 90 and with = 100, with 

which the course of the atomie heat of solid nitrogen agrees in 

its main features. *) f 

A closer comparison with the theoretical formulae which have 

1) Our results are between 39 and 62° K. about 2°/, smaller than those of Eucken. 

2) Apparently the transformation of nitrogen (p. 1251 note 4) has not a great 

influence on the value of 6. 
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been derived for C, is made difficult by the fact that the difference 

(Cis not known for solid nitrogen. 

If this difference is taken from the relation given by Nernst and 

LINDEMANN ‘): 
; ap 
C, —C,=A, ri Cen 

and if for 4, the value 0,021 is chosen as found for monatomic 

metals and for salts which behave as if they were monatomic, the 

following values for C,—C are found: 

Sl 21 40 62 
OC, = 0,01 0,04 0,29 0,50° 

If these values for C,,—C, are taken it appears that *) C, deviates 

from DeBuw’s formula in the same sense as sulphur and graphite. 

This would lead to the conclusion that the specifie heat of nitrogen 

in the solid state does not change like that of the monatomic solid 

substances mentioned above. But then the basis for the calculation 

of C,—C,°*) breaks down. 

1) W. Nernst and F. A. Linpemany. ZS f. Elektrochem. 17 (1911), p. 817. 

*) For both parts ef the curve, which relate to the two modifications (p. 1251 note 4). 

5) That for solid elements which are’ not monatomic a different value of Ag 
may occur in the formula of Nernst and Linnemann, becomes apparent if Cy—Cy 

is calculated for sulphur and for phosphorus at 20° C. from the compressibility 

according to Ricuarps, J. Amer. Chem. Soc. 37 (1915), p. 1644, and from the 

coefficient of expansion (comp. also Rickarps Le). From these data follows (for 

20° CG): for sulphur (ehombie): Ag = 9.012, for phosphorus (white): Ag = 0.026. 

81% 



Meanwhile it is sufficiently clear that nitrogen deviates from the 

behaviour of monatomie solid substances such as copper, lead etc. 

In particular the specific heats at the liquid hydrogen temperatures, 

at which CC, very probably has still small values, point in this 

direction. The same follows also when 4 is calculated from LiNpr- 

MANN’s formula (Comm. N°. 147a § 5): £,=2,81 , 7;=63 , vu = 

14,01 ae A 
SE according to Dewar at — 252,5° C. give 6 = 120, ie. a 

value which is considerably too high. 

Hence presumably nitrogen is in the solid state also di-atomic *), 

Le. the crystal space lattice *) is composed of 2 point systems placed 

one inside the other in an analogous way as for instance the space 

lattice of rhombic sulphur is built up from 8 interpenetrating (rhom- 

bic) point systems, in such a way that a new frequency is intro- 

duced by the vibrations of the two point systems with respect to 

each other. 

§ 5. Specific heat of liquid nitrogen. 

With the aid of the apparatus described in $ Ll some measurements 

were also made of the specific heat of liquid nitrogen. 

When the vapour pressure of the liquid attains an appreciable 

value, a correction has to be applied for the evaporation caused by 

the temperature increase in the calorimetric experiment. For this 

purpose the increase of pressure was read on the safety tube v. 

The quantity which has vaporized then follows from the approximately 

known volume between 4, Á the solid nitrogen in # and the 10 
mercury in the safety tube v. This correction was always small: 

at the highest temperature it amounted only to 0.8°/, of the heat 

supplied. 

In table Il the data concerning liquid nitrogen are given’). 

1) This conclusion was already drawn by Neryst and Linpemann, Berlin Sitz. 

Ber. 1912, p. 1170 from the low triple point of nitrogen in connection with its 

possessing subsidiary vaiencies. 

2) For both the modifications (p. 1251 note 4). As according to W. Want. Proc. 

Roy. Soc. A 87 (1912), p. 371, ZS. physik. Chem. 84 (1913), p. 101, nitrogen 

below the triple point at first crystallizes in the cubic system, those point systems 

must be cubic for the modification which is stable at the higher temperatures. 

3) Strictly speaking the values given in table II for the specifie heat and the 

atomic heat are valid for the liquid under the pressure of its saturated vapour; 

within the degree of accuracy of the measurements they may be considered to 

coincide with cp, and Cp respectively. 
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TAB IE il 

Specific heat of liquid nitrogen. | 

oe 5 u o i t Dn Re 2 EIS 
Rs) = EEn eat capacity) ‘5 82, Lo 
El == 2 2 lof nitrogen J EE Specific heat | Ë 2 

| No [Sos $5 | 52 fflask andcore) Sw 2% (of nitrogen in) “| Sy 
| sim = 5 ES |Kiz in joules) … & bb: |caljsldegreeK.| “= © 
| Siete lon Wee degree K. Sa Sv | 6= 
| ey _— ~ ln! s co ~ 

| | | E's % <8 
| | | 
29 Nov. | | | | 

Il 41.7 | 63.95 | 0.585 | 112.6 29.5 0.476 6.67 

Ill 4 69.15 | 0.564 116.2 32.8 0.478 6.70 

IV „ | 69.73 | 0.566 | 115.9 33.2 0.474 6.64 

VI 41.6 | 15.465| 0.727 1210 36.4 0.490 6.87 

V i 76.49 | 0.752 117.6 37.0 0.4625 6.48 | 

The values of the atomic heat of liquid nitrogen are also given 

in Fig. 4. 

The sudden increase of the atomic heat at the triple point appears 

to amount to 1.3 cal. 

The value found by us for the specifie heat of liquid nitrogen is 

considerably higher than that given by Aur): 0.480 for the mean 

specific heat between 65° and 77° K. 

Zoology. — “On the phylogenetic significance of the Wing-markings 

in Hepialids’. By J. F. van BrMMELEN. 

(Communicated in the meeting of January 29, 1916). 

My previous investigations of the colour-markings on the wings 

of Lepidoptera have led me to certain conclusions, which may be 

briefly summarised here, as they are needed for the better under- 

standing of the phenomena on the wings of the primitive Hepialid 

family. 

The first conclusion is that the colour-pattern is to be looked upon 

as a mixture of components of different phylogenetic age, and con- 

sequently of unequal systematic value. 

Of the facts on which this conclusion is based, three may be 

mentioned here: 

1. During the development of the wings inside the pupal sheath 

1) H. Aur, Ann. d. Phys. (4) 13 (1904), p. 1010, 
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the imaginal colour-pattern arises rather suddenly in the last days 

of the chrysalid period, but this pattern is preceded by a different 

one, which passes only partially into the definite pattern, and for 

the rest is obliterated by it. 

This preliminary, original or primary pattern is distinguished from 

the imaginal one by its greater regularity, simplicity and at the 

same time completeness. Moreover it is identical in different nearly 

related species. 

2. On the wing sheaths of those pupae which are not simply of 

a brown or black bue, but show an elaborate colour-pattern, these 

markings form a design, which corresponds to the above mentioned 

primitive pattern, and consequently is similar in a number of related 

species. 

53. A comparison of the imaginal forms of the said related species 

shows, that the principal features of similarity from which this 

relationship is deduced, are especially furnished by those elements 

of the primitive pattern, which have been retained in the definite 

pattern. 

The second conclusion is, that the above mentioned simplicity, regu- 

larity and completeness of the primitive pattern depend on its con- 

nection with the course of the wing-veins, the markings either fol- 

lowing these veins, or being arranged in the interspaces between 

them, without transgressing their boundaries. As a proof of this 

connection the fact may be mentioned, that in many cases the course 

of veins which become obliterated during the development of the 

wings, still remains visible in the colour-pattern. For it must be 

noted that the system of wing-veins likewise undergoes a process 

of metamorphosis: the definite wing-skeleton arises from the modi- 

fication of a provisional and more primitive one, which shows 

smaller differences between fore- and hindwings, and greater similarity 

to a general ground-plan, holding good for all different groups of 

Lepidoptera. In those families, which for different reasons are con- 

sidered the most primitive, the imaginal system of wing-veins shows 

the least degree of deviation from this general plan, and for the 

same reason the greatest similarity to the distribution of wing-veins 

in other insect-orders nearly related to the Lepidoptera, such as the 

Trichoptera. 

The third conclusion is connected with the fact that in the bulk 

of imaginal patterns the markings on the upper side differ from 

those on the underside, and those of the forewing from those of 

the hind one (especially on the upper surface). This fact may be 

contrasted with the similarity existing, as remarked before, between 
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upper- and underside, fore- and hindwing in the primitive pattern 

during the greater part of the pupal period, as well as on the wings 

of a certain number of imaginal forms in different families, which 

bear the character of primitiveness. The conclusion drawn is that 

the said uniformity .of the markings in different wing-parts may 

depend on the preservation of the primitive pattern. 

Should these conclusions be well-founded, it may be fairly expected 

that the investigation of the most primitive Lepidopterous families 

will probably confirm them. As such may be considered the Micro- 

pterygids, Hepialids and Castniids. Of these the second family was 

investigated by me, with regard to their imaginal or definite colour- 

markings. 

The Hepialids are a small family of moths, sharply delineated by 

definite characteristics, which stamp them as a very primitive group 

of Lepidoptera, more intimately related to the Trichoptera than the 

balk of the remaining moths and butterflies. The family is divided 

into a number of genera, which for the greater part are well charac- 

terised by the general appearance of the species composing them, 

though it might prove exceedingly difficult to found this difference 

on constant, sharply delineated features, which could be deseribed 

in strict terms. 

Some of the genera consist of one single species, others contain 

only a very few, but there are also some, which are richer in 

members, and the species of these latter may be said to resemble 

each other very closely, the specific distinction again depending more 

on the general appearance than on certain well marked. constant 

features. I therefore presume, that in many cases (e.g. the genus 

Charagia) a careful survey of large series of specimens from different 

habitats will lead to a reduction of the number of species to a few 

types, each with its local races and constant varieties. 

As to individual modifications the Hepialids show an extraordinary 

degree of variability, especially with regard to the wing-markings, 

which provide the more obvious features for the identification and 

description of the insect. In every species, where I had at my 

disposal a relatively large number of specimens, | found without 

exception, that not two of them could be said to be even approxi- 

mately alike. 

Yet the differences may all be classed under the category of more 

on less @.g. a larger or smaller number of spots arranged in the 

same row, greater or less dimensions of these spots (leading to a 

greater or less tendency to coalesce with their neighbours, either of 

the same row or with those of the next, by means of protrusions in 
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that direction), darker or lighter hue of one and the same colour, 

sharper or more effaced traces of the same design. 

This phenomenon is a necessary consequence of a general fact, 

which L was able to establish by comparison of the different indivi- 

duals and sexes of the same species, as well as by that of different 

species belonging to the same genus, or by the genera among them- 

selves, viz. that the colour-pattern of all Hepialids can be deduced 

from one ground-form, or, expressing it in evolutional terms, that 

all Hepialid wing-markings have developed as modifications of the 

same original form. 

Now on reconstructing the latter, it is found to conform to the 

rules, formulated for the original colour-pattern of Lepidopterous 

wings in general. Lt consists of a regutar alternation of biconvex 

and biconcave markings, filling up the interspaces between the wing- 

veins and rigorously keeping within these boundaries. This arrange- 

ment is uniformly repeated on fore- and hindwings, upper- and 

underside, yet there exists a considerable contrast between the 

upper side of the forewings and the rest of the wing-surface, in so 

far as the former shows the markings sharply delineated and vividly 

coloured, while on the remaining wing-surfaces they are faint and 

diluted, often almost effaced. This may go so far, that only by 

observation of the wing-surface under a very oblique angle, or by 

careful inspection of photographs, the presence of spots on an 

apparently unicolorous surface can be detected (in the same way as 

the characteristic pantherine pattern can be distinguished on the 

skin of the black leopard by looking at it under a very acute angle). 

I must acknowledge, that for want of material up to this moment 

[ have not been able to investigate the development of the Hepialid 

wings in their pupae and so to give additional proof of the primitive 

character of their colour pattern. Neither have | succeeded in dis- 

covering traces of markings on the pupal wing-sheaths. 

In some species the above mentioned primitive colour-design is 

present in its entirety, in others it is more or less modified and 

reduced to fragments. The modifications are different in character : 

sometimes the entire wing-surface has been uniformly influenced by 

them, e.g. when the markings have disappeared and one single hue 

prevails. In other cases part of the surface has deviated from the 

original plan, while this has remained unaltered on the rest of the 

wing, in which case the proximal part usually Shows the modified 

plan, the distal one the original design. Judging by the complication 

or simplicity of the design, a distinction between progressive and 

regressive changes may be made. 



The latter oecur especially on the lower surface of the forewings 

and on both sides of the hindwings, while the former show them- 

selves in different aspects on the upper surface of the forewing. 

Now could these different types of modification be proved to 

correspond to the. distinctions between the genera, they certainly 

would be of important assistance in tracing the boundaries of the 

latter. As a matter of fact this seems to be the case to a certain 

extent, and undoubtedly the founders of the genera have been led 

amongst other features by the different character of the colour pattern. 

So for instance 1 do not doubt that the author of the genus Charagia, 

Waker, has been influenced by the conspicuous green shade, which 

in the majority of species colours the upper surface of the forewings. 

In the same way it cannot be denied that Leto venus, the single 

species of the South African genus Leto, is distinguished from all 

other Hepialids by the large silvery blotches, more or less regularly 

arranged in transverse rows all over the upper side of the forewings. 

Again we might be led to suppose that the members of the genus 

Dalaca might be easily recognized by the exceedingly curious 

character of their wing-markings, looking like the letters of an 

antique inscription standing out in high relief upon the brown- 

grey background, with which they contrast by their lighter shade 

as well as by the greater size and different shape of the wing-scales, 

which enter into their composition. Finally to cite one more instance 

the genus Pielus seems to differ from other groups of Hepialids not 

only by its special slender build ana elegantly pointed wings, 

showing a certain superficial similarity to Sphingidae, but moreover 

by the longitudinal white streak of fantastically broken contours, 

running from base to tip over the middle of the wing-surtace. 

Yet all these peculiarities as well as other special features of the 

colour-pattern can be shown to be the ultimate degrees of moditi- 

cation of the original design, occurring in a less grade in other 

genera or to be for other reasons lacking in importance for the 

determination of generic boundaries. 

The latter case is illustrated by the green shade in the majority 

of the Charagia-species, for not only do we find this shade replaced 

by a brown one in others, but this may be even the case with 

specimens of the same species (Ch. thermistis and virescens). More- 

over in Ch. lignivorus the forewings are partly green, partly brown. 

As to the relation between these two shades, | think it the most 

probable supposition to consider green as a modification of brown, 

instead of the reverse. For in a number of families and genera 

of Lepidoptera a certain percentage of green forms occurs beside 
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a majority of differently coloured ones, and gives rise to the supposition 

that this green has arisen as an adaptation to surroundings, and in 

so doing has obseured an older and more elaborate colour-pattern. 

This is a general rule, applicable not only to Lepidoptera, but 

likewise to other insects, and even to all groups of animals. Turning 

our attention to the silverv marks of Leto, we meet them in other 

genera of Hepialids as well, though smaller in shape and number, 

e.g. Hepialus, Phassus, Phassodes, Charagia, Hepialiscus, Pielus. 

For here they occur in corresponding places, and often show the 

same arrangement in transverse rows. Moreover on comparing the 

different species of the above-named genera and looking over series 

of specimens, we become convinced that the silvery shine of these 

spots is not essential. It varies not only with the species, but even 

with the sex and in the individuals. Ch. ramsayi for instance, 

especially in the female sex, shows a good number of well-developed, 

very conspicuous silvery spots, the most so in the variety chryso- 

mallon, in which again the ground-colour is brown instead of green, 

and devoid of all remaining primary markings. But the male sex 

possesses fewer and smaller silvery markings, and this is also the 

case with Ch. mirabilis # to an even greater extent. Yet the ten- 

dency to silvery lustre must be present there as well as in the », 

for the smaller groups of lustrous scales occur in just the same 

places as in the latter. 

In the female of mirabilis on the contrary, this tendency seems 

at first sight to be altogether absent. Yet the place of the lustrous 

spots is occupied by markings of a special character, viz. dark spots, 

composed of a deep-blue dumbbell-shaped centre situated between 

two brown rounded blotches. Perhaps the fact that the metallic blue 

gives a sharp white image on the photographic plate, and that the 

same is the case to a less degree with the brown blotches, is not 

without deeper significance, as it gives evidence that these two 

colours emit active chemical rays. 

Sundry other species of Charagia have the lustrous spots of some 

individuals replaced in others by dark brown blotches (Ch. virescens, 

eximia). The same occurs in species of other genera, as is shown 

by the series: 

Phassus chamyli, purpurascens, giganteus. 

Phassodes guthrei ¢, odorivalvula #, vitensis, rewaensis, nausori £. 

Pielus hyalinatus, var. leucochiton &. hyalinatus © var. bursa. 

Trictena labyrinthica ¢ & §. 

Hepialus humuli ¢ (totally lustrous white}, fusconebulosus, hectus, 
humuli ¢. 
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As most of the remaining genera also contain many or at least 

some species, showing the lustrous spots to a greater or less extent, 

we come to the conclusion, that a hereditary tendency to the 

production of lustrous spots over the whole forewing-surface must be 

present in all Hepialids, but by other factors is either repressed 

(which leads to the diminution or total suppression of the silver- 

spots), or modified (blue or brown spots), or restricted to certain 

wing-areas. In other cases on the contrary, it is fully displayed, 

producing complete metallism. 

These restraining factors must differ in character as well as in 

intensity of influence, according to genera, species, varieties, local 

forms, sexes and individuals. Yet as they lead to similar chains of 

modifications in different genera, it is obvious that we may not 

found the system of the different features of our genera on the 

peculiarities of the links in this chain. 

In order to justify this conclusion, let us once more compare the 

species of one genus, and afterwards this genus as a whole with 

others, taking as our starting point a form with a wing-design of 

a primitive character. 
As such several species of the genus Charagia may be chosen, 

for the upperside of their forewings shows that regularity and 

simplicity of pattern, which L take to be an indication of primitivity. 

The wing-design is composed of alternating biconcave and biconvex 

markings, arranged in transverse rows, parallel to the external margin 

of the wing. In Ch. mirabilis Q the pattern is seen in its simplest 

and most complete form. Nowhere do the spots trespass on the 

course of the veins; in different wing-areas they agree with one 

another in shape as well as in size. It is only along the margins 

that inconsiderable deviations from these general rules occur, espe 

cially along the anterior wing-border. Moreover the discoidal cell 

shows slight variations of the hourglass-shapes and disturbances of 

the regular arrangement, which latter thereby only strengthens the 

impression of its primitivity, as the said wing-areas are those which 

have suffered the strongest modifications in their venous system. 

This impression is furthermore strengthened by the repetition of 

the same pattern ‘on the underside of the forewings and both surfaces 

of the hindwings, differing only by being less sharply traced, and 

coloured in lighter hues. As already remarked, this indistinctness 

without doubt may be ascribed to a tendency towards total dis- 

appearance. But besides, this pattern differs from that of the upper 

side of the forewings by its simplicity, all spots and blotches being 

alike in shade and hue, instead of the rows of darker and differently 
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stained markings, which alternate with the lighter ones, the latter 

thereby giving the impression of a background. These conspicuous 

rows constitute what | call the secondary pattern, the same which 

in other species is still more prominent by its silver lustre. In some 

of these latter, for instance Ch. ramsayi 9, the contrast with the 

primitive markings is moreoyer enhanced by the silvery blotches 

obtaining jet-black borders and deviating in size and shape both 

from each other and from the general original type of the primary 

markings. This deformation may lead to the obliteration of some 

members of a row, or at least their reduction to mere points, the 

rest of them at the same time increasing in bulk to such an extent, 

that they coalesce with their neighbours. When these changes go 

hand in hand with the evanescence of the primary markings by 

their immergence into the ground colour, a really unicolourous 

background is left. strewn with black-bordered silverblotehes of 

different size and irregular shape, as in Ch. ramsayi var. chrysomallon. 

A somewhat different modification of the same original arrange- 

ment leads to the coalescence of all the white or dark markings in 

one secondary row (principally the submarginal one), so that an 

unbroken transverse band or bar ensues. Sometimes its original 

composition from separate spots remains clearly visible, in other cases 

it is quite effaced. This modification occurs in different species, 

and is more developed in males than in females. 

A third differentiation is likewise common to a number of species: 

it consists of a longitudinal lightcoloured bar, starting from the 

forewing-root, and reaching to beyond the middle of the hind margin. 

By this bar a triangular narrowbased hinder area is separated from 

the rest of the wing. Probably it passes ‘along the demarcation 

line between two wing-areas of different constitution, which are 

distinct from each other in several insect-orders, and have been 

indicated by the names “folded part” (Faltenteil) and “spread part” . 

(Spreitenteil). As the bar vuns nearly parallel to the hindmost wing- 

veins, it meets the above mentioned transverse secondary bar at 

nearly right angles, and in so doing cireninseribes a proximal and 

anterior wing-area, which in its shade and markings often contrasts 

with the rest of the wing. Ch. lignivorus, lewini and splendens 

form instances of this “triangle”-modifieation, which again is more 

pronounced in males than in females. Yet some faint indications 

of it may be observed in the colour-pattern of Ch. mirabilis ©. So 

characteristic is this modification for Hepialids, that it is spoken of 

as the Hepialid-triangle. 

On comparing with Charagia other genera, e.g. the very charac- 
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teristic genus Phassus, the three types of colour-pattern described 

above, can again be distinguished, and the connection between 

them is seen to be the same. For instance Ph. giganteus corresponds 

to Charagia mirabilis & in the regular alternation of biconcave and 

biconvex markings over almost the whole space of the wing-surface. 

Ph. chamyl is the counterpart of Ch. ramsayi 4; in the occurrence ot 

silver markings of different shape and size spread over the wingsurtace 

in an apparently irregular manner, and in the great contrast between 

these conspicuous blotches and the rest of the design, which for the 

greater part is indistinct, the markings showing a tendency to coalesce. 

Finally several species of Phassidae, e. g. purpurascens, herzi 

signifer, and also the just mentioned chamyl, possess the Hepialid 

triangle, in the same position as Ch. splendens, lignivorus and lewini. 

The same is the case in many species of the genus Hepialus, 

where it is often combined with transverse rows of secondary and 

primary markings. Nevertheless in- H. bebrensi, the primary markings 

have completely vanished, and nothing is left of the pattern but 

two rows of secondary silver-markings, strongly contrasting with 

the uniform dark ground-colour (ramsayi © type). H. heetus tends 

to the same type, but less perfectly, and within the specifie limits 

of H. fuseonebulosus a variety gallicus oceurs, in which the redue- 

tion of the markings has led to almost complete unicolourism, 

though the type possesses a very elaborate pattern. Again in the 

male of H. humuli all traces of pattern have given way to a uni- 

form coloration of silvery shade, the female at the same time 

showing red markings on a yellow ground, which by careful ana- 

lysis can be deduced from the general Hepialid plan. 

Though a well known fact, it nevertheless is worth remembering, 

that in the Shetland-islands a race of humuli is found, in which 

the males agree in colour-pattern with the females. 

Pielus and Trictena are two Hepialid genera, whose colour-pattern 

is modified in the same remarkable way, leading to a close simila- 

rity between the two groups, so much so that I still doubt the 

validity of their separation. In all cases it is easily shown that also 

this highly complicated colour-pattern may be deduced from the 

same groundform as that of other genera, and has developed from 

it along similar lines. 

The characteristic longitudinal white streak, running from wing- 

root to tip, with its fantastically crooked and vacillating contours, 

is evidently the result of the deformation, coalescence and partial 

obliteration of spots, originally arranged in transverse rows and 

similar to each other in form and size. 
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Though the most primitive type, that which is preserved to us 

in forms like Charagia mirabilis ©, Phassus giganteus and Dalaca 

assa, is not met with in the genus Pielus, yet stages’ corresponding 

to Ch. ramsayi y and Ch. splendens, can be recognized among the 

different degrees of modification belonging to it, which culminate in 

a form like Pielus hyalinatus var. barcas, where the above mentioned 

white bar stands out against an almost unicolourous dark back- 

ground. And even this characteristic bar is seen to occur as well 

in some forms of the New-Zealand genus Porina. 

The result, to which this comparison of the Hepialid genera leads 

us, is the independence of the colour-pattern in its original form 

as well as in its various modifications, of generic differences. 

For this fact no other explanation can be found. in my opinion, 

than the assumption, that phylogenetically the colour-pattern in all 

its manifestations is older than the division of the Hepialid family 

into genera, or, otherwise expressed, that the whole complex of 

modifications of the wing-design belonged to the inherent properties 

of the ancestry of the present Hepialids. 

Supposing this conclusion to be right, we are forced to assume 

that in all species of the different genera the hereditary factors for 

all these colour-modifications are present. Otherwise we should be 

obliged to believe, that in each genus, independently of the remain- 

ing ones, one and the same series of modifications of the common 

original pattern had developed, which means that as many cases of 

parallel evolution had occurred as genera of Hepialids exist. 

The latter supposition cannot be said to appear very probable, 

even for the genera of one family, but it becomes decidedly absurd 

as soon as we realise, that also in other families of Lepidoptera, 

akin to the Hepialids, the same types of modification, derivable 

from an identical groundform, are met with. 

If, however, our first assumption should prove justified, we cannot 

avoid the conclusion that also those specific forms in which the 

original pattern demonstrates itself with the least amount of secon- 

dary changes (Charagia mirabilis ©, Phassus giganteus, Dalaca assa, 
Porina characterifera, Oxyeanus fusconebulosus, Phassodes nausori) 

cannot for that reason be considered really to possess a more ori- 

ginal constitution than the farthest advanced modifications. The 

predisposition for these modifications must be equally present in 

their hereditary outfit, as in that of the other forms, whose outer 

aspect attains the highest degree of specialisation, or at least this 

hereditary tendency must originally have belonged to it. In cases of 



total unicolourism (albinism, melanism,xanthism, erythrism, chlorism) 

nobody doubts the original presence of the factors for an elaborate 

colour-pattern, although it remains invisible. Why then should the 

same supposition be inadmissible in the case of other deviations 

from the original -pattern, and why should not the latter manifest 

itself, if the secondary modifications to which it is subject are 

suppressed. 

The above mentioned parallelism in the series of colour-patterns 

in different Hepialid genera may therefore be considered as a proof 

that these chains of modifications are phylogenetically older than 

the genera themselves. We may even push their origin still further 

back, to bevond the branching point of the Lepidopterous order into 

its different families. 

This supposition is supported by the evident correspondence between 

the original colour-pattern and the distribution of the wing-veins, 

because the regular arrangement of uniform spots along these veins 

and along tbeir interspaces may probably be considered as a last trace of 

the primordial communication of neighbouring veins by series of 

connections, which disappeared almost completely; the so called 

disecoidal vein forming a last remnant. Such systems of transverse 

connecting veins occur in the wings of primitive insects, e.g. Ephe- 

merids and Neuroptera, which fact certainly strengthens the hypo- 

thesis of their former presence in Lepidoptera. 

Nor are we restricted to wing-veins when seeking connections of 

the original colour-pattern (composed of a single motive of decora- 

tion regularly repeating itself) with other organic structures of the 

wings. It might also be related to the branching of the nervous 

system over the wing-membrane, and the distribution of the sense 

organs which are situated at the end of these branches. For we 

know by the investigations of Voer, F. Könuer and others regarding 

scent-scales on the wings of butterflies, that these smell-producing 

dermal appendages are originally distributed between the veins in 

patches at regular distances, each patch being provided with a 

nerve-branch. In many other groups of the animal kingdom we 

meet with numerous instances of an original connection between 

colour-distributton and that of sense organs with their nerve tracts, 

therefore the supposition that such a connection primitively existed 

in insect wings also, cannot be qualified inadmittable. 



1266 

Physiology. — “Resistance, Polarisation and the Psycho-galvanie 

Reflex.” By Prof. 1. K. A. WERTHEIM SALOMONSON. 

(Communicated in the meeting of December 18, 1916). 

The phenomenon commonly known as the psychogalvanic reflex 

(Ps. G. R.) and discovered about the same time by FÉrÉ and by 

TARCHANOFF has’ been the subject of exhaustive research by various 

writers. I shall only mention VrracurH, from whom we have the 

most complete monograph on this subject, and E. D. Wirrsma, who 

in this country made a most careful study of it and showed its 

possibilities in psychiatric diagnosis. 

The reflex consists of a transitory increase of a weak galvanic 

current, passing through the human body, immediately following 

the application of a stimulus to the senses or more generally any 

psychic activity. 

We know but little about the intimate cause of this momentary 

change in the current-strength. Undoubtedly it is possible that a 

reflex action may produce a slight endosomatic, or more probably 

episomatie electromotive force; the method employed by Tarcnanorr, 

who used unpolarisable electrodes and carefully excluded any exoso- 

matic E.M.F. proves this sufficiently. Moreover most authors are 

convinced that a momentary variation of the resistance of the human 

body also occurs. They even consider this the more important part 

of the refiex. On the other hand we must quote GiLDEMEIsTER, who 

as recently as 10 days ago published a series of experiments in which 

he made automatic graphical records of the Ps. G. R. together with 

the resistance of the body for sinusoidal alternating currents. He 

found that the resistance for such currents does not change during 

the Ps. G. R. 

We are still in doubt about the behaviour of E.M. F. of polari- 

sation (the endosomatie and episomatic E. M. F. considered as one) 

and the resistance for direct current during the Ps. G. R. At the 

same time we ought to remember that even the best unpolarisable 

electrodes only partiably prevent episomatic polarisation and do not 

influence endosomatic polarisation at all. 

I have made a few experiments, in the endeavour to get a better 

insight into this much disputed question about resistance and polari- 

sation during the Ps. G. R. 

In order to measure the resistance for direct current of the human 

body during the experiments, I used a method which I first described 

many years ago. The principle, which is closely related to one given 

originally by Oum, includes the use of a comparison resistance and 
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of a galvanometer, the deflections of which are proportional to the 

currents flowing through it. 

Let the current delivered by a constant external source of elec- 

tricity, say a single accumulator, be passed through the body 

and cause a deflection of the galvanometer of /, parts of the scale. 

If then the comparison resistance coil of @ Ohms be inserted into 

the circuit, the deflection will fall off, say to /, parts of the scale. 

If the unknown but constant E.M.F. be J”; and R& be the resistance 

of the body. we may state: 

hook «and Vi= [ne ER 

a being the current strength which causes the galvanometer to give 

a deflection of one part of the scale. 

From this we find 

VES 
0. hmm — + 

Ll, 

In this method the counter E.M. F. of polarisation is accounted 

for as it is ineluded in V. The accuracy of the method largely 

depends on the rapidity of the galvanometer deflection, and will be 

greater if the time of deflection be smaller. With a stringgalvano- 

meter in which the deflection time can easily be reduced to one or 

a few thousandth parts of a second, the accuracy is practically only 

limited by the accuracy with which the readings of the deflection 

are taken. For during the short time of deflection no change in 

the polarisation occurs, the capacity of polarisation being very 

great. But even if this were not the case we might still find the 

real initial value of the current by EINrHoveN's method of correction. 

This complication proved to be unnecessary. 

By this method it is an extremely simple matter to measure the 

resistance of the body continually during the whole experiment. We 

have only to connect the ends of the resistance o to a shert-circuil- 

ing key, which can be opened and shut several times per second 

by meaus of a small motor. In my experiments this was done about 

5 times per second for about 0,1 second. If the movements of the 

string be photographically recorded in the usual way, we get two 

sets of points on the negative which together form two distinet 

curves: the upper one corresponding to the current through the body 

only, the lower one to the current through the body and the com- 

parison-resistance. At the beginning and end of the record the current 

is broken for a few seconds, in order to mark the zero-line. 

After developing and drying the negative, the curves can be 

measured and # can be calenlated. At the same time we also cal- 

82 
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culate the E.M. F. of polarisation which is A= R/,a, in which # 

means the voltage of the battery used, generally about 2 volts, and 

a the galvanometer-constant, i. e. the eurrent-strength, causing a 

deflection of the galvanometer spot over one part of the scale. 

The resistance and polarisation being known at every moment of 

the experiment, we can draw curves showing the variation of the 

current, of the resistance and of the polarisation. In the curves 

reproduced in this paper the vertical ordinates have a distance of 

one second. The moment of the application of the stimulus is indi- 

cated on the basis-line. The original curves are of course much 

longer, as in the euts below only the parts containing the ps.g. 

reflexes are given. 
annen: Fig. 1 shows a typical normal reflex. 

The ecurrent-streneth increases after a 
Oo 

very short negative wave, which is often 

found to proceed the reaction. The deflec- 

tion grew from 49.9 to 57.9 millimetres 

(second curve of fig. 1) after a latency ce 

of about 2 seconds. During this change 

the resistance (upper curve) diminished 

from 16550 Ohm to 13420 Ohm. The 

».| polarisation (lower curve) first sank from 

al + 0,200 to 0.158 Volt to rise again imme- 

} diately to 0,338 Volt. The highest point 

h af Mii inthe curve was reached somewhat later 
ie. wl 

than the highest point in the current curve. 

Nearly the same variations, though with other absolute values, 

are reproduced in the sets of curves of the figures 2 and 3. Fig. 2 
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shows three typical successive reactions, the second being the smal- 

lest one. In every instance the resistance diminished notably. Imme- 

diately following this may be seen the increase of the E.M.F. of 

Fig. 3. 

polarisation. The slight falling off in the polarisation immediately 

before, is only clearly visible in the second reflex. 

The set of curves in fig. 3 demonstrates the initial fall of the 

polarisation followed by an increase. The short inflection of the 

curve immediately before its highest point is not equally well visible 

in the curves of figs. 1 and 2. The resistance curve agrees in every 

respect with the former ones. 

The first change after the application of the stimulus is visible 

in the polarisation curve and may be taken to be caused by a 

slight secretion-current of the skin. This secretion as well as a 

dilation of the bloodvessels in the skin account for the diminished 

resistance. Both tend to increase the current through the body. 

This last is attended and followed by an increased polarisation — 

most likely of both the internal and the episomatic polarisation. 

The vasomotor innervation pulse dying away, the vessels contract 

again, the skin loses its moistness either by evaporation or by 

resorption thus causing the current to fall off again. This is accom- 

panied by a diminished polarisation and closes the cycle. 
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Mathematics. — “Characteristic numbers for nets of algebraic 
surfaces.” By Professor JAN DE Vrins. 

(Communicated in the meeting of January 29, 1916). 

§ 1. We consider a general net of surfaces #”, with 7’ base- 

points B, represented by the equation 
n n n 4 

> Ay + Bbz + Yer =O. 

For a base-point 4, with coordinates 47, is 

n n na 

ay — 0, by == Okand cy, —0. 

By the substitution gv, = yz + den we find 

5 n—1 Ae Aen Ff n—1 n—1 
a(niay aztn Way,  az,+..+B(nrb, b2+...)+y(nde, et) = 0 

If the point Z is taken on a straight line, which has in } four 

coinciding points in common with a #7, we have 

u—1 n—l 
dy a; + Boy b:+ yey c:—0, 

n—2 2 n—2 ,2 1 —2 2 
aa, Gz+Bby 62+ yey ¢z=0, 

r—3 
aay, : a. + Bm b + yer Ee 0} 

Eliminating «, 3, y we obtain from this the /ocus of the tangents 

t,, which have in B with a ® a four-point contact; it is a cone of 

order six, which will be indicated by (¢,)°. 

If to the three equations just considered is associated the condition 

n—4 4 n-—4 ,4 n—4 4 
aa, a,+ Bb, bed ye, ¢:=0 

we have for the determination of the tangents with five-point contact 

in B 
| n—1 n—2 2 n—3 3 n—4 4 | 
| ay ay Cy az ay dz ay az | 

= n—1 n—2 ,2 nooo n—4 „4 | eed 
n= by b. b, bz b, b. b, be I= 0. 

| 
n—1 n—2 2 n—3 3 n—4 4 

| Cy Cz Cy Cz Cy Cz Cy ee | 

If the fourth and the third column are respectively cancelled, the 

equations thus obtained represent two surfaces’), of the orders 6 

and 7. To their intersection belong the straight lines which are 

obtained by equating to zero the matrix of the first two columns. 

The number of those straight lines apparently amounts to 3°?—2=7. 

1) The first surface is the cone (¢,)® already mentioned, the second has in B a 

sextuple point, is therefore a monoid. In order to see this, the substitution 

02k = Yk-+ eae may be done in the equation of the monoid; we then find 2° = 0. 

If a vertex of the tetrahedron of coordinates is laid in B the monoid is replaced 

by a cone. 



These straight lines do not belong to the surfaces, of which the 

equations arise from J/—O by leaving out the first or second 

column; therefore we have found : 

Through every base-point pass 35 tangents which have in that base- 

point a five-point contact. 

So the locus of the groups of (n—4) points S, which every t, 

with point of contact B has moreover in common with the corre- 

sponding surface ”, has a 35-fold point in 4. A plane passing 

through B contains 6(7—4) points Son the generatrices of (t,)° 

lying in it; the locus in question is therefore a twisted curve of 

order (6n4-11). : 

We can now find the number of tangents 4,5, which have with 

a Pr in B a four-point contact and elsewhere a two-point contact. 

To that end we consider the correspondence between the planes, 

which project two points S and 3S’, lying on the same surface d” 

out of an arbitrary axis a. Any plane 6 passing through « contains 

(6n+11) points S, is therefore associated to 624-11) (n—-5) planes 

0’, which each project a point SS’. On a generatrix of the cone (¢,)° 

which is intersected by a, lie (n—4)(n —5) pairs S,S’; the plane 

(at,) replaces therefore (n—4)(n 

(o, 0’). The remaining coincidences arise apparently from coincidences 

S = M; their number amounts to 2(62+411)(n—5)—6(n—4)(n—5)= 

=(6n+46)(n—5). 

There are consequently (67+46)(n—5) tengents tis, which have in 

5) coincidences of the correspondence 

B a four-point contact. 

The method followed here will, for the sake of brevity, be indi- 

cated as “process (1). 

§ 2. The straight lines ¢,, which have in £ three coinciding 

points in common with the surface 

7 

aa, = by -{- Yer = Oy, 

are indicated by the two equations 

n—1 : nl n—l 
ady dr + Bb, by + Yer Cy =0, 

> n—2,2 ? 
aay, Ay a Bb, lope Yer ¢ 

1—2 

By elimination of «, 8, y from these equations we find, that the 

points @, in which each surface ” is moreover intersected by its 

two principal tangents ¢,, are lying on a surface of order (n+-3). 

As any é, bears a group of (n—3) peints Q, the surface (Q)+ has 

a sextuple point in 4; the tangents in B apparently form the cone (¢,)°. 

By a plane p containing B, (Q)’+% is intersected in a curve gt, 

We shall now consider the pairs of points (Q, Q’ lying on the straight 
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lines ¢, and pay attention to the correspondence between the rays 

m, im’, connecting them with an arbitrary point M of g. 

Any ray m vears (v+3) points Q, is therefore associated to (n+3) 

(n—4) rays m’. The straight line MB contains (n-—3) (n—4) pairs 

(), Q’, represents therefore (n—3) (n—4) coincidences m= im’. The 

remaining coincidences pass through points Q—= Q’; their number 

amounts to 2 (n+-3) (m—4) — (n—8) (n—A4) or (n+ 9) (n—A4). 

The method followed here will, for the sake of brevity, be indicated 

as “process (M)” 

From the result found it ensues, that the locus of the tangents 

tz, which osculate in B, is a cone of order (n+9) (n—4). 

We arrive at the same result by paying attention to the tangents 

of gr, which meet in B. Since B is a sextuple point, the number 

of those tangents amounts to (#-+3) (n+2)— 6.7 =n? + òn — 

36 = (n+9) (n—4). 

§ 8. On a straight line ¢ passing through B an involution of 

order (7—2) is determined by the surfaces #”, which touch ¢ in 5, 

and therefore form a pencil. There are consequently 2 (#— 3) surfaces 

which touch ¢ moreover in another point. On a generatrix of the 

cone (¢,)° that second point of contact, R,,.is united with 5. The 

locus of the points A, has therefore in B a sextuple point and isa 

surface of order 2. 

The surface ®”, which touches ¢ in /,, intersects that straight 

line moreover in a group of (2—4) points S. If S coincides with 

B, tis one of the straight lines ¢32 considered above, the locus of 

S has therefore in B an (n+9)(n—4)-fold point and is a surface 

of order (2-+-9)(n—4) + 2(n—3)(n—-4) = (8n+3)(n—4). 

We now lay again through # a plane p; it intersects the surfaces 

(R,) and (S) along two curves of the orders 2n and (8n-+3)(n— 4). 

We again apply the process (J/) to the pairs of points (RS) and 

find for the number of coincidences R, = S 

2n (n —4) + (8n+-3) (n—4) — (2n—6)(rn—4) or (8n4+-9) (n—4). 

The straight lines t3, which have their point of contact R, in B, 

form therefore a cone of order (8n+9) (n —4). 

If the same process is applied to the pairs of points S,.S’, belonging 

to one and the same point Rk, a cone of order (2n-+-6)(n —4)(n—5) 

is found, of which the generatrices 222 have a point of contact in B. 

§ 4. A straight line ¢ passing through B is intersected by the 

net [®"| in the groups of an involution of the second rank ei: 

In each of the 3 (n—3) triple points (R,) t is osculated by a @; 



this surface intersects / moreover in a group of (v—4) points S. Ir 

a point S comes in B, ¢ becomes a generatrix of the cone (42,3) found 

above; the surface (S) has therefore in B a(5n+2)(n—4)-fold point, 

and ‘is of order (8n-+9) (n—4) + 3 (n—38)(n—-4) or 6n (n—4). If R, 

comes in B, ¢ has in that point a four-point contact, is therefore a 

generatrix of (f,)"; the surface (#,) is consequently of order (8n—8). 

Applying the process (M) to the pairs (A, S) we find now, that 

there are (8n—3) (n—4) + 6n (n—4) — (8n—9) (n—4) or (6n +6) (n—4) 

coincidences R, =. 

The tangents t,, passing through B, which have their point of contact 

not in B, form therefore a cone of order (6n-+-6) (n—4).. 

Analogously it ensues from 12n(n—4\(n—5)—3(n —3)(n—4)(n —5)= 

= (9n-+9) (n—A4) (n—5), that the tangents ts. passing through B, 

which have their points of contact not in B, form a cone of order 

(9n-+-9) (n—4) (n—5). 

> 

$ 5. As an involution /,;—; contains 2 (n 3) (n—4) groups with 

two double-points, there are as many surfaces of the net, whieh 

touch the straight line ¢ passing through B in two points A, and 

R, and intersect it moreover in (n 

If ¢ is a straight line, osculating a ®” in B, and touching it else- 

where, it will touch the surface (R,) of the points AR, in B. 

Consequently (#,) has in B an (n+-9) (n—4)-fold point (§ 2), and is 

of order (n+9) (n—4) + 4 (n—3) (n—4) or (5n—3) (n—4). 

If S comes in B, ¢ is a tangent f22, of which one of the points 

of contact lies in B. On the surface GS) therefore B is a (2 + 6) 

(n—4+) (n—5)-fold point (§ 3): the order of S amounts therefore to 

(Qn-6) (n —4) (n—5) + 2 (n—3) (n—A4) (n—5) or 4n (n—A4) (n—5). 

_By means of the process (M) we find from the correspondence 

(R,, R',) again the order (6n-+-6) (n—4) of the cone of the tangents 

t 

5) points WS. 

passing through B, which have not their point of contact in 5 (§ 4). 

If applied to the correspondence (/,,.S), we find again the order 

(On + 9) (n—4).(m—5) of the cone of the #32, passing through B 

without touching in that point (§ 4). 

We can finally apply it to the pairs (S,S’) belonging to the pairs 

‘(R,, R',). From 8n (n—-4) (n—5) (n—6) 2 (n— 3) (n—4) (n-—5} 

(n—6) = (6n-+6) (n—A4) (n—5) n2—6) we find that the tangents he», 

passing through B, form a cone of order 2 (n-+-1) (n—A4) (n—5) (n—6). 

4? 

§ 6. We found that the tangents #32, which osculate in B, form 

a cone of order (n+-9)(n—4). On each of the 35 straight lines which 

have a five-point contact in B, the point of contact A, is united 



with the point of contact 5,. Consequently the locus of the points 

R, has in B a 35-fold point; as a plane passing through B contains 

(n—9)\(n —4) points R,, (2,) is a curve of order (n?+5n—1). 

Any és» intersects the surface ®”, which it osculates in B, more- 

over in (n—5) points S. If one of these points comes in B, fzo 
passes into a fy. with point of contact B,. The number of these 

tangents amounts to (6nH46(n —5); the order of the curve (S) is 

therefore (6n-+46)(n— 5) + (n+-9)(n—A4)(n—5S) or (n?+11n+10)(n - 5). 

To the curves (#,) and (S) we now apply the process (a). A 

plane 9 passing through « intersects (R,) in (n?--5n—1) points R,, 

is therefore associated to the (2°+-5n—1)(n—5) planes 6, which 

project the corresponding points S out of a. To a plane 6 (m?+11n 

+10)(n—5) planes 6 evidently correspond. The axis a meets 

(n-+-9)(n—4) generatrices of the cone (t52); in the plane passing 

through « and such a generatix lie a point Zl, and (n—5) points S 

associated to it, so that this plane is an (#—5)-fold coincidence 9 — 6. 

As the remaining coincidences must arise from coincidences R, = S, 
it ensues from (2? + 5n—1) (n—5) + (nv? + 11u + 10) (n—5) — 

-— (n? + 5n—36)(n—5), that (n?-+ 11n-+ 45)(n—5) twice osculating 

tangents 13,3 have one of their points of contact in B. 

If the process (a) is applied to the pairs of points $,$S’ of the 

straight lines 432, we find from 2(n* + 11n + 10) (n—5) (n—6) — 

(n?+5n—36)(n—5), that the number of the straight lines ts,22 
osculating in B amounts to 3(n?-+-17n-+56)(n—5)(n—6). 

§ 7. Let us now consider the locus (#,) of the points R, on the 

tangents “3, which have a point of contact B. As we found that 

they form a cone of order (8n-++-9)(n—4), and (&,) will evidently 

pass 35 times through £4, the order of this curve is equal to 

(3n? sn —l). On each tangent 453 with points of contact A, and R, 

one of the points S is united with B; the curve (S) is consequently 

of order (2?--11n+45)(n—5)-+(8n-+9)(n—4)(n—5) or of (4n?+8n + 

+9)(n—5). 

By means of the process (a) we now find from (38?—8n—1) 

(n—5) + (4n? +8n-+-9)'n—5)-— (8n? —3n—36)(n—5), that there will 

be (4n°4+-8n+44)(n—5) straight lines to with point of contact B, 

And from 2(4n* + 8n + 9)(n —5)(n—6)—(3n +-9)(n—4)(n—5)(n— 6) 

it ensues that (52°--19n--54) (n— 5)(n——6) tangents t2,2,3 have a point 

of contact B. 

The straight lines #22» with points of contact B,, R, and R’,, 

form a cone of order 2nH3)(n—4)(n—5). The points R, lying on 

it form a curve, which passes (6n+46)(n—5) times through B 
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(number of the #9), consequently is of order (4n°+2 5). 

The process (a) again produces now from 2 (4n°+ 2 n—2) ) (n— 5) 

—4 (n + 3)(n—4) (n—5) the number of te4 with point of contact B, 

found above. 

The loeus (S) of the points S lying on the tangents f22>, passes 

bn? +1 7n-+56)(n—5)(n—6) times through B, is therefore of order 

4(5n? +13n-+8)(n—5)(n—6). 

If the process (a) is applied to the pairs .S,S’, we find from 

(5n?+138n+8) (n—d) (n—6) (n—7) — 2 (n + 3) (n—A4)(n—5S) (n— 6) 

(n—7) that + (8n?+15n-+32) (n —5) (n—6) (n—-7) tangents ta, have 

a point of rate in B: 5 

Extension of these considerations on the cone of the tangents 4, 

with point of contact R,, which tangents pass through 4, and on 

the corresponding loei (f#,) and (S) makes clear that through B 

(LOn? -10n-+-55) (n—5) tangents t, may be drawn, of which the point 

of contact R, does not lie in B, and (L4n?—2n-+-64) (n—5)(n—-6) 

tangents t,,,, with points of contact R,, R,. 

Analogously the cone of the tangents ¢,,,, passing through £ 

produces the number of (lan H3n4-63) (n—5) (n—6) of the straight 

lines t,,, and the number of + (A9n? ene 5) (n—6) (n—7) 

of the straight lines 

contact there. 

We finally find that through 5 4(12n + 2 5) (n—6) (n—7) 

(n— 8) tangents tf, may be drawn, of a none of the points 

of contact lie in B. 

basse passing through B, ee no point of 

§ 8. The net |] is intersected by an arbitrary plane along a 

net of plane curves gv. Making use of the results at which I have 

arrived elsewhere for a similar net‘), the order of the cone formed 

by the tangents ¢, coinciding in an arbitrary point P, may be 

determined. 

Then it will be evident, that the tangents t, form a complex of 

order 6n (n—3). 

For a base-point 5 the cone of the complex degenerates into the 

cone of order (6n-+6)(7—-4) on whose generatrices the point of con- 

tact R, does not lie in B and the cone (¢,)° 

which have their point of contact in 4; the latter is to be counted 

four times. 

The tangents tss form a complex of order In(n—8)(n—4). The 

cone of the complex of B consists of three parts: a cone of order 

of the straight lines f,, 

1) See my communication on ‘Characteristic numbers for nets of algebraic 

curves)’, (Proceedings XVII, p. 935). 
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9 (n+1)(n—4)(n—5), formed by the straight lines #23, on which 

neither point of contact in B is lying, the twice to be counted 

cone of order 3 (n-+-3) (n—4) with B, and the thrice to be counted 

cone of order (x-+-9) (n—4) with B, 

The tangents tsss form a complex of order 2n(n— 3)(n—A4)(n—5). 

Here the cone with vertex B is composed of the twice to be counted 

cone of order 2(n+3)(n— 4)(n—5) on which B is one of the points 

of contact, and the cone of order 2(n-+-1)(n—4)(n—5)(n—6), for 

which this is not the case. 

§ 9. We can also determine the order and the class of the 

congruence, formed by the tangents with five-point contact ¢,. 

Any point P is point of contact of eleven four-point tangents. 

For the surfaces ©” passing through P form a pencil of which the 

base-curve passes through P. Let the pencil be represented by 

n n 

aas + Bb, —= 0, 

the point P by (y;), then we find, analogously with § 1, that the 

straight lines ¢, with the point of contact P are indicated by 

n—l ‘ n—2 2 n—3 3 | 
Cy d> Cy Us ay dz | 

, == 
n— 1 n—2 ,2 n—3 ,3 bn ee Me 

They are obtained as intersections of a cubic cone with a monoid 

of order four, which have the tangent at base-curve in common; 

there are consequently 11 straight lines ¢, with point of contact P. 

On the cone of order 6n (n— 3), which the complex {t,} associates 

to P, the points of contact lie consequently on a curve of order 

(672°—18n+11). 

Each generatrix contains moreover (n—4) points S. The locus of 

S has in P a multiple point, the order of which is equal to the 

number of straight lines ¢, passing through P at surfaces #” of the 

pencil determined by P. An arbitrary point lies on (4n?—6n-+-4) 
(n—3) straight lines ¢, of that pencil’). As the 11 straight lines ¢,, - 

which touch in P, are each to be counted four times, P bears 

(4n?—2n+14) (n—A4) straight lines ¢,, which have their point of con- 

tact outside P. 

The above mentioned curve (S) is therefore of order (42?—2n-++14( 

‘n—4)+6n(n—8)(n-—4) or (10n?—20n-+-14)(n—A4). 

1) See my paper “On pencils of algebraic surfaces”. (These Proceedings VIII, 

p- 29). The class of the congruence [t4] has been given wrongly there; the exact 

number is found in another communication (These Proceedings VIII, p. 817). The 

same observation holds good with regard to the class of the congruence [¢3,9]. 
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By means of the process (a) we find now that (6n*—18n}11) 

(n--4)+(10n?—20n-+ 14)(n—-4)— 6n(n—3)(n—4) straight lines pass 

through P, which bave a five-point contact elsewhere. The order 

of the congruence |t,| amounts therefore to AOn*— 20n-+-25)(n—4). 

We found above. ($7) that the base-point B lies on (lOn?—10n 

+55)(n—5) straight lines ¢,, which have their point of contact FR, 

not in B, whereas there are 35 straight lines ¢,, on which &, coin- 

_ cides with B. From this it ensues that each of these 35 straight 

lines must be counted five times. 

The class of the congruence |t,| agrees with the number of those 

curves g” of a net, which possess a tangent ¢,'); it is therefore 

equal to 15(4n—5)(n—4). 

$ 10. Through B pass (15n?+38n-+-63) (n—5)(n—6) tangents 43,3, 

of which none of the points of contact lies in 4, and (n° +11n445) 

(n—}) straight lines 433, which osculate in B. As they must be 

counted thrice, we find for the order of the congruence [tss] the 

number of (15n'—84n?+78n—243)(n—5). The class amounts to *) 

$(n? + 7n—9)(n —4)(n—5). 

In a similar way we find, that the congruence |ty2| is of order 

(14n'—78n?+116n—112\(n—5) and of class 6(n?+11n—14)(n— 4) 

(n-—5)*), the congruence |t22,3 | of order $(19n°>—99n?+-122n— 120) 

(n—5)(n—6) and of class $(5n?-+23n— 30)(n—4)(n— 5)(n—-6)*), the 

congruence |t2229| of order %(18n?—44n—1 12)(n—5)(n—6)(n—7) and 

of class (n—1)(n+4)(n— 4)(n—5)(n—6)(n —7)?*). 

Mathematics. — “Tangential curves of a pencil of rational cubics’’. 

By Professor Jan pr Vrins. 

(Communicated in the meeting of January 29, 1916). 

$ 1.. We consider a pencil (p°) of rational cubies which all have 

a node in A; each of the remaining base-points will be indicated 

by B or by C. 

The tangent 6 in B at ~ intersects the latter in the tangential 

point B’; the locus + of the points B’ is called tangential curve of 

B. It is generated by the projective pencils (p°) and (4). 

One of the figures of (y*) consists of the straight line AB and 

1) See the communication quoted above in volume XVII of these Proceedings 

(p. 938). 

2) Le. p. 942. 

5) Lc. p. 941. 
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the conie passing through A and the four points C': from this it 

ensues that the locus of B’ is composed of the straight line BA 

and a curve z°, which has a node in B, and passes through the 

points A and C9. We indicate this by the symbol z° (A,5?,4C). 

§ 2. There are consequently two curves ¢*, which have a pout 

of inflexion in B. 

Any g* has three points of inflexion /; they lie on a straight 

line j. 

As B is point of inflexion on two curves, the straight lines j 

will envelop a conic. The locus zr of the points of inflexion (curve 

of inflexion) may be generated by (*) and the system of straight 

lines j, which has the index 2, and is evidently projective with (*). 

On an arbitrary straight line the two systems determine a corre- 

spondence (1,6), on a straight line passing through A a (1,2). From 

this it is to be deduced that the locus of the points of inflexion, 

apart from the five straight lines Ab, is a curve of order seven, 

which has a quadruple point in A and nodes in the other base- 

points. We may indicate it by the symbol ¢ (A*,55*). Outside the 

basis it has no singular points *). 

On each of the two curves y*, which possess a cusp in A, two 

points / have been taken up in A; from this it ensues that the 

tangents in the quadruple point of coincide in pairs. 

$8. Let us now consider the polar curve (antitangential curve) of 

B, consequently the locus of the points of which B is the tangential 

point. It is evidently generated by (g*) and the pencil of the polar 

conics of B, consequently a figure of order five. The polar conic 

of the y*, which is composed of BA and a ¢*, contains the straight 
line BA as component part; so the real polar curve of B is a 

curve a‘. It has nodes in A and in B; in the latter point it pos- 

sesses the same tangents as the tangential curve t°. In A it is 
touched by the tangents in the two cusps; these two lines form 

with AB the three coincidences of the (1,2) in which to each pair 

of nodal tangents of the y* the tangent of the corresponding polar 

conie is associated. Symbol 2‘ (A?, b*, 4C’). 

1) With an arbitrary <? the curve 73 has in common two points lying in B, 

the point B’ and the four points C; consequently two intersections lie in the 

node A. 

2) To a general pencil (p?), consequently with 9 base-points B, belongs a curve 
of inflexion .!2 (9B), possessing apart from the basis 12 nodes, being at the same 

lime nodes of curves 9°. 
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§ 4. If in the tangential point / of a point P the tangent is 

drawn, the latter intersects the y* laid through P in the second 

tangential point P" of P. Going on in this way we arrive at the 

definition of the n! tangential point P. The locus of the point 

Be is called the n tangential curve x, of B. Its order will be 
indicated by ¢,; by ay, Db, cn will be indicated how many times it passes 

through the points 4,5, C, We shall now deduce four relations 

which the numbers ty, dn, %,, Cn must satisfy. 

In the first place we observe that two of the tangents coincide 

in B with the two stationary tangents of curves ¢*, on which B 

is point of contact. Each of the remaining (/,—2) tangents belongs 

to a p° on which B coincides with the n” tangential point B. 

The curves tr, and z* have, besides the base-points, only the 

(6,—2) points Br-t in common, of which the tangential point, 

consequently 5%), coincides with B. In B they have (25, 4 +2) 

points in common, because the tangents at z* are at the same time 

tangents of 1,1. As A is node of a* and this curve passes singly 

through the four points C, we find the relation 

hear eden Abr van. velt) 
Now we pay attention to the intersections of the r,—1 belonging 

to 5 with the polar curve of another base-point C. Apart from the 

basis they have only the c¢, points L —) in common, for which 

Bo lies in C. In B we find b,;, in the remaining base-points 

(De 1 + 3¢,_1) intersections, consequently is 

A es + Oya Dena dOr on on ar (2) 

In order to obtain a third relation we pay attention to the points, 

which tv, has in common with an arbitrary g°. As apart from 

the base they can intersect only in the point Bt lying on g°, 

we find: 

Ne Aen 7 ls: ee Se (3) 

A fourth relation is produced by the property that the curve rt, 

must be rational, because each point 6” may be associated to the 

straight line that touches the y* laid through Bv. Consequently is 

(tn—1) (42 —2) = anlan—l) + bulbn— 1) + 4enlen—l) . (4) 

From the first three relations we deduce 

i= En Ön +] ot of) TELT (5) 

Cp sene send 1 CIDE GN Ge EE c (6) 

NEE tees oe ey 

From (5) and (6) it ensues moreover 6,—c, = — (b,-1—¢n_1); 

consequently is 
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binn == (ST) eeen sa oma ane (OI 

Starting from the known numbers ¢,=3, a,=1, 6,=2,¢,=1 

we can successively calculate from (4) to (7) the characteristic numbers 

for n= 2,3,4... Then it appears that the quadratic equation from 

which 4, is found always has one integer and one fraction. as roots. 

The following table is found. 

| 
n | th An by Cn 

NA mes GN ir 

91 9 6 | 2 3 
| | 

SMR SNS 7 

AD A 0 EN 

The numbers of the last column satisfy the relation 

EN Re AE (DO 

Starting from the supposition that it holds good for any n, we 

find in the first place, on account of (8) 

ll da en ee 4 te (0) 

From (6) follows 4, = en 1 + ¢,—1 consequently is ¢, = 21 + 

+ 23 or also 

NEE Un) 

From (7) follows finally 

ga A (20 Seele eo! ee A(N 
If now # = 3c, 2a, = 4c,—1-—-+(—1)" and },=c,—(— 1) 

are substituted in (4), that relation appears to be identically satisfied; 

thus the solution of the system is obtained and we have this property :*) 

The nth tangential curve of a base-point B is a curve of order 

3 (2e—1), and has in A, B, C multiple points of the orders 2 (2"—1) + 

+ + {(—4)r A), (2»—1) — (1) and (27-14). 

§ 5. The curves (4“,5B°) and 1° (A, B?,4C) have in B the 

tangents in common; of their common points 4 + 6 + 8 lie therefore 

in the base-points. The remaining three are points of inflexion and 

at the same time tangential points of B, consequently’) sewtactic 

1) For a general pencil (9%) is 

t, = 4(4"—1), 9b, = An+t 1 (—-2)p+3_5, De, = 4-41 4 (—2)"—5. 

These numbers have been found by P. H. Scuourg (CG. R. 101, p. 736). An 

extension on pencils of curves or (where each point has then (m—2) tangential 

points) is to be found in my paper “Faisceaux de courbes planes”, (Archives 

TevLer, sér. 2, tome 9, p. 99). 

2) Cf. for instance SALMON-FiepLER “Höhere ebene Kurven’’, 2d edition, p. 173, 
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points, that is to say there are three y* which have a six-point 

contact with a conic in 5. 

From this it ensues that the locus 6 of the sertactic points N is 

intersected by any ray s from A in 3 points, and has triple points 

in the five base-points 45. Between the plane pencil (s) and the 

pencil (p°) exists therefore a (3,3); for any g* bears three points S. 

Consequently the “sertactic” Curve o is of order twelve. It has 

a nonuple point in A, and triple points in the five single base-points. 

Symbol o1? (4°,5B®). 

Other singular points it cannot have for in genus it must answer 

to tf; for to each point of inflexion I belongs one point S and the reverse. 

$ 6. A conie touching p° in Bin five points, intersects it moreover 

in a point Rk, which I shall call the residual point of B. The locus 

e of the points A has a quintuple point in B; the tangents fall 

along the tangents of the three conics, which have a six-point 

contact in B, and along the two stationary tangents of the two g°, 

which have their point of contact in 5. 

The straight line LR intersects the corresponding curve g* in 

the second tangential point 5"). Now the eurve r? has in Ba node, 
DI in Ca triple point; on BC therefore lie moreover four points B", 

so that @ must pass four times through C. As B" further comes 

thrice in C three points PR lie on BC; but o is then a curve of 

order twelve. Of its intersections with an arbitrary yg’ 5 lie in B, 

16 in the points C, one in the residual point of B; we conclude 

from this that 9 has a septuple point in A. 

We can represent it therefore by the symbol 9'%(A’,4°,4C")?). It 

may serve as confirmation that the curve must be rational. 

Physics. — ‘further experiments on the moment of momentum 

existing in a magnet’. By Dr. W. J. pr Haas. (Communicated 

by Prof. H. A. Lorentz). 

(Communicated in the meeting of September 25, 1915). 

Introduction. In a former paper on this subject *) it has been 

remarked that the attempt to determine the sign of the effect had 

proved a failure. New experiments were therefore desirable. But 

!) Cf. e.g. SALMON-FIEDLER, ibid. 

*) In my paper referred to ahove (Arch. Teyler) 1 have considered the curve 

p for a general pencil (om); any conic associates then to a point of contact 
B (2m—5) residual points R It has the symbol ,10m+2(B15, C10) 

For the sextactic curve the symbol ¢247”—27 (B12) was found there. 

3) A. Ewsrem and W. J. pe Haas, These Proceedings, XVIII p. 696, 1915. 
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besides this the importance of the observed phenomenon for the 

theory of electrons and for our knowledge of the nature of magne- 

tism sufficiently justified a repetition of the investigation. In the 

Berlin experiments the phenomena were so much complicated, that 

I tried to find a more elegant method, by which part of the sources 

of error could be eliminated, so that it might surpass the former 

method in clearness and convincing power. 

I have succeeded in rigorously separating the effect which I should 

like to call the EiNsrein-effect, from the secondary phenomena. This 

time again I have not had in view an accurate quantitative deter- 

mination; yet it may be mentioned that the quantitative agreement 

between experiment and theory is quite satisfactory. At the same 
e 

time a way is opened for a later accurate determination of —. 
Mt 

§ 1. Principle of the new method. 

In the former method a cylinder that could perform torsional 

vibrations, was brought into an alternating magnetic field of about 

the same frequency as that of the free oscillations of the cylinder. 

From the amplitude of the observed vibrations of the cylinder 

the existing moment of momentum could be caleulated. As we have 

seen the disturbing effects consisted in: 

1. the action of the static terrestrial field on the alternating hori- 

zontal components of the magnetism in the cylinder ; 

2. the action of the alternating field of the coil on the horizontal 

components of the statie magnetism in the cylinder; 

3. the action of the horizontal components of the alternating field 

of the coil on the alternating magnetization of the cylinder. 

As we remarked already, we need not fear any disturbance by 

effect 3, as it has double the frequency of the Ernsrrin-effect. We 

must keep in mind however, that disturbances of this kind will 

appear as soon as the dynamo gives e. g. an asymmetrical sinusoidal 

current. A very small asymmetry already may reach the value of 

the remaining part of the terrestrial tield (which is never completely 

compensated). An asymmetry of the current may give rise to a 

disturbing effect having the period of the free vibrations of the cylinder. 

The characteristics of the new method are the following: 

ist a very slow resonance, which enables us. to investigate the 

difference in phase between the effect and its cause; 

2nd a complete elimination of the sources of error 2 and 3. For 

this purpose the iron cylinder is not placed in the magnetic field 

of a fixed coil, but the wire is wound on the cylinder itself. As 
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under these circumstances action and reaction are acting within one 

and the same solid body, the source of error 2 and eventually 3 

are wholly eliminated. We may therefore concentrate our attention 

on the actions of the magnetic field of the earth. 

§ 2. Description of the apparatus. 

Fig. 1 shows the apparatus schematically. The proportions have 

not been indicated rightly. S is the soft-iron cylinder. Length 23 em, 

thickness 3 mm. Over a length of 21.5 em it is wound with ena- 

melled copper wire of the A. E. G. 0.08 mm thick. The whole 

resistance of this wire and the two wires p, q through which the current 

is led, is 320 2. p and q are silver hair wires of HARTMANN and 

Braun, thickness 0.015 mm. Preliminary experiments proved that 

they did not influence the torsion of the suspending wire 7. The 

wire r is fixed to a turning disk /, which makes it possible to 

turn the eylinder about its vertical axis through an angle of 360°. 

Beside the cylinder the figure shows a pendulum, consisting in an 

ivory ball 7 ckarged with lead and suspended by a steel wire dr ; 

length a little below 1 m. and thickness '/, mm. Point of suspension g. 

Bigs i: 

If / oscillates, the steel wire alternately makes contact with a 

and 6, two copper wires represented in transverse section and 

placed about 12 cm below g. The distance between a and b is 

about '/, mm. Further cd and de are two resistances of 67.5 2 each, 

through which the current of a battery of accumulators flows from 

«to e. The further connections are evident from the figure. 

83 
Proceedings Royal Acad. Amsterdam. Vol. XVIII. 
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When d makes contact with a, the current flows along c,a,9,7.q, 

coil, p,7,¢ to e; when, on the contrary, dr touches 6, the current 

takes the way d,7,p,coil, ¢,j,g, to e, circulating in opposite direction 

about the cylinder S, so that, the pendulum being in motion, the 

cylinder S is alternately magnetized in one direction and the oppo- 

site one, synchronically with the pendulum. The potential difference 

between c and d, d and e has been chosen in such a way, that 

the cylinder is magnetized to a sufficient degree. 

The torsional motion of the cylinder was observed with telescope 

and scale. 

§ 3. Compensation of the terrestrial field. 

The following considerations show of how much importance this 

is. If the direction of the magnetization deviates 3’ or 4’ from the 

vertical, the horizontal component amounts to one 1000" of the 

vertical magnetization. Now a deviation of this amount may easily 

oceur as the suspension is not accurately centred and the windings 

are not laid quite regularly’). 

If the field of the earth were not compensated and the horizontal 

component of the magnetization were perpendicular to the magnetic 

meridian, the vibrations resulting from the above mentioned cause 

would have an amplitude equal to 180 times that which we wish 

to observe, (for the period used in the experiments). 

We shall now describe in what way a rather satisfactory compen- 

sation of the field can be reached. The compensation problem is the 

same as in the case of a sensitive galvanometer, with this difference, 

that here we have to compensate over the whole length of the 

cylinder with that of the wires p and q in addition, so that the 

terrestrial field has to be compensated in a space of breadth 5 to 

7 mm and length 35 to 40 mm. ; 

In order to make an estimate as to how far this may be done, 

I constructed an apparatus, which made it possible to lower or to 

draw up by a spider-thread a light galvanometer mirror, to which 

two small strong magnets from a spring of Wolfram steel (they 

were about 5 mm long) had been fixed; by this means the mirror 

could be placed at any point of the field that had to be compen- 

sated. The spider-thread was so thin, that the mirror was suspended 

practically without torsion, so that only the terrestrial magnetic 

couple was acting. From the period of oscillation it is easy to deduce, 

in how far the field of the earth is compensated. Starting from a 

1) In a repetition of the experiments more attention than was possible now 

would have to be paid to an accurate construction in these two respects. 



period of 0,08 second in the uncompensated field we were able to 
reach over the whole length of the eylinder and the leads periods 

ranging from 10 to 20 seconds. From this it follows that a com- 

pensation from 1 to 7/,°/, has been reached. 

As to the arrangement used for the compensation a brief description 

will suffice. In fig. 1 R and / are resp. a frame and a boop wound 

with copper wire through which a current from a battery of accu- 

mulators was made to flow. The regulation of the intensity of the 

current was effected by means of resistance boxes with shunts for 

the finer regulation. 

When in this way the greater part of the earth-field had been 

got rid of, the remaining part was compensated in the following way: 

At a distance of about 3 m. a rather large permanent magnet 

was placed at the height of the middle of the cylinder S. This 

magnet was turned in the horizontal plane in which it lay till the 

above described apparatus had reached a period of 20 seconds, so 

that the compensation near the middle of the cylinder could be 

considered as sufficient. The compensation at the extremities of the 

cylinder, however, was not reached at the same time and I had 

therefore further to effect it without disturbing that in the middle. 

For this purpose small permanent magnets of equal moment were 

placed in horizontal direction vertically above and beneath the cylinder 

(not shown in the figure). These magnets could be turned about a 

vertical axis and shifted in vertical direction. To ensure the equality 

of their magnetic moments, they were made of pieces of a 

hardened and magnetized knitting-needle, from which a bundle was 

formed. By taking equal numbers of pieces of equal length equi- 

valent magnets were obtained. 

§ +. Compensating alternating field. 

The compensation which was reached in this way and which we 

sball denote by I was not good enough however for sufficiently 

eliminating the source of error to which attention has been drawn 

and for making the weak effect appear that was sought for. 

In order to neutralize the “residual field” as it will be called, the 

following artifice was used (ID. To the iron cylinder S a small 

magnet J/ (magnetized piece of a watch-spring) was fixed in hori- 

zontal direction and a horizontal coil (the ‘compensating coil’) was 

placed with its axis along a line perpendicular to the magnet and 

passing through it. This coil could be shifted in the direction of 

its length. The same current that passed through the windings was 

also made to flow through this coil. It is evident that now, with 

83* 
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proper connections and a rightly chosen distance of the compensating 

coil, the alternating couple witb which it acts on the transverse 

magnet will always neutralize the forces, with which the “residual 

field” acts on the alternating horizontal magnetization of the cylinder. 

To reach this the coil could be shifted and besides there was a 

shunt Sh, the resistance of which could be regulated, so that only a 

larger or a smaller part of the whole current passed through the 

compensating coil. 

Because of the small changes in the terrestrial field, which gave 

rise to rather large changes of the residual field, the compensation 

II had to be changed continually. It could however be kept constant 

long enough to allow the observation of the Ersrnin-effect. 

In the last experiment it was found necessary to put an iron core 

in the compensating coil, as the latter could not be brought near 

enough to the cylinder. 

§ 5. The different effects. 

We shall call the effect we are seeking for the first effect and 

the effect cansed by the action of the residual field on the horizontal 

magnetization of the cylinder, combined with that of the compensat- 

ing coil on the transverse magnet the second. 

There is however still a third effect, which like the first consists 

in alternately directed impulses, acting on the cylinder at each in- 

version of the current. Indeed, when the pendulum-wire leaves one 

of the two copper wires a and 5 there elapses a certain time before 

it makes contact with the other one. During that interval + there 

is no current in the apparatus. The suspended cylinder has its 

remanent magnetism, which like the magnetization existing before 

the breaking of the current has a horizontal component and this 

component is acted on by the residual field. This action is not neu- 

tralized in the way described in 7, as during the time r the com- 

pensating coil is without current. We shall call this the ted effect a. 

Finally there is a third effect 6, the direction of which it is 

difficult to indicate without further examination. It may as well 

have the sign of the effect 3a as the opposite one. 

In order to understand the nature of this effect, we must keep 

in mind that, at each change of the direction of the current the 

magnetization of the iron passes through a hysteresis-cycle, as is 

roughly shown in fig. 2, where the abscissae represent the intensity 

of the current ¢ and the ordinates the magnetization. OA or OD 

corresponds to the remanent magnetism, which remains every time 

after the breaking of the current. 
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(If the figure refers to the whole magnetic moment, the horizontal 

one, on which the residual field acts may be derived from it by 

multiplication by a certain constant factor). ; 

The magnetization passes through ABC or DEF in a certain 

HEEE ie 
Seemee Ae 
Eee ee eae 
EAA HA 

EH EERS 
eee 
HEZE 
Deegan 
CELE EEE 

time z’.') Now it is evident that, in the case of a perfect compen- } 

sation 77, the forces exerted by the residual field would be wholly 

neutralized, if the magnetization followed the line OC. For then it 

would inerease proportionally to 7 and so the action of the residual 

field on the magnetic moment of the cylinder and that of the current 

in the compensating coil on the transverse magnet would also 

change proportionally to each other. They would neutralize each 

‘) We may imagine the breaking of the current and therefore the change re- 

presented by FGA or CHD to take place in an extremely short time, so that 

the forces acting ou the iron during this time cannot have an appreciable in- 

fluence on its motion. The interval in question may be neglected with respect to 

the time +’ necessary for the changes ABC or DEF, which take place after the 

above considered interval + during which the remanent magnetization OA or OD 

has existed. On account of the self-induction it lasts an observable time 7’ after 

the closing of the circuit before the current has reached its full intensity 7, (OK 

or OL) and the magnetic moment the corresponding value M, (KC or LF). 
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other continually, because they do so at the end, when the values 

7, and M, are reached. 

In reality however during the time vr’ it is not the magnetization 

M indicated by the straight line OC that exists, but the magnetization 

M represented by the curve ABC. Consequently the action of the 

residual field on the magnetization M— M’ remains. This action gives 

rise to an impulse proportional to (J/—M’) +, if we denote by 

M—WM’ the mean value of the difference during the interval x’. If 

the negative values of J/-—M’ found between 0 and Q, surpass 

the positive ones between @Q and C, the mean difference M— M’ 
will liave the same direction as the remanent magnetization OA, 

which existed a moment before and which gave rise to effect 37. 

In this case the effects 3a and 35 have the same sign. In the case 

that has been supposed in the figure the positive values 1/—M’ 

are of more importance than the negative ones, so that here the 

two effects 8a and 35 have opposite signs *) ®). 

As it is desirable to make the third effect as small as possible, 

the experiment was arranged in such a manner, that the time T was 

short. This is why I used the pendulum. In order roughly to measure 

the time rt, the wires a and / were now connected, so that one 

and the same conductor was closed by the contact of the steel wire 

with « and by that with 6. The conductor in question was one of 

ay Here we may remark, that effect 3a@ would be preceded by an effect 3b of 

the same direction as 3a itself, if the disappearing of the current took an appre- 

ciable time. This follows from the circumstance that over its whole length FGA lies 

beneath the straight line OF. 

2) (u—M"’) or [MM dt over the time +’ might be calculated, if we 

knew, not only M as a function of 7 (i.e. the exact form of the curve in figure 2) 

but also for each value of 7, the number of lines of induction N enclosed by the 
windings, a number that might be represented by a curve similar to that in the 

figure Indeed, if 7 is the resistance of the circuit and # the electromotoric force 

dN 
=  — j 

dt 

or, since 

ri li 

(i : aN 
PIL — Oe ri her 

so that we may write for | (MM) dt 

1 (MM 
fi asstranied JN 

bet Tt 

The value of this expression might be derived from sufficiently accurate graphical 

representations. 



the branches of a WurarsroNe bridge. If now the resistances in the 

latter had been regulated and the pendulum passed from one extreme 

position to the other, the breaking of the contact caused a current 

to flow through the galvanometer during the time rt. From the 

sudden deflexion the length of the time t may be deduced. The 

result was about zt sec. 

§ 6. The phase of the effects. 

Now the phase of the different effects will be considered in details. 

Fig. 3 may be of use for this purpose. It represents as seen from 

im above the iron cylinder C, the 

small magnet AB fixed to it, 

\ the mirror Z, the compensating 

E coil A, the telescope £ and 

the scale S. We shall call the 

direction of rotation shown by 

the arrow the positive one. To 

this rotation corresponds a shift 

of the cross-wire over the scale 

c to the side marked with +. 

We shall speak of a positive 

se. 2S reversal of the current, when 

it gives rise to a north pole at the 

Fig. 3. upper end of the cylinder. When 

all has been arranged it is easy to determine the direction in which 

the pendulum must move if such a positive reversal shall take place. 

The molecular currents existing after a positive reversal have 

a direction opposite to that of the arrow. If these currents consist 

in circulating negative electrons, the moment’ of momentum’ to 

which the reversal gives rise has the direction of the arrow. The 

couple acting on the cylinder must be opposite to this moment and 

we may conclude: At a positive reversal the first effect consists in 

an impulse in the negative direction. Of course it would be in the 

positive direction if we had to do with positive electrons. 

We may remark here, that strictly speaking the effect we are 

seeking for consists in two equal impulses, the first of which 

(breaking of the current) takes place at the beginning of the time 

rt while the second (closing of the current) begins at the end of 

this interval and lasts during the period r'. On account of the short- 

ness of rt and t/ we may say however, that the two impulses coincide. 

It ought to be observed that, with a view to the appreciable 
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| duration +’ of effect 34, an attempt still further to shorten the 

time x would be useless. 

Counting the time from the moment of a positive reversal we 

may represent the couple acting on the cylinder in virtue of the 

first effect by a line as shown in fig. 4. The width of each of 

the peaks will be very small compared with the half period (4 7’) 

A= 

Fig. 4. 

of the pendulum. Now in developing the value of the couple in 

a Fourrer-series we may confine ourselves to the first term 

S t 
— 4 — cs 2a —, T AP 

as it represents the only part of the couple whose action is inten- 

sified by resonance, where S denotes the impulse of rotation 

produced by one reversal. 

The third effect (Ba and 34 taken together) is also represented 

t 
by a term with cos 27 nn the amplitude having the same or the op- 

posite sign as that in the above expression, and we may therefore 

also use an expression of the form 

Women Ee 529.3) 7 

for the effects (1,38) combined. 

As to the second effect, we may represent the couple acting on 

the cylinder (the couple exerted on the magnet by the compen- 

sating coil being included) by fig. 5, where h may be as well 
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positive as negative. Developing in a series we are led to an 

expression of the form 
t 

7 
q sin 2 

with positive or negative amplitude . 

It is seen by this, that the second effect is always a quarter of 

a period in phase behind effect (1, 3). 

If all the three effects exist, we may replace (@) and (2) by a single 

alternating couple, which determines the motion of the cylinder. 

Its amplitude is Wp? + q’, while its phase lies between those of 

(1, 3) and 2, 

We may use this to separate the effects (1, 3) and 2. When, in 

effecting the compensation II, we come nearer and nearer to 

the right position of the coil A, the amplitude q and at the same 

time Vp? ae 7 will decrease. After the coil has passed through the 

position in question, 17 p+ will increase again (the resonance 

in the 2"? effect being then caused by the action of the compen- 

sating coil on the small magnet, which now exceeds that of the 

residual field on the cylinder). If we succeed in reaching a minimum 

of resonance, the effect (1,3) will be free from 2 and this will be 

confirmed by the phase of the effect. Since the beginning when the 

second effect had the greatest influence till the minimum, when it has 

disappeared, the phase must have changed by a quarter of a period. 

It remains to separate the effects 1 and 3 (a, /). For this purpose 

we may change by 180° the azimuth of the suspension arrangement 

of the cylinder. For the same state of magnetization the couple 

with which the residual field acts on it will then change its sign 

and the action of the compensating coil on the magnet fixed to the 

cylinder, if we leave the current in the coil unchanged, will likewise 

be reversed. So the compensation, when it has once been reached, 

_will remain. But it is evident that both the effects 8a and 34 will 

be reversed. Both the remanent magnetism (Ol in fig. 2) and the 

difference J/—J/’ (that is to say their horizontal components) are 

turned through 180°, while the remaining tield has not changed. 

It is clear that the change of azimuth does not influence the first 

effect. Thus we are able to make the effects 1 and 3(a, 6) act in 

the same or in the opposite sense’). 

ain reality ‘the turning by 180°, by which among other things the distance 

between the magnet AB and the coil K was altered more or less, required so 

many changes in the apparatus that after it a new compensation was necessary. 

This however alters nothing in’ the above considerations on the change of sign 

of effect 3(a, b), with which we are here concerned. 
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As to 1 and 3a it is easy to find out which of these two cases 

occurs. We need only consider the direction of the deflexion that is 

obtained, when the current caused by a positive reversal is sent 

through the windings of the compensating coil only and not through 

those of the evlinder. 

Suppose e.g. the deflexion to be to the positive side. Then before 
the positive reversal, the current flowing through the coil has given 
rise to a couple in the negative direction acting on the- magnet AB 
by the compensating coil. But that couple served to neutralize the 

action of the residual field on the magnetism of the cylinder. This 

action therefore had the positive direction and the same may be 

said of the action of the residual field on the remanent magnetism 

after a positive reversal. Thus effect 3a has a direction opposite to 

that of effect 1. 

§ 7. Description of the experiments. First different alterations of 

the apparatus were tried in preliminary experiments, but though 

these gave clear indications of the effect we were seeking for, we 

did not obtain perfectly satisfactory results. Then however we suc- 

ceeded in making a series of experiments, by which the existence of the 

effect became quite evident. At least I should think it difficult to 

interpret in another way the result I am going to describe. | regret 

that these observations could not be repeated, as they were made 

on the last day that was at my disposal for this work. 

The period of the pendulum was found to be 1,856 sec., that of 

the cylinder 1,912 sec. The damping of the cylinder was so great 

that the amplitude diminished to half its original value in 39 half 

oscillations, while by means of an added known moment of inertia 

| found 0,814 gr. em* for that of the cylinder. 

The equation of motion of the cylinder for free vibrations is 

da , da 

Te ree 
where w is the angle of deflexion, and g the coefficient of resistance 

divided by the moment of inertia, while , denotes the frequency 

of the free vibrations as it would be without damping. A solution 

of this equation is: 

«= C e—*9't cos2x—, 
0 

An 

Vn? ig 

Let us now introduce an Sl force which produces an accelera- 

T= 

0 



tion —acos nt. Then the forced vibrations are determined by the equation 

dz , da 
—__—= — 7,” & —a — acos nt*). 

dt? ‘dt 

Its solution is 
a 

w——cos(nt + Pp), ee © «+ CY) q ) 

if 

n> —n, = Geosp, ng =qsing 

From this one finds 
(he 

and 
1 1 
= —— : eee 

q V (n? ny rug? 

If therefore there is a cause, which produces an acceleration 

alternating with the frequency 7, the amplitude of this acceleration 

has to be multiplied by 1,48 in order to obtain the amplitude of 

the forced vibration *). 

If now the acceleration is represented by the curve of fig. 4, so 

that the area of each of the peaks is a measure for the velocity S 

arising from one impulse, then on development in a Fourier series 

5 48 F 8 
the amplitude « of the first term is equal to a and that of the forced 

vibrations becomes 
4S 

1,48 . ZB IO iS bev, ay. AT « = wild) 
la al 

We shall use this to determine the multiplication by resonance. 

If the cylinder when at rest suddenly receives a velocity S at the 

time 0, the first deviation is (here we may neglect the damping) 

T,. 1,912 
ek) 

2 250 

The effect is therefore multiplied somewhat more than 10 times. 

In my experiments the period of the external force was smaller 

than that of the free vibration. As to the phase of the impressed 

vibrations, it might be supposed to be what it would have been 

without damping, or if this exists, at a large distance from the equality 

5 J dz . ' 
1) In this equation x, 7 etc. may be regarded as angle of rotation, angular 

at 

velocity etc. but also as deflexion, velocity etc. on the scale. 

2) If we wholly neglect the damping, we find 

Thus the damping has an influence of a few percent on the amplitude-factor, 
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of frequency. Indeed, we can infer from the above value of g, that 

the error made on this assumption is about 11°, i.e. less than +; 7. 

The method, by which the phase was determined, was however 

not so accurate, that a difference of this amount could be observed. 

While L followed the oscillations of the cross-wire over the scale, 

a second person looked at the pendulum and gave a sign every 

time when it passed through the position of equilibrium in such a 

way that a positive reversal of the current took place. Now I ob- 

served, where the wire stood at these moments and in what direc- 

tion it was moving. If we had to do with effect 1, the wire should 

have its greatest positive deviation at the moment of a sign. For 

we have seen, that at the instant of a positive reversal, the first 

effect produces an impulse in negative direction. We then found for 

the term in the Fourtmr-series that is of importance here 

Qn 
— A COS 7 t 

(a = — being positive). From this and (7) we infer, that, if p is 7 2 ) 

neglected, w has its greatest positive value for ¢= 0. 

This result is confirmed by a simple reasoning. If external forces 

shall cause a body to oscillate more rapidly than it would under 

the action of the elastic force alone, they must drive it towards 

the position of equilibrium. Now at the instant of a positive reversal 

the effect we want to observe consists in an impulse in negative 

direction. If therefore the cylinder shall be driven towards the position 

of equilibrium, it must be on the positive side of it. 

As has been said already effect 3 (a, b) has the same or the 

opposite phase as 1; if in the latter case it exceeded the first effect, 

we should see the cross-wire just at the negative end of its oscil- 

lation at the moment of a sign. 

As to effect 2, this differs a quarter of a period in phase from 1; 

if it exists alone or preponderates, as was always the case before 

the application of compensation II, the wire will be in its position 

of equilhbrium at the moment we consider, the direction of its 

motion depending on circumstances. 

If all the effects exist at the same time an intermediate phase 

will be observed. 

§ 8. Description of the experiments of September 4%. Intensity 

of the current in the coil S 29,5 milliamperes. Every time before 

the determination of the deviation and the phase I waited during 

80 to 100 full periods in order that all free oscillations might be 

extinct and the cylinder might perform its forced vibrations only. 
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At first the effects 1 and 3a had the same direction. Before the 

compensating coil A was put in action the amplitude amounted to 

several meters; but by means of compensation IT this could be 

reduced to a few centimeters. Continually changing the compensation 

I made several determinations, some of which are given below. The 

straight lines represent the distance over which the cross-wire moves 

to and fro on the scale, the right hand side being the positive one. 

Beneath each line the length in em is given. A always indicates the 

position of the wire at the moment of a sign and the arrow shows 

the direction in which it is then moving. 

Deviation 

I ovine. SALEEN be em: 

I Ends a 

[ily Sete ee ne er 8 a 

Dee en Zo 

v A5 4 

Azimuth of the eylinder changed by 180°. Now the effects 1 and 

3a are opposite to each other. 

vi SEN 5 ein. 

EE AN 105 , 

VIII Ac One 

NN ———— oe 

KI 6 

XIII A_, ee 
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$ 9. Conclusions and remarks. 

1. The way, in which, both in the figures I—V and VI—XIII, 

the phases succeed each other agrees with the foregoing considerations. 

Simultaneously with the minimum of the amplitude I observed the 

phase in which, at the moment considered the wire is in its extreme 

position. The further we are away from the minimum, the more the 

phase approaches that of effect 2. 

2. The change in phase that is observed at the passage through 

the minimum (If and IV, XI and XIII) is caused by our having, gone 

too far with the compensation II. After having been neutralized, 

effect 2 reappears with opposite phase. It consisted initially in the 

action of the residual field on the horizontal component of the 

magnetization, and finally in the oppositely directed action of the 

compensating coil on the small magnet fixed to the eylinder. 

3. In the experiments HI and XII a minimum is reached while 

at the same time the phase is that of effect 1. Now in one of these 

cases effect 8 must have had the opposite phase, so that we may 

conclude to the existence of the effect we were seeking for. As in 

XU the amplitude (0,7 em) was smaller than in III, this latter 

experiment must have been the one in which 3a, and 1 had the 

same phase. It is seen by this that the total effect 38a, } has had 

the same phase as 3a alone. 

4. For the minimum amplitude of the oscillation of the wire we 

may take 2 em before the change in azimuth (see experiments IT] 

and IV) and afterwards 0,7 cm. The first value corresponds to the 

sum of effects 1 and 8, the last to the difference of these two effects. 

Therefore we may estimate the first effect at half the sum of the 

measured distances viz. 1,4 em and the third effect at 0,6 or 0,7 

em. Of course the result 1,4 does not give much more than the 

order of magnitude. 

5. Taking this value for the deflexion on the scale caused by 

effect 1 we may make an estimate of the magnetic moment of the 

cylinder. 

According to (J) half the distance over which the wire is seen 

to oscillate, is given by 

3.195, 
if S is the velocity produced by one sudden impulse. Hence 

0.7 : 
= 99 em/ -= 0.22 eu fone 

TSI 
Le» 

which must be corrected to 

SIOE ee 
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on account of the inclined position of the scale. As the distance 

from the mirror to the scale is 315 em, we find for the angular 

velocity due to one impulse 

0.21 
EED 

3315 

and (using the value 0,815 gr.em* of the moment cf inertia) 

3.3 X 10-4 X 0.815 = 2.7 X 10-4 

for the corresponding moment of momentum. 

As this is due to the change of the magnetization from — S into 

+ S, the moment of momentum corresponding to the magnetization S is 

fo. 10%. 

This!) must be equal to 1,13 107 x the magnetic moment of 

the cylinder, so that we tind for this moment 

1735><10—+ 

1 18X 107 
A rough experimental determination gave the value 

1400. 

= ILA) 5) 

6. Approximate evaluation of effect Sa. 

We observed that a deflexion of 9,2 em on the scale was caused 

by a current that did not pass through the windings of the iron 

cylinder, but only through the compensating coil and its shunt and 

the total intensity (current in tbe coil + current in the shunt) of which 

was 124,5 m.A. The resistance of the shunt was 30 &, that of the 

coil 27 2. The night before the coil had been used for the com- 

pensation II in the same position and with the same shunt, but then 

the intensity of the current had been only 29,7 m.A. If therefore 

that current had acted on the cylinder, it would have produced the 
permanent deflexion 

DNC. 2 

The value of the remanent magnetism follows from the curve of 

fig. 2, where OD: OK = 0.14. 

Thus, the remanent magnetism is 0,14 time CA. 

The couple, with which the residual field acts on the (horizontal) 

magnetization has the same magnitude as that which gives rise to 

1) A. Emstem and W. J. pe Haas, loc. cit. p. 3. 

2) The volume of the cylinder is 150 cm*, so that this calculation gives for the 

magnetization per unit of volume 800. 
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the deflexion of 2,2 em. We may therefore say that there would 

have been a permanent deviation of 0,14 < 2,2 — 0,31 em, if the 

couple with which the residual field acts on the remanent magnetism, 

had existed permanently. 

The angular acceleration which this couple may produce is found 

by multiplication of the permanent deflexion by »,°*). Thus we find 

for the acceleration on the scale 

41 
Na NCI): Ol 

1 
0.31 = 3.3 m/s. 

0 

Now the couple in question gives rise to effect 3a, when it acts 

during sy sec. It therefore causes a sudden change of velocity of 

3, 
oo 3 —_ 

0 == 0.04 m/s. 
oO | 

As at each impulse the first effect gives rise to a velocity 0,21 °™/scc, 

effect 3a has been about 5 times weaker than effect 1. 

7. It must be remarked that our conclusions are drawn from the 

following phenomenon. By continually regulating compensation II 

the amplitude of the oscillation of the cylinder is made to pass 

through a minimum, while the phase is reversed. If it is O at first, 

it finally becomes + 7, passing through + 7’ when the amplitude is 

at its minimum. 

Now it might be thought, that this could be caused by effect 2 

alone without the intervention of 1 or 3. Let us suppose, that the 

current in the compensating coil is first O and then increases to a 

value far above that which is required for the compensation II. Then 

it might be said, that there is initially a vibration 2, caused by the 

action of the residual field on the horizontal magnetism of the cylinder 

and that gradually a second vibration u of opposite direction, caused 

by the action of the compensating coil on the magnet fixed to the 

cylinder, is added to 4. 

Now if it might be supposed that the vibration u had not exactly 

the opposite phase as 4, but a slightly different one, the value 0, 

would not be reached, but only a certain minimum and at that 

minimum the phase would differ + 7’ from that of 2 or u. 

To this we may object that in reality, whatever be the position 

of the magnet and the axis of the compensating coil with respect 

to the horizontal magnetism of the cylinder and the residual field, 

the actions, which cause the vibrations + and u have exactly opposite 

1) Because if the deflection is «, the elastic couple causes an acceleration 72% 

(see the equation of motion). 
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phases. The observed phenomena can only be understood by assuming 

that besides 4 and u there is another vibration (1 and 3), which 

appears when 4 and mw neutralize each other. 

(As, on account of the self-induction, the actions giving rise to 

A and u do not begin quite simultaneously, this is a cause for a 

small difference in phase. But this is just what we have called 3, 

so that it has been taken into account.) 

These experiments were carried out in the physical laboratory of 

the Trrrer-Institute at Haarlem. I readily express my thanks to the 

Directors of the Institute and to the Curator of the Laboratory for 

their so kindly putting at my disposal the necessary apparatus. 

Physics. — “On the injluence of alternating currents of decreasing 

intensity on the magnetisation of tron.” By Dr. G. J. Erras. 

(Communicated by Prof. Dr. H. A. Lorentz). 

(Communicated in the meeting of Jan. 29, 1916.) 

1. It is generally supposed that magnetized iron is quite demagnet- 

ized when placed in a magnetic field of alternating direction, the 

intensity of which decreases to zero. It is however desirable to inves- 

tigate this process more closely. As we must then necessarily use 

a definite representation about the magnetic state, we shall suppose, 

referring to the considerations of Weiss, that iron consists of a very 

great number of “elementary crystals’. Of each crystal we shall sup- 

pose that its magnetic moment can be directed along one definite 

line only either in positive or in negative sense. We shall neglect 

the mutual actions of the neighbouring erystals. Further we shall 

idealise the case by supposing that there exists “complete” hysteresis, 

so that all magnetic moments keep their direction, when the 

magnetizing force has vanished. 

In unmagnetized state the magnetic moments are equally distri- 

buted over all direetions,-so that the resulting moment of the iron 

is zero. Let us now suppose that an external magnetic force H is 

working and that a magnetic force 4 in a sense opposite to that of 

the magnetic moment of an elementary crystal is needed to let this 

moment change its direction. Then all those magnetic moments that 
h 

are lying within a cone with a top equal to 2 are cos = will do so 

and the corresponding elementary erystals contribute to the magne- 

tisation of the iron. 

84 

Proceedings Royal Acad. Amsterdam. Vol. XVIII. 
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Let now the iron be magnetized originally in such a way that the 

magnetization is due to the magnetic moments lying within a 

definite cone. To demagnetise it, we shall then begin with a field 

in the direction of the magnetisation and of such an intensity which 

we shall denote with H, that the magnetization caused by this field 

is greater than the original. All magnetic moments within the 
h 

cone bg Or will then form a sharp angle with the direction of H,. 
1 

The number of magnetic moments the directions of which are lying 

between the conical surfaces with the half top-angles «a and a + da 

may be represented by 21m sin eg. de, where n is a constant. If the 

magnetic moment of one crystal is 7’, each of these magnetic moments 

gives a component of the magnetization mm’ cosa in the direction H/,. 

Therefore the considered magnetic moments contribute to the magneti- 

zation in the direction H, 22nm’ sin « cos a. da. Integrating this between 

O0 and a, we obtain for the magnetization in the direction H, 
h 

M = 2xnm’ (1 — cos? a). Now cos a == En and let us put 2 anm' = m, 
1 

which thus represents the magnetization when all moments have been 
. 2 

tipped over viz. at saturation, so that M, =m (: — a If after Hy?) 
the reversal of the current which produces the external field, the 

magnetic force is H, (we shall suppose H, << H.), part of the magnetic 

moments changes sign, the magnetization in positive sense diminishes 
h? 

thereby by m (: = ) while that in negative sense becomes 
2 

h? ee ; 
M, = —m{|{1—-—~). After the next change of direction of the 

lab 

current again part of the moments changes sign in positive sense, 

the magnetization in negative sense diminishes (in absolute sense) by 

pie . . i . . . 

m(t — a) while that in positive sense increases by this amount. 
8 

In this way we may proceed always decreasing the external field. 

On a continual decrease of the field we shall obtain at the end 

H<h, so that no moments can change sign any longer. If now 

HA, is still just >h, while Hz, <h, the erystals that bave been 

tipped over at the last moment will keep their negative direction. 

The sum of all magnetizations in positive sense is now given by 

M, — M, + M,...— Ms,, that of the magnetizations in negative 

sense by — M, + M,...— 2 Mz,, so that the resulting magnetization is 

M=M,—2M,+2M,...—2My. 
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2. Let us now suppose that the alternating magnetic force is a 

function of a certain parameter w; then the magnetizations J/,. M,. 

too will depend on w. 

This quantity may e.g. represent the intensity of the current in 

the cireuit which produces the field //, the electromotoric force in 

that circuit or the resistance. The expression of J/ may be written 

in this way 

M=(M,—2M, + M) + UL ZM, Mt 
- + (Mops — 2M ape + Mop) + es, SS BE 

If now we choose rz as the independent Sue and if its varia- 

tions, which we shall suppose to be all equal to each other, be 

denoted by £, a development in a Tarror series gives 

x: 5 v4 4 

ee eM Ee 24 = 
2! dar 4. ans 

For M we now obtain 

92-2 Pd Marti  2°—2 Pt dM, 
gee > dd 

att) dx? 4! 5 dz I f 

If 8 is very small, we may write approximately 

- Mapt — 2Msy , 

and replace further the summation by an integration. 

We may now distinguish different cases: 

a. We may assume the electromotoric force which produces the 

current for the field #7, to be constant and the resistance in the 

circuit to be increased gradually. If the electromotoric force is L, 
’ 

the resistance w, we can represent the field by MZ —= 7.—. In this 
w 

case the resistance w must be substituted for the parameter 2 and 

the increase w of the resistance for the quantity £. This gives 

5 h? R h? we don 

Map =m | 1 —— eS) ee m (1-5 — rd 
Wo 8 aie 

From this follows 

d Mansy 2mh? 

duw 9,4) ER ine soe ij 

while the higher derivatives become zero, so that we obtain 

2mh? mh? wo, a 2mh?w’ “op 
MSS = -.(p — 1)» m ee 

fiet De hdd jf. 

Let us now suppose that Hs, is only very little greater than h, <p 

so that we may put Hs, =, then we obtain finally 

84* 
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where the fact has been attended to that w is small with respect 

to the resistances with which we are concerned. 

There remains therefore a magnetization in positive sense, which 

is smaller as the changes @ in the resistance are smaller. If we 

suppose however 5,4, to be only little smaller than /, so that we 

may put Ha, —h, M proves to be negative of about the same 

value. For A= $ (M2, + Haji) M will be approximately equal 

to zero. In that case the magnetizations of the different conical 

surfaces just neutralize each other. 

hb. We may also suppose that the electromotorie force / decreases 

with equal steps «. Then /# must be substituted for w and « for &. 

Leaving the resistance constant and equal to w we obtain 

ul mn hw? | EE dM 3) mh*w? 
Mou — M ( TT EE ‚sot at == F Ee ’ 

GEN Shy de and so on 
' dE! fe Ee d 

Now: 

ne: E (oy es 
fs 0 (£,--2ne)* 

+ 5 (24!—2) 6’ 5 — : —t.. | m Ben - at 5 
o (Z, — 2ne)* FE op Vi fo» 

If, supposing « to be small, we keep only the first of the terms 

between square brackets, and replace the summation by an inte- 

gration, we finally obtain, after having put again Hs, =h and 
= 

assuming that ¢ is also still small with respect to /5,, 

mfe h® m es. H, h* 
M=—| 3 —— ]= - lS ult 

hw Jobe Eh ETE 
1 

If we may no longer consider ¢ as small with respect to /,, the 

first term between the brackets has still to be multiplied by 

€ . . . 

1— —. In each case M/ can be made arbitrarily small by choosing 
21) 

« small enough. Where however in the expression for M the factor 

EE Nowe ; 
=, occurs. which will be a great number, ¢ must be very small 

L 

with respect to /,, in order to make M small. In the first case 
h . 

we have the factor —, so that there we need not choose w so 
1 

exceedingly small with respect to 2,. 



1505 

If the steps ¢ are not infinitesimal, this simple way of calculation 

cannot be applied any longer. In that case we write the series 

M=2(M, — M, + M,...—Ms,) — M, = 
2mh?w* | 1 = 1 L NN 1 | 

ata. (Eee) (Beast) Ap 
2mhwf 1 1 1 | mh*w? 

—— | — - +... 4- —— =U Se eee 
EER ee ple. DA 

1 

By using the properties of the gamma-functions we can expand 
o o 

= 

Oe : ; JF, 
the series in square brackets in ascending powers of gas however 

i 2e 

the result is rather complicated I shall not write it down here. 

c. We may also suppose the external field to be produced by 

a current which decreases as a damped oscillation, as is the case 

with the discharge current of a condensator. Then we may write 

A, = H, .e—-— if x is the period and & the damping. This gives 

Hie 
Mn = M E = 

nl he | ; 

Va bis 

If now Ho, is still just somewhat greater than /, so that we may 

put Ho, = h, we obtain / 
lh? 

Sn 
Eee 

1 

[1 — e2ke 1 etks |, — Pp ke] —m+ 

om i? se 
I m + =) (e2"= — 1) 

oe eke $1 
For very small damping this becomes 

h? 
M = mkt (: IS ) j 

HEL? 

If on the contrary 2,4; differs only very little from /, so that 

we can put Hs, — h, M becomes negative and equal to 

h? 
m ( 1 — — (ek) 

Eee 
en En 

e2kr TEN 

4 h? 
For very small damping this becomes J/ = — mkr (1 — = If 

1 

Hop nia Hop 5 ° N 
h=— 5 >» M is approximately zero. Generally however and 

principally when the damping is rather great so that e.g. Hs, is 

considerably higher than /, while //, 

h, M will have a certain value, either positive or negative. In such a 

41 18 somewhat smaller than 
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case the resulting magnetization may very well be measurable. In this 

way most of the apparent contradictory observations on magnetization, 

caused by discharge-currents of condensators must be explained; for 

the obtained magnetization is often just opposite to that which would 

be expected. 

3. Further we may put the question, what the magnetization 

becomes when on a continuous current of constant intensity we 

superpose an alternating current, the intensity of which diminishes 

to zero. Here too we shall hold to the conceptions of Weiss 

in the simple form given them above. Let the field excited 

by the continuous current be M, and have a positive direction and 

let the field of the alternating current successively have the values 

H,, H,... where H,,H,... may be positive, H,, H,... negative. 

If H and H, have the same direction, we have originally a 

field H,+-.H,; after a change of sign of the alternating current, 

the fields have the opposite direction and the resulting field is 

-—H, + H,; after the second change they are again equally directed 

so that the whole field is H, + H,, and so on. The magnetizations 

corresponding to these fields are resp. (without attending to the 

De h? 
sig =m |1l— — dl 1 Ma sign) M,=m | EL nd f, „| a | m 

h? 

i EE) 
-+, In general 

: he - hr ® 

Mo, == = 5 = ; Moy 41 ml nt 5 5 ’ (=): (Hon4i+H,)*_ 

Now generally Ha, < |A2,|. If however Ho + H, >| Ho, —A, 

(where always |H», is supposed to be larger than h—+ H,, as 

else no sudden change of direction of the crystals would be 

possible) the cone which by the field |//,| — H, had “changed 

sign” in negative direction, will again as a whole’ “change sign” 

in positive sense by the field MH», + H,. As long as therefore 

Hon + H, >> Hol — H,, or what comes to the samelHonl — 

— Hoge Z2H,, there will be no magnetic moments making an 

obtuse angle with the positive direction of the magnetic forces within 
h 

the cone the half top of which is given by cos a — EE „Within 
Nas H 

this cone all moments must have been “tipped over” in positive 

sense, so that the resulting magnetization must correspond to that 

cone. This changes however when HH, becomes smaller and smaller, 

because then from a certain limit the condition is no longer satistied 

0 
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that Ho, — Han < 2H,. If this is no longer the case, then 

after change of sign of the current part of the cone remains 

“tipped over” in negative sense, which part will not be “tipped 

over” in positive sense with the rest, as the magnetic force is too small. 

Let us consider this more closely and suppose e.g. that the tension 

of the alternating current remains constant, but that the resistance 
7 

: fi 
gradually increases. We may then put /7—=*——, where the resist- 

w 

ance w (in which the inductive resistance is included) continually 

increases by the amount w. Then we have in general 

ol so; Hee 
Ho! = Ho = J —=- d : 

Wan W2n+1 Wan + W 

and therefore 

hie E.w 

A er ae 
. ‘ ss Wan (won +o) 

We see that these differences always become smaller. Now the 

above mentioned condition is 

7.E.@ 

Won (wan +w) 

Let now H, be so small, that this condition is not satisfied. This 

Tile 
will be the case when “> 27,, or approximately, if 

(w, + w)(w, + 2w) 

the steps @ are so small compared with the resistance w,, that 

aso : : : _ oO 2H 
—— > 2H,, for which we may also write — >—— 

so, there will in the beginning remain each time part of the cone 

“tipped over” in negative sense. From a certain limit however the 

If this is 

condition 
he 
ee 
W2n (wan +a) 

will be satisfied and from then the whole cone will remain positi- 

vely magnetized as we have seen above. Because of the smallness 

eee Be ae ee ee 
of w we may write for this limit-condition “__—-< 2H,. At the 

WM 

limit the resistance will have a value given by —— =H, 

. : ‘ft. H.ow 
which gives wy = TD Let Wap < Wy < Wap. 

a) 

Now the resulting magnetization becomes 

M=M, —2M, +2M,—... —2 Mop + 2 Mops. 
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and as wa, =w, + (2n—1) a, wong = wv, + Anw, 

face ole 
Hu = 

5 w, + (2n—1)w , w, + 2nw 

and further 

h? h? fw, + (2n—-1) wi? 

Mo, =) A A 
(H2,—H,)° De p= A fw, <b (2n—1) of? 

h? h* we, +- Zn" 
Me 4 =m) 1 =| ==) 1 ~-- 

. (Hani + Ho) IFE + H, (w, +5 2na)i? 

Now we have 

M=2(M, — M,+ M,—...— Ma) — M, +2 Map = 

= ie We, EE EE + 2mh? = Liaw COEN 
n=0 VE Ie H, Ge, i + 2nw)}? aa Le E-H, „he, TE (2n Doi] 

(TE Slime w 2p 

— m| 1 — —————__| + 2m| i - - 
(FE + w,H,) ES ay Wo) 44 H HE 

If the steps w are small, we can replace the sums by integrals 

which gives 

2p W2p+2 
Vu mh? (> wedw ; mh? | we dw 

5 eed ee + fH, w)? wo) (fE—H,w)? 
wi Wa 

bw,” hw? att 
—_m| 1 — ———____ | + 2m] 1 2) 

LE (fE + w, H,)’ (fE 4 En Wad H ) 

For the calculation of this expression we shall suppose H, to be 

small with respect to the magnetic force of the alternating current, 

which must be the case as Jong as 2 H, <|Hor| — Hana: where we 

suppose the difference of Hs, and H2,4; to be small with respect 

to each of these quantities. In the expansion we therefore omit the 

terms with powers of //, higher than the first. Further we shall 

neglect w with respect to the resistances ww. So we obtain 

jj hw? “opt WH, 4 , 
M=m)\ 1 ri EP a. ap BE (w pl — W, ) 5 

By introducing the above derived boundary-condition, w,=— 

jEw 4 RA 
== SE and by putting 2,14; = w‚, which is allowed, as the 

OUR 

Ww 

— at the most, we find 
Wip 

error caused by it will be 

1) Making use of the properties of gamma-functions we may also in this 
= 

I , : : : if 
case expand the summations in ascending negative powers of ‚ where the 

steps w must he treated no longer as infinitesimal. 
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ho w,* 
M=m| 1 — - 1 + ——— 

4H, Hw, Wap 41 

If w,* may be neglected with respect to w*s,41, this becomes 

hw 
MS mj : 

4H, H, w, 

These expressions show that M/ increases with H,. If //, is so 

great that the mentioned boundary-condition is satisfied by the 

1 

the first formula for J/, while at the same time 2,41 becomes 

resistance w,, so that w,=w,, we may no longer neglect w,* in 

Va 
h?w,* 

. . aR 

equal to w,. Now the magnetization .becomes J/ = im () ep 

as might be expected. : 
The magnetic force H/,, however, does not occur in this formula, 

because in the calculation the term containing MH, has been neglected 

with respect to the other terms with /7, where @ oceurs in the 

denominator, while in our case these terms just neutralize each other. 

If now //, continually decreases, the resistances for which the 
limit where w= w, will be reached constantly, become greater, 

while .W continually diminishes. This however cannot go on unli- 

mitedly. A. second limit now is given by this, that at the end an 

intensity of the field < / is reached, for which therefore the ‘tipping 

over” becomes impossible. If this limit g’ is reached sooner than the 

other limit gy, the series must be broken off at the limit g’, for 

which therefore H, = h. Let us suppose |He,|— H, > H,; > 

Hap + H,, while the limit y is not yet reached. We then obtain 

M—M,—2M, 4 2M,....... 2M, 
ov making the same simplifications as above 

Vweps, MH, 
M= m 5 le FE air o PEs (wapp) | - 

8 med : 
If we put /1o,4, + H, =h, so that wa, a or approxima- 

0 

j.£ : 
tely, as H, must be small with respect to h, wo, Sn we find 

L 

wa ESE, ej ref, em) 
wh? wi, +4 a OTE wap hi 

If w,* may be neglected with respect to 2*s,4; this becomes 

paras, 
wh? 

Here must be remarked that these expressions only remain valid 
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as long as H, is small with respect to 4, as we saw above. More- 
over, if HZ, was of the same order as A, the limit g would be 
reached already much sooner at a much greater intensity of the 
field, so that then this consideration would be superfluous. 

‘From this last expression follows now that for H, = 0 also M 
will be 0, which agrees with what we found above (where it must 

be taken into consideration that at the passage of the summation to 
the integration differences of the order w will be inevitable). As 

long as H, is very small, M increases. proportionally to H, according 
to the last formula till MZ, reaches such a value, that the limit g 
coincides with the limit g’..As the resistanees by which the limits 
are determined must be equal to each other, we shall have in this case 

VAE JE 

WER ee 
From this we obtain approximately 

_ wh? wk 

En 
to which value of H, belongs 

m w,* 
(a 

2 Woy tl] 

m 
or, when w,* may be neglected with respect to w'y41, M= 

From this point the magnetization will be given by the formula 

on p. 1306, until /7, reaches such a value that w, = w,. If H, in- 

creases still further, the magnetization will simply correspond to the 

field H, + H,. 

Practically this state will already be reached for a very small 

value of H,, a value much smaller than H,. We may therefore say 

that the magnetization is principally determined by M,, unless H, 

lies below a certain limit. In a recent paper STEINHAUS and GUMLICH *) 

describe interesting experiments in which iron and steel are magne- 

tized by a continuous current and an alternating current at the 

same time, in the way I have described above. Now they ascribe 

the thus obtained magnetization to the field H, exclusively, without 

mentioning the value of the field H,. From the preceding consider- 

ations it is evident, that this is not quite right. Nor do I think it 

true that by proceeding in the above described way we should 

obtain a so-called ‘ideal’ state, free from hysteresis. On the con- 

trary, just because of the hysteresis the final result will depend on 

1) W. SreinHaus und E. Gumuicu. Verh. d. D. Phys. Ges. 17 p. 369, 1915. 
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H, as well as on H,. Now it is true that we have also considered 

a somewhat “idealised” state, where no mutual action between the 

elementary crystals would exist and where all the “tipped over” 

magnetic moments would keep their direction, as long as the exter- 

nal field did not place them in the opposite direction, and which 

therefore might be called a state of “perfect” hysteresis; this does 

not change however that also at “imperfect” hysteresis the final 

state will depend on MH, and not only on //,. This would only be 

the case, when there was no hysteresis at all, but then every mag- 

netization-curve would be free from hysteresis, also that for a con- 

tinuous current alone, without use being made of an alternating current. 

Moreover I have convinced myself by some experiments that really 

the final state depends on the original intensity of the alternating 

current. The greater this is for a constant field H,, the stronger is 

the magnetization. If an alternating current is used we may therefore 

not say that the magnetization corresponds to the field HM, indepen- 

dently of the alternating current. 

January 1916. Physical Laboratory of Terrers Institute. 

Physics. — “On the ratio between the Zevman-ejject and the pressure- 
efjeet in the spectrum of nickel.’ By Dr. T. van LOHUIZEN. 

(Communicated by Prof. P. ZrEMAN.) 

(Communicated in the meeting of January 29, 1916). 

It will be known, that generally a connection is supposed to exist 

between the changes which spectrum lines undergo in a magnetic 

field and by an increase of pressure. In different spectra that are 

rich in lines the comparison between the magnitude of these two 

effects has been investigated among others by Kine?) for the spectra 

of Fe, Cr and Ti. 

As far as I know such an investigation has never yet been made 

for the spectrum of nickel. Therefore it seemed to me of some in- 

terest to determine also for this spectrum, which is so rich in lines, 

the ratio between the two effects. In order to use observations as 

equivalent as possible I took for the magnetie decompositions 

exclusively the observations of Miss GRAFTDIJK®), for the pressure 

1) A. S. Kiye. The correspondence between Zeeman-Effect and Pressure-Dis- 

placement for the Spectra of Iron, Chromium and Titanium. Astroph. J. 31. p. 433. 

1910. 

2) |. M. Grarrpijk. Magnetische splitsing van het Nikkel- en Cobaltspectrum en 

van het IJzerspectrum. Diss. Amsterdam 1911 and Arch. Neer]. ILA, Tome IL. 

ps 1922) 1912; 
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shifts, those of BrLHaM') as to the spark-spectrum and those of 

Durrierp®) as to the arc-spectrum. 

In his above-mentioned paper the latter author has made a com- 

parison between his observations and those of Brrmam and this 

suggested the question to me which of the series of observations 

would agree best with the observed Zrrmar-effeet and whether per- 

haps in this spectrum a closer connection might be found. 

From the observation-material it is evident that there does not 

exist a simple proportionality between the two effects. 

We may however take together large groups of lines and see, 

whether we can remark something about these groups. As most of 

the lines, which can be taken into consideration for the investigation 

give triplets in the magnetic field, while only a few quadruplets 

and sextuplets are among them, a division into groups according 

to the magnetic decomposition is not well possible. 

The different behaviour of the lines at an inerease of pressure 

however suggests a division into groups. Corresponding to GaLE and 
ApDAMs*) we shall distinguish: 

Group I. Lines which are symmetrically reversed. 

Group IH. Lines which are asymmetrically reversed. 

Group [IL Lines which under pressure remain bright and narrow. 

Group IV. Lines which under pressure remain bright and sym- 

metrical, but which become wide and diffuse. 

Group V. Lines which under pressure remain bright, but which 

are widened asvmmetrically towards the red side of 

the spectrum. 

In this division of groups all lines will be taken up of which 

BrLHam has determined the group to which they belong and the 

intensity (1) for the spark-spectrum; then also the difference in 

wavelength between the two magnetic components which vibrate 

perpendicularly to the lines of force, measured in 0,001 A. UZ. 

The following 4 columns contain the difference in wavelength ex- 

pressed in 0,001 AU. per atmosphere increase of pressure. The 

first two (B, and B,) have been calculated from the observations of 

Birnam for 5 resp. 10 atm. pressure-increase and the two next ones 

(D, and D,) from those of DurrieLp for an increase of 10 resp. 

20 to 100 atm. 

1) B. G. Buuam. The Spark Spectra of Nickel under Moderate Pressures. Phil. 
Trans 214 A. p. 359. 1914. 

2) W. G. Durrrerp A Comparison of the Are and Spark Spectra of Nickel Pro- 
duced under Pressure. Phil. Mag (6) 30. p. 385. 1915. 

5) H. G. Gare and W. S. Avams. An Investigation of the Spectra of Iron and 
Titanium under Moderate Pressures. Astroph. J. 35 p. 10. 1912. 
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3561.92 2 | 390 1d 0.7 355 557 
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3467.63 | 2 | 374 | a Aas | 
3469.61| 2 | 501 | | | 

HI 6 | 447 Le | 319 | 

3483.95 | 6 | 242 1.5 | 161 | 

3501.01 | 3 | 358 1.5 1.5 239 | 239 

3519.90 | 3 | 231 | 2.0 | 1.9 1.4 | 116 | 122 165 

3528.10 | 3 | 370 18 | 206 | 

3548.32| 3 | 464 | 5.0 | 2.1 | 1.2 | 93 | 221 | 387 

3572.06, 6 | 358 |:2.4 Ls | | 1.9 149 | 199 188 
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3612.91 
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3669.39 
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3674.29 
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3722.62 

3736 .96 

3775.74 

3807.29 

Mean: 

3635.07 

3662.11 | 

3694.07 

3972.32 

4142.47 

4331.83 

4359.70 

4520.16 

4686.41 

5137.23 

5424.85 

5436.10 

os) 
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Group II (continued). 

| | 

1.4 it 199 253 

NUENEN 238 | 102 | 238 

1.6 | 3.1 | 1.8 | 349 | 180 | 311 

2.6 | 6.4 | 2.2 | 174 | 174 | 70 | 205 

1.6 | 4.4 |1.4 113 | 198 | 72 | 226 

EEN, 

12 eSnl ses 275 | 107 | 254 

De Soe ok oo 

1.9 | 4.2 [1.7 {120 | 165 | 75 | 184 | 

210 23. 7al se 290 157 322 

2.9 | 2.2 309 408 

1409 1.6 355 222 

2.2 | 1.0 | 1.5 | 158 | 172 | 379 | 253 

1.8 | 3.0 | 1.5 | 339 | 339 | 204 | 407 

1.9 | 3.9 | 1.7 | 120 [226.5] 135 | 251 

Group III. 

5.1 | 4.7 | 1.5 

3.5 | 3.7 | 11 | 

2.5 | 2.6 | 1.0 

2.8 | 1.2 | 0.8 

| 3.2 | 10.5 

4.4 | 6.3 | 3.0 104 | 73 | 152 | 

[10.6 | 11.5 12.2 | 63 | 58| 55 | 

ae 
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Group III (continued). 

2 I Z By By D, | Ds 2 | = 5 5 | oo 
: Zake 2 | BorD 

5578.98 | 2 | 

5588.12| 2 | | | | 

5709.80 3 A | | 

5112.10 2 | | 

5748.57 1 | | 

5154.86 | 4 | 1350 

5893.13 3 | | 

6116.34 4 

Mean: 825) 5.6 | 4.6 | 5.8 | 3.3 | 84 | 66 104) 85 

Group IV. 

3454.29E.| 2 | 506| | 15| | | 337 | 337 
3471.50E.| 2 | 600 | | 

3516.91E.| 6 | 425 | 10.2| 8.2 | 42 | 52 | 41 
g169.62E.| 5 | 549 | 11.0| 7.7] 4.0 |1.4| 50 | 71 | 137 (302 162 

3849.10E.| 5 | 319 | | 14.9 | | a| | a 

3889.80 3 | 450 | | 5.9125| | | 76/180 128 

4015.65 3 0 | 18.2 | Fonos | 0 
4007.20E.| 6 | 463 | | 
4600.58 3 haga | | 
4855.59 3 | ea he Oe 
4904.57 6 740 | | | 

4980.36 6 702 | | 

4984.30 6 | 483 een litt 
5080.70 5 | iw dl | 
5081.30 5 | | 

5142.96 2 | Rat 
5146.64 4 | 610 | 
5155.91 4 | 740 | | 
5168.83 | 4 | | 
5411.50 2 | eS 

5805.45 2 | ie jh 

5858.03 | 3 | | | | | 

Mean: 529 |13.1 | 8.1 | 5.0 |2.0! 31 | og | 107 |2e6 | 116 
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12.1 | 16.2 | 10.9 43) 32) 4a 

10.2 | 11.6 | 12.0] 57 | 50 | 48 

9.3 | 10.2 |10.9| 56 | 51 | 47 

9.9 | 12.3 | 9.5 28 | 23 | 29 

8.9 | 12.4 | 11.0] baal sss es 

11.8 | 14.1 [10.3 40 | 34 | 46 | 



ae co pa Gr 

j I Z j ZIE hm Dbl sle| a | a ae 

5115.55 «6 680 | | 

5265.89 1 

5268.59 2 

5371.64; 4 | 

5592.44 4 | 

5615.00 3 | 1060 

5715.31 5 1160 

5761.10 3 | 990 

Mean: 678 | 16.4 | 9.7 | 11.6 | 9.5 46 38 | 43 | 43 

The ratios given in the last column are sufficiently indicated by 

the symbols at the head. 

From the observation-material given above it is evident that there 

are still many observations to be made before we shall be able to 

compare ZrrMar-effect and pressure-effect for each given spectrum- 

line. Most observations have been made for the groups I and II. 

For group Ill fewer. It is remarkable that just in this group nearly 

all determinations of a magnetic resolution are missing. Though 

also in the following groups some investigations of this effect are 

missing, this lack is so conspicuous in the third group that the few 

measurements eccurring in column Z more resemble exceptions. 

Already this phenomenon proves the suitableness of a division into 

definite gronps. Of the lines of this group we might then say the 

following: 

These lines taken together in one group because at an increase 

of pressure they remain bright and narrow, show also the same property 

to be of so small intensity at an investigation in a magnetic field, 

that they are not or hardly observable. So Miss GRAFTDIJK gives 

for the three lines of which still a 4. E. could be determined the 

intensities: 2, 2, 1, so that they belong to the weakest visible lines. 

Therefore the circumstances under which in Miss GRarrpisk’s 

experiments the spark-spectrum was excited (with an ordinary in- 

duetor) prove to bave been such, that the lines of group III together 

could not reach a sufficient or only an exceedingly small intensity. 

85 
Proceedings Royal Acad. Amsterdam. Vol. \VIII. 
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It would be interesting to know, how these lines behave in a 

magnetic field, if they have been excited by other means e.g. by 

those of which Bmnam could dispose. Evidently for this group the 

comparison of ZpEMAN-effect and pressure-effect can be only very 

incomplete. 

Still I thought it suitable to point to the remarkable absence of 

the lines of this group in Miss GRAFTDIJK’s observations. Possibly 

this remark may still be useful for an explanation of the connection 

which in all probability exists between the two effects. 

The incompleteness of the groups IV and V must principally be 

ascribed to the want of quantitative observations of the pressure- 

effect. For these groups the measurements of the Zurmman-effect are 

rather complete. 

Though Brrmam has qualitatively investigated the given lines, which 

has rendered possible the division into groups, he has unfortunately 

not made quantitative measurements on them. Also in DurrieLp’s 

paper we miss most lines of these groups. 

I have still mentioned all these lines, that in any case I might 

be able to say something about the value of the Zneman-effect for 

each of these groups. 

Let us now firstly consider the magnitude of the two effects 

separately and let us begin with the Zevman-effect. 

Then we can directly remark that the different lines which belong 

to one and the same group have not all the same Zueman-effect. From 

the numbers it is also evident that this will neither be the case with - 
da Beets 

the quantity : Pere from which it will be known that in spectra 

showing line-series it is a constant for the lines of the same series. 

Because of the different values of the Zrnman-effect it seems therefore 

for the moment impossible to find spectral series in these groups, the 

existence of which is suggested by the analogous behaviour of the lines. 

Still we can make some remarks on the different groups. Exelu- 

ding group III because there is too-little observation-material, we 

can make up for each of the groups a mean value of the ZremMAn- 

effect. From these values: 380, 405, 529, 678 we see directly that 

the first two groups give the lowest value of this effect. For the 

groups IL and I these values differ only slightly from each other, 

which behaviour we shall find back for other quantities which we 

have calculated for these two groups. From the five groups we 

have distinguished, , these two are the least different ones. With a 

single exception the lines of the groups IV and V show larg« 

ZreMAN-effects. 
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This is still more evident from fig. 1, where for each group we have 

75 
70 | 

if a i 
60 

| 
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| 
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| 
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15 
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5 aes 
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clearly indicated the percentage of the lines of each group that 

shows a Z.E. (expressed in 0.001 AU) from 0—50, 50—100, etc. 

From this we see that group I has a sharp maximum between 350 

and 400 (73°/, of all lines). Further that also group II shows a 

maximum in that same region though much less sharp (27° ,) and 

that this group shows already distinctly some inclination for greater 

Zrrmar-effects. The groups IV and V have each two equivalent 

maxima viz. for group TV between 450 and 500 and between 700 

and 750 each of 21°/, with a lower maximum (14°/,) between them 

and for group V between 500 and 550 and between 650 and 700 

both of 16°/, while between these lie still 24°/, of all the lines of 

this group. 

Considering now the observations on the pressure-effect, then 

we directly remark that for the lines of one and the same group 

the magnitude of this effect is very different. That for one and the 

same line observations of the are or of the spark-spectrum would 

give somewhat different values was to be expected a priori, but 

that observations on the same line in the same spectrum give such 

different values of the pressure-effect per atmosphere seems very 

strange. 

From the observations of Binnam at 5 atmospheres over-pressure 

(B) we find a higher value for the pressure-effect than from those 

of the same author at 10 atmospheres over-pressure (B). We may 

therefore directly conelude : 
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In the nickel-spectrum the pressure-effect is not proportional to 

the increase of the pressure. 

A general study of the question how then the pressure-effect changes 

with the pressure cannot be made from the present observation- 

material. In general there is no regularity to be seen, though for 

most of the lines B, > B, which indicates that for a strong increase 

in pressure the shift changes less, but to this rule there are excep- 

tions e.g. group 1 (4 3524.69 where B, << B,, and group Il (4 3610.68 

and 4 2807.29) where B, =B.,. 

Still it is remarkable that the groups I and Il have the same 

mean value of 4, and B, (2.8 resp. 1.9). For group IV these values 

(181 resp. 8.1) are in a ratio to each other which is a little 

greater than 2.8 and 1.9. Of the groups III and V nothing can be 

said because there are too few observations of B. 

That for a pressure-increase of 5 atmospheres we get a larger 

shift than for one of 10 atmospheres as is the case for 43548,32 

(Group I) (for 5 atm. 5 X 5.0 = 25 and for 10 atm. 10 2.1 = 21) 

will make the explanation of the pressure-effect still more difficult 

A similar case is found for 23972.32 (Group II), for which Birnam 

observed the same shift (28) for 5 and for 10 atmospheres pressure- 

increase, from which it follows, that an increase of the pressure 

from 5 to 10 atmospheres does not shift the spectrum line. 

Let us now consider DurrieLp’s observations. Here also we find, 

that the shift per atmosphere calculated from the lower pressures 

(10 atm.) (D,) is generally larger than that calculated from the 

observations at higher pressures (20—100 atm.) (D,). Exceptions are 

found in group I for 23783.67, which line shows in the are-spectrum 

a shift proportional to the pressure-increase; further for 4 3775.74 

in group Il where at a stronger pressure-increase the shift increases 

more than at a pressure-increase to 10 atm. Something similar, 

though in a less degree, is found in group III for 2 4359.70 and in 

group V for A 4401.77. 

tases in which the differences between the observations at low 

and high pressure are very pronounced are found e.g. for 2 3597.86 

and 23610.68 of group II. 

As to the four first groups the ratios between the means of D, 
and D, are then higher than those of the means of /, and B, as 

is shown in this table. For the lines of group V the ratio between D, 

and JD, for one and the same line approaches more and more to one. 

The comparison between the columns 4, with D, and D, has 

been made by Dourrierp *) already, who has however not extended 

ete: 
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Group Bi/p Di/p, 

| I 1.47 | 2.00 

Il 1.47 2.30 
| 

| lll 1.22 1.76 
| 
| IV 1.62 2.50 

| Vv 1.69 1.23 
| 

the comparison to £. In that case he would have found for 

2 3619.54 (group I) a better agreement between B, and D, than 

between B, and D,. By the comparatively small number of obser- 

vations 5, however, this investigation would not have brought much 

new light. 

If for a moment we compare stil the results for the shift per 

atm. from the observations at 10 atm. overpressure in the spark- 

spectrum with those in the are-spectrum (viz. B, with D,), we see 

that generally the shifts in the arc-spectrum are larger than those 

in the spark-spectrum, though also here are exceptions found 

e.g. for 43783.67 in group 1, 23775.74 in group H, 23972.32 in 

group III, 23769.62 in group IV and 3973.75 in group V. 

(Must we consider it as a coincidence that these lines 4 3769.62 

43775.74, 23783.67) and (4 3972.32 and 43973.75) lie near each 

other in two groups? Is it possible that in the observations on the 

pressure-effect a mutual influence can play a part here, as is some- 

times found in observations on the Zppmar-effect >). 

The ratio between the mean values of B, and D, is different for 

the different groups, as is evident from the following table: 

Group Di/g, 

I 1.68 

I 2.05 

HI 1.26 

| IV 0.62 

V 1.20 

Only in group IV B, > D,, but perbaps this may be aseribed 
to the small number of observations that have been made in this group. 

Let us now proceed to the investigation, in how far there exists 



a connection between the two phenomena which we have now 

considered each separately. 

Thoagh, after what we have seen of the different results for the 

pressure-effect, we can directly say that there is no question of a 

direct proportionality between the two effects, we may still make 

up these ratios, as in any case they will teach us something about 

the ratio of the magnitude of the two effects in the different groups. 

As far as there existed observations of both effects for the same 

spectrum line, I have therefore calculated these ratios and put them 

Ce Ae a 
in the columns : , — and —. For each line I have given in 

B’ B, D, Dp 
the last column the mean of the number occurring in each of the 

other columns separately. 

Even if we confine ourselves to one and the same column, a 

preliminary consideration shows already that these ratios have very 

different values. The import of the “Means” given below must there- 

fore be taken in a wide sense. Fig. 2 clearly shows how the ratios 

are divided in the different groups. 

he Ae TT eee Group I 

a Group II 

5 == GroupslV, 
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Group L shows a maximum at + 150 with which smaller 

maxima are connected. In this group there occurs a maximum 

quite separately at + 450 where 4 lines are found which have 

nearly the same mean ratio between the Znrman-effect and the 

pressure-effect viz. 

2 3561,92 ; 3624,69 ; 3739.38 ; 3783,67 with a ratio 

456 451 446 450. 

With the exception of one value of a line which shows Pr. E., 

but no Z.E., the ratios of group II vary between 136 and 356, 

that is between narrower limits than those of group I. The highest 

maximum lies at 230. 

As of group IIL only two ratios could be calculated, this group 

has not been taken up in the figure. From these two means: 110 

and 59 we can infer little. 
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From the figure is seen that the ratios of group IV are distributed 

over a wide region without showing anywhere a trace of a 

maximum. 

Group V shows a very small region in which all values of the 

ratios are lying, viz. between 27 and 52. Except for the first line 

for which no Z.E. has been determined, the values of B,, D, and 

D, show here a very great and rather good agreement among 

each other. If therefore in any group there can be question of a 

direct proportionality between Z.E. and Pr. E, it will be for the 

lines of group V. Unfortunately Bituam has not extended his 

quantitative observations over more lines of fhis group; else we 

might perhaps have been able to verify this conclusion still better. 

After this explication of the figure we may use still further the 

VN ZL 
numbers given as “Means.” Assembling the means of — ,—,—, = 

B Beep Dy: 
LE Z 

and ——| viz. the mean of = sl in a table, and reducing those 
Fy Bor De 5 

of the first group all to one, we obtain: 

a Z 7 Z g ZE 
P B, B, D, D> DE 

= eas ze er 

I 1 1 1 1 1 

ll 0.84 0.93 0.85 0.82 | 0.90 

ll 0.34 0.42 0.34 | 0.36 

Iv 0.22 0.40 0.68 0.93 |- 0.48 

v 0.19 0.24 0.14 0.18 

From this table it is evident that in the study of the ratio of 

ZwrMAN-effect and pressure-effect the distinction of the different groups 

gives as pronounced results as in the investigation of the pressure- 

effect alone. For the groups | and II this ratio is greatest, while 

group V is characterized by a very small ratio. Though the groups 

I and II show great agreement, so that Binwam') feels inclined to 

combine them to one single group, we see here that in the com- 

parison of the two effects the difference is still considerable. As for 

these two groups a sufficient number of observations was at our 

disposal, we can look upon this difference as being a “real” one, 

1) 1. c. p. 368, 



The greatest difference in the different columns is shown by group 

IV. Here the different numbers 0.22, 0.40, 0.68, 0.93 point to the 

fact that the lines of this group (to which belong all so-calied 

“enhanced lines”) are sensitive in very different degrees to the 

different ways in which the pressure-effect has been determined. As 

to the Zreman-effect these lines (except that one of them does not 

show a magnetic decomposition) ‘do not show any particularity. 

Comparing the columns with each other, we see that the column 

Z ; ZE 
5 Berees best with the column of the mean DE Also for the other 

2 

columns there may be found partial correspondences. 

Though there is not much observation-material, we see from the 

above that a division into groups can still teach something abont 

the connection between Zenman-effect and pressure-effect. An investi- 

gation, as King') made for the spectra Fe, Cr and 7% which has 

given a great number of observations, could not be carried out here. 

Perhaps that later sull more observations on the pressure-effect and 

“also on the Zrwmar-effect will be published which would give us 

the opportunity to carry out this investigation more completely. 

Physics. — “The Theory of the Brownian Movement”. By Prof. 
J. D. van per Waars Jr. and Miss Aupa SNRTHLAGE. (Com- 

municated by Prof. J. D. van per WAALS). 

(Communicated in the meeting of January 29, 1916). 

§ Lt. In different ways it has been tried to derive a formula for 

the deviation which a suspended particle will present on an average 

in a definite time in consequence of the Brownian movement. In most 

of these derivations the supposition is introduced that the particle 

when moving experiences a friction, i.e. that a force acts on the 

particle which can be represented by — pv, when v represents the 

velocity of the particle and p a positive constant. As far as is known 

to us the first of the two formulae derived by Von SMOLUCHOWSKI*) 

is the only one where this supposition has not been made use of; 

in the derivation of this formula kinetic considerations have been 

exclusively used. 

The formula derived in this way, which we shall call Sm. I, 

deviates pretty considerably from the second *) derived by Von 

Nella) tee 
2) Von SMOLUCHOWSKI. Ann. der Phys. 21. p. 769. Ann. 1906. 

5) Von SmoLucHOowSsKI! Le. p. 773. 
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SMoLcvcHowskKr (Sm. ID. While according to Sm. I e.g. the mean 

square of the deviation is inversely proportional to the square of 

the radius a of the particle, it is according to Sm. II inversely 

proportional to the first power of a. Further according to Sm. | 

the mean square of deviation in the Brownian movement in gases 

would be inversely proportional to the pressure of the surrounding 

gas, whereas according to Sm. II it would be independent of the 

pressure. According to von SMOLUCHOWSKI this does not imply any 

contradiction. He is, namely, of opinion that his formulae are 

applicable to different cases. According to him Sm. L will hold for 

the case that the free path / of the molecules of the medium is 

great compared with a, Sm. [ it will hold for the opposite case. The 

reason why according to von SMOLvCHOWSKL we get different formulae 

in those two cases is this, that in the first case the velocities of the 

surrounding molecules will be independent of the velocity of the 

Brownian particle, whereas in the second case the surrounding 

molecules will join the movement of the Brownian particle. 

Other writers (EINSTEIN '), Einstein and Horr *), LANGEVIN *)), who 

derive formulae, which just as Sm. II are based on the supposition 

of friction, do not give any information about the reason why they 

think that the motion of the particle is damped by friction, but 

probably they start from the same view as von SMOLVCHOWsKL For 

if the surrounding liquid (or gas) does not join the motion of tbe 

particle, there can be no question of friction according to the 

ordinary laws of liquid friction. But at the same time it is clear 

that the opinion that the surrounding substance should join the 

movement is in flat contradiction with the results of statistical mecha- 

nies. Gipps *) e.g. proves that for statistical equilibrium the velocities 

of the different particles forming a system, will be independent of 

each other, at least in the case that the kinetic energy is a homo- 

geneous quadratic function of the velocities, with coefficients which 

are independent of the coordinates. And this is certainly the case 

for the coordinates which determine the movement of a suspended 

particle and that of the molecules of the medium. 

But statistical mechanics teaches more. It also demonstrates that 

we should assume independence between the distribution in velocity 

and in configuration °). If we, therefore, assume that the molecular 

1) Erystern. Ann. d. Phys. 19. p. 371. Ann. 1906. 

2) EiNsTEIN und Horr. Ann. d. Phys. 33. p. 1105. Ann. 1910. 

5) LANGEVIN. Comptes Rendus. 146. p. 530. Ann. 1908. 

4) J. W. Gisps. Elementary Principles in Statistical Mechanics, p. 46—47. 

5) J. W. Gress, |. c. ch. VI. 



1324 

forces are determined by the mutual position of the molecules, it 

follows that also the forces must be independent of the velocities, 

and that a formula of the form ® = — py cannot be valid. 

Now it is true that it has appeared that the laws of classical 

mechanics, hence also those of Gisps’s statistical mechanics, are not 

applicable to all processes of nature. But we have nevertheless every 

reason to assume that for the heat’ motion of molecules and of 

suspended particles these laws hold with a sufficient degree of approxi- 

mation, so that it seems to us that the result that the forces acting 

on these particles, are independent of the velocities in case of sta- 

tistical equilibrium, is beyond doubt. 

Yet at first sight the supposition of friction seems very plausible, 

and there are different considerations which seem to show its vali- 

dity. We shall examine some of these considerations somewhat more 

closely. 

1. In the first place it is clear that a moving particle will more 

probably collide with another particle on its front side (the side 

being foremost in the motion) than on its back side, and that it 

then will be acted upon by a force opposite to the velocity with 

which it arrives. 

But it is just a closer consideration of these collisions that is very 

suitable to give us a good insight into what really happens. Let us 

consider a collision of a molecule against a wall. Before the impact 

the velocity was directed towards the wall. The force at the impact 

is Opposite to this velocity. But if we consider the force in connec: 

tion with the velocity existing simultaneously, we can divide the 

collision into two parts. During the first part the velocity directed 

towards the wall is exhausted. The force is then directed opposite 

to the velocity. During the second part, however, the molecule 

obtains a velocity directed from the wall. Then the velocity obtained 

already and the force have the same direction. On an average the 

product of force and velocity is zero, at least in case of perfectly 

elastic collision. If we finally consider the force at the collision in 

_eonneetion with the vetocity after the collision, we see that force 

and velocity have the same direction. 

For collisions of molecules inter se the same thing holds for the 

mean values as we saw here for collisions of molecules against a wall. 

Summarising we may say that every velocity v has been brought 

about by a force which some time before acted in the direction of 

this velocity, hence e.g. $ _a,/= + q». At the moment itself that the 

velocity v, exists, the force is independent of »,, so on an average 

zero; &, = 0. And after some time a force will act which exhausts 
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the velocity in that direction, so that then #4; — yv,. In con- 

nection with this we may probably put: 

d$ 
en Se en tas) wee en oe (2) 

Not the force, but its time derivative is opposite to the velocity. 

8 ES ALA dx ; 
From the foregoing it follows only that and » are opposite. That 

: . at 

the relation between these two quantities is represented by the simple 

formula (1) with s = constant, cannot yet be derived from it. We 

shall, however, find this confirmed in what follows. 

2. Another consideration, which apparently furnishes an argument 

in favour of the existence of a friction is the following: 

We call w the z-component of the velocity. Every molecule has 

a certain w at any moment, and the amount of it increases by 

wt in the time At. When the distribution of the w’s at first fol- 

lowed Gauss’ probability law, and the w’s are independent of the 

existing w’s, then it is clear that after some interval Gauss’ law of 

probability will again hold, with continually increasing modulus, 

however. It seems, indeed, necessary now to assume a friction which 

reduces the increased average velocity to the initial value, or ex- 

pressed better, which prevents the increase of the average velocity. 

This is, in fact, the way followed by EiNsrei and Hoer in the 

derivation of their formula. 

But yet we shall prove that the conclusion that now a force 

K:—=— pw must act, is erroneous. For this purpose we consider 

the following analogon. In a gas there is a plane z= 0. The mole- 

cules of the gas are subjected to forces directed towards this plane 

according to the law S.—=— fz. According to BoLTZMANN’'s well- 

known formula they will be distributed in space according to the law: 

=r als Wes 

ay 

Oe OR? RI 

in which n- represents the density in a plane z= 2,, 7, that of 

the plane z= 

Now the z-coordinate of every molecule will increase by zAt in 

the time Af. The value of 2 is then independent of z. For in every 

plane z== constant the same distribution of velocity prevails inde- 

pendent of the value of z. This would give rise to an increase of 

the modulus of the distribution of the zs. That this increase fails 

to appear is a consequence of the existence of a im If 
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this z did not exist, the gas would really spread uniformly in the 

space, in which 2* would increase. 

Exactly the same thing as we saw for the distribution of the 2’s, 

applies also to that of the w’s. Here too we must assume that the 

ws are independent of the w’s, but that there is a w=— pw, 

which brings about that the distribution of the 7v’s is stationary. If 
Ss 

we write p=, we see that the simple supposition introduced into 
m 

equation (1) is exactly that which warrants a stationary distribution 

of velocity. 

: gi a : GA en 5 
Of course this holds only for the mean force. will consist of 

dt 

two terms, one of which is — sw, and the other can assume all 

kinds of values independently of 1 and 2, equally probably positive 

ones as negative ones. Moreover the same holds in the analogous 

case of the distribution of the 2’s. Besides the z= — Ly other 2’s 
mn 

will exist there too, which are due to the collisions of the molecules 

inter se, and which can assume all kinds of values independent of 

the z’s and 2’s, equally probably positive ones as negative ones. 

In the calenlus of probability it is proved that a quantity will 

be distributed according to Gauss’ law of probability, when its value 

is determined by a great many mutuaily independent causes. We 

now see that in physics, when we consider the many collisions of 

the molecules as the many causes, the existence of these many 

causes is not sufficient to account for the actually existing stationary 

distribution according to the law in question. We must moreover 

assume that the second time derivative of the quantity distributed 

according to Gauss’ law is proportional to that quantity, but of 

opposed sign. 

§ 2. In connection with the above sketched views we shall now 

try to find a formula for the mean deviation of a suspended 

particle. We have not succeeded in finding a derivation of such a 

formula which satisfies high demands of accuracy and certainty. 

We hope to have found a not too inaccurate approximation in the 

following calculation. 

We start from the relation: 

u=—pu+tq Moe SRS eee hes (2) 

multiply both members by df, and integrate with respect to {during 
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a time &, of which we suppose that the integral f gd, taken for 

different successive intervals 0, yields values which are independent 

of each other. We shall represent these values by Q,, Q, ete. If 

we further call the path passed over in 3 s,, we find on ‘integration 

over a number of r intervals: 

4 
AN 

il udt = UU; =—ps, + Q, 

feat 44 EEn = —ps, + Q 

(v--1)0 

Summation of these equations yields : 

Ht =u, =—pts+ 22. 

By taking r large, the terms of the righthand member increase inde- 

finitely, whereas the lefthand member, which consists of two terms 

only, will not increase. We can, therefore, choose v so great that 

the lefthand member may be neglected. Then, if we represent Xs, 

the quantity which we wish to determine, by A, we get: 

in 
A=—2Q 

P 

= TE 
A = ee 

Pp P P P u” 

This follows from the supposition that the quantities (} will be 

independent of each other. 

In order to get an estimation of the value of the righthand member, 

we proceed as follows : 

5 1 1: 
DP 
—_M Mr 

In this J/ denotes the mass of the suspended particle; we shall 

denote that of the molecules of the medium by m. S& is the force, 

and &, the z-component of the force which a definite molecule exerts 

on the particle. The 2-sign refers to the different molecules which 

are at the same time in interaction with the particle. If further by 

EY, 2, Uv, w we represent the coordinates and the components 



of velocity of the particle, by w’, y’, 2’, u’, v’, w’ those of the 

molecules, we have: 

ed 2 {28s NAO ee) Nees 
Gre Wey uuw jt nn v—v | oe (»—«)| 

because a an Si 

1 yoke 

M ox 

terms together yielding the quantity g. If we exclusively think of 

The term u will represent — pu of equation (2), the other 

ea te Or 
forces of collision, it is easy to see that — — will always be negative. 

Ow - 

If there are also forces of attraction, this quantity can also assume 

a positive value, but it will yet be predominantly negative. ') To 

ORs . 
carry out the caleulation the better we shall assume that - 18 

Lb 

negative for all active molecules. 

OR, Ot, a ‘ 
. and PD being equally probably positive and negative, they 
oy dz ; 

will be zero on an average, and the terms with v and w will be 

small compared with those with w. Hence these terms are neglected. 

Also the terms with w’, v’, and 2a’ equally assume either sign, 

but w’, v’, and ww’ on the other hand being very large compared 

with w, the terms containing these quantities, may not be left out. 

As a simplification we equate the middle values of the terms with 
/ u’, v’, and w’ with each other. 

1) If e.g, we think a number of particles in a parallelepiped space, the density 

“at every point will be me ‘7, ¢.representing the potential energy of a molecule. 

OR = Ore 
We may further put Aree Dr Jf we now form the integral: 

Wi a 

okie eae 
zE | ne BT dx dy de 

a 

partial integration yields: 

DE 1 (Yde — 
_f Je ne PL dy dz — az (35) nye BT da dy dz. 

The integrated term represents the external pressure on the side-walls of the 

parallelepiped, which are 1 to the «-axis. If we disregard gravitation and such 

external forces, this term yields zero, hence we see that the integral presents an 

essentially negative value. 
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If we now represent the number of molecules simultaneously 

exerting forces on the suspended particle, by n’, we find: 

i 0 St, u Oe 
) keen Ds —_ . ETET 

he Hieron. M de 

a it ELON: je 
PU Oe 

Me Onis 

For q we find on an average the value zero. As middle value 

' 
Vt 

of the square of q we find: 

so that 

! : tas 
pu nu nm 

For 7’ we shall now introduce the hypothesis that it is equal to 

the number of molecules contained in a spherical layer which sur- 

rounds the Brownian particle and has the thickness of one molecular 

diameter o. [f we think that in a liquid the molecules almost touch 

each other, this means that only the inner layer of liquid molecules 

will exert forces on the particle. Hence if we write for the number 

of molecules per cub. cm., we put: n’ =427a’ on. If a—=1000, 

q 

peur 
hence of the order 10~° em, then —= +100, if a=1000 o this 

ratio becomes + 1000, at least if the density of the suspended 

particle and of the medium is almost equal. 

: ats NE 
Now that we have thus found an expression for =, we shall 

p u 

CEL sat ale 
also try to find one for ——. For this purpose we point out that q 

pu 

consists of terms which all contain a factor w’,v’ or aw’. After col- 

lision of the molecule the quantities w / 

,v’, and w’ have all assumed 

quite new values. If we denote by +t the mean time between two 

collisions for a molecule of the medium, then 72’ molecuies will on 

collisions in the time rt. We shall 

now assume that-in the time rt the quantity g on an average reverses 

its sign once: or at least assumes an entirely new value, independ- 

ent of the value of the beginning of the time 1. If we choose the 

/ an average have undergone 7 

before introduced integration interval & now equal to rt, we may 

put (? = q? 7° by approximation. 



1530 

Thus we find finally: 

3M : 3M 
UT yp = —u? tt 
nim nim 

to INR 

if we call f=rrt the time during which the deviation A is obtained. 

If N represents the number of molecules contained in one gramme- 

molecule, we may also write: 

By all ste ots SRT. T 

N .n'm dra? .o.0o.N 
JAP = ee oO, (Gil 

$ 3. In this formula r is certainly the quantity of whose value 

least is known. If nevertheless we wish to make an estimation of 

its value, it is obvious that we must have recourse to the coefficients 

of friction, of conductivity of heat, and of diffusion. Properly speaking 

t is the time between two collisions of a molecule lying close to 

the surface of the Brownian particle, which can, therefore, collide 

besides with surrounding molecules, also with the particle. For 

liquid we shall, however, assume that this time does not differ 

much from that for a molecule entirely surrounded by the solvent. 

For the three coefficients mentioned above Maxwerr has drawn 

up the following formulae for gases: 

fs 1 1 
6 === Oph == = Oke 

a 9 
oO o 

1,6 Ge 
% = OG ostc,rt *) Ky ette ieee ea) 

3 3 

1 1 
De ES cae 

3 3 | 

in which g represents the density, s the mean velocity, and / the 

mean free path. He then determines / for the first two formulae 

from : 

1 
LE en a aS 

mony 2 

For the diffusion the value of / of course gets somewhat more 

intricate. 

If we now ask in how far this theory of Maxwerr, is also valid 

for liquids, we are of opinion that we are not allowed to apply 

equation (5). It seems to us that there are not so many objections 

to the. assumption of equations of the form (4), if only we assign 

the true signification to /. We shall, namely, understand by / the 

1) The factor 1,6 has not been introduced by MAXWELL, but by O. E. Maver. 
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path on an average passed over by a molecule in a definite direction. 

After it has been passed over, a new velocity will have arisen, 

and a new path / will begin, which is independent of the preceding 

one. During the time that the path / is covered, the direction of 

the velocity will therefore on an average turn 90°. Whether this 

change of velocity is then the result of the impact against a single 

other molecule, or of forces of attraction exerted by several sur- 

rounding molecules, is immaterial. In the same way we shall under- 

stand by r the Ame required on an average by the velocity to 

change its direction 90°. The / and r defined in this way we shall 

call the effective free path and the effective collision time. And it 

is this effective collision time whieh occurs in equation (3), as 

appears from the derivation, 

If we assign this meaning to / and rt, we think that the consi- 

derations on which Maxwerr’s derivation of the equations (4) are 

based, will also continue to be valid for liquids to a certain extent, 

and that it is to be expected that the + calculated in this way will 

be approximately equal to the quantity + occurring in equation (3). 

It is clear that this can only be the case to a certain extent. 

Thus in case of diffusion we always have to do with two substances, 

e.g. alcohol and water. We can, therefore, derive from the value 

of D eg. the / for alcohol molecules in water. But it is by no means 

sure that we may also use this /, when we want to know the / 

for alcohol molecules in alcohol or water molecules in water. 

Sut also the formulae for $ and x are open to objections. In his 

derivation MaxwerL took, namely, only convection of quantity of 

motion and energy into consideration. In a collision these quantities 

are, however, also ceded by one molecule to another. And it is 

clear that in consequence of this a correction must be applied, 

which will be mueb greater for liquids than for gases. 

We shall now examine in how far, in spite of the objections 

mentioned, the quantities + calculated from the equations (4) yield 

a value which can be used for the calculation of A“. We then 

find for some substances : 

Tt ie tp in water 

methylaleohol 1,0.10—!! 0,9.10—" ethylaleohol 1,6 .10—'4 

ethylaleohol 2,8  ,, |t ocr glycerine 1,6 „ 

water 0,7 os 0,7 - canesugar 5,4 ,, 

glycerine Dt DES ae ureum Dak ek. 

The index of + indicates from what quantity it has been calculated. 

86 
Proceedings Royal Acad. Amsterdam. Vol. XVIII. 
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The values for the constants & x and D ete., from which these 

ts have been calculated, are borrowed from the “Recueil de con- 

stantes Physiques” published in 1913 by the Société francaise de 
Physique. As much as possible the values have been taken at 

room temperature. 

We shall now examine what value r should have, if equation (3) is 

to agree with the observations. If we take some deviations of gamboge 

particles in water measured by PErrin and CHaUDESAIGUES *), and if we 

suppose that the radius of a water molecule is equal to that of a 

molecule of watervapour, we find the order 2.10~1!! for rt from 

equation (3). Hence we see that we obtain a better agreement when 

we calculate t from the coefficient of friction or of conductivity of 

heat than from the diffusion. The great difference in mobility of 

Brownian particles in water and in glycerine is in harmony with 

the great difference that rt; shows for these two substances. The tx 

and tp for glycerine does not show such great differences. 

§ 4. For gases the supposition which we introduced for liquids, 

that, namely, the / for the effective molecules which almost touch 

a suspended particle, is the same as for a molecule which is in the 

middle of the gas or the liquid, will certainly not agree with reality. 

Here we shall sooner be allowed to disregard the mutual collisions 

of the molecules, and only take the collisions of the molecules 

against the Brownian particle into account. 

Bearing in mind that the quantity g in equation (2) consists of 

terms proportional to u’, v’, and w’, the components of velocity of 

the molecules, we see that g will change for two causes, 1. the 

collisions of the molecules with the particle, 2. in consequence of 

the movement of a number of molecules away from the particle, 

which molecules will thus get outside the “effective layer’, whereas 

other molecules with other values of u’, v’. and w’ will enter 

this layer. 

We shall be justified in assuming that q has got an entirely new 

value, when '/, 2’ molecules, whose velocity was directed towards 

the particle, have struck against the particle, and */, 7’ molecules 

which possessed opposite velocity, have left the effective layer and 

have been replaced by others. Thus +r in equation (3) becomes 

the time in which the particle has met with ‘/, 7’ collisions. If we 

denote the time between two collisions for the particle by tv’, then 

we get t= '/, n’ x’, and 

1) Perrin and CHAUDESAIGUES. C. R. 146 and 147. 
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; 3 RTtt 
Je es TA ee . . : s ‘ z 3 (6) 2 Nm 

This expression is in perfect agreement with a formula, which 

has been derived by a purely kinetic method by one of us. ') 

With Maxwerr. we may Sad for tv’ 

1 Mm 

2 oe on Mm RT 

in which 6 is equal to the sum of the radii of the particle and of 

the molecule, hence practically ee to a. 

' 
— 

On account of this equation (4) finally becomes : 

La Pan t 
—- — Ce ea er AZ) 

GT N oa” 

§ 5. The invalidity of Sroxes’ formula for particles with dimen- 

sions of the order of the lengths of free patb of the medium or 

smaller, has been pointed out by CUNNINGHAM *). STOKES supposes 

that the surrounding molecules are carried along by the moving 

particle, so that on the surface of the particle they have on an 

average the same velocity as the particle itself. CUNNINGHAM takes 

the sliding into account and supposes that the particle moving with 

a velocity v imparts to the surrounding molecules a velocity of mass 

kk, an interaction through collisions being added to this, in which 

the velocities of the molecules are independent of that of the particle. 

The value % can be calculated from the condition that under the 

action of a constant force the velocity v will be constant, and 

3 pee 1\- 
k={ 1+ — - ) 
( 4 IN 

is found, in which / represents the mean free path of the molecules. 

In this way CUNNINGHAM derives a force of friction : 

X = 62abv | 1 : ae an 8 ASO v 5 = . : e e 

A 7 4 a, (8) 

If we now calculate A* in the way originally indicated by Erysrrin, 

substituting, however, expression (8) for the value Y = 67a%y, which 

the force of friction according to Stokes’ formula would possess, we 

8 6 l , 
get an expression which for — — small, of course passes again into 

a 

EINsTEIN’s formula. For — = large it yields, however, a formula 
a 

}) A, SNETHLAGE. This kinetic derivation will probably shortly be published in 
another paper. 

2) CUNNINGHAM. Proc. Roy. Soc. Serie A Vol. 83 p. 357. 1910. 

86* 
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which if we also introduce & == '/, osl, becomes quite identical with 

our formula (7). 

And this is not surprising. For according to CUNNINGHAM the second 

term will preponderate in equation (8), when only sliding friction 

occurs, i.e. when the motion of the surrounding molecules has 

become quite independent of the suspended particle. On such a state, 

we have, however, also founded our considerations. At bottom 

CUNNINGHAM’S Suppositions entirely agree with those of VON SMOLCCHOWSKI. 
l 

According to both writers it will depend on the value of — whether 
a 

: 1 1 Pe 
for A? the formula with — or that with — isto be used. Our opinion 

a a 

is opposed to this. According to us the formula with ' is always 
ay 

the correct one. 

In order to prevent misunderstanding we will state that we by 

no means intend to deny the validity of the formulae given by 

Stokes and CUNNINGHAM for the friction of a small particle moving 

through a resisting medium. We are only of opinion that the appli- 

cation of the formulae should be confined to non-reversible processes, 

in which friction actually appears. When a particle falls under the 

influence of gravitation or when it is electrically charged and moves 

under the influence of electric forces, we think that the said formulae 

will give the true value for the friction. But in case of Brownian 

movement, which is a phenomenon of thermal equilibrium, we think 

we have to assume independence of the velocities of the different 

particles on the ground of statistical mechanics, which, as we demon- 

strated, leads to a value of A? proportional to = 

Chemistry. — “The P,X-jigures of Unary Systems, According to 

the Theory of Allotropy.” By Prof. A. Smits. (Communicated 
by Prof. J. D. van per Waats). 

(Communicated in the meeting of January 29, 1916.) 

1. Introduction. 

I will begin this communication by reminding the readers that 

the theory of allotropy is based on the hypothesis that in case of 

allotropy for an element or a compound every phase is complex, or 

in other words, consists of at least two kinds of molecules, between 

which internal equilibrium prevails in case of unary behaviour. *) 

') The words different kinds of molecules are to understand in a general sense. 
lons also belong to the different kind of molecules. An internal equilibrium is a 
equilibrium of a unary system. 
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The tenor of this theory may be summarized under the four 

following points: 

1. Every allotropic substance belongs to a pseudo-system and 

the different kinds of molecules of this substance are the pseudo- 

components, which are more or less miscible in the solid state. 

2. An arbitrary three-dimensional spacial figure of a unary system, 

in which the concentration is plotted along one of the axes, consists 

of a number of internal equilibrium surfaces, which are necessarily 

situated’ in the corresponding spacial figure of the corresponding 

pseudo system. 

At the place where these surfaces of internal equilibrium intersect 

the surfaces for the stable and metastable heterogeneous equilibria 

of the pseudo system, coexistence takes place between different 

phases of the nnary system which differ from each other in concen- 

tration. Hence in the unary system the conversion of one coexisting 

phase to the other will always be attended with a chemical reaction. 

3. The phenomena of monotropy and enantiotropy appear here 

in a new light; they are closely allied phenomena, and it appears 

at the same time that the difference in crystalline form between 

the modifications of one and the same substance are in causal con- 

nection with the difference in situation of the internal equilibrium. 

4. The changes in properties which may be found under certain 

circumstances when a wnary system is made to pass through an 

arbitrary process with a comparatively great velocity (variation of 

temperature, variation of pressure, evaporation, solution etc.) must 

be ascribed to a disturbance of the internal equilibrium of the 

considered system. 

In the development of this theory use has been made of GrBBs’s 

principle of equilibrium, which says that every system of substances 

at constant temperature and pressure tends to that state the thermo- 

dynamical potential of which is a minimum. When applying this 

principle, we arrive at the result that when e.g. the property of 

transformation into each other is assigned to the components of a 

system which was before thought to be binary, in consequence of 

which the system becomes unary, the thermodynamic potential of 

a certain state of aggregation, which is now a unary phase, must 

lie at a definite temperature and pressure in the minimum of the 

S,x-line, which relates to the binary mixtures of the same state of 

ageregation as the unary phase mentioned just now. 

This can be elucidated in the following way: 

The total differential of the thermodynamic potential of a binary 

mixture is; 
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d$>—=—ydT + vdp + (u, M, —u, M)de .. . (1) 

in which u, M, and u, M, represent the molecular potentials of the 

two components. 

If we assume now that the two components can be transformed 

into each other, and that therefore an internal equilibrium can set 

in, then in this state 

TN OA aS ee Aka (2) 

02) rp 

In connection with the well known shape of the §,x-line this 

from which follows that: 

result means that the internal equilibrium is situated in the minimum 

of the ¢,x-curve under consideration. 

When we consider that the psendo-components are certainly 

miscible to a certain extent also in the solid state, the unary solidi- 

fication point temperature will be a temperature in which a unary 

liquid coexists with a mixed erystal phase, and as the unary liquid 

lies in the minimum of the Z,x-line of the liquid mixtures, the 

coexisting phases mentioned will have to lie at the solidification 

equilibrium on a horizontal bitangent, i.e. also the ¢,x-line for the 

solid mixtures will have to possess a minimum, so also a point 

where: 

0g 
— a) 

da) 7p 

or in other words in the coexisting solid phase internal equilibrium 

will likewise prevail. 

We arrive at the same conclusion also by the following way : 

for the internal equilibrium in the liquid phase holds: 

(Ee (i Wie a oo à oe de (G4) 

for the heterogeneous equilibrium between the liquid and the solid 

substance holds: 
(UR) 5 SCANS oo sla a 3 ©) 

and 

(AEM (Da Ve NGe Se a 6 (G) 

so that 

(ale (RE Te oes Se ee et) 

follows from the combination of (4) with (5) and (6), or in words: 

the solid phase which coexists with the liquid which is in internal 

equilibrium, is itself also in internal equilibrinm. 

It has further been pointed out that in case of the appearance 
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of two different solid phases in the unary system (monotropy and 

enantiotropy), the S-values for the different solid mixtures of the 

pseudo-binary system must present {vo minima at constant T and P. 

Whether these two minima lie on the same continuous §,x-line, or 

on two different branches, which have nothing to do with each 

other, is a question which, as I already demonstrated before, is of 

minor importance for the theory of allotropy. 5) The principal thing 

is that these two minima must exist, and must lie on the same 

horizontal bi-tangent at the transition point. 

All this was already fully explained and applied before, to indicate 

the situation of the T,x-lines of the unary system in the T,x-figure 

of the pseudo-binary system. 

We may also express this as follows: we considered the (T,X)p 

sections of the pseudo binary P,T,X spacial representation, which 

of course also contains the P,T.X spacial representation of the 

unary system. 

Now it is of importance with a view to investigations which are 

in progress, also to examine the P,Xj;-sections of the spacial repre- 

sentation under discussion, about which a few general remarks will 

first be made. 

2. PT,N-spacial representation. / 1 

The P,T,X spacial representation of the pseudo-binary system 

consists, as is known, of a number of systems of two surfaces 

belonging together. At the place where two homonymous surfaces 

intersect, three-phase coexistences arise, and at the place where 

three homonymous surfaces meet a four-phase coexistence occurs. 

The P,T,X-spacial figure of the unary system consists of a number 

of surfaces of internal equilibrium, and where one of these surfaces 

meets a homonymous surface of the pseudo-binary system, a two- 

phase coexistence of the unary system occurs. Thus the surface 

for the internal liquid equilibria e.g. intersects the liquid surface 

for the coexistence liquid-vapour in the pseudo-binary system. Hence 

every point of this line of intersection represents a liquid coexisting 

with vapour in the wrary system. The intersection of the plane 

for the internal vapour equilibria with the vapour surface for the 

coexistence liquid-vapour in the pseudo-binary system equally yields 

a line of intersection, every point of which indicates a vapour 

coexisting with liquid in the wrary system. These vapour and 

1) These Proc. XVII p. 672. 
Zeitschr. f. physik. Chemie 89, 257 (1915). 
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liquid points of the unary system lie at another concentration, so 

that in the P,T,X-spacial figure of the unary system the equilibrium 

between liquid and vapour is indicated by two lines, the coexisting 

points of which differ in x-values, and the same of course also 

applies to every other two phase equilibrium in the unary system. 

It is clear that the P.T.-projection just hides what is characteristic 

in the unary system, because in this projection the difference in 

concentration of the coexisting phases cannot find expression, and 

every pair of lines for two-phase coexistences projects itself as one 

line in this representation. 

It is my purpose to discuss here some P,X-sections of the pseudo- 

binary P,T,X-spacial representation, and to point out the place of 

the unary system there. 

To be able, however, to determine the place of these sections it 

is not necessary to draw the spacial representation ; the P,T-projection 

will suffice, and this is the reason that I will now proceed to a short 

discussion of this projection. 

Beforehand it must be stated that two cases should be distinguished. 

First the case that the pseudo-components @ and 3 are isomers, and 

secondly the case that 8 is a polymer of «. 

In the first case the P,T,X-spacial figure can possess a eutectic 

line, whereas as | showed already before, in the second case a 

eutectic line will not occur as a rule. 

8. The P,T-projection of the P,T,X-spacial figure of the pseudo- 

binary and of the unary system for the case a and 8 are isomers. 

We shall now proceed to a short discussion of the P,T-projection. 

The thin continuous lines in Fig. 1 are the three-phase lines of the 

pseudo-binary system and the two-phase lines of the pseudo-compo- 

nents, the thick continuous lines referring to the two-phase lines of 

the pseudo-components, the thick continuous lines referring to the 

two-phase lines of the unary system. For the greater clearness the 

phases of the unary system are denoted by Sy, Lu, Gu. (See Fig. 1 

following page). 

At the point where the vapour-tension line of the unary system 

KuD, more closely defined by Lu + G,, meets the three phase line 

Say Lb +G, the unary point of solidification wrder the vapour 

pressure is reached. This takes place at D; then two new lines of 

internal equilibrium of the unary system appear in this triplepoint : 

the meltingpoint line DE, more closely indicated by S,, + Ly, and 

the line of sublimation DA’, where Su, + Gy coexist. In the point 
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4 

an 

B in this drawing the sublimation line meets the three-phase line 

Sim + Say + G of the pseudo-binary system, which means that it 

is supposed here that a point of transition occurs here under the 

vapour pressure. Therefore besides the sublimation line Sa, + Gy 

two more lines of internal equilibrium start from this triple point in 

the unary system, viz. the sublimation line of the new modification 

AB for the coexistence S,, + Gu and the transition line BC for Sa, + Su. 

Where the metastable prolongations of the vapour tension line 

Lu + G, and of the three-phase line Seu + L + G meet, the meta- 



1340 

stable melting point under tbe vapour pressure appears. This takes 

place in D’; of course two more metastable internal equilibrium 

lines of the unary system must start from this triple point, viz. the 
o metastable melting-point line D’E’ for the coexistence Sy, + Ly and 

the sublimation line of the first solid modification D’A, which is 

metastable as far as the point B, and refers to the coexistence Sy’ + Gy. 

That here in this P,T-projection the theory of allotropy has been 

applied, appears from this that the four three-phase lines meeting 

in the pseudo-binary system in the quadruple point e,, are indi- 

cated by S.,+L+G, Se,+L-+G, S.,,+5s,,+G and S.,,+S,,+L, 

in which the index M is used to state emphatically that the solid 
substance here is a muived crystal phase. If this were not the 

case this P.T-projection would quite agree with that given by 

SCHOEVERS!), but then it would be in conflict with the theory of 

allotropy. 

The P,T-projection discussed here is in itself exceedingly little 

suitable for an illustration of the theory, because as I already 

remarked, it quite hides the most important factor, the difference in 

concentration of the different phases. Accordingly this figure will 

only be used here to indicate which P,X-sections of the spacial 

figure are in consideration. 

3. (P,N)r-sections of the spacial figure. 

The (P,X)yp-sections, just as the (T,X)p-sections can of course be 

derived from the ¢,x-lines. The only difference that appears is this that 

p 
mn 

di =—ndt + vdp 

follows from the equation: 

and that therefore at constant pressure the &lines descend on increase 

of temperature, at least when is positive, while 

el HEN 
gem 

which means that the &-lines ascend with increase of pressure at 

constant temperature. 

As, however, in the derivation we have only to do with the 

relative displacement of the S-lines, this is of secondary importance, 

and we need not enter info a special discussion of the thermo- 

dynamic derivation of the P,X)y-sections. 

1) Thesis for the doctorate, Amsterdam 1907. 
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Of more importance is the question what will be the shape of 

the internal equilibrium lines of the unary system in the P,X-section. 

We see then that according to PLANck’s formula 

dink Av 

dp re RL 

this displacement will be determined by the sign of Av. 

Now we have supposed here that the pseudo-components are 

isomers, which of course involves that the P, X-line for the internal 

gas equilibrium runs vertical. This does not apply, however, to the 

lines which relate to the internal equilibrium in the liquid and in 

the solid phase, because the b-values from VAN DER Waars’s equation 

of state for isomers, are not equal on the whole. In the following 

figures the P, X-lines of the unary system have, however, been drawn 

vertical in all the phases for the sake of simplicity. 

First of all we shall now consider the P, X-section at the tem- 

perature t,. The thin lines again indicate the pseudo-binary figure, 

the thick ones the unary figure. 

» 

Su, 
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The line G,, Gu represents the internal equilibrium in the 

gas phase. At G, this line meets the vapour line aG of the pseudo- 

binary system, from which follows that when arrived at G, we 

compress the gas further, and no metastable states occur, the mixed 

crystal phase S,, will deposit, which just as the gas phase Gy, in 

case of behaviour as a unary substance, will be in internal equilibrium. 

When all the gas has been removed by pressure, a further com- 

pression will Jead to an increase of pressure, and now the internal 

equilibrium in the solid phase can be indicated by the line Sy,S’a,- 

If, however, when we have arrived at G,. the solid phase Sy, 

fails to appear on further compression, then the metastable prolon- 

gation of the vapour line bG will be reached at G’,, which means 

that when no further retardations make their appearance, on further 

compression the metastable solid phase 5,, 

case Of unary behaviour, will likewise be in internal equilibrium. 

When the vapour has quite disappeared, further compression 

will give rise to an increase of pressure, and the internal equilibrium 

in the metastable substance will be displaced along the line 5,,5/q,- 

will appear, which in 

At the temperature chosen here the unary solid phase Sy, remains 

stable under all pressures, and S,, metastable. so that we may say 

that our system presents monotropy at this temperature. 

Just as it happens that a system is monotropic under the vapour 

pressure, and enantiotropic under higher pressure, a system that 

shows monotropy at lower pressure, can be enantiotropic at higher 

temperatures. 

In the case under consideration, where the phenomenon of enan- 

tiotropy has been assumed under the vapour pressure, this is actually 

the case. If we namely choose f, as second temperature (see Fig. 1), 

we get a section as is indicated in Fig. 3. 

Noteworthy is the change in situation of the unary system with 

respect to the pseudo binary system on increase of temperature. 

The line for the internal equilibrium in the vapour has shifted to 

the right with respect to the pseudo binary figure, which causes the 

meeting with the pseudo binary figure, which first took place on 

the vapour branch aG, to take place on the vapour branch bG. At 

an intermediate temperature the intermediate position must of course 

be reached, in which the just-mentioned meeting took place exactly 

in the point G, G, and G therefore coinciding. 

Hence at this temperature coexistence will be found in the unary 

system between two solid phases and a vapour phase, all three in 

internal equilibrium, i.e. this temperature will be that of the transition 

point under the vapour pressure. 
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The temperature t,, which lies slightly above this temperature, 

therefore, yields the P,X-section Fig. 3, in which we see that the 

lines for the internal equilibrium in the stable solid modification 

S,, and in the metastable modification 5,,, meet the mixed crystal 

lines Se, S’ay and So, S'z,, of the pseudo system at S',, and S',, 

which means that in case of unary behaviour, a transition of the 

solid phase Sy, into S',, will take place there at constant pressure, 

provided no retardations oceur, so that the modification S,,, which 

was metastable at lower pressures, now for the first time appears 

stable. If the phase Sy, has been entirely converted, then on further 

compression the pressure will again rise, and now the internal equi- 

librium of the stable phase will move along the line Sn se 

Accordingly at this temperature enantiotropy is found with variation 

of the pressure. 

Fie. 4 has reference to the tem- 

perature of the metastable melting- 

point D of the unary system. The 

only peculiarity presented by this 

P,X-section compared with the 

preceding one is this that the meta- 

stable prolongation of the line for 

the internal equilibrium in the 

vapour exactly meets the point 

where the metastable prolongation 

of the vapour branch aG in the 

pseudo binary system intersects 

the vapour branch of the meta- 

stable liquid-vapour equilibrium. 

This means, therefore, that in meta- 

stable state in the unary system 

coexistence of solid, liquid and 

vapour, viz. Su, Go, + La ap- 

pears, or in other words that in 

this section the metastable melting 

equilibrium under the vapour pres- 

SUPE OCEUTS. 

Fig. 5 corresponds with t,, a a x p 
3 the eutectic temperature of the 

Fig. 4. pseudo binary system. In connec- 

temperature lying a little below 

“tion with what precedes this figure 

is clear without further explanation. 
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Fig. 6 relates to the temperature t,. lying somewhat above the 

eutectic temperature of the pseudo binary system. The P,X-section 

of the pseudo system consequently exhibits a region for the stable 

S 
idd 
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coexistence of liquid (L'L) and vapour (G'G), of S,-mixed crystals 

(Sor So) and liquid (L"L’) and of Ss-mixed erystals (Ss, 53,) and 

liquid (AL). The unary figure does not call for any further ex- 

planation. 
The higher the temperature is chosen, at the higher pressure the 

transition point of course occurs; in order to reduce the dimensions 

of the figure, however, I have not been able to observe this; the 

figures are, therefore, very schematical. 

The P,X-sections Fig, 7 and Fig. 8 (p. 1345) hold for the tem- 

peratures t, and t,, which lie slightly below, resp. above the stable 

unary melting point D. 

Now these figures differ in this that in Fig. 7 the line for the 

internal equilibria in the vapour meets the vapour line bG of the 

pseudo binary system, i.e. the line relating to the vapours coexisting 

with the g-mixed crystals, whereas the line for the internal vapour 

equilibria in Fig. 8 meets the pseudo binary P,X-figure in a point 

of the vapour line indicating the vapour phases which eoexist with 

a series of liquids. 

At an intermediate temperature, viz. the temperature of the stable 

unary melting point, the said meeting takes place exactly in the 

point G, which indicates the vapour coexisting with the liquid L 

By SC that at this temperature these 

three phases coexist also in the unary system, from which follows 

and the mixed erystal phase 5 

that this temperature is the stable unary melting point. 

4. P,T-projection of the P,T,X-spacial representation for 

the case that B is a polymer of a. 

When we again suppose that the unary system presents a point 

of transition under the vapour pressure, then the P,T-projection is 

as indicated by Fig. 9. (See following page). 

With regard to the direction of the lines of internal equilibrium 

in the P,X-sections it may be observed that as & is now supposed 

to be a polymer of a, it is beyond doubt that the internal equili- 

brium in the gasphase shifts towards the side of the polymer on 

increase of pressure according to the equation: 

dink Av 

im ue 
The direction of the lines for the internal equilibrium in the 

liquid and also in the solid phase will depend on this whether the 

total molecular volume increases or decreases on splitting up of the 
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t, ty ts Uy it 

polymer # in «. No doubt we shall be allowed to assume as a rule 

that the molecular volume decreases at the reaction: 

no p 

and that therefore : 

nb, Or Abi). 

In this case the line for the internal equilibrium in the liquid 

and in the solid phase will move to the side of the polymer on 

increase of pressure. 

This has therefore been assumed in the following P,X-figures. 

We should not forget, however, that as Dr. van Laar*) has demon- 

strated for the substance water, the double molecules H,O, seem to 

possess a greater molecular volume than two molecules H,O, so that, 

when we should want to examine this substance, the lines for the 

internal equilibrium in the liquid phase and in the solid phase shift 

just to the side of the single pseudo-component H,O on increase of 

pressure. 

1) Arch. TeyLeR. Serie 2, T. XI, Troisième partie 1908. 

Zeitsch. f. phys. Chem. 31. 

Proceedings Royal Acad. Amsterdam, Vol. XVIII. 
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At a temperature t,, below that of the transition point under the 

vapour pressure B, the P,X-section is as indicated in Fig. 10. At 

this constant temperature and variable pressure the unary system 

exhibits the phenomenon of monotropy. Sy, is the stable moditication 

under the vapour pressure. At a temperature above that of the point 

B, e.g. t,, enantiotropy is found on increase of pressure, as Fig. 11 

shows. Under the vapour pressure 5,, is now stable. At the higher 

temperature t,, above the metastable triple point D’ and below the 

stable triple point D, everything remains more or less the same, 

only when we want to represent the metastable internal equilibria 

in the unary figure, the drawing becomes somewhat more intricate, 

ID 

Sr SPE 
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but the connection becomes clearer on somewhat closer examination. 

Thus in Fig. 12 with reference to the unary system three 

more metastable equilibria occur besides the stable equilibrium 

of Sy, + Ga and the transition equilibrium of S‘,,-+-$",,, viz. the 

metastable equilibria G', + Lo, G'u + So, and Li, + Sn, 

At a temperature above the stable triple point D, coming from 

lower pressure, as Fig. 13 shows very clearly, we meet in the unary 

system first the stable unary vapour point (G, + Tu), then the 

metastable unary sublimation point for Sy,, viz. (Gy + S,,), then 
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the same for S,,, viz. (G", + 5), then the metastable unary melting 

point of S,,, (Su, L',), the corresponding point for S,,, (Su, +L"), 

and finally at a still higher pressure the unary transition point, 

(Sus + Sa): 

OBSERVATION. 

As is known it often occurs that thongh the vapour tension curves 

of two different modifications do not intersect below their melting 

point temperatures, the melting point curves of these two states do 

yield a point of intersection. In this case the system is monotropic 

under the vapour pressure, but enantiotropic under the melting pressure. 

As it is illogical to apply the terms monotropic and enantiotropic 

only to the case that the substance is under the vapour pressure, 

it is expedient to state when mentioning these phenomena, under 

what circumstances the system is considered to be. And just as we 

can now speak of monotropic and enantiotropic for a system that 

is under constant pressure, the same denominations can also be 

applied when the temperature is thought to be constant, as this has, 

moreover, been repeatedly done in this communication. 

Anorg. Chem. Labor. of the University. 

Amsterdam, Jan. 19, 1916. 

Physics. — “The Symmetry of the Röntgen-patterns of Tetragonal 

Crystals”. By Prof. H. Haga and Prof. F. M. Jaraer. 

(Communicated in the meeting of February 26, 1916). 

§ 1. For the purpose of further completing our experiments on 

the specific symmetry of the diffraction-images, which can be obtained 

by radiating through crystals by means of Rén7TGEN-rays, we publish 

in the following paper the results, which were obtained by us in 

the study of tetragonal crystals. 

It appeared to be rather difficult to study an object of all seven 

classes of the tetragonal system, while many of the hitherto known 

representations of the mentioned symmetry-classes could hardly be 

obtained in such a degree of perfection, as is required for this 

kind of experiments. Moreover, from the tetragonal-bisphenoidical 

class no representatives are hitherto known *) with certainty. 

') It is not yet certain, whether the compound: 2 CaO. Al,0; . SiO,, mentioned 
by Weypere (Anz d. Akad. d Wiss. in Krakau, 611 — 616) (1906), may indeed be 

considered to be a representative of this symmetry-class. 
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Finally we were obliged to limit our study to the following 

erystal-species: Futile; Cassiterite; i-Erythrite; Scheelite ; Nickelsul- 

phate (6 H,O); Nickelselenate (6 H,O); Potasstumdihydrophosphate ; 

Penta-erythrite ; and Wulfenite. 

§ 2. The symmetry of the RörrceNpatterns for definite sections 

of tetragonal crystals of different classes has been already deduced 

by us ®), and the results reviewed. We can therefore refer here to 

them, and begin without delay with discussing the different crystal- 

species studied by us. 

[. Ditetragonal-bipyramidal Class. 

a. Rutile: TiO,, with axial ratio: a:¢c 1: 0.6442; our crystals 
originated from Raade in Norway. They were only imperfectly 

translucid as well as the sections of them, and full of very fine cracks. 

The obtained RoyrGENpatterns were not very beautiful, and unsuit- 

able for reproduction. Therefore only a stereographical projection 

is reproduced here (fig. 1 on Plate IV) of the image obtained in 

radiating through a erystal-plate parallel to (OOI): its thickness was 

1.50 mm. The pattern evidently shows a quaternary axis, and four 

vertical planes of symmetry passing through if. 

bh. Better results were obtained with Cassiterite: SnO,. Our 

crystals, whose parameters were: @:c = 1: 0.6724, origmated from 

Schlaggenwvald in Bohemia. Of the resulting images of crystal-plates 

parallel to {O01}, {100; and }110} only that parallel to {OOI}, (thick- 

ness of the plate: 0,20 mm.) appeared to be reproduceable (fig. 1 

on Plate I); it possesses, as can be seen from its stereographical 

projection on Plate [V (fig. 2), also a quaternary axis and four 

vertical planes of symmetry. Of the images obtained with plates 

parallel to {100} and {110} (d — 0,22 and 0,23 mm.) stereographical 

projections are reproduced in fig. 8 and 4 on Plate IV: they possess 

two perpendicular planes of symmetry and a binary axis perpen- 

dicular to the photographic plate, quite in concordance with the 

theoretical deductions. 

LT. Ditetragonal-pyramidal Class. Notwithstanding numerous 

tentatives we did not succeed in obtaining any other object of this 

class than Penta-erythrite in a suitable form. The crystals of Silver- 
jluoride were too hygroscopic, those of Lodo-succintcimide too small. 

However we were able to get very beautiful, transparent crystals 

of Penta-erythrite: C,H,,O, (= C(CH,OH),), mpt: 253° C. This 

compound, which according to Martin*) must belong to this 

1) Haca and Jagger, these Proceed. 18. 543. (1915). 

2) Martin, N. Jahrb. f. Miner. Beil. Bd. 7. 18. (1891). 
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erystal-class (a :c = 1: 1,0236), possesses a very perfect cleavability 

parallel to (O01), which made it possible to prepare very beautiful, 

homogeneous plates parallel to (001), and of varied thickness; their 

accurate orientation could be controlled sufficiently in convergent 

polarized light. By means of faultless preparations of this kind, 

which had a thickness of respectively 0,34 and 1,30 mm., we 

obtained very good and agreeing ROnTGENpatterns, of which one is 

reproduced in fig. 11 on Plate IIT, and as stereographical projection 

in’ fig: 17 on, Plate IV: 

From these images it can be seen with certainty, that the crystals 

certainly possess a quaternary principal axis, but not vertical planes 

of symmetry. It follows immediately from this, that penta-erythrite 

cannot belong to this symmetry-class, but that it is tetragonal-bipy- 

ramidal, just like scheelite, or, what is far more probable in respect 

to the hemimorphy found by Martin, that it belongs in the same 

symmetry-class as wulfenite, and thus must be considered to be 

tetragonal-pyramidal. In any case the compound ean be no longer 

reckoned to be a representative of the ditetragonal-pyramidal class 

of this system. 

ITT. Tetragonal-bipyramidal Class. ; 

a. From a erystal of 7-Erythrite plates parallel to {001} and {100} 

were cut with a thickness of 0,85 and 0,81 mm., and radiated 

through. The axial ratio of this compound, whose composition is: 

C,O,H,,, is: a:¢c =1:0,3762. The obtained RönrceNpatterns were 
too feeble for reproduction; however their stereographical projections 

are reproduced in fig. 5 and 6 on Plate IV. From fig. 5 it 

appears, that the pattern of a basal section possesses only a single 

quaternary axis, but mv planes of symmetry; while from fig. 6, 

which because of the very weak negative can be only considered 

as an approximation, it may be seen, that there is only a horizontal 

plane of symmetry present. This fact also is in full agreement with 

the conclusions drawn from the theoretical interpretation of the 

representative of this phenomenon. 

6, Other results were obtained in the case of Scheelite: CaWO,, 

whose axial ratio is: a@:¢ =1:1,5359, and which according to the 

development of its limiting planes must be considered also to belong 

to this to symmetry-class. 

Originally we had at our disposition very beautiful plates, cut 

from a crystal, which evidently seemed to be a homogeneous, single 

individual; this scheelite-crystal originated from Schlaggenwald in 

Bohemia, while later erystal-plates of a crystal from Schwarzen- 

berg, Gelbe Birke, Erzgebirge were also investigated. Already soon the 
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very beautiful Röntgen-pattern obtained by means of a section perpen- 

dicular to the principal axis (d—0,24 mm.) appeared to possess 

not only a quaternary axis, but also four vertical planes of symme- 

try passing through it. Moreover, also the images of plates parallel 

to (100) and (410), which had a thickness of resp. 0,19 and 0,18 

mm., showed the presence of two planes of symmetry perpendi- 

cular to each other, and a binary axis. The original photos are 

reproduced in figs. 2 and 3 on Plate I, while their stereograpbical 

projections are published in figs. 7, 8 and 9 on Plate IV. The men- 

tioned phenomenon may be observed therein immediately as well as 

the great number of spots; not the slightest indication can be found 

pointing to a lower degree of symmetry of these images. 

It is natural to give an analogous explanation of this abnormal 

behaviour in the same way, as formerly was given in the case of 

quartz, namely by supposing a twin-structure to be the canse of it. 

Indeed scheelite often shows a twin-formation, which could be the 

cause of this strange behaviour: not seldom scheelite-twins are found 

with parallel axial-systems, which may be considered to be penetra- 

tion-twins with an apparent symmetry after four planes, passing 

through the vertical axis; the RöÖNrGeNograms of such a penetration- 

twin would indeed show the symmetry observed by us. But our 

crystals showed neither a striation of the pyramidal faces, nor the 

occurrence of angles, nor any further indication for the correctness 

of the supposition, that really such a penetration-twin is present 

here. Of course an optical investigation cannot decide the question 

here in any way. 
We tried to find out also the normal case, by studying in the 

same way a number of scheelite-crystals of the best quality, and 

from all kinds of places: from Praversella in Piemont, from Kammegg 

in Guttannen (Berner Oberland), from Schwarzenberg, ete. In fig. 4 

of Plate [ we have again reproduced one of these photos, obtained 

with a plate parallel to (OOI), and 0,26 mm. thick, cut from a 

crystal of Guttannen. But also here there could be no doubt whatever 

about the fact, that the RÖNtGeN-patterns of all these scheelite-crystals 

showed quite the same phenomenon. The image e.g. of the crystals 

from Traversella, although not completely centrically orientated, 

showed clearly the presence of planes of symmetry. 

We must therefore conclude from this, that even externally per- 

fectly single individuals of scheelite, in reality must be polysynthetic 

intergrowths of right- and left-handed crystals. We do not see that 

another explanation of the observed phenomenon is possible in this 

case, if not after all one were inclined to doubt the essential correctness 
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of the now established general theoretical interpretation of the sym- 

metry of the diffraction-phenomenon studied; and this will no longer 

be possible after all proofs, which were gathered hitherto in favour 

of its correctness. Moreover, — even then it would be hardly pos- 

sible to understand, why the symmetry of these RÖNTGEN-patterns 

appears to be so remarkably /igh. Thus we are for the present 

rather strongly compelled to accept the supposition of a polysynthe- 

tie twin-structure of all scheedite-individuals. 

IV. Tetragonal-trapezohedrical Class. 

a. Nickelselenate: NiSeO, + 6H,O. This compound was prepared 
from pure, cobaltfree colloidal nickeloxide, by solving it with an aqueous 

solution of pure selenie acid and evaporating the filtered solution in 

vacno. The beautiful green crystals represent pyramidal crystals with 

the forms: {142}, {111, OOI, {203}, {101} and {100}, and an axial 

ratio: a: ¢ = 1: 1,8365. The obtained RörtceNpatterns are reprodu- 

ced in figs. 6, 7, and 8 on Plate II, while in figs. 11 and 12 on 

Plate IV their stereographical projections are shown. The image 

obtained with a plate cut parallel to (OOL), — this being 0,72 mm. 

thick, — possesses evidently a quaternary axis and four planes of 

symmetry passing through it, while the images parallel to (100) and 

(110), (a =1,11 mm. in both cases) manifest two planes of symme- 

try perpendicular to each other, their intersection thus being a binary 

axis. The higher symmetry of the three patterns is therefore also 

in this case in full agreement with the theoretical expectations. 

b. Also to obtain a new case of Röntgenpatterns of isomor- 

phously related substances, we investigated moreover the analogous 

Nickelsulphate: NiSO,-+ 6H,O. At room-temperature we always 

obtained from aqueous solutions the rhombic-bisphenoidical sulphate 

with 7H,O, whose Röntgen-pattern parallel to {001} appeared 

generally similar to the corresponding one of zine-sulphate. Between 

30° and 40° C. the tetragonal form is obtained, between 50° and 

70° C., however, the monoclinic form of the hexahydrate, which mono- 

clinic form e.g. in the ease of the corresponding, isodimorphous 

cobalt-salt appears to be the more stable form even at ordinary 

temperatures. The tetragonal modification is deposited from solutions 

also at room-temperatures, if an excess of free sulphuric acid is 

added before *). The erystals of NiSO,+6H,O have an axial 

ratio: a:¢=1:1,9061; they are perfectly cleavable parallel to {001}. 

1) It may remarked here however, that in this case too, first monoclinic crystals 

are deposited, changing subsequently into the more stable tetragonal modification. 

Here thus the so-called rule of the reaction-steps (GAY Lussac, OSTWALD) is again 

illustrated in a rather striking way. 
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Scheelite. Plate parallel to (110). Scheelite. Plate parallel to (001) 

(from Guttannen). | 
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\ickelselenate. (6 H,0). Plate parallel to (100). Nickelselenate. (6H,0) Plate parallel to (110). 
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Potassiumd ihydrophosphate. Plate parallel to (110). 

Fig. 17. 
Penta-erythrite. Plate parallel to (001). Wulfenite. Plate parallel to (001). 
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By means of snch a cleavage-lamella, 1,65 mm. thick, we obtained 

a Röntgen-image, completely analogous to that of the corresponding 

selenate, and which only manifested another distribution of the 

intensities of the diffraction-spots; this last phenomenon will be 

discussed in the following paper more in detail. 

The obtained photo is reproduced in fig. 5 on Plate II, and 

in stereographical projection in fig. 10 on Plate IV. The Röntgen- 

pattern possesses a quaternary principal axis, and four planes of 

symmetry intersecting at angles of 45°, — just as was theoretically 

expected. 

c. Finally we investigated also a plate of Strychnine-sulphate : 

(C,, H,, N, V,),.H,SO,+6 H,O, cut perpendicular to the optical 
axis. This laevogyratory substance, whose parameters are: @:¢ = 

1: 3,312, belongs to this symmetry-class too. 

Indeed the pattern obtained with such a plate parallel to {O01}, 

and 1,76 mm. thick, showed the aspect of the projection-figure 18 

on Plate IV. Here also the quaternary axis and the four planes of 

symmetry passing through it, are immediately discernible. In con- 

nection with the relatively great ratio «:c, the principal spots appear 

crowded in a smaller distance from the central part of the figure. 

On a former occasion we have mentioned already the very 

strongly dextro-, resp. laevogyratory Priethylenediamine-cobalti-bro- 
mide (+ 2H,0), which also erystallises in the tetragonal system, 

and which belongs either in this class, or in the bipyramidal one. 

In every case it can be seen from the approximative stereographical 

projection of the Röntgenpattern parallel (O01), which is reproduced 

once more in fig. 19 on Plate TV, that notwithstanding the strong 

rotatory power of the crystals, clearly four planes of symmetry can 

be discerned passing through the principal axis. 

WV. Tetragonat-scalenohedrical Class. 

a. The only substance belonging to this class, which could be 

obtained in crystals suitable for our purpose, was Potassium-dihydro- 

ortho-phosphate: KH,PO,, with the axial ratio: a:¢c=1:0,9391. 

The Röntgenpatterns, which were obtained with erystal-plates parallel 

to (001), (100) and (110), «/= resp. 1,20, 1,13 and 1,25 mm, 

were so feeble, that with the exception of the image parallel to (110) 

(see fig. 9 on Plate III), they were unsuitable for direct reproduc- 

tion. Therefore the corresponding stereographical projections are 

given in fig. 13, L4 and 15 on Plate IV. They prove, that the 

image parallel to (OOI) possesses a quaternary axis and four vertical 

planes of symmetry passing through it, while both the other patterns 

sbow a binary axis and two planes of symmetry perpendicular to 
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each other. Also in this case, therefore, the agreement between 

observed and expected symmetry appears to be beyond doubt. 

VI. Tetragonal-pyramidal Class. 

The only representative of this class at our disposal was Wu/fenite: 
PbMoO,; the results obtained with it are therefore reviewed here. 

The axial ratio of this mineral is: a:e=1:1,5777. The beautiful, 

orange-coloured crystals originated from Yuma Co in Arizona; 

later-on we investigated also yellow crystals of Mammoth Mine in 

the same country. 

The Röntgen-pattern parallel to (001) (d= 0,24 mm.) is reproduced 

in fig. 10 on Plate III, and as a stereographical projection in fig. 16 

on Plate IV. Apparently, perhaps also really, this image shows an 

analogous increase of the theoretical symmetry, as was found in the 

case of scheelite. The images parallel to (100) and (110) also, al- 

though too feeble to be reproduced here as proof, make the pre- 

sence of two planes of symmetry, perpendicular to each other, very 

probable. However, the innermost circles of spots show on the 

negative parallel to (OOI) a distribution of the intensities, as is 

indicated also in the corresponding stereographical projection, and 

which might prove that a lower symmetry yet manifests itself in 

this Ro6ntgen-image, although only in a very feeble degree. In con- 

nection with the mentioned symmetry of the images parallel to (100) 

and (110) however, this supposed lower symmetry may appear still 

rather doubtful *). And in that case here again the question must arise, 

what the cause can be of this increase of the expected symmetry ? 

Here too a possible explanation of the fact could only be 

based upon the supposition of a twinformation, which however in 

the case of wulfenite has been observed rarely or not at all. The 

not completely adjusted image of the erystal of Mammoth Mine, 
betrayed the pressure of planes of symmetry also. 

Of the tetragonal-bisphenoidical class, there are, as already men- 

tioned no representatives known with certainty. 

§ 3. If thus we review here the results obtained in this invest- 

igation, we can draw attention to the fact, that for six of the 

seven classes of the tetragonal system, a study of the degree of 

symmetry of the RÖNraer-diffraction-images was made; and that, 

with the exception of the cases of scheelite, and perhaps also of 

wulfenite, — which both show an abnormal increase of their degree 

1) The particular shape of the spots in this case too makes it doubtful, ifreally . 

no twin-structure plays a certain role here. 



1357 

of symmetry probably by twinning, — we found in all cases an agree- 

ment between the actually observed and the theoretically predicted 

symmetry of the RÖNTGEN-patterns of these tetragonal crystals. The 

principal correctness of the diffraction-theory is thus proved here 

sufficiently for tetragonal crystals also. 

Furthermore it could be shown, that penta-erythrite cannot be of 

ditetragonal-pyramidal symmetry, as hitherto assumed, but that 

it can probably be only tetragonal-pyramidal. 

Laboratories for Physics and for Inorganic 

and Physical Chemistry of the University. 

Groningen, February 1916. 

Mineralogy. — “On Rintgen-patterns of Lsomorphous Crystals.” 

By Prof. F. M. Jaeger and Prof. H. Haga. 

(Communicated in the meeting of February 26, 1916). 

§ 1. In the following paper we wish to discuss the results, which 

were obtained by us in radiating through the similarly orientated 

planparallel plates cut from crystals, which are related to each other 

as direct “isomorphous” ones. To avoid unnecessary complications, 

we used for this purpose crystals of inorganic substances of relatively 

simple chemical composition, in whose analogously built molecules 

every time one single species of atoms was substituted by another 

closely related species. Thus in comparing one term of a series 

with another one, only one single of the structural elements is 

substituted by another one. 

§ 2. The isomorphous compounds, whose Röntgen-patterns were 

compared with each other, were the following: 

a. The series of the rhombic-bipyramidal, typically pseudo-hexagonal 

carbonates of calcium, strontium, barium and lead, which are found 

in nature as the minerals: arragontte, strontianite, witherite and cerussite. 

b. The carbonates of calcium antl manganese, which are found 

as the ditrigonal-scalenohedrical minerals calcite and rhodochrosite*) 

in beautiful crystals. 

c. The series of the rhombic-bipyramidal su/phates of the metals 

calcium, strontium, barium and lead, which are known in mineralogy 

as the minerals an/ydrite, coelestine, baryte and anglesite. 

1) Or dialogite. 
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d. The herahydrates of nickelsulphate and nickelselenate, which 

both belong to the tetragonal-trapezohedrical class. 

e. The heptahydrates of the sulphates of zine, magnesium and 

nickel, which belong to the rhombie-bisphenoïdical class. 

Some of these compounds were already studied by us formerly, 

so that only the stereographical projections of the Röntgen-patterns 

will be reproduced in this paper for comparison, only of the new 

objects have we also reproduced the original photogrammes, as far 

as possible. 

It may be remarked here, that also in these experiments the 

hardness of the Röntgen-radiation used, was kept constant almost 

completely by means of an osmotic palladium-regulator with combined 

micro-gasburner, and by the use of a milli-ampere-meter, which 

allowed us to keep the current-strength of the discharges in the 

tube within very narrow limits. The differences of intensity and 

hardness were thus reduced to a minimal amount. In these cases 

also a rotating gas-interruptor (improved “Cox”- manufacture) was 

used, as well as an intensifying sereen behind the photographie 

film. 

§ 3. Arragonite; Strontianite; Witherite; and Cerussite. 

A review of the parameters, specifie gravities and calculated 

topical axes of these rhombic carbonates may first be given here: 

Chemical 
Mineral: | Compe: | Axial ratio: | Een Topical Axes: 

Arragonite CaCO; la b:c = 0.6228: 1:0.7204 2.93 (4:4:9=2.64:4.23:3.05 

Strontianite | SrCO3 ee :¢ = 0.6090: 1 : 0.7237 3.70 lem = 2.73: 4.49:3.25 

Witherite BaCO, a:b:c=0.5949:1:0.7413 4.30 even = 2.84:4.70:3.44 

Cerussite PbCOz ja:b:c=0.6102:1:0.7237| 6.57 pto = 2.75:4.51:3.26 

Although these four minerals doubtless must be considered to be 

isomorphous ones, as is e.g. confirmed by their ability to form solid 

solutions and by the complete analogy of their twin-formation, the 

above mentioned review teaches however quite clearly, that only 

in the case of the three first named terms of the series the corre- 

sponding distances of the erystal-structure increase in a regular way 

with an increase of the atomic weight, and in all three axial directions. 

In the case of cerussite, however, these distances again decrease to 

about the values characteristic of the strontium-salt. Indeed, also the 
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diffraction-images of the /ead-salt will show a somewhat different 

character, if compared with the very closely analogous patterns of 

the three first mentioned compounds, as well with respect to the number 

as to the particular way, in which the relative intensity of the spots 

is manifested. However, just in the case of cerussite, the pseudo- 

hexagonal character of the erystal-structure remains manifested very 

clearly, as is shown on comparing the stereographical projection of 

the Röntgen-pattern, obtained by means of a crystal-plate parallel 

to (001). (See fig. 9 on Plate IV). 

The Röntgenpatterns of arragonite parallel to (100), (010), and 

(001) have already been published by us 1). In improved form their 

stereographical projections are here reproduced once more for the 

purpose of comparison, in the fig. 1,3, and 6 on Plate IV. Of the Réntgen- 

patterns of strontianite and whiterite, only the not absolutely centra- 

ted images of plates parallel to (OOL) could be reproduced (Plate I, 
fig. 2 and 3), and of strontiimite also the one parallel to (100). (See 

Plate I, fig. 1). The cerussite, however, gave the magnificent patterns, 
provided with numerous spots, reproduced in fig. 4 on Plate I, and 

in tig. 5 and 6 on Plate II; the last image is somewhat disturbed. 

However of all these minerals the suitable images are drawn on 

Plate IV in stereographical projection, thus a direct comparison of 
those for corresponding crystal-sections being immediately made 

possible (vid. fig. 1 to 9, on Plate IV). 

The analogy in the general structure of homologous patterns is 

undeniable, even where this structure appears to differ not inconsi- 

derably in particulars. This analogy doubtless can be considered an 

important argumentation in favour of the analogy in the total special 

arrangement of the space-lattices of such isomorphous -crystal-species 

suspected already long by erystallographers. Doubtless this agreement 

would in many cases be again more evident, if a greater certainty 

about the indices to be attributed to the different zone-circles were 

present, — especially to the circles with the greatest and with the 

smallest radius among them. Because of the imperfections of the 

photographie images, of the exact orientation of the erystal-plates, 

and because of an inevitable uncertainty in the choice of the right 

value of the distance A between plate and erystal, it is, however, 

hardly possible to attain this, and thus it is beyond any doubt, that in 

attributing the indices to some circles, the choice of them is some- 

what arbitrary. However, it is hardly doubtful, that if ideal cireum- 

stances were realised, the indices of corresponding circles in the 

1) H. Haca and F. M. Jaeger, These Proceed., 18, 559, /1915). 
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images of such isomorphous crystals, would appear to be quite identical. 

Even if this supposition most favourable for the older conception 

of the structure-analogy of isomorphous crystals were held up, 

— a very remarkable phenomenon still remains in these cases, 

which always and with all isomorphous crystal-species hitherto 

investigated, was observed: i.e. the fact, that the distribution of the 

relative intensities of homologous spots in the corresponding patterns 

of such isomorphous crystals, appears to be very different with the 

different members of every series; while also the total number of the 

spots, which appear in every corresponding zone, seems to be variable 

in the case of every substance in particular. 

If now a close analogy in the structure of the space-lattices is 

supposed, it will appear hardly possible to explain this remarkable 

fact in any other way, than by accounting for the mentioned differences 

by the very different specific secondary radiation of the atoms, which 

in the space-lattices will be substituted for each other isomorphously. 

If e.g. the /ead-atom under the influence of the incident primary 
RöÖNTGEN-rays will indeed radiate in a specifie way, different from 

the radiation of calcium-, or barium-atoms under the same circum- 

stances, — than it is at least comprehensible, that even in the case of 

a completely analogous spacial arrangement of such atoms in the different 

space-lattices of the studied crystals, the Röntgen-patterns obtained 

can differ in the number as well as in the intensity-distribution of 

the diffraction-spots as strongly, as was really observed. Further, 

that these pecularities, which were found by us in a// investigated 

cases, cannot be accidental, is sufficiently proved thereby, but is 

in favour of the supposition, that they are connected with the special 

nature of the atoms substituted for each other. 

It seems unnecessary to illustrate the mentioned fact by demon- 

stration of a particular Röntgenpattern or by discussing special values 

of the indices: an immediate comparison of corresponding stereo- 

graphical projections can show this in a sufficiently evident way. 

§ 4. Rhodochrosite and Calcite. 

The used erystal-plates of rhodochrosite: MnCO, were cut from 
a beautiful’ pink erystal from Colorado (The Lake Co). The corre- 

sponding photogrammes are reproduced in figs. 7 and 8 on Plate II, 

and in stereographical projection in figs. 11 and 13 on Plate IV. 

The Röntgen-patterns of calcite have already been described by us ’), 

as regards those from plates cut parallel to 11010) and 1210), while 

1) H. Haes and F. M. Jagcer, These Proceed. 18, 548. (1915). 
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the patterns corresponding with a section perpendicular to the optical 

axis have been discussed already several times '). For the purpose 

of comparison the stereographical projection of the image of calcite 

parallel to 1210) is here reproduced once more. (Fig. 12 on Plate 

‚ 

rhodochrosite, as can be seen from fig. 10 on Plate IV, this being 

IV); the image parallel to (OOOL) is very analogous to that of 

a reproduction of BraGe’s photogramme. 

The degree ofanalogy between the two minerals may be judged from 

the following data: 

Caleite : CaCO,, with a:c =1:0,8543; spec. gravity : 2,75; y=3,397. 

Rhodochrosite: MnCO,, with a:ec=1:0,8259; spec. gravity : 3.66; 
y= ora Dds 

Also in this case the general analogy, at least of the images 

obtained parallel to (0001), cannot be denied; but the differences 

in the above stated respects are no less evident. It can be clearly 

seen, that in the two patterns as well the number as the intensities of 

corresponding spots are different in the case of each mineral; the 

patterns parallel to (1210), although of similar character, are even 

strongly different with respect to details. In cases as these, where 

only a single binary axis is present as an element of symmetry, 

the immediate comparison of the two patterns is often found much 

more different, than in cases, were one or more planes of symmetry 

are present too. 

$ 5. Nickelsulphate and Nickelselenate. (+ 6H,O). 

In our previous paper *) Röntgen-patterns of these tetragonal salts 
have been published; thus only the stereographical projections of 
the images parallel to (O01) are here reproduced once more for the 
purpose of comparison (fig. 14 and 15 on Plate IV). The degree of 
analogy of the two salts can be seen from the following data: 

Nickelsulphate: NiSO,,6H,O. a:c=1:1,9119; spee. gravity: 
2,065 ; 4: w = 4,053 : 7,749. 

Nickelselenate: NiSeO,,6H,O. a:¢ =1:1,8364; spec. gravity: 
Ziene en arr bs ITA VENO 

The analogy between the two images is here a very close one; 
however in no less degree the difference in intensity and the number 
of the spots in the same zones. Also in this case these differences must 

1) Vid. i.a.: W. H. Braas, Proc. Roy. Soc. A. 89. 248. (1913) Zeits. f. anorg’. 
Chem. (1914). 206. 

2) H. Haca and F. M. Jarcer, these Proceed. 18. (1915). p- 1350. 
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be attributed to the specifie secondary radiation of the sulphur-, and 

selenium-atoms, all other circumstances being the same. 

§ 6. Anhydrite, Coelestine and Baryte. 

As till now we did not succeed in getting suitable patterns of 

anglesite: PbSO,, — especially because no good crystals were at 

our disposition, — we will compare here only the minerals anhy- 

drite: CaSO,, coelestine: SrSO,, and baryte: BaSO, more in detail. 

Again the degree of analogy between these three substances can 

be seen from the following values of their parameters and topical 

axes: 

Anhydrite: CaSO,. a:b:ec=— 0,8932:1:1,0008; spec. gravity: 2,96; 
fA) == OOD RD 

Coelestine : Sr ERO: 6:c=0,7790:1:1,2800; spec. gravity: SIDE 

yo bew = 2/80: ae 4,60. 

Baryte : BaSO,. a:b:¢ 8152 :1:1,3136; spec. gravity: 4,486, 

En 4,79 

Evidently CaSO, cannot be considered to be isomorphous with 

the Sr-, and the Ba-salt in the true sense of the word, notwith- 

standing its close relation to them; indeed, also the comparison of 

the corresponding Röntgen-patterns will show immediately, that the 

anhydrite gives images, which are strongly different from those of 

both the other salts’). (Vid. the projections 16, 19 and 22 on 

Plate IV). 

Of baryte we got patterns suitable for reproduction only from 

plates parallel to (100) and (001), reproduced in fig. 9 and 10 on 

Plate II. Neither the images obtained with coelestine, nor those of 

baryte parallel to (O10), could be reproduced. Therefore from 

these we have published on Plate IV only the corresponding stereo- 

graphical projections, side by side with those of the plates of baryte; 

they are reproduced in fig. 17, 20; 18, 21, and 23 on Plate IV. 

Although the images of baryte and coelestine parallel to (100), 

and in the same way those parallel to (010), appear to be highly 

analogous, these also are differing in minor details and especially 

in the intensity-distribution of the spots. Also in this case there can 

be given hardly any other explanation, — if the similarity of all 

other circumstances is taken into account, — than that it is the 

specific secondary radiation of the mutually. substituting atoms Sr 

and Ba, which produces these differences. 

1) In our former drawings an interchange of the 6- and c-axes has occurred, 

as Prof. Rinne was kind enough to indicate. Therefore we have reproduced the 

figures once more in tlie right positions, and with the corresponding indices. 
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$ 7. Finally we will draw attention for a moment to the analogy 

of the corresponding Röntgen-patterns of the su/phates of magnesium, 

nickel and zinc, erystallising with 7H,O in the rhombie-bisphenoi- 

dical class. The parameters of these salts are doubtless immediately 

comparable : 

Magnesiumsulphate: MgSO,, 7H,0; a:b: ¢ = 0,9901 : 1: 0,5709; spec. 

gravity: 1,677; x: >: wo =6,315: 6,379 : 3.641. 

Nickelsulphate  NUSO 3 EO); a bro 01981 5%: 1: 0;5656;'spec. 

gravity: 1,955; y: w: w = 6,255 : 6,373 : 3,605. 

Zincsulphate ZS (HO; arbre = 0.980471 + 0/5631; spec: 

gravity : 1,976: y: w : w— 6,282 : 6.408 : 3,608. 

We were not able to get any of these patterns in a form suitable 

for reproduction: in the case of all these suiphates the images were 

very feeble, so that finally only some of their stereographical projec- 

tions could be obtained in a form, which was at least somewhat 

satisfactory for the purpose of comparing them. 

They are reproduced in fig. 26, 27, and 28 on Plate IV, namely 

as images only parallel to (001), and in fig. 24 and 25 only these 

parallel to (010) for the maynesium-, and the niche/salt, because the 

images parallel to (010) of the zcsalt were hitherto only obtained 

in an abnormal *) form. 

Although even in this case a certain analogy of corresponding 

patterns seems to be undeniable, the differences between the images 

appear however to be quite appreciable, — which must doubtless 

be partially explained by the photos not being very beautiful, and for 

this purpose somewhat rudimentary, but which on the other hand is, 

without any doubt, partially caused by the fact, that also here the 

distribution of the intensities of the corresponding spots in these 

patterns, is in every case different. It may be remarked here, that 

this fact, — although in a less high degree, — appears also from 

the Röntgen-patterns of pyrite and hauerite, published by Ewarp and 

FRIEDRICH *). 

$ 8. If now we review once more the results obtained in this 

investigation, we can draw with some certainty from them the 

following conclusions : 

a. The general structure of the Rontgen-patterns of analogously 

orientated sections of isomorphous crystals, appears to be a closely 

related one. It is confirmed by the previous study, that the view, 

5 Vid: H. Haca and F. M. Jaeger, these Proceed. 18. p. 570 and 571. (1915). 

2) P. P. Ewarp and W. Frieprrcn, Ann. der Physik (4). 44. 1183. (1914). 

SS 

Proceedings Royal Acad. Amsterdam. Vol. XVIII. 
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after which such isomorphous erystal-structures would sessess similar 

space-lattices, in which simply a substitution of one atom-species by 

another closely related one has occurred, appears to be highly 

probable and well justified. 

hb. However it cannot be denied, that under the same, or at least 

extremely similar circumstances of the experiment, there appear to 

be not only differences between the corresponding patterns in their 

minor details, but especially in the nwnber and in the characteristic 

relative distribution of the intenstties of the spots, which can only 

be accounted for by assuming differences in the specific secondary 

radiations, which are typical for every kind of substituting atoms 

especially. 

It is not impossible, however, that e.g. the more or less close 

occupation of corresponding reticular planes in those space-lattices, 

will moreover play a certain role in the whole phenomenon. 

Laboratories for Physics and for General and 
Inorganic Chemistry of the University. 

Groningen, February 14'> 1916. 

Physiology. — “On the function of the m. obliquus superior of 

the eye’. By Dr. C. Orro Rorzors. (Communicated by Prof. 

Dr. G. Van RIJNBERK). 

(Communicated in the meeting of January 29, 1916). 

The m. obliquus superior takes its origin at the foramen opticum 

between the m. rectus superior and the m. rectus internus. The 

muscle runs medially in the top of the orbita to the front, over the 

m. rectus internus; near the trochlea the round tendon bends and 

is then directed posteriously and towards the temple. Then the 

tendon becomes flatter, is continued under the extremity of the m. 

rectus superior to attach itself in the shape of a fan to the temporal 

superior quadrant of the posterior bulbus-half. The line of insertion 

runs more or less from nasal posterior to temporal anterior. 

The direction of the part of the tendon between the trochlea and 

the point of insertion into the surface of the bulbus is with this 

muscle of great importance for the mechanism of the motion. 

Therefore we must know the exact location of the trochlea and of 

the point of insertion into the bulbus. To Fick must be given 

credit for having first indicated, how we can determine by asystem 

of coordinates the points of origin and insertion of the muscles of 
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the eve. Fick and afterwards Rvurtr have also executed some 

mensurations. Later on VoLKMANN made similar mensurations much 

more correctly with more than 30 eyes. 

VoLKMANN imagined a rectangular system of coordinates the 

axes of which pass through the center of rotation of the eye. 

The axis that connects the centers of rotation of the two eyes is 

called the w-axis, that is to say, positively from the center of rotation 

towards the temple. The axis vertically through the center of rotation 

is called the z-axis, whilst the part over the center of rotation is 

reckoned positive. The axis perpendicular to the two former, the 

sagittal axis, is cailed y-axis, the part of which behind the center 

of rotation was taken positive by VoLKMANN; in accordance with 

Zorn and Von Kries in the handbook of Hermnorrz the part of the 

y-axis before the center of rotation will however here be reckoned 

positive. 

The position of the head is by no means insignificant for the 

mensurations of the location of the points of origin and insertion 

of the eye-museles according to this system of coordinates ; the head 

is supposed to be kept erect. 

VOLKMANN admitted as point of insertion of the muscles of the 

eye the center of the line of insertion. If now we call the coor- 

dinates for the insertion of the m. obliquus superior #;, y; and 2; 

and for the trochlea «,, y, and z, then the result of the measurements 

made by VoLKMANN produced the following averages: 

n= mm yi = —4.41 mm. 2— O LD annonr 

= —15.27 mm. y = 8.24 mm. Zo = 12.25 mm. 

For his calculations VoLKMANN admitted, that the normal eye 

corresponds with a globe, the radius of which amounts to 12.25 mm. 

whilst the point of rotation would lie 1.29 mm. behind the center 

of this globe, as has been determined by Dorpers and Doyer. It is 

necessary, that the point of rotation has a constant location not 

only in the eye but also in the orbita, as we determine both the 

place of insertion and the place of the trochlea with regard to the 

center of rotation. Most likely there exists neither in the orbita, 

nor in the balbus oeuli a real constant center of rotation. The 

investigations of HwrmHortz, Donprrs, Mürrer, VOrLKMANN, Wo1now, 

Beruin and others have taught us however, that we are certainly 

not far from the truth, if we admit a constant point of rotation 

for the normal eye, so that consequently the region called by Hering 

the interaxial space of the bulbus, is also very small. Therefore we 

shall not make great errors, if we continue to make use of the 

data supplied by VoLKMANN in this respect. 
88* 
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Some objections can however be raised against the results com- 

municated by VorkMANN and afterwards reproduced in the literature, 

namely : 

1. Too little attention is constantly paid to the fact that the 

figures supplied by VorkMANN are only averages, and that the 

extremes sometimes differ considerably. These extremes are not the 

consequence of errors made in the mensuration or calculation, but 

originate in anatomical individual oscillations. 

2. Voukmann’s calculation of z; from x; and y; is not exactly correct, 

as he has not sufficiently paid attention to the fact, that the center 

of rotation lies 1,29 mm. behind the central point. The formula used 

by him z= V tid ought to have been z;=| PS =o); 

in which 7 is the radius of the globe. 

3. The calculation of y, is very complicate and is found by the 

calculation of a great number of averages, so that it is very doubt- 

ful whether great signification may be attributed to a value obtained 

in this way, even if the mensurations are made in 30 cases. 

The first objection may be met by taking likewise account of the 

extremes in the succeeding calculations. The second objection requires 

only that the calculation is made a second time. The third objection 

can likewise be met in a degree by introducing a simpler calcula- 

tion from the data supplied by VoLkmann himself. VoLKMANN namely 

has measured with 33 different eyes the angle between the y-axis 

and the direction of the tendon projected upon the horizontal plane 

going through the center of rotation. For this he found: 

minimum: 40°10’, maximum: 61°3', average: 47°24’ 

VoLKMANN remarks here emphatically, that the probable error 

of his determinations amounts to only ‘/,,,, and that consequently 

the important difference between the two extremes proves, that 

the location of the m. obliquus superior and the mechanical opera- 

tions resulting from it, are subject to very great individual oscillations. 

If now we know z;, y; and «,, then it is very simple to calcu- 

late y, by means of the mentioned angle, which we shall call hence- 

forth “q, according to the formula y, = (7;—.,) cot. q + #- 

With the help of the minima, maxima and averages for #5, y; and q¢ 

we can now likewise calculate for y, a minimum, maximum and 

average. The results of the mensurations of VoLKMANN, somewhat 

modified on account of my considerations and calculations, are the 

following ones: 

v;: min. 0.5 mm., max. 5.5 mm., average 2.9 mm. i 

yi: min. —1.71 mm., max. — 6.71 mm., average — 4.41 mm. 
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zi: min. 7.47 mm., max. 11.87 mm., average 10.45 mm. 

wo: With only slight oscillations, average — 15.27 mm. 

Yo: min. 2.01 mm., max. 22.90 wm., average 12.30 mm. (8.24 mm. 

zo: with only slight oscillations, average 12.25 mm. 

From the location of the trochlea and of the point of insertion 

of the m. obliquus superior we can calculate the position of the 

plane in which the couple lies that is formed by contraction of this 

muscle. We shall call this plane the plane of motion. The axis of 

motion of this muscle stands in the center of rotation perpendi- 

cular to this plane of motion. The plane of motion does not entirely 

correspond with the muscle-plane, which is defined as the plane 

going through the trochlea, the point of insertion of the muscle and 

the central point of the eye. The plane of motion namely goes 

through the trochlea, the tangential-point of the muscle and the 

point of rotation of the eye; by the tangential point we understand 

the point where the muscle first touches the bulbus oculi. L should 

consequently be obliged first to calenlate the location of the tangen- 

tialpoint; for simplicity’s sake, however, I have not done so and 

admitted as plane of motion the plane going through the trochlea, 

the point of insertion of the muscle and the center of rotation of 

the eye, as this can occasion only an ifisignificant error. By means 

of this plane I bave caleulated the location of the axis. 

Now we can calculate the location of the axis of motion for the 

averages and for all combinations of the different extremes. These 

calculations have been made by me for six cases; these cases we 

call a, b,c, d,e and 7. With a and / the averages have been used, 

only y, is in the: two cases different. 

For e | took “@q as large as possible, 7; as large as possible, 

yi as small as possible. In this eye we may expect: a strong rotation, 

a feeble abduction, a feeble deorsumduction. 

For d. 1 took 7 q as large as possible, a as small as possible 

yi as large as possible. In this eye we may expect: a strong rotation, 

a strong abduction, a feeble deorsumduction. 

For e I took q as small as possible, 2; as large as possible, 

yi as small as possible. In this eye we may expect: a feeble rotation, 

a feeble abduction, a strong deorsumduction. 

For f I took 7“ q as small as possible, 7; as small as possible 

yi as large as possible. In this eye we may expect: a feeble rotation, 

a strong abduction, a strong deorsumduction. 

Just like VorKMANN I shall call the angle of the axis of motion 

with the z-axis ~ 4, with the y-axis / uw and with the z-axis / rv, 
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Now the axis of motion makes with each of the coordinate-axes 2 

angles, which are each other's supplements. Therefore VorKMANN 

uses, in imitation of Fick, for his determinations the part of the axis 

of motion, located at that side of the center of rotation, seen from 

which the muscle turns the eye according to the hands of a clock. 

The angles 2, u and rv, which I have calculated for the 6 different 

cases, are consequently not equal for the right and for the left eye 

but each other's supplements. The following table, which represents 

the results of my calculations, contains only the values found for 

the right eye. 

a b c d e f 

x; 2.9 mm.) 2.9 mm) 5.5 mm. 0.5 mm.) 9:5 mm.) 0-55omm: 

I — 4,41 „| 4.41 , j— 1.71 , |—6.71 , |j— 1.71 , |— 6.71 4 

a; LOPS rn elOL45 ee al 10253 ae 9.26 „| 10.53 „| 9.26 , 

x —15.27 „15-21 „15.27 ~, J—15.27 {15.27 Il 2 Gy 

Vo 8.24 „ 12530, 9.78 , OLE E22 OO Neer. 11 On 

Zo DE Ar 125200 12520008 125200, 12525000 1220 

js 54°58’ 47°17 61°39’ 60°37’ 43°53’ 42°24’ 

[hs 36°56’ 43°31’ 29° 6’ 44° 7 502527 55°39’ 

/ 79°45’ 83°14’ 96° 4 60°24’ 106°3’ 68920’ 

moment s.| 0.80 KR | 0:13 KR | 0.87KR | 0.12KR | 0.63 KR | 0.56 KR 

moment 4! 057 „ 0.68 , OSL 0.49 „ 072 O4 ten 

„ moment v. | 0.18 , O2 —0.11 „ 0.49 , |—0.28 , 0.37 

If we call the moment for the total couple A R, we can with 

the help of the place of the axis separate this couple into three 

different couples, which move the eye respectively round a sagittal, 

a transversal and a vertical axis, and calculate the moments of these. 

The moment for the sagittal axis (moments) is A R cos u, for the 

transversal axis (moment?) is A Rcos% and for the vertical axis 

(moment») is A Reosr. The result of the calculations is likewise 

indicated in the table above; the negative values with moment » 

indicate an adducing moment. 

Consequently we see, notwithstanding important individual oscil- 

lations, that the m. obliquus superior serves in the very first place 

for the rotation of the eye inwardly (moments) or, what means the 

same, to compensate rotating moments outwardly, that however for 



looking downward the m. obliquus superior is neither entirely in- 

significant, though, according to Zora, the moment of the m. rectus 

inferior is three times larger for looking downward. For the 

abduction, on the contrary, the m. obliquus superior has only a 

very slight signification, and in cooperation with other abducent 

forces it can, at best, support the abduction somewhat. 

Does the knowledge we have obtained enable us also to estimate 

in some degree the maximal excursion of the eye by contraction of 

the m. obliquus superior? By excursion we must understand the 

angle that the eve makes, moving round a constant axis of motion, 

in this case through contraction of the m. obliquus superior. 

VOLKMANN supposed that he could give an affirmative answer 

to this question, by admitting that the maximal excursion was 

reached, when the point of insertion coincided with the tangential 

point. Re adds to this, that witb further contraction of the muscle, 

no rotation would take place, but a removal of the center of rotation. 

The maximum found by him for the average eye amounted to 

26° 55’. 

A few objections might be raised against this conclusion: 

1. Beside the couple that moves the eye, there exists always a 

force that tries to remove the center of rotation. As soon however 

as the point of insertion has reached the tangentialpoint, the force 

that tries to remove the center of rotation will become proportion- 

ally greater. 

2. The calculated maxima of excursion of the 4 mm. recti do 

not correspond with the size of the field of vision. 

Calculated maxima Size of the field of vision according to 
of excursion accord- 
ing to VOLKMANN | VoLKMANN SCHUURMANN AUBERT KiisTER HERING NAGEL, 

M. rect. ext. 60°43’ 38° 42° 38° 43° 43° 50° abduction 

M. rect. int. 29°31’ 42° 45° 44° 45° 45° 50° jabduction 

M. rect. sup. 41938’| 35° | 34° 30° | 33° | 20° | 45° | upward 
| 

M. rect. inf. 41°43’ 50° 51° 57° | 44° 60° | 45° | down- 
| | ward 

3. The maximal excursion for the two obliqui calculated accord- 

ing to VOLKMANN would amount for the m. oblig. sup. to: 26°55’, 
»/ for the m. obliq. inf. to: 78°18’. This relation is not probable. 

4. If we calculate from the maximal excursion and the length 

of the muscle-fibres (likewise measured by VorKMANN) the maximal 

abbreviation of the different muscles of the eye, then those would 
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oseillate between 0.15 and 0.48. This can neither be reasonably 
admitted. 

At last some doubt might rise with regard to the signification of 

this maximal excursion, as after all an isolated contraction of the m. 

obliq. sup. does not occur in the normal eye. I am however of 

opinion, that the knowledge of the maximal excursion can for all that 

give us an impression of the signification of this muscle for the 

normal motion of the eye. If we take moreover into consideration 

that, after having reached the tangential point through the point of 

insertion, the muscle operates so unfavourably, that we cannot 

expect such an inappropiate construction in the normal movements, 

than VoLKMANN’s calculations are by no means insignificant. 

Therefore I have calculated for the average eyes a and 5 the 

excursion that is required to bring the point of insertion into the 

tangential point. At the same time I have added hereto two cases 

g and / in the following way g: «2; as large as possible, y; as large 

as possible, 7 q average, consequently excursion as large as possible ; 

h: a; as small as possible, y; as small as possible, ”/ g average, 

consequently excursion as small as possible. 

The results were: 

For eye a: 4j=2.9 mm. yi=— 441 mm. vo 8.24 mm. maxim. excursion 22°27’ 

ms » 6: 4¢=2.9 mm. yi = —4.41 mm. / g = 471924’ 5 5 24° 8 

y nen te =D mm. yi 16.71 mm. fg = 471924 5 5 46° 9’ 

-s » AF to=05 mm. yi = — 1.71 mm. q —= 47°24" 5 ‘ 6°32’ 

The very important oscillations render it desirable in suitable 

cases of paralysis of the muscles of the eye to investigate this maxi- 

mal excursion more closely. In a case of oculomotorius paralysis 

from the clinic of Prof. WeRrTHEIM SALOMONSON | thought I might 

conelude from the field of vision, that this excursion amounted to 

sie". 

In the functions of the m. obliquus superior it is especially the 

position of the line of vision that requires our attention. The latter 

is however indicated by different authors in a widely different way, 

and it is therefore necessary that in the first place we agree how 

we shall indicate the position of the line of vision in our cases. 

Hermrorrz has indicated, that with erect head and looking forward 

in the distance the line of vision assumes a position nearly coin- 

ciding with the primary position of the eye, i.e. the position from 

which the eye moves in all directions without rotating round the 

line of vision, consequently according to the law of Listinc. The 

axes of motion are then always lying in a frontal plane, going 

through the center of rotation (plane of LisTIN@). 



We shall only then speak of rotat/on in case the eye makes 

a motion or assumes a position that does not correspond with the 

law of Listinc. The rotation is then measured by the angle through 

which the eye must rotate round the line of vision as axis to answer 

to the law of Listing. 

By abduction and adduction | shall understand the smailest angle 

that the line of vision makes with the sagittal plane. 

By deorsumduction and sursumduction 1 shall understand the 

smallest angle that the line of vision makes with the horizontal 

plane. 

The extent of the rotation will depend upon the angle between 

y-axis and axis of motion and of the excursion that the eye has 

made round the axis of motion. 

We can express this in the formula: tg.'/, R=cosutg. '/, #, 
in which / R = rotation, / u — angle between y-axis and axis of 

motion, “ /'= excursion. 

For the abduction holds : sin A = sin Ecos v + ( os Bjeosdcosu or 

sin A = Asin? ty, EK (cot. */, Beosv—eosd eos u) 

For the deorsumduction holds: sin D= sin Ecos À iS ae E\cosweosvor 

sin D= 2sin?*/, E(cot.'/, Hcosa— cos cosy) 

In these formulae A=abduction, D=deorsumduction, B= eaxcur- 

sion, whilst 2, u and rv represent the angles of the axis of motion 

with the z-, y- and c-axis. If the axis of motion lies in the plane 

of Listine (frontal level) the formulae become much less complicate 

namely : 

sin A= sin HK cos v 

sin D = sin Ecos 4, 

In this case # indicates at the same time the angle between line 

of vision and y-axis. If the axis of motion does not lie in the plane 

of Listinc, then the angle between line of vision and y-axis (/H) 

is expressed in the formula: 

cos H = sin? woos E+ cos*u or 

sin |, A =sinwsin */, 2. 

An isolated function of the m. obliq. sup. is inconceivable in a 

normal eye. Such an isolated function is only: possible with definite 

paralysis of the muscles of the eye. 

We must however call the attention to the fact, that with a para- 

lysis of the muscles of the eye the center of rotation is likely to change 

its place somewhat, as the constant location of the center of motion 

is a function, partly of the tensions of the tissues, and the resistan- 

ces of the tissues partly of the distribution of the tensions over the 
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different muscles. It is likewise the question, whether the eye will really 
rotate round a constant axis, as in reality the position of the eye 
does not only depend upon the strength of the contracting muscle, 
but also upon the elasticity and resistance of the different surround- 
ing tissues. 

If we disregard these inaccuracies, the data supplied formerly 
will enable us to make a conception of the way that the line of 
vision follows during an isolated contraction of the m. oblig. sup. 
An inward rotation and deorsumduction will prevail; the abduction 
will be only insignificant, but a little more important than we 

expect, as the center of the cornea does not move downward along 
a large circle. 

If we know the excursion and the location of the axis, we can 

calculate from these, according to the above-mentioned formulae, the 

rotation, the deorsumduction and the abduction. 

On the other hand, if we have determined by investigation the 

rotation, the deorsumduction and the abduction, we can calculate 

from these the location of the axis in the following way. 

sin H =Vsin®A = sin? D(H = angle between line of vision and y-axis) 

tgu = 9 h Alig i, R 
cos 2 = sine). 77 (sin '/, R sin A + cos'', R sin D) 

sin yp = Ml; (cos? , Resin A — sin '/, R sin DN. 

if the m. obliq. sup. cooperates with one of the other muscles of 

the eye then the rotating-moments of the different axes (w, y and 2- 

axis) can either strengthen or neutralise each other. If the m. obliq. 

sup. cooperates with the m. rectus inf. then the rotating moments 

(for y-axis) can neutralise each other; the rotation downward, the 

deorsumduction, is strengthened. If the m. obliquus sup. cooperates 

with the m. rectus sup., then the moments for rotation round the 

w-axis will be able to neutralise each other, so that the result is an 

almost accurate rotation round the y-axis (reflectory counter-rotation 

when the head is moved round a sagittal axis). A cooperation with 

the m. oblig. inf. will not easily occur, except for fixation of the eye, 

as the planes of motion of these muscles almost coincide. Only with 

abduction a not important cooperation may be expected. 

I wish to discuss a little more elaborately the cooperation of 

the m. obliq. sup. with the m. rectus ext. or with the m. rectus int. 

The view is often expressed that with an abduction of such a nature, 

that the line of vision coincides nearly with the axis of motion of 

the m. obliq. sup. a contraction of this muscle would merely rotate 

the eye inwardly round a sagittal axis, with an adduction on the 



contrary of such a nature, that the line of vision lies in the plane 

of motion of the m. obiq. sup., a contraction of this muscle would 

move the eye downward without rotation. This view cannot 

be entirely correct. We may not first let an abducing or adducing 

force operate and afterwards let the m. obliq. sup. operate, as if 

nothing had happened to the eye. We could as well first let the 

in. obliq. sup. operate and then let an abducing or adducing force 

influence. The result, the position of the eye, would then be quite 

different. In the two cases the tensions of the muscles might be equal, 

the resultant of the tensions of the tissues unequal; it is impossible 

that there could be equilibrium in both cases. We come nearer 

to the truth, if we ask ourselves, what is the resultant of the two 

muscle-tensions, how is the plane of motion of this resultant located? 

The eye will namely assume a position, as if it had come into this 

new position from its primary position, through the resultant of 

these muscle-tensions. For simplicity’s sake I let here the primary 

position coincide with the anatomical position of rest of the eye. 

The axis of the resultant will be located in the plane going 

through tbe axes of the two components. When the m. obliq. sup. 

cooperates with an abducing or adducing force, the planes of motion 

of resultant and components will always cut each other in one line, 

whatever the relation of the forces may be. With abduction the 

y-axis is located over the plane of motion of the resultant, with 

adduction under it. A result of this fact is, that with cooperation 

of the m. oblig. sup. with an abducing force the deorsumduction is 

much less important, than with cooperation with an adducing force. 

If the abducing force = Aj, the adducing force = — Aj, the resulting 

force —K,, and the location of the resulting axis determined by 

the angles 4, (with z-axis) mw, (witb y-axis) and vr, (with z-axis) then 

the following formulae hold: 

KE Or EKA a Keos 

KG sin v 
tg vy = ——- 

KG =\- Ky Cos Y 

sin YP, COs 2 sun Vr COS U 
OSS. ae cos Ur = — 

sun r sin ry 

In the normal eye, it has already been discussed, the cooperation 

of the muscles will always be such, that the eye assumes such a 

position, as if it had eome into that position by rotation round an 

axis in the plane of Listinc. This is no more true for the extreme 

limits of the field of vision, and neither with convergention. The 

law of Listing makes it necessary, that the resultant of the moments 
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of rotation for the y-axis is =O, or, if necessary, compensates a 

similar moment of rotation in consequence of the tension of the 

tissues. Consequently it cannot be correct, that the m. obliq. sup. 

Operates by preference when looking down in adduction. On the 

contrary the signification of the m. obliq. sup. is to be found chiefly 

in the fact that, cooperating with the m. rectus inf., it is able, when 

looking down, to satisfy, as much as possible, all the requirements of 

the law of Listing, and of the binocular vision, even if the resist- 

ances of the tissues are somewhat more irregular, or the relations 

for rendering binocular single vision possible are somewhat move 

difticult. The m. rectus inf. alone could never satisfy all these 

requirements. 

Chemistry. — “On Cathode Scattering in Electrolysis’. By Dr. 

A. H. W. Aten. (Communicated by Prof. A. F. HorLeMAN). 

(Communicated in the meeting of January 29, 1916). 

1. Introduction. In the electrolysis of aqueous solutions, deposition 

of metal or generation of hydrogen takes place at the cathode, for 

so far as the discharge of positive ions is concerned. The two pro- 

cesses can also take place side by side. The hydrogen formed can 

arise through direct discharge of the hydrogen ions present, (primarily), 

or also in consequence of this that metal ions present in the solution 

are discharged, and the metal formed through this decomposes the 

water (secondarily). Both in case of primary and of secondary 

veneration of hydrogen the cathode can undergo a change, which 

consists in this that the surface, which is smooth at first, becomes 

rough, or that the metal of the cathode seatters through the liquid 

in very finely divided state. This latter phenomenon is indicated by 

the name of cathode scattering. The roughening of the cathode- 

surface is essentially the same as the cathode-scattering, and differs” 

from it only in intensity. 

The cathode scattering for lead, tin, and other metals was first 

observed by Brepia and Hager). If one of these metals e.g. lead 

is made cathode in a solution of potassium or sodium hydroxide, 

or in diluted sulphuric acid, then for a not twosmall current density 

a scattering of the lead takes place, which spreads through the 

liquid in black clouds. HaBer*) and Sack*) explain this phenomenon, 

1) Ber. 81 (1898) 2741. 
2) Z. f. anorg. Chemie 16 (1898) 447, Z. f. Elektrochemie 8 (1902), 245, 

5) Z. f. anorg. Chemie 34 (1903) 286. 
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for so far as the scattering in alkalies is concerned, in the follow- 

in g 

During the electrolysis of a solution of sodium hydroxide with a 

lead cathode, an alloy is formed of the deposited sodium with the 

lead. This is decomposed by the water, under the formation of 

way. 

sodium hydroxide and hydrogen, in which the lead is left behind 

in finely divided state, and is distributed in the liquid by the 

escaping hydrogen. 

That it is possible that a metal as sodium, which is so much 

baser than hydrogen (the potential of equilibrium of sodium with 

regard to 1 n. NaOH is — 2.66 V, that of hydrogen — 0.81 V) is 

deposited in electrolysis instead of hydrogen, rests on this: 1. the 

potential at which hydrogen is generated with a somewhat consi- 

derable current density at a lead cathode is more than one Volt more 

negative than the potential of equilibrium, 2. the sodium, alloyed with 

lead, is much more positive than pure sodium. According to HaBER 

and Sack the potential of an alloy of lead with 4.5°/, sodium is 

only little less negative than that of lead in sodium hydroxide. 

With a sodium content of more than 8°/, the potential, however, 

becomes much more negative. In accordance with this lead-alloys 

synthetically prepared with less than 8°/, sodium react slowly with 

water, whereas alloys with more than 8°/, sodium quickly decom- 

pose water in which also the liberated lead scatters in the liquid. 

For the rest the scatterings have not been examined quantitatively. 

The purpose of this research was to fill up some of the existing 

gaps in our knowledge, in the first place with respect to the quantity 

of lead. which is scattered under different circumstances. The results 

obtained can be explained with the aid of Hapmr’s opinion, as will 

be further demonstrated. 

2. Mode of procedure. As it had to be ascertained in what 

way the quantity of scattered metal depends on the current density, 

it was necessary to arrange the cathode in such a way that it could 

easily be weighed before and after the experiment, and that it had 
an accurately defined surface. 

For this purpose a piece of ebonite was provided with an ebonite 

lid that could be screwed on. In the lid there was made a round 

hole of 1.90 em? with a bevelled edge. Through an opening in 

the ebonite passed a strong copper wire, to which a copper plate 

had been soldered. On this a plate of the cathode metal was put, 

and clasped by the serew lid. 

The copper wire was bent, so that the cathode plane was hori- 
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zontal and directed upward, and for so far as it passed 

through the liquid, insulated by a rubber tube slipped 

over it. 

The liquid was continually strongly stirred by a stirrer 

of Wirt, which was a few cm. above the cathode. The 

anode was formed by three graphite rods fastened to 

the wall of the beaker. To keep the cathode and anode 

space separated, the cathode was at first placed in a 

porous pot. It appeared, however, that without a porous 

pot, the results were the same, hence it was not used 

in later experiments. 

When the determinations were carried out, the cathode 
Fig. 1. 

was cleaned and weighed, and then placed in the bath; then 

the circuit was closed, the strength of which was read on an accurate 

amperemeter. The quantity of electricity that had passed through was 

calculated from the time and the intensity of the current. After the expe- 

riment was over, the cathode was weighed. The diminution in weight of 

the cathode gives the quantity of scattered lead. This expressed in 

gramme equivalents, divided by the quantity of electricity that has 

passed, expressed in Faradays, was used as measure for the scattering 

power of the metal. This ratio is henceforth expressed by A. 

3. The power of scattering of lead in solutions of sodium hydroxide, 

sodium carbonate, and sodium sulphate for different densities of 

current. At the beginning of the research it appeared that the found 

values for the scattering power could not very well be reproduced. 

Alternately high and low values were found without any regularity 

showing itself at first. 

On further investigation if now appeared that first of all the purity 

of the lead was of great influence on the power of scattering. Thus 

in Na,CO, with a density of 0,64 amp. per em.” lead of KaunrBAUM 

gave A—1,60, pure lead of unknown origin A= 1,52, and two 

kinds of technical lead resp. 1.00 and 0.58. The manipulation of 

the metal has no influence: cast and forged or rolled out lead 

yield the same results. Further the values of the power of 

scattering were always smallest at the beginning of a series of expe- 

riments. Both a new electrode and‘a fresh solution gave a too low 

value at first, which after 3 of 4 determinations generally rose to 

a constant value. The cause of this has not been cleared up. As to 

the influence of the age of the used solution, one might be of opinion 

that the too low values found in a fresh solution are the conse- 

quence of dissolved oxygen, which is removed by the seattered lead, 
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which easily oxidizes. This, however, is not the case. When a used 

solution which yields constant values for the scattering, is shaken 

with air till all the lead has been oxidized, the true value is found 

all the same in this oxygenous solution. 

Besides a too low value is found when the electrolysis is long 

continued, and also when an electrode, which has served for an 

experiment, is removed from the bath, dried, and used again. 

When all these influences were known, it was easy to find pretty 

constant values for the power of scattering, when the experiment 

was made under the following circumstances: Electrodes of pure 

KanrBaum lead, surface scraped off before every determination, short 

duration of the electrolysis (it never lasted more than three minutes), 

and a solution that had been used already a few times. 

In table I the valnes for the power of scattering d in a normal 

solution of Na,CO, have been given for different current densities 

D (in ampere per em’.). t= 150°. 

Density of current. 

Duration 
of the | 0.02 | 0.04 ; 0.08 0.16 0.32 0.64 1.28 2.56 

electrolysis 

0/30” = = = 1.3 1.50 1.61 1.66 1.66 

= 1.2 1.52 ok 15628 | 00268. mats 

= 2 = = 1.55 = = 

= = = = = 1.60 = = 

mean : n = 1.25 | 4454 | 1.60 |: 1.67. || 1667 

1/30” = = Ome) EP A ted | 150) |) 11,634] 1462 

_ 0.84 117 1425 ol (.66 1.63 

= — = 1.23 — 1.47 — 

— = 1.23 = 

mean = = 0.95 1.21 1.43 1.50 1.65 1.63 

3/0” 0.13 0.80 1.00 | 1.23 Nee) = — — 

OSO LIS O STe eli OO | ee 1280 1-30 = — au 

= a 1.20 = = £ = 

mean 0.06 0.79 1.00 1.24 1.34 — fo — 

It appears from these values that the greatest deviation between 
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the determinations inter se does not amount to more than 5°/,, so 

that we may assume the mean to be accurate up to 2—8°/,, except 

for the small current densities, where the deviations are greater. 

Besides it appears from them that even for these determinations of 

short duration the power of scattering in many cases decreases in 

course of the experiment. The table further shows that with great 

current density the scattering power approaches a limiting value 

of about 1.7. 

Other sodium salts, sodium hydroxide and sodium sulphate yield 

very much the same value for A except for small current density, 

when the determinations are uncertain. In figure 2 the value of A 

has been drawn as function of the current density for normal 

solutions of Na,CO,.Na,SO,, and NaOH, at 15°. 

A : 

As on electrolysis NaOH is formed on the cathode, the solutions 

of Na,CO, and Na,SO, at the cathode are to be considered as 

mixtures of NaOH with Na,CO,, resp. Na,SO,. 

4. Influence of the concentration and the temperature of the solu- 

tion on the power of scattering. 
The power of scattering increases with decreasing concentration, 

as appears from the subjoined table, which applies to a current 

density of 0,32 ampere per em.? and 15°. 

Normality Na,CO, 

2 1 0.5 0.25 0.125 

A 1.28 1.41 1.46 1.50 1.52 

Likewise for decreasing temperature. For a normal solution of 

Na,CO, we found with D=0,16: 
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Temperature 

15.°5 30.0 40.°5 46.°5 49.°0 

A 1.25 1.13 1.04 0.95 0.90 

It should be observed here that the temperature prevailing at 

the cathode is higher than the temperature of the bath on account 

of the great intensity of the current. As however with higher tem- 

perature of the bath also the cathode temperature will be higher, 

the values given here are yet sufficient to prove that with higher 

temperature the scattering decreases. 

The heat-effeet mentioned here also causes the experiments carried 

out with constant temperature of the bath, to take place with dif- 

ferent cathode temperatures, when the density of the current is 

different. The higher the latter, the higher also the cathode tempe- 

rature. Hence strictly speaking the lines in figure 2 do not hold 

for constant temperature. 

5. Seattering in solutions of potassium and calcium salts. 

Just as in sodium salts lead easily scatters in solutions of potas- 

sium salts. The value of the power of scattering is somewhat larger 

for potassium salts for great current density than for sodium salts, 

somewhat smaller for low current density. 

The subjoined table gives the values of normal-solutions of 

HCO, KOR Sande KeSO, 7 == 15> 

Current density. 

0.16 0.64 2.56 
K,CO, 0.80 1.41 2.02 
K.SO, 0.85 1.38 912 
KOH 0.80 1.51 2.16 

In solutions of calcium salts the lead-scattering is very slight, in 

a normal solution of CaCl, A= 0.05 for D = 2.56. For mixtures 

of KCl and CaCl, we found for D= 2.56: 

100°/, KCL A=1.97 
; SO SKC AES AED 

ZOE AARD 
09/7 KCl eA — 0.05: 

On addition of a lead salt to a potassium salt the scattering power 

diminishes, as was to be expected. Yet with a current density 2.56 

scattering of the cathode still takes place even when the lead con- 

tent is considerable. 

The subjoined values hold for a solution of potassium acetate and 

89 
Proceedings Royal Acad. Amsterdam. Vol. XVIII. 
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lead acetate, which is normal with respect to the two components 

together. D = 2.56 

°/, lead acetate <A 

0 1.78 

2.0 1.55 

4.0 1.20 

12.5 0.538 

33.0 0.12. 

With a higher lead content the weight of the cathode increases 

in consequence of lead then depositing on the cathode. Then there 

will therefore be a solution with a content of lead acetate slightly 

above 33°/,, where for D— 2.56 the weight of the cathode does 

not decrease nor increase. In these cases the solution becomes black 

through seattered lead, which here does not originate, or not exclu- 

sively from lead of the cathode, but from lead which is as ion in 

the solution. This is discharged at the cathode, at which also sodium 

is deposited. The formed alloy, however, scatters immediately, so 

that the result of the electrolysis is: no change of weight of the 

cathode, formation of a certain quantity of finely divided lead in 

the liquid and generation of hydrogen. 

6. Lead scattering in diluted sulphuric acid. 

Also in diluted sulphuric acid lead scatters in case of cathodic 

polarisation. The quantity that seatters is of the same order of mag- 

nitude as in solutions of sodium and potassium salts. For the rest 

the scattering in sulphuric acid is distinguished from that in solutions 

of Na and K-salts in this that for acid solutions the influence of the 

concentration of the solution and of the duration of the electrolysis 

are much greater. Besides the scattering only takes place for com- 

paratively large current densities. 

The determinations are much less easily reproducible here than 

in solutions of K and Na-salts. The following tables illustrate what 

has been said. : 

H,SO,=O.1 n. f= 15°. 
Current density. 

Duration of the | 
electrolysis 0.16 | 0.32 0.64 | 2.56 

| | 

10 sec. 0 | 1.5 1.8 So: 

30 sec. 0 1.4 07 ad 

90 sec. 0 0.6 0.8 | 1.4 
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E550, = 0.01 ny. f= 152: 

Current density. 

Duration of the 
electrolysis 0.08 0.16 0.32 

10 sec. 1.9 1.9 

30 sec. — lized eZ 

90 sec. 1.2 14 1.6 

On greater concentration of the sulphuric acid the scattering 

becomes smaller. Thus we found for a current density of 2.56 and 

a duration of the electrolysis of LO sec. : 

Concentration of the sulphuric acid 

Online 0.2 n. OS nn. O.4 n. O.5 n. 

Aes, 0.8 0.3 0.1 0.0 

7. Discussion of the results. 

It has appeared from the above that both in alkalic and in neu- 

tral and acid solution lead seatters cathodically when the current 

density exceeds a certain value. It seems therefore possible that in 

all these cases the scattering will be the consequence of a primary 

generation of hydrogen, also in solutions of sodium salts so that 

it would not be necessary to assume here the formation of a sodium 

alloy which seatters through the action of the water. 

Yet there are reasons to assume that the lead scattering in solu- 

tions of Na and K salts is, indeed, caused by the formation of an 

alloy of these metals with lead. In the first place the fact that no 

appreciable scattering takes place in calcium salts. [f it were always 

the consequence of a primary generation of hydrogen, it would not 

be possible to understand why this primary generation of hydrogen 

does not give rise to scattering in a calcium solution, whereas it 

does so in a sodium or potassium solution. If on the other hand it 

is assumed that in a solution of a calcium salt primary caleium is 

deposited which reacts with water before it has appreciably pene- 

trated into the lead, this accounts for the difference between calcium 

and sodium salts. That a caleium salt is not able to prevent the 

scattering by some action or other, as e.g. a chromate does, follows 

from this that in a mixture of a calcium and a potassium salt 

scattering does take place. 

The following experiment proves further that the scattering in 

solutions of sodium salts has another cause than in acid solutions. 

SIE 
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With a current density 2.56 no scattering takes place in n.H,SO,. 

If however, sodium sulphate is added till the solution is also normal 

with regard to this, we find with the same density of current a 

scattering of 0.3. 

The influence of the sodium = sulphate is now easily explained 

when we assume the formation of a sodium alloy, but not when 

we consider the scattering as a consequence of the primary hydrogen 

generation. 

Besides the formation of a sodium alloy, there will also have to 

take place a primary hydrogen generation, which does not cause 

scattering. According to the experiments by Haser and Sack men- 

tioned in the introduction alloys of lead with more than 8°/, of 

sodium react forcibly with water. We shall, therefore, have to assume 

that in the electrolysis no alloys will be formed with a greater Na- 

content, for before the Na-content has increased so much, the alloy 

will already have reacted with water. An alloy with 8°/, Na contains 

about 2.5 aeg. Pb to 1 aeg. Na, hence when exclusively this alloy 

was formed in case of electrolysis, we should have to find about 

2.5 for the scattering power of lead in sodium salts. 

The highest value which was found, is 1.7, and from this follows 

that in electrolysis partly Na-ions are discharged, partly H-ions, in 

which accordingly a primary hydrogen generation takes place with- 

out cathode seattering. With smaller current density and higher 

temperature the scattering power diminishes, i.e. the primary hydro- 

gen generation increases, the formation of the sodium alloy becomes 

slighter. This is in good harmony with the fact that for smaller 

current density and higher temperature the overvoltage for hydrogen 

generation at a lead cathode decreases. It is different with the 

nerease of the scattering on increasing dilution of the salt solution. 

In a solution of Na,CO, the concentration of the Na-ions becomes 

smaller on increased dilution, that of the H-ions becomes greater. 

The primary generation of hydrogen would therefore have to be 

promoted at the expense of the discharge of the Na-ions. Of this a 

slighter scattering would have to be the consequence. A stronger 

scattering is, however, observed. An explanation of this contradiction 

is not to be given without further hypotheses. 

For solutions of sodium salts and likewise of potassium salts, the 

cathode scattering can for the greater part be accounted for by the 

assumption of the formation of a sodium- resp. potassium alloy ; for 

the scattering in sulphuric acid, however, another cause must be 

sought. Here the hydrogen is primarily developed ; if this generation 

takes place at the boundary surface lead-sulphurie acid there is no 
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reason whatever why the lead should be scattered. If it is, however, 

assumed that the hydrogen, before it escapes as gas, penetrates into 

the lead down to a certain depth, then with the formation of gas 

bubbles in the lead, the metal can scatter. 

But this conception is not tenable withont any further hypothesis 

either. If namely the hydrogen separated in the form in which it 

escapes later on, so as molecules H,, it would be strange that the 

hydrogen does not escape at once, but tirst enters into the lead down 

to a certain depth. and does not escape until after this. We shall, 

therefore have to assume that the hydrogen separates in another 

form than that in which it afterwards escapes, and it is natural to 

suppose that this will be in the form of hydrogen atoms originating 

through the direct discharge of the hydrogen ions. 

These hydrogen atoms will combine to molecules H, with a certain 

velocity, and these will escape in gaseous form. When the atomic 

hydrogen is soluble in the metal, the hydrogen atoms will penetrate 

into the metal to a certain depth and combine there to molecules H,. 

If this molecular hydrogen is less soluble in the metal, the hydrogen 

will again try to escape from the metal. A kind of explosion takes 

place in the metal in consequence of which the metal is scattered 

in the solution in finely divided state. 

For the scattering of a metal in consequence of primary hydrogen 

generation the following conditions must therefore be satisfied. 

1. The hydrogen atoms formed by electrolysis must combine to 

molecules H, with a restricted velocity. 

2. The hydrogen atoms must be soluble in the metal, and there- 

fore with a certain velocity diffuse into the metal in which they 

combine to molecules H, with a limited velocity. 

3. The metal must probably not possess a too great hardness, so 

that the tension which arises in consequence of an excess of hydrogen 

in the metal is also able to break up the metal. 

The first condition includes that the hydrogen generation at the 

metal requires a certain overvoltage. For hydrogen can only be 

generated at the equilibrium potential of the hydrogen when the 

combination of 2H to H, proceeds so quickly that there is continually 

equilibrium between atomic and molecular hydrogen. If the concen- 

tration of the hydrogen atoms is greater than corresponds with the equili- 

brium, the potential of the electrode is more negative than the potential 

of equilibrium. Apart, therefore, from other causes for the overvoltage 

the slow combination of 2H to H, gives rise to a certain excess of 

potential difference. Different metals and also different electrolytes 
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can accelerate or retard the formation of H, from 2H. This may 

be regarded as the cause for the different behaviour of sulphuric 

acid of different dilution. As the seattering decreases on increasing 

concentration of the acid, a catalytic action on the reaction 2H +H, 

might be attributed to the H,SO, or to one of ifs ions. Also the 

different behaviour of different metals may, at least for a part, be 

put to the account of the promotion or retardation of the formation 

of molecular hydrogen. 

As for the second condition, it is clear that only when the atomic 

hydrogen penetrates into the metal, there can take place scattering. 

That in this case there is not always scattering, however, is 

apparent from the behaviour of iron and other metals. CHarpy and 

Bonnerot’) observed, namely, that in case of electrolytic hydrogen 

generation at a box-shaped iron electrode, hydrogen of a pressure 

of more than 20 atmospheres was. found inside the electrode. It 

will also have to be assumed in this case that the hydrogen which 

penetrates into the metal as H is partly converted into H, im the 

metal. The resulting tension is evidently not able in the hard iron 

to make the metal seatter. Instead of this the hydrogen diffuses 

through the metal. That in metals as iron and nickel, at which 

hydrogen is electrolytically developed, there are tensions present in 

consequence of the dissolved hydrogen appears from the curling up 

of thin plates of these metals on electrolysis. In this the side at 

which hydrogen is generated or that which contains most hydrogen, 

is also the convex side. 

Amsterdam, December 1915. 

Chemical Laboratory of the University. 

Chemistry. — “‘/n-, mono- and divariant equilibria.” Vil. By 

Prof. F. A. H. SCHREINEMAKERS. 

(Communicated in the meeting of February 26, 1916). 

1. Some general properties. 

In our previous considerations we have found some general properties 

of the curves and the regions of a P,7-diagram, for instance: 

in a P,7-diagram always a same number of bundles is situated 

at the right and at the left of each bundle; 

in a P,7-diagram the number of bundles is always an odd one 

and three at least ; 

1) C R. 156 (1913) 394. 
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each region angle is smaller than 180°; 

each region, which extends itself over the metastable or stable 

part of a curve (/,), contains the phase /,. 
Now we shall discuss still some other properties and for this we 

introduce the idea “coneentration-region’”’. 

In a system of n-components in the invariant point » + 2 phases, 

in the monovariant equilibria » + L and in the divariant equilibria 

n phases occur; the concentration-diagram is situated in a space 

with  — 1 dimensions. 

We take from the divariant equilibrium : 

Ree Rea VA 0) 
a complex X of the composition : 

X—a,F,+4,F,-+...+ Mton oa Se 82) 

wherein 

ee Cet me et yet ee) 

We represent this complex X by a point \ of the concentration- 

diagram. When we give to a,, a, etc. all possible values (of course 

only positive ones), which satisfy 3, then the complex \ gets all 

possible compositions, which are obtainable with the aid of the phases 

Py... Fy42. As with each complex X a definite point X in the 

concentration-diagram corresponds, we obtain in this diagram, therefore, 

an assemblage of points adjoining one another which occupies a 

definite part of the diagram. We call this part the concentration- 

region of the bivariant equilibrium (/’, F,). 

In a binary system [fig. 2 (1)| the concentration-region of the equi- 

librium (PF) =F, + Hs, is, therefore the straight line F,/,; in a 

ternary system [fig. 1 (ID, 3 (ID) and 5 (11)] the concentration-region 

of the equilibrium (1.2) —=3+44-+5 is the triangle 345; in a 

quaternary system [fig. 1 (III), 3 (III), 5 (III) and 7 (IID)] the con- 

centration-region of the equilibrium (4. M= A+ B+ C+ D is 

the tetrahedron ABCD. In a system with more than four compo- 

nents this region is situated in a space with more than three 

dimensions. 

Now we take from the monovariant equilibrium 

(FS Fp Ae FAL ee eat en oe ep) 

a complex A of the composition : 

” NG ee a Haren rly ere | gh eN (6) 

When we give again to this complex Y all possible compositions 

which may be obtained with the aid of the phases #,F,..., then 

the point Y follows again a definite part of the concentration- 
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diagram ; we call this the concentration-region of the monovariant 

equilibrium (4). 

In a binary system [fig. 2 (D] the region of (1) = EF, +F, + Aj 

is consequently the line /,/’,; that of (F))= F, + F, + F,, therefore 

the line #’,/’,, ete. In a ternary system this concentration-region is 

a triangle or a quadrangle. When we take e.g. the equilibrinm 

(38) =1+4+2+4-+ 5, then this is in fig. 1 (II) the quadrangle 1425, 

in fig. 3 (If) the triangle 125 and in fig. 5 (II) also the triangle 125. 

In a quaternary system this concentration-region is a tetrahedron 

or a hexahedron. When we take e.g. the equilibrium (4) = A + 

+B6+C+D+E; in fig. 1 AID, 3 (III) and 5 (III) it is the 

hexahedron ABCDE, in fig. 7 (III) the tetrahedron ABCD. 

At last we take a complex: 

X=a,F,+a,F,+...+ onee 5 (©) 

of the invariant equilibrium. Wien we give to this complex X all 

possible compositions, which may be obtained with the aid of the 

phases #’... Mps, then the point X traces the concentration-region 

of the invariant equilibrium. 

In a binary system this is the line PF, [fig. 2 (I)]; in a ternary 
system it is either a quintangle [fig. 1 (II)] or a quadrangle 1253 

[fig. 3 ([1)] or a triangle 125 [fig. 5 (II). In a quaternary system it 

is one of the solids, drawn in figs. 1 (III), 3 (III), 5 (IID) and 7 (III); 

in a system with more than four components this region is situated 

in a space with more than three dimensions. 

It appears from the previous that in some cases the concentration- 

regions of an invariant, monovariant and bivariant equilibrium may 

be the same. In fig. 5 (II) e.g. triangle 125 is not only the region 

of the invariant equilibrium, but also that of the monovariant equi- 

libria (8) and (4) and also that of the binary equilibrium (3. 4) = 

=1+42+4+5. 

When we take a point in a P, 7-diagram, then this point represents : 

1. when it is situated between the curves, one or more bivariant 

equilibria. 

2. when it is situated on a curve, a monovariant equilibrium 

with one or more bivariant equilibria or not. 

When we take e.g. in fig. 2 (II) a point between the curves (1) 

and (2), then this represents a P and 7, at which the bivariant 

equilibria 134, 245 en 345 of fig. 1 (ID) can occur. When we take - 

a point on curve (1) then this point represents a Pand 7, at which 

the monovariant equilibrium (1) = 2 438 + 4 + 5 and the bivariant 

equilibrium 134 of fig. 1 (II) may occur. [The region 134 viz. extends 

over curve (1)]. 
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Now we can show: 
1. “the concentration-regions of the equilibria, which are represented 

by a point of a P,7-diagram, never coincide completely or partially.” 

2. “the sum of the concentration-regions of all equilibria, which 

are represented by a point of the ?,7-diagram, is equal to the con- 

centration-region of the invariant equilibrium.” 

We shall call these properties the rules of the concentration-regions. 

Before proving those rules, we shall first elucidate them by 

some examples. 

In the P,7-diagram of a binary system | fig. 2 (I)) we find between 
the curves (1) and (4) the bivariant equilibria 12, 23, and 34; the 

corresponding concentration-regions F\/,, FF, and F,/', do not 

cover one another, and together they are equal to the invariant con- 

eentration-region #,/. The same appears when we consider a point 

between two other curves. 

When we take a point on curve (2), then this represents, as no 

region extends itself over this curve, the monovariant equilibrium 

(F,) = F, + F, + F, only; the concentration-region of this equili- 

brium is again the invariant region / #,. When we take a point 

on curve (3) then this represents the equilibrium (/,)=/,+F,+ £;; 

as the region of this equilibrium is again the line 4’, /’,, consequently 

no region is allowed to extend over curve (3). 

Over curve (1) indeed a region has to extend, this is apparent 

from the following. A point of this curve represents the equilibrium 

(F,) = F, + F, + F,, the concentration-region of which is indicated 

by the line F, F,. Consequently over curve (1) another region has 

to extend itself, the concentration-region of which is represented by 

the line #’, F,, therefore, the region 12. 

In the same way it is apparent that over curve (4) still the region 

34 has to extend. 

Let us consider now a ternary system, of which the concentration- 

and the P,7-diagram are represented by the figs. 1 (II) and 2 (II). 

The concentration-region of the invariant equilibrium is here the 

quintangle of fig. 1 (11). A point between the curves \L) and (2) 

represents the three bivariant equilibria 134, 245, and 345. It appears 

from fig. 1 (II) that those equilibria cover one another neither com- 

pletely nor partly, and that they form together the quintangle. The 

same is true for the points between the other curves. 

It follows also at once that over each of the curves a region has 

to extend itself. A point of curve (1) represents viz. the monovariant 

equilibrium (1) = 2 +3 +4 +5, the region of which is represented 

in fig. 1 (11) by quadrangle 2534. As the sum of the regions of 
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all equilibria in this point must be the region of the invariant 

equilibrium, consequently the whole quintangle, over curve (1) still 

the region 184 has to extend. 

In the same way it is apparent that over curve (2) still the region 

245 has to extend itself; for equilibrium (2) is the quadrangle 

1453 and the whole quintangle is quadrangle 1 458 + triangle 245. 

Let us take a ternary system, of which the concentration- and 

the P,T-diagram are represented by fig. 3 (II) and 4 (Il) [We have 

to bear in mind, as is already communicated several times that 

figs. 4(11) and 6 (Il) must be changed mutually.| The concentration- 

region of the invariant point is now the quadrangle 1352, the 

sum of the regions, represented by a point in fig. 4 (Il) must, there- 

fore, be equal to quadrangle 1352. When we take e.g. a point 

between the curves (1) and (2), this point represents the equilibria 

124, 154, 245, and 345; we see that those equilibria do overlap 

in fig. 3 (Il) and that they form together the quadrangle 1352. 

Also we see at once that no region is allowed to extend itself 

over curve (4); for the equilibrium (4) = 1+ 2 +8 + 5 occupies 

already the whole quadrangle 1352. Also we see at once which 

regions extend themselves over the other curves; let us take e.g. 

curve (2). As this curve represents the equilibrium (2)—1+3-+4-+5, 

consequently quadrangle 1453, the regions 124 and 245 have 

{o extend themselves over curve (2). It follows viz. from fig. 3 (ID): 

quadrangle 1 258 quadrangle 1453 + triangle 1 2 + + triangle 

245. 
We see also the confirmation of these rules with the applications 

of these considerations to fig. 5 (II) and 6(II) and to the figures, 

relating to quaternary systems (Communication III). In the P,7- 

diagrams of the quaternary systems the different regions are not 

drawn; the reader may deduce them however easily in the way 

formerly described. The P,7 diagram with its regions of fig. 6 (II) 

is represented in Communication IV by the symbolical diagram 3. 

We can prove the first of the rules mentioned above in the follow- 

ing way. We assume that a point Q of a P,7-diagram represents 

the equilibria S, and S,. When the concentration-regions of S, and 
S, coincide, then every point within this coinciding region can 

represent as well the equilibrium S, as S,; at the temperature and 
a 

under the pressure represented by the point Q consequently the 

reversion S, ZS, may take place. As temperature and pressure 

remain unchanged with this reversion, of the two equilibria S, two 

and S, the one is metastable with respect to the other. Let us limit 

ourselves to stable conditions, then it follows that the concentration- 

2 
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regions of the equilibria, which are represented by a point of a 

P,T-diagram, can never coincide completely or partly. 

It appears from the previous that this is really possible, when 

we take also metastable conditions into consideration. When we 

take e.g. a point on the metastable part of curve (1) in fig. 2 (ID, 

then this point represents the metastable equilibrium (1) = 2845 

and the stable equilibria 124, 125 and 135. In fig. 1 (1D) quadrangle 

2345 coincides partly with each of the triangles 124, 125, and 135. 

Now we shall prove the second of the rules mentioned above. 

We call the pressure and the temperature of the invariant point 

P, and 7, those of a point Q in the P, T-diagram P, and 7’. 

We consider of the phases occurring in the invariant point, a complex: 

X=a,F, + 4,F, +... + Gate Pate 

and we imagine this to be represented by a point X of the concen- 

tration-diagram. When we change pressure and temperature from 
P 

or bivariant equilibrium |S 

and 7, to P, and 7’, then the complex .Y passes into a mono- 

When we change now the composition 
0 

- 

of the complex AN, then we may distinguish two cases, viz. the 

equilibrium |S. remains or a new equilibrium S,, is formed. In 

the first case, however, the ratios of the quantities of the phases, 

of which SN, is composed change. 

Now we change the composition of the complex \ in such a 

way that the point \ traces the whole concentration-region of the 

invariant point; then in the point @Q occur one or more equilibria 

S)S,... and no others can exist. The sum of the concentrationregions 

of these equilibria must, therefore, be equal to the concentration- 

region of the invariant point. 

In our considerations we have assumed that the phases in the 

invariant point and in the point @ have still the same composition, 

this is no more the case when gases, solutions or mixed crystals 

occur. When this is the case, then those phases have no more the 

same composition in the invariant point and in the point Q, so that 

also the points, representing those pliases in the concentration-dia- 

gram, are displaced a little. Also a same phase can be indicated 

by different points, when it belongs to different equilibria. All those 

differences are however smaller, in proportion as the point Q is taken 

more closely to the invariant point. When we take into consider- 

ation those differences, then we have to formulate the rule a little 

differently. This is, however, not necessary for the application and 

we have to keep the same composition as in the invariant point 

for all phases in the point Q. 
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We take a point X in a concentration-diagram, e.g. in fig. 1 (ID; 

we imagine this point so close to the side 13, that it is situated 

within each of the triangles 148, 123, and. 153. It appears from the 

position of this point that it may represent: the invariant equili- 

brium 1+2+3+4-+5 or one of the monovariant equilibria : 

(2) = 1458, (5) —1423 and (4)=1258 or one of the bivariant 

equilibria: 148, 123 and 153. 

Now we may put the question: which of those seven equilibria 

will ocenr? Before answering this question in general, we shall 

first elucidate it by an example. 

It is evident that the equilibrium 12345 can only occur at the 

temperature 7’, and under the pressure P, of the invariant point; 

the occurrence of the other equilibria follows from the corresponding 

P, T-diagram | fig. 2 (II)]. Hence it is apparent that the complex X 

is converted into the equilibrium (2) = 1453, when we choose P 

and 7 in such a way that they are represented by a point of 

curve (2); it is converted into the equilibrium (5) = 1423 when P 

and 7’ are represented by a point of curve (5) and into the equili- 

brinm (4) = 1253, when P and 7 are represented by a point of 

curve (4). 

We shall call the part of the P, 7-diagram, situated between two 

succeeding curves a “space”; space (1) (2) means, therefore, that 

part of the P,7-diagram which is situated between the curves (1) 

and (2). 

As is apparent from fig. 2 (II) from the complex \ the equilibrium 

143 will result when P and 7’ are represented by a point of the 

spaces (1) (2) or (1) (5), it is converted into 128, when P and 7 

are represented by a point of space (4) (5) and into 153 when 

Pand T are represented by a point of the spaces (2) (3) or (3) (4). 

As the equilibrium 12345 can occur only at 7, and under P,, 

we leave this further out of consideration. Then it appears that 

the complex Y can be converted into three monovariant and three 

bivariant equilibria, and that the chosen P and 7’ define which of 

those equilibria shall occur. 

We go in fig. 2 (ID starting from curve (2) e.g. towards the left; 

when we write the six equilibria mentioned above, in the order 

of succession, in which they follow one another in fig. 2 (ID), then 

we find® (2) 135°) 123) (hy 1342). 

It appears from the position of the equilibria, that in the P,7- 
diagram : 

1. these equilibria do not cover one another neither completely 

nor partly ; 
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2. the bivariant regions 135, 123 and 134 occupy all spaces, so 

that they form an angle of 360° around the invariant point. 

3. the occurring curves and regions belong to one another in 

such a way that the eurves are the limits of the regions and there 

occur as many curves as regions. 

These properties are not only valid for the example, discussed 

here, but in general we may express them in the following way. 

1. A complex XY (represented by a point Y of the concentration- 

diagram) can be converted into several monovariant equilibria 

M, M,... and into as’ many bivariant equilibria B, B,...; it 

depends on the P and 7, which we give to the complex X which 

of these equilibria occurs; under each P and 7’ only one of those 

equilibria occurs. 

2. In the P,7-diagram the bivariant-regions B, B,... do not 

coincide neither completely nor partly; nor do they cover one 

of the curves J/, M,...; these curves separate the regions from 

one another. ; 

3. The bivariant-regions 5, B,... occupy together all spaces of 

the P,7-diagram, so that they form an angle of 360° round the 

Invariant point. 

We shall call those properties the rules of the fields. 

In order to show this we draw in the P,7-diagram a closed curve, 

which surrounds the invariant point; this closed curve intersects 

all fields and curves of the diagram, therefore also the fields 

B, B,... and the curves M, M,... When we change the Pand 7’ 

of a complex Y in such a way that it follows the closed curve, then 

consequently at this cycle all equilibria M, M,... and B, B,... 

must arise from the complex \ in a definite order of succession. 

As, of course, in this case no other equilibria than those mentioned 

above, may be formed, the fields 5, B,... have to cover this closed 

curve completely, so that the fields form a continuous figure round 

the invariant point. Also it appears that the conversion of a biva- 

riant equilibrium into the next one does not take place directly, but 

first a monovariant equilibrium is formed from the bivariant one 

and from this the other bivariant equilibrium. The properties 

mentioned above, follow at once from those considerations. 

In the different diagrams we see the confirmation of the rules 

mentioned above. Let us take e.g. a binary system [fig. 2 (I)]. 

A point N on the line A B, between the points /, and F, can 
represent one of the monovariant equilibria (/’,) = /, F, F,.(/,) = 

= FF, F,F, and (F, =F, F, Ff, or one of the bivariant equilibria 
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FFF F, and F, F,. We see that the fields 12, 13, and 14 

occupy all spaces in the P,7-diagram; the field 12 extends itself 

viz. over two spaces. Also we see that none of. those fields covers 

one of the curves (2), (8) or (4). If this complex is made to de- 

scribe a cycle, then consequently the conversions : 

(2) > 18 > (4) ~ 12 | (38) = 14 | (2). 

occur. 

When we had taken a complex, represented by a point between 

F, and #,, then we could convert it into four monovariant and 

four bivariant equilibria. 

Let us take a ternary system, of which the concentration-diagram 

is represented by fig. 1 (ID. When we take a point X within the 

quintangle, formed by the points of intersection of the diagonals, 

then this point can represent one of the monovariant equilibria 

(1), (2), (8), (4) and (5) or one of the bivariant equilibria 128, 145, 

234, 125 and 345. When we consider those curves and regions in 

the P,7-diagram, then we see again the confirmation of the rules. 

The following conversions occur at a cycle of ‘this complex : 

(1) — 845 — (2) — 145 — (3) > 125 — (4) — 125 — (5) — 234 — (1) 

It follows from the deduction of the properties discussed above, 

that those are also valid, when, besides mono- and divariant equi- 

libria, also occur tri-, tetravariant ones, ete. We have to read in 

those rules instead of bivariant equilibria (or fields): bi, tri-, tetra- 

variant ete. equilibria (or fields). It may occur however, as we shall 

see further, that one single equilibrium occurs only; the number 

of monovariant equilibria is then of course no more equal to the 

number of bi-, tri-, tetravariant ones, ete. Yet this one region 

occupies all spaces of the /,7-diagram. 
Before elucidating those rules also for these cases with some 

examples, we shall first seek the tri-, tetravariant ete. regions in 

a P,T-diagram. 

Although in our P,7-diagrams only tbe bivariant ‘regions are 

indicated, yet we are able to find at once the other ones. Let us take 

e..g a bivariant region /’, /’,/;, in which, therefore, exists the phases- 

complex /’, + #,-+ HF. Now it is clear that in this same region 

also the complexes 4, + F,, F+ F, and #,-+ F, can occur and 

also each of the phases Pand /’, separately. 

In order to find e.g. in fig. 2 (ID) the trivariant field 12, we have 

only to take therefore, the fields 12m, in which m represents an 

arbitrary phase, here these ave the fields 124, 125 and 123. Conse- 

quently the field 12 occupies in fig. 2 (II) the spaces (3) (4) and (4) (5). 
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When we seek the trivariant field 13, then we find it in the regions 

123, 134 and 135; consequently it occupies all the spaces of fig. 2 (II). 

In order to find the tetravariant field 1, we seek the fields 1 mm, 

in which m and n represent arbitrary phases; it appears that this 

field 1 occupies all spaces in fig. 2 (II). We find the same in this 

figure for each of the fields 2,3, 4, and 5. 

Now we take in a binary system | fig. 2(I)] a point X which 

coincides with the point #’, of the line AB. As it is apparent from 

its position on the line AB, this complex \ can represent six differ- 

ent equilibria, viz. either one of the monovariant ones (/,)= F, + F,-++ 
+ F,,(F, = F,+ #, + #, and(P,) = fF, + Ff, + For one of the 

bivariant ones PF, and FF, or a trivariant equilibrium, viz. the 

phase /’, itself. 
Now we see that the bivariant fields 13 and 14 and the trivariant 

field 2 occupy all spaces in the ?,7 diagram and that none of those 

fields covers one of the curves (2), (5) or (4). 

Consequently in a cyele of the phase /, occur the conversions 

OE 

or in reverse order of succession. Hence it is apparent that the 

phase F, may divide itself directly into the equilibria (8; = 1 + 

2+4 and (4)=1+2-+3. but not into (2)=1-+3- 4 or into 

14 or 13, those three last equilibria may be formed only then, when 

first some other ones have occurred. 

Similar considerations are true for the phase /,. 

Totally different however, it is, when we let the point \V coincide 

with one of the points /’, or #,. When X coincides with /’,, then Y 

cannot represent a mono- or divariant equilibrium, but nothing else 

but the phase #,. The trivariant equilibrium 1 must, therefore 

occupy all spaces in the P,7-diagram. In a eycle of the phase /’,, 

this remains, therefore, unchanged. The same applies to /’,. 

Now we take in the concentration diagram of a ternary system 

a point Y on one of the diagonals, e.g. in fig. 1 (IL) on the diagonal 12, 

we choose the point in such a way that it is situated within the 

triangle 134. It appears from the situation of this point that it can 

represent six different equilibria, viz. either one of the monovariant 

ones (2) = 1345, (8) = 1245 and (5) = 1234 or one of the bivariant 

ones 134 and 145 or the trivariant equilibrium 12. It appears from the 

P, T-diagram that the regions 134, 145 and 12 occupy all spaces and that 

they do not extend themselves over one of the curves (2), (3) or 

(5). In a eyele of this complex X occur, therefore, the conversions: 

12 = (5) — 134 — (2) — 145 (3) — 12 

in this or in the reverse order of succession. 
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When in fig. 1 (II) the point X coincides with one of the phases, 

e.g. with phase 5, then this point can only represent this phase 5 

and nothing else, the tetravariant equilibrium 5 has to oecupy, 

therefore, all spaces in fig. 2 (II). The same applies of course also 

to each of the other regions 1, 2, 3, and 4. 

Considering the concentration-diagram of fig. 3 (ID) we see 

at once that each of the regions 1, 2, 3 and 5 has to occupy 

all spaces in the corresponding /,7:diagram. [We have to bear in 

mind that the figs. 4 (ID and 6 (II) kave to be changed mutually]. 

This is, however, not the case with the region 4. It is apparent 

from fig. 3 (ID into which equilibria the phase 4 can be divided, 

it follows from fig. 4 (II) in which order of succession those equi- 

libria will oeeur in a eyele of the phase 4. We find: 

1123-5 4) 125 > 8) 

Previously we have shown that with each property in a P,7- 

diagram a property in the concentration-diagramity pe corresponds. 

This appears a.o. also from the two following properties, which 

we have deduced in this communication, viz. 

The concentration-regions, which are represented by a point of a 

P,T-diagram, occupy the whole region in the concentration-diagram 

and they do not coincide completely nor partly ; 

the equilibria, which are represented by a point of the concen- 

tration-diagram, occupy all spaces in the /?,7-diagram and they do 

not coincide completely, nor partly. 

We take from the invariant equilibrium 

(Pa PI ee ee He 
a complex X of the composition 

X =a, PF, Ha, F, +. + ante Fats. 

Now we shall answer tbe question: if we bring this complex 

under such a P and at such a 7’, that it becomes metastable, into 

which other equilibrium will it then convert itself, when (while Pand 

T remain constant) the metastable condition passes into a stable one ? 

In order to answer this question, we consider in a P, 7-diagram 

the curve (/’,) which represents the equilibrium (/’,); when we 

bring the complex X under such a P and at such a 7’ that it is 

metastable, then it is represented by a point Q on the metastable 

part of curve (F,). This point Q is situated in the bivariant fields 

which are extended over the metastable part of curve (/’,). When 

the metastable condition passes into a stable one, then consequently 

one of the equilibria must be formed which are represented by 

those fields. When only one single field extends itself over the meta- 
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stable part of curve (/,), then the complex X can also be converted 

into one single equilibrium only: when more regions extend them- 

selves over it, then also more equilibria may arise. Then it depends 

on the composition of this complex X which of those equilibria 

shall be formed. Of course the concentration-region of those equilibria 

occupy together the whole region of the invariant point. 

Formerly (Comm. 1) we have shown that each tield which extends 

itself over the stable or metastable part of a curve (/) contains 

the phase F,; hence it follows that each equilibrium into which 

the complex Y can be converted, contains the phase 4. 
Consequently we find: when the equilibrium (/,) is converted 

from a metastable condition into a stable one under constant / 

and at a constant 7, then a bivariant equilibrium is formed, in 

which always the phase /, occurs, which was not present in the 

equilibrium (F’). 

At this conversion, therefore, the number of phases is diminished 

with one. This does not take place, however, on account of the dis- 

appearance of one phase from (/°); as at the same time a new phase 

Fis formed, two of the phases, present already, have to disappear. 

Previously we have seen that each bivariant field represents at 

the same time some fields with more than two degrees of freedom ; 

under definite circumstances the equilibrium (/) may, therefore also 

be converted into a tri- or tetravariant ete. equilibrium. Also those 

equilibria always contain the phase / then. 

We shall elucidate this rule by some examples; for this we take 

first a binary system [fig. 2 (IJ. 

When we bring the equilibrium (/) under such a P and at such 

a 7 that it is metastable, then it is represented by a point on the 

metastable part of curve (1) in the region 14. At the occurrence of 

the stable condition consequently (/,) = F, + F, + F, is converted 

into #, + F,. As new phase consequently occurs /’,, while the 

phases #’, and /’, disappear. 

When we bring (/’,) under such a P and at such a 7, that it 

is metastable, then it is represented by a point on the metastable 

part of curve (2), consequently by a point of the fields 12 and 24. 

At the occurrence of the stable condition (/,) = F, + F, + ¥, is 

consequently converted either into /’, + /, or into F#, + F,. In 

both cases, therefore, two of the phases disappear from (/',) and 

the new phase /’, is formed. 

Which of the two equilibria #4 #, or #,-+ F’,, will be formed, 

depends on the composition of the complex; when this is situated 

on the line AB between F, and #,, then only the first can be 

90 
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formed, when it is situated between #, and /’,, only the second 

equilibrium can be formed. 

We shall represent in the following way the conversions, which 

may occur in a binary system. 

Metast. (F)= F, + F, + F, > Stab. a + F, 

5 (F)=F+F,4+F,- „ EE, or +f, 
(F,) = FP, + F, -+ F, A: a = io ais + F, 

(Fj=F, +f +7, … EE 

We see that the metastable equilibria (/’,) and (/’,) can result to 

»” 

EE) 

the same equilibria at their transition into a stable condition. This 

is always the case, when the metastable parts of the curves, which 

represent those monovariant equilibria, are situated in the same 

space of the P,7-diagram. 

Let us now take a ternary system, of which the concentration- 

and the P,7-diagram are represented by figs. 5 (II) and 6 (IL). [We 

have to bear in mind that the figures 4 (1) and 6 (II) have to be 

changed mutually |. Now we find for the conversions of the meta- 

stable monovariant equilibria into stable ones: 

Metast. (1 21+3+4-+ 5—Stab. 125 

5 (2 +3+4+5—S5tab. 125 

6 (3 +2+4+5—Stab, 128, 135 or 2 

+ 

2 235 

7 (4 2+3+5—Stab. 124, 145 or 245 

En (5 2434 Stab. 125, 

which is in accordance with the former rules. 

Hence it is apparent that each of the equilibria (1), (2) and (5), 

whatever may be its composition, is converted into 125; with the 

equilibria (8) and (4), however, it depends still on the composition, 

which of the trivariant equilibria shall occur. When the point X 

which indicates the composition of the equilibrium (8) is situated 

e.g. on the line 14 [fig. 5 (I])| then 123 is formed ; when this point X 

is situated, e.g. on the line 45, then, dependent on the position of 

X on this line, either 123 or 235 will be formed. 

When the point X happens to be situated on the line 23, then none 

of the equilibria 123, 185 or 235 can be formed, but the trivariant 

equilibrium 23 is formed. Consequently the three phases 1, 4 and 5 

disappear from the equilibrium (8) = 1 + 2 +4 + 5, while 3 occurs 

as new phase. 
When the complex A should happen to have such a composition, 

that is was represented by point 3, then the equilibrium (3) = 1 

+ 2+4-+ 5 would pass into the phase 3 only. 

When the complex X should happen to have such a composition, 



that it was represented by point 4, then the equilibrium (3) would 

not be converted into the phase 4, but into the equilibrium 125. 

The above considerations can also be applied to systems with 

more components; for this we have only to draw the different 

regions in the P, 7-diagrams or in their symbolical representations. 

Hence it appears at onee which bivariant equilibria may occur. 

It depends on the composition \ of the monovariant equilibrium, 

which of those bivariant equilibria shall be formed from a definite 

complex YX. When we represent the compositions of the phases in 

a concentration-diagram, then, as we have seen above, this question 

may be solved at once. As this represention requires, however, a 

space with more than three dimensions for systems with more than 

four components, we shall follow another way for those systems. 

Let us take as an example the monovariant equilibrium : 

(R=P+Q484+ 74+ 04 V 

of a system with five components, in the invariant point of which 

occur the seven phases: P, Q, RS, 7) U and V. We assume 

that the reactions between those phases are defined by the reaction- 

equations : 

OERS Ty RAV, Om a de 

and 

As those are the same reaction-equations as (18) and (14) in 

communication IV, the diagram is represented by the symbolical 

diagram 21 (IV). Consequently we find for the conversion of the 

monovariant equilibrium (/) ; 

Metast. (R) = P+ Q+84+ 74+ U+ V—Stab. (QV), (PU), 

(SV); (LU) or (GV). 

It depends on the composition of the equilibrium (/) which of 

those five bivariant equilibria shall occur in a definite case: we 

take as an example a complex \ of the composition: 

AP NS TT (9) 

When we bring in (7) and (8) all phases in the first term of the 

equations and when we add them to (9) after having multiplied (7) 

by A and (8) by u, then we find: 

X= (44 2u)P4 (1 +4) Q + (24 + w R44 (24+ 32—aS 

+(1—a+ua)7+(1—a4— 2u) U+(2—44—nu)V . (10) 

We have expressed in (10) the complex Y in the seven phases 
90% 
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of the invariant point; when we wish, however, to convert X into 

a bivariant equilibrium, then from (10) two phases have to disappear. 

It is evident that we may take for this two arbitrary phases; for 

this we choose 4 and u in such a way that the reactioncoefticients 

of these phases become zero in (10). But herefrom it does not yet 

result that the remaining five phases form a bivariant equilibrium ; 

for this it is viz. necessary that the coefficients of the remaining 
phases are all positive. 

In order to examine now whether the complex may be con- 
verted into the bivariant equilibrium : 

(OV) = Pre SRT 

we equate in (LO) the coefficients of the phases Q and WV to zero; 

we find: ‘ 

consequently A= —1 and «= 6. Equation (10) passes into: 

X—16P+4R—78S4+8T—10U 

so that the complex Y cannot pass into the bivariant equilibrium 

(QV). 
When we act in the same way for the other bivariant equilibria 

(PU), (SV), (FPU) and (UV) into which the metastable equilibrium 

(R) may pass, then we find that the complex A can only be con- 

verted into the equilibrium: 

(UN = POP Ree Seep 
Then we find: 

X=4P+12Q414R+13S72T 

by which also is defined the ratio of the phases which oceur in 

this equilibrium. 

In this communication we have deduced several general properties 

and we have elucidated them with the P,7-diagrams. We should 

have been able also, however, to deduce with the aid of those pro- 

perties a method to deduce the P,7-diagramtypes from the concen- 

tration-diagramtypes. As those types have been deduced already in 

different ways, I have not followed that way here. 

Leiden, Anorg. Chem. Lab. (To be continued). 
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Anatomy. — “On the brains of cyclops and monstra related to 

them”. By Prof. C. Wankrer. 

(Communicated in the meeting of February 26, 1916). 

In the Folia neurobiologica the detailed description of the brains of 

a human Cyclops, which I wrote the year before, will soon appear. 

After having finished this description I was enabled to study still a 

few suchlike monstra. At present | possess, thanks to Dr. VERMEULEN, 

two rather well-preserved brains of cyclopian calves; thanks to 

Dr. Barentsen from Bergeyk, the brains of a cebocephalic human 

monstrum with microphtatmia and palatum fissum; and thanks to 

Prof. Kouwrrasecond cyclopian human misbuilding with microphtalmia. 

The analogy in structure of the brains and the base of the skull 

in monstra, which belong to the long range of mutual related 

miscreations gathered by Gerorrroy Sr. Hinaire and Vrorik, have 

brought all independent investigators to a similar conclusion on 

this problem. 

All of them are convinced that an earnest effort to explain those 

anomalies in development can only be made after an exact deseription 

of a large number of the brains of these beings. 

It must be mentioned beforehand, that in the classification of 

Grorrroy St. Hinairs and VroriK (forming the foundation for every 

later arrangement of such monstra) the cyclopia is the representation 

of a more or less expansive medio-ventral defect in the frontal part 

of brain and skull. 

When the ventral mid-part of the skull is lost, then the ethmoidal 

bone is totally missing together with the medial wall of separation in the 

nasal cavity. Then the orbits come close together or unite to a 

single orbit. When, as often happens, the most proximal part of the 

frontal bone develops in such cases then a part of the nose grows 

out, and is seen as the snout or the proboscis of the cyclops monstrum. 

If there exist two separate orbits, placed side by side, the 

proboscis is located either above them (cebocephalia with arhinen- 

cephalia) or between them (etmocephalia with arhinencephalia). 

If the orbits are fused and consequently one single orbit exists, 

the proboscis, when it is present, is necessarily placed above the 

single orbit (monorbitary misbuildings). In some cases it can be 

missing, when the germinative matter producing the ventral part 

of the frontal bone is destroyed by the defect. 

The contents of that single orbit differs. In it can be found: 

1. Two eyes, well developed or badly (mierophthalmie or 

anophthalmic cyclopia). 
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2. One eye, surely resulting from the fusion of two eyes, 

because its structure (8 shaped cornea, double lens, iris, chorioidea 

or retina, finally two separate optic nerves) betrays it immediately 

(incomplete eyclopia). 

3. One eye with one optic nerve, in which the insertion of a 

double set of eye-muscles points to the possibility that it yet can 

be formed by the fusion of two eye-vesicles (complete cyclopia). 

A sample of complete cyclopia has been described in our country 

by Miss Dr. Merman from the laboratory of Prof. W. M. pe Vries. 

The greater majority however of the described cyclopian mis- 

buildings possesses in the single orbit one eye with two optic nerves, 

with the proboscis located above it. 

I bring this to the foreground in order to point out the meaning of the 

word eyelopia, as a circle-eye. The four eye-lids compose around 

the orbit the cirele, in which the two eyes, the double eye or the 

single eye, are lying. The cyclops can be one-eyed, but need not 

be so. However the cebocephalic, and ethmocephalic monstra, being 

arhinencephalie, are related to the incomplete and complete eyclopia, 

which also demonstrate arhinencephalia. Together they form the 

gradually proceeding range of related anomalities, described by sr. 

Hrrarre and VRo ik. 
Apart from the medio-veniral defect at the frontal part of the brain 

and skull, there is however still a second important deformation of 

the brain, appearing in all the monstra belonging to this range. 

On examining the dorsal face of their brains one always finds a 

thinwalled sac, filled with fluid, which is in some cases larger, in 

other smaller, which covers in some cases totally, in others partially 

the brain matter, which does not seem to be divided by a sagittal 

fissure in two hemispheres and is lying at the base of the skull. 

This sac has given rise to much error. Generally the wall of this 

sac is adhaerent to the dura mater and is torn when one is not 

careful in removing the latter, for if the thin membrane, forming 

the wall of the sac, is lost it is only with difficulty found back. 

For certain however it can be stated that if the sac is not found, 

a technical fault is made during the dissecting. 

In all the cases which I examined, it can be pointed out, that this 

sac is the roof of the Ili? ventricle, pushed dorsalwards by the 

fluid, and prominating between the two hemispheres, which are bent 

lateral wards. 
[ cannot approve of the quotation of ScnwaLBE and Josepuy: (Die 

Morphologie der Missbildungen ete. Teil III, IXt® Lief. S. 211. “Das 

“Vorderhirn ist bei den Cyclopen nie in Hemisphaeren geteilt. Es 



1401 

“besteht vielmehr aus einer einheitlichen Massa, die oft die Form 

“eines nach hinten offenen Hufeisens hat”. 

Indeed the massive brain matter often has the form of a horse- 

shoe, but it results from two hemispheres, altered in their natural 

direction and united at the frontal pole. In all cases which I 

examined there existed two hemispheres. 

On the other hand I can agree with another quotation of the 

previously mentioned investigators: ‘dass die Blase tatsächlich der 

“Zwischen-hirndecke entspricht, geht aus ihren Anheftungspunkten 

“hervor. Es sind dies Randbogen, Taenia Thalami und Commissura 

“posterior”. 

With this thesis, also defended by Kerprar, | concur in so far, that 

the dorsally prominating sac is not always formed by the roof of 

the IIId ventricle in its total extent. It not seldom occurs that only 

the froutal part of this roof forms the prominating sac. 

In the brain, described in details in the Folia neurobiologica, the 

insertion of the sac however could be followed from the lamina 

terminalis, along the foramen Monror on the taenia thalami to the 

posterior commissure. In the case described by Davipson Brack and 

in the brain of the eyelopian calves the insertion of the sac begins 

on the lamina terminalis, bending with the latter round the very 

wide foramen Monror to continue afterwards on the taenia thalami. 

Then however the distal part of the roof of the mesencephalon rests 

unaltered and does not partake of the promination. 

In the case of Dr. Merman too the sac is present and although 

the insertion is not described, the excellent photos which are added 

to the paper, prove that there too the sac is protuded between the 

two hemispheres, deviating widely and united together at the frontal 

part. 

Not in accordance therefore is the supposition that the ring- or 

horse-shoelike eyclopian brain is formed by an undivided vesicle of 

the hemispheres. Both the halves of the hemispheric vesicles are 

present, but they are placed obliquely cr even transversally to each 

other and they are united to each other in an undivided pole. 

At the frontal pole the bulbus and olfactory tract are missing, 

and certainly frontal arhinencephalia exists. Moreover the anterior 

horns of the lateral ventricles have joined each other, but distally 

from the foramen Monror there appear in all my cases two totally 

separated hemispheres with more or less well-developed walls, in 

which can be distinguished a lateral ventricle with an inferior and 

a posterior horn, a hippocampal fissure and a calcarine fissure. 

l insist upon these facts, because they force me to join the effort 
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to explain this range of malformations, in the same way as Kunprat did. 

Different efforts have been made to explain the designed monstra, 

and they can be divided into two groups. 

In the first group those belong try to interpret the monstrum, 
by accepting a minus of germ material causing it. 

If there was a developing embryo with insufficient germ material 

at the medio-ventral end of the frontal pole, then the medio-ventral 

end of the brain (arhinencephalia) and skull would not or only 

insufficiently be developed: Then the laterally placed eye vesicles 

will approach each other; eventually they will even confluate (their 

medial parts being undeveloped). 

This conception accounts for the frontal arhinencephalia and the 

missing of the sagittal separation at the frontal pole of the hemisphere. It 

also accounts for the possibility of a gradual range of the monstra, 

from the cebocephalia to the complete cyclopia. 

The most difficult part in such hypothesis, is to give a plausible 

interpretation of the dorsal sac. For if it may be granted, that a secon- 

dary hydrocephalus often accompanies different anomalies of the 

brain, the hydrocephalus localised at the roof of the IIId ventricle, 

and always there, is indeed extraordinary. 

It is necessary to desire an explanation, why in eyclopian monstra 

the hydrocephalus always prominates the roof of the III" ventricle, 

and is often found only there. Such a conception of the cyelopia 

does not need a fixation in time for its commencement. There is 

no germ-material, therefore the tendencies for development are missing 

to form the medio-ventral part of the frontal pole of the embryo. 

This attempt of interpretation is mostly accepted by investigators, 

hoping, that the study of monstra may throw some light upon the 

history of developments of partly insufficient brains. They are not 

inclined to make use of pathologie influences in teratologic problems 

and avoid as long as possible to accept that such influences may 

play a role in their formation. 

The second group of attempts to interpret cyclopian monstra grants 

an influence to pathologic instances. Their defenders however differ 

in many ways. 

The developing embryo may lose in an early stage — e.g., when 

the eye-vesicles begin their differentiation, the original prosence- 

phalon being not yet divided by a sagittal fissure — the medio-ventral 

part of the frontal pole. By many experiments, e. g. by cutting away 

precisely medially a small piece out of the embryonal shield in 

fundulus, Lewis succeeded in transforming the development of this 

little fish into acyclops monstrum ; also Srockarp reached the same 
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effect in this fish, by cultivating the larvae in a solution of sulfas 

magnesiae and Speman caused eyclopian larvae of triton through 

putting a ligature around their “Urmund”. 

This interpretation however has the same difficulty as the former. 

It does not account for the internal hydrocephalus. Moreover STOCKARD 

declares that the brains of these eyclopian buildings were normal. 

Therefore the experimental cyclopia cannot be compared, without 

restriction, with that made by nature. 

This interpretation points to a certain period in the development, 

to the so-called period of termination, of eyelopia. Its development 

commenced, at a time in which the eye-vesicles were differentiated, 

the telephalon is not vet divided and perhaps even in an earlier stage. 

In this interpretation the sagittal separation of the telencephalon is 

not formed because its ventro-medial end is ruined by the defect. 

The totally missing sagittal fissure in the telencephalon would be in 

direct opposition to the facts. It is only missing in the frontal pole. 

In all the eyclopian brains of men and calves, examined by me, 

the hemispheres are distinctly divided at the distal end, only at the 

frontal pole they are united. 

Another interpretation, suggested long ago by Kunprat, also appeals 

to pathologic influences. It may be supposed that a primary lesion 

in a loealised spot in the brain can account as well for the medio- 

ventral defect at the embryonal frontal pole, as for the origin of 

the sac. 

I want to insist upon the possibility of this interpretation, because 

| think it agrees better with some facts than the two other above- 

mentioned ways of interpretation do. 

Suppose a pathologie process altering the proximal part of the 

thin roof of the IIId ventricle at an early period of the embryonal 

life, but not so early that the termination-period falls before the 

sagittal division of the telencephalon. On the contrary, the termination- 

period now asks, that the medial fissure, dividing the telencephalon 

into hemispheres, has already begun its formation. 

The great amount of fluid, result of the pathologic process, dilates 

in dorsal direction the roof of the IIId ventricle. It prominates in 

the fissure between the two hemispheres, pushing the occipital poles 

of the hemispheres far aside, and pressing on the other hand the 

frontal poles against each other. As soon as the pressure in the 

ventricle becomes too intense, the brain vesicle will burst and 

probably the burst will take place there, where its resistence is 

small, i.e. through the lamina terminalis, in the direction of the 

prechordal part of the base of the ventricle. 
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The medio-ventral part of the frontal brain-pole is destroyed, the 

wounded medial faces of the frontal brain matter pressed against each 

other grow together, and in a later period of development, there is 

found no trace of their union, as is also the case in the embryo of 

fuhdulus, operated by Lewis. The germ-material destroyed by the 

burst is the cause of a brain-defect. Its result is a brain, arhinen- 

cephalic in its frontal part. 

The germ material lying beneath it, the future praechordal elements 

for the skull, is also destroyed. Their loss appears as a defect between 

the frontal and the sphenoid bone, which can always be demon- 

strated (if the skull must be spared, the X-ray foto of the skull 

may be necessary in men, in animals it is often directly seen). 

To illustrate this view of the origin of the cyclopian brain it is not 

necessary to go back to the early period, in which the cyelopia 

probably begins. 

Fig. J. Scheme of the brain of a human foetus of 5—6 

months old. The rhinencephalon is striped. The thick dotted 

lines roughly form the border of the baso-medial brain matter; 

which is lost by the embryonal defect. 

It may be supposed e.g. that there was cut out of the brain a 

part of the frontal base and in the midline, which is bordered 

distally by the chiasma, laterally by the limen insulae (the thick 
lines in fig. 1). 
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The defeet limited in this way may be removed, the wounded 

medial walls may be placed against each other and after uniting 

them, one obtains fig. 2 which represents the scheme of the brain 

of the evelopian monstrum, as it was found in the case published 

in the Folia neurobiologica. 

IN 

Fig. 2. Scheme of the remaining part of the telen- 

cephalon. Bulb, tractus and trigonum olfactorii are mis- 

sing. The gyri olfactorii posteriores lie side by side, 

alongside the fissura baso-medialis (f. b. m.). Laterally 

from it the Insula is found. 

The scheme in fig. 2 demonstrates that in the midline, frontally 

from the nervi optici, placed against each other, a baso-medial 

fissure or aperture appears, which is bordered on both sides by the 

posterior end of the gyri olfactorii posteriores (g. olf. post.) which 

have approached each other as soon as the base of the brain 

between the two insulae is lost. The gyrus olfactorius posterior 

helps to form the limen insulae and therefore it is found laterally 

bordered on both sides by the Insula (INS). Most distinetly these 

relations are seen on the left hemisphere (ef. fig. 4). 

In fig. 3 and in fig. 4 a drawing is made after a photograph of 

the dorsal and of the ventral face of the brain of a human cyclops. 

The cytologic research of the pallium ‘of this brain demonstrated 

that on both sides along the fissura baso-medialis, in reality corre- 

sponded with the structure of the gyrus olfactorius posterior. In 

the convolution laterally from it the cortical structure of the insula 

was seen, with a claustram bordering it. 
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This eyclopian brain therefore is arhinencephalie only in its 

frontal part, not in its temporal part. The necessity of the frontal 

arhinencephalia is sufficiently illustrated by the scheme in fig. 1 

and fig. 2. 

It also illustrates, that the eyestalks and eyevesicles lying much 

more laterally remain aninjured by the defect or if they are touched 

Fig. 3. The dorsal face «of a human Fig. 4. Ventral face of the brain of the 

cyclopian brain (diophthalmos monorbi- same cyclopian being. 

taris). f.b.m. = fissura baso-medialis. G. olf. post. = 

a. Brain-matter. b. roof of the 3rd ven- gyrus olfactorius posterior. 1N.S= Insula Reilii. 

tricle. c. adhaesion to the dura mater. d. N. II. = Nervus opticus. N.//I, =Nervus ocu- 

entrance to the cavity of the sac. lomotorius. ¢. 7. = corpus mammillare. 

by it, are only destroyed in the midline, in their mesial parts. The 

eyes are placed close together or eventually unite. 

The praechordal layers, lying ventrally from the brain vesicle, do 

not develop. Consequently the matter, destroyed by the burst which 

in a later stage is going to form the tissue, found between the os 

sphenoïdale and the os frontale, will be missing and the orbits will 

appear close together or united into one. In this way the total range 

from the arhinencephalic cebocephalia to the complete cyclopia is 

also understood, 5 

However it is obvious, that the extension as well as the place of 

the medio-basal frontal burst and probably also the period in which 

it occurs, can vary between certain limits. 

First its extension. A very small, strictly medially lying bursts 

will always cause frontal arhinencephalia, but the loss in the 

midline of the future praechordal basal skuli-elements are more or 

less independent of the extension of the brain defect. It may be 
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insignificant or large. On its extension, it will deperd what place 

the future monstrum occupies in the range between arhinencephalia 

and eyclopia. 

Still of greater importance is the location of the burst, and still 

more, the line of direction, in which the brain-vesicle ‘bursts. There 

exist some details in different evelopian monstra, which are not so 

well understood in accepting the other above mentioned interpretations, 

as they are by accepting that a primary lesion at the mesencephalic 

roof causes the burst in the base of brain. 

Ii makes some difference for the future morphologic development 

of the embryo whether the burst goes through the medio-ventral 

vesicle-wall a little farther or a little less far frontalwards, whether 

it lies precisely in the midline or somewhat laterally from it. It is 

not even unlikely, that place and direction of the burst are connected 

to a certain point with the time of termination. 

It is not necessary that the burst forces the medio-ventral wall of 

the vesicle exactly frontally from the place, where the chiasma is 

going to develop, even although the most frequently oecurring form 

of eyelopia is represented by the eyclopia ineompleta, in which, 

except the lamina terminalis, also the mediat half of the eye vesicle 

is destroyed, so that afterwards the eyestalks are found as two 

optic nerves on one fully developed eye, composed by two half 

eye-vesicles. 

If the burst is supposed to begin more distally, e.g. even foreing the 

place where afterwards the chiasma will appear and destroying at the 

same time the proximal part of the medial walls of one or both eyestalks ; 

then there is no reason why — given the tendency of development 

of isolated parts (the independent developed eyes of the anencephalus) 

— the two united eye-vesicles should not develop into one eye. 

In such cases the optic nerves mostly united into one nerve, ends 

blind, whereas there is not found a chiasma, nor even a mamillary 

body (e.g. in the case described by Davipson Brack). 

Probably it is also of great importance, how the relations of 

development are between the ventral wall of the brain vesicle and 

the layers located ventrally from it, which will produce the middle 

parts of the skull. 

From this point of view the brains of the two cyclopian calves 

seemed important to me. 

They principally did not differ from those of the eyelopian human 

beings, which I examined. But important is the difference of the 

details. 8 

In one, reproduced in fig. 5 and fig. 6 the sac (6) again is found 
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on the dorsal face (fig. 5). The vesicle is opened (d) and partially 

turned back. It is adherent to the dura mater (in c), and this also 

is turned back, but over the cerebellum. Here too two hemispheres 

are found, united in their undivided frontal part. 

Two small optie nerves close to each other (N. II) form the 

Fig. 5. Dorsal face of the brain of a Fie. 6. Ventral face of this’ brain 

cyclopian calve (cyclopia incompleta). (Letters as in fig. 4). 

a. brain matter, b. roof of the IId 

ventricle, turned over to the front and 

to the back. c. adherence to the dura 

mater also turned back. d. entrance to 

the IId ventricle. 

chiasma and the occipital parts of the two hemispheres are, notwith- 

standing the complication of hydropically extended lateral ventricles, 

relatively well developed. 

The defect in the bone, often only small in eyclopian buman 

beings, is in calves very important. In the proboscis of them is 

seen a fully developed nose, divided into two halves, with a septum, 

conchae ete., fastened to a bony piece, proximally from the os fron- 

tale, as the X photo shows. 

Closer research will still have to prove whether this piece of 

bone represents the remaining part of the ethmoidal. One thing 

however is certain: a large part of the praechordal tissue, out of which 

the middle-part of the nose will develop is not only present, it has 

reached a full-grown development. 

In the second eyelopian calf still more interesting details appear. 
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There too the proboseis is a totally developed nose, with a septum, 

conchae, and two halves, as it was in the former case. 

The figures 7 and 8 give the reproductions of the brain of this 

monstrum. 

Dorsally the sac (6) appears, adherent to the dura mater (c) and 

opened in d. Ventrally (fig. 8) the fissure in located more distally 

than in the former case, although it is placed frontally from the 

chiasma, and, what is of more importance the burst is not located 

precisely in the midline, but it is deviating and has also ruptured 

the base of the left hemisphere. 

Fig. 7. Dorsal face of the brain of a Fig. S. Ventral face of this brain. 
cyclopian calve. f. sag. = fissura sagittalis cerebri. 

Letters as in fig. 8 and fig. 5. x= rupture in the basal face of the left hemi- 
sphere. 

For the rest same letters as in fig. 4. 

The frontal brainpole has not remained undivided here. If the 

burst does not keep strictly to the midline and is passing through 

a more distal plan of the brain-base, as may be supposed in this 

case, then there is no reason why the eye-origin on that side should 

not be totally destroyed and a real monorbitary elyeopian being 

will develop, im which the eye is not composed by two eyes, but 

results from the one remaining eye-vesicle. Then too it is not necessary 

that the frontal pole has to remain undivided, for a part of the burst 

passes laterally from the midline. In this case the sagittal fissure becomes 
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visible at the frontal pole, although it does not reach the basal 

lamina terminalis and the brain shows frontal arbinencephaly on 

both sides. 

Those who accept as essential in cyclopia the loss of germ-material 

at the frontal pole, caused (either by a primary defective germ, or 

by a pathologie moment acting on it directly), must not only account 

for the difficulty, which gives the interpretation of the dorsal sac, 

the hydropiec protruding roof of the III¢ ventricle. They too have 

to make acceptable: 

a. why often a total development an internal nose appears in 

the proboscis ; 

b. why under certain circumstances, the sagittal fissure in the 

telencephalon, notwithstanding the arhinencephalia, still develops; 

c. why there is, under circumstances, a burst at the distal base 

of one of the hemispheres. The result of the rupture through the 

frontal poles, which being pressed together, unite again, is obvious. 

But sometimes in one of the hemispheres also a rupture in the 

base of the temporal and occipital parts is demonstrable. 

In short, by the examination of different eyclopian brains particu- 

larities appear, which agree with the old conception of Kunprar. 

SCHWALBE's verdict: ‘Mit dem Zeitpunkt der Bildung der Grosz- 

hirn-hemisphären ist die teratogenetische Terminationsperiode der 

Miszbildungen gegeben, die ein emfaches Vorderhirn haben” — 

cannot concern the eyelopian brain. Cyclopian brains always possess 

two distinct hemispheres, they are only united to one undivided 

mass at their frontal poles. 
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Physiology. — “On inhibition proceeding from a false recognition.” 

By Dr. F. Rorrs. (Communicated by Prof. Dr. C. WiINKLER). J \ Di) 

(Communicated in the meeting of January 29, 1916). 

The present publication derives its origin from a series of researches 

concerning the phenomenology of remembrance. The experiments 

were conducted in the following way: various kinds of stimuli 

were presented to the subject, who was asked to recall later on 

what he had seen. Each single and individual experiment was 

divided into three periods: the fore-period, in which the stimulus 

was exhibited; the after-period for recollection, including the re- 

cognition of the stimulus; and the interval between them. In spite 

of the instruction given to the subject to avoid as much as possible 

any representation of the stimulus during the interval, it not in- 

frequently happened that images were evoked similar to the primary 

stimulus or differing from it in some way or other. In the latter 

case there was absence of recognition in the third period of the 

experiment; nay, the stimuli even aroused a sensation of novel 

experience, a ‘conscience de nouveau venu’. Absence of recognition, 

a fortiori the occurrence of a so-called ‘conscience de nouveau venu’, 

is under these circumstances, by no means to be considered as a 

matter of course, since from the fact that the experiencing person 

proves incompetent to faithfully call up the stimulus, it does not 

follow, that he will fail to identify it when it is presented again. 

The researches, bearing particularly on the analysis of these 

constantly recurring phenomena, were carried out in the psychological 

Laboratory of Louvain, Prof. Dr. A. Micnorre and Mr. G. Papers 

acting as subjects. 

The stimuli were meaningless, coloured figures of a somewhat 

complex pattern, painted on pieces of cardboard (10 em. by 10 em). 

Twelve of them were shown to the observer in succession in the 

first stage of the experiment. They appeared in a slit of a screen, 

behind which a cardboard dise, provided with two open sectors of 

90°, was made to rotate with constant speed. Every time when one 

of the sectors flitted past the slit, one of the stimuli became visible 

and was exposed to view for about 7605. Each set was exposed 

five times with intervals of 3 minutes. A number of control-tests 

showed us that after a fivefold impression the subject had got 

sufficiently familiar with the stimulus. 

At a second sitting, which took place exactly 24 hrs. after the 

first, five stimuli were applied just as before. They resembled more 
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or less some of the first set as to form, or colour or both. Next the 

observer was required to image those original figures of which a 

fragment would be shown him, and to transter his mental repro- 

ductions to paper while reporting the various details of form and 

colour as faithfully as could be. Our object in repeating the im- 

pression of some of the original stimuli was to see whether and 

how far the recognition was acted upon by them, and thus to secure 

a touchstone by which to test the influence of the mental repro- 
duetions upon the recognition. : 

Both influences were the object of an investigation at a third sitting, 

which again took place 24 hrs. later. The primary stimuli were 

presented again to the observer, who was then required to say 

whether or not he recognized them. The time needed for reeogniuon 

was registered by means of a chronometer. 

In order to ascertain the extent to which the recognition had been 

facilitated by the impression of the fragments of the original stimuli, 

applied at the second sitting, the two observers were subjected to a 

set of control-tests. Here also our material was uniform and meaning- 

less. After familiarizing themselves with twelve figures of the kind, 

in the way indicated heretofore, the experimenter again selected five, 

of which fragments were shown at a second sitting, the subject 

being again called on to avoid, as much as possible, any reproduction 

of the complete figure. Then again a third sitting followed for the 

recognition of the original stimuli. To throw the observer into 

confusion, the intervals between the experiments proper, as well as 

those of the control-tests were filled up with “Vexirversuche”’, so that 

the observer could not tell beforehand whether the stimulus presented 

for recognition, was or was not one of the familiar series. 

Each observer was subjected to 180 experiments, 60 of which 

served for comparison. 

The drawings made during the second sitting, fell into three groups 

upon the basis of their likeness to the primary figures, viz. accurate, 

fairly accurate and inaccurate drawings. A drawing was considered 

accurate, when it was in every detail a faithful copy of the original 

figure; fairly accurate when it differed from the latter in certain 

details as to position and extensions of the parts. Such drawings as 

showed an essential departure from the principal features of the primary 

stimulus were called inaccurate. Our criterion is, it is true, open to 

objection, but in our judgment it js the only one at our disposal. 

In the following table the drawings of our subjects are grouped 

under the 3 headings mentioned above. The colour-sensation has 

been subtracted, since as to colours the reproductive tendencies are 

91* 
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hardly adapted to quantitative analysis, owing to the fact that the 

experimenter exhibits the colour together with the fragment of the 

figure, and that the omission of part of the drawing necessarily 

involves the absence of its colour : 

TABLE 1. 

|u| P 

Number of drawings | IK)! 

Accurate drawings per 100 | 42 9,8 

Fairly accurate drawings per 100, 16 8,2 

Inaccurate drawings per 100 | 42 | 82 

The experiments upon P had far advanced, when we noticed that 

the influence of the reproductions of the second sitting upon the 

recognition varied much according as they were dependent upon 

memory or upon imagination. We, therefore, requested M to report 

whether his drawings were based on the one or on the other. P 

could not furnish satisfactory information on this head. 

The recognizing process may be readily traced out along the fol- 

lowing lines : 

A. Recognition of the figures reproduced in the interval. 

B. Recognition of the figures altered objectively at the second 

impression. 

A. The recognizing process reveals the influence of the various 

kinds of reproductions in two ways: 

1. the character of the phenomena 

2. the lengthening or the shortening of the recognition-time. 

As regards the effect of the reproductions upon the character of the 

phenomena, which play some part in the recognizing process, we 

tabulated the relative frequency of recognition and sensation of novel 

experience either for the entire figure or for one or more of its 

fragments. In my calculations I started from 100 experiments for 

the several groups. (See table II p. 1415). 

a. Accurate reproductions. The figures constructed accurately, in 

the interval, are most times recognized directly. (With P only one 

exception in 9 cases, viz. a fragment of the figure is not recognized; 

with M there were only 2 departures from the general rule in 26 
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TABLE II. 

| Accurate Fairly Inaccurate Inaccurate 
reproduction accurate memorv-image image of 
| reproduction | 5 Ss imagination 

| 

Sensation of novel M 3,85 20 80 15,8 
experience for the 

entire figure P — 

Sensation of novel | M 3,85 | 40 | - 10,5 
experience for a 

fragment Ip ML 60 

Recognition of the \ M 923 =! | 20 | 73,1 
entire figure 1 P 889 | 40 | 

cases: once a “conscience de nouveau venu” for the entire figure, 

and another time there was a sensation of novel experience for a 

special fragment). 

In addition we must observe that in M’s case all accurate 

reproductions depend upon memory. 

b. Fairly accurate reproductions. In this group the figure evokes 

far oftener a sensation of novel experience and in far the most case s 

observed, this occurs especially with those fragments, whose imaging 

and drawing at the second sitting had been inaccurate; recognition 

exists for the fragments that had been represented accurately. With 

M as well as with P recognition resulted from an inaccurate 

reproduction of a fragment in */, of the cases; however, it relates 

rather to the “Gestaltsqualitat” of the entire figure than to this 

particular fragment. 

c. Inaccurate reproductions. It is of the utmost importance to 

distinguish between the influence of reproductions that are to be 

considered as the outcome of the imagination and the influence of such 

as originate from the memory. M reported this differentiation almost 

from the outset; what is said about the results, therefore, refers 

to this observer only. 

a. Inaccurate images of imagination. In comparatively few cases 

the subject reports a sensation of novel experience, persisting, whole 

or part, in new imaginal formations. Only 5 out of 19 cases. Most 

times the entire figure is recognized at once (in 13 out of 14 cases). 

8. Inaccurate memory-images. They are few and far between, 

only 3 having been reported. The process of recollection differs 

essentially from the process following upon an image of imagination 

in that a sensation of novel experience is the rule here, whereas 

recognition is the exception (‘/, of the cases). 

The cases here reported, do not comprise two in which the 
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remembrance upon which the reproduction depends, is of a more or 

less questionable nature. When studying the protocols of the recognition 

of these figures, we see that the sensation of novel experience, 

evoked immediately after the incoming stimulus, is ousted after the 

analysis of the figure by a “conscience de déjà vu’, weak though 

this may be. In this respect they approximate the imagination type. 

It is plain then, that the course of the experiment upon the 

recognition of the primary figures varies considerably according as 

the reproduction in the interval js the resnlt of memory or the 

product of imagination. This accounts for the essential anomalies 

in the results obtained with P, whose experimentation, as we 

alluded to before, was drawing to a close, when our attention was 

directed to the diverse influences of memory-images and of images 

of imagination. Figures reproduced inaccurately, either as a whole 

or in part, are identified in one case, while in other cases they 

arouse a sensation of novel experience. This anomaly may be unreal. 

However, being destitute of any knowledge of the nature of the 

mental reproductions made in the interval, we are not in a position 

to assign the cause. 

The tabulated data lead to the following conclusion: recognition 

is inhibited by a more or less inaccurate representation, in so far 

as the latter evokes a complete or partial sensation of novel experience, 

the more so as the representation is farther removed from the 

primary stimulus. The considerable increment of the percentage of 

the “consciences de nouveau venu” and the rapid fall of the percentage 

of the recognitions in the first three columns reinforce our conclusion. 

The peculiar etfect of the inaccurate images of imagination upon 

the recognizing process, in contradistinetion to that of the inaccurate 

memory-images induces us to attribute the inhibition, affecting the 

later recognition, to the totally or partially false recognition — fausse 

reconnaissance — attending the more or less accurate and the 

inaccurate memory-images and which is lacking with the image of 

imagination. If, moreover, we bear in mind, that in the case of M— 

whose account is the only one we possess — all accurate images 

are memory-images, and, therefore, must be considered as true 

recognition-types, we are justified in ascribing chiefly to the latter 

the favourable influence upon the later recognition. 

An analysis of the times, required for the recognition of the 

primary stimuli, lends support to this view. 

A mental reproduction, as has been observed, does not affect only 

the nature of the phenomena in the recognizing process, but also 

the times needed for this process, 
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The following table shows for the several groups of reproductions 

the arithmetical average, the median and the average difference of 

the reaction-times of those experiments that resulted into a total or 

a partial recognition of the original figures. 

TABLE III. (time, seconds). 

Arithmetical | : Mean 
mean | Median | deviation 

M 12 | 2 | 0,22 
Accurate reproductions | 

P 1,9 1,5 0,64 

| M 15 | 1,4 0,46 
Fairly accurate „ 

\P 41 4,2 1,47 

ICM 17 | 16 | 038 
Inaccurate | | 

P 

An inaccurate reproduction made in the interval lengthens the 

recognition time in proportion as it differs from the original figure. 

M. reports only one case, in which recognition follows later on in 

spite of an inaccurate memory-image. We are, therefore, not enabled 

to publish any data illustrating the influence of a preceding false 

recognition upon the duration of the subsequent recognizing process. 

Whereas, on the one hand, an inaccurate reproduction occasions 

a slowing of the reaction, on the other hand an accurate repro- 

duction reveals itself in a quickened process. This is clearly demon- 

strated in the following table. It comprises the data regarding the 

recognition time, obtained after an accurate reproduction in the 

interval, by the side of those obtained after a series of control-tests, 

in which the interval between the impression and the recognition 

was the same, but without the pre-existence of a reproduction. 

TABLE IV. (time, seconds). 

FS MT TT 

Arithmetical ' Mean 

mean Median | deviation 

2 2 
Accurate reproduc- 1,2 1,2 0,22 

tion in the interval P 19 15 aan 

iE ) , 

No reproduction | 14 1,3 0,41 

in the interval | P 38 38 ee 

) , ) 

| 
5 
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These results confirm the hypothesis put forward heretofore, that 

the accurate reproductions, which in M.’s case are invariably depend- 

ent upon memory, and consequently comprise a recognition of the 

reproductions, facilitate a later recognition, as appears from a shorten- 

ing of the reaction time. 

As it might be supposed, that the quickening of the reactions in 

the case of an accurate reproduction in the interval, is due to a 

deeper impression of that fragment of the figure that was exhibited 

at the second sitting, with a view to facilitate a reproduction, we 

must observe that there is no reason whatever, why it should not 

affect the more or less inaccurate reproductions, as well as the 

accurate. Moreover, our control-tests have proved that a quickened 

reaction is undoubtedly due — anyhow chietly due — to the effect 

of the accurate reproduction. This is borne out by the fact that in 

some of these tests the observer was shown, during the interval, a 

fragment of the primary stimulus, while he was asked to avoid as 

much as possible any representation of the specified stimulus. We 

have calculated the recognition time for 25 of such experiments 

upon each subject; we subjoin the results together with the times 

needed for a preceding accurate reproduction. 

TABLE V. (time, seconds). 

| 
‚Arithmetica!, : | Mean 
| mean Median | deviation 

Accurate reproduction in | M 12 1,2 0,22 
the interval llp 1,9 1,5 0,64 

Exhibition of a fragment ( M 1,4 155 0,32 
of the figure, without re- | | 
production in the interval |( P 3,9 3,7 | 1,88 

The experiment upon P. also shows, in the reaction times of the 

recognition with preceding inaccurate reproduction, the different 

effects of the inaccurate memory-image and of the images of imagi- 

nation upon the later recognizing process. We wish to call partic- 

ular attention to the very considerable mean deviation: 

Arithm. av. 4.7; median 4.5; mean deviation 2.35. 

The average time needed for recognition is almost the same for 

fairly accurate and for inaccurate reproductions preceding the recog- 

nition, whereas the mean deviation is considerably larger here. This 

tallies with our hypothesis that the calculated times constitute the 

average of two very distinct groups of data, whose differences, of 
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course, stand out clearly in the calculation of the mean deviation 

of the reaction times. 

B. At the second sitting, the observer was shown, under the 

same laboratory conditions as before, a series of pictures, more or 

less like the previous set as to colour and form. He had only to 

observe them closely and to prevent any interfering association with 

words, objects, or familiar figures. Our object was to apply the 

effect of this impression upon the recognition of the original figures 

as a touchstone by which to test the influence of the reproductions. 

In the following table we illustrate the relative frequency of 

recognition and of sensation of novel experience, either for the 

entire primary figure or for one or more of its fragments. I started 

from 100 experiments with objective alteration of the stimulus in 

the interval; the numbers obtained by the experiment underwent a 

corresponding reduction : 

° ‘ TABLE VI. 

| M |P 
| | 
| | 

Sensation of novel experience } | ul 148 
for a fragment of the figure}) —”’ ) 

Sensation of novel experience } | 185 | 148 
for the entire figure \ 

Recognition of the entire } | figure ‘| 10,4 | 70,4 

The relatively slight effect of the second impression upon the 

recognition is very 

place in 70°/, of the cases, in spite of an objective alteration of 

the stimulus in the interval. When comparing these data with those 

of Table IL, we will see at once, that the effect of an objective 

alteration of the figure upon its later recognition is very much like 

the influence of an inaccurate image of imagination. In Table II 

obvious: with either subject recognition takes 

the percentages of sensations of novel experience were with M 

respectively 15.8°/, and 10.5 °/,; that of the recognitions 73.7 °/,, 

which values agree fairly well with those of Table VI. If, in this 

connection, we take into account, that the inaccurate image of 

imagination, unlike the memory image, is not recognized as identical 

with a reproduction of a previous observation, we are most likely 

justified in ascribing the absence of a distinct inhibition of the 

second impression at work with the later recognition, to the absence 
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of a false recognition following upon the presentation of the altered 

figures. This hypothesis is based not only upon the agreement of 

the quantitative data, but also upon the arrangement of our experi- 

ments, the instruction being given to the observer at the exhibition 

of the altered figures to prevent, if possible, any association, including 

those with figures previously impressed, in order not to exert any 

influence upon the appearance of a true or a false recognition. However 

this may be, our experiments do not throw light on the question, 

whether a false recognition of the objectively altered stimulus affects 

the later recognition of the primary stimulus in the same way and 

in the same measure as it is influenced by the false recognition of 

the reproduction. Before long we hope to decide this point in a 

new group of experiments specially suited to the purpose. 

The following times have been calculated for the recognition of 

the original stimuli after impression of the objectively altered figures 

in the interval. They are taken from the experiments that led to a 

complete or partial recognition of the primary figures. 

TABLE VII. (time, seconds) 

Ee M | | . | lean 
| mean | Median | deviation 

| 

M | 156200 15 0,41 

P 3,5 SANA ESS 

From a comparison of these results with the data communicated 

in Tables IV and III it appears, that, with M the recognition time 

shows an increase of 0,2 sec. only; likewise that the effect of the 

second impression upon the recognition is very similar in intensity 

and direction, to that of an inaccurate image of imagination. In P’s 

case a shortening of the recognizing process is out of the question ; 

on the contrary we note a slight quickening of the recognition of 

the original figures after a second impression. 

The relatively short time needed for recognition again points to 

absence of a distinct inhibition of the second impression. Moreover, 

the striking accordance, in M’s case, of the times obtained here, 

with those obtained with inaccurate images of imagination in the 

interval, corroborates our view that the absence of a distinet inhi- 

bition of the second impression is owing to the absence of a false 

recognition at the impression of the objectively altered stimuli, which 

absence is due again to the arrangement of our experiments. 
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CONCLUSIONS. 

1. A memory-image of the stimulus either entirely or partially 

inaccurate, exerts on its recognition at a later time an inhibition, 

revealing itself in a complete or partial sensation of novel experience 

for the stimulus. — 

2. In the ease of an inaccurate image of imagination the absence 

of a false recognition reveals itself in the absenee of this inhibition ; 

the figure reproduced inaccurately is recognized at a repeated im- 

pression in a vast majority of cases. 

3. Presumably the absence of a distinct inhibition to the recog- 

nition of the stimuli, which have been altered objectively at their 

second presentation, is to be ascribed to the absence of a false 

recognition in the interval. 

Anatomy. — “The phylogenetic development of the cerebellar nuclei.” 

By J. J. L. D. Baron van Hörverr. (Communicated by Prof. 

WINKLER). 

(Communicated in the meeting of February 26, 1916). 

The problem of the cerebellar function, or functions, has of 

late years attracted a great deal of attention. lts solution is being 

looked for in the direction of co-ordination of movement and tonus, 

and both of these again in connection with somatic and labyrinth 

stimuli. As regards the comparative anatomy, comparative morpbo- 

logical research first drew attention to the connection between 

cerebellar development on the one hand, and bodily form and the 

accompanying muscular functions on the other hand, as has been 

demonstrated by Bo.k'), whose researches have been confirmed 

repeatedly by physiologists, recently by ‘Thomas and Durver *). 

Microscopical comparative anatomy also shows most clearly the 

connection between the cerebellum and the statie central organ; 

as has been pointed out, in particular by Eprncer *). 

The result of a comparative anatomical study of the cerebellar 

nuclei, which I conducted in the Institute for Brain Research at 

Amsterdam, also pointed to a connection with the vestibularis. Just 

as the cerebellum has developed in the lower vertebrates at a place 

1) L. Bork : Das Zerebellum der Säugetiere 1906. 

2) THomas et Durupt: Les functions cerebelleuses. Vicor frères. Paris 1914. 

5) L. Eprnapr: Ueber das Kleinhirn und den Statotnus. Deutsch. Zeitschr. f. 

Nervenheilk. 45 Vol. (1112). 
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adjoining the area vestibulo-lateralis, I found that the vestibularis 

nuclei play an important part in the development of the cerebellar 

nuclei. 

Hitherto a comparative study of the cerebellar nuclei has never 

been extended to the lower vertebrata; some of these nuclei were 

even unknown in the lower animals. Nevertheless it appears that 

the nuclei cerebelli in the different classes of vertebrates exhibit a 

fairly regular course of development in form, extent and position. 

My research was made chiefly among the lower vertebrata, viz. 

Petromyzon, some sharks and some reptiles. For the amphibians I 

may refer to Herrick’). In the birds, which I also studied, I found 

conditions which have already been described by BraNpis®), CaJaL*) 

and Sximazono*), who agree in the main with each other. I merely 

give a sketch of a bird to facilitate a survey. 

The aspect of the nuclei cerebelli of mammals has often been 

illustrated, and I may assume it to be sufficiently well known. In 

the lowest order of mammals that 1 was able to examine, some 

marsupials, I found the nuclei cerebelli already highly developed, but 

slightly different in essentials from those of the higher mammals. 

The size of the nucleus dentatus, for instance, may differ greatly 

and to a certain degree be independent of the development of the 

hemispheres, but the cerebellar nuclei are in principle fairly alike 

in all mammals, at least as far as they may be compared with those of 

the other vertebrate orders. I need not therefore give here a separate 

description or reproduction of these nuclei in the mammals. 

Petromyzon fluviatilis. 

The cerebellum of Petromyzon, which is found immediately orally 

of the area vestibulo-lateralis, is not much more that a thin plate. 

Though consisting chiefly of fibres, cells are also to be found scattered 

in it, as was first described by Scrarer®). These are granular-cells 

and a few large cells which, according to him, JOHNSTON and SCHILLING °) 

1) C. Jupson Herrick: The cerebellum of necturus and other urodele amphibia. 

The Journal of compar. Neurol. Feb. 1914. 

2) Branpis: Untersuchungen über das Gehirn der Vögel. Arch. f. mikrosk. Anat. 

Bd. 43, Vol. (1894). 
3) GAJAL: Los ganglios centrales del cerebello de los aves. Trabajos det labo- 

ratorio de Madrid. Vol. VI. 
4) Suimazono: Das Kleinhirn der Végel. Archiv. f. mikrosk. Anat. 80 Vol. (1912). 

5) Scuarer, Zur Histologie des Kleinhirns bei Petromyzon, An. Anz. Vol. 16. 

6) Scumune, Ueber das Gehirn von Petromyzon fluviatilis, 1907, Abh. der 

Senckenberg Naturforschende Gesellschaft. 
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form the primitive homologon of Purkinje cells. The cells lie irregularly 

about the middle of the cerebellum under the molecular layer, which is 

largely formed by the fine neurones of the afferent systems. Regarding 

the connections of the cerebellum and of the nuclei lying in its 

proximity, little is known with certainty. 

According to SCHILLING, the poorly developed tractus cerebello- 

lobaris runs out of the cerebellum into the mid-brain. According to 

other investigators, however, this is more probably an ascending 

tract. Caudally from there, according to Crarx'), there is a tractus 

tegmento-cerebellaris (or better, a tractus cerebello-tegmentalis) which 

may be identical with the tract described by JonnsTon *) as “arcuate- 

fibres from the cerebellum”. Where, however, the cerebello-fugal tracts 

deseribed originate is nowhere exactly indicated, not even on which 

level the investigator lost sight of them. ScHirriNG, in his drawing 

of a sagittal section, gives a brachium conjunetivium, but without any 

particulars. 

In a series of frontal sections coloured with haematoxyline which 

I examined, | found two groups of fibres which I must mention in 

this connection. I have drawn one section of this series (Fig. 1). 

cellule eral anes 

Fig. 1. Petromyzon fluviatilis. 

1) Crary, The cerebellum of Petromyzon fluviatilis. Journ. of Anatomy and 
Physiology, Vol XI, 1906. 

2) Jonnston, The Brain of Petromyzon, Journ. of comp. Neurol. Vol. 12. 1902. 
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On the level of the V. entrance, quite dorso-laterally, a group of 

very large cells can be seen, the nucleus octavo-motorius frontalis 

of Kappurs'), also described by Jonnston as “spindle-cell nucleus.” 

From these large cells the nearites go out in a ventral and also in 

a frontal direction to the mid-brain, where they cross the raphe 

close under the III nuclei. Collaterals of these seem to go, in my 

opinion, also to the environs of the [II nuclei from the same side. 

There is much in favour of Karpers’ theory that these large cells 

are the homologa, or at least the analoga, of the front portion of the 

nucleus Deiters or Becutrrews nucleus of the higher animals. For 

in reptiles one still finds the ne. Deiters grouped into two portions, 

each of which for a great part gives origin, the one to a tractus Deiters 

ascendens, the other to a tractus Deiters descendens. In this respect they 

show much similarity with the separated ne. octavo-mot. anterior and 

posterior (Karpers). In some of the lower mammals (Marsupials) 

something of this separation is still visible. 

Those large cells of Petromyzon, which lie on the border of the 

cerebellum, form with their neurones still the only certain connection 

of these regions with the base of the brain. Cells lying immediately 

medially and dorsally therefrom and of a smaller type, also send 

neurones ventrally and, what is of importance, also frontally, hereby 

thus forming a system of frontally running fibrae arcuatae. 

Whether these smaller cells, or some of the large ones, give rise 

to those fibres which Scuinuinc has called homologous to the 

brachium conjunctivium, I do not venture to decide. I consider it, 

however, most probable that from this lateral group of reflex cells, 

large, small, or both, the development of the nuclei cerebelli of the 

higher vertebrates proceeds, and that this takes the way as indi- 

cated in Selachians, where the primitive nucleus lateralis cerebelli 

also lies on the level of the entrance of the trigeminus root, laterally 

from the ventricle. 

Selachians. 

In Selachians (sharks) Karpers ®) has described a cellgroup as nucleus 

lateralis cerebelli. Regarding this nucleus nothing but its position 

has been given. 

It now appears to me that in all probability this is the forerunner 

of the nuclei cerebelli of the higher vertebrates. 

1) Arns Karpers, The structure of the Teleostean and Selachian Brain. Journal 

of Comp-Neurol. Vol. 16, 1906. 

2) KAPPERS, l. c. 
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The nucleus lateralis is connected with fibres from the cortex 

cerebelli and fibres which must be regarded as arcuate-fibres go out 

from it ventrally to the mid-brain and bulb. This proves their 

similarity with cerebellar nuclei of higher vertebrates. They are 

however still in connection with the vestibularis and lateralis system. 

Fibres which come from the lobus lateralis (the area-vestibulo- 

lateralis of most writers) and go dorsally in the direction of the 

cerebellum, give off fibres which split off in the nucleus lateralis 

cerebelli. These may be end-ramifications of neurites as well as col- 

laterals of fibres which send their terminals higher up. 

Especially in Selache maxima it was clearly visible that from a 

bundle of Nv. vestibularis, fibres curved off to the Ne. lateralis 

cerebelli, as is also described by Voormorve '). Of the Fibrae arcuatae, 

which proceed from the nucleus lateralis cerebelli, some pass frontally 

to the midbrain and decussate the raphe there. Their endpoint is 

difficult to determine, as they are lost to sight in the Weicert 

preparations in the basis of the aqueduct, some in the formatio 

reticularis, some in the environs of the IIL. nuclei. 

A red nueleus is hardly visible in sharks’), so that this cannot 

be considered as the main ending to establish the homology between 

these fibrae arcuatae of the Selachians and the brachium conjunc- 

tivium of the mammals. 

Nevertheless the idea of this homology forces itself upon us, the 

more so as’ in the higher animals the red nucleus is not the only 

end-point of the tr. cerebello-mesene. crue. 

It is important to be able to ascertain that the two systems 

rebellen ze CAA nebe le 
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Fig. 2. Seyllium caniculum. 

1) VoorHoeve. Not yet published. 

2) S. pe Lanar. The red nucleus in Reptiles. Proceedings of the Kon. Akad. 

v. Wetensch. Amsterdam April 1912, 
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of fibres that reach the nuc. lat. from the dorsal and from 

the ventral side are not the continuation one of the other. The 

two systems are seen illustrated in fig. 2, in Seyllium canic. 

IT was able to determine here that the principal masses at 

least of both systems send off ramifications into the nucleus, 

and do not simply pass this nucleus. 

The dersal connection is formed by fibres, some of which can be 

traced in Seyllium till right below the molecular layer of the 

cerebellum. From the most frontal and also ventral portion of the 

ne. lateralis cerebelli fine fibres go downwards and at the same 

time frontally. The cells from which they originate lie together 

above the lateral angle of the 4 ventricle, some still in the 

caudal portions of the vellum (see fig. 5). They might form a 

separate nucleus. The fine fibres which originate therefrom run in 

a decidedly more frontal direction than is the case with the other 

fibrae arcuatae of more caudal origin, as can be seen especially in 

sagittal sections. They end apparently more dorsally in the neigh- 

bourhood of the III nuclei and of the central grey matter; the 

exact end, however, is difficult to determine precisely. These cells 

remind one of the ne. brachium conjunctivium of mammals. 

A group of fairly large polygonal celis below the angle of the 
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Fig. 3. Selache maxima. Fig. 4. Selache maxima. 
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4th ventricle and in the basis of it, fig. 5, we must consider for 

the present as standing in no relation to the ne. cerebelli. They are 

probably reticular elements (perhaps the forerunners of the ne. loci 

cerulei of the higher vertebrates). 

If now we examine the nucleus cerebelli in its topographic 

conditions, it appears that it lies in that part of the cerebellum 

which passes over into the oblongata, (fig. 4 represents a frontal 

section through the greatest breadth of the nucleus), and that its 

cells border immediately on the cells of the area vestibulo-lateralis, 

only few of which are still to be seen in fig. 4, but which are to 

be seen better in fig. 3 (the boundary of the crista cerebellaris 

indicates in both figures approximately the boundary between VIII 

and V regions.) 

P 
ne reticul 

Fig. 5. Selache maxima. 

In this drawing a lateral group of cells is to be seen in the VIII 

area (fig. 30.¢.) which have a different axial position than the cells of 

the more medially situated group. They seem to be a very ventral 

continuation of the nucleus cerebelli. From there too arcuate-fibres 

go out, which run very peripherally in the oblongata. 

92 
Proceedings Royal Acad. Amsterdam. Vol. XVIII. 
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Finally it must be mentioned that the tractus spino-cerebel- 

laris ventr. and dors. in Scyllium may be easily traced as a 

compact bundle, and that I could find no fibres going from it to 

the nuclei lateralis; they all end in the corpus cerebelli. HeRRIOK 

also says of the Amphibians that there is no connection between 

the tr. spino-cerebellaris (which ends in the cerebellum itself) 

and the area acustico-lateralis; so in this respect too, the relations 

as found in sharks show a homology to those of the amphi- 

bians, since the spino-cerebellary tracts in the Selachians also 

end in the corpus cerebelli. 

Amphibians. 

Herrick ') has made an exhaustive investigation of the cerebellum 

in urodele amphibians, and I cannot refrain from mentioning such 

of his results as are the most important for my research. 

The cerebellum of tailed amphibians is formed by the tissue of 

the walls of the recessus lateralis of the 4" ventricle, while the 

roof of the 4% ventricle is almost entirely ependymal and contains 

but little nervous tissue. 

Further forward, frontally, the recessus forms a tiny pocket, the 

diverticulum anterius. Nervous cerebellar tissue is found on every 

side of the diverticulum anterius, and cerebellar tissue is also found 

in the antero-medial wall of the recessus lateralis and on its floor. 

The main mass of the cerebellum of the higher amphibians and 

the reptiles appears to arise in the mesio-frontal part of the wall 

of the recessus lateralis in the urodele Amphibians. For this reason 

Herrick names this part of the recessus, even though it is very 

poorly developed, the corpus cerebelli. The corpora cerebelli on 

both sides are joined by a dorsal commissure. This commissure in 

the Amphibians forms, where the roof of the diverticulum anterius 

is ependymal (instead of nervous as is the case in Necturus), the 

only nervous portion of the roof of the 4" ventricle. 

The floor of the recessus lateralis shows a curve which Herrick 

has called eminentia ventralis cerebelli. It lies on the level near the 

trigeminus entrance. The postero-lateral wall of the recessus is also 

thickened, that is the lobus anterior of the area acustico-lateralis. 

The tissue of the eminentia ventralis cerebelli now passes over 

into the corpus cerebelli. 

The uppermost edge of the lateral wall of the recessus contains 

!) Herrick: loe. cit. 
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a few cells which, according to Herrick, are apparently reduced 

Purkinje cells. 

Fibrae arcuatae internae proceed from the entire extent of the 

area acustico-lateralis; one portion crosses the raphe, another portion 

descends on the same side. 

Of the caudal portion of the cerebellum similar fibrae arcuatae 

go off; some of them go to the tegmentum, some to the formatio 

reticularis. Some of these fibrae areuatae now — both of the 

cerebellum and of the lobus anterior of the area arcustico-lateralis — 

pass frontally into the mesencephalon. These bundles form the 

brachium conjunctivum. As far as the cerebellum is concerned, they 

all come from the eminentia ventralis, none from the dorsal portion 

of the cerebellum. Thus in many respects there is great similarity 

with the conditions which I have described in Selachians. HerRICK’s 

preparations, however, enabled him to arrive at a more definite 

conclusion. He was able in some preparations to trace the neurites 

of the cells from the eminentia ventralis cerebelli into the brachium 

conjunetivium. Since in mammals the brachium conjunctivium rises 

in the’ nucleus dentatus and nucleus teeti cerebelli, Herrick, on ac- 

count of these facts, very rightly considers the cells of the eminentia 

ventralis cerebelli as the primordium of the nucleus tecti and nucleus 

dentatus. 

Reptiles. 

Of the nuclei cerebelli of the Reptiles but little is known. Bancut'), 

who admits a nucleus dentatus in Amphibians, denies this in the 

case of Reptiles. EpINGER®) mentions that as in bony-fish, sharks 

and Amphibians, so also in Reptiles a small group of cells occurs 

laterally in the cerebellum, that these little cell-groups will probably 

be homologous with the nucleus dentatus of mammals, but that too 

little is known as yet regarding the connections to be able to say 

anything about them with certainty. Regarding the medial nucleus 

(nucleus tecti) he says emphatically that they do not oecur in animals 

lower than birds, exeept in Chelone nidas, a turtle. 

In a crocodile, Aligator sklerops, | found distinct cerebellar 

nuelei, which I reproduce here in Figs. 6 to 9. We recognise here 

two groups of cells, a medial group of in general darker cells, 

which may well be called nucleus cerebelli medialis, and the cells 

1) BancHt: Sulle vie di connessione del cervelletto. Archivio di Anatomia e di 

Embriologia. Vol. IL. Fase 2. 1905. 
2) EpinGer: Bau der nervösen Zentralorgane IL Bd. 1908. 
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which are lateral and ventro-lateral from them, the nucleus cerebelli 

lateralis, which reaches to the nucleus vestibularis. 

These figures alone would lead us to form the opinion that the 

cells in the cerebellum are nothing but a continuation of the nucleus 

vestibularis, which in this animal would then reach into the tectum 

cerebelli. Before going further into this question I shall say a few 

words about the VIII nuclei. 

In agreement with Gorpon Hormrs *) L distinguish in the oblongata 

3 distinct nuclei in the octavus region, viz. the nucl. magnocellularis 

dorsalis, which contains the greater part of the fibres of Radix pos- 

terior; further a nucleus laminaris, which may be regarded as being 

probably a secondary cochlearis nucleus, and the nucleus ventralis, 

which certainly is to be regarded as vestibularis nucleus. 

If 1 compare the description and drawings of Hormes with what 

L see in WeteerT-Par and van Ginson preparations, | come to the 

conclusion that the ventralis (HoLMks) consists of two portions. 

The large cells form one nucleus, the nucl. Deiters (which again 

can be divided in some parts). 

The smaller celis frontally from the Deiters nucl. clearly form a 

separate group, to which I would give the name of nucleus vesti- 

bularis anterior’). Hotmes has already noted that part of the ventral 

VIII fibres, ie. the vestibularis fibres, bend in a longitudinal direction 

and pass frontally to this frontal portion. 

Whereas the cells of the nucl. Deiters are’ still strongly polygonai 

on a level immediately caudally from that shown in fig. 6, those 

of the nucleus anterior frontally gradually lose their distinct polygonal 

character. Added to this, the cells seen in the frontal sections fre- 

quently vary between two chief types, one approaching the egg- 

shape, the other more spindle-shape in form. 

These two cell-types, in the Alligator, seem to merge into one. 

The farther frontally one goes, the more egg-shaped cells one 

finds, both in the Alligator and in Chelone. The nucleus at the same 

time stretches out more dorsally, medially from the corpus restiforme, 

and gradually changes into cell-groups which can no longer be 

counted as belonging to the oblongata. At this point we have reached 

the nuclei cerebelli. 

In the brachium conjunctivium, which is already recognisable as 

such in Reptiles and is connected with the nucleus ruber, fibres run 

1) Gorpon M. Hormes: On the comparative anatomy of the nervus acusticus. 

Transactions of the Royal Irish Academy. March 1903. 

2) It probably corresponds to the nucl. vestibularis superior of Beccari (Arch, 

It, di Anat. Vol. X p. 664), 
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from this nucleus cerebelli medialis as well as from the nucleus 

cerebelli lateralis lying laterally from it. On these grounds alone I 

consider we are justified in speaking of genuine nuclei cerebelli 

in Reptiles. 

On account of the close net-work of fibres that is met with 

especially dorsally from these nuclei in the Weigert-Pal preparations, 

it is extremely difficult to discover with any certainty the further 

connections of the nuclei cerebelli. Nevertheless I believe I can 

can state that fibres run between the cortex cerebelli and these 

nuclei, fibres, some of which run parallel to each other, while others 

form a fine net-work. The latter may very well originate in the 

Purkinje cells, the more so as the fibres running from a dorsal 

direction to the ne. cerebelli convey the impression of being end- 

ramifications. 

Both from the dorsal-lateral side and from the dorso-medial side, 

bundles can be seen which split off to go to the nuclei. Of those 

from the medial side some can be traced to near the raphe and 

probably originate in intersecting systems. As the neurites of the 

Purkinje cells will not likely pass the median line in the cerebellum 

of the Reptiles either, these fibres will probably come from spino- 

cerebellar and octave-cerebellar tracts. 

From the neighbourhood of the vestibular nuclei in the Alligator, 

strong tracts go to the cerebellum; the fibres accumulate in thick 

bundles which run partly medially past the 4® ventricle, partly 

upwards through the ne. cerebelli. At the level of the medulla, dorso- 

lateral and dorsally from the ne. cerebelli a few fibres curve off from 

these thick bundles, with the concavity downwards, which fibres 

go to the ne. cerebelli and there scatter in rather fine end-rami- 

fications. 

Although I cannot determine the end of these side fibres with any 

certainty, I believe | may assume that these fibres go to the cells 

of the nuclei cerebellt. This would thus mean that the nuclei cere- 

belli are connected either with fibres originating in the nucleus 

vestibularis, with direct VIII root-fibres, or with collaterals of vestibulo- 

cerebellar fibres. 4 

Frontally the nuclei cerebelli border on smaller cells lying at 

the corner of the ventricle and partly above it, which I take to 

be the forerunners of the nuclei brachii conj. of the mammals 

(fig. 9). 

These cell groups which first appear on this level, are connected 

farther frontally with the central grey matter round the aquaeduct. 
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Birds. 

Branpis') has made a very exhaustive investigation of the cere- 

bellum of different birds. 

The nuclei cerebelli has also been made the subject of research 

by CAJAL ®). 
The cerebellar nuclei are described by Branpis as consisting of 

eell-groups which are connected with each other by cell-bridges. 

He divides them into a nucleus lateralis and a nucleus medialis. 

The nucleus lateralis consists of various cell groups which ven- 

trally cannot be sharply distinguished from the cells which lie in the 

erus cerebelli. The latter are called by Branpis ne. eruris cerebelli 

(followtng Steps) but Branpis included in this nucleus also the 

large polygonal cells lying in the oblongata, which form a whole 

with the cells of the erus. Sxmazono*) rightly terms this whole 

magno-cellular nucleus the Deiters nucleus. 

In truth the Deiters cells in birds reach far dorsally into the 

crus cerebelli, and border directly on the nucleus lateralis cerebelli. 

According to Saimazono the most lateral groups, which on the outside 

Tu Daten 

CR 

Fig. 10. Catharistes atratus, 

2) loc. cit. 

5) loc. cit. 
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lie against the nucleus Deiters, still belong to the cerebellar nuclei. 

I presume that Saimazono arrived at this conclusion because from 

these cells also fibres proceed which join the brachium conjunctivium. 

But not merely large polygonal cells form a connecting bridge 

between the cells of the cerebellary nuclei and the oblongata. Many 

other smaller cells, some more nearly approaching the egg-shape, 

lie between the fibres of the crus cerebelli. 

In fig. 10 I give a sketch of a frontal section through the cere- 

bellum of a vulture, Catharistes astratus. I think that it will show 

the topographic conditions sufficiently clearly. 

I will only add that the lateral nuclei as well as the medial 

nucleus shows a relationship with the vestibular region of crus 

cerebelli and oblongata. 

Compared to the Reptiles, however, the birds have strongly. 

differentiated cerebellary nuclei. Although these do not rank exactly 

between the nuclei of Reptiles and mammals, yet they exhibit in 

many respects an intermediary course of development to that of 

the latter. 

Summary. 

If now we compare the nuclei cerebelli of mammals with what 

is to be found in the lower animals discussed here, we shall see 

how these nuclei of the mammals, in proportion so much more 

highly differentiated and lying entirely in the cerebellum, have 

gradually developed out of the more elementary forms. It appears that 

the cerebellar nuclei originate in connection with vestibularis nuclei 

and probably have differentiated themselves therefrom. Later in 

phylogeny they shift in a dorsal direction, partly by enlargement, 

but partly also by shifting in toto, thus becoming incorporated in 

the cerebellum itself. 

In the lowest animals the cerebellar nuclei are still in closer 

connection with the vestibular tracts, than in the higher vertebrates, 

where they are connected in the first place with the Purkinje cells. 

The assumption is clear that the dorsal shifting of the cerebelli 

nuclei takes place under the influence of the axones of the Purkinje 

cells (neurobiotaxis). 
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Meteorology. “On the relation between jluctuations in the strength 

of the Trade winds of the North-Atlantie Ocean in summer 

and departures from the normal of the wintertemperature in 

Europe’. By P. H. Garré. (Communicated by Dr. J. P. van 

DER STOK). 

(Communicated in the meeting of January 29, 1916). 

1 the relation was shown between 1. In a former investigation 

the strength of the Northeast Trade of the North-Atlantic Ocean and 

the intensity of some hydrographical phenomena in the northern 

European seas; about three months elapsed between cause and result. 

Starting from this point it was obvious that it should be investigated 

if any relation could be demonstrated between fluctuations in the 

strength of the Trade wind in summer and those in the tempera- 

ture of the succeeding winter in Europe. 

It is a widely-spread and generally received opinion that the Gulf- 

stream is one of the predominant, if not the most predominant, 

among the agents, responsible for the mild climate of Western-Europe. 

The contrasting temperature-anomalies of the Norwegian coast and 

the North-American eastcoast and those of the northern and southern 

coasts of Iceland are brought forward as striking examples of Gulf- 

stream-influence. 

Thus, fluctuations in the intensity of this stream will logically 

cause fluctuations in temperature and in European climatological 

conditions generally. 

The Gulfstream itself depending in a high degree upon the 

strength of the Northeast Trade, it is evident that a relation must 

exist between the Northeast Trade and the climate of Europe. 

Mermarpus and Képpen*) gave an excellent explanation of the 

way in which the Gulfstream—or rather the offshoots of the North- 

Atlantic Current, as the stream is called to the east of New-Found- 

land—causes the mild winters in the greater part of Europe. 

The presence of the water of relatively high-temperature alone 

is not sufficient. 

1) Kon. Akad. v. Wetenschappen te Amsterdam. Proceedings of the Meeting 

of Saturday March 27. 1915. Vol. VXI. 

2) WiLHELM Merinarpus. Der Zusammenhang des Winterklimas in Mittel- und 

Nordwest-Europa mit dem Golfstrom. 

Zeitschrift der Gesellschaft für Erdkunde. Bd. XXXIIL, p. 183. 

W. Körper. Wodurch ist die hohe Wärme Europas und des Nordatlantischen 

Ozeans bedingt ? 

Annalen der Hydrographie und Maritimen Meteorologie 1911, p. 113. 
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As a first result of the presence of this water they consider the 

well-known distribution of atmospherical pressure and corresponding 

air-cireulation; and this is a factor of far greater importance. 

This pressure-distribution gives rise to the permanent leeland-Faröer 

low and southwesterly winds are predominant over the greater 

part of Europe. 

The air transported by these winds being relatively warm and 

highly-saturated, keeps up the once existing pressure-distribution and 

the type of weather will show a certain stability. 

The northwesterly winds in the rear of the depressions, being 

very coid in Siberia and off the American coast, are however not 

accompanied by such sharp temperaturefalls on this side of the 

ocean, as, before reaching the European continent, they travelled 

over relatively warm water. 

Society experiencing in all its stages the influence of severe or 

mild winters, it is not astonishing, that it has been tried more than 

once, to investigate the possibility of making a prognostication about 

the coming winter. 

SaBINE*) was among the first that took an interest in this question. 

His attention was drawn by the remarkably mild winters of 

1776—1777 and 1821 —1822. In the autumn of 1776 FRANKLIN 

crossed the Atlantic; in January 1822 SapiNe himself sailed as a 

naval officer in the Iphigenia to the Cape Verde Islands and by 

these voyages he got at his disposal observations about the water- 

temperature of a part of the Ocean between the Azores, the Cape 

Verde Islands and England’s South-coast. 

These observations generally showed a rather high watertempera- 

ture; the positive departures from the mean ranging between 3°.3 

and 5°.0 C. 
The mean obtained in 1825 agrees within 0°.1 C. with the one 

we determined in 1915; but the fluctuations calculated for January 

of every year over the period 1898—1915 are small, the maximum 

not exceeding + 0°.56 C. and those small fluctuations furnish us 

with other facts, than the rather exaggerated deviations found 

by SABINE. 

In both cases the scanty observations which Sapine had at his 

disposal originated from one ship and in our opinion it is owing 

to this lack of material that he found these large departures. 

When we consider single observations out of the great mass we 

!) Lr. Cor. SABINE. On the cause of remarkably Mild Winters which occasionally 

occur in England. 

Philosophical Magazine and Journal of Science. Vol XXVIII 1846, p. 317. 
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had at our disposal, it is also possible to come to differences with 

the mean temperature of 2.°O and 1.°9 C. 

The winter of 1845—1846 being not only very mild, but resem- 

bling in more than one respect that of 1821—1822, he came to 

the conclusion, that it must be possible to make a prognostication 

about the coming winter, if at least he could obtain observations 

about the speed of the Gulfstream proper. 

If the Gulfstream was strong in summer this should be followed 

in his opinion by a large amount of warm water of Atlantic origin 

on the European coasts in autumn and winter, and this warm water 

was the prime cause of mild winters. 

In his days it was however not possible to ascertain the role 

performed by that warm water. 

The question how it was possible to have the current-observations 

at his disposal in time, SABINE meets with the words: 

“Ships sail faster than the water runs”. 

Our method — though quite independent of — starts from SABINE's 

principle of 1846. 
Orro Perrersson ') and Mrtnarpus *), though not starting from the 

Gulfstream, but from the waterfemperature off Norway, Iceland and 

the Faröer, have demonstrated the relation between the Gulfstream 

and the temperature in Sweden and Central-Europe. To their 

method we have the objection that the watertemperature in coastal 

waters is in no small degree affected by on- and off-shore winds. 

Menarbus found the largest correlation in the South of Sweden and 

the southern and western parts of the Baltic. 

From the watertemperature of the Norwegian Sea in December 

he draws his conclusions about the temperature in Europe for the 

succeeding months. Without entering into details it is impossible to 

say any more about these fundamental investigations. 

Hann*) has demonstrated the mutual relation between weather- 

conditions in Iceland and the Northwestern part of Europe. 

Further investigations of MEINARDUS *), BRENNECKE and others enter 

1) Orro Perrersson. Uber die Beziehung zwischen hydrographischen und mete- 

orologischen Phänomenen. Met. Zeitschrift 1896. 

2) WitueLM Metnarpus. Uber einige meteorologische Beziehungen zwischen 

dem Nordatlantischen Ozean und Europa im Winterhalbjahr. Met. Zeitschrift 1898. 

3) J. Hany. Die Anomalien der Witterung auf Island in dem Zeitraum 1851—1900 

und deren Beziehungen zu den gleichzeitigen Witterungsanomalien in Nordwest 

Europa. Sitzungsberichte der Wiener Akademie. Bd. GXIIL Jan. 1904. 

4) Memwwarpus. Periodische Schwankungen der Eistrift bei Island. Annalen etc. 1906. 

Mernarpus. Uber Schwankungen der Nord-atlantischen Zirkulation und ihre 

Folgen. Annalen 1904. 
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into this question more or less fully and it appears that European 

climatological conditions substantially depend upon the pressure- 

distribution over the northern parts of the North-Atlantic Ocean and 

adjacent seas. 

Since SABINE the greater part of the investigations were made for 

the purpose of finding out the relation between more or less simul- 

taneous phenomena in parts of the globe not too far removed from 

one another. 

It was CamppenL Hepworru') who again took up the problem in 

a quite original manner, by investigating the relation between changes 

in the strength of the Trade winds of the North- and South Atlantic 

Oceans and those of the watertemperature in the North Atlantic. 

He comes to the conclusion that positive departures from the 

average in the strength of the Trade winds are a year afterwards 

followed by positive departures in the temperature of the water. 

Another study *) deals with the relation between the Gulfstream 

and the temperature of the air in Engeland. 

The author demonstrates a rather feeble relation, with a lapse of 

two months, between the watertemperature of the North Atlantic 

Ocean and the airtemperature of three stations in England. 

We find as the result of both studies considered together, that a 

relation is demonstrated though not numerically, between the Northeast 

Trade of the Atlantic Ocean and the airtemperature in Engeland. 

2. Our standpoint was explained in a preceding investigation, 

it was shown that the effect of an impulse in the region of the Trade 

winds (15°—25° N./25°—45° W.) was traced after two or three 

months in some hydrographical phenomena in Northern Europe; 

the supposition is obvious that the wintertemperature (December— 

February) of Western-, Central- and Northern-Europe, will prove to 

depend upon Tradewind-agencies, having been active not later than 

October. 
However this supposition alone is not sufficient. What we have 

to do, is to investigate over which period the Trade has to be taken 

into account to get the maximum correlation between fluctuations 

in the strength of the Trade winds and the wintertemperature of 

Europe. 

1) M. W. GaMPBELL Hepwortu. Meteorclogical Office 203. The Trade-winds of 

the Atlantic Ocean, comprising a comparison in the Changes of the Watertempe- 

rature of the N. A. Ocean and in the strength of the Trade-winds. 

*) The Gulfstream. Geographical Journal Vol. XLIV p. 429 en 534. 
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This investigation was made over the period 1899/1900 —1913,1914 

for a combination of five Dutch stations, Flushing, Maestricht, de 

Bilt, Helder and Groningen, for three German stations together, 

Görlitz, Ratibor and Posen and for a combination in the far North- 

West viz. Angmagsalik (Greenland), Akureyri and Stykkisholm 

(Iceland). 

The choice of these combinations has not been an accidental one. 

Precursory calculations demonstrated that the largest posztive cor- 

relation was found in East-Germany, the largest negative in North- 

Ieeland and East-Greenland. 

TABLE I. 

a. Holland \ 6. Germany Le Leland and 14640! 

Trade-wind ——_— DN —— 

| C.factor f. C. factor f. C. factor f.  |C. factor 

Bu ) + | | + (ey | 
| 1) March—Aug. | 0.7641 0.0725 | 0.6796 | 0.0937 0.1587 | 0.1698 0.4192 

| 2| July—Sept. | 0.2791 0.1606 0.4732 0.1352 0.3801 | 0.1497 0.4267 

| 3) April—Sept. | 0.7029 0.0881 | 0.7030 | 0.0881 | 0.4664 | 0.1363 | 0.5847 

4 | Jan.—Sept. | 0.6908 0.0910 | 0.6512 | 0.1003 0.1645 | 0.1695 0.4079 

5 | Oct.Sept. 0.6016 0.1110 | 0.5558 | 0.1204 | 0.0635 | 0.1735 | 0.3097 

6 | Aug.—Oct. | 0.3818 | 0.1487 0.6115 0.1004 0.4400 | 0.1404 0.5258 

| 7| June—Oct. 0.6043 | 0.1106 | 0.7865 | 0.0664 | 0.4775 | 0.1345 | 0.6320 

| 8 May—Oct. | 0.6095 0.1094 0.7708 | 0.0707 | 0.5637 | 0.1188 0.6673 

9  Febr.—Oct. | 0.6144 0.1084 | 0.7222 0.0833 | 0.4006 | 0.1462 | 0.5614 | 

10 | Nov.—Oct. | 0.5319 | 0.1249 0.6309 | 0.1048 | 0.2834 | 0.1602 | 0.4572 | 

“11 | Dec.—Nov. | 0.6179 | 0.1077 | 0.6322 | 0.1046 | 0.1889 | 0.1679 | 0.4106 

12 June—Nov. 0.6948 0.0900 | 0.8127 | 0.0591 | 0.4209 | 0.1420 | 0.6213 

(13 | 3/3 (848+412) | 0.7032 0.0880 | 0.8033 0.0617 | 0.5084 | 0.1291 0.6559 

| 14 | July—Dec. | 0.3968 0.1467 0.4949 | 0.1315 | 0.0818 | 0.1730 | 0.2884 

These results partially agree with Meinarpus’s conclusions, where 

he found the greatest correlation to exist, between fluctuations of 

the watertemperature in the Norwegian Sea and those of the air- 

temperature in South-Sweden and the Southern and Western parts 

of the Baltic. 
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When considering the table below the largest correlation for the 

whole of Europe — '/, (Germany + Iceland) — will be found between 

fluctuations of the Trade-wind over May—October and those in the 

temperature over December—February. 

When we consider the combined correlationfactors for Germany 

and Iceland — */, (b + c) — with regard to the following periods, 

during which the Trade-wind was taken into account, we get a 

clear insight into the march of the correlation. 

fs ; ; El 
March —Aug. April Sept. May—Oct. | June -Nov. | July - Dec. | 

0.4192 | 0.5847 | 0.6673 | 0.6213 0.2884 | 
| 

With the collaboration of the Directions of the steamship companies 

and of our staff of volunteer-observers, the observations about the 

strength of the Trade winds over May—October may be at our 

disposal about medio November and so it is possible to make in time 

a prognostication about the winter to come. From a closer exami- 

nation of the correlation factors in Table 1 we learn that the Trade 

wind observations of April September provide an approximation, 

which may be improved when the observations of October are at 

our disposal; for Germany we have to take the Trade-wind obser- 

vations of May or June—October, for Iceland those of May—October. 

For Holland the observations over the periods March-—August, 

April—September or June—November give a good result, for Europe 

we can make use of the mean value of the observations *, (April— 

September + May—October + June—November). 

When taking into account the Trade wind of March or of December, 

the value of the correlation-factor decreases rather fast. 

Table II] contains the correlationfactors between departures in the 

strength of the Northeast Trade over three periods and those of the 

temperatures during the following winter in Europe for 135 stations 

or distriets. They apply to the period 1899/1900—1913/1914. 

In charts 1 and 2 the iso-correlates have been traced, they are 

regular in their progress and they follow more or less the line of 

separation between the low-lying plain and the highlands as in the 

neighbourhood of the Alps, the Carpathian Mountains and the Apen- 

nines; chart 1 applies to the Trade winds of May—October, chart 

2 to those of June—November. 
Positive departures in the strength of the Northeast Trade are 
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TABLE II (continued). 

____Trade-wind 

May-October | June-October | June-Nov. 

Lat. N. Long.Grw. rah | tf: GE | f. CoM f 

|| _ aha ; ERN: NEE. u 
30 | Posen 52025’ | 16°55/E| 0.740 0.079] 0.776) 0.069 | 0.813, 0.059 | 

31 | Bromberg aje, 18 0 0.683) 0.093 0.703 0.088 | 0.743) 0.078 | 

32 Ratibor 50 6 | 18 13 0.763 0.073 0.791) 0.065 | 0.793) 0.065 | 

33 || Prague 505 | 14 24 0.728 0.082 0.802 0.062 | 0.795) 0.064 | 

34 | Krakau 50 4 | 19 57 0.733, 0.081 f 0.738 0.079 0.760) 0.074 

35 || Lemberg 4950 | 24 1 0.682 0.093 | 0.648) 0.101 0.715) 0.085 

36 | Vienna 48 15 16 22 0.630 0.105 0.735) 0.080 0.714) 0.085 

37 Salzburg 47 48 | EZ 0.406, 0.145 | 0.381 0.149 | 0.450 0.139 

38 Insbrück 47 16 11 24 0.323) 0.156 | 0.369) 0.150 0.302 0.147 

39 | Graz 47 4 15 28 0.582! 0.115] 0.714 0.085 | 0.669 0.096 

40 | Görz 45 57 13.37 0.496 0.131 nce 0.113 0.612 0.109 

41 | Arco | 45 55 10 53 0.466 0.136 | 0.580 0.116 0.564 0.119 

42 | Fiume 45 19 14 27 0.610 0.109 | 0.616 0.108 | 0.668 0.096 

43 | Florence 43 45 Une) 0 349 0.153 0.507 0.129 | 0.479) 0.134 

44 | Mamornita 48 10 | 26 8 0.644) 0.102 0.507 0.112 | 0.689) 0.092 

45 Botosani 47 45 26 40 0.708, 0.087 | 0.625 0.106] 0.753 0.075 

46 Falticeni 47 30 | 26 20 0.651) 0.100} 0.585! 0.115 | 0.728 0.082 

47 | Baia de Arama 45 0 | 2250 0.513) 0.128 0.519 0.127] 0.591] 0.113 

48 | Bucuresti (Filaret) | 44 25 26 0 0.538] 0.124 | 0.552) 0.121 f 0.596) 0.112 

49 Constanta 44 10 | 28 35 0.596} 0.112 | 0.533) 0.125 | 0.627) 0.106 

50. || Sofia 43 42 23 20 0.441) 0.140 0.445) 0.140 | 0.486, 0.133 

51 | Odessa 46 28 30 44 0.724, 0.083 | 0.510/ 0.129 f 0.726) 0.083 

52 | Kiev 50 26 | 30 37 0.669) 0.097 | 0.472 0.135 | 0.672) 0.095 

53 | Warsaw 52570 | 21 0 0.733) 0.081 | 0.713, 0.086 | 0.753) 0.075 

54 | Moscow 55 45 37 37 0.349 0.149] 0.201) 0.167 | 0.340) 0.155 

55 | Riga 56 57 24 6 0.361) 0.152 | 0.248) 0.164 | 0.361) 0.152 

56 | Petrograd 59 58 | 30 40 0.147) 0.171 0.100, 0.172 | 0.116) 0.172 

57 | Kuopio 6255 | 2740 |—0.121| 0.17% — 0.123, 0.172 |—0.186) 0.168 

58 | Archangel 64 32 | 4033 |—0.214) 0.166 ~0.218 0.166 |—0.264| 0.162 

| 
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BEE: (continued). 

Trade-wind in 

May-October | June-October |_June-Nov. 
| - | 

romero | eee er |G) 
| 31° 8’ E}—0.257) 0.163 |—0.171) 0.169 |—0.230) 0.165 

| 23 15 |—0.330} 0.155|—-0.274 0.161 | -0.303/ 0.158 

| 18 58 |—0.423 0.143 |—0.361) 0.149 |—0.446 0.140 

| 14 24 |—0.246/ 0.164 |- 0.217) 0.166 f—0.192, 0.168 | 

| L2n18 0 031, 0.174] 0.064 0.173 | 0.113, 0.172 

7 45 0.147, 0.170 f 0.304 0.158 | 0.355) 0.152 

5 19 0.157, 0.170 f 0.251, 0.163 | 0.284, 0.160 

5 16 0.262, 0.162 | 0.306 0.158} 0.339, 0.154 

een 0.307 0.158 f 0.358 0.152] 0.364 0.151 

10 43 0.433, 0.142 | 0.589 0.1/4] 0 480 0.134 

Peels 0.574 0.117} 0.650 0.101 | 0.650 0.101 | 

| 16 22 0.547, 0.122 | 0.629 0.105] O 636 0.104 

18 18 0.530 0.125 f 0.506 0.130 | 0 565! 0.118 

13 30 0.347 0.153 | 0.451 0.139 0.418 0.144 

17 38 0.307, 0.158 | 0.438 0.141 | 0 358! 0.152 

| 18 4 0.449 0.139 f 0.515) 0.128] 0 Bee 0.130 

| 1757 0.197 0.167] 0 205, 0.167 alan 0.164 

14 59 0.195, 0.168 0.241 0.164] 0.253) 0.163 

20 17 —0.078 0.173 J|—0.035 0.174 0.032 0.174 

24 9 |—0.109 0.172 |}—0.021 0.174 |—0.084; 0.172 

12 36 0.588 0.114] 0.612, 0.109] 0 660, 0.098 

| 10 38 0 416 0.144 0.456) 0.138 | 0 505, 0.130 

6 45 W|--0 386 0.148 -0.231| 0.165 |—0.284 0.160 

20 18 |—O 488 0.133 |—0.379, 0.149 |—0.327) 0.156 

22 46 —0.540) 0.123 0.398) 0.147 _0.308| 0.158 

18 3 ~0.588) 0.114 —0.456) 0.138 —0.431 0.141 

14 15 Ay a 0.136 ]—0.349) 0.153 0.351) 0.153 | 

37 34 Pree 0.119 j—0.502) 0.130 0.428 0.142 | 

48 10 od 0.173 |—0.024) 0.174 aed 0.174 
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019 | 0.214 
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157 wl 0.246 

430 |—0.145 

1 34 0.179 
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170 | 0.200 

157 | 0.313 

155’| 0.397) 
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TABLE II (continued). 

Trade-wind 

Lat. N. [Long.Grw| corr: | ¢ | corr, | corr. 

Lyon 45°41’ 4°46'E] 0.261) 0.162 | 0.380 0.149 | 0.460 0. 

|| Puy de Dome 45 46 2 58 0.278) 0.161 | 0.360 0.152)! 0.460 0. 

1 Bordeaux 44 50 0 32 Wi—0.033) 0.174] 0.068 0.173 | 0.214 0. 

Nice 43 43 718 E| 0.305) 0.158] 0.409 0.145] 0.437 0 

| Marseilles 43 18 5 23 0.198) 0.167 | 0.341 0.154] 0.358 0 

| Biarritz 43 29 1 34 Wf—0.042/.0.174 | 0.117 0.172 | 0.215) 0 

4 Pic du Midi 42 56 0 8 Ef-0.013 0.174 | 0.039 -0.174 | 0.148 0 

Perpignan 42 42 | 253 |-0.008 0.174] 0.175 0.169 | 0.201 0 

| Toulouse 4331 | 127 |+0.069) 0.173 |—0.013 0.174] 0.149) 0 

| Basle 4733 | 735 0.427 0.142] 0.460 0.137! 0.517 0 

|| Zürich 47 23 | 8 33 0.376 0.150] 0.449 0.139] 0.509 0 

‘| Bern 4657 | 726 0.352, 0.153 | 0.397 0.147] 0.467 0 

Neuchatel 47 0 6 57 0.379 0.149 | 0.447 0.139] 0.509 0 

Altdorf 46 53 8 39 0.128 0.171 | 0.182 0.168] 0.219 0 

Geneva 4612 | 6 9 0.237, 0.164 | 0.326 0.156 | 0.320 0 

Lugano 46 0 8 57 0.437 0.141] 0.577 0.116 | 0.589 0 

Ona (Burgos) 42 44 | 3 30 W|—0.053 0.174 | 0.084 0.173 | 0.176 0 

Coimbra 40 12 825 |—0.139 0.171 |—0.020 0.174 | 0.115) 0 

Infante Don Luiz 38 43 9 9 |—0.198 0.167 |—0.020 0.174] 0.029 0. 

accompanied with positive departures of the wintertemperature: in 

Holland, Belgium, France, Germany, Italy, Austria-Hungary, the 

Balkan-States, West- and South-Russia, South-Scandinavia, Denmark 

and the greater part of Great-Britain; at the same time negative 

temperature-departures occur in the North of Great-Britain, of Scan- 

dinavia and of Russia, further in Iceland and Greenland. 

The regions of maximum and minimum positive and negative 

correlation need no further explanation. It has been mentioned before 

that CAMPBELL HepwortH has demonstrated a feeble connection 

between the strength of the Trades and the temperature in England; 

we have also found a rather small correlation, CAMPBELL HePwortu 

93 

May-October | June-October | June-Nov. 

f. 



1446 

came to a phase-difference of about fourteen months, whereas we 

found only two months. 

3. Charts 3 and 4 contain a representation of the synchronous 

mean-pressure distribution and temperature deviations for the months 

December—February, for 1902 and 1910 when it was “too warm” 

on the continent; charts 5 and 6 for 1901 and 1909 when the 

winter was “too cold”. 

Horizontal shading represents positive temperature-deviations, 

negative deviations are represented by vertical shading; the widest 

shading agrees with deviations ranging between O° and 1°.4, the 

narrower respectively with deviations from 1°.5 to 2°.9, 3°.0 to 

4°.4 and from 4°.5 to 6°.0 C. 

Attention is drawn by the following points in the isobaric-charts : 

a. relative low pressure in warm, relative high pressure in cold 

winters ; 

6. the centre of the Iceland-Faréer-low lies in warm winters to 

the east, in cold winters to the west of Iceland ; 

c. a rather sudden bend in the isobars in warm winters, which 

fails in cold ones; 

d. the isobars are less undulated in warm winters than in cold 

ones ; 

e. to the north of the Iceland-Faréer-low the region of high 

pressure appears in warm winters, it fails in cold ones. 

These facts generally govern the temperature-distribution. 

4. Finally the degree of certainty of a prognostication about 

the character of the coming winter has to be examined and also how 

far our knowledge about the numerical value of the standard-devi- 

ation is improved. 

The greatest success of a prognostication may be expected for a 

region where the largest correlation-factor was found; in our case 

the part of Germany containing the stations Berlin, Görlitz, Posen, 

and Ratibor (Table II, chart 2). For the temperature-deviations 

over the period 1899/1900—1914/1915 with regard to the mean 

value over these 16 years and for those of the Trade winds 

over the months June—November the following values were found, 

they are given in hundredths of a degree Celsius and of Beaufort- 

units. 
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Thus r= + 0.8476 and f= + 0.0475. 

In the following diagram the full line represents the deviations 

of the Trade wind to their full magnitude; the stroke-dot line gives 

those of the temperature, but reduced to */,, of their value. 

In 14 out of 16 cases the deviations show a corresponding sign, 

and generally it would have been possible in seven out of eight 

cases to make a good forecast about the sign of the departure of 

the coming wintertemperature. 

Let M be the average wintertemperature for the 4 stations over 

the period 1900—1915, the standard-temperature deviation 6,, 6, that 

of the Trade wind. 

From the observations the following numerical values result: 

M= + 0°.027 C., o, = + 1°.295 C., 6, = + 0.438 Beaufort units; 

for the regression-equation we find: 

2, = 2.508 a 1 = 2 

where ., represents the temperature-deviation, 7, the corresponding 

one of the Trade wind. 

The improved probable error in the prognostication of the tem- 

perature, being: 

Win NDR V(1—r?) tea 2-4 56: 

it is evident, that our knowledge about the value of the standard- 

deviation is improved by 

LV (1?) X 100 = 46.93 °/,. 
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Over 1915 the strength of the Trade during Summer was about 

3.27 Beaufort-units, the 17 years average amounts to 2.90; so that 

as far as the rather small number of years permits to make a 

prognostication, the following forecast was made: 

A mild winter in Holland, Germany, Austria-Hungary, Switzer- 

land, North-Franee, Belgium, Denmark, South-Scandinavia, EKast- 

England and West-Russia; in Iceland, Greenland, North-Seandinavia 

and North-Russia a co/d winter. 

Generally this prognostication was a success with rather large 

departures in temperature. 

5. It is a well-known fact that for a number of years more than 

once large, even larger, correlationfactors than the above mentioned 

were found, between deviations of various meteorological ele- 

ments, whereas during a following series the existence of a correlation 

could hardly be demonstrated. *) This proved to be the case when 

elements were considered between which not such a strong physical 

relation could be expected as between the Gulfstream and the 

European climate and this justifies the supposition that a following 

series of years will confirm the result given above. 

The best plan would-have been to repeat the same investigation 

before the year 1900 and indeed we tried to do so for the period 

1884—1899, but had to give it up. 

As far as temperature-observations were concerned there was no 

difficulty at all; the number of wind-observations also was sufficient 

and these observations were extracted and computed. They originated 

from sailing ships however and this was the reason why they 

proved to be unfit for our purpose. With feeble winds a ship 

remained for a longer time in the region in question, whereas with 

strong winds the region was quickly passed through. The result was 

a surplus of observations with lower figures, a deficit of higher 

ones; and not only the force, but also the direction of the Trade 

wind. was a factor not to be neglected. 

Till now we have not succeeded in applying a cerrection to the 

observations of sailingships so as to make them equivalent to those 

of the steamships, which practically always spent the same time to 

pass through the region and this was the reason why that part of 

the investigation, before 1900, was abandoned. 

1) Southern Hemisphere Seasonal Correlations by R. C. Mossman F‚ R. S. E, 

Reprinted from Symons’s Meteorological Magazine Vol. 48 1913. 
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Mathematics. — “Circles cutting a plane curve perpendicularly.” 1. 

By Prof. Hk. pr Vrins. 

(Communicated in the meeting of January 29, 1916). 

In the “Proceedings of the Royal Academy of Sciences at Amster- 

dam’’, section I, volume VIII, N°. 7, 1904, the present writer published 

a paper, entitled: “Anwendung der Cyklographie auf die Lehre von 

den ebenen Curven’’'), in which the circles are investigated cyclo- 

graphically, which either touch one or more plane curves once or 

several times or osculate them. 

At the end of that paper the observation is made that by means 

of a slight alteration in the plan, the circles may also be investigated 

that cut one or more plane curves once or several times perpen- 

dicularly; the aim of the following paper is to carry out that 

investigation. 

§ 1. As before we start from a plane curve 4” of order u, class vp, 

with d nodes, % cusps, t bitangents, « stationary tangents, and which 

moreover passes s-times through each of the two absolute points at 

infinity, and o times touches the straight line at infinity of its plane. 

In an arbitrary point P? of the curve we think the tangent ¢ to be 

drawn, and consider it as the locus of the centra of all the circles 

cutting the curve perpendicularly in P; if we then bring through ¢ 

the vertical plane (the plane 3 of the curve itself, the base, being 

supposed horizontal), and if we draw in it through / the two 

straight lines enclosing with ¢ angles of 45°, the cyclographic image 

circles of the points of those two straight lines are exactly the above 

mentioned circles cutting the curve /” perpendicularly. 

If we call the two 45°-lines 6, and if we repeat the construction 

indicated for all the points and tangents of the curve, all the straight 

lines 4 are the generatrices of a non-developable ruled surface 2, 

non-developable, because the two systems of circles cutting the curve 

perpendicularly in two infinitely near points, have no circle in 

common. That 2 is symmetrical in regard to the plane of the curve 

is to be seen at once, while no more proof need be given that the 

cone of direction is a cone of revolution with vertical axis, and 

whose generatrices with that axis enclose angles of 45°. This cone 

cuts the plane at infinity of space along a conic #,, which touches 

the absolute circle in the two absolute points /,,, /,, of the plane loo 2 oo 

B; for the point at infinity Z, of the axis of the cone of direction 

is the pole of the straight line at infinity /, of the plane of /”, as 
a 

1) Henceforth we shall quote this paper for the sake of brevity as “Anw. Cykl 
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well with regard to #2 as to the absolute circle, and if both the 

cone of direction and the isotropic cone are considered for a point 

of this plane as vertex, they have the two isotropic rays in that 

plane and passing through that vertex in common, so that J, ,, / 
lie on 42, as well as on the absolute circle. 

1 eo? ~~ 200? 

Consequently the surface 2 may be imagined to have arisen’ 

more intuitively in the following way. 

Let the tangent ¢ be drawn in a point P of x’, and the point at 

infinity 7 of it be connected with Z,; the connecting line cuts 

fin two points A\, and A,,, and if these points are connected 

with P, the two generatrices 6,, 6,, passing through P have been 

found. 

From this construction the order of 2 ensues at once and that 

in two ways, if we suppose for the moment that the above mentioned 

numbers d, #, 4,7, €, 6 are all zero. For, in the first place, the com- 

plete intersection of {2 with the plane of /” is easy to indicate, it 

consists of £? itself, counted twice, as 4” is evidently a nodal curve 

of £2, and further only of such 45°-lines with regard to this plane 

as may be esteemed to lie at the same time in this plane, Le. 

isotropic straight lines. Through each of the two isotropic points 

ijk 
passing through such a tangent and Z, touches 4% (as Z, is the 

eds, Of B pass u(u—1) tangents of this curve, and the plane 

pole of 1, with regard to #5). and consequently contains of £2 two 

coinciding generatrices, or rather only one generatrix, which in this 

plane itself, however, counts for 2, in any other plane passing 

through that line, as for instance g, for one ; the order of 2 is therefore 

m = u + 2u(u—1) = 2u? or = 2u + 2». 

We may, however, also easily determine the intersection of {2 

with the plane at infinity of space. If we suppose an arbitrary point 

K, of & connected with Z, u(u—1) tangent planes of 4’ will 

then pass through the connecting line; the lines connecting the 

points of contact with A, are the generatrices of {2 passing through 

2 is therefore for 2 a u(u—1)- or v-fold curve. 

But £# possesses further u points at infinity, whose tangents meet 

/ in those points themselves; the lines connecting those points with 

Z,, are therefore edges of {2 and that nodal edges, because they 

cut £ in two points. £2 therefore contains at infinity w nodal edges, 
vic. the lines connecting Z,, with the points at infinity of k’, and 
from this it ensues that we again find for order m: 2 u(u—1) + 

+2u=2u*. At the same time we observe that Z, as intersection 
of u nodal edges is a 2u-fold point of 2. 

this point; & 

nie 

ER ee eee a 

nrd Eea 

me 
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$ 2. We will now investigate the influence which have the 

singularities d, x. f, r‚£,5 provisionally supposed equal to zero in the 

preceding §; that it is necessary to consider them follows among 

others from this that already in the two simplest cases imaginable, 

viz. if £” is a straight line or a circle, the number 2u* appears to 

be incorrect for the order of £2; for the straight line, £2 is evidently 

the vertical plane passing through that line, so m = 1, and for the 

cirele {2 is, as is known, the hyperboloid of revolution of one sheet 

with that circle as gorge, so m= 2, whereas 2° would give 2 

and respectively 8. The differences are easy to explain in either 

case. The plane is apparently to be counted twice, as through each 

of its points two 45°-lines pass; for the hyperboloid of revolution 

the same holds good, but there the circle passes moreover through 

the two points /,,, /,,,, so that ¢ = 1, and consequently the influence 

of e must be investigated. 

Let us now suppose that a tangent ¢ has been drawn out of 

I,,, to kv, we then have to connect the point of contact P with /,, 

according to § 1; if, however, 4” itself passes through /,,, and if 

tis the tangent in this point, then the line P/,, becomes indefinite 

in the plane passing through ¢ and Z,, so that the peneil with 
vertex 7, lying in this plane branches off, and that twice, as the 

loo? 

tangent ¢ represents two coinciding tangents of 4”; every time 

therefore when 4” passes through one of the cyclic points, a pencil, 

counted twice, branches off from @. In our example mentioned 

above, we found e=—=1, consequently two planes, each counted 

twice, branch off from {2; the order of the complete surface was 

8, and is therefore reduced to 4, as the twice to be counted 

hyperboloid of revolution requires. 

Besides « the number o (the number of times that /” touches the 

straight line /, of 8) is also of influence on the order of the “true” 

surface £2, as easily appears from the following consideration. 

According to § 1 the base 3 can contain beside the nodal curve 

kv only isotropic generatrices of £2; through /,, pass only y—2e—o 

tangents, not having their point of contact on /,, so only 2(~~—2e—o) 

isotropic generatices lie in 8; if we are therefore able to prove that 

Ll, itself does not belong to the “true” surface, i is proved by this 

that the order of Q is: 

m = 2(u + vw — Ze — 6). 

As to / we may observe the following. We have to intersect 

each tangent ¢ of 4” with /,, to connect the intersection with Ls 

and to connect the two intersections of this connecting line and 
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hk with the point of contact of ¢; if ¢ now coincides with /,, the 

point of contact remains definite, the intersection with /, does not, 

and so we can connect the point of contact with any point of 4%, 

in order to find always a straight line, which does belong to the 

“true” surface ‘/; this is the reason why /, not belongs to {2 

either. To 2 does belong, however, the line connecting the point 

of contact of Ue and k’ with Z,, as is easily to be seen if the 

tangent ¢ is made to approach to /,. At the same time we are 

then convinced that at the limit ¢#vo generatrices coincide in this 

line, according to its two intersections with £, so that it is a 

double generatrix; but we should moreover consider that even as a 

double generatrix it is to be taken twice, as / has in common with 

Ll, two infinitely near points, and for one point the same obtains 

that obtains for the other; we may say that it is a double torsal 

line, whereas the tangent-plane coincides both times with «,. 

This becomes still more evident if we just consider an ordinary 

intersection S, of £? with 7. By causing a point P of k” to 
approach to S, we are at once convinced that SZ, is a double 
generatrix of £2, and again a double torsal line, with a tangent- 

plane, however, that contains the tangent S, at 4’; if now two 

points S get to lie infinitely near, two double generatrices get to lie 

infinitely near. 

These considerations enable us moreover to control the order 7 

of 2 arrived at above by means of the plane at infinity of space. 

The intersection of this plane with @ consists viz. of the following parts: 

a. the 26 double generatrices lying in pairs infinitely near, arising 

from the o points of contact of 4% with /, ; 

b. the u— 2e — 26 double generatrices arising from the simple 

intersections of k” with 1; 

c. the conic &,. This is a (p —o)-fold curve of the surface, for 

if an arbitrary point A, of £ is connected with Z,, and the con- 
necting line is made to intersect /,, there pass through the inter- 

section »—o tangents at 4”, whose point of contact does not lie 

at infinity, consequently pass through A, »—o generatrices of 22. 

By means of the plane at infinity of space we find therefore for 

the order of 2: 

mda 2(u— 2e—26)+ 2(p — 0) = 2 (u + vp — BE — 0). 

As the points J,,, 4, 
Loo? 20 

lie on k’, even as e-fold points, it might 

be expected that the two straight lines Z, /,,, Zl, lay also on 2; 

this, however, is not so, and that because these lines touch 42 instead 

of cutting it. If along one of the ¢ branches of &” passing through 
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a point P with tangent ¢ is made to approach to 4/1» direct 

contemplation teaches that as the intersections with #7 of the 

line connecting Z, with the point at infinity of ¢, simultaneously 

with P approach to /,,, the two generatrices passing through 

P approach to limit positions not coinciding with /,, 7. Through 

1, 45, pass therefore every time r—2e—o generatrices lying in 9, 

and 2e others not lying in ? but neither passing through 7, ; together 

therefore »—o, as well as through any other point of 4. 

Of the w—2e nodal edges passing through Z, ~—2e—2e lie iso- 

lated, while the 26 remaining ones coincide in pairs; this influences 

the multiplicity of the point 7, considered as a point of the surface. 

As namely in general through a point where two nodal edges, or 

more generally two nodal lines meet, four sheets of the surface pass, 

and this point consequently becomes a quadruple point for the surface, 

there pass through the intersection of two infinitely near nodal 

edges only two sheets, viz. simply those two that touch along those 

edges ; the conseqence of this is that an arbitrary straight line passing 

through Z, does not cut the surface there in 2 (u—?2e), but only 

in 2 (wu — 2e — 20) + 20 = 2 (u — 2e — 0) points, so that Z,, is for 

our surface a 2(u—2e—o)-fold point. The 5 pairs of coinciding 

nodal edges are torsal lines of 2, and they are to be counted twice, 

because two sheets of $2 touch each other along each of them. 

As the order of {2 is equal to 2u + 2v — 4e — 25, and a straight 

line passing through Z, has, in this point only, already 2u—4e—2v7 

points in common with £2, only a number 2r remains for the inter- 

sections not lying in this point; they lie in pairs symmetrically in 

regard to the plane of 4, and are represented by the r-circles, which 

may evidently be described round the foot point of the straight line 

as centre in such a way that they intersect 4” perpendicularly. 

At first sight it is somewhat striking that the order of the non- 

developable surface which is under present observation, corresponds 

exactly with that of the developable surface in the treatise quoted 

in the Introduction, which surface we defined at the time as the 

common circumscribed developable surface of £” and 4°, ; the peculiarity 

of this phenomenon disappears, however, if we observe that we 

might have constructed this developable surface as well by applying 

the construction which we now apply to the tangents of hk’, to the 

normals of £?, which we have not done, however, as in that way 

its character as a developable surface becomes less prominent. 

§ 3. In § 1 we found that 4” is a nodal curve for £2, and we 

will now investigate how the two sheets of the surface passing 
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through this nodal curve cut each other. Through a point P of hv 

pass two edges h,,h,, one lying on one sheet, the other on the other; 

the tangent plane in P at one sheet contains therefore b,, and the 

tangent ¢ in P at x’, and the tangent plane of the other the lines 
b, and ¢t. Now, however, h,,b, and ¢ lie in one plane ; i each point 

of ke the two sheets have consequently the same tangent plane. More 

may be said, however, viz. that the two sheets osculate each other 

along the whole curve kv. Let us namely suppose the normal plane 

of A” brought in P, and this plane intersected with £2, we shall 

then see two curves having the same vertical tangent in Pand being 

each other’s reflected image with regard to the normal n of £” lying 

in the base 8. The circle of curvature in P of one curve has its 

centre on 7, but as this circle is its own reflected image, it is at 

the same time circle of curvature of the other curve, from which 

it ensues that both curves osculate in P. And it may be further 

observed, as to the situation of the two sheets osculating along k’ 

that, at least in the neighbourhood of 4%, both must lie on the con- 

vex side of the cylinder which projects £” out of point Z,. 

In a node D of kv meet + sheets of £2, intersecting each other 

in pairs in 6 branches of the complete nodal curve of {2; two of 

them belong, however, to 4”, so that 4 remain belonging to the rest 

nodal curve, which are in pairs each others reflected image with 
regard to B and have all in D the same (vertical) tangent. As a 

twisted curve that has a vertical tangent in D projects itself on 8 

as a plane curve with a cusp in D, and the 4 branches of the 

nodal eurve lie in pairs symmetrically with regard to 8, the pro- 

jection of the rest nodal curve on B in D will show 2 cusps, both 

lying in that part of the plane from which the convex side of the 

two branches of k* is to be seen. Each of the 4 branches of the 

projection of the rest-nodal curve, meeting in J, is locus of points 

from where two equally long tangents may be drawn at /#, and 

these tangents always touch at both branches, not at one and the 

same branch (from which the number 4 of the branches may be 

easily deduced); if namely two equally long tangents are to touch 

at the same branch, the two sheets of £2, which pass through that 

branch, and which as we saw above osculate each other along that 

branch, must have another intersection in common, and this is only 

the case, as we shall see, in the neighbourhood of the so-called 

vertices of kv’, and these vertices are generally not situated in the 

immediate neighbourhood of the nodes. 

Let us now investigate the influence of the cusps of 4”. A cusp 

K causes in {2 2 cuspidal edges, one for each sheet, and lying in 
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the vertical plane passing through the cuspidal tangent, and of 

course at angles of 45° with regard to 3; the acute edges point 

both to the same side as the acute point of A. In order to discover 

now the conduct of the rest nodal curve of £2 in the neighbourhood 

of A, we just replace the cusp by a node D with a little loop and 

then intersect {2 with a plane lying in the neighbourhood of D 

(but not on the side of the loop), and for convenience, sake thought 

vertical. Let us suppose 4” in the environment of D exactly drawn, 

the intersection of £2 with the plane is also easily and sufficiently 

exactly to be constructed; two branches 1 and 1* are found lying 

symmetrically with regard to ps, and also two others, 2 and 2*. 

The branches 1 and 2 intersect each other in 2 points, 1* and 2% 

in those symmetrical with regard to 8, and when the plane of 

intersection is moved these four points describe two with regard to 

8 symmetrical branches of the nodal curve, which project themselves 

on 8 in one curve with a cusp in D, as has been explained above. 

And the same holds good wiih regard to the branches 1 and 2%, 

and 1* and 2 respectively. 

If, however, the node passes into a cusp, the branches 1 and 2 

join (and 1* and 2* symmetrically) into a cusp, lying on one of 

the two 45° lines passing through A, mentioned above, whereas the 

second intersection remains arbitrary; by removal of the plane of 

intersection in the direction of A, one intersection describes the 

45°-line, however, no farther than A, the other a curve ending in 

AK, and that, as a simple investigation will teach, with an arbitrary 

inclination with regard to 3; the continuous curve passing through 

D, which had a vertical tangent in D, has therefore passed into a 

curve showing a break in A, and composed of a true curve and a 

piece of a 45-line. And the branches 15, 2*, produce, it is true, of 

that curve the image, but as the tangent in A, as we shall see, is 

generally speaking not vertical, a break remains in existence here 

as well. 

As, however, £2 is algebraic, every discontinuity is seemingly 

done away with again, and this happens here whereas the curve 

with vertical tangent in the node passes, in the case of the cusp 

into a curve with a node in A, and of which two branches, which 

are each other’s image with regard to 5, are active, the two others 

parasitic. 

Let us take as a simple example the curve 7? = a*, which has 

the advantage of possessing an axis of symmetry, so that one of 

the branches of the nodal curve passing through A (or more exactly 

two) gets to be situated in the plane of symmetry of £2. By means 
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of differentiation we find 2 yp 82", so that the tangent becomes: 

r 
‘ 

the latter cuts the a-axis in the point N= oe The length of the 

tangent between the point, of contact and the intersection with the 

x-axis becomes therefore V 4 x2? + 7°, or V 4a? Ha’, and if we now 

take this length as z-coordinate, and call it &, and put thus: 

the point (8,8) is a point of the nodal curve. The equation of this 

curve becomes therefore: 

GP == 46" 27:5", 

and this curve has apparently a node in QO, while the nodal tangents 

enclose with 3 an angle whose tangent is determined by 

tS 
lim. — == = 2. 
E=0 § 

Besides in O it cuts the v-axis moreover in the point § = ET 

it consists therefore of two infinite branches and a knot, and now 

the knot is parasitic; the circles representing the points of this knot 

cyclographically are of course real indeed, but they do not cut the 

curve 7? =«? really, at least not really orthogonally. 

3 4 ; ; nt 
$ 4. The point §=— Dn has its meaning too, for this simple 

7 

example as well as in the general case; we will just illustrate it 

therefore. If the tangent 

: DS en 
i= — (X—.2) 

2y 

; _ da? 5 na 
will become isotropic, — must be = 7, consequently 32? = 277. From 

2y 
; 4 8 

this equation and y7=2* we find «= — —, y= —,, and if the 
E Oe, 27% 

tangent in this point is intersected with the a-axis, we find «= — 

dr 
zn the point Zien therefore a focus of y? =, and the 

parasitic knot of the nodal curve extends between the cusp and the 

focus. 



From this simple example we may now draw important conclu- 

sions for the general case. Even then the sheets 1 and 2 cut each 

other on one side of 8 in a 45°-line, on the other in a curve, and 

the latter is completed by its image and a parasitic part into a 

curve with a node in A. With the sheets 1 and 2* it is in so far 

different that they eut each other both above and below 8 in branches 

of curves, both completed again by parasitic parts into a curve 

with a node in A, and finally the sheets 1* and 2 of this last curve 

produce moreover the image. Apart from the two cuspidal edges 

(45°-lines) therefore, the restnodal curve of Q possesses 3 nodes in 

each cusp of k,; and as of the three curves in question here one 

is its own image, whereas the two others are each other’s image, 

the projection of the restnodal curve in the neighbourhood of K will 

consist of 3 branches which all touch at the cuspidal tangent. This 

may again be easily perceived planimetrically. The projection 

of the two cuspidal edges is the cuspidal tangent of A, and the 

latter is the locus of the centres of all the circles which cut the 

two branches of 4” meeting in A perpendicularly in this point. The 

two branches of the rest-nodal curve, which stereometrically belong 

according to the considerations put down in the preceding §, to the 

cuspidal edges, and complete them into curves with a break in 

them, project themselves into a branch containing all the points out 

of which two equally long tangents at £” pass which are both 

turned away from A; the two other branches contain the points 

out of which one tangent of A is turned away from, the other 

turned towards A. 

Of the two 45°-lines passing through A’ we found in the preceding 

$ so to say every time only one half, but the other halves have 

their signification too. Let us viz. to that purpose consider a node 

D with a small knot while the nodal tangents almost coincide 

already. If we follow this small knot from the node to the node, 

we see the circle of curvature decrease at first, but afterwards 

increase; it has been a minimum in one point, and this point is 

for hk” a vertex, that is to say a point where the circle of curvature 

touches in 4 points; and it is easy to see now that from this point 

a branch of the projection of the rest-nodal curve must start; for, 

if we suppose the 4 points which the circle of curvature has in 

common with #7, infinitely near, and then call them 1, 2, 3, 4, 

there pass through the intersection of the lines 12 and 34 two 

tangents at kv, which at the same time touch the circle of curvature, 

and are therefore equally long. The two sheets of @ near a 

vertea of k* cut each other consequently along a with regard to B 
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symmetrical curve, which in the vertex itself has a vertical tangent. 
And it will be elear now without further demonstration that if 

the node D passes into a cusp A, the vertex of the small knot gets 

to lie in A, and the new branch of the rest-nodal curve just found 

passes into the two halves not yet accounted for of the 45°-lines 

passing through A. 

$ 5. The points of inflexion of 4”, as is easy to understand, are 

not directly connected with the rest-nodal curve. The vertical plane 

passing through an inflexional tangent contains two systems of 

generatrices, mutually parallel and with regard to 2 symmetrical, 

lying infinitely near and they are evidently torsal-lines of 2, but they are 

in no way connected with the nodal curve; on the other hand there 

are in 3 two groups of points that do belong to the rest-nodal curve, 

and which we have not yet discussed in the preceding §. According 

to § 2 there pass through each of the two absolute points at infinity 

p—Je—o tangents at £? and each of them meets /£” except in the 

point of contact and the cyclic point in question, moreover in 

u—e—2 other points; through the point of contact passes no other 

generatrix but the isotropic tangent itself, counted twice, so that 

this point does not belong to the rest-nodal curve (it is a pinch- 

point of £2, of course an imaginary one, and along the isotropic 

tangent two sheets of the surface pass into each other); in each of 

the «—s—2 other points, however, the sheet, to which that isotropic 

„tangent belongs, cuts the two sheets which pass already through 

those other points, so that two branches of the rest-nodal curve 

appear, which in such a point pass through 3 with a vertical tangent; 

so we find the following result. ln each of the 2(u—e—2)(r—2e—o) 

points which the tangents out of the two isotropic points of B have, 
besides these points and the points of contact, moreover in common 

with kv, passes the rest-nodal curve with two branches through 8, 

which branches osculate each other along a vertical tangent. These 

points are of course all imaginary. 

But we have further to consider the points in which the y—2e—o 

tangents out of the isotropic point /,, ent the tangents out of /,,; 

these points amount to (»—2«—o)’, and among them are »y—2s—o 

real ones; they are the so-called foci of £“'). Through each of these 

points pass two single sheets of the surface, and consequently passes 

one single branch of the vest-nodal curve; so we find: the (p—2e—o)* 

foci of ke are single intersections of the rest-nodal curve with B. 

1) Cf. Ann. Gykl. p. 25. 
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As to the »—2e—o real foci a peculiar phenomenon is to be 

observed here; through these points passes, as we have seen, one 

branch of the rest-nodal curve, and the tangents at those points are 

vertical, consequently real, so that not only the foei themselves, but 

also the points infinitely near to them, therefore whole branches 

passing through those points, must be real, and consequently must 

have real projections on 8. Now it is a matter of course (think for 

instance of the conics) that neither the foei themselves, nor neigh- 

bouring points may be centres of circles cutting £” twice really, 

so that the branches of the nodal curve passing through the real 

foci are parasitic branches of the nodal curve, and there is nothing 

particular in this after all, for parasitic branches of the nodal curve 

separated from the ‘active’ parts by pinch-points, are met with 

already in the simplest ruled surfaces, as the wedge of Warris, the 

cubic ruled surfaces, the surface of normals, ete.; the peculiarity 

in our case is that the pineh-points are lying at infinity, and so the 

branches of the nodal curve passing through the foci nowhere reach 

the surface in fact. 

That this is correct indeed is easy to control on the parabola and 

the ellipse. For the parabola y? = 2 pw the tangent is y’y = p (t° + 2), 

and consequently the abscissa of the intersection with the v-axis : 

v= — ee’, while the distance from this point to the point of contact 

amounts to: V4a’? + y’2, orV 4a’? + 2pe’; if this distance is extended 

vertically upwards and downwards in the intersection of the tangent 

with the z-axis, 2 points of the nodal curve are evidently found, so 

that the equation of that curve becomes : 

2 == 4 2? — 2 px. 

If the origin is removed along the axis of the parabola over a 

distance of 4 p, so that it gets to lie half way between the vertex 

and the focus, and 2’ becomes = « — 4 p, the equation becomes : 

dp =p’, 

and this is an hyperbola cutting the plane 3 in the points a! = + 4 p, 

i.e. in the vertex and the focus of the parabola. But it is evident 

that only the branch passing through the vertex is really lying on 

the surface, whereas the one passing through the focus is parasitic 

as far as it extends. 

Of further importance is the observation that the directions of the 

asymptotes of the hyperbola are determined by the relation ——= + 2, ymp YI y <j ae 

so that half the asymptotic angle is greater than 45°; if therefore a 

point moves along the curve towards infinity, the associated circle 

94 
Proceedings Royal Acad. Amsterdam. Vol. XVIII 
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cutting the parabola twice perpendicularly does not only become 

greater and greater, but it removes farther and farther from view 

and disappears at infinity, which proves that the parabola does not 

possess double normals. 

It is different with the ellipse. Here a calculation, as simple as 

the one just performed produces as equation of the nodal curve in the 

az-plane : 

272? = (x? — a’) (a? —c’), 

a curve of order + consequently, cutting the plane 8 in the vertices 

#2 == +a, and in the foci = + ¢, and being real for |z| < c, and 

iv) >a, while the points at infinity must be determined out of the 

relation 272? = 2‘, so «=O twice, and 2? = 2’. 

The two branches passing through the vertices of the ellipse are 

much like an equilateral hyperbola and form the active part, whereas 

the points at infinity are represented by the minor axis, in. fact 

therefore by a double normal; the branches passing through the 

foei on the contrary, which in the finite are in no way connected 

with the surface and are parasitic as far as they extend, approach 

the z-axis on both sides asymptotically, and have both a point of 

inflection in Z,, as follows immediately from the symmetry with 

regard to 3. In the vertical plane passing through the minor axis of 

the ellipse lies of course as well a nodal curve of order + of which, 

however, only the hyperbolical branches are real. 

§ 6. According to the two preceding sections the intersections of 

the rest-nodal curve with 2 consist of the following groups; 

a. the d nodes of k#; through each of them pass 4 branches; 

6. the x cusps of kv, through each of them pass 6 branches, 

c. the 5u — 3v + 3 — Be — 36 vertices of k”*); through each of 

them passes one branch; 

d. the 2(u—s—2) w— 2e—o) points, in which the y—2e—o tangents 

at £# out of each of the two isotropic points cut the curve; through 

each of them pass 2 branches; 

e. the (v—2«—o)* foci of fr; through each of them passes one 

branch. 

The order of the rest-nodal curve of 2 is therefore: 

d = 4d + 6x + (Sur 31-88-30) + 4 (u-s-2) (w—2e-0) + (v-2e-6)’. 

For the parabola we find from this 5 u—3 r—3 0 + (r—o)*? = 

=—10—6—3+1—=2, for the other conics 5u—3r+v?=10—6+4—8 

(which is evidently correct according to what precedes), and for the 

1) Anw. Cykl. p. 19. 
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8 «= 10—6—8 = — 4, which bears out that the 
formula may not be applied to the circle. In fact £2 consists in this 

case of a twice to be counted equilateral hyperboloid of revolution 

(ef. § 2), and the nodal curve is consequently indetinite. A certain 

control on the general. case we find in the circumstance that the 

order of the rest-nodal curve must be even, as it is, just as the 

surface on which it lies, symmetrical with regard to 8, and must 

therefore be cut by a vertical plane in an even number of points. 

It is true, such a plane contains the point Z, dan 

circle 5 u—3 pv 

, which is its own 

image with regard to 8; it will, however, appear that the multi- 

plicity of Z is indicated by an even number, and as the jinite 

intersections on account of their symmetry are also present in an 

even number, the complete ordernumber must be even. This now 

may be proved indeed. 

According to the formulae of Prücker we have: 

“—=td 3 (u 

3u (u—2)—6d—6e (e—1)—Bx '), so 

Su Ou 6d—6e (e—1)—8:— 24u + 24, or 

6d = 3u°—30u—B6e* + Ge Me + 24y, and consequently 

4d = 2u?>—20u—4e* + deb + 16> ; 

if these values are substituted, we find for the order of the rest- 

nodal curve : 

2u? + 4ur—8ue—4uo— Bve + Be? + Beo 13 4 12e + 564 Bu + 

+ vr’ + 6°— Iro + 31; even must therefore be: 

du + de + v?—13r + o? + 56, or 

3 (u + 0) Hv (p—138) + 6 (6 + 5). 

It stands to reason that »(»—13) and o(6+5) are even, and 

further is 

yv) 

t 

t 

i-+ w= 8u? — 5u — 6d — be (e—1) — 8x; 

3u? —5u, or u (du—5) is, however, always even again, so d is after 

all always even. 

The multiplicity of Z, as point of the rest-nodal curve we find 

as follows. According to § 2 there pass through Z, 

1. w--2e— 26 nodal edges (torsal lines) of 2, arising from the 

single intersections of 4” with /,; 

2. 26 nodal edges, lying in pairs infinitely near (also torsal lines) 

arising from the o points of contact of 4e with /, 

Through the edges of the first group pass 2 sheets of £2, touching 

each other along the whole of that edge, while the common 

1) Anw. Cykl. p. 10. 
94* 
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tangent plane contains the associated asymptote of 4”; and two of 

those edges give therefore rise to 4 branches of the nodal eurve, 

which cut e‚ in Z, singly; the total number of these branches 

amounts therefore to: 

E (u— 2 — 20) (u—2e—26—1). 4. ty 

Through the edges of the second group coineiding in pairs pass 

2 sheets, which we can approximately realize if we suppose that 

two cylinders of revolution of which one lies inside the other rest 

on a table with the same edge. Let us suppose two pairs of such 

cylinders; each cylinder of one group cuts each of the other group 

along a curve with a node, because they have the same tangent 

plane; both the cylinders of one group and both of the other give 

rise to 4 curves of intersection, each with a node; i.e. the sheets 

of {2 passing through the edges of the second group, give rise, for 

each pair of these edges, to 8 branches of the nodal curve that 

each touch e, in Z,. The total number of these branches amounts 

therefore to 

4 o(o—1).8. 

Finally each sheet passing through an edge of the first group 

cuts the two sheets passing through an edge of the second according 

to 2 branches which both touch ¢, in Z, ; as, however, 2 sheets 

pass through an edge of the first group, each edge of the first group 

gives with each pair of coinéiding edges of the second rise to 4 

branches, which each touch e‚ in Z,; in total therefore: 

(u—2e—290). 6.4. 

If the three amounts found here are added up, we find that Z, 

is for the vest-nodal curve of $2 a (2u?—8ue—4pno—2u-+8e? + 

+8eo+4e+45*)-fold point. 

And from this it is in fact to be seen at once that the multi- 

plicity of Z, for the nodal curve is indicated by an even number, 

of which we have already made use higher up. 

For the general conic we tind from this 2.2° — 2.2 = 4, for the 

parabola 2.2? — 4.2 — 2.2 + 4 — 0, which agrees with the results of § 5. 

If the order of the rest-nodal curve is diminished with the multi- 

plicity of Z, we find the number of points that an arbitrary 

vertical plane outside Z, has moreover in common with that curve; 

these points are symmetrical in pairs with regard to 3, so that half 

of the number in question indicates the order of the projection of 

the rest-nodal curve out of 7, as centre on 8, and this projection 

is evidently the locus of the points that are centres of circles cutting 
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k» twice perpendicularly, the locus therefore of the points out of 

which two equally long tangents may be drawn at 4”. If the 

calculation is carried out, we find: 

The locus of the points out of which two equally long tangents 

may be drawn at hk” is a curve of order: 

de —!(4uy + wv? + 5u — 13p + 31 — 8ve — 2v6 — 36? + Be + 50). 

And according to the preceding observations this curve has in 

each node of 4” 2 cusps, while through each cusp of 4 pass 3 

branches, which all three touch at the euspidal tangent. Through 

each vertex of 4” and through each focus the curve passes once. 

For the hyperbola and the ellipse we find; 

de = 1 (4.2.2 +. 2? + 5.2 —13.2).= 2, viz. the two axes; for the 

parabola: 4 (4.2.2 + 2? + 5.2 — 13.2 — 2.2.1 — 3.1° + 5.1) =—1, viz. 

the axis. 

We may observe moreover that the curve found here is of course 

only partly active, and for the rest parasitic; the parasitic parts are, 

however, of two kinds: some parts of the curve are centres of 

circles with imaginary radius, others on the other hand of real 

circles, which, however, do not cut 4” perpendicularly in a real 

way, i.e. where exactly those points, where the intersection takes 

place perpendicularly, are imaginary. So as to the ellipse the parts 

of the major axis lying outside the ellipse, are active (cf. § 5), the 

parts between the vertices and the foci are centres of imaginary 

circles, whereas the part between the two foci contains the centres 

of real circles, which, however, do not cut /’ perpendicularly in a 

real way. As the branches of the nodal curve which pass through 

the foci extend to either side of # as far as point Z,, radii of any 

greatness must be found in the eyclographic representation of those 

branches, from the zero circle, which corresponds with the focus, 

to the straight line at infinity, which represents Z, cyclographically. 

The circles representing the points of the nodal curve in the close 

neighbourhood of the focus are very small and lie therefore entirely 

within the ellipse; but there are also very great circles, and so there 

must be a circle that meets the ellipse really for the first time. This 

meeting must of course be contact, and this contact will take place in 

the vertex nearest to the focus; the circle then touches at the ellipse in 

its vertex and cuts it perpendicularly in two imaginary points. The 

two intersections coinciding in the vertex diverge now, describe the 

ellipse, meet again in the other vertex, and after that the circle 

will enclose the ellipse entirely, 
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Mathematics. — “A simply infinite system of twisted cubics”. By 

Prof. Jan DE VRIks. 

(Communicafed in the meeting of February 26, 1916). 

$ 1. By the equations 

aa + Bbz Eel aa’ + Bb', Mt aa", + pb", (1) 
' 

Cx Cr Cr 

a simply infinite system of twisted eubies g° is determined, which 

have in common the point C indicated by c‚=—= 0, c'r=0, c's = 0. 

These equations may be replaced by the system 

aar + Bbr + yor —= 0, 

Gale NA eg 0; 2 ss ee ee) 

aa’, + Bb": Vote OE 

From this it is evident that the system in question is lying on 

the cubic surface *, indicated by the equation 

| Qy by Cr 

| Ga de tr KRS he eo (2) 

| 

Through any point of %* passes one curve 9° with the exception 

of the singular point C, in which al/ the curves meet. On a straight 

line rest in general three curves g’. 

$ 2. From (2) it ensues that «>* may be generated by three 

projective bundles of planes; any point is then intersection of three 

homologous planes. If three homologous planes are collinear, they 

determine a straight line lying on ®’. 

If we write for the sake of brevity aa, + 8b, + yer = Zaar ete. 

the collinear situation is dependent on the identity 

AS 0a, A Sea haa, 0; 

The four equations 

Aad Ae aap A aa, — 0) (ES 4) 

must be satisfied and therefore the four equations of the system 

> Sy > Ss 2 aa, 2 aa, da, aa, 
| pe 

| DCO PP PO Dao! BO (4) 

| Zea’, aa,” Daa," Soa,’ 

If in these «, 8,7 are considered as coordinates of a point the 

number of solutions of this system corresponds with the number of 

intersections of four cubics, lying in a plane, the equations of which 
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are obtained by leaving a column out of the matrix of (4). As 

each matrix arising from two columns becomes zero for three points, 

the number of solutions of the system is sur. 

On @&° lie therefore sir straight lines gr, which are component 

parts of degenerated figures 9°; they form a sertuple. 

The number of the v* composed of a straight line and a conic 

may also be determined by using the invariant of the six linear 

forms of the matrix *) 
| " 

firs 
' 

Pee Bc. “Pp 
U " 

Cr CE CRT 

|= 0, where px = aa, + pbz, etc. 

We find that the invariant disappears for six values of « : 8, so 

that there will be six degenerated figures 0°. 

§ 3. Let g,° be the conic forming with the straight line g, a 

figure 0°, f, the straight line, which ®* has moreover in common 

with the plane 6, of o,°. As, with the exception of C, any point of 

®* bears only one curve 9’, the five straight lines gz (‘= 2 to 6) 

will rest on /,; the line f, will moreover be intersected twice by 

any 9°, consequently be a singular bisecant. On the other hand a 

singular bisecant can only be situated in the plane of a conic 97,. 

The sir singular bisecants fy form evidently a bisertuple with the 

siz straight lines 7. 
The remaining 15 straight lines of ®*, which we may indicate 

by Ag, ave intersected by all 9°; on each conic ¢z’ rest ten straight 

lines h,, (p and q Ek). The lines h might be called singular secants; 

for an arbitrary line intersects only three curves ¢’. 

§ 4. The system (1) may be replaced by 

Sy! aar Bb, 

3 (aaz+ Bbx) aa', + Bb'; = aa", + po", 

Tie, = c's ik Cle 

3 

So the bisecants of the curves g° are indicated hy 

4 (aax+ bz) + A (aa + Bb'r) + A" (aa";+pb"7) = 0 

Were Nea AC 0 

If X and Y are two points of a bisecant, the system 

OPL NON Nb — 058 > cr — 0} 

aia, + BLAb,=—0, Zie, =0. 

is satisfied. 

1) Cf. M. Stuyvaerr ‘Invariantologie de la cubique gauche” (Bull. de l'Acad, 

Royale de Belgique 1907, p. 515), 
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By elimination of 2, 4’, 2" we find from this 

a | azcrey | + B | beeaey | = 0, a lagere | + 3 | bjeze | = 0; 

for brevity each determinant of the form a, c',c", is represented by 

its first column. Elimination of @, 8 produces now the relation 

|agcaty| |byeze, | == lagere) | | bxexey| epoca oe (0) 

from which it ensues that the bisecants of the curves o° form a 

cubic line complex, to be indicated by I”. The point C is evidently 

principal point of T°, the planes of the six conics 9° are principal 

planes. 

As a straight line passing through C' is bisecant of two curves 

o°, the complex cones of T* are rational; the edge passing through 

C' is the double line of the cone. 
The quartic cone formed by the tangents out of C at ®° is evi- 

dently the locus of the vertices of the complex cones with a cusp- 

idal edge. 
For a point P of ®* the complex cone degenerates into the quadratic 

cone, which projects the curve g° laid through P out of that point, 

and a plane pencil, formed by the bisecants, which the remaining 

curves send through P. 

If P lies on a singular bisecant fr, the plane pencil consists of 

chords of the conic 9°, whereas ft is common bisecant for the 

remaining curves. 

For a point of 9%, the complex cone consists of three plane pencils. 

§ 5. From (5) it ensues that the plane 7 of the pencil formed 

by the bisecants which the curves 9* send through the point P (not 

situated on an /;), contains the point C, which was to be expected. 

This plane may be called the null-plane of P; its intersection with 

DP? will be indicated by 2°. 

The complex curve in MZ consists of the pencil with vertex Pand 

the twice to be counted pencil with vertex C, for any ray passing 

through C meets 2* moreover in two points which belong to 

two different curves 9’. 

Let w* be the intersection of #* with the arbitrary plane W. By 

the curves 9° the points of w’ are arranged in the triplets of an 

involution /*, which has the complex curve of I” as curve of 

involution. This involution is generated by the intersection of three 

projective pencils of quadries, which have as equations 

a (axc'x—a'gcx) + B (bxc'z—b'zez) = 0, ete. . … . : (7) 

Every two pencils produce a figure of order four, composed of 

the surface ®* and one of the planes c, c', c’. The base of each 
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pencil consists of the intersection of two of the planes c, c’, c’ and 

a cubic lying on ®*. So the /* on w° is determined by a pencil of 

conics 6°, of which three base-points S,, S,, S,, lie on w°. A qua- 

dratie transformation with principal points 5, transforms w* into a 

curve x° passing through Sj} and the pencil (6°) into a plane pencil, 

of which the vertex S* lies outside °. The six tangents sent by z° 

through S* are the images of six conics o° touching at y*; the 

plane w is therefore touched by szz curves 9°. The congruence |r| 

of the tangents at the curves 9° has therefore the class sia. 

If a plane yw is laid through the singular point C, the involution 

/*. degenerates into an involution /*, the pairs of which are com- 

pleted into triplets by C. Of the six tangents 7 four pass through P ; 
the remaining two are replaced by the straight line touching the 

curve 2° in C. 

§ 6. The congruence [7] has the planes cj of the conics 9%; as 

singular planes. The tangent plane o, in C at ®° is also singular, 

for every straight line of the pencil (C,6,) is tangent at a Q*. C is 

of course at the same time singular point of [r]. 
Through a point P of ®° pass five tangents 7, viz. the four tangents 

of 2°, having P as tangential point, and the straight line 7, which 

touches the 9° laid through P; this tangent must be counted twice. 

The order of [r] amounts therefore to sr. 
The straight line f, is intersected in the pairs of an /* by the 

curves 9°; it is therefore tangent for two of these curves, so that 

the osculating planes w of the two points of contact pass through /,. 

The line /, further bears the plane 6,, which must be considered 

as osculating plane of the conic 9,*. As each of the three planes 

mentioned must be counted twice, we may conclude that the osculat- 

ing planes of the curves 9° envelop a surface 2 of class six. 

For the figure (@,’,g,) the straight line /,, touching o,* in its 

intersection with g,, is triple class axis, 2 contains consequently the 

sia straight lines hy. 

Pathology. — “The influence of feeding and of starvation on the 

development of polyneuritis gallinarum”. By Prof. Dr. ©. 

Evkman and Dr. C. J. C. van HOOGENHUYZE. 

(Communicated in the meeting of February 26, 1916.) 

As communicated by me in 1896 Dr. A. G. Vorperman undertook 

an investigation, into the relationship of the nature of a rice-diet 

with the occurrence of beri beri in the prisons of Java. These 

researches had been suggested by my studies of polyneuritis galli- 
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narum, a disease that bears a close resemblance, clinically as well 

as patho-anatomically, to beri beri and could be developed in fowls 

and pigeons through a diet of polished rice. If the animals were 

fed on unhusked rice (gabba) or undermilled rice, i. e. rice denuded 

only of the coarse outer skin, not of the so-called “silverlayer”, the 

inner layer of the pericarpium, the disease did not declare itself, 

nay, diseased animals could even be cured by such a diet. Under- 

milled rice is still the staple food of the Javanese, especially in the 

country-districts, where instead of modern machinery, primitive 

implements are used for husking. VORDERMAN’s investigation showed, 

in accordance with my researches on polyneuritis gallinarum, that 

beri beri occurred frequently in those prisons where polished rice 

was the staple article of diet, and rarely in those where under- 

milled rice was the ordinary food. 

Thenceforth many researchers have occupied themselves with the 

experimental study of this bird’s disease and have also applied 

their results to the beri beri problem to good purpose. 

As we intend to confine ourselves, in this’ paper, to the etiology 

of polyneuritis gallinarum, we wish to point out beforehand that 

students of the disease are still divided in their opinion about the 

influence of diet in its causation. The presumed existence of a 

poison, operating in the diet, has already by some been assigned as 

the probable etiologic factor, just as heretofore in the case of beri 

beri. This view implies that the protective and curative effect of 

rice-polishings and other similarly acting natural products, such as 

katjang idjo, yeast, egg-yolk, meat and the like, proceeds from a 

constituent that acts as an antidote. Over against the poison- 

hypothesis, which still has many supporters, is another view, first 

clearly formulated by Dr. G. Grins *), viz. that the constituent 
alluded to does not act as an antidote but as a so-called acces- 

sory food-stuff, which together with protein, fats, carbohydrates and 

salts is essential for the diet, to meet the physiological requirements, 

and that the disease develops itself when the said constituent is 

administered more sparingly than is required by the organism. It has 

not yet been defined chemically with sufficient certainty, nor has 

it been made out whether we have to do with one or with more 

substances. This must be remembered when we use the synonyms 

“curative” 5) , “protective” or “antineuritic” substance or substances. 

Also other diseases, such as scurvy, Barlow's disease, pellagra 

and the like are with more or less probability caused by a deficiency 

1) Geneesk. Tijdschr. v. Ned. Ind. Deel 41, p. 47, 1901, 
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in special unknown accessory food-stuffs, which Funk’) has included 

under the general name of vitamins, while the diseases themselves 

are classed as “deficiency diseases’ or ‘“avitaminoses’’. 

The foundations on which the deficiency-hypothesis has been built 

were furnished by. the evidence of my own experiments, showing 

that not only rice-polishings of themselves, but also an extract from 

them, possesses prophylactic and remedial properties against polyneu- 

ritis gallinarum,*) and showing also that neither deficiency of protein, 

nor of fat, or salt produced the disease*). This, however, did not 

eject the poison-hypothesis, which, after all on the basis of the 

facts had also to assume a deficiency in the diet, notably a diet 

defective in a substance (or substances) that rendered a poison 

innocuous or prevented its formation. Considering the poison- 

hypothesis to be merely a basis for further researches [| suggested 

in my earlier publications ®) three possibilities, viz. a poison ingested 

with the food, or a poison evolved from the food in the alimentary 

canal (through the agency of micro-organisms >), or a poison produced 

by a disturbed metabolism in the tissues. Elsewhere*) I have 

demonstrated elaborately why the first possibility may be rejected as 

clashing with indubitable facts, and also that though the second and 

the third could not be excluded, positive evidence could not be 

adduced. It is the analogy to the neuritis, incited by common poisons, 

such as lead, arsenic, alcohol, ergot and some bacterial toxins, 

that proves for an intoxication; however the question could not be 

settled as in spite of numerous attempts no one has succeeded 

as yet in assigning a poison as the etiological factor of polyneuritis 

gallinarum: 

The following may serve to illustrate how interpretations of 

experimental data, obtained in this field, vary with the view-point 

of the experimenter. 
Funk %) and likewise Brappon and Cooper °) believing the 

deticieney-hy pothesis to be correct, arrive at the conclusion that it 

is especially the carbohydrate metabolism that causes a more 

abundant consumption of antineuritic matter. By increasing the 

content of carbohydrate in a mixed diet, they succeeded in hastening 

1) Journ. of State Medecine, Vol. 20, p. 341, 1912. 

2) Arch. f. Hygiene, Bnd. 58, S. 150, 1906. 

3) Gen. Tijdschr. v. Ned. Indié, Vol. 36, p. 213, 1896. Virchow’s Archiv, 

Bd. 148, S. 523, 1897. 

4) XVIIth Intern. Congress of Med. London 1913, section XXI. 

5) Horre Seyter’s Z. f. physiol. Chemie, Bnd. 89, 5. 378, 1914. 

6) Journ. o. Hyg. Vol. 14, p. 331, 1914, 
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the outbreak of the disease. This calls to mind my old experience 

that fowls, suffering from polyneuritis, recovered after the admini- 

stration of meat only, while healthy animals, fed on meat and 

starch, developed the disease, from which I concluded then that its 

origin is associated with a starch diet. Caspar: and Moszkowskr *) 

also found that pigeons fed on hen’s eggs, dextrose and salt remained 

healthy and gained in weight, but were attacked by polyneuritis 

when this diet was supplemented with polished rice; however, they 

declared it to be intoxication, emanating from the rice and even 

attached to these tests the value of an experimentum crucis in 

support of their view. 

After what has been said above it is needless to add that we 

cannot accept this view without further consideration. We, therefore, 

sought for an experimentum crucis relative to the question: poison- 

hypothesis or deficiency-hypothesis, in another direction, and sup- 

posed to have detected it in abundantly drenching the starving 

organism with water. 

If the neuritis were caused by a poison, the disease could not 

be expected to manifest itself, ingestion of poison being excluded 

in starvation, while an occasional endogenous poison (product of a 

disturbed metabolism) would most likely not accumulate in the 

body, but would be removed together with the water along the 

intestine and other excretory organs. For the same reason, however, 

the body would to some degree be deprived of vitamins, and if 

polyneuritis were associated with this deficiency alone, the disease 

would presumably break out. 

Our drenching experiments were conducted in the following way : 

Fowls had the crops filled with water instead of food twice daily; 

besides this they were given subcutaneously three times a day 

10 ee. physiological salt solution (or Rincer’s fluid without glucose). 

It now appeared that fasting in conjunction with drenching 

produced polyneuritis, as established clinically by our diagnosis as 

well as through microscopical examination of the nerves that had 

been treated after Marcui’s method. It was remarkable that, just 

as with a rice diet, the crop when filled with water, did not empty 

during the last days bejore the onset of the disease, so that the 

supply of water had to be discontinued. After all the aspect of the 

disease was in every respect like that appearing after a one-sided 

diet, only in the latter case the emaciation is not so considerable. 

A positive result was also achieved in the following experiments, 

1) Berl. Klin. W. Bnd. 50, S. 1515, 1918. 
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tending to show separately the influence of drenching and that 

of subcutaneous injection upon the development of the disease in 

starving animals. 

Our researches were controlled by simple starvation experiments. 

Beforehand it is desirable to observe that such experiments have been 

carried out by many previous workers, who apparently had all been 

struck by the fact that with a monotonous diet (e.g. polished rice) 

most fowls showed a disinclination to eat and lost greatly in weight. 

Several observers argued that the animals under discussion do not, 

in some cases, show the typical disease conditions, but suecumb 

through pure inanition. Likewise the special starvation experiments 

of a number of experimenters on polyneuritis yielded, till recently. 

only negative results. (Ekman Le. Sakaxt’), Hotst*), SHiGA and 

Kusama ®), Fraser and Stanton *), BRADDON and Cooper l.c., Funk ®, 

Tasawa®), Masayo Sreawa ‘) 

Years ago already Gruns Le, in view of my experiments, 

accounted for the non-appearance of polyneuritis in consequence 

of deprivation of food by asserting that starvation causes the protein 

of the muscles to be katabolized and that, together with this protein, 

protective substances are liberated for the benefit of the nerves. 

Feeding, on the other hand, produces a higher degree of metabolism, 

and exalts the consumption of the said substances; if, therefore, the 

food is poor in such substances, it cannot meet the greater demand 

and the disease consequently declares itself. 

Our drenching experiments rested on the statement corroborated 

by many researches, that mere deprivation of food does not lead to 

polyneuritis. Nevertheless, when entering upon our investigation, 

we undertook some control-experiments. This, after all, turned out 

to be all the more requisite as, in the meantime, I had taken 

cognizance of the researches of CHAMBERLAIN, BLOOMBERGH and 

KirBourNe ®), which had escaped my notice through having been 

published in a periodical difficult to get hold of. Contrary to 

the experiments referred to above, their researches yielded some 

1) Sei-i-Kwai, 31—3—1903. 
*) Journ. o. Hyg. Vol. 7, p. 619, 1907. 

5) Mitteil. d. Beriberi-Studien-Kommission, Tokyo, 1911. 

4) Studies from the Institute for medic. research Federated Malay States N°. 12, 
Singapore, 1911. 

5) Z. f. physiol. Chemie, Bnd. 89, S. 378, 1914. 

6) Z.-f.-exp. Path. u. Ther., Bnd. 17, S..27, 1914. 

7) Virncuow’s. Archiv., Bnd. 215, S. 404, 1914. 

8) Pimp. Journ. of Science, Sect. B, vol. 6, p. 177, 1911. 
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positive results. Two of their fowls fed on gradually smaller quan- 

tities of unhusked rice, developed polyneuritis. Eight fowls, supplied 

with water only, not with food, presented three positive, two 

doubtful and three negative cases. 

The result, now, of our control-experiments was that out of eight 

fowls that had been given drinking-water only two died of typical 

inanition, the other six developed polyneuritis. There was no mista- 

king the symptoms, and the diagnosis could be substantiated by the 

examination of the nerves. We are not able to say why previously 

only negative results were obtained. CHAMBERLAIN c. s. attribute them 

to the circumstance that the symptoms manifest themselves only 

very short time before death and, at this juncture, escape our notice 

in consequence of the general weakness. I cannot enter in their view, 

first. of all because, in my previous cases no degenerative changes 

were found in the nerves. 

Moreover the weakness and emaciation, which occur frequently 

with a one-sided diet (emaciation being in this case even sometimes 

detected by CHAMBERLAIN c.s. in as high a degree as in starving 

animals) do not prevent the detection of pareses and paralyses. — 

The following table gives the results of our starvation and 

drenching experiments : 

TABICES: 

53 Mean | En 5 gl 
| ae original | loss of Ree Particulars 
5 a. | weight | weight!) 

le) | 

A| 4 1450 grm. | 42.9 proc. a 27 aver. 19 d.| axa. 125 c.c. water in the crop, 

3X4. 10 c.c. phys. water subc. 

B| 3 |1497 , |35.2 , | 18-28 , 22, |1Xd.125c.c. water in the crop, 
| | 

injection as above. 
| 

C| 2 |1670 5 44.3 „ 18—34 , 26 „| 2d. 125 cc. water in the crop. 

D| 4 |1740 43.8 28—33 , 31 „|3Xd. 10 c.c. phys. water subc. 
» 

6, 1656) 44.7 , |18—43 „ 30 „only drinking-water 

1) From the beginning of the experiment till the outbreak of the disease. 

These figures seem to justify the conjecture that the drenching 

and especially the forced supply of an abundance of water in the 

crop has quickened the outbreak of the disease. However, it is 

difficult in this case to draw a positive conclusion from them, 
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considering the marked individual deviations exhibited by the animals 

even when treated similarly. One of the factors causing these 

differences seems to be the body weight. The greater this is at the 

beginning of the experiment the longer the period of incubation 

will generally be. 

After the statement that polyneuritis gallinarum can be produced 

apart from any dietary influence, the poison hypothesis has to be 

for the greater part relinquished as being incompatible with our 

evidence and we may be justified in concluding that the influence 

of the diet according as its composition varies, plays a principal 

part in the prevention of the disease, but an inferior part in its 

development. A similar view has already been put forward by me 

with regard to beri-beri in an earlier publication *). The supporters 

of the poison hypothesis could at best still adhere to an endogenous 

poison as resulting from a disturbed metabolism, admissible in star- 

vation; still, the results of the drenching experiments do not support 

this view of the poison hypothesis either. 

As regards the influence of diet in the causation of polyneuritis, 

there is some reason to suppose that its deficient composition aids 

the onset of the disease indirectly in the manner first expounded 

by Grins, as stated before. 
On the other hand it seems hardly permissible to hold with 

CHAMBERLAIN ¢.s. on the basis of the positive findings in their star- 

vation experiments that not partial but general inanition is answerable 

for the disease. We are able to furnish direct evidence for the view 

that, after fasting just as well as after a defective diet, polyneuritis 

depends upon a partial deficiency, as has been shown in a number 

of eases in which the starving animals, directly after the detection 

of the diseasé, were given 8 to 10 grms of yeast for two or three 

consecutive days and in which the symptoms of polyneuritis were 

seen to recede despite a progressive loss of body weight. The favour- 

able effect of yeast, then, proved the same as in the case of poly- 

neuritis produced after a vitamin-poor diet. 

When we consider the neuritis in starved fowls relative to the 

neuritis developing through a free one-sided diet, we shall see that, 

in the latter case, in consequence of the loss of appetite alluded to 

before, a condition may be evoked approximating the condition 

resulting from forced fasting. They agree also in that the disease 

occurs less regularly than after a forced one-sided diet, in which 

1) Ned. Tijdschr. v. geneesk., 1898, I p. 185. 
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case we may reasonably assume with GriJNs that a larger quantity 

of protective substances have been consumed. 

With a view to its more constant results we had recourse to 

forced feeding, whenever the appetite decreased appreciably. However, 

from my Indian experiments, with a free diet of polished rice or 

starch, it appeared that, unlike the experience of CHAMBERLAIN ©. Ss. 

the loss of weight was never so considerable (28°/,) as with 

deprivation of food (40—53,7°/,). As could be expected, a still 

greater difference with our starvation experiments is found when 

fowls are fed foreibly (with 50—60 grms of polished rice daily), 

viz. a loss of weight on the average of 18.2 °/,, as against 

44,7 percent with our starving animals. Some birds lose weight 

almost from the beginning, also when fed forcibly; others however, 

maintain their weight, or even increase it, before, towards the end, 

a retrogression reveals itself in consequence of the digestion being 

interfered with, when the crop does not readily discharge itself. In 

this case the disease can break out, when the body weight is about 

equal to or greater than that at the beginning of the experiment. 

This was [the case with 7 out of 57 fowls, weighed at regular 

intervals, all being fed forcibly with polished rice, and likewise 

with 5 out of 44 pigeons fed in the same way. Other researchers 

(VEDDER and Crark'), Gipson’), Tasawa l.c., Masayo SEGAWA le), 

report similar cases. 

For all this, the onset of the disease is not infrequently preceded 

by considerable emaciation, especially with a free diet of polished 

rice or simple starch, whereas, on the other hand, beri-beri 

most often attacks people, apparently in a favourable condition of 

nutrition. As early as 1890 I pointed to this, as it seemed, character- 

istic difference between beri-beri and polyneuritis gallinarum ®), 

which also attracted the attention of later observers. In my sub- 

sequent reports, however, I was in a position to point out that 

emaciation is not an essential feature of experimental polyneuritis, 

as it was shown that, when supplementing the rice with a quantity 

of meat, or of rice-polishings, not sufficient to prevent the outbreak 
of the disease, but sufficient to retard it, at the same time a favour- 

able nutritive condition was maintained. This has, evidently, escaped 

most investigators who still stick to emaciation as a constant symptom 

of polyneuritis gallinarum. Only in recent years have other writers, 

1) Pupp. Journ. of Science, Sect. B, vol. 7, p. 423, 1912. 

2) Pupp. Journ. of Science, Sect. B, vol. 8, p. 351, 1913. 

3) Geneesk. Tijdschr. v. Ned. Ind., Dl. 30, blz. 295, 1890. 
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Tzuzukt'), Tasawa Le, Cooper’), also recorded a similar experience. 

Nor must it be forgotten that in the case of developing beri-beri 

the diet is never so exclusive as the food (rice or sago) from 

which in fowls and pigeons generally emaciation ensues. If, therefore, 

we wish to make a comparative study of beri-beri and polyneuritis 

gallinarum, we are fully justified in watching the neuritis, as developed 

in animals that have been given some accessory diet, rather than 

the aspect of the disease as produced in animais after a simple diet, 

say polished rice or sago. 

CHAMBERLAIN and VeppER*) have pointed ont that, whereas starving 

fowls are liable to develop polyneuritis, beri-beri, nor anything 

like it was never observed in long-fasting men. They maintain, 

however, that this does not go against the conception that, etiologi- 

cally, the two diseases are on a par. They argue that the period 

of incubation in beri-beri lasts at least 87 days and that it is contrary 

to all reasonable expectation for a man to live without food for 

that length of time. In addition to this argument we should also 

like to call attention to the undeniable fact that it is far easier to 

produce polyneuritis in birds than in mammals. Birds are evidently 

far more predisposed, which, according to some, is due to their 

higher metabolism, and, consequently, to a severer drain upon their 

vitamin store. However, the hypothesis propounded here, is in our 

opion inconsistent with the fact, that fowls, for such small animals, 

can persist in fasting for a remarkably long time. 

Pursuing my line of research, a number of investigators have 

endeavoured to produce experimentally polyneurites in monkeys by 

the administration of a one-sided diet (commonly polished rice). Some 

of them, as Marcnoux and SALmMBpni‘), SCHAUMANN °), GIBSON Lc, SHIGA 

and Kusama l.c, Tsuzoxr l.e., NaGayo and Furu®) succeeded in some, 

but by no means in all cases. Tsuzvk1, for instance, failed with Japanese 

and Singapore monkeys and according to NaGayo the occurrence of 

a beri beri-like affection in monkeys on rice is very rare. Others, 

as Noi’), also CHAMBERLAIN, BrLOOMBERGH and KiLBourse Le, moreover 

Fraser and STANTON le, ‘obtained, like myself, only negative results 

in spite of experiments extended over a series of months. The only 

1) Mitteil. d. Beriberi-Studien-Kommission, Tokyo, 1911, S. 289. 

2) Journ. o. Hyg. Vol. 12, p. 436, 1912. 

5) Pumpe. Journ. of Science, Sect. B, Vol. 6 p. 177, 191. 

4) Bulletin Soc. Path. exot. 31 Oct. 1903. 

5) Transactions Soc. trop. Med. and Hyg. Vol. 5, No. 2, p. 59, 1911. 

6) Verhandl. d. Japan. pathol. Gesellsch., If Tagung 1913. 

7) Bulletin Soc. Path. exot., p. 315, 1911. 

95 

Proceedings Royal Acad. Amsterdam. Vol. XVIII. 
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case of polynenritis in a monkey, observed by me and for which 

I am indebted to Vorpmrman, I reported as long since as 1888). 

The animal had, indeed, been fed chiefly on boiled rice and bananas, 

but it moved about among sufferers from beri-beri. This experience, 

therefore, did not yield decisive evidence to establish the influence 

of feeding. 

Man also is naturally less liable to polyneuritis than birds, so that, 

besides the diet, other unknown, or insufficiently known, factors 

generally come into play to produce beri-beri. Nevertheless it has 

been shown, by otber experimenters also, that there is sufficient 

likeness in polyneuritis gallinarum to beri-beri, to apply with due 

caution the results obtained in the study of the one disease also to 

the other. 

We next have to consider the question in how far the feeding 

influences the consumption of antineuritic substances, and, in conse- 

quence of this, also modifies the demand for these substances in 

the organism. As already stated, Funk, as well as Brappon and 

Coorrr arrived at the conclusion that it is especially the carbohydrates 

of the food that heighten the demand for a supply of vitamins in 

the body. Now it is a fact, as we observed before, that an increase 

of carbohydrates in the food helps on the outbreak of the disease. 

The question, bowever is, whether an increment of the amount of 

fat or protein, without a proportionate increase of the amount of 

vitamins, does not equally promote the outbreak of polyneuritis. In 

view of his experiments on this head, Funk believes that, in this 

respect, the effect of casein and of fat is less unfavourable than 

that of starch and sugar; if, however, we look at his data, and if 

we consider the marked individual differences, occurring with the 

same food, we can accede to this view at the farthest for the fat. 

Over against Funk, SCHAUMANN’) observes that polyneuritis can be 

produced through food, rich in protein and poor in carbohydrate, 

provided there be not any or hardly any vitamins in it. 

We have made feeding-experiments with aleuronat, a powderlike 

protein preparation, a waste-product from wheatstarch factories. 

The procedure of its preparation involves a thorough washing 

with water, so that it may be expected to be vitamin-poor, if not 

vitamin-free, as for all we know about them, vitamins are highly 

soluble in water. Our prepar ation still contained some amylum ; 

however 90°/, of the dry substance was made up of protein, as 

1) Geneesk. Tijdschr. v. Ned. Indië, Dl. 28, 1888. 

2) Arch. f. Schiffs- u. Tropenhyg. Bnd. 19, S. 393, 1915. 
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computed from the nitrogen-content. To two hens, weighing 

respectively 1110 grms and 1960 grms, 30—40 germs of aleuronat 

was passed into the crop daily, excepting the last days, when the 

erop did not discharge itself regularly. The one showed, already 

on the 17 day, unmistakable signs: of the disease, its body-weight 

fell 29.7°/,; the other only on the 37 day, with a loss of 33.7°/, 

in weight. The comparatively long period of incubation in the 

latter case, may be associated again with the considerable original 

body-weight. As to the first case, however, the result can hardly be 

deemed less unfavourable than with a polished-rice or with a starch-diet. 

Funk’s interpretation (in our opinion somewhat one-sided) that 

vitamins play an active part in the carbohydrate-metabolism, a much 

more important part than in the metabolism of other foodstuffs, is 

perhaps best refuted by the starvation experiments. During starvation 

the body is thrown upon its own resources for fat and for protein, 

the store of carbohydrates being soon exhausted. Now, if we bear 

in mind that starvation may pave the way for polyneuritis gallina- 

rum, we can realize that the consumption of protective substances 

may be greater than can be “met by the shrinking fat- and muscle- 

tissues, so that the organism is gradually getting poorer in these 

substances not only absolutely, but also relatively. 

Next we wish to report some experiments carried out with a view to 

ascertain whether the emaciation that, with a one-sided diet often pre- 

cedes the outbreak of a disease, is, like the disease itself, attributable 

to a deficiency of special substances, or to an unfavourable ratio of the 

principal food-stuffs : protein, fat, and carbohydrates. For protein was 

given ovalbumin siccum, for fat oleum olivarum, and polished rice or 

marantha-starch represented the carbohydrates. The oil had been previ- 

ously shaken up with a dilute soda-solution, the albuntin dissolved 

in an excess of salt-solution, precipitated with alcohol and evaporated 

to dryness, all which was done to remove occasional protective con- 

stituents in these foodstuffs. 

The results of these experiments have been brought together in 

Table II. (See p. 1478). 

The results are inconclusive. Whereas those with a simple rice 

diet and with a simple amylum maranthae-diet agree fairly well 

— which is somewhat surprising considering the far simpler composition 

of the latter — the other data seem to teach us that, when part 

of the rice is exchanged for an approximately iso-dynamic quantity 

of albumin or of fat, the period of incubation remains about the 

same, but the relative loss in body-weight slightly decreases. On 

5% 
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ABE EW: 

BS =e Mean 
ES | She | loss of \Polyneuritis after: Daily food (forced). 
SEN eee ES ns weight 
Zo ° 

4 1506grm. 24.4 proc.| 14—22 gem. 18 d. 70 grms. of pol. rice 
| | 

5 1533.5, 25:65, WA — 238 IES OON: bn » + 10 grms. of lactose 

41013057 1 1853 1819)" ee 1825." 560) % Ps „ +10 , albumin 

A WMS65" STEE LAOS INI GONE yy eee 5S | vofolWolfvs 

| | | 
5 1550 „ (23.7 , \14—23 „ 18.8, | 70grms. amyl. maranthae 

See Misty, oe 23150 24, BLA NAE GOM +10 grm. of alb. 

By 430 0 ETA AN 93g AGO P + 5 , ololiv. 

the other hand the same exchange in the amylum-diet exerts only 

little influence upon the percentage of the loss in weight, but 

lengthens the period of ineubation. 

Anyhow, it is evident that the deficiency alone of fat or of 

protein in the polished rice and in the starch cannot exclusively be 

responsible for the loss in weight during the period of incubation. 

As observed before, there is no mistake about it that an important 

factor in this process is the incidental disturbance in the mechanism 

of the digestion viz. the retarded and ultimately checked discharge 

of the crop; also, as far as freely-fed animals are concerned, the 

loss of appetite. Now the former can be set to rights again by 

supplying rice-polishings, yeast and the like, as we and many other 

investigators have made out. In so far the emaciation is indirectly 

dependent on a deficiency of antineuritie substances. 

Regarding the possibility of any chemical anomaly of the digestion 

we noticed the following. We found that uncooked polished rice was 

digested badly from the very beginning. A microscopical examination 

made out that the faeces of the animals contained much undigested 

starch and consequently, when stained with iodin, exhibited, even 

for the unaided eye, an intense blue coloration. It did not become better 

when finely ground rice was given; cooked rice contrariwise yielded 

starch-poor faeces. This was the case also, when the fowls were fed 

on raw unhusked rice or on raw undermilled rice; macroscopically 

the faeces did not then show any starch-reaction with iodin ; micros- 

copically no or hardly any starch was detected. The question, there- 

fore, arose whether the defective digestion of the uncooked polished 



rice was to be ascribed to its small content of cellulose, or to its 
deficiency of vitamins. The first seemed to be the case, as starch- 
rich faeces again resulted from a mixture of ground polished rice 
and an antineuritic extract of rice-polishings. If the ground rice 

was mixed with washed rice-polishings, saw-dust, or ground filter- 
paper, the digestion was, on the other hand, very satisfactory, the 

faeces, just as in a simple diet of raw undermilled rice, being then 
mostly a white mass or a mass coloured pale green by bile, which, 

however, appeared to consist for the greater part of paper-fibres. 

We now tabulate the results of these experiments: 

TABLE III. ° 

oo | mee 
es 5 oo Mean pe ; 
ES a= loss of | Polyneuritis after: Daily food (forced) 
ae SS weight 
ZS Ss = 

4 1439grms 20.1 perc. 17—41mean27!),d. 50 grms ground, polished rice 

6 1503 , | 13 » |15—24 , 19.3, As above +3 grms. ground paper. 
| | ' 

Thongh the admixture of cellulose seemed to have acted favourably 

with respect to the loss of weight, this did not retard the outbreak 

of the disease, it rather accelerated it. This again favours the view that 

polyneuritis gallinarum is not a consequence of general inanition. 

SUMMARY. 

1. Dur experiments lend sapport to CHAMBERLAIN, BLOOMBERGH and 

KILBoURNE’s experience that general deprivation of food may farther 

a development of polyneuritis. The outbreak of the disease is then 

quickened by abundantly drenching the organism with water. 

Starvation-polyneuritis, just as feeding-polyneuritis is engendered 

through a deficiency of “antineuritic’” substances, or so-called vita- 

mins. An addition of the latter exerts a curative effect upon either. 

2. Etiologically there is in feeding-polyneuritis no direct relation 

with the inanition that often attends it, in such a sense that the 

former should result from the latter. In one sense, indeed, the 

reverse is the case. Loss of body-weight may occur from the begin- 

ning of the experiment with a one-sided diet; however it occurs con- 

stantly only towards the outbreak of the disease (in consequence of 

a motorial disturbance in the digestion) and may even be preceded 

by an increase of bodyweight in spite of the one-sidedness of the diet. 

It is doubtful, whether a favourable effect on the condition of 
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nutrition and the period of incubation is produced by raising the 

protein- and the fat-content of the diet that evolves polyneuritis. 

3. On the ground of the first conclusion the hypothesis of a 

neuritie poison in the diet, or a toxin, originating from the food in 

the intestinal canal, as probable causative factors of feeding-poly- 

neuritis, must be abandoned, while probably no endogenous neuritic 

poison is in operation. 

4. According as the food is composed it plays the principal part 

in preventing, but an inferior part in producing the disease. 

5. Feeding, most likely causes an increased consumption of anti- 

neuritic substances. It seems hardly permissible to eonelude with 

Brappon and Cooprr and with Funk that carbohydrates promote the 

katabolism much more than, for instance, proteins do. 

6. The digestion of polished rice in fowls is aided through the 

admixture of cellulose to the food, not however, through the addition 

of the antineuritie extract from ricepolishings. The admixture of 

cellulose may exert a favourable influence upon the condition of 

nutrition; it would seem, on the other hand, that the outbreak of 

the disease is accelerated by it rather than retarded. 

7. The conclusions regarding the causative or the prophylactic 

agency of certain factors in polyneuritis gallinarum, are, in so far 

as they are based upon a shortening or a lengthening of the period 

- of incubation, more or less doubtful on account of the considerable 

individual differences, exhibited by the animals experimented upon, 

even with a uniform treatment. 

Utrecht, January 1916. The Institute of Hygiene of the 

Utrecht University. 

Physics. -— On the Brownian Movement in Gases’. By Miss A. 

SNETHLAGE. (Communicated by Prof. J. D. vaN DER WAALS). 

(Communicated in the meeting of February 26, 1916), 

Among the different derivations of the deviation which a particle 

suspended in a gas or liquid obtains in a time ¢, there is one of 

VON SMOLUCHOWSKI ®), in which only kinetic considerations are made 

use of. According to von Smo.ucHowski this derivation will only 

hold for gases, and that only when the dimensions of the particle 

are small with respect to the mean free path of the surrounding 

molecules. As the writer himself observes, there is still something 

1) Von Smorvenowskr. Ann. der Phys. 21 p. 769 (1906), 
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wanting in the accuracy of his calculation. Among other things he 

assigns equal velocity to all the molecules. I will, therefore, derive 

by a somewhat different course an expression for the mean deviation, 

which only differs from the above mentioned one in numerical 

coefficient, but in which Maxwell’s distribution of velocity is taken 

into account. 

Let us suppose that a spherical “Brownian particle’ with mass 

M = executes elastic collisions with a number of spherical molecules 

with mass 7, the MAXWeLLIAN distribution of velocity prevailing. 

We will call the particle shortly J/. 

If we represent by PA and PB (fig. 1) the velocities of the 

particle and the colliding molecule before the collision, and bring 

a plane W through Q, the end point of the velocity of the 

centre of gravity, parallel to the plane of collision, we shall find 

the velocities PA’ and PB’ after the collision by reflecting the 

velocities relative to the centre of gravity with respect to W and 

by adding them to the velocity of the centre of gravity. When W 

changes its position, A’ moves on a sphere round Q with radius 

QA. Maxwerr *) showed that all the points of this sphere have equal 

probability for A’, so that the mean value of QA’ for all the 

collisions of Min every direction is 0. The velocity of the centre 

of gravity, however, has on an average a projection in the direction 

of PA. From this Jeans *) derives that a molecule on collision with 

other similar ones on an average retains a part @s of its original 

velocity s. For collisions between particles of different mass @ 

assumes a value which I have calculated, and which has already 

been communicated by Prof. KUENEN *). 

1) J. GC. MAXwELt. Phil. Mag. 4 19. p. 19 (1860). 

2) J. H. Jeans. Phil. Mag. (6) 8 p. 700. (1904). 

8) J. P. Kuenen. These Proc. XVII, p. 1068, 
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For a partiele M, in statistical equilibrium with molecules m, 

this factor amounts to: 

6 , M ne M VA Mm P ai or NU Vee 
& SS SS So = = => OG (Si A = 

Rad *“M+m *m(M4m) M+m ool a M a M m 

M 
If is large (and in the case under consideration this is so) we 

m 

m 

may develop @ to the first power of ae which causes the above 
a 

expression to become simplified to 

0 De 1 Mii Een ien > M 
Let us now call the velocity of the particle at a given moment 

S, (u,v, wW,). When during a time rt, it has travelled with this velocity, 

it collides with a molecule with velocity s', (w’, v Ul , w',), and gets 

therefore itself a velocity s,. This again consists of 2 parts: 

1. The velocity of the centre of gravity, on an average = Ó js, 

2. A component that can have all possible directions, is O on 
m 

an average, and whose value = Me V,, when V’, represents the 
M+ m 

relative velocity of the particle and the molecule before the collision 

(AB of fig. 1). 

For u, we can now on an average draw up the relation : 

m 

M -L m 
Oud VERCOSLA Te (2) 

À 

the collision. 

In r, a distance along the z-axis is passed over: 

, is the angle between the z-axis and the relative movement after 

in T, 

§, = U, Tt 2 anne 

v 

In a time (= XT this distance amounts to: 
1 

NES 
1 1 

If we now suppose that always a time r passes between two colli- 

sions, we can bring this quantity outside the © sign, and write: 
v 

ANS. 
1 
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We further follow the method applied by Enystem and Hoer *) to 

another problem, by Mrs. pe Haas—Lorenrz*) to the Browman 

movement, but with a slight abbreviation. We substitute /, for 

m . ; ae Ee 
——— V,cosa, and write equation (2) in the form : 
M + m . 

U, — Guy Ue 

u, — Or == es 

This gives on summation over v intervals t, when f= rt: 
vl y v 

Sup — Oyu, = >R, 
2 1 1 

or 
JN S75 
aen An 

If we increase f, the absolute value of the first term of the first 

member increases in general, u,,; — u, however, does not. If ¢ is 

sufficiently long we may neglect these terms and write : 
v 

DING 
4 i 

tT 10 

If we raise both members to their square and take the mean for 

a great number of fs, this becomes : 

Sica) 

mt (1—64))? 
The A's are independent of one another, hence : 

(ER) =v R? 
& is still unknown, but can be calculated in the following way. 

We raise both members of equation (2) to their square, after we 

have first written it in the form : 

up = Oyrup—1 + Br. 

If we now also take the mean for a great number of times r, 

we have: 

(3) 

— yw +26y Ui Rey IR? 

Uji and Ap, are mutually independent, and equally often positive 

as negative, hence 

wer Bra = 9 

and 

1) Einstein and Hoer. Ann. der Phys. 33 p. 1105 (1910). 

2?) G. L. pr Haas—Lorentz. Die Brownsche Bewegung. (1913) p. 51 et seq. 



1484 

R= u! (TO) Go 8 ol oat 0 EL) 

This value introduced into equation (3) gives: 

INE es a EE yf at 

If we now substitute the value (1) for 4 and put the value 2 

for 1+ 0, we get finally : 

> te | 
tele 
| 4 oo | volo 

| 4 = — Or — 

This formula differs from that of von SmoLucuowskt only in nume- 

rical coefficient. Where we find $, v. S. puts $4 or with a somewhat 

different derivation 3. 

Another calculation '), which was not founded on purely kinetic 

considerations led to quite the same expression as equation (5). It 

was asserted there that there was no reason to confine the validity 

of this formula to those cases in which the dimensions of J/ are 

small with respect to the mean free path of the molecules. 

If with Maxwerr *) we now substitute the value 

1 1 Mm N 

come OV On on M+ m RT 

for t, in which 6 represents the sum of the rays of the particle and 

a molecule, and therefore may be replaced by a, the radius of the 

particle, while » denotes the number of molecules per cem., (5) 

reduces to: 

ie 3 1 WA RTm E 6 
2 == ef 0 Oo G oO sa 6 ) 

4V/ 27 0° N ie 
in which ge =n, m==the density of gas. 

A is the projection of the path passed over in an arbitrary direction. 

To find the mean square of the total path passed over we must 

multiply (6) by 3. 

J. D. v. p. Waars JR. and A. Snerutace. These Proc. XVIII, p. 1322. 

J. GQ. Maxwett. 1. c. 
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Chemistry. — “The Application of the Theory of Allotropy to 

Electromotive Equilibria’ IV. By Prof. A. Smits and Dr. 

A. H.W. Aven. (Communicated by Prof. J. D. vaN DER WAALS). 

(Communicated in the meeting of Feb. 26, 1916). 

1. Introduction. 

In some foregoing papers’) it bas already been demonstrated that 

the pbenomenon of passivity can be explained in a simple way by 

the application of the theory of allotropy to the electromotive equi- 

librium metal-electroly te. 

According to this theory the metal is complex, and with this 

complexity many different cases can present themselves. It is possible 

that the complexity only consists in this that in the metal we have 

to do with an tonisation-equilibrium of the metal, expressed e.g. by 

the equation : 

Me Meee ne ee 
It is, however, also possible, and this will occur in the metals 

of which ions are known with different valency, that there exist 

side by side more such ionisation equilibria, and that just as many 

as there are differently charged metal ions. 

lf of the metal JW there exist the ions MW and Jf, the two 

following ionisation equilibria will occur in the metal: 

MEM" +26 | 

and MM" +30 | 

It has further been pointed out that it is possible that the metal 

contains different kinds of ions, which have the same charge per 

atom, but which differ in size, as e.g. the ions M- and MM. 

bo 

In this case the metal is still more complicated, because then we 

must assume the following ionisation and dissociation equilibria: 

MAM" +280 

MEM SO oo es ee ee 

MM 

Before we examine more closely the phenomena of polarisation 

and passivity it is desirable to show to what new points of view 

the assumption of an ionisation equilibrium in a metal leads. 

We shall begin with showing this for the simplest case, indicated 

by equation (1), and not until the conclusions to which this case 

1) These Proc. XVI, p. 191; XVI, p. 699; XVII, p. 37. 
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gives rise, both with regard to the reactions which can take place 

between a metal and an electrolyte, and to the potential difference 

metal-electrolyte, have been derived, will the phenomena of polari- 

sation and passivity for this simplest case be discussed. 

Thus the whole will constitute an introduction to the more thorough 

treatment of the other cases, indicated by equations (2) and (3). 

2. Solubility product of a metal. 

The new views which will be developed here, are based on the 

assumption that the electrons in a metal phase and in the coexisting 

electrolyte behave as ions, so that the laws which hold for mole- 

cules and have been successfully applied to ions, can also be trans- 

ferred to the electrons. 

Let us now consider the simplest case, namely this that exclusively 

the ionisation equilibrium 

MM +26 

exists in the metal J/. 
If we now immerge this metal in pure water, uncharged atoms, 

metalions and electrons will pass into the water with the result 

that an ionisation equilibrium is also established in this liquid. 

If we apply the law of chemical mass action to the above ion- 

isation equilibrium, which exists i the liquid, we get: 

Ee 
Now the liquid is in contact with the solid metal, so that the 

liquid will be saturate with respect to the non-electric component, 

the uncharged metal atoms. The concentration (M) is, therefore, a 

constant, hence we may write : 

KG = (MT) (Oh Mini evene eee (>) 

This product, which is, therefore, a constant quantity for constant 

temperature and pressure, we shall call the solubility product of 

the metal. 
The supposition that the complexity of a metal exists in the 

occurrence of metal atoms, metal ions, and electrons, which in case 

of unary behaviour of the metal, give rise to the existence of the 

ionisation equilibrium represented in equation 1, leads therefore to 

an important idea, namely that of the solubility product of a metal, 

by means of which a number of electromotive processes can be 

surveyed from one and the same point of view and can be accounted 

for in a plausible way. 
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3. Explanation of different electromotive processes by the appli- 

cation of the idea: 

“Solubility product of a metal”. 

a. Dissolving of metals by halogen. Suppose a metal to be 

immerged in a vessel of pure water, and then a halogen e.g. chlo- 

rine, to be added, it will quite depend on the situation of the two 

following equilibria 

MSM OR ea. (da) 

ande Dera). ACL EELDE ine x, (6) 

what will bappen. 

If the concentration of the electrons in the ionisation equilibrium 

(la) of the metal is greater than that in the equilibrium (6), the 

chlorine will take away the electrons, which causes the homo- 

geneous equilibrium (la) to shift to the righthand side, and the 

heterogeneous equilibrium between metal and electrolyte is broken. 

The metal will then send metal atoms, metal ions, and electrons 

into solution, and so the metal ean entirely go into solution on 

sufficient addition of chlorine. 

It now follows from what precedes that it will depend on the 

concentration of the electrons emitted by the metal whether with 

the prevailing chlorine concentration a shifting of (la) from left to 

right is possible. 

The electron-concentration mentioned here will depend on the 

value of the solubility product of the metal, and it may, therefore, 

be predicted that metals with a relatively large solubility product 

will dissolve in chlorine water, whereas metals with a small solu- 

bility product will not be attacked. It is, however, the question 

whether there is a metal so noble that the concentration of the 

electrons which ensues through the ionisation of the metal is smaller 

than corresponds with equilibrium (6). 

lt follows already from this that the base metals possess a rela- 
tively great, and the noble metals a relatively small solubility product. 

b. Dissolving of metals in pure water. Now we might also 
answer the question why one metal dissolves in water and why 

another does not. 

For this purpose we have to consider the equilibria: 

MEM HO +. Rn ta) 

and ORO OH JT en) 

If we now have a metal with a great solubility product, then 

(4) is comparatively great in (la), and the reaction (7) can proceed 
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from left to right. As the hydrogen then continually escapes, it 

will continue till the metal has entirely disappeared. 

In this way we come to the conclusion that the metals which act 

most strongly on water, are the metals with relatively great solubility 
product. 

c. Dissolving of metals in acids. Wf we now consider the phe- 
nomenon that some metals give hydrogen generation with solutions 

of acids as HCl, H, SO,, and others do not, we see in the light 

of these considerations that this phenomenon is entirely controlled 

by the equilibria: 

MME DO vee set spas, ae) 

and::2 Os DUS SH es Cale NS) 

from which we see that the metals with a relatively large solubility 

product will generate hydrogen, whereas the other metals do not 

do so. Metals as copper and silver ete. or in other words the noble 

metals, do not dissolve, because they have a too small solubility 

product. 

d. Dissolving of metals in the solution of a mixture of a ferro- 

and a fervisalt. 
We can now easily give an explanation of the different conduct 

of the metals with respect to a solution of a mixture of a ferro- 

and a ferrisalt. In this case we have to consider besides the metal 

ionisation equilibrium : 

MME DO on oe Taa var ee 

also the equilibrium : 

Pe Zet nme gd ene RE 

If the eleetron-concentration of the equilibrium (9) in the solution 

under consideration is greater than that which corresponds with 

the solubility product of the metal, the electrons from the solution 

pass into the metal, and at the same time the ionisation equilibrium 

(la) shifts from right to left both in the metal and in the solution, 

and metal deposits from the solution. The metals that behave thus 

are, of course, again metals with a small solubility product, hence 

they behave with respect to the said solution of a mixture of ferro- 

and ferrisalts as an unassailable electrode. 

If on the other hand the metal possesses a relatively large solu- 

bility product, electrons will be withdrawn to the equilibrium (1a) 

both in the solution and in the metal, and the metal goes into 

solution, the conversion represented by equation (9) proceeding from 

right to left, in which the ferri-salt is therefore reduced to ferro-salt. 

This takes place inter alia when M is the metal Zr. 
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e. Solution of the metal by withdrawal of metal ions. 

We have shown here that a metal will dissolve when electrons 

are withdrawn from the homogeneous equilibrium : 
ae E ¢ . MM" +20 

Of course the same thing happens when we succeed in diminish- 

ing the concentration of the metal ions MZ. For this purpose we 

should have to try to add a substance which yields a complex with 

the ion MZ”, the dissociation constant of which is exceedingly small. 

It will be discussed later whether this is possible. 

4. New relations for the potential difference metat-electrolyte. 

If in the derivation of the potential difference metal-electrolyte we 

take into account the ionisation equilibrium in the metal and in the 

coexisting electrolyte, we get what follows. 

For the simplest case for unary behaviour the equilibrium 

Mee MeeOsi ioe a me eee 0) 

will prevail in the metal; the following corresponding equilibrium : 

Mr Mr POG wo Ar e's ee old) 

in the coexisting liquid. 

The equilibrium between metal and electrolyte can now be repre- 

sented by: 

Ms 2 Ms +65 

th —Mit+ 
but this equilibrium is as a rule accompanied with a potential 

difference. 

For this potential difference ‘we now get, in contrast with the 

earlier view, the (vo following equations: 

EE) 

and 

A) 

In the first place we have therefore a relation (12), in which 

occurs the difference between the molecular potentials of the metal 

ion in the metal and in the solution, and in the second place a 

similar relation (18), in which instead of the molecular potentials of 

the metal ion, those of the electrons occur. 
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We shall now follow the method applied by van Laar *) in the 

derivation of Nernsv’s formula. 

Let us now execute the usual splitting np of the molecular ther- 

modynamie potential : 

e= RT INC. sets oe ee ARAG) 

in which u’ for diluted states is only a function of the temperature ; 

we then get starting from (12): 

wy a Wis + RT In MM) — RT In 1) 

n= EN ERE a (5) 

if we put in this: 

en PA 2 ce ee eae eee 16 
Ms M L M ( ) 

we get 

RT (Ms) 
MSS OT Ape eet 5 sor LF F | n K u n Ur | (17) 

or 

Jb K'y: (Ms) 
= / = = aha Nao 7e A F | n (Mi) (17a) 

If we now start from the equation (13), we arrive in quite the 

same way at the equation 

ne RT ee (As) 18 
—= Tan n B n (97 je 5 5 5 5 = 0 ( ) 

or 

Rr Kid en |» ed ea ik ee BE) 
I (41) 

When by a thermodynamic way the formula for the potential 

difference had been derived by van Laar, it was demonstrated by 

Smits?) what the physical meaning is of the quantity A, which 

oceurs in vAN Laar’s final formula instead of the Lösungstension P. 

Now we can find in the same way the physical meaning of the 

products A’ (M's) and AK (As) in equations (17a) and (18a). 

It follows from equation (17a) that 

L110 

when 
CU Ui ive UUs Ta vas ver a (25) 

In this case also 

J) Chem. Weekbl. 41, 1905, 

Lehrbuch der theoretischen Elektrochemie (1907). 

2) These Proc. IX, p. 2. 



(24) 
according to equation (12), from which follows that in this case the 

metal ions in the metal are in equilibrium with those in the solution, 

no potential difference existing between metal and solution. This 

equilibrium is therefore an equilibrium of saturation and the concen- 

tration of the metal ions in the solutions will therefore be a concen- 

tration of saturation. Therefore the product A77 (Ms) represents 

the saturation concentration of the metal ions at definite temperature 

and pressure. 

That under the said circumstances this product is really a con- 

stant follows from this that not only A’y;, but also (Ms) is a 

constant quantity in case of unary behaviour of a metal at the 

same temperature and pressure. 

If we now represent this concentration of saturation of the metal 

ions or in other words the metal ion solubility by Ayy:, then 

KES TRICE) eG eee eh  {(2453) 

and then equation (17a) becomes: 

RT Ky 
2h, = 

Ff (M1) 

This is NerNsT's equation, in which instead of the Lösungstension 

P, the metal ion solubility Ayy,;- occurs. 

On purpose we have followed this course in order to show that 

the well known relation for the potential difference is found when 

L (26) 

we only take the metal ions into account, whereas the role of the 

electrons is at least equally important. 

Accordingly we get a much deeper insight when we also take 

the electrons into account. 

For this we must also make use of equation (18a). In this equa- 

tion first a simplification can, however, be applied. Just as we have 

been able to demonstrate just now that the product A’ (Ms) 

represents the concentration of saturation of the metal ions, we can 

show in entirely the same way that the product A’;(%,) indicates 

the concentration of saturation of the electrons. 

If for this quantity we again introduce a simple symbol e.g. 

Ks (0) = Ke. se ee ee (27) 
equation (18a) is simplified to: 

FT “on 
We see from this that for a base metal (@/) is greater than AK. 

It is here the place to draw attention to an exceedingly remark- 

96 
Proceedings Royal Acad. Amsterdam, Vol. XVIII. 
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able phenomenon, viz. this that though e.g. for a base metal the 

solubility of the metal ions is very great and those of the electrons 

very small, the solubility product of a base metal possesses a com- 

paratively large value. 

The case we meet with here, is quite independent of all others, 

because in the solubility product of a metal, metal ions and electrons 

occur, which influence each other and carry each other along, so 

that they neutralize each other electrically except for a very small 

fraction. 

It is now clear that where the solubility of the metal ions is 

very great, and that of the electrons very small, the metal ions will 

not go into solution so much as when the electrons did not check 

the action, and that reversely the electrons will go more into solution 

than when they were not attracted by the metal ions. Thus the 

eaceedingly remarkable case presents itself that the liquid coexisting 

with a base metal, is unsaturate as far as metal ions are concerned, 

but supersaturate with respect to the metal as far as electrons are 

concerned. This is accordingly the reason why the metal is negative 

with respect to the liquid. For a noble metal exactly the reverse is 

found. Thus we see that according to these considerations a much 

clearer idea of the electromotive equilibrium can be obtained than 

was the case with the old view. 

The equation (28), which was as onesided as equation (26), which 

was used up to now, can be of great service to us in many cases. 

We have already seen that a noble metal, so a metal with a 

very smal! solubility product, immerged in a solution of a mixture 

of a ferro- and ferri salt, is not attacked. With regard to the said 

solution the metal is an unassailable electrode, and electrons of the 

equilibrium 
VAA HCO Ne Jey Eee ONO! nee en an (6) 

pass from the solution to the metal, while the ionisation equilibrium 

of the metal shifts. 

Here where the two homogeneous equilibria in the solution have 

only one component, viz. the electrons, in common, the application 

of our electron equation (28) immediately gives the potential difference, 

when we consider that from equation (9) follows: 

je CE A ODE (29) 
(Be) 

hence : 

(Or) = K Ce) 
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kh 7 1 (Fe) 
A = — | ln Ko + In ——— |. 

I K (Fe) 

from which it therefore appears that our formula differs from the 

so that according to equation (28) 

older one: 

Felt 1 (Fe ree (Ee) 
_ A 

Ff K We ) 

in this that here the term /n AY is wanting. 

This term, however, is very important because it appears from it 

that different unassarlable electrodes yet cannot give entirely the same 
potential difference, the electron solubility for the metals being different. 

By combining equations (26) and (28) we now get a relation for 

the potential difference, in which botb the metal ions and the electrons 

are taken into account. 

When we add these equations we get: 

hein | a In =| ae ea 
2 ue (1) 

That this new equation gives us a mueh better insight into the 

electromotive equilibrium than the old one follows already from this 

that it enables us immediately to derive the equation for the potential 

difference for the case that a metal is immerged into a perfectly 

pure solvent. 

In this case too metal atoms, metal ions, and electrons of course 

go into solution, and as in the metal and in the liquid the metal 

ions and electrons practically neutralize each other every where except 

in the border layer 

(Or) = (Mi) hen en ae RD) 

for this case where the metal ions and electrons originate exclusively 

from the metal, so that the equation for the potential difference 

becomes in this case: 

RT ] Ky 33 NN ; = . . . . 5 

Ne Ty ” 
It follows therefore from this that the potential difference between 

a metal and e.g. pure water can be sharply defined and possesses 
a finite value which is entirely determined by the solubility of the 

electrons and by that of the metal ions. 

If the solubility of the metal ions is greater than that of the 

electrons, the metal will be charged negatively with respect to the water, 

and positively in the opposite case. 
96 * 
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5. Introduction of the solubility product of the metal in the equation 
of the potential difference. 

It has been shown in chapter 3 that the solubility product of a 

noble metal must be smaller than that of a base one. from which 

it follows that the potential difference metal, solution must be a 

function of the solubility product, and that such a one that for a 

greater value of the solubility product the metal gets a more negative 

potential. 

In the following way the solubility product is easy to introduce 

into the equation for the potential difference. For: 

we may write: *) 

ul le mf Ui: 
A = M4 t 97 f M if TMM 7 

= Fr 

If we write u=u + RTlnc we get: 

Ws War, TU, — Wy, + RT In(Mz,) — RT In (Mr) (Or) 

N= F He Dn ET Fr 

A 2 ee = - = f ores rr LA : Fr Fae L) F (Mr) (Gz) 

The last term of this equation contains the’ above mentioned 

solubility product of the metal, which is indicated by Ly, hence: 

' 

AE (ae an) (34) = -— — n(Ly ini PI 
F F F 1 F L 

Besides the solubility product of the metal and the metal ion 

concentration, also the thermodynamic potential of the electrons in 

Ww, 

the metal and the term — FE oceur in this equation. 

The last is independent of the concentration of the electrons, and 

only dependent on the temperature and the nature of the solvent. 

Hence this term has the same value for all metals. 

Hos 

The term Ei has values for different metals which differ little 
H 

inter se. 

') Here for shortness’ sake we suppose the metal univalent, so 7=— 1. 
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Us 
FS Pes Do . . “7 - 

The difference a - is, namely, the potential difference, which 
M5 

occurs when two metals come in contact, and which is always 

small in comparison with the potential difference metal-solution. 

Though equation (34) is little suitable to indicate the potential 

difference between a metal and a solution, it gives a very simple 

relation for the potential difference between two metals, e.g. Cu 

and Zn, which are each imimerged in a solution of their ions. 

In this case we get, namely, 

RT L RT My 
Ne aa) eee: 4 G5) 

vk Lu, vk Mr, 

Wo, Hy. 
because and En are practically equal for the two metals. In 

this it has been assumed that the valency rv is the same for the two 

metals. 

When now the concentration of both metal ions in solution is 1, 

we get: 

Jd Lu. 0.058 D : 
A A= Ih ze log ee „ (36) 

rf Ear, PY “(La 

It follows from this that the difference between the normal potentials 

of two metals is equal to 0.058.*°/og of the ratio of the solubility 
products. 

If the valency of the metal ions is different, then 

A meenen L Ri 
1 Er Ms) — 

1 

In (Lu,) Seer (87) 

in general for (My) = 1. 

If we take the hydrogen electrode as zero point, through which 

A, becomes = 0, then: 

058 son 
10707 (Lu) 2 Sees) 

1 

A, = 0,058 101, (La,) — 

The normal potential of a metal with respect to H, =O is there- 

fore, exclusively determined by the solubility product of the metal 

and that of the hydrogen. By this latter we then understand the 

value which the product (H ) (4) has in a solution which is saturate 

with respect to hydrogen of one atmosphere. 

When the solubility preduct of a metal was known, then by the 

aid of the known normal potentials we should be able to calculate 

the solubility products of all other metals. This is, however, not 

the case. We may, however. say that the most negative metal, Lz, 
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must have the greatest solubility product. Now the concentration of 

the metal ions and -electrons can certainly not be greater in a 

solution than in the pure metal, when this is totally ionized. The 

atomic weight of Li=?7, and the sp.gr. about 0.6. Hence 1 litre 

of metallic 2 weighs about 500 gr. and contains not quite 100 

eramatoms Zi. Hence the concentration of the Zi-ions cannot be 

greater than 100. The solubility product of Li can, therefore, as 

(Li) = (8), not be greater than 10°. 

This value, which is certainly much too large, only indicates a 

maximum value. The solubility product will therefore also be 

smaller than this value, because the concentrations of the ions and 

electrons are smaller in the coexisting solution than in the metal. 

By the aid of it we can indicate an upper value for all other 

metals. For hydrogen we find e.g., Ar: —Ay, being = — 3.0: 

bys 

for silver, for which Az; — A4, = — 3.8 becomes Lag ZAO 

It appears therefore from this that the solubility products of most 

metals have very small values. Even for a metal so strongly negative 

as Na Ly, must be < 10‘. 

Now it appears also from these values that a direct determination 

of the solubility products is impossible. 

As a metal that decomposes water, with formation of hydrogen 

is more negative than hydrogen and Ly,<10~**, only those metals 

are not attacked by water for which L3,< 10°“, a value which 

is still much smaller than that of the least soluble salts. 

6. Polarisation and Passivity. 

We shall now examine if it is possible that a metal in which in 

case of unary behaviour the ionisation equilibrium 

M2M +6 

exists, will allow of polarisation, resp. passivation. For this purpose 

we consider the equations (17«) and (18a) 

RT  K'w(s) 
N= In — a NE te F n UD) (1 fa) 

RAE Ke (Gc 
and A=—In Kog een beek ord others alsa) 

I (47) 

From these relations follows: 

BT KOs) RT, (Mi) 
— Na == - 
F (AL) fF K'yr(M 8) 
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(O(M 8) q 
P he eee Se ee aS 

pi (Orr) en 

Now it should be stated here that the equations (17a) and (18a) 

always hold whether or no the coexisting metal and liquid phases 

are in internal equilibrium. 

Equation (39) says therefore that whether the coexisting phases 

are in internal equilibrium or not, the quotient of the products of 

the concentrations of electrons and metal ions in the metal and in 

the coexisting liquid is a constant quantity at constant temperature 

and pressure. 

This equation (39) is of use to us in answering the question what 

will happen when the metal is anodically dissolved and the reaction 

MaM +0 

does not proceed quickly enough. so that through the electrons being 

led off and the metal ions going into solution, the metal becomes 

poorer in both electric components. In this we must keep in view 

that these processes take place in such a way that the metal ions 

and the electrons in the metal always electrically neutralize each 

other with the exception of an exceedingly small fraction. 

We may, therefore, say that when the electron concentration (4s) 

becomes z-times smaller, the same thing will happen with the metal- 

ion-concentration (Ms). It is further clear that the circumstances 

may easily be chosen so that the metal-ion-concentration in the liquid 

(Mz) remains practically constant, from which then follows in con- 

nection with equation (39) that the electron-concentration in the 

liquid (//) must become n?-times as small. 

Thus we arrive at the conclusion that a decrease of the electron 
concentration in the metal is attended with a still greater decrease 

of the electron concentration in the coexisting quid. 

Now that this has once been established, we can, with application 

of the equations (17a) and (18a) immediately give an answer to the 

question in what way the potential difference will change when the 

concentration of the metal ions and electrons diminishes in conse- 

quence of the ionisation proceeding too slowly as has been supposed 

here. It follows from (17a) that when the concentration of the metal 

ions in the metal (M/s) becomes smaller, the potential difference will 

become less negative or positive. 

The influence of a change of the electron concentration follows 

from equation (18a). If the electron concentration in the metal 

diminishes, then as we saw before, the electron concentration in the 



coexisting liquid will diminish to a still greater degree, so that /n 2) 
L 

will become smaller negative or greater positive. It is evident that 

the two equations, if they are correct, must give the same result, 

as is really the case here. 

Hence we have come to the conclusion in this way that a metal 

with the most simple constitution can exhibit the phenomenon of 

anodic polarisation, resp. passivity as well and in virtue of the same 

circumstance as a more complicated metal. The said phenomena will 

present themselves for every metal when the removal of metal ions 

and electrons from the metal takes place more rapidly than their 

formation in the metal’). It is clear that a passivity brought about 

by chemical action, might be explained in exactly the same way 

when we consider that ions and electrons react chemically more 

quickly than uncharged atoms. We have not mentioned cathodic 

polarisation here, but it is clear that this phenomenon is to be expected 

here too, and can then be explained according to the same principle. 

In a following communication the cases will be treated represented 

by the equations (2) and (3). 

The views given here are new, as far as we have been able to 

ascertain. In our subsequent study of the literature we have only 

in one place come across statements which suggest that the writer 

had views tending in the same direction in which the problem is treated 

here, but the thoughts were not elaborated. We allude here to a 

paper by Hasrr and Zawapsky *); this paper ends with an ‘“Anhang”, 

and in this the statements above referred to are found. 

(To be continued). 

Anorganic Chemical Laboratory of 
Amsterdam, February 24, 1916. the University. 

Chemistry. — “On the allotropy of the ammonium halides”. IL*). 

By Dr. F. EB. C. Scaerrrr. (Communicated by Prof. A. F. 

HOLLEMAN). 

(Communicated in the meeting of Feb. 26, 1916). 

10. The transformation heat of ammonium chloride at the tran- 

sition point. 

I have determined the difference of energy of the two modifica- 

1) From this must ensue that the superficial electric conductivity of a metal 

must be smaller in the passive state than in the active state. 

2) Zeitschr. f. physik. Chem. 78, 228 (1911). 

5) First communication. These Proc, XVII p. 446, 
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tions of the ammoniumchloride by a series of calorimetric experi- 

ments, in which Mr. G. Meyer assisted me; I gladly express my 

indebtedness to him here. 

A number of glass tubes was filled with ammoniumehloride and 

fused to; the quantity of glass and ammoniumehloride was deter- 

mined by weighing. The tubes were successively heated to 156° 

(boiling point of bromo benzene), 177° (ortho-dichloro benzene), 194° 

(dimethyl aniline), and 212° (nitrobenzene), and quickly conveyed to 

the calorimeter. The two first-mentioned temperatures lie below, the 

two others above the transition point. When we conveyed it to tlie 

calorimeter the glass broke sufficiently through the sudden cooling 

to bring about a very rapid dissolving of the ammoniumchloride. 

Hence in these experiments the heat of solution was always included 

in the measurement, and in order to avoid corrections for the heat 

of dilution we have always chosen the quantity of water in the 

calorimeter so that the obtained solution contained one gramme 

moleeule of NH,Cl to 320 gramme molecules of water. In consequence 

of the rapid solution the temperature had generally established itself 

already after 1 or 2 minutes, and the time, over which corrections 

have to be applied for radiation, was, therefore, only small, which 

enhanees the accuracy of the determinations. The specific heat of 

the glass was determined by separate experiments by heating up to 

156°, resp. 212°, and on the assumption that the true specific heat 

changes linearly with the temperature between 156° and 212°, the 

mean specific heat between room temperature and a temperature 

lying between the two said temperatures could then be found by 

linear interpolation. In every experiment with the tubes of ammo- 

niumehloride the heat which the glass alone yielded, was therefore 

known; if we subtract this heat from the found amount, we keep, 

in the experiments of 156° and 177°, the heat which «-NH,CI yields 

when it is cooled down from the said temperatures to that which 

the calorimeter possesses after the experiment, and then dissolved 

isothermieally. From these values the mean specifie heat of ammo- 

niumebloride between 156° and 177° can, therefore, be calculated, 

and by extrapolation to the transition point (184°.5) it is also to be 

found what heat @-NH,Cl would yield when it was cooled down 

from the transition point. 

The experiments in which heating above the transition point took 

place, yield, after correction for the heat of the glass, the heat which 

B-ammonium chloride gives off when it is cooled down to the transition 

point, transforms isothermically to the «-form, and this then falls 

to the calorimeter temperature and goes into solution isothermically. 
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From these experiments the mean specifie heat of the p-form can 

therefore be calculated, and besides extrapolation to the transition 

point yields the heat which is liberated when ammoniumchloride is 

transformed at the transition temperature and then cooled. The differ- 

ence between the two values found by extrapolation yields the 

required heat of transformation at the transition point. 

TABLE 5: 

eee 

nnee | Tempe: | | | an | ke EN Heat 

Ne ture bol | calor | Heat \tegiass) NHG | NMC Pergramme 

157.7 13.5 A fad 187.8 — 60.1 | 3.600 | —16.69 

2 | 158.25 13295 115.0 lied — 56.7 | 3.487 | —16.26 

Sia ee158.9 14.5 116.7 174.3 — 57.6 | 3.603 —15.99 

4 159.25 jg) | 115.9 171.0 — 55.1 | 3.456 —15.94 

5 157.95 16.7 105.6 169.2 —- 63.6 | 3.819 —16.40 

6 158.7 | 16.0 PIES 166.6 — 55.3 | 3.556 —15.55 

i 178.35 17.6 170.4 194.7 — 24.3 3.771 = 6.44 

8 179.1 | 15.45 187.3 206.9 — 19.6 3.186 | — 6.15 

9 179.25 | 15.35 | 203.89 22185 — 23.7 3.411 | — 6.83 

10 179255) | 1525 | 191.0 | 212.8 | — 21.8 3.620 — 6.02 

11 195.2 16.1 321.8 250.5 + 71.3 3.742 | +19.05 

12 | 195.5 | 15E 327.6 256.6 + 71.0 3.714 | +19.12 

13 | 195.5 | 15.75 | 297.9 | 231.7 | + 66.2 | 3.424 | +19.33 
14 | 211.45 | 16.35 | 382.5 280.0 +102.5 4.080 | +25.12 

15 | 211.55 | 15.95 | 348.8 | 259.8 | + 89.0 | 3.742 | 423.718 
16) Bots | 6.3 | 359.3 | 260.2 | + 99.1 | 3.931 | 425.21 

The tables 5 and 6 yield the results obtained; in table 6 the 

mean values have been recorded of the experiments, which have 

been carried out under nearly comparable circumstances. For the 

extrapolation to the transition point also the temperature of the 

calorimeter has been extrapolated. 

It is clear that a correction can be avoided in this way which is 

difficult to determine experimentally. If namely in two experiments 

the temperature of heating is the same, but the temperature of the 

calorimeter different, a correction is to be applied for this difference 
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TABLE 6. 

3 T Fanart Extrapolation to the 
Tempera- | “EMPE- Heat transition point 

N°. ‘tureboiling Fäture perGramme column 
jacket Calori- °__NH,CI EE an (foe 

meter 2 3 4 

1.28 158.3 13.85 © 1631 | 
184.5 16.55 — 3.15 

7, 8, 9, 10 179.05 16.0 — 6.36.) 

4, 5, 6 158.6 16.15 —15.96 j 
184.5 15.95 — 3.80 

7, 8,9, 10) 179.05 16.0 — 6.36 | 

Ti w2; 13 195.4 15.85 +19.17 | 
» 184.5 15.6 +15.45 

14, 15, 16 | 211.6 16.2 | +24.70 | 

1—10 ; 184.5 15.6 — 3.83 

of temperature, multiplied by the difference in specific heat of the 

solution and of pure water. This is clear as follows: Let us call 

the temperature at which the tube is heated 7, the temperature 

of the calorimeter after the experiment 7’. and 7. then the libera- 

ted heat in the two cases (after correction of the heat of the glass) is: 

7, 7 

frr Q. resp. frr, in which Q denotes the heat of solution. 

Te Te’ 

Te’ 

The difference, therefore, amounts to foar 02 Oe 

Te 
Bearing in mind that: 

Qe — Qe = (Le — Te) (¥ + ¥H,0 — Yopl.) + 
it is clear that in this correction the specific heat of the ammonium 

chloride disappears, and the difference in specific heat between the 

solution which contains 1 Gramme of NH,Cl, and the water of this 

solution remains. This difference could not be determined except as 

the difference between two much larger values; it appears, however, 

from table 6 that this difference bas hardly any influence on the 

transition heat. In the experiments 1, 2, and 3 the calorimeter 

temperature is on an average 13.85°, in 4,5, and 6 however 16.15°: 

in the transition heat this difference yields only a value of 0.05 

gramme calorie per gramme of ammonium chloride as appears from 

the last column of table 6, If therefore; the calorimeter had been 
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15.6° just as in the experiments 11—16 the heat would have been 

— 3.83 gramme calorie per gramme of ammonium chloride. 

The heat of transition per gramme of NH,Cl amounts therefore 

to 15.45 + 3.83 = 19.28 gramme calories or 1.08 kilogram calorie 

per gramme molecule. 

In table 5 the differences in the last column are partly to be 

attributed to the said difference in specific heat between water and 

solution. It ean be derived from the data of the literature that this 

difference for our solutions amounts to about 0.2 calorie per Gramme 

of NH,Cl. The values of the last column of table 5 are not directly 

comparable either on account of the difference in temperature of 

heating. Through the mode of calculation followed these corrections 

have been eliminated, as has been said. 

In table 7 the mean specific heats for the «- and p-modifications 

in the neighbourhood of the transition point have been recorded. 

PAB GE. is 

7 - - — —___- a _ — —— — 

ae Heat per Mean | Limits of the Temperat. | Heat : 
NP. temperature Hcl difference | difference | spechg 

4, 5, 6 16.15—158.6 —15.96 
20.45 9.60 0.469 

7, 8, 9, 10 16.0 —179.05 — 6.36 

vre el Es) 15.85—195.4 +19.17 
| 16.2 5:53 0.341 

14, 15, 16 | 16.2 —211.6 | —+24.70 

In these calculations the above correction for the difference in 

specitie heat between solution and water has been put zero; this 

will give rise to a small error here, because the difference in calori- 

meter temperature is only small in the experiments of table 7. This 

table yields the conclusion that in the neighbourhood of the transi- 

tion point the specific heat of the g-modification is smaller than that 

of the a-form. The difference of energy between the two modifica- 

tions, which amounts to 1,03 kilogram calories at the transition 

point, will therefore become smaller at higher temperature. 

11. The vapour tension of dry ammonium chloride. 

The determinations of the transition point ($$ 5 and 6) and of 

the heat of transformation ($ 10) in connection with Prof. Smrra’s 

recent researches on the vapour pressure line of ammonium chloride 

and on the degree of dissociation of the saturate vapour’) open a 

1) Smrrn. Journ. Amer. Chem, Soc. 86. 1363. (1914); 8%. 38 (1915). 
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possibility to a discussion of the remarkable results of JoHnsoy (§ 2). 
In his cited paper Prof. WEGSCHEIDERsstated that he considered 

polymorphy as the most probable explanation for the evaporation 

phenomena. He expresses himself as follows: 

“Es kann z. bB. zwischen Zimmertemperatur und der Temperatur 

der Verdampfungsversuche ein Umwandlungspunkt liegen. Die bei 

Zimmertemperatur stabile Form könnte über 300° unbestindig sein, 

aber bei Abwesenheit von Feuchtigkeit erhalten bleiben. Wasser- 

dampf ware dann ein Katalysator, der nicht bloss die Dissociation 

der gasförmigen NH,Cl-Molekiile, sondern auch die polymorphe Um- 

wandlung der über 300° unbeständigen Form des festen Salmiaks 

sehr stark beschleunigt. Hieraus ergibt sich dann die Erscheinung, 

dass die unbeständige feste Form undissociierten Dampf gibt und 
die bestandige Form dissociierten Dampf.” * 

It has appeared from the experiments of § 5 and 6 that there 

really lies a transition point at 184.5° between room temperature 

134.5 

Fig. 3. 

and the temperatures of JonNson’s experiments. WEGSCHEIDER’s ex- 

planation comes to this. In fig. 3 Ab and CD represent the vapour 

tension lines of the g8- and e-modifications of ammonium chloride 

in ordinary (somewhat humid) state; these lines intersect in the 

transition point 0. The vapours are partly dissociated in NH, and 

HCl. If for both lines we draw the partial pressures of unsplit 

1) WEGSCHEIDER. Zeiischr. f. physik. Chem. 65. 102. (1908). 
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NH,Cl in the vapour, we get two lines A’B’ and C/D’, which 

would hold resp. for the evaporation without dissociation of B- and 

a-NH,Cl. These lines intersect again at the transition temperature 

If with WhrescHemEer we, therefore, assume that the «-form stable 

at the ordinary temperature could continue to exist above the 

transition point, we should find the line OD, if the homogeneous 

dissociation continued to exist; if, however, the dissociation in the 

vapour phase does not set in, the realizable states lie on O’D’. 

Accordingly the vapour tension values of JoHNson’s experiments lie 

on O/D’, the vapour pressure determinations of ordinary (somewhat 

humid) NH,Cl on OB. It is clear that the equality of the pressures 

in humid and in dry state over an appreciable range of tempera- 

ture becomes a coincidence, and that strictly speaking equality of 

pressure could only occur in a point of intersection of OB and 0’ D’, 

280 

260 

240 

220 

2.00 

180 

1.95 1.90 1,65 1.80 1.75 1.70 1.65 1.60 

Fig. 4, 

If we should wish to accept this explanation, we shall have to conclude 

from the results that the differences in vapour pressure over the 

examined temperature range are only small and lie within the 

errors of observation. It is, therefore, now the question whether 

the investigations mentioned allow of such an explanation. 
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In fig. 4 I have indicated the experimental results by drawing 

the logarithm of the vapour pressure as ordinate, the reciprocal 

value of the absolute temperature as abscissa. This way of repre- 

sentation has the advantage that the vapour pressure lines thus 

obtained are almost straight, and interpolations and extrapolations 

are more easily and more accurately executed graphically than with 

curves as in fig. 3. That the lines become almost straight with the 

indicated mode of representation, follows from: 

d log P 7: dlog P d log P Q 
= Ee — an == — Ie 

dlr dT dT ens 

which latter equation holds for substances which evaporate without 

dissociation. Hence the slope of the lines amounts to — 4 and is 

therefore constant, when the heat of evaporation does not change 

with the temperature, which is often true in a first approximation '). 

If, namely, the change of Q with the temperature or in other 

words the difference in specific heat between solid and gas is not 

too great, the influence of the temperature is generally small in 

proportion to the great heat of evaporation. This even appears to be the 

case in the observations of somewhat humid NH,Cl, which have been 

carried out by Sita, and which are indicated by asterisks in fig. 4, 

though here a degree of dissociation varying with the temperature 

d log R Q t d log Je: Q 

ar T rr PO ar ~G4e@kT” 
and the change of « with the temperature will therefore also cause 

a deviation from a straight line in fig. 4. The vapour tensions of 

somewhat humid NH,Cl have also been measured by JonnsoN and 

are indicated by triangles in fig. 4. These two series of observations 

correspond therefore with the line OB of tig. 3. There appears to 

be a discrepancy. between the observations of SmirH and JoHNson, 

which for the greater part will no doubt have to be ascribed to 

inaccuracies in the temperature measurement. Besides the results of 

the remarkable experiment with dry ammonium chloride have been 

indicated by squares in fig. 4; they belong, therefore, to the line 

OD DE Ot feed: 
When we compare figures 3 and 4, the given explanation seems 

already little probable; fig. 4, namely, sooner makes the impression 

that the observations of dry NH,CI coincide with those of humid 

NH,Cl than that intersection of the vapour pressure lines would take 

changes the simple equation 

1) The common logarithm has been used in the figures and tables; the modulus 
has therefore been taken into account. (R = 4.571). 



place. So the question remains whether two lines OB and O/D’ can 

be drawn so that they show a point of transition at 184,5°, that 

the heat of conversion of § 10 corresponds with the angle between 

the lines, and that the observed points depart from these lines within 

the errors of observation. As when we use the mode of represen- 

: aA ee a Q 
tation of figs. 4 and 5 the slope of the lines is indicated by a 

it is clear that the angle between the lines O’B’ and O’ D’ of fig. 3, 

transferred to figs. 4 and 5, will be a direct measure for the differ- 

ence in heat of evaporation, and will, therefore, have to amount to 

1,03 , ‚ 
-— the difference in heat of evaporation at the transition tem- 

t 

perature being equal to the heat of transformation of 1,03 kilogram 

calories determined in § 10. 

TABIEESS: 

ne ed ak EES 

280 | 135.0 | 0.668 | 1.429 | 1.808 

290 | 185.3 | 0.660 | 1.579 | 1.776 

300 | 252.5 | 0.652 | 1.726 | 1.745 

310 | 341.3 | 0.644 | 1.869 | 1 715 

320 | 458.1 | 0.636 | 2.008 | 1.686 

330 | 610.6 | 0.628 | 2.145 1.658 

In table 8 the two first columns give the corresponding tempera- 

tures and pressures according to Smirn; they correspond therefore 

with the line OB of fig. 3 and with the asterisks of fig. 4. In the 

third column the degrees of decomposition are recorded of the saturate 

vapour, which Smira has calculated from his observations as the 

most probable. The fourth column gives the value of log p‚ in which 

p represents the partial pressure of the unsplit part in the vapour. 

It is clear that the relation 

holds between p and P. 
These values of p refer, therefore, to the line O’B’ of fig. 3. 

The last column gives the value for 7~1!. In fig. 5 the calculated 

values of columns 4 and 5 of table 8 are graphically represented 
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2.0 

1.5 

1.0 

0.5 

gest 401 
® 2.166 21 2.0 1.9 1.8 17 1.6 

Fig. 5. 

It appears that through the points found thus a straight line can be 

drawn of the equation : 

l Ten tes Kote hyo ee =a „Udo. 
d P FE at 2) 

If this line is extrapolated to the transition point (f= 184.5 ; 

103 7—! = 2.186) we find log p= — 0.371. This value is also given 
in fig. 5. If the explanation given is correct, this point must be the 

point of intersection of the lines O’ 4’ and O’D’ fig. 3. Hence in 

fig. 5 the line O/D’ must therefore be drawn through this latter 

point, aud the points which are found for evaporating dry ammonium 

chloride, and which are again indicated by squares in fig. 5. It 

appears from fig. 5 that this is impossible. If we draw straight lines 

through the point of transition and the three observations, the devia- 

tions of the two other observations become very large, as appears 

37 
Proceedings Royal Acad. Amsterdam. Vol. XVIII. 
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TABLE 9, 
EE AE EN MEET EARN SEN ER EEEN A ETE OT NN ENE 

t _ P (observed) P (calculated) Error 

184.5 0 0:42600 IN o.4a6h |) 0.426 a Mie | = 
256 51 | 57 37 22 0 | — 20 | —35 

284 156 274 156 | 80 | +198 SOS 
332 5402880 1340 | 540 | +2340 | +800 | 0 

from table 9, in which the three observations with dry NH,Cl have 

been given. But at the same time the heat of conversion is much 

too great. Then the angle between the lines thus traced and the 

line through the partial pressure (fig. 5) corresponds with 11.1, 8.2, 

and 4.8 kilogram calories, though it must be 1.03 kilogram calories. 

The line that corresponds with the last heat has been indicated 

dotted at the transition point in fig. 5. These calculations and 

fig. 5 will in my opinion make it sufficiently clear that the expla- 

nation which Prof. Wrescuriprr considered the most probable, is 

untenable; the only objection that can be made against the executed 

calculations is that experimental errors in the quantities used, and 

also the way of extrapolating may perhaps appreciably change the 

result. To obviate this objection I will add the following conside- 

rations. 

12. Possible errors in the calculations of § 14. 

To detect all possible sources of error in the calculations we 

should know in the first place the accuracy of the data used. The 

determinations of the vapour pressure carried out by Prof. Smrra, are 

without doubt very accurate; the observations lie very well on a 

curve with a regular course, as is also clear from figure 4. The 

errors in these observations (table 8, column 2) can have only little 

influence. Much more weight is to be attached to the errors of 

observation in the rate of dissociation (table 8, columm 3). To 

examine the influence of this the values found for log K have been 

drawn as function of 7’! in fig. 6, and besides the curve has been 

given which Smrrn considers the most probable. That the observed 

points deviate comparatively much from the curve, is easy to under- 

stand, when we consider that the experimental errors in « appear 

greatly enlarged in A. This is clear, as: 

de 
KZ 

la’ RT 
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1.85 1.80 1.95 1.40 1.65 
io. 6 Fig. 6. 

and as therefore the change in numerator and denominator caused 

by an error in «, changes the value of A’ in the same direction. 

Suitn’s line has certainly been drawn somewhat arbitrarily through 

the observed points. In order to examine the influence of a change 

in this line on the ealeulations of § 11 I have indicated a second 

line in fig. 6 dotted, which has a steeper slope than that of Smrrn. 
ke Vlan 
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It is clear that a steeper course is favourable to the explanation 

given in $ 11. If namely A decreases more quickly with the tem- 

perature, the rate of dissociation will become smaller at the tran- 

sition point, and O’ approaches more to OQ; this favours the coin- 

eiding of OB and O/D’, (see fig. 3). The equation of the line 

dotted in fig. 6 is: 

; 3770 
log K = — —— + 4.274. i 7 

If from this we calculate the values for loy K at the temperatures 

of table 8, and from this the ratio of dissociation we find the valnes 

recorded in table 10. 

TABLE 10. 

t P eit | 1032 

280 | 135.0 | 0.652 | 1.454 | 1.808 

290 | 185.3 | 0.647 | 1.599 | 1.776 
| | | 

300 | 252.5 | 0.641 | 1.742 | 1.745 

310 | 341.3 | 0.638 | 1.878 | 1.715 

320 458.1 | 0.632 | 2.014 | 1.686 

| 
330 | 610.6 0.627 | 2.146 | 1.658 

The curve log p= — = + 9.790, which satisfactorily represents 

the observations of the columns 4 and 5 of table 10, yields log p 

— — 0.287 for t=184.5°. This value is given in fig. 5. It is seen 

that the modification is much too small to make a satisfactory 

solution of this question possible. 

A line of still greater slope in fig. 6 must be considered impro- 

bable in my opinion. It is true that the observation at the lowest 

temperature lies appreciably lower than the lines drawn, but then 

this is the least accurate, and must certainly be omitted when the 

most probable line is drawn. Besides the angle at the point of 

transition would become much too large, if we wished to take this 

observation into account. I have already demonstrated before that 

the line which represents log K as function of — = can present no per- 

ceptible departure from a straight line—I shall come back to this 

in a following paper— and besides the curvature if it were percep- 
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tible, would render the deviation of the lowest point still greater 

instead of smaller, because the specific heat of the products of 

dissociation NH, and HCl will certainly be greater than that of 

unsplit molecules of ammonium chloride; hence the heat of disso- 

ciation will increase at higher temperature; therefore the curve in 

fig. 4 will turn its convex side to the 7Z’~'-axis. The points for log p 

in fig. 5 can therefore undergo but little modification. 

There further remains an objection possible against the way of 

extrapolation. Decidedly the extrapolation can cause here pretty 

great inaccuracies, and the influence of this should therefore also 

be studied. 

In the extrapolation a straight line has been drawn through the 

points of fig. 5, whereas in reality the line will be curved, though 

probably exceedingly little also here. The straight line 

log p= — 7 + b 

supposes that the heat of evaporation (4.571 a) does not vary 

with the temperature. This is only the case when the specific 

heats of gas and solid are equal. The curvature is determined in 

the representation of fig. 5 by the difference in these specific heats, 

for: 
d log P Q 

dir R 
and 

d? log P T? dQ 
dU FR at 

When we bear in mind that Sp = Cas — solid, in Which C repre- 

sent specific heats, it is clear that the curvature will be positive, 

if Crolia << Chas. Now the specifie heat of solid ammonium chloride 

at the point of transition is 0.34 or molecularly about 18 according 

to table 7; this value will increase with the temperature. The 

specifie heat of HCl and NH, amounts about to 15 or 16 calories ; 

the specifie heat of gaseous NH, Cl will be smaller, hence the cur- 

vature, if it is perceptible, will lower the point of transition in 

tig. 5 instead of raising it. The point drawn therefore gives indeed 

the highest value for loy p at the transition point. 

Now the question remains whether we can draw a curve through 

the points of the dry ammoninm chloride (squares in fig. 5) with so 

great a curvature, that it attains the indicated value at the transition 

point. For this the curvature will have to be negative, hence in 
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virtue of the above Cia > Cuas. We will take 15 for this difference, 

which will probably be high enough. The curve which corresponds 

to this has for equation 

a 

7 

In order to reach this purpose as well as possible, I shall draw 

3 
5 

. Sparta pl calle yy logi > log T + ¢. 

the curve through the two most favourable observations (2"¢ and 

3'¢ of table 9). We then tind « — 6390, c= + 34.415. From this 

we find for the point of transition loy p — + 0.344 (see fig. 5). This 

is therefore the lowest value that can be reached, all allowances being 

made. From this calculation and fig. 5 we see clearly the slight 

influence of the term with the specific heats. 

Even with the most favourable assumption of errors of observa- 

tion and of the data that are little or not known, it appears impos- 

sible to explain JoHNson’s experimeuts by the above assumption. I 

have ascertained by determination of curves of heating and cooling 

that between 180° and the temperatures of the experiments of eva- 

poration there is no second transition point to be found. 

13. If JoHNson’s experiments are correct, the difference in ther- 

modynamic potential of the solid NH,Cl in humid and dry state is 

still to be explained. There is no explanation to be found in the 

phenomena of allotropy discussed in this paper. 

Before the cited investigation by Smirn it was pretty generally 

accepted that ammonium chloride in gas form practically splits up 

entirely into NH, and HCl. If this were so, the partial tension of 

the unsplit part could only be very slight. If during the drying the 

homogeneous dissociation did not take place, we should have to 

find a vapour tension which is very small. Yet Baker has carried 

out vapour density determinations with non-dissociated vapour at 

atmospheric pressure ! 
Now it has appeared in Smirn’s investigation that the dissociation 

is far from perfect; the partial tension has therefore a pretty great 

value. From the calculations of § 12 it appears that the value of 

the vapour tension of p-NH,Cl on the assumption that the homo- 

geneous dissociation does not take place, is indicated by: 

logp = — 

and the pressure of «-NH,Cl, the transition heat mentioned in § 10 

being taken into account, by: 

4835 
— + 10,281. Tah logp = — 
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If from this the vapour pressure is calculated at 360°, we find 

440 mm., so far below the atmospheric pressure. 

Baker’s vapour density deterininations are carried out in boiling 

mercury (360°) both according to Victor Merrer’s method and accord- 

ing to Dumas. That the substance would have had such a small 

pressure in the first determinations is, indeed, little probable. Pro- 

fessor BAKER informed me that the Dumas-bulb entirely filled with 

water after the experiment; the absence of air proves that the vapour 

pressure was not smaller than one atmosphere. Accordingly I am 

of opinion that Baker's experiments cannot be explained by the 

current theoretical considerations either. 

So we have here two series of experiments, those of Jonson and 

those of Baker, which are both still unexplained. It is desirable in 

my opinion that the vapour tension determinations of dry ammonium 

chloride are carefully repeated. It can then appear at the same 

time whether the vapour tension lines of dry and humid NH,Cl 

coincide or intersect; the latter is in my opinion the more probable 

according to the theoretical views. 

Petrography. — “On the post-carboniferous age of granites of the 

highlands of Padang.” By Dr. H. A. Brouwer. (Commu- 

nicated by Prof. G. A. F. MOLENGRAAFF). 

(Communicated in the meeting of March 27, 1915). 

The occurrence of young granites in the East Indian Archipelago 

has first been stated by MOrENGRAAFF*) as a distinct contact-meta- 

morphism was observed by him at the contact of granites with rocks 

of the mesozoic, probably jurassic Danau formation. 

Of late, mesozoic granites have been stated by Wichmann’) to 

occur also in the Moluccas, (Taliabu, Sulg-isles). 

In Sumatra, till of late all the granites have been considered as 

precarbonie ones, but the researches of these later years by SCRIVENOR, 

Toster and Votz have proved or made probable the occurrence 

of mesozoic granites in Sumatra and in the neighbouring Malacca *). 

1) G. A. F. MonenGraarr. Geologische verkenningstochten in Centraal-Borneo 

p. 458. Leiden 1200. 
2) CG. E A. Wicuwany. On some rocks of the island of Taliabu (Sula Islands). 

Proceedings Royal Acad. of Sciences. Amsterdam. Vol. XVII (1914), p. 226. 

5) J. B. Serivexor. The Rocks of Pulau Ubin and Pulau Nanas (Singapore). 

Quart. Journ. Geolog. Soc. 66. 1900. p. 429. A. Toster. Voorloopige mededeeling 

over de Geologie van de Residentie Djambi. Jaarb. Mynw. Ned. Indié over 1910, 

18—19. W. Vorz. Oberer Jura in West-Sumatra. Centralbl, f. Min. 1913, 

op =~! or 1 
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In connection with the presupposed precarbonic age of all granites, 

the occurrence, in the Highlands of Padang, of rocks with contact- 

minerals (crystalline limestones with garnet and vesuviane-garnet- 

rocks, silicified marly claystones, a. o.), which often occur in immediate 

contact with granites, has been explained as a consequence of the 

intrusion of younger basic rocks (diabases, gabbro); and solutions 

that at the same time caused the formation of different ores, were 

supposed to have circulated at the very contact of the granite with 

the adjacent rocks. 

In the following pages examples will be cited, from which it is 

evident that the metamorphism at the contact of granites and carbo- 

niferous — partly perhaps younger — sediments, agrees with that which 

is always considered as a proof for the younger age of the granites. 

The very interesting mineralogical characteristics of this contact- 

metamorphism will form the subject of a paper dealing more parti- 

cularly with the matter, only the chief characteristics being mentioned 

here. I shall treat subsequently: a granite-limestone-contact to the 

West of Kota Tua on the northern foot of the volcano Singgalan, 

a granite contact near Pamusian on the Sinamar, already mentioned 

by Verbeek, and the contacts of the Siboumboun mountains (to the 

East of the Lake of Singkarah’), equally mentioned by VeERBEEK. 

Contact to the West of Kota Tua. 

On the left wall of the river Sianog, before the mouth of the 

Set Limau originating on the voleano Singgalan, and close N.N.E. 

of the bridge along the road to Matour over the latter river, I found 

in a landslip a contact of granite and limestone strongly meta- 

morphosed at the contact (fig. 1). As a matter of course, in con- 

tg 

(a ke vk 
: 2 My 

Fig. 1. Contact between granite and limestone, exposed in a landslip to 

the W. of Kota Tua (& = contactmetamorphic limestone, garnet-rock ete.). 

1) R. D. M. Verseex. Topographische en Geologische Beschrijving van een 

Gedeelte van Sumatra's Westkust. Batavia 1883. p. 160, 242, 250, 254 etc. 
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nection with the metamorphic character no fossils were found in 

the limestone, but I can point to the fact that they appear just 

under the covering of younger volcanic material in the north- 

western continuation of the granites, diabases, gabbro, carbonic 

limestones, marls ete. in the regions of the Siboumboun mountains 

and of the Bukit Pandjang, where VerBeeK has been able to state 

the carboniferous age of the limestones by the discovery of fusulines, 

schwagerines, trilobites and other Permo-carboniferous fossils. Again, 

in other places as where these older rocks are exposed between 

younger voleanic products of the Singgalan and the Manindju area, 

limestones occur together with granites and basic eruptive rocks. 

At a short distance up the river from the landslip, porphyritic 

granitic rocks with very large porphyritic crystals of felspar are 

exposed on the left wall, the rocks near the contact in the land- 

slip showing a much less distinct porphyritic structure, the ground- 

mass being much finer granular, and the porphyritic crystals smaller ; 

larger, macroscopically visible quartz-crystals only occasionally occur 

in these rocks. Even microscopically the latter rocks appear to contain 

but comparatively little quartz and to approach to quartz-diorites ; the 

quartz-crystals are often enclosed by a large seam of a granophyric 

mixture. The felspars consist for the greater part of plagioclase ; 
zonar structure with alternative more basic and more acid zones, often 

occurs; some central felspars were determined to be labradore- 

bytownite. In the groundmass, along with quartz and felspars, calcite, 

muscovite, chlorite, ore, titanite, apatite and epidote are found. In 

connection with the comparatively small percentage of quartz, and 

the high percentage of plagioclase there is the possibility of the 

granites being endomorphically metamorphosed near the contact. 

As to the limestones which microscopically have not yet been 

examined more closely I may state here that rocks which are rich 

in contact-minerals (a.o. garnet) and garnet-rocks, occur near the 

contact. Somewhat higher up, above the landslip, we again observe 

granite in contact with grey crystalline limestone, in which macros- 

copically no contact-minerals were observed. 

The contact-relations mentioned above, may be plainly explained 

as a normal contactmetamorphism of the limestones by the adjoining 

eruptive rocks, the granites possibly being endomorphically meta- 

morphosed near the contact. 

Along the road from Kota Tua to Matour, not far beyond the 

watershed, I found similar rocks rather poor in quartz, near the 

contact with grey erystalline limestone; perhaps various rocks which 

VERBEEK brings to the diabases of the Manindju area, and in 
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some of which orthoelase occurs with plagioclase and quartz, may 

be in genetical connection with granites. 

Although the limestones will provisorily be regarded as of car- 

boniferous age, we must point to the fact that Vorz*) has found in 

limestones of this area a Milloporide, Myriopora Verbeeki, which 

corresponds to the Stromatopora Japonica which has already been de- 

scribed by YaBw®), and has been found in intermediate strata between 

the jurassic and eretaceous formations in Japan; thus various lime- 

stones of Sumatra, the age of which had hitherto not been deter- 

mined, may be much younger (late mesozoic). 

The constitution of the rock between Ahour and Tampouroungo, 

described by VerBEEK as a quartz-diorite, also contains far more 

plagioclase than orthoclase ; although elsewhere occur some veins of 

quartz-dioritein granitite, still often the two roeks graduate insensibly 

into one another, which points to about equal age. In connection 

with a small seam of a malacolite rock occurring near Ahour at 

the contact of the quartz-diorite with carboniferous limestone, VERBEEK 

considers it possible that this quartz-diorite is post-carboniferous. 

Contact near Pamusian. 

The kampong of Pamusian on the Sinamar can be reached by 

various footpaths from the road Pajakombo— Bua, e. g. from Halaban. 

One passes the Sinamar over a very primitive swinging bridge of 

rottan. Near this bridge, down the river, contacts of granite with 

various metamorphic sediments are exposed on both sides of the river. 

A. Left side of the Sinamar. Between the kampong and the 

bridge of rottan, when the water-level is not too high, the contact 

of granites is plainly uncovered on this side of the river. Up the 

river from the kampong, we find at the contact a complex of often 

banded, compact to  fine-crystalline siliceous rocks, among which 

occurs dark-coloured fine-erystalline hornfels containing much biotite. 

The macroscopically compact rocks also show clear signs of con- 

tactmetamorphism ; from a preliminary examination of some samples 

on 7 or 8 metres from the contact, light-coloured parts turned 

out to consist of a mixture of quartz with grains and short erystals 

of augite, or of a mixture of quartz and feebly-coloured amphibole 

with or without flakes of brown biotite. Occasionally also calcite 

occurs in these rocks. In the darker coloured parts the biotite can 

sometimes be seen with the naked eye. 

1) W.. Vorz, le. p. 755. 
9 2) H. Yase, On a mesozoic Stromatopora, Journ. Geol. Soc. Tokyo 1903. 
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At a short distance farther up the river, the left wall consists of 

granites. Here groups of sediments occur altered into hornfels, some 

of which appeared microscopically to consist of a quartz-biotite mixture 

with tourmaline, farther up the river light-coloured rocks containing 

garnet and hornfels containing mica being found on the contact 

with the granites, at some meters from the river-side. Downstream 

from the rottan-bridge, very near to it, a complex of strata is exposed, 

the harder rocks of which are stronger weathered out, the softer 

layers being washed away. The hard rocks probably are partly 

silicified marly rocks, crystalline to a small degree or not at all, 

sometimes showing light-coloured circular or elliptie sections that 

look much like those of the erinoid-roeks and -marls of Timor. I 

am strongly inclined to suppose the metamorphosed rocks of the 

contact above the kampong of Pamusian not to be older than carboni- 

ferous. Similar contactmetamorphie rocks are of large extent in 

the Siboumboun mountains and there too they may easily be explained 

by contact-action of the granites. 

Down the river from the kampong, at the first turn of the river 

to the right, rocks of granite emerge from the water when the level 

is not too high, on the left bank coarse-crystalline white limestones 

being exposed near the granites; macroscopically no contact-mine- 

rals could be observed in these limestones. At a short distance 

farther up the river on the left side, weathered granitic rocks with 

hard unweathered nodules are exposed, this being a characteristic 

often shown by these rocks also elsewhere in the Highlands of 

Padang. 

B. Right side of the Sinamar. Near the rottan-bridge on the right 

bank granite is exposed in a steep wall. Farther down the river, the 

right bank lies thickly strewn with huge blocks of dark fine-crystal- 

line hornfels, in some blocks the very contact with the granite being 

visible, whereas in others irregular granite-apophyses occur. Here too 

granite and its contact rocks are accidentally exposed as solid 

rocks. 

This fine-erystalline dark hornfels macroscopically much resembles 

the felspar-hornfels described by the author at the contact of the 

granitic area of the Rokan-regions'). VErBerk*) already mentions 

felspar hornfels of Pamusian; he describes them as dark-grey, fine- 

crystalline very hard rocks, which macroscopically appear to consist 

1) H. A. Brouwer. On the granitic area of Rokan (Middle-Sumatra) and on con- 

tact-phenomena in the surrounding schists. These Proc. XVII (1915), p. 1190. 

2) R. D. M. Vergeex. 1 c. p. 179. 
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of quartz, brown and green mica in very numerous flakes and long 

cross-sections, plagioclase, opaque felspars and iron ores. The 

laminated granite-apophyses alternating with the felsparhornfels near 

the contact of Rokan, were not found here. 

Contucts of the Siboumboun mountains. 

In the geologically and petrographically very interesting Siboumboun 

mountains, to the east of the lake of Singkarah, the contact of 

granitic rocks and of sediments described by Verserk *) as carboni- 

ferous, appears clearly, especially so in the river Timbuloun, where 

it forms a small waterfall, partly over contact-metamorphic limestone, 

partly over the adjoining granites, opposite the Bukit-Tambang. 

The granite contains dark-coloured inclusions; they are often sharp- 

edged, and their number increases near the contact. In close contact 

with the granites various rocks occur, being partly massive rocks of 

garnet, partly rocks containing much epidote, or apparently not very 

crystalline grey rocks without macroscopically visible contact-minerals 

and with veins of rocks rich in garnet or epidote. The plane of 

contact is sometimes very irregular. In the rocks containing much 

epidote and in the rocks which apparently are not very crystalline 

calcite-crystals of large size enclosing other minerals, sometimes are 

recognizable from lustrous cleavage-planes. 

A few meters from the contact the character of the metamorphic 

rocks is less varying. First, we see a zone of some meters thick- 

ness of a white erystalline limestone with many brownisb-red 

crystals of garnet bands which are very rich in garnet, alternate 

with bands which ‘are very poor in them; farther from the contact 

massive garnet rocks are found, still farther white crystalline lime- 

stones appear, containing again garnet crystals, which occur in different 

layers with more or less frequency and which emerge as warts on 

the weathered surface. 

In the neighbourhood, garnet-rocks are found in several places 

in close contact with granites; and crystalline limestones with 

or without contact-minerals very often oecur, the contact with 

garnet-rocks being e.g. clearly exposed further down the river on 

the right wall of the river Timbuloun, close up the river from the 

left tributary Nibong. The garnet-rocks are often impregnated with 

copper- and iron ores. 

Elsewhere in Sumatra the copper ores appear to be bound to 

1) R. D. M. Verpeek. Le. p. 242, 249. Id. Geologische Beschrijving van 

het Siboemboengebergte. Jaarb. Mynw. 1876. Il. p. 51. 
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the eruption of diabases, and to be deposited from circulating solutions 

during or after the eruption. However, there is no reason for attributing 

the formation of the contact-rocks found every where in the Siboumboun 

mountains, to contactmetamorphism by diabases which are not 

exposed; in the northern part we find gabbro, and everywhere 

else granitic rocks . exposed at the very contact. The latter rocks 

are of great extent in the Siboumboun mountains. 

The summit of a small hill on the eastern slope of the Bukit 

Tambang consists of crystalline limestone, in which bands rich in 

garnet and vesuvianite alternate with others containing little or none 

of these minerals. These bands are vertical and rest immediately 

upon a weathered granite, which is crossed by the footpath from 

Timbuloun to Dammer. These contact-limestones are beautiful rocks, 

with excellent contact-mirerals on their weathered surfaces. Also 

siliceous rocks, showing clear signs of contact-meiamorphism in the 

neighbourhood of granites (and gabbro) occur in numerous places in 

the Siboumboun mountains (surroundings of Batu Mendjulor, of 

Limau Purat, of Timbuloun etc); they will not be described more 

closely in this previous paper. Sometimes these rocks much resemble 

those mentioned above, occurring at the contact of granites near 

Pamusian on the left side of the Sinamar. 

The age of the quartz-porphyry of the Siboumboun mountains. 

Quartz-porphyries occur along with the granites, the rocks gradu- 

ating into each other. Probably they are different facies of the 

granites, and of about the same age as these rocks. 

Near the confluence of the river Silaki and its tributary Kapu 

these quartz-porphyries, in immediate contact with the limestone, are 

exposed. Occasionally this limestone, by the development of 

garnet and other contact-minerals, also shows clear signs of contact- 

metamorphism, this fact inducing us to suppose the quartz-porphyry 

also to be of post-carboniferous age. 

It appears from the foregoing that at the contact of various 

granite rocks of the Highlands of Padang a distinct eontactmetamor- 
phism could be stated, and that a carboniferous (or later) age may 

be taken as certain at least for a part of these metamorphosed 
rocks. Thus part of the granites is post-carboniferous of age. 

From the examination of the many rocks which I have collected, 

interesting results may be expected concerning the nature of the 

exomorphic and endomorphic contactphenomena, and the mutual 

connection of the different types of eruptive rocks. 
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Part of the granites and of similar rocks of the Highlands of 
Padang may very possibly be pre-carboniferous. But the missing 

of contactphenomena in adjoining limestones cannot count as a proof 

of a pre-carboniferous age, if part of these limestones is mesozoic ; 

moreover the walls of limestone continuing sometimes uninterrupt- 

edly without transgression-conglomerates and without veins of granite 

or contactphenomena over the limit of granites and the surrounding 

sediments, may possibly be brought into contact with the granites 

by overthrusts, after the intrusion of these latter rocks; so that 

still these granites could very possibly be younger than carboniferous 

limestones resting upon them. 

As to the rocks of upper-triassie limestone, which on the isle of 

Timor give to the landscape a similar peculiar character as many 

limestones of Sumatra and the “Klippen” of the Alps and the Car- 

pathian mountains, MOLENGRAAFF *) and Wanner*) suppose them 

to be the erosion-rests of an overthrust sheet. For Djambi ToBrer *) 

has already suggested that the carboniferous rocks of Sangir-Pulau- 

Bajor, together with the mass of the Pulasian-Plepat-granites, is to 

be considered as an overthrust sheet. In the Highlands of Padang 

too there are signs which make possible a geological structure cha- 

racterised by large overthrusts; however, to bear out this supposi- 

tion we want further information concerning the age of the different 

rocks (for a good deal mesozoic and originally taken together as 

“old slates’), and concerning different facies of the carboniferous and 

these mesozoic sediments. 

Physics. — “The clustering-tendency of the molecules in the critical 

state and the extinction of light caused thereby”. By Dr. FE. 

ZERNIKE. (Communicated by Prof. Lorentz). 

(Communicated in the meeting of February 26, 1916). 

1. In a former paper by Ornstein and the author ') an improved 

formula was derived for the scattering of light by a single substance 

in the neighbourhood of the critical point. In that paper the inaccuracy 

of former approximate formulae, which gave an infinitely strong 

1) G. A. F. MoLeNGRAAFF. Overschuivingen in overschuivingsbladen op de 

eilanden Timor en Leti. Voordracht gehcuden in de Bestuursvergadering van 

18 Januari 1913. Tijdschr. Kon. Ned. Aardr. Gen. 2. XXX. p. 273. 1913. 

2) J. WANNER. Geologie von West-Timor, Geologische Rundschau Bd. IV. Heft 2. 

3) A. ToBter. Le. p..29. 
4) These Proceedings XVII, p. 793. This paper will here be indicated by 1. c. 



seatiering for the critical state, had been corrected by exactly taking 

into account the influence of the arrangement of the molecules in 

space, after a new probability-method. In fact, the intensity of the 

scattered light could be given for the critical point itself. 

The former difficulty however has not quite disappeared in that 

way. For when we compute from the given formula the total 

scattered energy, in order to find in this way the extinction of the 

incident light, then a logarithmie expression arises which still 

becomes infinite in the critical point. 

The performance of a better approximation also appeared of 

practical importance, because it has already been shown Le. that 

the magnitude of the sphere of attraction might experimentally be 

found from measurements of the opalescence. Therefore a theoreti- 

cally accurate formula for the extinction is of great importance. 

It could be seen befcrehand that the inaccuracy of the given 

derivation bad to be ascribed to the optical treatment, which was 

far too rough. Presently I have sueceeded in finding a better value 

of the extinction, by deriving it directly from the theory of electrons. 

To this end it appeared necessary to calculate explicitly the formerly 

introduced funetion g, which indicates the course of the mean 

density of the molecular clusters. L wiil start with this calculation. 

The result thereof is by itself interesting, as I think the problem 

of the “Neigung zur Schwarmbildung”’, which SMOLUCHOWSKI *) posed 

in 1904, is solved definitively by it. 

2. ‘Two different functions were introduced Le. : the first, f(x,y, 2), 

represents the influence which a known deviation of density in the 

point wv, y,2 has on the mean density in the origin, if the mean 

density obtains at the same time at all other points of the neigh- 

bourhood. The second gy (7, y, 2) represents the mean density in 

(v,y,2), when it is only known that there exists a certain deviation 

of density in the origin. Of these functions it has been shown l.c. 

that they are connected by an integral-equation, which can be put 

in the following form 

ae 
9 (5102) fff» (vj EY Yr 2) f (e,y,2) dadydz = f (#,,y,,2,) (1) 

From this integral-equation we also derived a simple relation 

between the volume-integrals of gy and f, for which we respectively 

write Gand #: 

1) M. Smorvenowskr. Boltzmann-Festschrift 1904. 
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It will be seen from the meaning of fand g that these functions will 

not depend upon the direction of the radius-vector 7 = Va? ty 2. 

It gives, however, no simplification to introduce this in (1). Now 

develop g under the integral sign, according to powers of z, y and z. 

The differential quotients of gy can then be brought before the integral- 

sien, and there remain integrals of the general form 

Epos 

{hy arysz'f (a,y,2) dadydz 

As f only depends upon r, these integrals will vanish when one 

or more of the numbers 7, s, ¢ are odd; and their value will remain 

unchanged by transposition of 7,s and 7. If we only go to terms of 

the second order, besides the value # for 7 —s—=t=O, we also 

meet the integral with 7 = 2 s=t=0, which has already been 

represented Le. by’ €. (The function f will only differ from zero 

for the small value of 7, for which the ‘molecular attraction is yet 

sensible. Therefore we could call the magnitude W/8.e, in analogy 

with the “mean error’, the mean radius of the sphere of attraction). 

The just mentioned manipulation makes the integral-equation pass 

into a differential equation for g: 

ee EC . 
9 (#54121) — Fg 9 (<4 ar dy” SSF el = Gh Cho Za) 

or, when we now introduce 7 
gee 
CSE clas Mie ds Ricca eine ANN 
dy? | r dr & & 

The general solution of the equation (8) without second member is 

XT A 
Arte + Brie 

OE) 
-—— and from this we easily find by variation in which x? = 

of constants the solution of (3). The two constants in this solution 

may be determined from the two following conditions. In the first 

place g must remain finite for =o, a condition which was already 

required with the integral-equation (1). If we take for the second 

condition, that gy remains finite also for = 0, then we shall find 

2 sinh xr xs 
a7 De deren) 

ear 

XT 
9 7 2e : ‘ 

g = —— Js (s) sinh xs ds 
Eer , 

) 



It may be verified that the second condition has been well chosen 

by integrating this expression (4) from O to op. Reducing the integral 

by partial integration, it will be fourtd that the condition (2) is 

accurately satisfied. In the critical point /” becomes 1, as found l.c, 

whence x—0. We have chosen the form of (4) in such a way 

0. Thence that in it we can easily take x 

Silas a7 
—— | s° f(s) ds + afl ds 

« 

0 r 

a solution which we might have written down directly from (3) 

after well-known theorems of the potential-theory. Now nearly all 

the simplifications whieh arise for x= 0, can also be used approxi- 

mately for small values of #. Besides, we must keep in mind that 

the equation (3) is also but an approximate one, which holds the 

more accurately, as will be seen by a closer consideration, as % is 

smaller. Therefore I used the following formula for the further 

calculations 
rl ao 

~ 
2 i 2 

g=— 77} en fot jds-+-— tsfds.-. = 2 ~ (5) 
e ‘ ‘ e . 

0 ve 

If we call d the radius of the sphere outside which f==0, then 

(5) gives for r > d 

It appears clearly from this form that the function g is sensible 

over a far greater distance than 7, and that outside the sphere of 

attraction the way in which y vanishes for increasing 7 no longer 

depends upon the course of 7. 

3. The considerations from the theory of electrons to be given 

now, may be understood as an extension of the treatment which 

Lorentz") gave for the scattering of light by an ideal gas. In the 

first place it appears that this treatment may be applied unchanged 

to our case, if it is allowed to consider separately a space with 

dimensions small with respect to the wave-length, surrounding a 

given molecule (and especially if we may assume the mean density 

in the space outside). According to the above calculation, this will 

be the case if the quantity z, and therefore also the distance from 

the critical point, is not too small. In the final formula of Lorentz 

1) H. A. Lorentz, These Proc. XIII, p. 92. 

98 
Proceedings Royal Acad. Amsterdam. Vol. X VIII. 



1524 

there appears in the damping-term a coefficient which represents 

the excess of the mean number of molecules in the small space con- 

sidered, if it is known that one molecule lies within that space. 

This number is 1 for a random distribution, but in our case it is, 

as will be seen easily, 1+ G. Thus this way also leads to the 

known formula for the extinction, according to which this quantity 

is inversely proportional to dp/dv. 

Thence it is clear that we must take into account the influence 

of the molecule considered on the density of its surroundings, even 

at distances comparable with the wave-length. To this end it will 

no longer be possible to use the developments in power-series, which 

Lorentz applies repeatedly. In order to make the calculation possible 

without that, I introduce the following simplification. 

The electrons which are brought into vibration in the molecules 

by the incident light, (for simplicity we imagine one electron in 

every molecule) will in reality perform a somewhat irregular vibra- 

tion, with an amplitude not always equal for everyone. I neglect 

these differences in calculating the resistance which the neighbouring 

oscillators exert on the electron particularly considered. Lorentz 

also makes use of this approximation at a later point. Of course this 

is much more acceptable, however, for a diluted gas than for the 

rather dense nearly critical state. 

First consider one molecule in the origin of coordinates, which 

bears a variable moment in the direction of ¢: 

PaP Sith ss ue ee ne ca a (6) 

With the aid of well-known formulae for the potentials g and a 

we then find for a point (x,y, 2) at a distance 7 

Op pp, | (#2?  v7—827) . rN, kr? —32? r 

nn enn 

a Pp, ke r 
SS En sink (1 _") 
c An cr c 

The sum of these two expressions with the negative sign gives 

the z-component of the electric force. Now if the incident light 

comes from the negative v-axis, the phase of the variable moment 

of a molecule in (a, y, 2) will be so much in advance of one for 

which # — 0, as corresponds to a difference of way ur, in which g 

is the refractive index of the material. Thus 

E 
LT 

Pz‚y‚z = Po sink (« — Ee) Y> 5 

The electric force which this moment exerts in the origin is evi- 
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dently equal to the already calculated one in (2, y, 2) from a moment 

in O. Terms with sin/é in that force will not yield a resistance 

to the motion (6). Therefore we further only need consider the 

9 
terms with cost. For the coefficient of 1,608 kt we find 

470 

Pre P82]. k kr 8d f on eh [sin = ue $2) — "cos (ne tr) (2) 
ik ( 4 c Comer r : c rt 

4. We might now add the expression (7) for every molecule, 

except the one in the origin. We can also find at once the mean 

value of that sum, by multiplying by the mean density in (we, y, 2) 

and afterwards integrating through the whole space. But here the 

difficulty arises that the integrals do not converge. Therefore we 

make use of the known fact that no extinction arises, and no resist- 

ance against the motion of the electrons, if the oscillators are quite 

regularly distributed through the whole space. The phenomenon 

which we want to calculate can thus only be caused by the devia- 

tion from the homogeneous distribution, as it is caused by the action 

of the molecule in the origin. The mean deviation of density at a 

distance r is exactly g(r). So we multiply (7) by g and by the 

element of volume dv dy dz and integrate through the whole space. 

To this end we introduce spherical coordinates, such that 

PLS y=rsin } sin ¢ 2 =rsin d cos p 

then the integration over g may be performed without difficulty 

and there remains 

k = ke Scos?d —1 k 
rf sin vanf gdr | | =7(1-+- eos? 3) — — ATR sin] = (Leco + 

& k 
+ 2 (5 cos ® — 1) cos a + u cos }) a (8) 

In this I put for g the value (5) and then performed the inte- 

grations over r. About the rather complicated calculations I will 

only mention that the integrations from O to d — the region for 

which the integrals appearing in (5) are variable — were separately 

performed, and that approximate values for a small # could be 

used for the integrals from d to co, which are of the type of the 

cosine-integral. 

The expression in cos 9 thus obtained, contains many terms which 

vanish afterwards by the integration with respect to 9. The other 

terms can be reduced to an integral of a rational fraction in cos 8, 

and these give finally the following result for (8) o 

98* 
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in which we have put a=— 

The form (9) yields the force of resistance by multiplying by 

P . 5 3 5 
Ee coskt and from this we further find the energy used up. The 

T 

quantity p,, however, still remains unknown. We can find this by 

considering that the refractive index u also depends upon the vibra- 

tions performed by the electrons. Thus we find e.g. for the critical 

point where a=0O and F#—1: 

mv (u’—l)? e+ | 
fe ra eae Gye 

Ne°2? 16u | 5 Ee re) u—l 

being an extinction proportional to 4°, and depending directly upon 

the quantity ¢, just as was found I. e. for the opalescence. Now I 

especially wanted to find the way in which the extinction-coefficient 

increases on approaching to the eritical point. For this it will suffice 

to consider the variability of the expression between square brackets 

in (9). The quantity 

je & 

may be used as a measure of the ‘distance to the eritical point.” 

For large values of a? we may expand the logarithm in that 

expression into descending powers of a?. On reduction it is seen that 

the term with a? is the first that has a coefficient differing from 

zero, and that for large values of a? we can take for the whole 

expression 

64 64 
5 Terr rr oe Aeon. (C110) 

Only preserving the first term, this will duly give an extinction 

inversely proportional to 1—F. 

In my thesis I have graphically represented extinction-meas- 

urements of a liquid mixture, by plotting the reciprocal value of / as 

a function of 7— 7). The points lay rather accurately on a straight 
line, which cut the temperature-axis below 7. Using this same 

method with the quantity (10), we find for the development of the 

reciprocal value of (10) 
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3 3 
-a+—(u-+ u—! aaa et eee ie a te (Aled Git me w+ yu) + (1!) 

This is a straight line which cuts the axis for a= — (u + ut). 

If the difference of temperature wiich corresponds to this value 

is found by extrapolating from observations, the quantity e can thus 

be deduced. The expansion used in (10) and (41) would nearly 

always be sufficient in practice. This appears from the following 

values P of the expression in (9 , computed rigorously with u = 1,1, 

which is close to the true value for many substances. In the next 

column the reciprocal value has been inserted; and in the fourth 

Extinction P (arbitrary unit). 

10 | 10S | | | | 
WE | En | P| form. (i1) | 

nT zi en 7 SS BIE —_ = 

0 18.58 | 0.54 1.88 

0.05 12.34 0.81 1.93 

OSD LOES OESO 1.98 | 

1 4,244 | 2.36 | 2.82 

2 Br Srl |e 3 A8 | 3.76 

a6 220 | 4.52 | 4.70 

7 | 1.186} 8.43 | 8.45 

‚10 0.885 | 11.30 | 11.26 

| 20 0.483 | 20.72 | 20.63 | 

column the same quantity, as it would be deduced from the straight 

line (asymptote of the curve). If necessary one could, of course, 

also use the rigorcus value for comparison with experimental data. 

Groningen, February 24, 1916. 

Chemistry. — “Glutaconic acid.’ (ID. By Dr. P. E. VeERKADE. 

(Communicated by Prof. J. BörsEKEN.) 

(Communicated in the meeting of February 28, 1916.) 

In the first communication') of this series I have shown that in 

all the known methods of preparing glutaconie acid (and these are 

very divergent) exactly the same acid is obtained ; hence this acid is 

distinguished from possible isomerides by an extraordinary stability. 

1) These Proc. 18. 981 (1915). 
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As a similar difference in stability has never been notieed in any series 

of cis- and trans-isomerides and, in fact, is not to be expected, this 

result supports to some extent the normal configuration of glutaconie 

acid as figured by THorrr: 

Hooc — ECH — EH — SH — COOH 
=H 

If now in glutaconic acid such a floating double bond is really 

present, this acid (as I already observed in my previous communi- 

cation) will, as regards its properties, not be absolutely connected 

either with the genuine cis-acids or with the trans-acids. We are, 

however, in a position to predict the following with a fairly high 

degree of certainty : 

a. as regards its physical properties this acid will occupy a fairly 

isolated place; 

b. when applying the reactions in whichagenuine cis (respectively, 

a trans) passes into its trans (respectively, cis) isomeride, no change 

will take place here as a rule; 

ce. Tuorpr has succeeded in obtaining from several of the “normal” 

alkyl-substituted glutaconie acids, and also from aconitic acid labile 

modifications (according to THorpy generally real czs-, in two cases 

trans-forms).') Also in glutaconic acid itself these isomerides will 

be capable of existing, though they are sure to be exceedingly labile. 

We may now expect that the ordinary (normal) glutaconic acid, 

when exposed to some chemical action, is first converted into the 

labile modification most favourable for this reaction and reacts in 

this labile form. 

For the purpose of comparing the properties we, of course, want 

instances of pure cis-transisomerism. These we possess in the clas- 

sical isomerism of fumaric and maleic acid, mesaconic and citraconic 

1) Courror, for instance, has recently obtained (C.r. 160. 523 (1915)) from the 

only known benzylindene in which, on account of its mode of preparation and 

properties Turete (Ann. 347. 249), in my opinion, rightly assumes the presence 

of a “floating” double bond, a labile isomeride which is reconverted very readily 

into the well-known ordinary form (for instance, under the influence of alcoholic 

potassium hydroxide.) 

CH Be C Be 

EDS EN : SEs, rip eee of en Se > eni Se 

oe ; CH, (ele 
ir ij ‚normaal 



1529 

acid ete, but particularly important for our purpose are the three 

pairs of ea-dialkyl-substituted glutaconic acids (ae-di-Me-, eap- and 

aay-tri-Me-acid), which are fully described in the literature ; for here 

is wanting the mobile hydrogen atom of the methylene group and 

therefore nothing but genuine cis-frans-isomerism is possible. 

a. Physical properties. 

1. Melting point. 

Glutaconie acid melts completely undecomposed at 1386—138°; not 

before += 180° a slight decomposition sets in. From the situation of 

the melting point we can deduce nothing, for as shown from the 

subjoined table, the melting points of the cvs-trans-isomeric gluta- 

conic acids (contrary to those of the fumarie and maleic acids) 

Cis Trans 

zz-dimethylglutaconic acid 134 — 135° 1722 

zz3-trimethyl __,, on 133° 14g° 

any 125° 150° 

differ comparatively but little. On the other hand cis-aag- and aay- 

trimethylglutaconic acid melt with elimination of water *), also the 

mono-alkyl-maleic acids *), whereas the maleic acid itself commences 

to decompose already a few degrees above its melting point (into 

anhydride, water and fumaric acid). 

2. Solubility. 
As far as solubility in different media is concerned, glutaconic 

acid behaves almost like its c/s-homologues. Not altogether so, 

however, for whereas the latter are, for instance, hardly soluble 

in concentrated hydrochloric acid (also because a transformation into 

trans-acid may occur here) the glutaconie acid is readily soluble 

therein; the cis-aa and -eay-alkylsubstituted acids are also readily 

soluble in benzene and chloroform ®, which is not the case with 

glutaconie acid itself. 

U) Perkin and THorRPE: Soc. 71. 1182 (1897); PERKIN and StH: Soc. 85 

155 (1904). As to the zz-acid, nothing is said as to the elimination of water 

2) In the solid condition the dialkylmaleic acids are only known in the form of 

anhydrides. 

3) Perkin and SMITH: Soc. 83. 8 (1903); 85. 155 (1904). 
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3. Electrical Conductivity. 

The specific conductivity of a glutaconic acid solution of arbitrary 

concentration (determined directly after dissolving the acid) was, 

after remaining for three hours at 25°, still quite unchanged, even 

if to the solution had been added a small quantity of hydrochloric 

acid or aqueous sodium hydroxide. Hence, there was no question 

of isomerisation in these circumstances. 

The dissociation constant of the acid was determined by the 

method described elsewhere *). Subjoined are given the results obtained 

with acids of different origin. 

AA LOS 

Ds RL 

v | a | Ko 

24.804 | 15.04 0.0630  —-1.70>< 10-4 

26.359 20.46 856 | 1.13 

49.788 21.10 882 | iz 

92.718 28.52 Oren al et 

99.516 | 29.09 | 122. i-70 

199.15 \__ 40.18 | 168 | 1.70 

TO | u5se22 || 293. |. 1.73 

308.30 54.61 | 229 1.71 

741.74 70.46 | 295 1.72 

1483.5 93.31 | 301 1.70 

1593.2 | 96.14 402 1.70 

Mean 

Ke A LOSS: 

B. At 25° (see table p. 1531). 

The mean from this and two other series is: 

ET IDO 

WALDEN *) found for an acid of Conrad m.p. 132°: K**—1.83 10 

(u,, = 379.5); his constants inerease somewhat on dilution. 

The dissociation constant of glutaric acid is 4.72 10; by 

1) Rec. 35. 79 (1915). 
2) Ph. Ch. 8. 501 (1891), 
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the introduction of a double bond (?) into this acid, this constant 

becomes 3.7 times greater. A same increase is also given by the 

two alkyl-substituted glutaconie acids which thus far have been 

ur) 

° | “v | ; | = 

35.204 | 28.78 | 0.076 WSD 1054 

38.638 | 30.35 198 | 1.79 

70.405 | 39.81 | 0.105 1.76 

11.216 | 41.97 | 111 1.78 

140.81 55.01 145 | 1.75 

154.55 58.01 153 | 1.18 

281.62 16.03 200 1.78 

309.10 18.95 208 1.76 

563.25 102.6 | 270 1.77 

618.20 105.8 | 279 1.74 

104.06 111.6 294 1.75 

1126.5 136.0 | 357 | 1.76 

1236.4 141.2 | 371 Ll 

investigated (and which both contain the mobile H-atom) as is 

visible from the subjoined table: 

M.p. | K25 Ratio 

| 
(labile) # Me-glutaconic acid 116° 139 Od ; 

(normal) ,, 5 ri 149° 1.29 5G1054 | +2.3:14 

2 Me-glutaric acid 86° DORI Oe | 

z/-di-Me-glutaconic acid 146 —147° 1029 Ot | 

xy-di-Me-glutaric acid 140—141° DSO | = 253) 2) 1/2) 

5 8 À 127—128° 5.2 10-5 | 

1) FicuteR and Scuwas: Ann. 348, 251 (1906); Anna Dorn: Dissertation Zürich 

pag. 19 — Warpen: Ph. Ch. 8, 486 (1891). 

2) Szyszkowskr: ibid. 22, 172 (1897). On reduction of both #y-dimethylglutaconic 

acids cis zy-dimethylglutaric acid m.p. 128° is formed exclusively (Torre and 

Woop: Soc. 103. 276 (1913)), 
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The very slight difference between the constants of the two @- 

methylglutaconie acids makes us already suspect that we are not 
dealing here with an ordinary pair of cés-trans-isomerides. 

Compared with the unsaturated acids belonging to the suecinie 

series the influence of the double bond is but very slight; for in- 

stance, the ratio between mono-alkylfumaric acids and their cor- 

responding alkylsuceinie acids is + 10:1 and so far as has been 

ascertained still considerably higher with the maleic acids. In these 

acids, however, both carboxyl groups are attached to the doubly- 

linked carbon atoms, whereas in the glutaconic acids this is only 

the case with one. This influences no doubt in a considerable degree 

the dissociation constant. 

I deemed it of importance to determine the dissociation constant 

of this acid also at a still higher temperature; for, a priori, the 

possibility was not exeluded that at a higher temperature isomeri- 

sation would set in, which would then be recognisable by an abnor- 

mal and falling dissociation constant. 

The measurements, however, showed that there was no question 

of isomerisation; the constant was perfectly normal. They were 

executed at 45°.0 in a conductivity-vessel furnished with a ground 

glass stopper, so as to prevent the evaporation of the solution. Still 

the bridge-reading was not yet quite constant. uy, was determined 
\ by interpolation from the values deduced by Lurpér ') for other 

temperatures. 

The results were as follows: 

=> 486. 

Vv ap 2 Kk 

31.319 | 33.44 0.0685 1.61>< 10-4 

34.601 | 34.97 720 1.61 

62.758 | 46.40 951 1.59 

69.381 48.97 0.101 1.63 

125.52 65.00 | 133 | 1.63 

138.76 | 67.92 | 140 | 1.64 
| 

251.03 | 90.73 | 186 | 1.69 
| 
| | 

277.53 Hye OFAN chose u Maele 
| 

Mean: Ket — AGA O en 

1) Samm. chem. und chem.-techn. Vortr. XIV 1/3 pg. 11. The relation between 

ko and the temperature is fairly well a linear one. 
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From the dissociation constants found at the different temperatures, 

it follows that this constant attains in this acid a maximum between 

0 and 45°. *) 

4. Heat of combustion. 
Neither from glutaconie acid itself, nor from one of its homologues 

the heat of combustion is already known. We possess, however, 

trustworthy comparison material for aconitic acid (m.p. 191° with 

decomposition) *) 

HOOC — CH — C (COOH) — CH — COOH 

H 

and tricarballylic acid. We find in the literature: *) 

for tricarballylic acid: V,.,—= 517.0 resp. 517.3 Kal. 

for aconitic acid: 476.5 ,, 4815 „ 

405 „ ken 

The mean of these values found by SronMaxN and his co-workers 

and by Loveurntng, respectively (and of which the first, for various 

reasons, is very probably the most trustworthy one) is + 38 Cal. 

The usual difference in energy between a saturated alifatic acid and 

the correlated unsaturated (trans) acid is about 37 Cal. ©, whereas, 

according to investigations of Rorn and WattascH *), the heat of 

combustion of the cis-acid is always about 6 Cul. greater than that 

of the trans-acid. 

The heat of combustion of “normal” aconitic acid is, therefore, 

about equal (probably it will be somewhat smaller) to that, which 

starting from tricarballylic acid, we calculate for the ¢rans-acid. 

From the above we notice that glutaconic acid is connected very 
closely but not completely with the trans-acids. It thus stands nearest 
to the most stable of the two “labile” isomerides which, theoretically, 

was, of course, to be expected. 

b) Mutual transformations of cis-trans-isomerides. 

Bucuner*), starting from the ordinary glutaconie acid, has tried 

1) For the position of these maxima see Jones and Wuire: Amer. chem. Journ. 

44, and further. 

*) Of this acid is still known a ‘labile’ modification m.p. 173° (BLAND and 

THORPE: Soc, 101, 1490 (1912)). 

5) For these heats of combustion compare table 198 of LANDOLT-B6RNSTEIN-ROTH. 

4) WarLascH (Dissertation Greifswald 1913) accepted 45 cal; this value, 

however, is surely too high. 

5) Ber. 46 260 (1913). 
8) Ber. 27. 881 (1894). 
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to prepare an isomeride thereof: 1st by repeatedly evaporating the 

acid with concentrated hydrochloric or hydrobromie acid; 2nd by 

fusion with potassium hydroxide. both methods, however, gave 

negative results; as could readily be expected there were formed, 

B-halogenglutaric acids, malonic and acetic acid, respectively. 

This also follows from my first communication ; it made no difference 

whether the compound started with was saponified with baryta, 

aqueous caustic potash or with hydrochloric acid. *) 

In the literature we find a number of communications concerning 

the conversion of the maleic acids into the more stable fumaric acids 

by treatment with purely chemical agents. *) So far as I am able 

to judge, the application of these methods does not cause any change 
in the glutaconic acid; hence, there is no sense in further discussing 

these methods here. 

CraMICIAN and Stiper*) could isolate from solid maleic acid that 

had been illuminated for 12 months, 12.5°/, of fumaric acid. This 

transformation also took place in aqueous solution; according to 

WisLicenus *) this reaction can be considerably accelerated by addition 

of a trace of bromine. 

The homologues of maleic acid are, according to the researches 

of Frrrig*) and otbers, converted exceedingly readily and rapidly 

into the correlated alkylfumarie acid, by illumination in an ether- 

chloroform solution after addition of a little bromine. 

Conversely, the stable isomerides can be converted into the labile 

(cis) modifications by illuminating in different solvents with ultra- 

violet light. *) 

I now thought it interesting enough to ascertain how glutaconic 

acid would behave in these photo-experiments. For this the following 

experiments were carried out’): 

1. A quantity of glutaconie acid was spread in a very thin layer 

on white glazed paper and, after covering with a glass plate illumi- 

nated for some months. Each month the melting point of a few 

specimens was taken ; after six months this was still totally unchanged. 

2. 1.5 gram of acid (m.p. 134—1386) dissolved in 30 ce. of water 

was illuminated in a tube of uviol-glass from 14 Sept. 1915 to 17 

1) Also compare Guruzerr and Botam: J. pr. (2) 54. 372 (1896) ; 58. 407 (1898). 

2) Compare Meyer-Jacopson I 2 p. 417—418 

5) Ber. 36. 4267 (1903). 

4) Ber. 29. R. 1080 (1896). 
5) Ann. 304. 119. 149 (1899). 

6) SroerMER. Ber. 42. 4870 (1909). 

7) I have again to heartily thank Dr. W. D. Couen for the assistance given 

during the execution of the two last experiments. 
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February 1916. The acid then extracted from the solution with ether 
still had — without any purification — the same melting point. 

The remaining aqueous liquid yielded, after careful evaporation 

in vacuum, no residue. 

3. Glutaconic acid was dissolved in as little dry ether as possible. 

To this solution was added so much pure chloroform that no erys- 

tallisation took place as yet, and a trace of bromine. Also here no 

change had occurred after 14 days exposure to sunlight. 

The two last experiments are still being continued. 

4. 1.5 gram of acid, dissolved in 15 ce. of water was illuminated 

in a quartz testtube for a month in front of the quartz-lamp. 

The liquid slowly turned red; this coloration persisted even after 

removal from the vicinity of the quartz-lamp. Elimination of carbon 

dioxide did not take place during the exposure to light. The acid 

extracted with ether after the iliumination proved on investigation 

to be unchanged, whilst the aqueous solution did not contain any 

residue. Hence, no g-oxyglutarie acid had formed. 

5. The resistance of a glutaconic acid solution contained in a 

conductivity-vessel was determined at 34°.5—34°.52; this was 
967.9 £2. Then the quartz-lamp standing just in front of the 

glass wall of the thermostat was lighted and during the radiation 

the resistance of the solution was continually controlled. The results 

were as follows : 

0 : 967.9 2 after 94’ : 971.2 @ 

after 41’ : 967.9 141” = 971.2 

60’ : 967.9 160’ : 973.6 

74’ : 969.6 UO TRO 

The change of the resistance is only + 0.6°/, and in a direction 

contrary to what might have been expected ; it must, therefore be 

attributed to external circumstances. 

The prediction made in the introduction that glutaconie acid would 

behave indifferently towards the transformation methods of the cis- 

transisomeric acids is thus perfectly justitied by the facts. 

c. Some reactions of glutaconic acid. 

1. Brutmann') has carefully studied the behaviour of a 

number of unsaturated acids towards mercuric oxide or acetate. He 

came to the conclusion that of each pair of cis-transisomerides, the 

stable (trans) acid gave a normal mercury salt (for instance cinnamic, 

fumarie, mesaconie acid) whereas the labile (cis) acids caused the 

1) Ber. 35, 2571 (1902); 48, 573 (1910). 
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formation of compounds wherein carbon-combined mercury occurred 

(for instance, a//locinnamic-, maleic-, citraconic- and itaconie acid). The 

way the mercury is combined may be typified as follows: 

GOE — C— OH 
| +| — (X = O.COCH,) 

—C HgX —C—Hex 

| | 
Most of the isolated compounds had, however, a more complicated 

structure; so for instance the HgX-residue has frequently entered 

into reaction with an adjacent carboxyl group : 

—C — OH 

| + XH 
—C — Heg 

| | 
CO —O 

The correctness of these formulae is also shown by the fact that 

these Hg-compounds, when decomposed with hydrogen sulphide, do 

not yield the original unsaturated acids, but a g-oxyacid. 

The complex salts of the above dibasic acids all contain, however, 

also normally combined mercury. 

It was now suspected that the normal glutaconic acid would react 

with mercuric acetate with formation of complex salts as there exists 
here the possibility of a transformation into a “labile” c7s-modifi- 

cation, before the real reaction takes place. This suspicion proved 

to be correct. 

To a warm solution of 5 grams of glutaeonie acid in 50 ec. of 

water a solution of 7.5 grams of mercuric acetate in 300 ce. of 

water was slowly dropped. After 12 hours the precipitate formed 

was collected at the pump, washed with water containing some acetic 

acid, then with alcohol and ether and finally dried in vacuum over 

phosphorus pentoxide, (Preparation I). 

To the warm filtrate 10 grams of Hg-acetate dissolved in 100 ec. 

of water was once more added. The precipitate formed was now at 

once collected and treated as before. (Preparation II). 

Both specimens are white powders insoluble in water ; they dissolve, 

after ar temporary yellow coloration, without any separation of mer- 

curie oxide in dilute alkali and thus contain exclusively complea- 
combined mercury. Just like the compounds obtained by BrrrMANN 

they are soluble with a fairly neutral reaction in potassium chloride 

and with a faint alkaline reaction in potassium iodide solution. 

The mercury determination gave the following results: 
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Preparation 1. 

0,1992 grm of substance gave 0,1502 grm Hes : 65,0°/, Hg 

OSI 35s 5 EOS PS EL vss 

Preparation II. 

0,2885 erm of substance gave 0,2227 erm Hes : 66,5°/, He 

OFOtGT 4545 3 st OS4 000) ee NRO Geass es 

Ordinary mercuric glutaconate ought to contain 62.05 °/, He. 

With the ester reaction (strong sulphuric acid + alcohol) it could 

be shown that no acetyl groups were present in the molecule. 

A portion of the substance was dissolved in dilute aqueous sodium 

there- 

fore, probably 

identical 

The two prepara- 

are, 

tions 

hydroxide and the solution saturated with hydrogen sulphide. After 

addition of a small excess of bydrochloric acid, the precipitated mer- 

eurie sulphide was filtered off and the solution (after passing a 

current of air for some time) concentrated in vacuum. Traces of 

glutaconie acid were removed by extraction with ether and 

the aqueous solution was then evaporated to complete dryness. The 

residual mass was extracted with warm absolute alcohol. After 

evaporation of this alcohol a brawn syrup was left behind which, 

by the following reactions was identified as @-oxyglutarie acid: 

a. a portion of the syrup was heated with a solution of copper 

acetate and the precipitated Cu-salt, after collecting and washing, 

decomposed with H,S. After evaporating the filtrate, | obtained small 

white needles m.p. 95°. 
6. The remainder of the syrup was converted according to the 

directions of von PecuMann and Jeniscu ©), into the diphenylhydrazide 

by means of phenylhydrazine. From glacial acetic acid I obtained 

this substance in the form of small white erystal-bundles, which on 

being heated rapidly melt at 286°—237°, but decompose when heated 

slowly. 

I did not think it of any importance to make a complete analysis 

of the complex mercuric salt; hence, no definite formula can 

be given. As, however, the substance contains exclusively complex- 

combined mercury and as a free COOH-group cannot be assumed 

because the substance dissolves in dilute potassium chloride solution 

with a neutral reaction, the following formula is about the only 

possible one: 

OC—CH—CH(OH)—CH—CO 

al lw al 
O—Heg He—O 

When crystallising with 3 mols. of H,O (which is also the water 

1) Ber. 24. 3250 (1891). They give the melting point as 234—235°, 
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content of the citraconic and itaconie acids complexes) the mercury 

content of this compound is 67.0 °/ 

Hence, in the molecule of the cis-“labile”’ elutaconic acid, one of 

the mobile H-atoms of the methylene group would be substituted 

by mercury; this can very well be so, for also from the malonic 

ester and from the malonie acid itself (which also possess a very 

reactive CH,-group) similar simple mercurised derivatives have 

been prepared by Birtmann. Moreover, according to the investiga- 

tions of HenricH, the H-atoms of the methylene group in the glu- 

taconic ester are replaceable by metals. 

2. In the ea-dialkyl-substituted glutaconic acids there exists a great 

difference between the cis- and trans-forms as regards the velocity 

of the bromine addition. According to the researches of PERKIN 

and his co-workers the formation of the corresponding dibromo- 

elutaconie acid proceeded very readily with the cis-acids; when 

exposed in a thin layer to the action of bromine vapour the absorp- 

tion was complete in a few hours. On the other hand the trans- 

acids were either not at all or but very slowly attacked in 

this method. 

If now the “normal” glutaconie acid is exposed to the action ot 

bromine we can expect here via the cis-labile form a rapid assimi- 

lation of bromine. 

This expectation was not doomed to disappointment. Finely pow- 

dered glutaconie acid spread out in a very thin layer on a watch- 

glass and placed in a desiccator at the bottom of which was placed 

a layer of bromine, had practically absorbed the theoretical quantity 

of bromine in a few hours. 

The powder thus obtained was recrystallised from a little formic 

acid (D 1.21) or from chioroform. 

«3-Dibromoglutaric acid forms a white crystalline mass m.p. 152° 

readily soluble in water and ether, less so in chloroform and very 

sparingly in petroleum ether or benzene. The titration of the acid 

gave the following result: 

0.3040 gram required 22.23 ec. 0.0947 n. baryta: M = 289.2 

0.1954 „ 55 14.26 ce. zi 55 ee 289.7 

theory - M= 290.0 

A bromine determination gave: 

0.1632 gram of substance rielded@: 2121 erm. AgBr. Found : 55. 30"), Br 

theory « 55.15°/ Br. 

In aqueous solution, glutaconie acid also takes up bromine fairly 
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rapidly, on the other hand very slowly in glacial acetic acid or 

chloroform’); the reaction may, however be accelerated under the 

influence of daylight. 

Maleic acid behaves in quite an analogous manner; the velocity 

of absorption, however, (as might be expected from the constitution) 

is greatest with glutaconie acid. 

From the material communicated in this treatise I believe it may 

be safely concluded that the symmetric formula of THorPE is indeed 

a fairly proper interpretation of the properties of glutaconic acid. 

In the following communication, I hope to elucidate this formula 

with a model. 

Delft, February 15, 1916. 

Chemistry. — “/n-, mono- and divariant equilibria.’ VUI. By 

Prof. F. A. H. SCHREINEMAKERS. 

(Communicated in the meeting of March 25, 1916). 

12. Further consideration of the bivariant regions; the turning lines. 
The different properties of the curves and the regions, which we 

have deduced in the previous communications, are only true under 

some conditions, which we have up to now assumed silently. They 

are valid viz. not only in the immediate vicinity of the invariant 

point, but still also at some distance, viz. under the conditions: 

1. the points under consideration must not be situated in the 

P,T-diagran too far from the invariant point; consequently the P 

and 7’ of the equilibria under consideration must not differ too 

much from the P and J of the invariant point; 

2. the compositions of the occurring phases must not differ too 

much from the compositions, which they have in the invariant point. 

Further we shall indicate somewhat more exactly what is the 

meaning of “not too far’ and “not too much” in these conditions. 

As long as those conditions are satisfied, the deduced properties 

remain valid; when they are not satisfied, deviations may occur. 

When all phases have a constant composition, the latter condition 

is always satisfied; this should be the case in fig. 1 (II) for instance 

when one of the phases represents watervapour and the others 

1) The bromination in chloroform in sun-light is the best way of preparing the 

2G-dibromoglutaric acid. There are always formed, however, smalltquantities of by 

products (probably higher brominated ones). 

99 
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salts or their hydrates. However also phases with variable com- 

position may occur e.g. a vapour, which contains two or more of 

the components, solutions or mixed crystals. 

Let us take in fig. 1 (ID) the simple case that the phases 1, 2, 

3 and 4 have a constant composition, e.g. that they are salts; we 

take a solution for the phase 5. 

Now we take the bivariant equilibrium 235 and we go in fig. 2 (II) 

from the invariant point towards a point of the region 235. As the 

P and T of the equilibrium 235 have changed now, the solution 5 
will obtain, therefore, also another composition; consequently point 5 

alters its place in fig. 1 (II). 

Hence it is apparent that in each point of the region 235 the 

phase 5 has no more the composition, represented by point 5 in 

fig. 1 (ID, but it has another composition; it appears also that this 

composition changes from point to point. Of course the same is also 

true for other phases with changeable composition. Hence it is 

apparent, therefore, that the composition of the changeable phases 

in fig. 2 (II) changes from point to point, generally so much the 

more in proportion as we remove further from the invariant point. 

Only in the invariant point itself, all phases have the same com- 

position as is expressed in fig. 1 (II). 

These changes in the compositions of the phases may also cause 

radical alterations in the partition of the regions. 

Let us take again the case that in fig. 1 (II) only the phase 5 

has a changeable composition. Now we may imagine that in fig. 1 (ID) 

point 5 takes its place on the line 23 e.g. between 2 and 3; then 
between these phases the reaction 2 + 5275 may occur. 

On further change of P and 7’ point 5 may come now within 

the triangle 234. This involves that the reaction between the phase 
changes in some of the monovariant equilibria. 

Let us take as an example the equilibrium (1) = 2434445; 

as long as the point 5 is situated outside triangle 234, the phase- 

reaction in this equilibrium and the partition of the regions are: 

2+3274+5 | 

ea Ck Mae are | 

935 | 345 
As soon as the point 5 comes however within triangle 234, we find : 

243425 | 

EA EA ok 
234 | 245 | 

‚_ 345 
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When in fig. 2 (ID) the equilibrium ()=2 4344 5 traces curve 

(1) starting from the invariant point, then consequently the partition 

of the regions is first indicated by reaction (1). Therefore, as is 

also drawn in fig. 2 (ID), towards the one side the regions 234 and 235, 

towards the other side: the regions 245 and 345 start from curve (1). 

When on curve (1) we remove further from the invariant point, 

then instead of reaction (1) now reaction (2) may occur. The region 

235 will no more go now from this part of the curve (1) towards 

the right as is drawn in fig. 2 (II), but it will go towards the left. 

Consequently this region will show a peculiarity, to which we shall 

refer later. 

When the equilibrium (1) traces curve (1) in fig. 2 (ID, then 

point 5 traces in the concentration-diagram a curve, which we shall 

call curve 5%; when the other phases have also a changeable com- 

position, then each of them also follows a curve. The phases 2, 3, 

4 and 5 of the equilibrium (1) follow in fig. 1 (ID, therefore the 

eurves 2D, 3, 4% and 5. By this the quadrangle 2345 may be 

deformed in different ways, so that the reaction in the equilibrium 

(1) ean change in many ways. 

When the equilibrium (2)=1+3-+4-+5 follows in the P,7- 

diagram curve (2), then each of the points 1, 3, 4, and 5 follows 

a curve 12, 32, 4% and 5% in the concentration-diagram. 

As the same is also true for the other equilibria (3), (4) and (5), ° 

four curves start, therefore, from each of the points 1, 2, 3, 4 and 

5 in the concentration-diagram. Hence it is apparent, therefore, that 

at some distance from the invariant point in the P, 7-diagram, several 

changes in form of the quadrangles of the concentration-diagram 

may occur, by which the partition of the regions in the P, 7-diagram 

is changed. We call this the deformation of the regions. 

In order further to elucidate those considerations, we take a 

simple example viz. a ternary system in the invariant point of which 

the phases: ij 

watervapour = G, solution = LZ and the salts 7, Z, and Z, occur. 

We assume that those phases are situated with respect to one 

another as in tig. 1. Now we have the monovariant equilibria: 

(A)=ZAZLALLAG; ZI=Z4Z,4L4G6; Z=Z4AZALLG 
DALLA (OLAZ HL. 

In fig. 1 only three of these equilibria are drawn; curve La 

represents (Z,) consequently the saturationcurve of Z, + °Z, under 

its Own vapour-pressure; curve LO represents (Z,) and curve Le 

represents (Z,). Consequently curve Zé is the saturationline of ZZ, 

99* 
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and curve Le the saturationline of Z, + Z, under its own vapour- 

pressure. As long as those curves de not come too close to the 

triangle Z, Z, Z,, the vapour-pressure of those equilibria increases 

with the temperature; we shall assume this also here. 

Zomi-------42 
VENS se \ % 

Fig. 2 

The P,7-diagram is drawn in fig. 2; we may deduce it easily 

in different ways. Of course it satisfies also the rule of the diagonal 

order of succession. The phases form viz. in fig. 1 a monoconcave 

quintangle [as in fig. 3 (1/)] with the sides GZ, 4,2, 7,4, ZL 

and LG. When we trace this quintangle in diagonal direction, then 

we find the same order of succession as the curves in fig. 2. 
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It appears from a comparison of figs. 3 (//) and 4(//) [we have 

to bear in mind that the figs. 4 (ID) and 6 (//) have to be inter- 

changed) that (Z,) and (Z,) and also (Z,) and (G) must form a 

bundle. 

Now we draw in the P,7-diagram only the regions which contain 

liquid and vapour. The region Z, L G is situated between its 

limiting-curves (Z,) and (Z); the region Z, L G between (Z,) and 

(Z,); the region Z, L G between (Z,) and (Z,). 

Now we draw a vertical line in the /,7-diagram; this is dotted 

in fig. 2. As far as this line is situated in the region 4, L G, it 

represents the equilibrium 7, Z G at constant temperature, conse- 

quently all the solutions which are saturated with solid 7, at that 

temperature under their own vapourpressure. In the concentration- 

diagram (fig. 1) these solutions* are represented by a curve, “the 

saturationcurve of Z, under its own vapourpressure”. [For a 

fuller examination of these curves confer the communications [—- 

XVIII over “ternary equilibria” }. 

In fig. 1 curve fa represents the solutions, which are saturated 

at the temperature 7, curve d/ the solutions which are saturated 

at 7), curve Lp the solutions saturated at 7), with solid Z, under 

their own vapourpressure ete. All dotted curves, which proceed in 

fig. 1 starting from cL and La towards the left, are, therefore, saturation- 

curves of Z, under their own vapourpressure. All dotted curves 

between Za and Zh are saturationcurves of Z,, under their own 

vapourpressure for instance the curves agh and dm. All dotted 

curves, going to the right starting from cL and Lé are saturation- 

curves of Z, under its own vapour-pressure. In fig. 1 the bivariant 

region 7, LG is situated, therefore, at the left of the curves cL and 

La, the bivariant region Z,LG, therefore, between the curves 

La and Lb; the bivariant region Z,LG at the right of the curves 

cL and Lb. 

The regions 7,LG and Z,LG exist, therefore, in stable condition, 

as well above as below the temperature 7’; of the invariant point; 

the region Z,LG, however, only above this temperature. This is 

also in accordance with the P,7-diagram; herein a line parallel to 

tbe P-axis, intersects at temperatures below 7; only the regions 

Z,LG and Z,LG; at temperatures above 7; besides those also the 

region Z,LG. 

Previously we have deduced that a saturationcurve under its own 

vapour-pressure shows a point of maximum- and a point of minimum- 

pressure; these points are situated on the: conjugation-line solid- 

vapour. On the parts of these curves, drawn in fig. 1 only points 



of maximum-pressure occur. [Compare this figure with fig. 1 in 

Communication XV on “Equilibria in ternary systems’ |. The satu- 

ration-curves under their own vapour-pressure of Z, have, therefore, 

their point of maximum-pressure on the line GZ, Consequently on 

curve AA the pressure has to increase in the direction of the little 

arrows and it must be a maximum in /. The same applies to the 

other curves of the region Z, LG. On curve cu, however, no maximum 

of pressure occurs; this is metastable here. As it must, however, be 

situated on the line GZ,, it follows that the pressure has to increase 

from w towards c. 

In the region Z,LG the curves must have their point of maximum- 

pressure on the line GZ,, in the region Z,LG on the line GZ, ; 

hence it follows that the pressure increases along the curves in the 

direction of the arrows. 

Let us consider now the region Z,LG. At a change of 7’ and P 

in fig. 1 the phases Z, and G remain unchanged in place, the 

solution LZ however traces the region between the curves Laand Lb. 

Triangle Z,LG may, therefore, have its angle-point 4 sometimes 

on the one side, sometimes on the other side of the line GZ, and 

casually on this line. 

In the P,7-diagram (fig. 2) this same region is situated between 

the curves sa and 74; in fig. 3 this region is drawn once more with 

its limiting curves (Z) = tb and (Z,) =. We take in this figure 

a point m on ib and on { a point d corresponding with the points 

(4,) 

yy 

m and d of fig. 1. As Tag—T;, in fig. 3 the line dm must be 

parallel to the P-axis. The same applies to the line ab, when a and 



b are the same points in fig. 3 as in fig. 1. In general viz. each 

saturation-curve under its own vapour-pressure from fig. 1 is represented 

in the P,7-diagram (figs 2 and 3) by a line parallel to the P-axis. 
Now we take a temperature 75 between 7’, and 7, = 1. The 

saturation-curve under its own vapour-pressure of Z, is situated at 

this temperature 7, in fig. 1 between point L and curve dim. When 

we follow this curve, starting from a point on LA, then the pressure 

increases, as is apparent from fig. 1. This is in accordance with 

fig. 3, in which curve dl is situated above curve vn. Hence it follows 

that each point of the region Ldm of fig. 1, must be situated in 

fie. 3 within the region idm. Region Ldm of fig. 1 is, therefore, 

represented in fig. 3 by region idm. 

Let us now take a temperature 7, higher than 7, for instance 

= ea T,—T;, (fig. 1). On curve ayb the pressure increases 

as well if we start from a as from 0, it reaches its maximum in g. 

In fig. 3 the point g must be situated, therefore, not only above 

point 4, but also above point a. The region Z,LG covers in fig. 3, 
therefore, not only the line a/, but also the line ag: consequently 

it extends over the point a. It appears from fig. 1 that a similar 

extension occurs for each temperature 7’, higher than 7. 
Starting from curve mb (fig. 3) the region Z,LG finishes, there- 

fore, not at once in eurve da; it extends viz. first over this curve 

da. up to a curve dg, then it turns to curve da, in order to finish 

in this curve. We call dy the turning-line of the region Z,LG. 

We may imagine, therefore, the region 7,LG' between the parts of 

the curves mb and dg, as consisting of two leaves, the one of which 

starts from mbh and the other from da, they pass into one another 

in the turning-line dy. Between the curves da and dy those leaves 

cover one another. In order to represent this reversion of the region 

in fig. 3 some lines have been drawn which unite a point of da 

with a point of mb and which touch the turning-line. 

The region Z,LG starts, therefore, from 4d towards the right, from 

da however towards the left, after having reached the turning-line, 

it goes, however, again towards the right. 

The turning-line dy from fig. 3 corresponds of course with the 

line dy from fig. 1. In the communications on equilibria in ternary 

systems several of these lines have been discussed in detail under 

the general name of M-eurve. I only mention here, that it touches 

curve ia in d and continues further, but then in metastable condition. 

When we consider the equilibrium Z,LG in its whole extension, 

viz. without taking into consideration which parts are stable or 

metastable, then each leaf of this region extends itself over the 
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curves (Z,) and (Z). The turning-line of this region has a form, 

as curve wzyzu in fig. 5; we imagine the curves za and 7b entirely 
within this turning-line and the point of contact d from fig. 3 between 

x and y in fig. 5. 

In fig. 3 we now have an example of that which we have called 

above the deformation of a region; we see that it is connected here 

with the occurrence of point d, in fig. 1 the point of intersection 

of curve La with the line G'Z,. 

In the invariant a and also as long as the liquid of the 

equilibrium (4,) = 7,+ 74, + LG is represented by a point of 

curve Ld, the reac non in this equilibrium (Z,) is: 

; Z+L2Z4,4+G 

When, however, the liquid is represented by the point d, then 

the reaction is: 

L2Z,+G 

and when the liquid is represented by a point of da: 

L24,4+Z2,4+4. 

When the equilibrium (7,) therefore follows, the curve La, then 

the phase-reaction gets another form in the point d. As it appears 

from fig. 3 in the P,7-diagram the deformation of the region begins 

in the point d. 

Previously we have deduced: each region, which covers a curve 

(fF), contains the phase #,. In fig. 3 the region Z,LG covers, 

however, the curve (Z,) [viz. the part da) and yet this region does 

not contain the phase Z,. When we bear in mind the first condi- 

tion, viz. that we are allowed to consider regions only, which are 

situated not too far from the invariant point, then this region 7, LG 

does not cover the curve (Z,). 

We may imagine the point d indeed in the vicinity of 7, but not 

coinciding with it. For, in this case in fig. 1 the point Z would 

coincide with point d; three of the five phases of the invariant 

equilibrium, viz. G, L and Z, should then be situated on a straight 

line, so that the invariant equilibrium should show a particularity 

which we have exeluded up to now. For, in the three types of 

concentration-diagrams which are represented in the figs. 1 (11), 3 (ID 

and 5 (IL), no three points are situated on a straight line. When 

this is the case, then we have a transition-type, to which we shall 

refer later. 

We shall also show that also the second condition, mentioned 

above, has a meaning in some cases. 

For this we consider the bivariant region Z,LG. In the P,7- 
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diagram (fig. 2) this region is situated between the curves ic and 75 

and it extends over the curves (Cr) and (Z,). In fig. 4 this region 

is drawn once more with its limit-curves; the other curves have 

been omitted. 

Now we take a temperature 7, bigher than 7’, (fig. 1). When we 

take 7’.-— 7, then the saturation-curve under its own vapour- 

pressure of Z, is represented in the concentration-diagram (fig. 1) 

by eurve Dkk and in the P,7-diagram (fig. 4) by the line bk, 

parallel to the /-axis. It is apparent from fig. 1 that the pressure 

in the point / is higher than in 5, in fig. 4 / must, therefore, be 

situated higher than 5. When we take 7’. = 77 = T,, consequently 

the temperature of the invariant point, then the saturationcurve 

under its own vapourpressure of Z, is represented in fig. 1 by curve 

Lvq, in fig. + by the straight line vig. As it is apparent from fig. 1 

vw) 

ry, 

L 

7 
Fig. 4. 

that the pressure is higher in v than in point Z, in fig. 4 the 

point v must, therefore, be situated higher than 7. As this is valid 

for each temperature 7, higher than 7, the region Z,LG must 
have, therefore, a turning-line which is represented in fig. 4 by 

curve erh. 

Now we take a temperature 7, lower than 7, e.g. 7, = T.. In 

fig. 1 the saturation curve under its own vapourpressure is repre- 

sented by cu; hence it is apparent that the pressure decreases starting 

from c, so that in fig. 4 the point w must be situated below c. 

The bivariant region Z,LG has, therefore, quite another form 

above 7, than below 7. Below 7, it falls viz. starting from its 
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limit-curve [consequently from the part ce on curve (Z,)|; above 

7. it rises starting from its limit-curves first up to its turning-line 

evh and afterwards it falls. This is represented again in fig. 4 by 

some lines, which touch the turning-line. Below 7, the region 

consists, therefore in stable condition of one single leaf only, above 

7T., however, it consists of two leaves. The one falls starting from 

the turning-line and it finishes in the curves e and 7; the other 

falls also starting from the turning-line, but it extends moreover below 

the curves ei and 4%. 

When we consider the region Z,LG in its whole extension then 

we may again represent the turning-line by curve ayzu from fig. 5; 

we imagine the curves (5 and vc in fig. 4 within this turning-line 

and the point of contact anywhere on branch zy of the turning-line. 

Here we have a deformation of a region, more important than 

in fig. 3. The region covers here, viz. its limit-curves (Z,) and (Z,) 

already in the vicinity of the invariant point, which is not the case 

in fig. 3. Also we see that this region does not occupy in fig. 4 

the whole space between the curves (Z,) and (Z,), but a part only. 

Consequently this is different to that which we should mean to be 

allowed to deduce from fig. 2. Also several other properties seem 

to be no more valid now. When we take e.g. the rule: each region 

which covers a curve (15) contains the phase /’,; the region Z,LG 

covers here viz. the curves (Z,) and (Z,) and yet it contains neither 

the phase Z, nor Z,. Also the property: a regionangle is always 

smaller than 180° seems to be no more true now; the region 

Z,LG extends itself viz. in fig. 4 over the invariant point 7, so 

that the region-angle is 360°. 

All those contradictions disappear, however, when we take into 

consideration the conditions. 1 and 2. E 
When we consider viz. in accordance with the first condition, 

only pressures and temperatures, which differ a little only from 

those of the invariant point or in other words, when we take from 

the curves (Z,) and (Z,) only parts in the vicinity of the point 2, 

then the region Z,LG occupies indeed the space between the curves 

(Z,) and (Z,). 
The other contradictions disappear when we take into consider- 

ation the second condition; this is apparent from the following. 

When we take away from fig. 4 the leaf cevhhqsu, so that the 

leaf evhbi remains only then all contradictions have disappeared. 

The region-angle is then smaller than 180° and the region ZLC 

covers no more its limit-curves (Z,) and (Z,). 

The liquids of the remaining region evh i in fig. 4 are repre- 
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sented in fig. 1 by points of evhbL; hence it is apparent that all 

properties are true again now, as long as the liquid of the equili- 

brium Z,LG is represented by a point of evhd L. 

Consequently the liquid is allowed to change its composition only 

starting from Z (fig. 1) up to the line eZ,; correspondingly on this 

line the equilibrium shows something particular; here the triangle 

Z,LG passes viz. into a straight line. 
In our previous considerations we have assumed everywhere that 

each point of a region (£,/) represents one single bivariant equi- 

librium (F,F,) only. This is also the case when we take in fig. 3 

a point of the region Z,L( between the curves 7a and 75; no more, 

however, when this point is situated between da and dy. Then it 

represents two equilibria 7,LG, which differ from one another by 

the composition of the liquid ZL. The liquid of the one equilibrium 

is situated in fig. 1 at the one side, that of the other equilibrium 

at the other side of the line dZ,. 

In fig. 4 each point of the region Z,LG, which is situated within 

evhbi represents two equilibria Z,LG; the liquid of the one equi- 

librium is situated in fig. 1 at the one side, that of the other equi- 

librium at the other side of the line eZ,. Also, however near to 

the point 7 we take this point within ev bi, yet it always represents 

two different equilibria. The point £ itself represents still two 

different equilibria; in the one equilibrium the liquid has the com- 

position, indicated by point Z in fig. 1; in the other equilibrium 

the liquid is situated somewhere on vq. 
Hence it is apparent that this property is true again when we 

take into consideration in fig. 3 the first condition and in fig. 4 

the second. 

After this discussion of some examples, we shall now consider 

the general case. For this we take the field 

(A) Bt Ln Ent? 

first in its whole extension, consequently without taking into con- 

sideration which parts are stable or metastable. When all phases 

have an unvariable composition, then nothing particular can take 

place on change of P and 7’; this is the case, however, when one 

or more phases with variable composition occur. We take from the 

equilibrium (°F) a complex X and we change the pressure at 

constant 7’ or the temperature under constant P. Now the phases of 

this complex change their composition; we may imagine that at a 

certain moment between them a phase-reaction becomes possible. 

This is the case e.g. when in a binary system two points coincide 
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which are first situated separated from one another; when in a 

ternary system three points, which first form a triangle, take their 

place on a straight line, when in a quaternary system four points, 

which first form a tetrahedron, fall in a plane; in general when 

between the phases of the equilibrium a reaction: 

asF, Hal, H.+ An 4-2 Fy+e = RER (6) 

can occur. 

(We might imagine the phases of (/’,/,) also in such a way that 

they satisfy (3) in the invariant point not always, but casually. In 

both cases the phases have then already something particular in 

the invariant point. The corresponding P,7-diagram forms then a 

transition-type, to which we shall refer later]. 

When between the phases of the complex X reaction (3) can 

occur, then at constant 7 the pressure —, and under constant P the 

temperature is for this complex a maximum or minimum. 

When the temperature is a maximum (minimum) under constant 

P, then the complex X no more exists above (below) this tem- 

perature; below (above) this temperature then however at each 7’ 

two equilibria A’ and X’’ may occur, in which the variable 

phases have different compositions. When the pressure is a maximum 

(minimum) at constant 7, then the complex no more exists 

under higher (lower) pressures; under lower (higher) pressures how- 

ever two different equilibria A’ and X’’ occur again. 

Hence it is apparent that the bivariant field (/'/’,) is limited by 

a curve (J/) which is defined, because in the equilibrium: 

Gb == (EF) = Tike + Ji alee otis: fae 

reaction (3) occurs. , 

Each point of this region (/’,/’,) represents, therefore, two different 

equilibria (PF) and (F,F,)" which pass into one another at the 

limit of this field. Curve (JV) is, therefore, the turning-line of this 

field. Consequently the field consists of two leaves, which cover one 

another and which we shall call leaf (/’,/,)' and leaf (7, F,)". 

In fig. 2 dg is the turning-line of the field 7,LG; each equilibrium 

Z,LG has on this turning-line at constant 7’ a point of maximum- 

pressure and under constant P a point of minimum-temperature. 

The same applies in fig. + to the equilibrium Z,LG. 

In our previous considerations ‘Equilibria in ternary systems 

XVII’ we have fully examined different ternary turning-lines 

under the name of M-curves. They may have different forms, we 

find one of those in fig. 5 which represents a general form of the 

turning-lines dg (fig. 3) and eh (fig. 4). 



As the field (#,F) consists 

of two leaves, each point of 

this field represents two equi- 

libria (F'F,)' and (F'F,)"; both 

equilibria consist under the same 

P and 7, but they differ from 

one another by the compositi- 

ons of the variable phases. 

Fig 5. We imagine in fig. 5 the 

curve (/,) to be drawn. As the equilibrium (#,) contains all phases 

of the equilibrium (#,F), curve (/,) cannot come outside the field 

(F,F,), therefore, also not outside the turning-line. When curve (F,) 

meets therefore the turning-line somewhere in a point d, then d is 

not a point of intersection, but a point of contact of those curves. In this 

point of contact curve (F,) passes from the one leaf into the other. 
When we imagine in fig. 5 a curve within the turning-line, then 

we see that this curve must have points of maximum- or minimum 

pressure and temperature. 
For the deduction of the P,7-diagramtypes and of the properties 

of their fields we have used the following properties [deduced in 

communication I}: 
each point of a field (#, F,) represents one single equilibrium 

(F, F,) only; 

the stable part of a field (#, F,) extends itself between the stable 

parts of its limit-curves (/,) and (4) without covering them; 
a field-angle is smaller than 180°. 

Now the question arises in how far those properties are still valid now. 

For this we imagine in the field (7, F,) a point 7 on the leaf (F,F,)’. 

The curves (/,) and (F,) are situated, starting from this point, first 

in the leaf (7, F,)’; in their point of contact with the turning-line 

they pass into the other leaf. 

When we deduce the properties mentioned above, just as in 

Comm. I, then it appears that they are valid, when we leave out 

of consideration the leaf (/,/,)". 
When the invariant point 7 is situated in the leaf (#,F), then 

we shall say that the equilibria of this leaf are situated within, and 

those of the leaf (F,F,)" outside the turning-line. We do not say 

that with respect to the P and 7 of those equilibria, but with 
respect to the compositions of their phases. In order to convert viz. 

an equilibrium (/,F,)' continually into an equilibrium (Ff, F,)", the 

first one must pass starting from a point of the leaf (#,F‚) through 

the turning-line into the leaf (F,/’,)". 
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Then we may say: the properties are valid, as long as the equi- 

libria 7), 47) and (#4) are situated within the turning-line of 
the field (FF, 

As in a P,7-diagram several fields are sitnated around the inva- 
tiant point, we have to take into consideration the turning-line of 

each field; then we may say: the properties are valid as long as 

we consider those parts of the curves and the fields, which are 

situated within the corresponding turning-lines. 

We have to bear in mind that “within the turning-line” means 

here “belonging to the same leaf on which the invariant point is 

situated”. 

The meaning of “not too far” and “not too much” in the con- 

ditions 1 and 2 is consequently indicated here somewhat more exactly, 

Above we have already stated that we may imagine that the 
€ phases of the ‘equilibrium (#, #,) satisfy reaction (3) casually in 

the invariant point; then the point 7 is situated in fig. 5 accidentally 

on the turning-line. Then the two curves (F) and (F,) come in 

contact with one another and with the turning-line in this point 7. 

The corresponding P,7-diagram forms then, as we have already 

mentioned, a transitiontype, to which we shall refer later. 

Leiden. Inorg. Chem. Lab. 

(To be continued). 

Physics. — “On the Symmetry of the Röntgen-patterns of Triclinic 
and some Rhombic Crystals, and some Remarks on the Diffrac- 
tion-Images of Quartz”. By Prof. Dr. H. Haca and Prof. 

Dr. F. M. JarGer. 

(Communicated in the meeting of March 25, 1916). 

$ 1. In the following paper we wish to communicate in the 

first place the results of the experiments, which as a sequel to 

our previous studies, were made with crystals of the ticlinic 
system. The erystals of each of the two symmetry-classes of this 

system: those of the ¢riclinic-pedial and those of the triclinic-pina- 

coidal class,—of which erystais the first mentioned are wholly wn- 
symmetrical, while the second possess only centrical symmetry,— 

will of course necessarily behave in the same way, as far as the 

diffraction-phenomenon of Röntgen-rays is concerned. But because 

the centre of symmetry cannot manifest itself in the structure of 

the Röntgen-images in any way, all obtained Röntgenogrammes will 

a 
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appear completely wrsymmetrical, with every orientation of the 

investigated crystal-plates. 

Of the triclinie-pedial class we had no representatives at our 

disposal; of the triclinic-pinacoidal class we investigated only the 

erystals of coppersulphate (5H,O), and of potassiumbichromate. 

Coppersulphate: CuSO, + 5H,O, possesses the following para- 

meters 206 —O121 212 0.5054) a $2254. == 1072384. y= 

= 102°41’. Potassiumbichromate: K,Cr,O,, can likewise easily be 
obtained in good, homogeneous crystals. They have the parameters: 

sore 0,00 to 10.551 1 se — OA Orr P9025 14 - 3 and 

a perfect cleavability parallel to {010}. Of both crystals planeparallel 

sections were prepared, parallel to the three pinacoides {100}, {010} 

and {001}; those of coppersulphate had a thickness of resp.: 1,08, 

1.03, and 0.94 mm., those of potassiumbichromate of: 0.68, 0.67, 

and 0.65 mm. 

The obtained Röntgen-patterns are reproduced in figs. 1, 2 and 3 

on Plate I, and in figs. 5, 6, and 7 on Plate Il. The unsymme- 

trical structure of these six diffraction-images is immediately discern- 

ible; it may be remarked, that in all six cases the superficial 

habit of the images is closely similar to those of monoclinic crystals, 

as far as those images are characterised by a single plane of sym- 

metry. However, the distribution of the spots and of their intensity 
is such, that there can be no doubt whatever about the lack of 

symmetry in the diffraction-images. 

The concordance of theory and experiment thus is proved suffi- 

ciently also for the case of triclinic crystals. It is of no importance 

to investigate more representatives of this kind and in the same 

way; thus our systematical experiments in this direction have reached 

an end here. 

§ 2. Only as a completion of our previous investigations we 

wish to publish however here again some results obtained with a 

number of rhombic minerals, namely with bronzite, diaspore, man- 

ganite, antimonite and olivine. 

After that we will again draw attention for a moment to the dif- 

fraction-images of dextrogyratory quartz, and this with respect to 

the anomalies of them formerly stated by us *). Some remarks on the 

RÖNTrGEN-pattern of brucite, and, as a completion of our previous 

investigations on monoclinic erystals®), — of lthiumsulphate, will 
end this paper. 

Bronzite is a rhombic pyroxene with the composition: (Mg, Fe),(Si0,), 
1) These Proceed., 18, 550. (Sept. 1915). 

2) These Proceed., 18, 1201. (Jan. 1916). 
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and the parameters; a: 6: ¢ = 0,9702: 1: 0,5701. Three plates parallel 
to (100), (010) and (O01) and resp. 1,09, 1.10, and 1.06 mm. thick, 

were cut from a beautiful erystal of Kupferberg, Bayreuth. The 

plate parallel to (O10) showed a slight deviation from its normal 

orientation; the RÖNTGEN-patterns are reproduced in fig. 9, 10, and 

11 on Plate Il, and in stereographical projection in fig. 1, 2, and 

3 on Plate V. The symmetry with respect to two perpendicular 

planes is immediately discernible. 

For the purpose of comparison of diaspore and manganite, also 

from these minerals sections parallel to the three pinacoides were 

cut and radiated through. In the case of diaspore: AlO(OH), with 

the parameters: a: b:c =0,4686:1:0,3019, and originating from 

Emery Mines (Mass.), only the image parallel to (010) was suitable 

for direct reproduction (fig. 4 on Plate I); the corresponding stereo- 

graphical projections, also for an image parallel to (001), are repro- 

duced in fig. 4 and 5 on Plate V. The thickness of the used plates 
of diaspore was resp. 0,96, 0,93 and 1,02 mm. In the case of 

manganite (from Llfeld, ijd Harz) patterns were obtained, showing 
instead of spots, long radiating stripes. This fact was also stated by 

us in the ease of godthite; it seems to be connected partially with 

contusions of the material, and with intergrowths and twinning of 

fibre-shaped individuals in these crystals. Hitherto we were not able 

to get undisturbed diffraction-images suitable for clear interpretation. 

Of manganite: MnO(OH), whose parameters are: a: 6: c = 0,8441 : 

1: 0,5448, only a somewhat reliable projection could be made for 

the image obtained parallel (100); the thickness of the erystal-plate 

used was here 1,04 mm., and the figure is shown in fig. 6 

on Plate V. 

Of antimonite: Sb, S,, with its parameters: a:6:c=0,9844:1: 

1,0110, we had the very beautiful crystals of Shikoku Japan, at 

our disposal, the same, which were formerly used in the investiga- 

tions of one of us‘), on the influence of the light-radiation upon the 

electrical conductivity of this in so many respects remarkable mineral. 

We studied a lamella, obtained by cleavage parallel to (010), which 

was not thicker than 0.43 mm. Notwithstanding the presence of a 

number of folds parallel to the sliding-plane (OO1) the obtained 

diffraction-image yet appeared to be perfectly undisturbed; it is 

reproduced in fig. 16 on Plate IV, and as a stereographical projection 

in fig. 7 on Plate V. This fact could be used as an argument in 

favour of the correctness of the view, according to which such 

sliding along perfect sliding-planes, does „ot alter the internal arran- 

DF. M. Jareer Zeits. f. Kryst. 44. 45. (1908); these Proceed. 9. 809. (1907). 
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gement of the molecules, these layers evidently remaining parallel 

to their original position. 

From a beautiful, colourless crystal of olivine, originating from 

Bohemia, a erystalplate parallel to (010), and 1.33 mm. was prepared, 

and then radiated through. The very nice RÖNrGeN-pattern of this 

silicate, whose composition is: ” Mg, SiO, + m Ire, SiO,, and whose 

parameters are: @:6:¢ = 0,4657:0,5865 is reproduced in fig. 8 

on Plate II, and in stereographical projection in fig. 8 on Plate V. 

Also in this case the normal symmetry can be discerned immediately, 

so that the results here obtained with these rhombic crystals can be 

considered to be a welcome completion of our previous experi- 

ments’), when we were able to prove the correctness of the theore- 

tical deduction also in the case of rhombic crystals. 

$ 3. Already previously we have drawn attention”) to the remark- 

able abnormality, which was observed by us in the case of the 

diffraction-image parallel to (1210), obtained with a erystal of quartz 

from St. Gothard; it consisted in the image not only possessing a 
single binary axis perpendicular to the photographie plate, but also 

two planes of symmetry, perpendicular to each other. On that 

occasion we expressed the surmise, that this abnormality could be 

explained by the fact, that the studied plate was prepared from a 

polysynthetie twin of quartz, according to the so-called brasilian 

law of twinning. Indeed, on this supposition the apparent increase 

of the symmetry of this image can be easily explained. But at that 

time we were not able to give any proof of the correctness of this 

view, because of the fact, that the rather imperfect Röntgen-image 

obtained with a plate cut parallel to (1010), seemed to be likewise 

symmetrical after two planes of symmetry. However since that time 

we have studied some other plates orientated with the utmost care 

parallel (1010), and have radiated them through during very different 

times of exposition. By these experiments we got absolute certainty, 

that the images are only symmetrical after a vertical plane, perpen- 

dicular to (1010). The photo in fig. 14 on Plate TV, and its stereo- 

graphical projection in fig. 10 on Plate V can prove this. By 

shortening more and more the time of exposition, we succeeded e.g. 

in making only the most intensive spots appear: it could be clearly 

seen then, that in the direction of the c-axis at the upper end there 

were two, at the lower end three of such intensive spots on the 

1) These Proceed., 18. 559 (Sept. 1915). 
2) These Proceed., 18. 550. (Sept. 1915) 

100 
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56 ì | or 

great circle, which is drawn in fig. 10. So with this fact also the last 

impediment to the formerly given explanation of the abnormality 

of quartz has been removed; thus the remarkable deviation of the 

image parallel to (1210) can now be explained without difficulty as 

a result of the mentioned twin-structure of the mineral. While we 

moreover formerly did not succeed in obtaining good images of a 

quartz-plate cut parallel to (OUOL), we have now again made a series 

of systematical experiments with quartz-plates of different thickness; 

it was found that for the purpose of getting well reproducible nega- 

tives it was necessary, to radiate through rather thick erystal-plates. 

The Röntgen-pattern, which is veproduced in fig. 13 on Plate IV, 

and in stereographical projection in fig. 9 on Plate V, was obtained 

by means of a quarlz-plate of 3,75 mm. thickness. In this way the 

Röntgen-patterns of quartz have now become complete, and the 

exactness of the theory is also here proved for quartz, — at least 

in normal cases. 

A beautiful crystal of a pale green brucite: Mg(OH),, from Hey- 

dale, Shetland Islands, Scotland, enabled us to get also an image 

of a basal section of this mineral, which has so simple a chemical 

constitution, and the axial ratio: a@:¢=1:0,5208. It is reproduced 

in tig. 15 on Plate IV, and in stereographical projection in fig. J1 

on Plate V. A study of the influence of heating basal sections of 

this mineral in the furnace formerly described by us, on the Röntgen- 

image, is now planned. 

Finally we have published in fig. 12 on Plates HI and V also 

the results of radiating through a basal plate, 1,09 m.m. thick, of 

the monoclinic-sphenoidical Lithiumsulphate: Li,SO, + H,O. This 
substance, with the parameters: a:6:¢ = 1,6102:1:0,5643, and 

B = 87°29’, is yet an object of the said symmetry-class, not showing 

an optical activity in solution, as was the case in the formerly 

investigated cases *): cane-sugar, tartric acid, ete. Therefore this 

experiment may be considered a welcome completion of the re- 

searches, regarding such monoclinic crystals. In this case too the image 

parallel to (OO1) appears to possess a single vertical plane of sym- 

metry, notwithstanding the fact, that the crystals themselves have 

only a single binary axis. Also this fact proves once more the gene- 

ral justification of the conclusions drawn in that paper. *) 

Laboratories for Physics and for Inorganic and 

Physical Chemistry of the University. 

Groningen, 15 February 1916. 

') These Proceed. 18. 1201 (Jan. 1916). 
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Zoology. — “A contribution to the knoww lye of the phylogeny of 
the wing-pattern in Lepidoptera”. By J. Borkr. (Communicated 

Prof. by J. F. van BEMMELEN). 

(Communicated in the meeting of March 25, 1916), 

The number of. investigations about the colour-markings on the 

wings of Lepidoptera are not few, and among them the Butterflies 

and the Hepialids have always attracted special attention. The latter 

family, which in many features shows a primitive character, was 

lately the subject of a paper in these Proceedings by Prof. J. F. van 

SEMMELEN. *) 

Almost without exception the object of these investigations was to 

distinguish between older and younger phylogenetic features, to deduce 

the latter from the former and thereby to fix the family-relations. 

But the study of the colour-pattern was almost exclusively under- 

taken with a view to the degrees of relationship between species 

or genera within the precincts of the same order. 

Except for a few allusions or vague indications, next to nothing 

is to be met with in literature concerning the significance of the 

colour-patterns for the elucidation of the phylogenetic relations 
between the different orders of insects. 

Prof. pe Mryere*), the well-known dipterologist, in the summer- 

meeting of 1915 of the Duteh Entom. Society, discussed the wing- 

design of Diptera and Lepidoptera, making a kind of comparison 

between these orders, by indicating certain motives of decoration 

which they possess m common, and trying to get an insight into 

the evolution of the colour-pattern in the lasi-named order; I cannot 

however in most respects agree with his conclusions. 

Being occupied with the investigation of the wing-markings in 

primitive families, [I turned my attention to Trichoptera, and was 

surprised by the remarkable similarity between the colour-design in 

some members of the order and that whieh I had met with in 
several Cossids. 

A summary of the principal points of correspondence is as follows: 

1. The markings along the anterior margin’). 

1) J. F. van BemmereN. On the phylogenetic significance of the Wing markings 

in Hepialids. Proceedings Kon. Ak. v. Wet. Amsterdam N°. 8 Vol. XVIII. 

*) J. CG. H. pe Meyere. Verslag van de Zeventigste Zomervergadering der 
Ned. Entom. Vereeniging, 1915. 

*) To prevent confusion, I wish to remark, that in fore- as well as in hind- 

wings, I distinguish three margins: anterior, external, and posterior. By external] 

margin I indicate that border, which by some authors, e. g. J. Ta. Ovupemans, 
De Nederlandsche Insecten (fig. 46, p. 54) is called hindmargin, while I prefer 
the name posterior margin to their “internal margin”. 

100% 
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In Cossids, as well as in other groups of moths and butterflies, the 

anterior border of the fore-wings is ornamented by a series of short 

transverse striae of various breadth and arranged in different species 

at various distances from each other. They streteh from this border 

to the subcosta or pass over it up to the radius and its branches. 

In doing so, they often show their composition out of as many 

components as the number of internervural spaces they stretch over. 

This is shown either by the imperfect correspondence of two suc- 

ceeding parts, producing the impression of a dislocation, or by a slight 

difference in direction, or in breadth. 

This design ofthe frontmargin is not restricted to Cossids, but 

occurs as well in Hepialids, Nymphalids, Tortricids, Drepanids ete. 

therefore in the most divergent families of Lepidoptera, but also in 

different Trichoptera e.g. Neuronia, Phryganea ete. and in just the 

same way as described above for the former order. 

2. The terminal spots of the veins along the 

outer margin. 

At the extremities of the longitudinal veins, where they touch the 

external margin, spots are found in different families of moths and 

butterflies, which often stand in intimate connection with the design 

of “the distal wing-area, but in other cases appear independent of 

this pattern, their colour sometimes corresponding to the general 

hue, in other instances differing from it. These spots again return in 

some Trichoptera e.g. the beautiful Neuwronia imperialis, var. regina. 

3. The transverse markings and the reticular 

diesaiom. 

In Cossids especially the reticular design is developed to perfection. 

The internervural spaces in this group are filled up by a frame- 

work, consisting of darker lines, containing lighter spaces of variable 

size. In some places the mazes of the network are broadened at 

the cost of the enclosed areas, which are thereby diminished or 

wholly obliterated. A second motive, which likewise plays an impor- 

tant part in Cossids, as well as in other groups, is formed by the 

internervurai transverse bars, standing perpendicularly to the longi- 

tudinal nervures, and limited by these, so as to keep within the 

precincts of a single internervural space. This motive therefore 

corresponds to the markings along the anterior margin, but on 

special reasons may be separately treated. 

Just the same thing oceurs with great distinctness in Trichoptera 

e.g. the indigenous Phryganea varia, and the Japanese Neuronia 

imperialis. Even the transformation of both these motives, is similar 
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in the two orders, as is shown by the median longitudinal bars or 

striae in Phryganea grandis and different species of Cossus. 

4. The relation of pattern in fore- and hindwing. 

In the two orders the patterns of fore- and hindwing are often 

extremely different, the former showing a rich pattern, while the 

upper surface of the hindwing often presents a uniform aspect. Yet 

on closer inspection the latter likewise shows traces of a pattern, 

similar to that of the forewing and either restricted to a few spaces, 

or spread over the whole or nearly the whole wing-surface, but 

only faintly indicated. 

This remarkable condition, exhibited so well by Cossus cossus, 

shows itself no less clearly in our Phryganids. 

The likeness between certain moths and a number of Phryganids 

may indeed be called striking; the wing of the former looking like a 

copy of that of the latter. Yet a difference — seemingly an impor- 

tant one — exists: in moths the colour is located in the seales, in 

Trichoptera on the contrary the wing-membrane is the bearer of the 

pattern. This difference however is not really so important as it 

looks at first sight. For in Trichoptera, not only the wing-mem- 

brane, but also the hairs which are spread over it, are pigmented, 

either in a light or dark hue, according to their being inplanted on 

a lighter or deeper tinged wing-part. Therefore we are justified in 

saying, that the hairy covering of the wings in Trichoptera and the 

scaly coat in Lepidoptera possess colour-designs which often corre- 

spond down to the minutest details. Now as we undoubtedly may 

consider scales to be transformed hairs, the difference is reduced to 

very slight dimensions. : 

This great similarity between the two orders, so remarkable in 

itself, moreover justifies certain important phylogenetic conclusions. 

Before mentioning these however, it is desirable to consider which 

markings should be regarded as the most primitive in Lepidoptera. 

by different observations | have come to the conclusion, that the 

system of the internervural transverse stripes should be considered 

as such. 

These observations which | have to describe fully in a paper 

that will be published in a few months, are as follows: 

1. This pattern of internervural stripes occurs in a great number 

of cases in the more primitive families; especially in Cossids, but 

no less in Micropterygids and a few Hepialids e. g. the newly 

„discovered Sumatran Phassus niger VAN Ecker, Dalaca assa, Zelotypia 

stacy, ete. 



1560 

2. Witbout straining the comparison the other motives can be 

easily deduced from this motive of marking; e.g. the dumb-bell 

motive of many Hepialids e.g. in Charagia mirabilis 2 — (which, in 

combination and regular alternation with the system of oval markings. 

was taken by van BEMMELEN as the original groundplan of the different 

genera) — can be explained as arising through a very slight modi- 

fication of the transverse stripes. 

Moreover a great number of transverse winglines, either straight, 

zigzag or undulating, are composed of units, which in reality are 

only unmodified or slightly disturbed internervural stripes. The same 

applies to the metallic dark spots filling the middle part of the 

interspaces between the nervures in Zeuzera pyrina, as proved by 

the many intermediate forms which are found in comparing different 

specimens of this species. 

Even the highly specialised ocellus on the hindwings of Smerinthus 

ocellata, or the loop-shaped and longitudinal striae on the forewings 

of Dicranura vinula can be brought into relation with the above 

mentioned primitive design by a study of the many existing inter- 

mediate forms. 
More instances might easily be adduced, but are better postponed 

until the publication of my paper in full, which will contain more details. 

3. The system of transverse striae reappears in all different parts 

of the order, in the most diverging families of moths and butter- 

flies. Whoever looks over a collection of Lepidoptera containing 

representatives of the different families, will get a strong impression 

of the tenacity, with which for instance the design of the anterior 

margin maintains itself. Even when on the whole remaining part 

of the wing-surface the pattern is strongly modified as e.g. in many 

of our Vanessas, this margin may still show the primitive orna- 

mentation with remarkable clearness. 

4. The primitive motive is found on the wings (so-called wing- 

sheaths) of different pupae e.g. Papilio podalirius, i.e. on wings 

representing a phylogenetically older stage than that of the imago, 

as Povunton') has shown in the case of moths, which have lost 

their wings either totally or partially; while their pupae still possess 

considerable remnants of them; and as vaN BeMMELEN*®) has made 

appear probable with regard to their colour-pattern. 

1) E. B. Poutron, The external Morphology of the Lepidopterous Pupa: its 
Relation to that of the other Stages and to the Origin and History of Metamor- 
phosis. Parts [V—V. Transactions of the Linnean Society of London, 1891. 

2) J. F. van Bemmeren, Die phylogenetische Bedeutung der Puppenzeichnung bei 
den Rhopaloceren und ihre Beziehungen zu derjenigen der Raupen und Imagines. 
Verhandl. d. Deutschen Zool. Gesellsch., 25 Jhrvers. Bremen, 1913. 



1561 

5. It also oceurs in Trichoptera, which, being less rich in motives 

of decoration, are less liable to ambiguity on the question of primitivity. 

6. It appears in cases of aberration in forms which normally do 

not show it. BrYK *) caught a very remarkable abnormal specimen 

of Gonepterye rhamni at Myllykyla, which on its left forewing bore 
a few rows of oblong markings, to which he ascribes, in my opinion 

correctly, great phylogenetic importance. 

7. It is called forth, or at least strengthened by abnormal tempe- 

ratures to which lepidopterous pupae are exposed, comp. the splendid 

figures of Vanessa atalanta in MerririeLp’s*) paper on the influence 

of temperature on the pupal stage. 

8. It stands in near relation to the course of the veins. 

We may now consider the question of the origin of this primitive 

pattern. 
First of all we may state with certainty, in my opinion, that the 

colour-patterns did not arise after the differentiation of Lepidoptera 

from a lower order of insects; for on the supposition that the first 

Lepidoptera springing from this older group possessed unicolourous 

wings, and gradually changed this monotonous dress for a more 

elaborate pattern, the parallel development of Trichoptera would 

remain unexplained: we could only ascribe it to convergence, which 

in this ease is highly improbable. 

The facts inevitably lead us to the conclusion, that during their 

development from lower forms, Lepidoptera were already provided 

with wing-ornamentation, as a heritage from these ancestral forms. 

The latter accordingly must have borne the same wing-markings, 

but here located in the as yet unmodified hairy covering and pro- 

bably also in the wing-membrane itself, viz. in the same parts where 

we still find them at present in Trichoptera. 

If the colour-pattern were the only factor which we had to 

consider in determining the phylogenetic relationships, there would 

be no reason why we should not regard Lepidoptera as modified 

Trichopiera. 
But this is not the case; in trying to make out the ancestry we 

are obliged to pay attention to as many features as possible. On 

this account HanprirscH*) thinks it impossible that Lepidoptera 

1) PF. Bryx, Ein Citronenblatt mit einer urspriinglichen Weiszling-zeichnung, 
Zool. Anzeiger, 1914, — 

2) F. Merririerp, The effects of temperature in the pupal stage on the colouring 
of Pieris napi, Vanessa atalania, Chrysophanus phloeas, and Ephyra punctaria. 
Transact. Entom. Society, London, 1893. 

3) Hanpurscu, A., Die fossilen Insekten und die Phylogenie der rezenten Formen, 
Leipzig, 1908, 
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should have been derived from Trichoptera, as he cannot imagine 

that a group of insects possessing polypode land-living larvae could 

possibly originate from forms with hexapode aquatile larvae. 

He therefore inclines to the view, tliat we may trace their origin 

from the Panorpata, the larvae of which are caterpillarlike, and in 

fact only differ from those of Lepidoptera by the coalescence of 

two preanal segments. 

In any case, the order of Panorpata is regarded as nearly related 

to both the above mentioned ones. And among this order we find 

the genus Bittacus, in which the wings likewise bear internervural 

striae of coloured matter, but where moreover each one is provided 

with a transverse nervure, or in other words, in which in compa- 

rison with the two other orders, the number of the transverse 

nervural connections being still relatively large, each of these con- 

necting veins is provided with smoke-coloured margins. 

Supposing these veins to disappear and the coloured seams to 

remain, a pattern of transverse striae at regular intervals would be 

the result, i.e. the primitive pattern of Lepidoptera and Trichoptera. 

And this is in fact the real course of the evolution in Panorpata, 

for there in many eases we find transverse veins reduced to vestiges 

while the coloured bands have been preserved in undiminished 

intensity. Oceasionally on a Dittacus-wing I found the nervural 

connection present on one side, while on the other the correspond- 

ing vein had totally disappeared. 

So the three above mentioned orders provide us with a succession of 

stages through which the primitive colour-pattern of Lepidoptera has pro- 

bably passed in its evolution, and which may be formulated as follows: 

1. The membranous wings are provided with several transverse 

veins, lying between smoke-coloured margins. 

2. The transverse connecting veins disappear, the margins persist 

and so form transverse colour-markings, the hairs on the wing- 

membranes acquire corresponding markings. 

3. The hairs become transformed into scales, in which the colouring 

matter becomes accumulated, while the membrane loses it, being 

shut off from the light by the broadening of the scales. 

Supposing this to have been the real course of the evolution, we 

are led to ascribe the ornamentation of the anterior margin in the 

same Yhanner to a greater or less number of transverse veins. 

In fact, although the majority of Panorpata only possess a 

small number of these veins, there are genera to be found amongst 

them in which the number of transverse veins is more considerable 

e.g. Merope (Comp. Hanpuirscn, pl. V, fig. 18). 
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Moreover, as every entomologist is aware, a great number of 

insects, especially in primitive groups, both among the recent and 

the ancient ones (for carbonic Insects see Hanprirscn, pl. VII 

XXXIV) possess a stately array of transverse veins along the anterior 

margin; thus lending greater probability to the conclusion to which 

we were forced by the comparison of the three orders. 

One more point deserves consideration. 

Where we assumed a close connection between the original wing- 

design of Lepidoptera and Trichoptera and the nervural system of 

their ancestors, or rather the coloured margins, which accompanied 

the nervures, the question rises: may not the reticulate colour-pattern 

found in both orders (as well as in a few Diptera) and especially’ 

developed in Cossids, point to a former reticular arrangement of 

nervures, such as is still found in many Neuroptera and other 

primitive orders ? 

In that case the reticular colour-pattern would have a primitive 

character, still more so than the system of transverse striae, and 

point to an even more remote ancestor. The occurrence on one and 

the same wing of motives of different ancestral age is in itself by 

no means impossible: our Vanessas and a great number of other 

butterflies supply striking examples of this combination. 

Nevertheless I am inclined to consider the reticular colour-pattern 

as a derived one for the following reasons : 

1. It is only found in Cossids, not in other primitive families. 

2. It is almost wholly absent in the higher families of Lepidoptera. 

3. It is easily transformed into the pattern of internervural trans- 

verse markings. 

4. We should be obliged to go back to the oldest insects, the 

Palaeodictyoptera, to meet with forms, with which it could be brought 

into connection; because the Megasecoptera, which are generally 

regarded as the ancestral forms of the oldest Panorpata, were already 

in possession of a regular system of transverse nervures. 

To sum up, we must regard the primitive colour-pattern of Lepi- 

doptera as a relic of the more complete system of nervures which 

their ancestors possessed ; a remnant of the numerous, colour-bordered 

transverse nervures, which later on became obliterated. Though this 

heritage in some later forms has totally vanished, swept, so to say, 

from the surface of the wings, in others it has acquired an even 

greater prominence, being susceptible to different adaptations, not 

always in its original simple form, but modified in different ways 

and various directions. 

Groningen, 11 March, 1916. 
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Physiology. — “Further observations on the relation between the mus- 

cular tonus and the amount of kreatin in the muscles.” By 

Prof. Dr. C. A. Pexetuarine and Dr. C. J. C. van Hoocennvyze.” 

(Communicated in the meeting of March 25, 1916). 

Our previous inquiries showed us that the tonus of the muscles 

is attended with an increase of the quantity of kreatin. For further 

observation we obtained through the kindness of Prof. Manus a cat 

that had, for some time been deprived of the tonus of the muscles 

of the left foreleg. 

This had been done in the following way : 

On the 27% of April 1915. Mr. Srorm van LEEUWEN had performed 

an extradural transection of the posterior roots of the 5, 6, 7% 
and 8t cervical and the 1st, 2°¢ and 3 thoracic posterior roots. 

After the wound had been sewn the left foreleg appeared to be 

insensible; the animal could nevertheless move it. The wound healed 

soon. The leg remained insensible and limp, but capable of voluntary 

movements. In walking the toes were doubled up under the weight 

of the body so that the dorsal side of the carpus rested on the 

ground, which gradually caused a slight decubitus. In every other 

respeet the cat was in a normal condition. 

On the 15 of September the cat was killed by chloroform. 

Immediately the left and the right Mm. triceps and biceps brachii 

were excised, cut into pieces, and put in flasks of a known 

weight; then weighed and boiled for five hours with ten times their 

volume of 1°/, HCl, evaporation being prevented by means of a 

reflux condensor. The fluid in which the muscles had by this time 

been broken up altogether, was then boiled under neutralization. 

After being cooled the volume was measured and filtered. Of this 

filtrate a measured portion was evaporated down to a definite 

volume. 

10 ee. of this fluid together with 20 ee. normal HCI was heated 

to and maintained at 115° C. for half an hour in the autoclave in 

order to effect a complete transformation of the kreatin into kreatinin. 

Subsequently the content of kreatinin was determined after Forty. 

The result was: 
Icey: 

Right 13.50 grm. Left 1517 grm. 

Onl Nn 1.953 mgrm. of kreatinin per J grm. muscle 

Barcie pis: 

Right 49 grm. Left 48 _grm. 
2.310 ,, 2.140 merm. of kreatinin per 1 gem, muscle. 
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It was evident, then, that in the biceps as well as in the triceps 

the amount of kreatinin had been reduced in default of the tonus, 

slight though the reduction may be. This result confirmed our pre- 

vious experience viz. that reinforcement of the tonus was followed 

by an increase of the amount of kreatin. 

This experiment by itself can hardly be said to yield conclusive 

evidence. We should not even have communicated it, if it had not 

led us to extend our inquiries in a somewhat different direction, as 

we were struck by the fact that also the two normal muscles of 

this eat contained only a relatively small quantity of kreatin. Our 

earlier estimations showed that the triceps brachii of the cat con- 

tained in 5 cases an average of 3.397 mgr. of kreatinin per 1 gr. muscle 

(max. 3.902, min. 2.963). It has been demonstrated by several ob- 

servers that, in general, the amount of kreatin in corresponding 

muscles of the same species, so long as the animals are under 

normal conditions, is not subject to considerable fluctuations. 

We could hardly suppose that, with our cat, the amount of kreatin 

in the muscles of the right foreleg should be lowered in consequence 

of the cutting of the centripetal nerve roots at the left side. We 

may still add that the nutritive condition of the animal had left 

nothing to be desired up to the day of its death. 
Our attention was then arrested by a circumstance which perhaps 

would furnish some explanation. For certain reasons, irrelevant to 

the matter in hand, the cat, which had always been free in its 

movements, had been locked up in a hutch during the last two 

weeks of its life. This Hindrance to the animal’s movements might 

have occasioned a weakening of the muscular tonus in general and 

consequently a lowering of the content of kreatin also in the normally 

innervaied muscles. With a rabbit this restraint may be altogether 

ignored, because a rabbit usually “sits” in its narrow hutch and 

thus, no doubt, keeps many of its muscles in tension. The cat, on 

the other hand, being accustomed to move about freely, lies down 

quietly after a short period of restlessness and relaxes its muscles, 

even when awake. Now though it must be admitted that the study 

of the muscular tonus is still in its initial stage and though we 

do not yet fully understand the collaboration of tonus and rapid 

contraction, we may take it for granted that most likely the alter- 

nate contractions are accompanied by a reinforcement of the tonus, 

either in the contracting muscles or in the antagonists, or in both. 

We, therefore tried to ascertain the content of kreatin in the 

muscles of cats which for some time had been hampered in their 

movements. 
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Two cats were locked up each in a hutch, while another was 

free to move about in the same room. After some time an estimation 

was performed for each of them of the content of kreatin in the 

left and the right M. triceps brachii. 

The determinations were conducted as described above. 

The result was as follows: 

I free to move about for a week, Left 3.400, Right 3.460 

Il locked up for two weeks, A eye; 4° soa 

It (5 peen streem; 0 en BSA 

The values are expressed in mgrms. kreatinin per 1 grm. muscle. 

They tally satisfactorily with the average amount found in cats 

examined before. The quantity of kreatin in the muscles had not 

decreased after the animals had been confined to a narrow space 

for a couple of weeks. 

This however did not disprove our hypothesis conclusively. One 

factor had been left out of calculation, which might perhaps be of 

prime importance, viz. the temperature of the surroundings of the 

cat. The cat first examined, whose left foreleg had been deprived 

of tonus, had been living in the hutch in the first half of September. 

The huteh had been deposited in a partition of the basement of the 

laboratory, of which the window was shut during the night, but 

was kept open all day. The temperature, therefore, did not differ 

much from that of the outside air. The second experiment, that 

upon the normal cats, was carried out in October, when the air was 

rather cooler. The readings, of the Meteorglogical Institute at De Bilt, 

recorded the mean temperature of 15°.5 C. (max. 19°.5 — min. 9° C.) 

from 1—20 Sept. 1915, whereas that of October was 8° C. (max. 

12° — min. 4° C.). Now it is well-known, and it has been proved 

by Prrücer’s extensive researches upon animals, that, as soon as 

there is any danger of cooling, the organism of homoiothermic 

animals is apt to make up for the fall of body-temperature by a 

corresponding rise of heat-production, as effected involuntarily by a 

higher metabolism in the muscles. Since visible movements, alternate 

contraction of various muscles, need not come into play here at all, 

it is not altogether improbable that an exalted muscular tonicity has 

something to do with it. We now had to ascertain whether the 

amount of kreatin in the muscles keeps constant, if not only the 

animal is limited in its movements, but also the heat production 

is not exalted by the surroundings. 

The experiment was, therefore, repeated. The room was heated 

by means of a gas-stove and adequately ventilated through an open 

window the whole day. 
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The temperature of the room was now maintained at about 15° C. 

night and day. One cat was walking freely about the room; the 

other animals were locked up in the hutches for some time. When 

„a cat was killed an estimation was made in the usual way of the 

amount of kreatin (expressed as an amount of kreatinin) in the right 

and the left triceps brachii. 

The results were the following : 

IV. moving about 10 days, Left 3.548, Right 3.282 mer. 

V. locked up 1 week, eel) eer OON oe 

VI. - » 2 weeks, eo oS. eee 22902) 

VII. 7 EET oO eee EO 

VIII. 5 eee oy 2800, 2.040) %, 

It being obvious, then, that the enforced rest, at least after the 

lapse of a fortnight resulted in a fall of the amount of kreatin, one 

of the cats of which the amount of kreatin might be supposed to 

have been reduced in consequence of its having been in the hutch 

for two weeks, was set free, in order to see whether unrestrained 

movement would raise the amount to its normal degree. When the 

animal had been walking about for nine days in the room maintained 

at 15° C., it was killed. An investigation of the left and the right 

triceps brachii yielded the following results: 

IX. Left 3.620, Right 3.680 mer. 

Three more cats were examined. They had been living in the 

hutehes, while the temperature of the room had been maintained 

at += 23°C. The health of the animals was normal also at this 

temperature. In each case the body-weight had augmented. 
We found: 

X. locked up 2 weeks, Left 2.900, Right 2.990 mer. 

XL ; 3 en 26108” Ut OIO LTE 

yy em dan iy 2.530 eee 20 w 
from which we see that the content of kreatin, obtained from the 

muscles of cats that had been living in a hutch for some time, at 

a constant temperature, was on an average: (Left): 2.879, (Right): 

2.836 mgr. kreatinin, while the muscles of the cats that had been 

walking about, or had been locked up in a narrow space at a low 

temperature of the outside air yielded the averages: Left: 3.520 

and Right: 3.506 mgr. of kreatinin per gram muscle. 

These means, derived from 5 cases (I, Hl, HI, IV and IX) differ 

very little indeed from the average 3.397, which we found previ- 

co 

ously in 5 other cases. 
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We wish to point out also that, taking into account the inevitable 

sources of experimental errors, we see a striking concordance in 

the results regarding respectively the left and the right triceps of 

the same animal. Only in ease VI there, was a marked difference; 

it should not be forgotten, however, that in this case we had to do 

with a cat that had been under the unfavourable influence of con- 

finement. 

We venture to assume that the observations communicated above 

confirm our previous hypothesis based on various experiments, viz: 

whereas a rapid contraction of the muscle is accompanied by a 

metabolic change of non-nitrogenous substances, with another action 

of the muscle fibres, the tonus, nitrogen-containing substances are 

katabolized, from which material kreatin originates. 

Physics. — “On the second virial coefficient for rigid spherical 

molecules carrying quadruplets’. By Dr. W. H. Kersom and 

Miss C. van Leeuwen. Supplement N°. 39¢ to the Commu- 

nications from tie Physical Laboratory at Leiden. (Commu- 

nicated by Prof. H. KAMERLINGH ONNES). 

(Communicated in the meeting of March 25, 1916). 

§ i. In Suppl. N°. 39¢ (Sept. °15) formulae were given which 

make it possible to develop into a series of ascending powers of 

Tt the second virial coefficient for rigid spherical quadruplets (mole- 

cules whose mutual attraction is equivalent to that of zonal quadru- 

plets placed at their centre). Of this series, which at the lower tem- 

peratures is but slowly convergent, a number of terms was calculated 

such, that the virial coefficient under consideration (4) could be 

derived with an accuracy of about 1°/, (of B) for temperatures 

down to °/, Tj» (oo). Subsequently these results were compared with 

the experimental data concerning hydrogen, down to about 150° K. 

We have now calculated some more terms of the series, so that 

it can now be used down to about '/, Tino(z=o), or for hydrogen 

down to about 96° K, with an accuracy which can be put at 1°/, 

of B. The whole region above the Boye point is therefore included. 

$ 2. Adding the new terms to those of equation (18) of Suppl. 

N°. 39 we obtain '): 

1) For the notation we refer to Suppl. N°. 39a. 
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B—=tn.4a0?{1—1.0667 (hv)? + 0.1741 (Av)? — 

— 0.4738 (Av)? + 0.6252 (hv)? — 0.2360 (hv)® + 0.1355 (hv)? — 

— 0.1019 (hv)§ + 0.05934 (Av)? — 0.08579 (Av)? + 0.01910 (Av)? — 

— 0.00993 (hv)? + [0.0048 (hv)'* — 0.0022 (hv)4] 4.6 (1) 

The coefficients as far as that of (Av)? were calculated with the 

aid of the formulae given in Suppl. N°. 39a. Those of (Av)? and 

(hv)'* are only preliminary values, and are therefore placed between 

square brackets. As a matter of fact we found in calculating the 

preceding coefficients that the ratio of the whole coefficient to the 

sum of the two largest terms of which it is built up according to 

equation (11) of Suppl. N°. 39a, was only changing very little. For 

the coefficients of (hr)* to (hv)? this ratio amounts to: 1.287, 1.289, 

1.275, 1.277 respectively. Accordingly for the coefficients of (hv)'* 

and (hv)* we assumed a ratio of 1.275. The calculation of the sum 

of the two largest terms, which are furnished by the first two terms 

of equation (11) of Suppl. N°. 39a, may be shortened appreciably 

by making use of the formula : 

1 

6(n—-1) 

[A,"| being derived from [A‚*-!] with the aid of equation (15) of 

Suppl. N°. 39a. 

By the addition of the new terms equation (20) of Suppl. N°. 39a 

[42 Bo] = (APIs aie le 48) 

becomes: 

B= Be 1 - 0,8539 Ce + 0,03327 ta —0,05215 ts + 

+- 0,03964 f—5 —0,00862 r—§ + 0,00285 ¢—7 — 
“nv. inv. ib. 

— 0,00123 ¢-8 4 0.000414 1-9 —0.000147 t—10 + 
inv. mr.) ) (¢nv.) 

4- 0,0000442 r—11—0,0000182 e-12 + 
(unv.) nv.) 

+ [0,0000037 t—'8_0,0000010 alken (5) 
me.) anw.) 5 

The last term in (3) becomes=7/,, 6, for tiny — 0.49. Down 

to that temperature we may put the aceuracy at 1°/, of B. 

To table I of Suppl. N°. 39a we can now add the following 
figures: (see table p. 1570). 

In calculating %/s, for the doublets equation (21) of Suppl. 

N°. 39a was supplemented by the term —0,0000123 tin) between 

the {}. 

It appears therefore, that the values of 8/,, for quadruplets and 

for doublets begin to diverge more and more below 0,75 Tire 
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between them. 
§ 3. Hydrogen. In Fig. 1 the experimental data concerning B for 

hydrogen (comp. Suppl. N°. 39a $ 5) are compared with the values 

calculated for quadruplets and for doublets. As before the different 

curves are made to agree at the inversion point for the JouLE-KELVIN 

effect at small densities. 
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At the lower temperatures the experimental values of B appear 
to lie between the curve for the quadruplets and that for the 

doublets*). This is (comp. $ 2) also the case with the curve which 

follows from the assumption CLacsits—Bertue.or (dotted curve in 

Fig. 1). For ascending values of 8/g. at equal 7/r, __, the 

order of succession is: doublets, CLavstus—Bertxetor, hydrogen, 

quadruplets. 

§ 4. The Borre-point. For the ratio of the temperature Ta, of 

the BoyLe-point (at which 4—0), to that of the inversion point for 

the JouLe—KeE vin-effect at small densities we obtain: 

TB [Tia e=0 

ay and by, independent of temp. 0.5 

quadruplets 0.539 

hydrogen *) 0.552 

CLatsius—BERTHELOT 0.577 

doublets 0.592 

In these figures the same order of succession appears as that 

mentioned in § 3. 

Anatomy. — “The jissura simialis in embryos of semnopithect’. 
By Dr. D. J. Httsnorr Por. (Communicated by Prof. 

C. WINKLER.) 

(Communicated in the meeting of February 26, 1916). 

The interpretation of what is meant by the ape-fissure has often 

changed in the course of years, however, the sulci interparietalis *) 

(J+ e), parieto-occipitalis lateralis (m + m’) and parieto-occipitalis 

medialis (77), have always played an important part in it. 

Frarrav and JacoBson *) thought the apefissure (fissura simialis) 

to be identical with the suleus parieto-occipitalis lateralis (m —+ m’) 

and called it the most characteristic in the ape brain. It should 

1) In the series of values of B given by Kamertincn Onnes and Braak that for 
t = — 139.859 (f(inv) = 0.685) forms the only exception to this rule. 

2) TB = 107.4 according to KAMERLINGH ONNEs and BRAAK, Comm. NO, 100a § 22. 

Tinv (p=0) = 194.5 according to Suppl. N°. 39a § 5. 

8) In the nomenclature I followed, after KoHLBRUGGE and Bork, the one used 

by KiicKENTHAL and ZIEHEN. In KOHLBRUGGE’s reference “Die Variationen” etc. 
Zeitschrift fiir Morph. u. Anthr. Bd. VJ, 1903, the whole nemenclature is given. 

4) Frarau u. JacoBson. Handbuch der Anatomie und vergl. Anat. des Centr. 
Nervensyst. der Säugethiere. Berlin 1899. 
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separate the parietal from the occipital part, should slightly cut into 

the mesial brain mantle and should go lateralwards nearly unto 

the edge of the hemisphere. 

Where this suleus approaches the medial-edge it is divided dicho- 

tomieally into two parts, thus giving an opportunity to form the ‘‘premier 

pli de passage interne supérieur” of GratioLer. Nasal of this dicho- 

tomic division one finds in their drawing (Plate II fig. 2 sub 16) 

the sule. parieto-oec. med. (w), which does not cut into the lateral 

face. Accordingly they do not bring this w suleus in connection 

with the ape fissure. 

CUNNINGHAM *) on the other hand thinks this suleus principally 

formed by the sule. parieto-occ. med. (w), whilst KükeNruar and 

ZivHEN *) deem it necessary that the different sulei / + e + m + im’) 

together help to compose the ape-fissure. 

Nevertheless these last investigators were those who first of all 

considered the fissura simialis (their A suleus) to be taken for a 

separate sulcus. 
Kon.prucer*) however points out, that the last investigators were 

not always consistent in their description of the A sulcus (ape 

fissure) as they regarded this suleus alternately to be equal with 

the w or the 7 + m’ sulcus. 

Thanks to Konisrucce *) a clear differentiation has been made 

between the fissura simialis and the three already often mentioned sulci. 

On page 241 he explains his point of view and writes: “Wenn 

ein Teil der Gehirnobertliiche sich in die Tiefe sänkt, muss ein 

grosser Spalt entstehen; in diesem Falle wird dann der Spalt durch 

das sich stärker entwickelnde Operculum bedeckt”. 

KourBrvaer therefore thinks, that a deep furrow is formed, and 

according to the comparison which follows what precedes, it should 

occur in the same way as with the Fossa-SyLvu, and so, secon- 

darily be covered by an operculum. 

Kontpruece therefore accepts primarily a curving of the brain 

matter and secondarily the forming of an operculum over the deep 

furrow, which is the result of it. 

Also concerning the relation between sulc. interparietalis (/ + ¢) 

and sule. parieto-oce. lat (me Hmm’) he shares the view of KükENTHAL 

and Zurn. On page 222 he objects to the conception of CUNNINGHAM, 

that the m suleus could be interpreted as: “the incision which 

1) KontpruaGe: Die Variationen an den Grosshirnfurchen der Affen u, s. w, 

Zeitschrift f. Morph. u. Anthr. Bd. VI, 1903. S. 242. 

2) Id. P. 217. 

8) Id. P. 240. 



is made in the upper margin of the hemispheres by the internal 

parieto-occipital fissure’. This objection to CuNNINGHAM’s opinion 

is absolutely right. On the other hand when KorLBRUGGE writes 

on page 223: “Darum soll man nur auf die Worte Zirney’s 

achten, dass m weder mit dem s. interparietalis noch mit der 

Fissura par. occ. medialis etwas zu schaffen habe”, he is wrong. 

We shall see later on, that the s. interparietalis and s. par. oce. 

lateralis, begin as one single fissure, so that the conception of 

CUNNINGHAM as well as that of KükENTHAT-ZiEHEN and KOHLBRUGGE 

are wrong. Also the opinion that the ape fissure begins as a fossa, 

has to be corrected. 

Working out the material’) which was at my disposal, I thought 

it useful to try to solve three yet unanswered questions. 

The first is whether the ape fissure is formed during the foetal 

life or after it. The second in what manner it commences, the 

third, where the fissura simialis has to be sought. 

Concerning the first question, it is known that the ape fissure in 

the majority of the lower primates, in the adult state, exists, but 

can be missing in a large number of cases. 

The ape-fissure too is not always equally well developed. At one 

time the whole arcus parieto-occipitalis is lost in it, at another the 

latter remains for a large part on the surface. 

In what period of life the fissura 

simialis is formed, is, as far as I 

know, not yet defined. 

The embryonic material will parti- 

ally solve this question. 

Figure I represents the brain of an 

embryo of 24 em. *) length, by a weight 

of 255 grams. In fig. Il the unborn 

monkey weighed 322 grams and mea- 

sured 25 em. In fig. HI the numbers 

were respectively 26 em. and 341 

grams. 

Knowing the length of a newly 

born semnopithecus maurus to be 

1) The material of the semnopithecus maurus embryo I had the good oppor- 

tunity to gather during the last years of my stay in Lawang (E. Java), in the 

woods on ‘the slopes of the Tenger mountains. 

*) The length is measured from the middle of the head to the commencement 

of the tail. 

1O1* 



27 em. with a weight of 890 grams, the three above-mentioned 

embryos belong to the last foetal period. 

Now one sees in fig. I the suleus interparietalis (/ + e) run into 

a large crossfurrow, in which the caudal part of the arcus parieto- 

occipitalis is nearly almost submerged, whilst the incisura par. oce. 

(w) has not wholly disappeared in its depth. According to the usual 

terminology this eross-furrow (A) which contains only a part of the 

“pli de passage”, should be called an incomplete ape-fissure. 

In fig. 2 we see, that the suleus interparietalis (/ + e) runs into a 

cross-furrow (/) and that the arcus parieto-oce. has totally dis- 

appeared. The A fissure in this monkey-embryo therefore is a com- 

plete developed suleus simialis. 

Fig. 2. Fig. 3. 

Fig. 3 demonstrates a totally different aspect. Here too the sulcus 

interparietalis (J++ e) is clearly visible. In this case however it runs 

into a furrow, which also, as in fig. 2 and fig. 1 crosses the 

surface of the brain (m-m’), but in reverse of the latter, does not 

cut the edge of the mantle. It is separated by a well-developed 

gyrus. Moreover it is seen, that the incisura par. occ. med. (w) is not 

only totally visible, but also that the areus parieto-occ. (the gyrus 

around the fissure) is lying totally on the surface. 

Operculisation kas not taken place here, so that the furrow in 

which the suleus interparietalis runs is not the ape fissure, but it 

is the suleus par. oce. lat. (mm + m’). A fissura simialis does not 

appear in this embryo. 

We may therefore conclude from these three embryonic ape-brains, 

that the ape-fissure can completely develop during foetal life (fig. 2), 

but also that in other specimens its total absence can be stated. The 
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formation of the fissura simialis therefore is, what on the other 

hand was already known, far from constant. With regard to what 

the second question to be answered is going to teach us, however, 

it is desirable to draw once more special attention to it. 

From the fact that the ape-fissure can completely develop during 

foetal life, it may indeed not be concluded, that its development, after 

birth is absolutely excluded. But when one knows, that exactly 

the same image which is found in these embryos, is also seen in 

adult specimens and when we shall demonstrate afterwards, that 

the ape-fissure develops into a period, in which the pallium has not 

by far reached its full growth and therefore is still relatively easy 

to alter, in order to form new sulci, then I feel I am right to come 

to the conclusion, that the development of the ape-fissure under normal 

circumstances, always takes place in foetal life. 

The second question, which has to be answered is: how is the 

ape-fissure formed ? 

From the embryonic brains, which 

I collected, it is proved, that for the 

first time in a semnopithecus of 13,5 

cm. by a weight of 64 er. (fig. 4) the 

formation of sulei on the occipital 

brain part is just visible. 

One sees on the lower surface, 

near the bony edge of the skull, the 

fissura Sylvii GS). which arises in an 

earlier foetal period. More caudally a 

furrow appears, demonstrable by a 

Fig. 4 slight incision (a), i.e. the suleus tempo- 

ralis superior s. paralella. 

Above the latter suleus one finds the first indication of a furrow, 

ie. a half. circular suleus (/ + ©), which continues frontally some- 

what further than the end of the fissura silvii and caudally to 

past the s. temporalis. It bends round it and continues caudally 

even rather far downwards (m). 

From what one sees in fig. 5 and 6, it may be derived that this 

half-cireular furrow, which is still very superficial, is the preliminary 

suleus interparietalis (/+e), united to the lateral part (7) of the 

sulcus parieto. occ. lateralis. 

Medially from the last part m, one finds on the brain-surface an 

incision, which is going to develop later on as the medial half (m’) 

of the s. par. occ. lat. 
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If one looks at fig. 5 (length of the embryo 15 em., weight 112 

gr.) then ‘theSlabove-mentioned *fissures@can3be plainly distinguished 

from their surrounding. 

The s. interparietalis has become a deep large furrow, which can 

also be said of the lateral part (m) of the s. par. oce. lat. The 

difference between fig. 4 and 5 therefore is, that on 4 only the 

medial part (m’) of the s. par. occ. lat. has developed into a deep 

fissure, and the rest (lem) is but indicated, while on 5 the whole 

of the /+e+m-+m’ has become a deep fissure. 

Moreover it is proved by the figure that medially from m’ a wall 

is beginning to develop (at the right marked by +), which separates 

m’ from the medial edge. 

If one draws the hemispheres carefully apart, then one finds on 

the mesial face, in the depth, inferior-posteriorly from the splenium 

corporis callosi, a starlike fissure i.e. the union of the fissura cal- 

carina and a superficial small furrow, the s. par. occ. med. 

In fig. 5 therefore it is proved that the sulci interparietalis and 

parieto. occ. lateralis, commence as one furrow and are totally 

separated from the sule. par. oce. medialis. 

Still more distinetly this is proved in fig. 6 (embryo length of 

18 em, weight 172 ger), where the deep incision has developed 

into a suleus. One sees clearly the suleus interparietalis (/ + e) 

‘which forms a whole with the s. par. oce. lat. (m + m'). The s. 

par. occ. med. (w) too is strongly developed and appears on the 

lateral surface as an incisure (7). 

The three sulci, which have so often been brought in relation 

with the ape-fissure, are found here by the side of each other, 

ie. the He, the m + m* and the w sulcus. 
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The conclusion, to which we now may come, is therefore: 

1. that, up to this period of development, there is no question 

of an ape-fissure ; 

2. that, as I already mentioned previously, in opposition to the 

opinion of KükeNTHAL, Zieuen and KonrBrueer, the sulci inter- 

parietalis (/ + e) and par. oee. lat. (m + m?) commence as one single 

furrow. 

If one looks attentively at fig. 6, then it is proved that on the 

whole of the brain the lips of the sulci lie closed against each other, 

except those, belonging to the s. parieto oce./ lateralis (mm —- mn’) 

which are totally rounded, which can be caused by the greater 

development of the hind-lips, and when they are higher raised. 

Fig. 7 (embryo length 19,5 cm., weight 189 gr.) is of much 

importance to us. We here see again, that the hindlip of the s. 

parieto-oce. lat., protudes still more; moreover that in the posterior 

part of the arcus par. oce. a curve appears, (to the right distinetly 

visible at +). The commencement therefore of the ape-fissure. 

By fig. 8 (embryo length 23,5 em., weight 251 gr.) the ape-fissure 

is still more developed. Where it is opened at the left side, one 

distinctly sees that it represents a furrow. At the right side I opened 

the fissura simialis somewhat more and two important things are 

seen in it. First that the 7 + m' furrow lie for the greater part 

totally superficially and that the m* suleus is still separated by a 

thin convolution from the medial face. Secondly it is seen that the 

posterior part of the arcus par. oec. (1st pli de passage of GRATIOLET) 

is pushed into the depth (0), but that it is still totally intact. The 

anterior part of the arcus still lies on the surface (00). The only 

difference between fig. 7 and 8 is therefore that the posterior part 

of the arcus, inclusive the incisure, has penetrated further to the 
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depth in 8 than in fig. 7. The ape-fissure which is more developed, 

therefore, as is shown, does not run along the whole of the 

suleus parieto-oce. lat. (m + m’), but it continues along m, further 

along that part of the arcus par. oee. (o) which is pushed downwards, 

and along the incisura par. oee. towards the medial face of the brain. 

A further period of development, which I will demonstrate more 

conveniently on a newly born monkey, fig. 9 (length 27 cm. weight 

330 er), teaches us what follows: 

On the right hemisphere, where the two walls have been drawn 

aside, we see in the depth, that in the posterior part of the arcus 

parieto-oce., i.e. the pli de passage, a change has begun, because it 

is, as it were, divided into two portions, each part respectively 

marked by + and o. 

Fig. 9. 

Between them one sees a dark small furrow, which on further 

opening of the ape-fissure, proves to be nothing else than a deep 

curvature. Moreover the m + m’ sulcus, which is totally removed to 

the bottom is invisible. Whilst we can still see it on fig. 8, lying 

on the posterior lip of the ape-fissure, it is now totally pushed to 

the bottom of the sulcus on fig. 9. 

Fig. 10, taken from an adult macacus cynomolgus, shows us a 

distinct aspect of a well-developed ape-fissure. On the right one 

clearly sees this suleus passing from the medial to the lateral surface. 

On the left the operculum is excised and one looks upon the front 

face of the ape-fissure. The incisura par. oce. (w) runs obviously in 
the ape-fissure. The sulcus interparietalis (/ + e) on the parietal sur- 

face too continues in the anterior part of the ape-tissure. The mm’ 
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suleus, the caudal part therefore of the s: interparietalis, is found 

back on the bottom of the ape-fissure. This aspect in a brain of a 

macacus, totally agrees with that, which KonLBruGGe (le) reproduces 

in fig. 1, plate V of a semnopithecus maurus. 

The figures 4 to 10 give us a view of the way-in which the 

ape-fissure is developed. 

When the different stages are combined to a whole, the following 

ensues: 

In the embryonal life of the semnopithecus maurus, the principal 

fissures in the first place are formed on the surface of the pallium. 

After that there are two possibilities. Either the lobus occipitalis 

grows further in the same tempo as the lobus parietalis, in which 

case no ape-fissure is formed (fig. 3) or the development of the 

occipital part takes a quicker tempo’), and then the ape-fissure 

indeed is formed. 
In this case one sees in first instance (fig. 6) that the hind lip 

of the suleus parieto-oce. lat. protrudes over the frontlip. If the 

extent of the occipital part still angments, then this posterior part, 

finding no way-out, will grow over the parietal part, lying in front 

of it, pressing this downwards. 

The bridging convolution between the parietal and occipital part, 

being between them, is bent down. (fig. 7). If the process develops 

further, then this bridging convolution will be pushed still more 

into the depth while the s. par. oee. lat. (m—+ m’) is still found on 

the surface (fig. 8). If the occipital part becomes larger, then conse- 

quently, also the preceding parietal part will be pushed downwards 

in the furrow it makes. In this case the m + in’ suleus and a part 

of the w sulcus (the incisure), will no longer remain on the 

surface, but will be found on the frontal lip of the ape-tissure, which 

has been formed (fig. 9). The examination of adult monkey-brains 

has gtaught that the development of the ape-fissure in this period 

can come to a stop, in which case one speaks of an imcomplete 

ape-fissure, because still a part of the bridging convolution (near 2) 

is found on the surface (fig. 1 and 9). If the occipital pole enlarges 

still more, then the preceding parietal part will be pushed still more 

downwards and the entire arcus par. occ. disappears. In this last 

case one finds therefore the incisura par. occ. as well as the sulci 

interparietalis (/-++ e) and par. occ. lat. (m + m’) in the frontal lip 

of the ape-fissure (fig. 10 on the left). One speaks in that ease of 

a complete ape-fissure (fig. 2 and 10). 

Is the meaning right, that the ape-fissure develops through the 
1) This possibility has already been suggested by KoHLBRUGGE on p. 243. 
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enlargement of the occipital part, then the nomenclature of incom- 

plete and complete ape-fissure is of course irrational, as the ape- 

fissure itself, in that case, is totally secondary, depending on the 

enlargement of the occipital lobe. It is however advantageous 

to keep to these names, if one wants to point out whether a smaller 

or a larger part of the first pli de passage is pushed downwards. 

But one should be- aware of the fact that the cause of the ape- 

fissure bas to be lookedf or in an enlarged growth of the occipital lobe. 

I repeat here onee more with emphasis, that if the development 

of the parietal and occipital lobes takes place regularly, there is no 

question of the formation of the ape-fissure. For that reason, although 

it is often done, the fissura simialis can never be compared with 

the fissura sylvii. The latter, it must be said, develops secondarily, 

but the formation of the insula is a normal thing. The fissura sylvit 

therefore belongs to the constant sulci, while the ape-fissure has to 

be reckoned to the inconstant ones. 

Further it is distinetly proved by the different periods of develop- 

ment, that a primary cavity as is supposed by Koniprucer, which 

is secondarily opereulized by the surrounding matter cannot be ex- 

pected. Just the reverse has to be expected, that is to say, oper- 

culisation as a primary process, the ape-fissure as the result of it, 

therefore secondarily formed. 

The third question, which | have put to myself, is this: where, 

on which spot, is the ape-fissure formed? 

This question is of importance, because several investigators in 

their description of the fissura simialis, have always tried to prove 

its existence, e.g. through its place in regard to the other sulei. It 

is therefore of much importance to see whether this place is so 

constant, that it may be expected as a proof, that a certain sulcus 

is the ape-fissure, or not. 

We shall see, that this view is only partly See and has given 

rise to a great number of mistakes. 

When I in first instance take the semnopitheci, then we know 

that the occipital part is separated from the parietal by a cross- 

furrow, the suleus par. oce. lat. me Jm’ (fig. 6 and 7). 

If the lobus occipitalis develops very strongly and tries to oper- 

culize the preceding part, then it is natural. that it takes place in 

the neighbourhood of the 7 + m’ suleus. The surface of the brain 

has there, through this suleus, a cross furrow and therefore on that 

spot becomes a locus minoris resistentiae, and thus it is predisposed 

to be bent in and to be pushed downwards. 
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We may therefore say, that with all semnopitheci and related 

monkeys, which have on the posterior pole only one large, well- 

developed cross-suleus (the mm + m’ suleus) this place is predisposed 

to form the ape-fissure. 

However from this cannot be concluded that under all circumstances, 

exactly the same part of the brain surface will be pushed downwards. 

On the contrary, we shall directly see, that important differences occur. 

For instance, if we look at fig. 11. The / + e + mm + m’ sulei 

are drawn. The front and hindlip are visible. The frontlip belongs 

to the parietal lobe, the hindlip to the occipital lobe. More caudally 

front face 

furrow, tiie later 
fis. simialis. 

dccip. pool 

Fig. 11. 
voorlip = front lip, achterlip = hind lip, 

pool = pole 

the occipital pole appears. Suppose we take the centre of the greatest 

growth lying far back, to say near --. 

If this hind part enlarges greatly, then there will appear just in 

front of it a furrow, the later fissura simialis, e.g. on the level of 

the dotted line. 
All that is lying in front will be placed on the anterior surface 

of the ape fissure. All that is lying 

behind it, will be found onits posterior 

surface. 

This aspect is demonstrated, accord- 

ing to the description of most of the 

investigators, in the largest number 

of cases e. g.: ZUCKERKANDL. 

If one severs the hind surface 

(the operculum) of the ape-fissure, 

indeed the caudal part of / He (s. 

interparietalis) and 7 + m’ (fig. 12) 

ZUCKERKANDL. appear on the front surface. 

Fig. 12. One sees therefore that what I 
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deseribed in fig. 11 is found back in ZvekeRrKANDI’s drawing. From 

this may be concluded, that in all these cases the curved line was 

located behind the s. parieto-oce. lat. (m-+ m’) on the occipital 

surface. The result of this again is, that on the front surface 

of the ape-fissure two different parts of our brain-mantle are 

found, i.e. anterior to the suleus 7 + m’ the parietal, posterior 

to it the occipital surface. 

What is indicated on fig. 12") with 1 and 2, lying behind the 

s. par. oec. lat belongs all to the occipita! face, and has been lying 
primary on its surface. 

A totally opposite aspect is shown to us in fig. 18. In this case 

it is assumed that the centre of greater growth is not lying on the 

occipital pole, but more to the front, e.g. next to the hind lip of 

m+ m’, near +. 

The curved line is naturally located much more in front (dotted 

line) and therefore the ape-fissure will be formed anteriorly of the 

suleus 7 + m’. The direct result of this is, that the caudal part of 

the /+ e (s. interpar.) and also the mm + m’ will not be lying on 

the front face of the ape-fissure, but on the hind face of it. 

Yanterio surface cf the ape-fissure. 

Curved line ape-flssure. 

ant} Posterior surface of the ape-fissure. 
J 

voorlip = front lip, achterlip = hind lip, 

pool = pole. 

Fig. 13. 

That this conception is not purely theoretical, bui reflects reality 

is demonstrated in fig. 14, taken from the paper of ZUCKERKANDL 

in which we clearly see, that the 7+ e suleus (@ on (fig. 14) 

1) I added the letters 7-+-e and m+ 1m! to the figure. 



15835 

crosses the bottom of the ape-fissure 

and continues on the hind surface. 

The difference between fig. 12 and 

14 is distinct and speaks for itself. 

KOHLBRUGGE too has seen the conti- 

nuation of sulci on the hind surface 

of the ape-fissure, and on page 223 

he writes: “dann sieht man wie die 

m Furehe schräg in das Operculum 

einschneidet”. On page 221 he also 

points out, that the first “pli de 

passage” can continue on the oper- 
Fig. 14. 

culum. 

Fig 13 demonstrates to us just the reverse of that which is 

found on fig. 11, i.e. that a part — the caudal part through the 

parietal lobe — is found on 13 on the kind surface, on the other 

hand on 11 on the front surface of the ape-fissure. 

Between these forms naturally there exist all sorts of transitions. 

E.g. fig. 10 of my collection shows likewise a macacus in the 

intermedial state of development in which the m + m’ suleus lies 

on the same level as the bottom of the ape-fissure. The front 

surface is totally formed by the parietal, the hind surface by the 

occipital lobe. 

The examples, which 1 gave, prove that although in monkeys of 

the same sort, with a well-developed m +m’ sulcus, the ape-fissure 

may be formed on that spot, yet by no means always the same part 

of the brain-mantle is pushed downwards. 

If we accept the consequences of this latter, then we must accept, 

that when in other monkey species the relations alter, then too 

the ape-fissure can be formed at other places. 

If my conception in this case is right, then this above-mentioned 

has to be proved by investigations of others. 

Van VALKENBURG*) Communicates, that in some platyrrhines (ateles) 

the S-interparietalis ends in a T piece, possibly therefore the m + m’ 

suleus and that this piece does not end in, but before a sulcus, 

which he and others take for the ape-fissure. This sulcus has a 

type. differing from that in semnopitheci, macaci and others, as 

the sulcus interparietalis is yet present, but does not end in the ape- 

fissure. Var VALKENBURG moreover points out, that although this 

1) Van VALKENBURG, On the appearance of the ape-fissure in man. Communi- 

action Royal Academy of Science 19 Febr. 1913. 
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suleus no doubt has to be interpreted as a suleus simialis, yet no 
operculising is found. 

Here we see a sulcus, crossing the lobus occipitalis, which for 

the greater part does not reach. the medial edge, in which no sulei 

end, in which no operculising is found, but which, notwithstanding 

all this, yet should be an ape-fissure. 

This proves most clearly that in ateles, which belong to quite 

another family than the catarrhini, the ape-fissure is represented in 

a totally different manner. 

In Nyeticebus tardigradus again the ape-fissure demonstrates itself 

in another form. 

3RODMANN *), who describes the brain of this monkey, points out, 

that in contrast to others, he found in a specimen which he examined, 

a furrow that could be nothing else but the ape-tissure (pg. 327). 

In this monkey the suleus interparietalis was missing, and the 

ape-fissure appeared as a cross-suleus over the posterior part of the 

brain-surface. In this case there should be an ape-fissure, even 

without the sulei which in the semnopitheci enter into it, and which 

are found there on the brain surface. 

Therefore this case too proves, that the appearance of a sulcus 

simialis is totally independent of whether certain sulci are present or 

not on the brain-surface. 

In short I may say, that although the ape-fissure in certain species 
may be found at the same place, this place in different species can 
change. 

COUN Ca Ursa O UN: 

1. The sulci interparietalis (/ + e) and parieto-occipitalis-lateralis 

(m+ m') appear in foetal life as one sulcus. 

2. The ape-fissure only appears after the other principal fissures 

have been formed. 

3. If a smaller or larger part of the lobus occipitalis develops more 

strongly than the preceding part, through which the latter is pushed 

downwards, then a suleus appears; the ape-fissure or fissura simialis. 

4 The operculum occipitale therefore is primary, the sulcus 

secundary. 

5. If the development of the lobi takes place proportionally, in 

which case the occipital part does not develop quicker than the 

1) BRODMANN, Beitrage zur histologische Lokalisation der Grosshirnrinde. V. 
Journ, f. Prych. u. Neurol. Bd. VI, S. 296. 
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frontal part and therefore does not form an operculum, then no 

formation of an ape-fissure occurs. 

6. The ape-fissure is a secondary furrow, which cannot be placed 

on the same line with the development of other sulei. 

7. The ape-fissure, under normal circumstances is formed during 

foetal life. 

8. The ape-fissure will be formed in monkeys of the same 

species nearly always at the same place. In the different monkey 

species, provided that they are not in close relation, they will be 

formed in differents places. 
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Physiology. — “A study of the heartmuscle according to the 

pharmaco-physiological method.” By Dr. S. pr Borr. (Com- 

municated by Prof. G. van RIJNBERK). 

(Communicated in the meeting of March 25, 1916). 

Introduction. When studying the function of the heart we can 

do so in the first place according to the usual physiological methods. 

In the second place we can examine the heart according to the phar- 

macological method by making poisons exert influence upon it. We 

derive the knowledge of the disturbances of the heart-rhythm espe- 

cially from the use of such poisons as incite the heart-muscle to 

greater activity, consequently the poisons of the groups digitalis, 

antiarine and veratrine. All these poisons, if not applied in too great 

a dose, cause an increase of the dimension of the systoles, after 

which suddenly halving of rhythm can occur. This was shown by 

Borum (1) for digitalis, by v. Brzor.p and Hirt (2) and also by 

Boerum for veratrine, by HepBom (4) and Straus (5) for antiarine. 

This halving of the rhythm was caused by an increase of the dura- 

tion of the refractory period and at the same time of the a-v-interval. 

It took first place at the ventricle and afterwards at the auricle. 

At last the heart stood still in maximal systole. I refer for my own 

investigations into the modifications of the heart-rhythm to the list 

of literature at the conclusion of this communication (6, 7, 

and 8). 

Besides these physiological and pharmacological methods the com- 

bined pharmaco-physiological method can, in my opinion, be of 

great use for the study of the general physiology of the heart. I 

understand by this the application of tbe usual physiological methods 

to the poisoned heart, in consequence of which the irritability, 

conductivity and contractility have changed. I applied this method 

already previously, when by refrigeration of the sinus venosis I 

reduced the ventricle of a frog’s heart, pulsating, after being poisoned 

with veratrine, in the halved ventricle-rhythm, to the normal rhythm. 

At the same time I made some investigations into frog’s hearts 

poisoned with veratrine by means of extra-stimulation. In this way 

I could reduce a ventricle, pulsating in the halved rhythm, to the 

normal twice as rapid rhythm, by an extra-stimulation at the end 

of the diastole. I have now systematically applied this method, i.e. 

the application of extra-stimulations during the different time-moments 

of the heart-period of hearts poisoned with veratrine, and obtained 

in this way a rich material of curves. I arranged my experiments, 
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as I described already previously, and irritated by means of opening- 

induction strokes (movement of the signal upward) whilst the closing 

strokes were blended. 

Every frog’s heart was examined before the injection of veratrine 

by extra-stimulation, whilst after the poisoning this method was 

continued for a few hours. The number of experiments made in 

this way amounts to more than 200. 

|L. Eextra-stimulation of the heartpoint. 

I succeeded in bringing about artificially by extra-stimulations 

the modifications of rhythm, occurring spontaneously, previously 

described by me. As in these transitions the duration of the refract- 

ory-period plays an important part, it is of importance to know 

how it behaves after the poisoning. A great number of experiments 

made in this respect have taught, that its duration increases after 

poisoning with veratrine. I found even, at a certain stage of the 

poisoning before the halving of the ventricle-rhythm began, this 

ventricle refractory till far in the pause. After the halving the ven- 

tricle-muscle was then irritable again already during the diastole. 

This fact can only be explained, if we admit 2 components of the 

refractory stage after the poisoning. 

1. The periodical refractory-stage i.e. that part that is contributed 
during a special heart-period by the contraction of the ventricle- 

muscle during this heart-period. 

2. The residue refractory-stage; this second component is caused 

by the fact that, at the beginning of each systole, the heart-muscle 

is not entirely restored. 

The farther the poisoning advances, the more this 2"d component 

increases, till the halving of the ventricle-rhythm is completed. The 

latter occurs as soon as: 

the duration of the refractory-stage 
— surpasses 1. 

the duration of a sinus-period 

I called this the relative duration of the refractory-stage. 

As soon as the relative duration of the refractory stage is about 1, 

I can discretionatly modify the rhythm of the ventricle by an extra- 

stimulation. Every modification of rhythm that can occur spontane- 

ously, can also be obtained by means of an extra-stimulation. 

As an example of my material of curves the following experiment 
may serve. 

On the 30% of Aug. 1915 (curvesheet 60) I suspended a frog’s 

apex ventriculi in the way I described already. First I noted down 

about 100 systoles of the unpoisoned heart. By extra-stimulation of the 

102* 
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apex it was found to be perfectly. irritable during the entire diastole. 

Afterwards I injected 5 drops of a solution of veratrine 1°/, under 

the skin of the thigh. 

During the diastole the irritability gradually decreases, so that in 

the end, with an equal strength of the stimulation as before the 

injection, | ean only during the pause obtain extra-systoles which 

are much smaller than the systoles of the normal rhythm. The 

frequency of the systoles diminishes somewhat. About half an hour 

after the injection halving of the ventricle-rhythm begins. After the 

heart has executed a few  systoles in this halved rhythm, L apply 

an induction stroke at the end of the diastole. By this stroke the 

normal, twice as rapid rhythm is restored (vide fig. 1)*). This can 

be explained as follows. 

V 

Fig. 1. 

Whilst the ventricle is pulsating in the halved rhythm, the pauses 

between the ventricle-systoles have become much longer. This causes 

the residue refractory-stage to decrease, because the ventricle-muscle 

can better restore itself during the lengthened pauses. Yet the normal 

rhythm does not return, because the periodical refractory-stage has 

increased in duration. The lengthening of the periodical refractory- 

stage is a direet consequence of the enlargement of the systoles. 

The result is then, that the total refractory-stage has not yet diminished 

in duration, as long as the halving of the ventricle-rhythm lasts. 

Ll expressed this in a previous communication by observing, that the 

increase of size and duration of the systoles in the halved rhythm 

captivates the ventricle in its own rhythm. If now, at the end of 

the diastole, I apply an extra-stimulatlon (at QO) an extra-systole is 

caused, which is much smaller, because the pause that immediately 

1) All figures have been reduced. The figures 1 to 6 included, belonging to 

the same heart, have not been reduced in the same measure. The distance between 

the stimulation-signal and the time-signal, which is equal in the original rows of 

curves is unequal in these figures. This allows us to judge of thedifferent degrees 

of reduction. 
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precedes, is considerably reduced. Consequently the periodical refract- 

ory-stage of this extra-systole is much smaller than with the systoles 

of the halved rhythm. For that reason the total refractory-stage 

during this extra-period has become much shorter than during the 

periods of the halved rhythm. 

After this one preceding, shorter pause the residue refractory- 

stage has of course not yet strongly developed itself. It increases 

only by accumulation, when the ventricle has executed a few systoles 

in the normal rhythm. Consequently it is clear that the total refractory- 

stage during the extra-systole is shorter than during the systoles of the 

preceding halved rhythm. And therefore the next following normal 

“Krregung”’, coming from the auricle, causes a systole in the ventricle. 

But this systole is also again smaller under the influence of the preceding 

short pause, so that also after this systole the next following impulse 

coming from the auricle causes a systole of the ventricle. Thus the 

normal, twice as rapid rhythm continues, till, by increase of duration 

of the residue-refractory-stage, the total refractory-stage has been 

lengthened so much, that this rhythm can no longer be maintained. 

In our present case the normal rhythm continued during 16 systoles, 

and then changed into bigeminus-groups alternating with trigeminus 

ones. This bigeminy passes into the halved rhythm. By an induetion- 

stroke at the end of the diastole I convert this halved rhythm into 

bigeminy. When this bigeminy has lasted for about two minutes, I 

apply an extra-stimulation to the apex ventriculi just before the end 

of the diastole of the first large curve of a bigeminus-group (fig. 2) '). 

Fig. 2. 

The extra-systole that is oceasioned then, is a little smaller than 

a 2nd systole of the bigeminus-groups, and the pause after it is a 

little longer than the pauses between the bigeminus-groups. The 

next following systole is thereby somewhat enlarged, so that now 

the halved rhythm ensues. Now the total refractory period of each 

systole is of too long a duration for another systole to follow after 

it with the interval of the normal rhythm, as is the case with the 

1) In the figures 2, 4, 7 and 8 the signal-oscillation, indicating the stimulation 

is a little too small. By adding an arrow (f) I have i-dicated more exactly the 

moment, when the stimulation was applied. 
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bigeminus-groups. During this halved rhythm the total refractory 

period is thus of a longer duration than during each first systole 

of the bigeminus-groups. At the end of the diastole of the 4" curve 

in this halved rhythm I effect an extra-systole by an extra-stimulation 

(vide fig. 3 at Q). This extra-systole is followed by a normal 

Fig. 3. 

systole, but the then following impulse of the auricle, when reaching 

the ventricle, is not answered by the latter. 

The then following impulse occasions, it is true, again a ventricle- 

systole, but this systole is a little smaller and of shorter duration 

than the preceding systoles of the halved rhythm. The following 

auricle-curve descends a little deeper down from the top of the first 

systoles of the bigeminus-groups that are now following, than with 

the systoles of the halved rhythm. Consequently we have shortened 

the total refractory period of this ventricle-systole, compared with 

the duration of the refractory-periods of the halved rhythm. The 

consequence of this is that still another systole can follow, after 

which one ventricle-systole falls out, so that bigeminus-groups appear, 

among which occurs accidentally a trigeminus-group. If 1 had applied 

the extra-stimulation earlier in the diastole, the normal rhythm 

would have appeared. The extra-systole would then, proportionally 

to the greater diminution of the preceding interval, have been 

smaller, so that just as in fig. 1 the normal rhythm would have 

followed. This appears distinetly, if during the 6" group after the 

last of fig. 3 (vide fig. 4) | apply an extra-stimulation at an earlier 

Vig. 4. 

period of the diastole of the first curves of the bigeminus-group 

(at f). The extra-systole is then small, and the normal rhythm is 

restored, continues during 15 systoles, and changes then into some 

bigeminus-groups and afterwards into the halved rhythm. 
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Two groups previously I had applied an extra-stimulation a little 

later; the extra-systole is now larger, but the next systole is still 

larger, apparently, because the preceding a-v-interval has been 

lengthened, and consequently the systole occurs later (vide fig. 4). 

A more accurate mensuration shows us that in reality this systole 

begins at a later moment. This fact especially also counteracts 

the occurrence of the normal rhythm. 

When now the restored normal rhythm of fig. 4 has passed again 

into the halved rhythm, I execute here after the 6 systole of the 

halved rhythm a second method of converting from the halved rhythm 

into the normal one (vide fig. 5). 

Fig. 5. 

I deseribed already previously, how the halved rhythm can be 

converted into the normal one by an extra-stimulation at the end 

of the diastole. I had then to apply the extra-stimulation at a 

special moment of the diastole to make the conversion succeed. So I 

applied, also with this heart, in Fig. 1 (at QO) the extra-stimulation 

towards the end of the diastole. If I had applied the extra-stimu- 

lation at an earlier moment of the diastole, it would either have 

had no effect, and consequently have permitted the halved rhythm to 

continue undisturbed, or it would have produced a still smaller 

extra-systole. The next impulse however would then, after this 

smaller extra-systole, have produced later a systole which would 

for this reason have become too large to let the normal rhythm 

continue. If I had on the contrary applied the extra-stimulation 

later, the extra-systole itself would have proved to be larger, and 

would have become too large for the restoration of the normal 

rhythm. The halved rhythm would have continued (Vide fig. 8) or 

heart-bigeminy might have occurred as in Fig. 3. 

It is therefore obvious, why I had to irritate the ventricle exactly 

at a special moment in order to obtain restoration of the normal rhythm. 

TIGERSTEDT, STRÖMBERG and ENGrimMann could also bring about a 

twice as strong frequency of the pulsations by an extra-stimulation 

during the diastole in their experiments on the sinus venosus and 
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heart-veins. These investigators have not been able to explain this 

phenomenon. It is certainly peculiar that I myself, in the beginning, 

found this conversion of rhythm only by extra-stimulations applied 

at a special moment of the diastole. The cause of this conformity 

—for in the beginning I made these experiments without being 

acquainted with the investigations of the above-mentioned authors— 

we must evidently find in the fact, that we are always accustomed 

to apply the stimulations during the diastole or shortly afterwards, 

but with few exceptions only in the end of the pause and certainly not 

of the long pauses that oceur with the halved rhythm. And after- 

all there is a 2"¢ moment of the heart-period in which 1 can apply 

an extra-stimulation with as much success in order to restore the 

normal rhythm. Jf I apply namely in the latter part of the 

pause, or in the beginning of the auricle-systole after the pause, an 

extra-stimulation either to the apex ventriculi or to the base, the normal 

rhythm restores itself also from the halved one (vide Fig. 5 at 0). 

The extra-stimulation now causes an extra-systole, which happens to 

be rather large. Its great height may be explained by the fact that 

we register now at the same time a shortening of the ventricle- 

and the auricle-musculature. The fact that the ventricle is less full 

may perhaps likewise exercise some influence. This extra-systole 

occurs now at an earlier moment than the normal ventricle-systole 

of the halved rhythm would have appeared. With the systoles of 

the halved rhythm the second anricle-systole falls at the end of the 

systolic plane. With this extra-systole the next auricle-systole occurs 

at the end of the diastole, and can for this reason be succeeded by 

a ventricle-systole, which is small on account of the short pre- 

ceding interval, and introduces for this reason the normal rhythm 

as in Fig. 1. 

Here in Fig. 5 the normal rhythm is introduced by the normal 

physiological “Erregung” at the end of the diastole of a large extra- 

systole. The two experiments can be'executed equally easily. It is eon- 

sequently evident, that in two indicated places we can, during the 

period of the halved rhythm, by extra-stimulation of the ventricle- 

muscle convert this halved rhythm into the normal one. This restored 

normal rhythm passed after twelve systoles into bigeminy, which I 

converted again into the normal rhythm during the third group 

by an extra-stimulation, which was applied a little earlier in the 

diastole. After twelve systoles this normal rhythm changed again 

spontaneously into bigeminus-groups (as in Fig. 4). After about 

3 minutes | converted these bigeminus-groups into the. normal 

rhythm by an extra-stimulation, which was applied towards the end 
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of the diastole of the first systole of a group (vide Fig. 6 at 0). 

This restored normal rhythm continues now during 95 systoles, 

and passes then again into bigeminy. After about one minute | 

Fig. .6. 

convert this bigeminy again into the normal rhythm, as I did in 

Fig. 4 and 6. This normal rhythm continues now for over half an 

hour, whilst the dimension of the systoles gradually decreases. Then 

the experiment is stopped. 

Consequently with this frog’s heart after the poisoning with vera- 

trine’ we have converted: 

1. The halved rhythm in two ways into the normal one by an 

induction-stroke (Fig. 1 and Fig. 5). 

2. The halved rhythm into bigeminy (Fig. 3). 

3. Bigeminy into the halved rhythm (Fig. 2). 

4. Bigeminy into the normal rhythm (Fig. 4 and 6). 

Consequently we can discretionally with a heart the ventricle of 

which pulsates in the halved rhythm, convert this rhythm either 

into the normal twice as rapid rhythm or into bigeminusgroups. 

Therefore we have to regulate the dimensions of the systoles by inter- 

fering at special moments of the heartperiod with the stimulant. 

These dimensions depend on the duration of the preceding pause. 

Consequently if we obtain the normal rhythm, after having applied, 

at a special moment of the diastole, during the halved rhythm, an 

extra-stimulation, then we can obtain ventricle-bigeminy by applying 

the extra-stimulation a little later. 

-‘Fhe-experiments, in which 1 converted ventricle-bigeminy into 

the normal rhythm by an extra-stimulation in the diastole of the 

first curve of a group, which, consequently, produces an extra- 

systole, before the 2nd curve would have begun, are entirely in 

conformity with this view. 

The difference in dimension between the ventricle-systoles of the halved 

rhythm and those of the normal one is very great. The dimension of the 

first systole of the bigeminus-groups is a medium between these. It 

is always smaller than the yentricle-systoles of the latest halved 
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rhythm. This appears distinctly from Fig. 2 and 3. This diminution 

is likewise apparent in Fig. 7. 

Fig. 7. 

Here I applied to a frog’s heart, pulsating after the poisoning in 

the balved rhythm, an extra-stimulation (at f) at the end of the 

diastole, the consequence of which was an extra-systole. The next 

following systole and further the first systoles of the bigeminus- 

groups are then visibly reduced. After two minutes this bigeminy 

spontaneously changes into the halved rhythm. If now a little earlier 

in the diastole, I cause an extra-systole, (vide Fig. 8 at f) the 

ee EE 
Fig. 8. 

following systole is not sufficiently reduced to obtain bigeminus and 

the halved rhythm continues. But at the same time the extrasystole 

is not little enough to restore the normal rhythm. 

2. Extra-stimulation of the basis ventriculi. 

As in these series of experiments the stimulant was placed near 

the atrio-ventricular-limit, the results deviate somewhat from those 

that have been described above. I shall illustrate this by a few 

examples. In Fig. 9 I have caused at 1 an extra-pause without 
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extra-systole of the ventricle by an extra-stimulation (the stimulation 

that I applied three systoles earlier, and that took place at an earlier 

moment of the heart-period, evidently reached the auricle during 

its refractory stage). The strongly increased postcompensatory systole 

fixes the rhythm of the ventricle in the halved one. At 2 I applied 

an extra-stimulation at the end of the diastole, which caused a 

rather large extra-systole without compensatory pause. If on the 

contrary I apply the extra-stimulation at 3 earlier, a smaller extra- 

systole follows, so that the normal rhythm is restored. During the 

26 systole of this restored normal rhythm I convert this in the 

usual way again into the halved one. The 4" systole of this rhythm 

yet partially is to be seen at Fig. 10. At L the normal rhythm 

is not restored, at 2 it is indeed. After what has been said before 

this is obvious. At 3 I cause an extra-pause withont ventricle extra- 

systole, but I prevent the return of the halved rhythm (as at 1 of 

Fig. 9) by stimulating again in this extra-pause at 4; by doing so 

I make a new extra-systole occur, which is smaller than the post- 

compensatory one would have become. For this reason and likewise 

because it comes earlier the normal rhythm is retained. The next- 

following impulse, coming from the auricle, consequently reaches 

the ventricle later after this extra-systole, than it would have arrived 

after the post-compensatory systole, if I had omitted the stimulation. 

A place may still be given in this series to Fig. 11. In this heart 

(eurvesheet 104) ventricle-bigeminy occurred half an hour after the 

poisoning. After a few minutes I convert at 1 of Fig. 11 this 

bigeminy into the normal rhythm by an induction-stroke at the end 

of the pause between 2 groups. The proportions under which this 

conversion is brought about, are not so simple here. 

The extra systole comes here in the place of the first systole of 

a bigeminusgroup. But now the systole, following after the extra- 

systole, is wider than the second systole of a group, and has 

consequently a greater periodical refractory-stage. Consequently we 

should not expect after it another systole with a short interval. Yet 

this happens, the normal rhythm is even promptly restored. We 

find the cause of this phenomenon in modifications of the a—v- 

interval. A little measurement teaches us namely, that the a—v- 

interval of the systole, succeeding the extra-systole is considerably 

abbreviated namely about */, second. The slight lengthening of the 

duration of the ventricle-systole by no means counter-balances 

this abbreviation of the a—v-interval, so that the auricle-systole, 

succeeding this ventricle-systole, can easily be followed by a new 

ventricle-systole. 
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At 2 of Fig. 11 after the induction-stroke there occurs an extrapause 

without extrasystole of the ventricle, after which the ventricle- 

bigeminy appears again. 

3. LExtra-stimulation of the auricle. (Fig. 12). 

Of this row follows here a figure in which I reduced a frog’s 

heart (curvesheet 99) pulsating in the halved rhythm to the normal 
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Fig. 12. 
twice as rapid one, and the latter again to the halved rhythm. 

After the preceding remarks the explanation of this fact is obvious. 

A short remark about the a—v-interval may still follow here. In 

my third communication about the heart-rhythm I have already 

shown experimentally, that the a—v-interval consists of 2 parts viz.: 

L. Time of conduction along the systems of connection, 

2. period of latent stimulation of the ventricle. 

The experiments described before give again an entire affirmation 

of this fact. If namely I can convert the halved ventriele-rhythm into 

the normal one, by an induction stroke, it is certain that during the 

halved rhythm after every auricle-systole the “Erregung” reached the 

ventricle, but every 2ed systole recoiled, because the ventricle was 

then refractory. We find now during the halved rhythm the a-v-interval 

shorter than during the normal one. The cause of this cannot be 

found in a difference in the times of conduction along the systems 

of connection. For in both rhythms the stimulation after every 

auricle-systole is conducted along these systems. The shorter a-v- 

interval consequently originates in the fact, that in this rhythm the 

duration of the latent stimulation is shorter than during the normal 

twice as rapid rhythm. After the longer pauses of the halved rhythm 

the duration of the latent stimulation is consequently abbreviated. 

The bigeminusgroups also distinctly explain this question. With 

these every normal physiological “Erregung” is conducted to the 

ventricle, for I can convert these groups into the normal ventricle- 

rhythm. The a-v-interval before the 2"¢ systole however is considerably 

longer than that before the first systole. Here this difference is likewise 

caused by the difference of duration of the stage of the latent stimulation. 
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Astronomy. — “Short account of some works by BENsAUDE upon 
the knowledge of astronomy and navigation in Portugal at 

the time of the great discoveries in the 15% and 16% centuries, 

presented to the Academy by the author.’ By Prof. H. G. van 

DE SANDE BAKHUYZEN. 

(Communicated at the meeting of March 25, 1916). 

During the 14 and 15 centuries, the Portuguese, as is well 

known, made a number of important voyages along the west coast 

of Africa. They had reached the Canary Isles before 1336, and 

their sea power is demonstrated by the conquest of Ceuta in 1415. 

In 1462 they undertook a voyage to Guinea, visited St. George del 

Mina in 1481, and some years later Joseph Vizinno accomplished a 

number of determinations of latitude in Guinea. In 1487—88 

BARTHELOMEU Diaz made his voyage to the Cape of Good Hope, and 
in 1497 Vasco pr Gama undertook his expedition to the Indies round 

the Cape. 

In some of their first voyages they probably kept pretty close to 

the shore, and made use of a few maps, and the compass. But 

when the voyages became more extended, astronomical determina- 

tions became necessary, and it was probably before 1483 that Juan 

II, to whom his father had entrusted the administration of the Por- 

tuguese colonies in 1474, although he did not succeed to the crown 

until 1477, called together a Commission or Junta, to examine into 
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the problems of navigation. According to the historian Barros there 

sat in this commission two royal physicians, Don Ropricurz and Don 

JosepH Viztnno, who had taken part in several voyages, as well as 

Martin Benam from Bohemia, who had come to Portugal in 1484, 

and who styled himself a pupil of the celebrated astronomer Rrato- 

MONTANUs, who had lived in Nuremberg from 1471 to 1475. 

The lack of facilities at that time made a proper determination 

of longitude at sea impossible, but for latitude, which the Portuguese 

needed most in their voyages, the conditions were more favorable. 

For places north of the equator, they could make use of the altitude 

of the Pole Star, from which, after some corrections, the latitude 

could be deduced, but in places south of the equator this star was 

no longer visible, and the position of the stars in the southern 

hemisphere of the heavens were too little known to serve for the 

determination of the latitude. The celestial body in those parts most 

suitable for the purpose, was the sun, but as the distance of the 

sun from the celestial pole changes from day to day, it was necessary 

to know beforehand its position for every day of the year, or rather 

its distance from the celestial pole. 

ReciomMontanus, while in Nuremberg, had made known the position 

of the sun for a number of years, in a work which he published, 

entitled ‘“Ephemerides ab anno 1475 ad annum 1506”, and it has 

always been supposed that Benaim communicated these tables to the 

Portuguese junta, thus enabling the Portuguese mariners to determine 

the latitude by means of the sun. Moreover Brnaim is supposed to 

have been of further use to them by introducing into Portugal the 

astrolabe, which was said to have been invented by REGIOMONTANUS, 

and to have been made in the work-shops in Nuremberg. 

Upon these grounds Humsorpr has attributed to Martin Bena 

and to ReEGIOMONTANUsS a predominant influence upon the discoveries 

of the Portuguese (in which he has been followed by many other Ger- 

man scholars). ZieeLEr for instance writes: — “Although Germany 

did not take a direct part in the great geographical discoveries of 

the 15th and 16 centuries, yet it was German scientists who, both 

by the construction of instruments and by their theoretical researches, 

materially contributed to these discoveries. In this manner, our 

compatriots REGIOMONTANUS and Martin BrHAmM have the merit of 

being precursors of CorumBus in the discovery of America.” Another 

German even suggested that the name Behaimia should be substituted 

for that of America. 

A Portuguese scholar, Joaquim Brnsaupg, has lately instituted a 

thorough investigation of the achievements of the Portuguese in 
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the field of navigation, and published the resulfs of his investigations 

in a work entitled “1 Astronomie nautique au Portugal a l'époque 

des grandes découvertes”, (1912) to which later on he added the 

testimony of three photographie reproductions of very rare books 

published in Portugal. San 

In this book BeNsAvDE comes to the following conclusions. 

That Rrcgiomontanus cannot be regarded as the inventor of the 

astrolabe, a fact which many German writers readily acknowledge, 

is shown by the existence of several Arabian astrolabes from a much 

earlier date, amongst others, one in the Bibliotheque nationale in 

Paris dating from the year 950, which in its essential features 

corresponds to the astrolabes used in Portugal towards the end of 
the 15 century, and only differs slightly from those made in Nuremberg. 

As these astrolabes were used in Portugal for astrology, which, 

there as elsewhere, was much practised in the beginning of the 

15 century, there are no sufficient grounds for supposing that the 

knowledge of the arabian astrolabes should have been lost in Portugal, 

and that these instruments should have been re-introduced later 

from Nuremberg. As a matter of fact the astrolabe was used by 

Dingo D'AZAMBUJA as early as 1481 on his voyage to Guinea. 

Further Bensaupe deals with the tables which were used in 

Portugal to find the position of the sun, and in particular its 

distance from the celestial pole for each day. It is usually supposed 

that these were the tables given by Reciomontants in his “Ephemerides”. 

In these tables, however, are only found the longitude of the sun, 

and its place in the various signs of the zodiac and if from: this 

the distance of the sun from the celestial pole is to be derived, it 

must be done by means of formulae, a knowledge of which could 

certainly not be expected from the mariners on board those vessels. 

In another work “Tabulae direetionum” although ReEGIOMONTANUS 

gives the distance of the sun from the celestial pole, it is not for 

every day, but only for the different positions which the sun occupies 

in the zodiac, so that the mariner who only needs the distances 

from the pole for his determination of latitude, would still need 

to take both these books of Rearomonrants with him, which would 

be a somewhat elaborate method. 

Through his researches BeNsAupr has discovered a small Portuguese 

work, which is much more suitable for the use of mariners. It 

consists of two parts, 1. directions for the use of the astrolabe 

and quadrant, and 2. a treatise upon the celestial spheres. 

Of this work, a copy of which is to be found in the Munich 

library, Brnsaupg publishes a photographic reproduction, the title- 
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page is somewhat torn, so that the date of publication and the 

name of the printer are illegible. It is presumably printed by Hrrmao 

DE Campos, whose oldest known work was published in 1509 at 

Setubal. The copy found in Munich appears not to be a first edition, 

but a reprint of an earlier one. 

This little book contains directions for determining the latitude in 

different places, and how the latitude may be found by the Pole 

Star; there is further appended a list of the latitudes of various 

points along the west coast of Africa, the way in which the course 

of the ship can be followed on the map, and finally a calendar in 

which the longitude and the declination of the sun are given for every 

day in the year. In these tables it is assumed that a year contains 

366 days, so that the data are not quite correct for the years that 

are not leap-years, but considering the amount of accuracy which 

at that time could be attained in the determination of latitude, the 

error is not great, and (in this case) the accuracy of the data is 

sacrificed to simplicity in use. The book is therefore obviously 

arranged as a simple hand-book for the easy use of mariners. 

It might be thought that the values of the declination of the sun 

had been borrowed from RercGiomontanus’  “Ephemerides” and 

“Tabulae directionum’’, so that these works although not directly 

made use of by the Portuguese mariners, were at any rate indirectly 

applied to by them. It appears, however, that the inclination of 

the Eeliptie upon which the Portuguese tables are founded is 23°33’, 

while in REGIOMONTANUS’ tables the inclination is taken at 23°30’, 

so that a connection between the two tables is out of the question. 

Besides this copy of the “Directions” found in Munich, BENsSAUDE 

also provides a photographic reproduction of another rare Portuguese 

work, namely the “Almanach perpetuum” written by ABRAHAM 

Zacuto, who was Professor in Salamanka from 1474 to 1492. This 

work was originally written in Hebrew, but was translated into 

Portuguese by JosepH Vizinuo, mentioned above as a member of the 

commission instituded by King Juan II, for the promotion of the 

science of navigation. The copy of this Portuguese translation is 

printed in Leiria in 1496. 

In this work we find more complete tables for the positions of 

the sun according to a cycle of four years, three ordinary and one 

leap-year, and there is even a small correction introduced for the 

transition from one cycle to the next, as then the position of the 

sun would have slightly changed. 

These tables by Zacuro, which are also calculated upon the basis. 

of an inclination of 23°33’, in all probability form the source of the 

103 
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tables in “Directions for the use of the astrolabe”’, some simplification 

being introduced to enable it to be used for every year, leap-year 

or ordinary year alike. 

It is most probable that the copies of the “Directions” and of 

Zacvuto’s tables which have been found were preceded by older 

editions. In a letter written on May 1st 1500 by Prpro Avarnz CABRAT’s 

mate, reference is made to a determination of latitude in Brazil at 

south latitude 17°, which, as he writes, is made according to the 

rules of the astrolabe, and of which the results correspond entirely 

to the data in the tables of the Munich copy of the “Directions”. 

It cannot be ascertained with certainty from what source ZAcuro 

borrowed the tables referred to above, but BENsAUDE quotes a number 

of manuscripts, revealed by the researches of STEINSCHNEIDER, which 

were written after the preparation of the Alpbonzine tables in 1252, 

upon astronomical subjects and instruments in Spain, Provence and 

Portugal, principally by Arabs and learned Jews of the 14" and 15% 

centuries. Zacuro follows upon these writers, so that le was pro- 

bably enabled to compile his tables from the data which they supplied. 

It may therefore be concluded with the greatest probability, that 

the Portuguese owed their knowledge of the science of navigation 

at the time of their great discoveries, not to German scholars, but 

to the high scientific attainments of their own compatriots. 

Zoology. — “Critical and theoretical considerations about the origin 

of the primary foetal membranes in Vertebrates.’ By Dr. 

Dan. pr LANGE. (Communicated by Prof. J. F. van BEMMELEN). 

(Communicated in the meeting of March 25, 1916). 

The presence of primary foetal membranes in Sauropsida and 
Mammalia has been considered for a long time as a characteristic 

of great systematic value and has led to the division of Vertebrates 

in Amniota s. Allantoidea provided with primary foetal membranes 

and Anannia s. Anallantoidea without these membranes. Members 

of the last group (Cyclostomata, Pisces and Amphibia) are also 
named Jchthyopsida, since they live wholly or partly (as larves) in 

an aquatic environment where they breathe by gills, gill-breathing 

never being present in the first group. Of course there exist Ammniota 

which have become adapted to an aquatic life (turtles, marine 

Saurians and especially Cetaceans), but as in them lungbreathing 

has always been preserved and never ‘been substituted by gill- 
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breathing, even in pelagic forms which never come ashore, this 

adaptation may be recorded as a secondary one. Thus we safely 

can suppose, as has been done by the majority of investigators, that 

the appearance of primary foetal membranes is to be considered as 

an adaptation to terrestrial life, an adaptation which makes it 

possible, that embryonic development takes place in liquid surround- 

ings, though outside the water’). 

Now the question is whether oviparity in Sauropsida may be 

deduced directly from oviparity in Amphibians, the holoblastic 

cleavage-type of the last group being changed simultaneously by 

accumulation of yolk in the meroblastie one of the first, the yolk- 

poverty of Mammalian eggs consequently being secondary, or whether 

the evolution has proceeded in a reverse direction. Most of the 

older and some modern investigators have declared in favour of the 

first alternative. According to them the mode of development of 

foetal membranes by folding up, so typical for the Sauropsidan egg 

is to be considered as primitive and the various modes of amnion- 

formation in Mammals are to be derived from this one. It is not 

my intention bere to go into all the abortive attempts to explain the 

phylogenetic origin of the amnion, published before the year 1895, 

since Husrrcur has criticized them sufficiently in his well known 

treatise on this subjeet*), but it will suffice to summarize the con- 

ception of SeLenka*), which combines the two older explanations. 

SELENKA believes the amnion to be composed of two originally 

independent folds, growing together by chance, thereby closing the 

amnion-cavily and separating the embryo from its surroundings. 

These two folds are the headfold and the tailfold. The precocious 

segregation of brain and head, and the curving of these organs 

caused by this circumstance, push the head into the yolk, and in 

this way the headfold arises passively. It usually is at first a pro- 

amnion Le. it consists of ectoderm and. entoderm, the last being 

1) | wish without delay to lay stress upon the fact that in my opinion the 

importance of the development within an amnion-cavity for terrestrial forms chiefly 

lies in the circumstance, that in this way the developing embryo is exposed on all 

sides to uniform pressure, while most writers think of protection against mechanical 

injuries from the outside. Tertiary e g-coverings, already abundantly present in 

Amphibians, supply sufficient protection against these injuries. If mechanical 

pressure or shock can penetrate a bird’s eggshell and glaircovering, they certainly 
will be able to pierce the thin chorion and amnion. 

2) A. A. W. Huerecur. Die Phylogenese des Amnions und die Bedeutung des 

Trophoblastes. Verhand. Kon. Akad. Wetensch. Amsterdam. 2e Sectie, D. IV, N. 5. 

5) Vide E. Sererka. Studien zur Entwicklungsgeschichte der Tiere. Bd. 1, Heft 5, 

1892: Zur Entstehungsgeschichte des Amnions. p. 186—189. 

103* 
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superseded afterwards by ingrowing mesoderm. SereNKA explains 

this phenomenon in a subtle manner by supposing the proamnion 

to have originally possessed mesoderm and bloodvessels. By the 

folding process the respiratory function of this part of the area 

vasculosa is in danger of being injured and therefore the mesoderm 

retires’). We shall revert to the subject later on, but the mere 

fact that in many Anamnia a proamnion-area is present in front 

of the enteron, without any folding process taking place, makes this 

explanation rather improbable. 

According to the opinion of SELENKA the outgrowth of the tail- 

fold is caused by the powerful growth of the allantois. The suppression 

of the free larval period and the development of the embryo within 

the eggshell render the emptying of the excretory products into 

the eggehamber impossible without at least serious injury to the 

normal metabolism of the embryo. Therefore the embryonic urine- 

bladder (allantois) expands and pushes between somato- and splanchno- 

pleura of the yolksack. By this circumstance the respiratory function 

of the yolksack, already diminished by the liquefaction and shrinking 

of this organ, will be Jargely impaired. The allantois, if sufficiently 

provided with bloodvessels, can take over this function and the 

outgrowth of the tailfold is only a means for surface-increasing in 

connection with this new function. 

Against both views serious objections may be raised. Without 

laying stress upon the rough mechanical conception of the sinking- 

down-hypothesis, we can state the fact that, along with the formation 

of the proamnion, no real sinking-in of the headregion occurs, but 

that principally the ectoderm and in second instance the entoderm 

actively grow over the embryo. Besides I never have found it 

mentioned that the proamnion fold contains yolkmaterial, a circum- 

stance that seems to me a conditio sine qua non for the sinking-down- 

hy pothesis. 

The explanation of the outgrowth of the tailfold by the supposed 

tendency to surface-increasing of the allantois is eo ipse more 

plausible, but ontogenetic facts do not agree with it. The tailfoid does 

not arise as an outgrowth of the allantois, but develops independently 

of this organ, and consists originally of ectoderm and mesoderm 

only, the true entodermal allantois following long afterwards, usually 

preceded by a so-called mesodermal one. Moreover the fact that the 

tailfold is wanting in many Sauropsida with a primitive type of 

development (Sphenodon, Chelonia) makes this explanation rather 

improbable. 

EY SELENKA, l.c. 1892, p. 187. 
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Now against this point of view Husrecut opposed in the above 

mentioned treatise (1895) his own widely different one, which 

caused a sensation amongst the ranks of embryologists, and may 

be summarized in the following points: 

1. If the real signification of the amnion is that of a protective 

watercushion, it should originate as a closed bladder, otherwise one 

cannot understand its phylogenetic evolution. 

2. This mode of development occurs in fact in certain Mam- 

mals (Hrinaceus, Galeopithecus, Pteropus, Cavia, perhaps Primates), 
while the development by a process of folding, as most Sauropsida 

show it, differs very widely from it. Therefore it is obvious that 

the last method must be considered as a secondary one, but then 

we are obliged at the same time to derive the meroblastic yolkladen 

eggs of Sauropsida from the holoblastic yolkless eggs of Mammals 

and the (secondary) oviparity of the first group from the more 

primitive viviparity of the last one. 

3. The trophoblast i.e. the ectodermal covering of the exembryonic 

fruitbladder, to which the peripheral ectodermlayer of the embryonic 

region sometimes may be added, plays an important part in the 

formation of foetal membranes and in the implantation of the 

embryonic vesicle into the wall of the maternal genital duets. 

Husrecut considers the trophoblast as the most primitive of foetal 

membranes. In amphibian larves, especially in tadpoles, it presents 

itself as the covering ectoderm-layer (Deckschicht), in Mammals with 

deciduous placentation it develops enormously in connection with 

its intensified nutritive function. 

+. Originally the amnionbladder develops as a cavity between 

trophoblast-covering and embryonic knob. In order to secure vascula- 

risation the primitive amnion is divided by ingrowing vasoconductive 

mesoderm into. two layers: the outer chorion and the inner amnion. 

In this way the amnion cavity is separated definitively from the 

outer trophoblast-layer and can increase along with the developing 

embryo, so that in later stages it fills up the greater part of the 

fruit bladder. 

5. In some cases (most Rodentia with inversion of germlayers e.g. 

Muridae) the mesodermfolds do not penetrate the primitive amnion, 

dividing it into two layers, but grow into the primitive amnion 

cavity, and divide this cavity into the so-called false and true amnion. 

cavities. This mode of development forms a transition towards the 

folding process which appears in all Sawropsida and in many Mammals 

with postponed attachment of the embryonic vesicle In this case 

a merely ectodermal primitive amnion is never present, but the 
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definitive amnion ') develops immediately by outgrowth of mesoderm- 

containing folds. 

The great merit of Husrrcur’s theoretical considerations in this 

question is to be sought partly in the searching criticism exer- 

cised on established ideas e.g. on the axiom that amnion-develop- 

ment is eo ipse more primitive in Sauropsida than in Mammalia, partly 

in the widening of our mental horizon by opening new and unex- 

pected perspectives which incite to new investigations. Therefore I 

feel obliged in honour of the memory of the great Dutch embryolo- 

gist not to shrink from equitable criticism or from necessary correc- 

tion and supplementation of his fertile ideas. 

The premise mentioned sub 1 would be correct if the amnion- 

cavity really served in young stages as a protective watercushion. 

But this is by no means the case. In young mammalian foetera 

protection is furnished by what I will call here provisionally 

the trophoblast-bladder and the primitive amnion (arehamnion 

Resink) is only a means of pushing the embryonic knob into this 

protective watercushion. Therefore | am inclined with RestnK *) 

to consider amnion-formation by entypy as primitive, whether this 

appears as a hollow invagination or as a solid ingrowth. I will 

revert to this point later on. 

In a second question. the significance of the trophoblast, I also 

have a somewhat divergent opinion. L will not deny the important 

part played by this embryonic appendage in the amniogenesis of 

all Amniotes, but I am not convinced that it is already present as 

a larval envelope in Anamnia, or that it is represented by the 

covering layer of the epidermis (Deckschicht) of amphibian larves. 

It is true that Hvsrecur has altered his opinion on this point in his 

later publications to a certain extent, but nevertheless he proposes 

to divide the Vertebrates in Achoria (Cyclostomata and Selachii, 

Vertebrates without trophoblast) and Choriata (all the rest, possessing 

this larval envelope) *). In my opinion therefore | am fully justified 

in making some critical remarks on this point. 

Of course the trophoblast of Mammals must have arisen from 

the ectodermal covering of anamniote larvae, one therefore is 

justified in saying that it is present potentially in the larval 

1) 1 use the term amnion in this case in a wide sense i.e. amnion s.s. + chorion 

resp. serous membrane. 

2 A. J. Resinx. Die Stammentwicklung der embryonalen Organe. Tijdschr. 

Nederl. Dierk. Ver. D. VIII, afl. 3, 1903. 

3) A. A. W. Huprecur. Ontogenetic phenomena in Mammals etc. Quart. Journ. 

Mierose. Sci. Vol. 53, 1908, p. 81—83. 
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epidermis, but HevBrecnT considers the outer ectodermal layer 

(Deckschicht) such as especially anuran larvae show it, as a 

separate organ, a reduced larval envelope. If this view were correct, 

we should expect this larval envelope to be developed in an obvious 

way in Gymnophiona and primitive tailed Amphibians such as 

Amphiumidae (Megalobatrachus, Cryptobranchus) and Proteidae 
(Necturus), whose eggs pass moreover through a long embryonic 

period, and this is in no way the case. In these forms the two 

layers of the epidermis bear exactly the same histological character. 

The solid ingrowth of cerebral ganglia seems to originate out of 

the deeper nervous layer only, but even this may be delusive. The 

invagination of the neural plate takes place before the differentiation 

of the two layers, or both participate in it. The extraordinary 

development of the ‘“Deckschicht’ in tadpoles may be partially 

ascribed to the fact that in these forms this layer forms a number 

of temporary organs possessing great importance for the subsistance 

of the larva, such as the suckers ventral to the gillregion and 

the larval sucking-mouth with its horny teeth, while perhaps the 

outgrowth of the operculum requires more material from the epi- 

dermis than in Urodelan Jarves without this cutaneous fold. 

Another weakness in Husprecut’s theory is the fact that it gives 

no conclusive explanation of the differentiation of the holoblastic 

Amphibian egg into the embryonic knob and the exembryonic fruit- 

bladder of Mammals. As Husrecurt starts from eggs without or 

with a small amount of yolk >, this important question remains 

unsolved. Husprecut has paid little attention to this point. On p. 36 

Le. 1895 he writes: 

‚Nun lässt es sich denken, dass Formen welche in diese zweite 

“Kategorie gehört haben mögen, nebenbei eine starke bruchsackartige 

“Erweiterung der Bauchwand erlitten haben, und dass die Bildung 

“des Bruchsackes mit der eben erwähnten ringformigen Einpflanzungs- 

“linie des primitiven Amnions zusammentiel”. 

p. 56: “Es ist viel wahrscheinlicher, dass die Protamnioten vivipare 

*Amphibien gewesen sind, bei welchen, durch Flüssigkeitsansammlung 

“zwischen den Hypoblastzellen eine prall gefiillte, pseudomeroblastische 

“Keimblase zu Stande gekommen ist”. 
1) ] will remark on this point that in Huprecut’s writings the terms “dotter- 

arm” and ‘‘dotterreich’’ are often used, when he really means holoblastic and 

meroblastic. Of course the existence of holoblastic eggs with an enormous amount 

of yolk such as in Amphiumidae, Gymnophiones, Necturus, Dipnoi, Ganoïds 

etc. and of meroblastic eggs with a rather small amount of yolk, such as pelagic 

Teleostean eggs, was known to him, but these eggtypes orly play a subordinate 

part in his theoretical reasoning, 
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These are his only words upon the subject in his first great 

theoretical study. It cannot be denied that they contain in no way 

‘sufficient arguments for such a radical transformation and that in 

this respect the old-fashioned explanation is more conclusive than 

the modern one.') The older conception starts from a yolkladen 

meroblastic egg. The exembryonic yolksack only serves to resorb 

the feeding material of the yolk and is shed after birth, Thus it is 

conceivable that a great amount of difference arises between the 

embryonic shield and the exembryonie part of the egg. With the 

transition of the sauropsidan oviparity into the mammalian viviparity 

the yolk material is lost, but the wall of the yolksack remains as 

the exembryonie part of the germbladder. 

I will not enter here into detailed objections to this reversion of 

the evolution. [I think it improbable that the eellbuilt germbladder 

of Mammals should have originated out of the amorphous yolk-mass 

of Sauropsida and later on I hope to demonstrate that the yolksack 

of Amphibians, the yolkmass of Sauropsida and the exembryonic 

germbladder of Mammals are not quite homologous organs, but I 

will pass on to the more synthetical part of my treatise in which 

I will try to obviate by some slight alterations the above mentioned 

objections against Husrecut’s theoretical conception. 

Like HuBrrenrT and his school, I am inclined to derive mammalian 

ontogenesis directly from the amphibian one without the inter- 

mediary of the meroblastic sauropsidan way of development, the 

latter being in my opinion far less primitive than the way in some 

Mammals. I therefore admit the secondary oviparity of Birds and 

Reptiles to have arisen out of a more primitive vivipavity of the 

Protamniota, which of course is to be derived in its turn from the 

primary oviparity of anamniote ancestors. In opposition however to 

Huprecut’s views Ll start from a yolkladen, holoblastic eggtype, 

such as is presented by the eggs of Gymnophiones and Amphiumidae. 

Fig. 1 represents a median section through a diagrammatic embryo 

of this type. The large yolksack completely divided into cells 

passes gradually into the entoderm of the intestine and shows a 

continuous ectoderm covering. The mesoderm layer of the yolk, 

which originates chiefly from the ventral blastoporal lip, the so- 

called ventral mesoderm, has not yet reached the ventral and the 

anterior side of the yolksack. The latter part of the surface of the 

1) It seems to me that the introduction of the term archomphalon by Resink 

(a somewhat modified notion of the See does not give any better solution 
of these difficulties. 
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yolksack which forms the anterior (resp. superior) wall of the liver- 

invagination, appears as a distinct organ, a crescentic area which 

I bave called in connection with its topographic situation : praecere- 

bral or terminal entodermarea. [ here prefer using the term proam- 

nion-area anticipating by this name its significance in Amniota. 

The fact that the proamnion-area remains for a long time free 

from mesoderm is probably caused by the peculiar allogenetic growing 

circumstances which prevail in the development of the yolkmesoderm, 

but it may be due to an autogenetic, morphological cause unknown 

to me. We have already mentioned the separate centre of proli- 

feration of the yolk-mesoderm. This so-called ventral mesoderm 

arises in a slightly different way from the true somatic mesoderm) 

Now the fore-side of the yolk receives its mesodermal covering 

for the greater part from the ventral mesoderm, which arises on 

the hind side and for the lesser part from the cephalic mesoderm 

resp. from the pericard. The rapid outgrowth of the head region 

consuming a great mass of the cephalic mesodermal material, the 

ventral mesoderm being obliged to grow over the whole yolksack 

before reaching the fore-side, the consequence is that this side of 

the yolk will remain for a long time without mesodermal covering. 

What however may have been the real cause of the appearance 

of the proamnion-area, it may suffice here to state the presente 

of this organ in primitive Amphibians. 

Now let us try to retrace the changes, which the amphibian 

ovum undergoes if the eggs are laid outside the water and the 

free larval state is consequently abbreviated or wholly abolished. 

It may happen in this case that a more or less intense, internal 

nursing is provided, the embryo remaining during its whole 

development or during part of it in protective cutaneous folds or 

pits of the female (Hyla goeldi Boul., Nototrema, Pipa americana 
Laur., Blueophorus reticulatus Günth. ete.), in the buecal cavity or 
in the oral saes of the male (Rhinoderma) or in the genital ducts 

of the female (Salamandra, Spelerpes, Typhlonectes, Dermophis 

thomensis Boe. etc). In the second place the parents may surround 

the synoion with a mass of froth, which dries up to a horny sheet 

1) The ventral mesoderm does not arise as an epiblastie ingrowth like the 

somatic mesoderm (dorsal plate), but it proliferates from the ventral border of the 

blastopore (somatopore), where yolkcells pass into the epiblastic ones, grows in 

between the yolk and its epiblastcovering, and increases probably partly by 

delamination of peripheral yolkcells. It never divides into segments. Its character 

and development therefore recall that of the protochordal plate and that of the 

anterior head-mesoderm or speaking generally that of the cephalic mesoderm. | 
shall revert later on to its great importance in the mammalian fruitbladder. 
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and attach them to leaves or stones, in this way preventing or 

reducing evaporation (Phyllomedusa, Hylodes martinicensis Tschudi, 
many species of the genus Rhacophorus, Rana opisthodon Boul. etc). 
In the third place the synoion may be deposited in damp, subter- 

ranean holes, the female curving around it for protection (many 

members of the family of Gymnophiones as: Siphonops, Hypogeophis 
Ichthyophis etc). 

In all these cases even in so-called viviparous forms the embryo 

remains surrounded by tertiary eggmembranes of colloid consistancy, 

the internal one liquefying in order to form an eggchamber, or by 

the fusing of many eggchambers a central cavity, filled up with an 

aqueous liquid. In this simple way Amphibians, which do not lay 

their eggs in the water, provide liquid surroundings for the developing 

embryo. It need not be said that these deviations from the normal 

way of development with a long larval period must be considered 

in most cases as the consequence of or as an adaptation to a non- 

aquatic life of the parents (usually to a burrowing life: Gymnophiones, 

and to an arboreal life, in the other examples) '). 

Wherever free larval life is supplanted by an embryonic period 

within tertiary jelly-membranes, we may remark two characteristic 

phenomena; the presence of a large amount of yolkmaterial within 

the egg and the enormous development of respiratory organs. Both 

phenomena may be considered as necessary adaptations to the changed 

conditions of life of the young Amphibians. 

If an aquatic larva capable of nourishing itself, is set free after a 

short embryonic period, the egg does not need to contain much 

reserve-material. If however development takes place wholly or for 

the greater part within tertiary eggmembranes, provision must be 

made for a more extensive victualling of the developing embryo. 

This explains the fact, so strange at first sight, that viviparous, ter- 

restrial forms as Salamandra atra Laur. (and to a certain degree 

also as S. maculosa Laur.) possess eggs much heavier laden with 

yolk than the closely allied aquatic Tritons, which deposit their 

eggs into the water. 

The considerable development of respiratory organs may be easily 

explained in the same way. In forms with a short embryonic period 

which is also passed, it is true, within tertiary eggmembranes, but 

where the greater part of the developing period is spent in the form 

of a free aquatic larva, the difficulties with which respiration meets, 

are far less serious than in forms where development takes place 

out of the water sometimes within folds, holes or internal cavities 

1) An exception must be made for Pipa, a thoroughly aquatic frog. 
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of the parents. As in viviparous Amphibians the jelly membrane 

is preserved, there is no question of direct gas-interchange between 

parental and foetal blood and respiration must take place between 

the air in the parental breeding cavity (or the parental blood) and 

the foetal blood passing through the jelly membranes and the liquid 

contents of the eggchamber, not exactly a short way ! 

If development takes place out of the water, but not within 

parental breeding cavities, precautions have to be taken to reduce 

evaporation, which necessarily will limit the otber interchanging 

processes. In all cases respiration is seriously impeded and in con- 

sequence of this circumstance respiratory organs increase enormously 

in size. External gills may act as such and acquire a much larger 

extent than in aquatic larvae (Gymnophiones, Salamandra atra 

Laur ete), but the tail also may grow in length and show a very 

abundant vascularisation, in order to facilitate gas-interchanging 

processes (Hylodes, Phrynivalis, Mantophryne ete), while in rare 

cases (Rana opisthodon Boul.) the whole skin and especially 

cutaneous folds on the side of the body supersede the other respi- 

ratory organs. We may conclude from these examples that widely 

different parts of the body may assume respiratory functions. Usually 

these organs possess at the same time a nutritive function the 

liquefying and absorption of the albuminous jelly membranes (hence 

the name allantoidean gills). 

Now in my opinion anamniote ancestors of Amniota may have 

been viviparous in a manner such as I have sketched above, but in 

this case the yolksack may have assumed a respiratory function. 

The fact that the yolksack is always abundantly vascularized in yolk- 

laden eggs, since haemopoiesis chiefly takes place on the yolksurface 

and bloodvessels play an important part in absorbing and carrying 

off the reserve-material to the embryo proper, favours this proposition. 

The yolksack will show the same tendency to increase its surface 

as the above mentioned respiratory organs, but the less plastic yolk- 

cells will oppose. The consequence will be that somatopleura and 

splanchnopleura of the yolksack separate, the first carrying off part 

of the bloodvessels (allantoidean vessels) and exclusively taking care 

of respiration, while the splanchnic sheet will retain the umbilical 

bloodvessels, bloodformation and yolkabsorption being restricted to it. 

The somatic sheet which may be called pneumatoblast, once free 

from the impeding yolkmass, will rapidly enlarge its size and try 

to increase its surface by folding-up and by proliferating. Between 

somato- and splanchnopleura an extensive cavity: the exocoeloma 

will arise. The pneumatoblast also will assume a nutritrive function : 



1614 

the resorption of the jelly eggeoverings, and therefore we may use 

here without restrictions the term diplotrophoblast of Husrecut to 

which this organ answers morphologically and physiologically. 

But evolution *) does not stop at this point: 

After resorption of the tertiary eggmembranes direct osmotic inter- 

change of gasses and dissolved materials between foetal and maternal 

blood becomes possible and this method of respiration will be much 

more intense than the interchange between the aereal content of the 

oviduct and the foetal blood, which is obliged to pass the eggmem- 

branes and the liquid of the eggchamber. Development therefore will 

show a tendency to secure as soon as possible the contact of diplo- 

trophoblast and uterine wall. Thus this respiratory embryonic append- 

age will be precociously segregated *) and the tertiary eggcoverings 

will show a tendency to be reduced and to disappear. But then 

the eggchamber loses its significance as protective watereushion in 

which the embryo may develop under uniform pressure and it will 

be necessary to transfer this function to another organ. 

Before treating this question further I must call the attention to 

the fact that by the precocious segregation of the diplotrophoblast 

the conditions of the fruitbladder in a hypothetical protamniote very 

much resemble those of the early mamuinalian fruitbladder (see fig. 2). 

On tbe ventral side of the vesicle a large watercushion is present, 

the wall of which shows all sorts of folds and proliferations and 

possesses respiratory and nutritive functions, while the still small 

embryonic area is situated on the dorsal surface of the fruitbladder. 

The comparatively large yolksack is attached to the ventral side 

of the embryonic area and is connected with the surface of the 

exembryonic fruitbladder by the proamnion-area. *) 

As the diplotrophoblast has only significance as an embryonic 

organ for respiration and nutrition, it is shed or resorbed at birth 

1) For convenience sake I use in this paper the Neo-Lamarckian mode of 

expression, without assuming the Neo-Lamarckian mode of explanation with all its 

inferences. 

2) The mesodermal covering of the diplotrophoblast arises out of the ventral 

mesoderm. In consequence this also will show a tendency to precocious segregation. 

Sometimes it appears even before there is question of mesodermformation in the 

embryo proper. In some orders of Mammals (SCHLATER. Anat. Anz. Bd. 30 and 

31, 1907) e.g. in Primates, but especially in polyembryonic armadillos (PATTERSON, 

Anat. Anz. Bd. 41, 1912) this phenomenon is most striking. 

3) Since the proamnion-area does not possess a mesodermal covering, it cannot 
perform any respiratory function and it cannot be divided into a somatic and a 

splanchnic yolk sheet. Hence the yolk sack will be connected with the surface of 

the fruitbladder at this spot, 
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just as commonly happens with other embryonic respiratory organs 

of Amphibians. The differentiation of the amphibian embryo or 

larva — built up of more or less equivalent cells — into a small 

embryonic shield forming exclusively the young animal and a large 

exembryonie fruitbladder, being shed at birth, may be sufficiently 

explained in this way. 

This situation once obtained, it will suffice for the protection of 

the small embryonic area to invaginate the latter into the large 

trophoblastbladder and in this manner a fruitbladder with entyped 

embryonic area has arisen. As the proamnion area is situated at 

the foreside, invagination of this part of the fruitbladder does not 

reduce the respiratory surface and one can understand that this 

process will take place chiefly at this side, setting aside the con- 

sideration that the precocious development of the headregion may 

serve as an ontogenetic (not as a phylogenetic) causal moment for 

this phenomenon. '). 

At the backside the entypy will take place exactly at the spot 

where the ventral mesoderm grows out i.e. at the spot where from 

the beginning the connection between embryonic and exembryonic 

mesoblast and between embryonic and exembryonic bloodvessel- 

systems are present. Now entypy withdraws at this point a part of 

the respiratory diplotrophoblast from the surface of the fruitbladder, 

but on the other side the connection between embryonic and ex- 

embryonic vesselsystem is thus maintained in a very intimate way. 

I think that in this manner the peculiar circumstance that the con- 

nective stalk (Haftstiel) of so many mammalian germbladders (e.g. 

in Primates) is always found at the caudal side of the embryo is 

conclusively explained. I therefore cannot agree with ResiNK, who 

supposes the amnionstalk to be originally uniformly vascularized and 

1 think I have demonstrated that important arguments can be brought 

forward for considering the appearance of the connective stalk at 

the caudal side of the embryo and at the back of the archamnion 

as a primitive characteristic. 

1) Huprecut considers the proamnion a formation without morphological signi- 

ficance (see p. 79. 1908, note) and ascribes the lack of mesoderm and bloodvessels 

to the rapid growth of the headregion. His arguments on this point are however 

somewhat contradictory and the fact that the proamnion is present in nearly all 

groups of Amniota and is especially well developed in archaic Sauropsida 

(Sphenodon, Chelonia) makes it rather improbable that this organ should not 

possess an important morphological signification. Moreover its presence in Amphibia 

strengthens my opinion in this matter. Thus I consider strong development of the 

proamnion as a primitive feature. In Sauropsida it represents the last remainder 
of the original entypy. 
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Now if the germbladder remained free in the uterine cavity 

the growing embryo would soon evolve the original entypy, 

a phenomenon which is realized in some Mammals (e.g. in Tupaja) 

under somewhat altered conditions. When however osmotic inter- 

change between maternal and foetal blood has been settled, it is 

plausible that the embryo tries to profit from this relation as much as 

possible, and that foetal and maternal bloodvessels approach each 

other very closely. Trophoblast-outgrowths therefore attack the 

mucous membrane of the uterine wall, penetrate into the latter and 

pierce the wall of the maternal vessels so as to fill up the gaps 

and cavities of the trophoblast with maternal blood. The corrosion 

will chiefly take place at the embryonic pole of the germbladder 

i.e. at the spot of the original entypy since in this manner the 

connection between foetal and maternal circulation by way of the 

connective stalk becomes as intimate as possible. The maternal 

tissue will answer to this attack of the foetal vesicle by overgrow- 

ing it in all directions, enveloping it totally in order to avoid 

bleeding to death. Now in the attached fruitbladder, totally enveloped 

by maternal tissue there cannot be question of evolving the original 

entypy. 

We may imagine the original entypy as a hollow invagination 

and may then call the cavity with Resink archamnion-cavity and 

its wall archamnion. On the other hand no serious objection can 

be made to imagining the stalk which pushes the embryonic knob 

into the trophoblastvesicle to be originally solid. In the first case 

the archamnion cavity will pass continually into the definitive am- 

nioneavity. The ectodermal archamnion will become separated from 

the trophoblast by ingrowing mesodermfolds as 1 have already men- 

tioned in explaining Husrecut’s theory. This happens in most 

Rodents with so called inversion of germlayers. In the second case 

the amnion cavity arises by delamination in the tissue of the solid 

amnionstalk and forms from the beginning a closed waterbladder 

above the embryonic region. This manner of development, occurring 

in Wrinaceus, Galeopithecus, Pteropus, Cavia and perhaps in Primates’), 

has heen the starting point of HuBrrcurt’s theoretical considerations. 

I hope to have made it clear that in my opinion this difference is 

1) The occurrence of the so called tubes of Selenka in Primates (ResiNK, Lc. 

p.179; H. Srrant und R. BeNEcKE. Ein junger menschlicher Embryo. Wiesbaden 

1910; ©. Grosser. Über hypothetische Frühstadien menschlicher Entwicklung. 

Zentralbl. Phys. Bd. XXII, 1908) which may be considered as remains of an 

open archamnion-cavity, makes it doubtful whether they do not belong to the 

first group. 
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not of great importance. The main fact is that the embryonic knob 

is pushed into the protective trophoblastbladder, either by invagina- 

tion or by solid proliferation. Moreover in how many cases do not 

these two processes take each other’s place, without it being possible 

to settle which mode of development is the more primitive one? 

After being definitely separated from the diplotrophoblast the 

amnion cavity may increase along with the growing embryo, without 

being impeded by its connection with the surface of the fruitbladder. 

Gradually the room of the latter will be filled up for the greater 

part by the amnioncavity and in this way the latter takes upon itself 

the protective function exercised in the beginning by the trophocoel 

or by the exocoeloma. 

In this paper [ will not digress on the changes in the method 

of development of the primary egg membranes within the class of 

Mammals, since I should be obliged to repeat many things, which 

have been set forth in so excellent a manner by Hvsrecut and his 

pupils. I cannot avoid however making a few remarks upon the 

other foetal appendages: 

1. Allantois. We have seen that in early stages of (phylogenetic 

and ontogenetic) development the connection between the embryonic 

area and the respiratory and nutritive diplotrophoblast is secured 

by the caudal connective stalk. This stalk arises at the ventral side 

of the blastoporus and turns dorsal to the surface of the germbladder. 

As the amnion-cavity grows ventral, it is turned also to the ventral 

side and may be called with His ventral stalk (Bauchstiel). 

If the connection between maternal and foetal circulation is very 

intimate, the osmotic interchange between these systems is intense 

enough to remove obnoxious excretory products out of the foetal 

circulation, a condition realised e.g. in Primates. If the connection 

between mother and fruit loosens or if implantation takes place at a 

later period, the excretory products must be stored up in a way 

that will not cause inconvenience to the embryo. For this purpose 

the embryonic urine-bladder, the allantois increases. As this organ 

is situated near the point of attachment of the connective stalk 

to the embryo, it is plausible that it will grow along the stalk 

in order to remove as soon as possible from the embryo and gain 

the surface of the fruitbladder where the opportunity for osmotic 

interchange is greatest. In this way the allantois will come in contact 

with the bloodvessels of the connective stalk and the diplotrophoblast 

(allantoidean vessels, see above) and will assume a respiratory and 

nutritive function. The fact that in most cases the so-called meso- 

dermal allantois (in my opinion a relic of the connective stalk) 
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grows out much earlier than the true entodermal one, the latter 

penetrating into the former, is an indication that the evolution of 

the allantois may have taken place in the way outlined above. 

2. The yolksack. Our starting point has been an organ containing 

a large amount of yolk but divided completely into cells, such as 

occurs in many Amphibian larvae and embryos. If viviparity has 

led to the attachment. of the germbladder to the uterine-wall, the 

deposition of reserve-material in the cells of the yolksack becomes 

superfluous and thus the amount of yolk will diminish in the course 

of evolution and finally disappear. The yolkfree umbilical bladder 

will retain however some importance as a haemopoietic organ, while 

in some cases respiratory and nutritive functions may be also retained 

to a certain degree. This condition leads in some cases to omphaloid 

placentation (Marsupials, young stages of horse). Though I have 

not been able to remove all difficulties encountered in this point, 

I am inelined to consider the micromphaloid germbladder of Primates 

as primitive and the macromphalon especially if connected with 

omphaloid placentation, as a secondary phenomenon. 

Now as the trophoblast bladder increases in size and thus the 

umbilical vesicle relatively diminishes in extent, two possibilities 

present themselves. The wall of the umbilical vesicle may separate 

on the whole surface from the diplotrophoblast, with exception of 

the proamnion-area (the entyped forewall of the germbladder). In 

this ease the typical fruitbladder of Primates appears, where the 

embryonic rudiment with the small and free yolksack is suspended 

in the large trophoblastbladder by an archamnion-stalk. If however 

the umbilical vesicle remains attached to the diplotrophoblast at 

various points, its wall, being outdistanced in growth by the latter, 

will be torn to pieces as the wall of the fruitbladder increases in 

extent. This happens in Rodents with inversion of germlayers, where 

the yolk-entoderm remains in connection with the trophoblast-layer. 

In this case it presents a continuous layer below the embryonic 

shield only, but it is not able to coat the wall of the whole gerin- 

bladder on the inner side‘). Consequently the cavity of the yolksack 

opens into the-trophocoel. 
I think we may start from similar conditions, if we wish to 

understand the phylogenetic evolution of the sauropsidan egg. We 

have only to imagine that in the common umbo-trophocoel yolk- 

material is deposited, as the primitive viviparity of Protamniotes 

changes into the secondary oviparity of Prosauropsida, that further 

1) See esp. SrLenKa, l.c. H. 1, 1883, p. 16, T. Land I and H. Ill, 1884, T. Xl and XII. 
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the reduction of the yolk-entoderm at the anti-embryonic pole is 

continued and is followed by that of the trophoblastcells, the latter 

losing for the greater part their respiratory and nutritive function 

and the scheme of the Sauropsidan egg is realised. Even in Rodents 

there is already an indication of this reduction of trophoblast cells 

at the anti-embryonic pole *). 

EXPLANATION OF THE PLATE. 

Common abbreviations. 

A. anal aperture. Am. amnion cavity. Da. intestine. Dz. umbilical vesicle resp. 

yolksack. Emb. embryonic area. Ex. exocoeloma. Lb. liver-outgrowth. Pr proam- 

nion-area. SM. segmented body-mesoderm (somatic mesoderm). Som. somatopleura. 

Spl. splanchnopleura. Zr. trophoblast. Vm. ventral mesoderm. 

Fig. 1. Diagrammatic median section through an amphibian larva with large 

yolksack. 

Fig. 2. Hypothetic transitional form between a yolkladen amphibian larve and 

the germbladder of viviparous Protamniota (median section). 

Fig. 3. Diagrammatic median section through a germbladder of a Primate with 

ectoplacental proliferations on all sides. 

In all the figures ectoderm is shown in black while mesoderm is dotted and 

entoderm hatched. 

Chemistry. — “Chemical actions in the subsoil of the dunes.” 

By Dr. J. Versrurs, M. E. Communicated by Prof. J. BorsEKenN. 

(Communicated in the meeting of March 25, 1915). 

In the dunes and the sub-soil thereof water containing the principal 

ions of sea-water is as,a rule found at a slight depth but in quite 

a different proportion, as the ions Ca and HCO, are very predomi- 
nant therein. 

Still, the concentration of the Ca-ions, which in proportion to the 

other ions occur in very large quantities, is smaller therein than in 

sea-water. At a greater deptl water is generally found in which 

the ions occur in about the same concentration and the same mutual . 

proportion as in sea-water. 

The water of the first class will in future be called the normal 

fresh water, the other the normal salt water. 

As chief ions may be mentioned 

Na, Mg, Ca, Cl, HCO, and SO, 

In the normal fresh water, the concentration of all the ions is 

1) See Srrexka, Le. H.I, 1883, Fig. 21, 24 and 25, T. II, and H. Ill, 1884, 
Fig. 9, T. XI, Fig. 13, T. XIII, Fig. 30, T. XIV and Fig. 44, T. XV. 

104 
Proceedings Royal Acad. Amsterdam. Vol. XVIII. 



1620 

but slieht, but of the cations the principal matter is Ca, and of the 

anions HCO,. 

In the normal salt water, on the other hand, the concentration 

of all ions is much larger; the cations are principally Na, the anions 

Cl. The demarcation between these types of water is not sharp and 

there is a gradual transition. 

This transition, however, cannot be explained by a simple mixing 

phenomenon. The elaborate analyses of a great number of samples 

of underground waters, which at the request of the Government 

Board for Water Supply were made during the last few years in 

the Central Laboratory on behalf of the Sanitary Authorities at 

Utrecht, render possible a more accurate study of the phenomena 

occurring therein. 

Near the transition zône, where the chlorine content still quite 

corresponds with that of the fresh water, an important change is 

perceptible in the concentration of the ions Na, Mg and Ca and in 

such a manner that these ions are present in about the same mutual 

relation as in the normal salt water. 

If the figures giving the concentrations of the ions Na, Mg and Cl 

are divided by the atomic weight of sodium and the half-atomic 

weights of magnesium and calcium, respectively so that the concen- 

trations of the chemical equivalents are obtained, it appears that so 

long the concentration of the chlorine ions corresponds with that 

of the normal fresh water the concentration of the sum of the 

equivalents Na + Mg + Ca also corresponds with that of the normal 

fresh water. 

The. ratios 

Na 
eq. ———_____ 

Na + Me +Ca 

Me 
eq. —— rv 

Na + Me +Ca 

Ca 

“4 Na+ Mg Oa a+ Mg +Ca 

however, already approach those of the normal salt water. 

In some dune regions we may accept for normal fresh water the 

following value of the ratios. 

ed. Pd 
Na + Mg +Ca 

Ms — 0,224 eq. — a 
Na + Me+Ca 
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ee Ca ; eq. ——_—-__ = 0,525 
Na+ Mg+Ca 

and for normal salt water (sea-water) 

N 
eq. — Ë 0,787 

Na + Mg Ca 

M 
eq. — 8 OS 

Na+ Me +Ca 

TE 
Na + Mg +Ca 

Hence, near the transition zône where the concentration of the 

chlorine ions and that of eq. Na + Mg + Ca are still the same as 

these of the fresh water, the mutual proportion in which Na, Mg 

and Ca are present is already about that of the salt water. 

We may, therefore, imagine that in the normal fresh water 

— near the border to salt water — an exchange has taken place 

between equivalent quantities of Na, Mg and Ca and chiefly in such 

a way that Ca has been removed from the water and Na has been 

introduced. 

The phenomenon might be explained as follows in connexion 

with the way in which the fresh water has arrived into the sub- 

soil. The sand of the dunes rests on an old sea bottom and before 

the formation of the dunes this local land was submerged by the 

sea. The soil might then have been permeated by sea-water to a 

great depth. 

Since the formation of dunes thereon precipitant water has pene- 

trated into the soil and displaced the salt water. 

Where fresh water is found now, there has consequently formerly 

been salt water. The normal fresh water must then be looked 

upon as the penetrated precipitant water which contains carbon 

dioxide and has in consequence dissolved calcium carbonate from 

the shells present in the soil. 

The normal salt water is the sea-water still present. If in the 

soil are present solid substances such as amorphous silicates of 
aluminium with sodium, magnesium or calcium, or may be alumi- 

nium silicates which like the zeolithes possess the power, v hen in 

contact with a solution of salts, of mutually exchanging the last 

three elements, the said phenomenon might occur. 

So long as the soil was still permeated by water in which Na, 

Mg and Ca were dissolved in about the proportion in which they 
occur in sea-water, and particularly if this water circulated and 

1045 
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was constantly being replaced by new sea-water, there will have 

formed in a long period a chemical equilibrium between the ions 

Na, Mg and Ca in the sea-water and the atoms Na, Mg and Ca in 

the silicates. 

When this sea-water became displaced by water in which the 

ions Na, Mg and Ca were present in another proportion, namely 

in that of the above-mentioned fresh water, the chemical equili- 

brium was upset and an exchange was bound to take place. 

Whereas, as has been observed, in the normal salt water the 

sodium is very predominant, the calcium predominates strongly in 

the normal fresh water derived from precipitant water. In conse- 

quence of the exchange the proportion of the ions Na, Mg and Ca 

in the penetrated fresh water will agree more with that of sea-water, 

and only when the fresh water has circulated for a certain time, 

the proportion of these ions will, as has been observed, get again 

nearer to that of the normal fresh water. 

By assuming that the solid matters in the soil endeavour to form 

a chemical equilibrium with the cations of the underground water 

it is possible, in connexion with the penetration of the fresh calea- 

reous water to explain the formation of water rich in sodium but 

with a small chlorine content. For in the normal fresh water the 
Ne 

ratio eq. in = about 2.38. If now is about 1.38 and the ratio eq. 

7 : : a 
the greater part of Ca is replaced by Na, the ratio eq. CI be- 

comes very great and approaches more and more to the sum of eq. 
‘ 

Na + En — about 4. 
yl Cl 

If such fresh water rich in sodium is evaporated to a small volume, 
the Ca is nearly all precipitated as normal carbonate, also the greater 

part of the Mg. In the solution thus remain principally Na, Cl and 

CO, with a little Mg. 
For that reason such water has been called ““water containing soda” 

or water containing an excess of sodium carbonate. The name 

“alkaline water’ is also applied, presumably because the residue 

when redissolved in water has a strongly alkaline reaction. 

This alkaline water is often met with in places where we may 

expect that the salt water has been displaced latterly by fresh water. 

Consequently it is found there where at a greater depth, the fresh 

water borders on the salt water, but also in the midst of the fresh 

water near beds of loam and clay. 

This fact is apparently in conflict with the above explanation of 
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the formation of fresh water rich in sodium, but not so in reality 

if we consider that in the beds of clay salt water is usually still 

present when it has already disappeared from the surrounding sand 

layers, because in the beds of clay the water circulates much less 

rapidly than in the sand. In and near beds of clay, just as any where 

else near the border of salt and fresh water, the expulsion of 

the salt water has taken place later than if far away from the 

beds of clay. 

A second circumstance, which would promote the presence of 

water with an excess of alkalis in the vicinity of beds of clay or 

loam, is probably this, that clay and loam contain more solid sub- 

stances that take part in the reaction than sand, so that the chemical 

equilibrium therein is less rapidly repaired. Hence, even after the 

salt water has already been quite leached the exchange between Ca 

and Na will take place still longer in beds of clay and loam than 

in beds of sand. 

Finaily it sbould be pointed out that, where the fresh water has 

got into the soil without expulsion of salt water, the diluvium still 

being above the sea level such as in the islands of Urk and Texel and 

the fresh water is moreover less calcareous, the phenomenon that 

the sodium content is large in the fresh water in proximity to the 

salt water, is not noticed. 

In the above only sodium and not potassium has been mentioned, 

because analyses involving the separation of potassium and sodium 

have been but occasionally executed. 

Hence, when sodium has been mentioned this really means the 

joint sodium and potassium. 

It has been observed that in the arable soils there are present colloidal 

substances possessing the power of assimilating ammonia and potas- 

sium and parting with this again on addition of lime. These substances 

may also be present in the subsoil of the dunes both in the beds of 

loam and clay and in the mud which most sands contain. It is 

probable that these substances cause principally the mutual reaction, 

and they may have a composition resembling that of the so-called 

artificial zeolithes of Gans. 

Moreover, amorphous sodium aluminium silicates are employed to 

substitute sodium for calcium in water intended for boilers. 

Summarizing, we may repeat : 

I. that the fresh water rich in sodium has not a larger content 

in eq. Na+ Me + Ca than the normal fresh water, so that the 

increase in Na-ions has been accompanied by a decrease in other ions ; 

IL. that the ratio NaCl in the water rich in sodium is greater 
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than in the normal fresh water and also greater than in the normal 

salt water, so that a mixing of these two types of water cannot 

cause the larger sodium content. 

HI. That in places where the diluvium still rises above the sea 

level and where the fresh water has colleeted without expulsion of 

Na 
sea water, the proportion ec …— does not increase near 

aoe. | Nat Me+Ca 
the border of salt- and fresh water ; 

‘ ; Na ' 8 ; 
IV. that the proportion eq. —— in the water rich in 

Na+Mg-+Ca 

sodium approaches about to that in the normal salt water so that 

the assumption of a reversible chemical action being the cause is 

an obvious one; 

Na 

Na+Mg+Ca 

exception greater than in normal salt water, but that, looking at 

the fact that Mg also takes part in the reaction, the explanation 

given does not become invalidated thereby. 

The formation of water with an excess of alkalis may thus be 

explained by assuming that the sea-water has ceded alkalis to the 

soil and that those, when the sea-water was being displaced by 

calcareous fresh water, have in turn been exchanged for calcium. 

V. that certainly the proportion eq. is by way of 
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Chemistry. — “The Doublerefractive Sol of Vanadium Pentovide”. 

By Prof. H. R. Krurr. (Communicated by Prof. P. van RomBuren). 

(Communicated in the meeting of March 25, 1916). 

1. In the Jubilee Edition for Erster and Grrrer Diessennorst, 

Freunpiicu and Leonarvt’) have made highly interesting communications 

as to the V,O, sol. When dispersed colloidally in water, this substance 

gives a clear sol which, varying with the concentration, is from yellow 

to brown in transmitted light. [If this sol is stirred, there are noticed 

in the liquid, particularly in the case of specimens that have been 

kept for some months, peculiar, twinkling diffusions, which might 

lead the observer to think that a finely divided crystalline sediment 

were stirred up from the bottom. Curiously enough, the turbidity 

does not disappear in the direction of the bottom of the vessel but 

it often ceases to be visible just after it has still been noticed in the 

middle of the cuvette. Moreover, a deposit is always absent. 

If the sol is examined between crossed nicols, stirring seems to 

cause a clearer illumination of the field of vision; a continued 

investigation now taught that the sol when flowing in a definite 

direction behaves like a plate from a doublerefractive crystal. 

In the cardioid ultra-microscope, the sol appeared to consist of 

elongated rod-shaped particles. The above-cited observers now arrived 

at the following explanatory hypothesis: by currency, the particles 

get in the position which causes only the slightest friction with 

other liquid layers namely with their longitudinal axis parallel to 

the direction of the current. This causes an orientation which brings 

about the doublerefraction. 
They have made a series of experiments to state whether all 

phenomena were really in harmony with this surmise. Currency, 

magnetic field and galvanic current would presumably originate a 

ranging of the particles and indeed all the experiments which they 

carried out and in which they varied in all possible ways the vectors 

of the light-vibration and of the force applied to the system, seemed 

to lead to a light or dark field, just according to what was expected 

from the hypothesis. 

In a second paper”, DiesseLHorsT and FREUNDLICH could even 

1) DmussELHORST, FREUNDLICH and LrONHARDT, Arbeiten aus den Gebieten der 

Physik, Mathematik, Chemie, Junius ELsTER und Hans GEITEL gewidmet, pg! 

453— 478, Braunschweig 1915. 

2) DirsseLHORST and FREUNDLICH, Physikal. Zeitschr. 16, 419—425 (1915). See 

also Zeitschr. f. Elektrochemie 22, 27 —33 (1916). 
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state that the analogy with a doublerefractive erystal goes so far that 

one notices the typical axial cross when the sol is examined in 

convergent polarised light, while the liquid moves in a direction 

coinciding with the microscope-axis. 

A similar behaviour was exhibited by old Fe,O, sols. 

These experiences gave rise to interesting views as to the crystalline 

condition; they are principally of great importance for the theory 

of the liquid crystals; for the analogy with these substances is 

particularly striking. 

2. In April 1915, I prepared a not very concentrated V,O, sol. 

according to the method given by Bitz") It absolutely did not 

exhibit, on stirring, the dark diffusions, neither could I observe a 

light-phenomenon between crossed nicols either by simply placing 

them before a planeparallel cuvette or in the polarisation microscope. 

When in December I once again took the specimen in hand 

both phenomena were exhibited with manifest intensity. With this 

preparation the experiments now to be described have been made 

in January, February and March 1916. 

The object of the research was to verify the above hypothesis 

with the ultramicroscope. It appeared to me that by means of the 

microscope it could be ascertained whether, indeed, the particles in 

the circumstances indicated range themselves in the way expected. 

’ 
&, Observation in the cardioid-ultramicroscope. The specimen was 

strongly diluted to a faint yellow liquid; a drop of this was put 

into the instrument. 

Source of light: Wrure arc-lamp. Objective: Special apochromatic 

(Zeiss). Compensation ocular 18. 

The intenference images are highly peculiar: long pale blue streaks, 

certainly 20 times more in length than in width, are seen in quiet 

Brownian movement, between these, small round dises in vivid motion. 

The apparent size of the rods is about 1 cm. They are elongated 

supple particles, which move about like little serpents, bend to and 

fro and take the form | evidently under the influence of molecular 

thrusts in opposite direction near the termini. Further, V-shaped 

twin combinations are again moving more slowly, also some couplings 

of three and more rods to spiderlike complexes. 

On the slide and covering glass larger complexes have deposited 

as little flakes; therein may be still observed plainly the single rods 

1) W. Briurz, Nachr. Göttingen 1904, 8. 
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sometimes straight, sometimes bent, so that they resemble bundles 

of sea-weed as found on the shore. 

The preparation has a strong inclination to deposit such flakes; 

after a few hours all movement has ceased. This is not astonishing 

at all. If we assume that the breadth dimension of the particles lies 

just at the border of the ultramicroscopic visibility, this, according 

to ZsYGMONDI *), must (for metallic oxides) be judged at 30 uu, the 

length dimension will, therefore, lie in the order of 500 uu. If we 

consider that the distance between the two quartz glasses only 

amounts to 1 or 2 g it will not cause any surprise that the par- 

ticles do not keep on moving for a long time. 

In connexion with what now follows it may be observed that the 

particles lie in the field of vision in completely arbitrary directions. 

4. Observations in the slit-ultramicroscope with a Bir cuvette. 

Source of light as above. Objective Zeiss D*. Ocular Huyerns 3 

Now also we notice beside the round images which are in vivid 

motion elongated slowly moving particles. But a remarkable 

difference is shown: we only notice particles in a position 

perpendicular to the axis of theilluminating beam 

with deviation of at most 30°. Particles with their axes parallel to 

that of the illuminating beam are not to be seen, no more than 

those that exhibit deviations therefrom up to about 60°. 

As it could not be supposed that in these circumstances the par- 

ticles were already ranged, it became obvious that there should be 

an optical reason why those particles are invisible which are situated 

more or less parallel to the direction of the source of light (we 

shall in future call the position of these particles “sagittal” in con- 

trast with that of the visible ones which lie “frontally”; for the ray 

of light arrives straight at the observer). This surmise was in 

agreement with the above-mentioned fact that with a cardioid con- 

densor (which causes an all-round illumination of the preparation) 

the particles were seen in quite an arbitrary direction. 

Subsequently, I have observed the preparation while it was 

passing slowly through the cuvette. A capillary exit tube which 

could be placed higher or lower by means of an elevator made it 

possible to regulate this velocity of currency at will. If indeed the 

particles are ranged by such a currency parallel to the direction of 

the current, the invisible sagittal particles should be rendered visible 

by the frontal flow. As a counting of the particles in a running 

liquid was very difficult, the clearing up of the field of vision was 

1) Kolloidchemie, Leipzig 1912, blz. 11. 
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only watched with a sol that had been brought to a suitable dilu- 

tion for this purpose. Indeed the field of vision becomes clearer 

when flowing takes place. But to the value of this result as a 

conclusive’ proof we may offer an objection because on account of 

the after images of the eye, the moving particles appear more elon- 

gated. More convincing would be a weakening of the light-cone by 

sagittal currency, but it is very difficult to realise a cuvette suitable 

for this purpose (See, however, the end of § 6.) 

It should, however, be remarked that at these very small currency 

velocities the particles do not range themselves quite frontally. 

5. Sveppere Cuvette. 
Therefore we followed a course which gave more chance of 

a satisfactory result. We have verified whether under the influence 

of the electric cataphoresis, the particles range themselves parallel 

to the direction of the electric current. For. this was constructed a 

cuvette’) as indicated in fig. 1. 

Gt = aa 

Fig. 1. 

On a microscope slide two glass plates g were fastened ; round these 

plates platinum foil was beaten (the striped part of the figure); a part of 

the channel formed between the glasses was filled with piceine, which 

was then covered with a covering glass d. Before the remaining 

part of the channel was a little pane v cut from a covering glass 

whilst, finally the little cuvette thus formed could be closed with a 

fitting glass lid. On the platinum foils the current of two accumu- 

lators (4 volts) could be brought by means of two copper springs, 

which are pushed up sideways and to which were soldered con- 

ducting wires. 

The cuvette was pasted on a little table resting on the cardioid 

condenser and hence could be moved upwards and downwards by 

means of the accompanying screw (in these experiments the condenser 

itself was not used and therefore covered with a small copper cap 

to protect it from injury). 

The beam of light now could enter through the pane v, the 

1) Vgl, THE SvepBerG, Nova Acta Reg. Soc. Sc. Upsaliensis [4] 2 No. 1, 

blz. 149 (Studien zur Lehre von den kolloiden Lösungen). 
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observation in the microscope took place through the covering glass 

placed over the channel (not drawn in Fig. 1). 

When now the cuvette was filled with V,O, sol in suitable dilu- 

tion, | saw when closing the electric current, the particles move 

frontally througli the field of vision towards the anode. The orien- 

tation of the rod-shaped particles was unmistakable, though not 

complete. The majority lies quite frontal, but a few move about, in 

a more slanting position with deviations of about 10°, more rarely 

of about 20°. 

The orientation would, of course, be strengthened by bringing 

about a greater potential difference between the electrodes. The 

greater velocity of the motion and the rapid, complete cataphoretic 

accumulation of the particles at the anode then however, impeded 

the observation. Hence we proceeded to the alternating current 

which was furnished by a small Rumxkorrr coil such as is used 

in the determination of the electric conductivity of electrolyte solu- 

tions. For Corron and Movron *) have observed that a colloidally 

dispersed particle follows the impulses of the current and thus gets 

into vibration owing to an alternating current. Indeed, the little 

rods now orientated purely frontally and exbibited themselves as 

elongated rays of light in consequence of the after-images of the 

eye; these rays often reached from one side of the light-cone to 

the other. The field of view was much cleared up on closing the 

current, a phenomenon that may be valued in the same manner as 

indicated in § 4. 

It should be noticed that sometimes, besides the vibration a one- 

sided cataphoretie motion occurred which caused a movement, some- 

times from the left to the right, then again from the right to the 

left, occasionally even right across the field of vision. Particularly 

during the first moments after starting the inductor, such anoma- 

lies now and then occur. They correspond to the anomalies observed 

by DiesserHORsT, FREUNDLICH and LxonarpT in similar circumstances 

and are probably to be attributed to leakages in the circuit in 

connexion with the not vet stationary action of the RumKorrr coil 

when just put in action. 

6. Modified cuvette. Much more striking however, is the image 

when the cataphoresis is brought about parallel to the illuminating 

beam. For this was constructed a cuvette as shown in Fig. 2. 

It differs from the first in so far that one of the platinum elec- 

1) Journ. de Chim. phys. 4, 365 (1906). 
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=== 

Fig. 2. 
trodes is placed behind the front pane, the other before the piceine 

wall of the cuvette-space. The first electrode is perforated so that a 

small opening for the entering illuminating beam is at disposal. 

If in this cuvette the current (either ordinary or alternating) was 

closed all elongated particles disappeared from the 

field of vision. If the current was again broken, the normal 

image reappeared. 

About a minute after the circuit was closed the field of vision was 

so obscured that a sharp contour of the light-cone could no longer 

be distinguished. A few pointed images and a single flake still 

indicated the cataphoretic motion; after breaking off the current, the 

cone becomes again recognisable after about half a minute; after 

a minute a single elongated particle is again noticed; after two 

minutes the previous image has almost entirely returned. 

This observation confirms the hypothesis of the German investi- 

gators as well as our assumption that the elongated particles would 

be invisible when situated with their longitudinal axis parallel to that 

of the illuminating beam. After these investigations had been closed 

there came to oar knowledge a paper by Sirpenropr'), in which 

he discussed the same for particles which have microscopic dimen- 

sions in one direction and ultramicroscopic ones in the two other 

directions. Although the linear dimension of the V, QO, particles 

remains perhaps below the microscope demareation and the theory — 

of Siepenrorpr may, therefore perhaps not be applied here without 

modification *), the cause of this remarkable phenomenon is pointed 

out in this paper all the same. 

Incidentally, a remarkable observation has been made with this 

cuvette. Once, by mistake the first platinum electrode was connected 

with the outer wall of the front pane. On closing the current there 

still took place an obscuration of the field of vision; on closer 

examination the contact appeared to originate as follows: from that 

outer electrode, via the water immersion drop (which connects 

objective and covering glass), through a crevice between covering 

1) Stepentopr, Zeitschr. f. wiss. Mikroskopie 29, 1 (1912). Also compare 25, 

424 (1908) and Mary, 29, 48 (1912). 
2) See p. 38 of his first-mentioned treatise. 
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glass and front pane, through the sol to the posterior electrode. 

The motion now proved to have more the character of an electro- 

endosmotie process than that of cataphoresis; the narrow crevice 

between the two glass plates acted as a capillary opening. With a 

few flakes which are permanently luminous it could be ascertained 

that, on interrupting the current, the liquid flowed back. Hence, we 

have been able to incidentally make here an observation. as to 

sagittally flowing liquid; the result corresponds with the expectation, 

7. The fact of the disappearing of intenference images can also 

be observed without ultramicroscope. The fact stated can also be 

explained in this way that particles situated with their longitudinal 

axis parallel to the illumination direction do not disperse any, or 

but very little, light sideways. The Tynpari phenomenon must, 

therefore, differ strongly with a V,O, sol when this is submitted 

to cataphoresis, first with the electric field parallel, then with that 

field perpendicular to the luminous beam. 

In a planeparallel vessel with square horizontal section was sus- 

pended on each wall a strip of tin foil. Two foils placed opposite 

each other were, at an equal height, provided with a small round 

opening, through which could pass a beam of light. As illuminating 

beam I used that of the slit-ultramicroscope after removing the back 

condenser, the objective AA (Zxriss). The tin foils were now connected 

with a commutator, which rendered it possible to let the current 

of a Rurmkorrr coil (of a somewhat larger type than the one 

discussed previously) pass at will between each pair of opposite tin 

electrodes. With this now a strong fading, or else a fierce flashing 

of the TyNparr cone, appeared if this was observed by looking 

through the vessel from above. ; 

By way of a “cheek”, this experiment was repeated with distilled 

water, with a red gold sol and with a Fe,O, sol (also with a sol 

three years old, respectively one that had been heated *) for 20 hours, 

at 100°); in those liquids, however, the phenomenon did not occur. 

Utrecht, March 1916. van 't Horr-Laboratory. 

1) See the article cited from the Jubilee-Edition ELSter and GEITEL. 
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Palaeontology. — “On a Trilobite Fauna of presumably Devonian 
age in the Dutch East Indies near Kalooë (Tamiang district, 
S. E. Atjeh)” By Dr. W. C. Krein. (Communicated by 

Prof. MoLuNnGRAarr). 

(Communicated in the meeting of January 29, 1916). 

In the south eastern part of Atjeh (Tamiang district, chief settlement 

Kwala Simpang, south of Langsar) the present author discovered at 

a few hours’ distance west of the military encampment Kalooë on 

the Simpang Kiri river, when investigating limestone mountains in 

that locality, a probably devonian fauna, containing among other 

things trilobites, brachiopods, corals and crinoids. 

A local investigation, not extending over the more distant environs, 

led to the following statements. 

When following the Aloer (small river) Kalooé, which a little 

above Kalooé joins the Simpang Kiri river on its western bank, one 

meets after a walk of about an hour and a half a left (western) tributary, 

the Aloer Boenji, the mouth of which is characterised by terraces of 

limestone (travertine). About a hundred metres beyond this tributary 

there is on the same western bank a little used footpath, which at 

first has a south western, further on mainly a western direction and 

which after half an hour’s walk, after a fairly steep rise, passes through 

limestone rocks that seemed to me to belong to the younger, probably 

early tertiary, limestones, which in this region are very frequent. They 

are very well seen e.g. in the Simpang Kiri valley when travelling 

in a sampan (small boat) from Kalooé to the mouth of the Serba 

river. These limestones from which I chipped here and there frag- 

ments did not seem to me to belong to any particular type. 

After this the road descends in a northern direction and on the 

cleavage-planes of one of the rocks lying on this slope I first found 

the pygidium of a trilobite. On searching further a whole fauna then 

came forth from the dispersed blocks, which apparently consisted 

of clayey, reddish brown fine-grained sandstone. 

Eastward of this path, which descends to the north lies a small 

valley, sloping down towards the north east. When examining the 

western bank I could state the following series of strata between 

this rivulet and the highest point of the path, where the rocks of 

limestone occur. 

Reddish grey marly limestones, alternating with grey soft shales, 

occasionally containing fossils ; sometimes harder shales ; total thickness 

about 50 m., position fairly well horizontal. In a cliff of 6 m. height 

the upper portion of these marls is well exposed, in banks of '/, to 
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1/, m. thickness, dipping 20 to 30° N.N.W. and striking N. 80° E. 

with vertical joint-planes. The thick banks have weathered into 

round-edged blocks, a finer stratification in places being observable. 
This first examination did not yield any fossils from these rocks. 

The upper edge of the hard marls forms a small platform and 

above this begins the limestone mentioned above. 

his dimestone presents the following section from below upwards 

to the west of the platform: 
About 40 m. grey or white dolomitie limestone, sometimes sugar- 

grained, mostly very fine-grained, sometimes slightly stratified, with 

a very rough, sharp-edged surface of brecciated appearance, some- 

times with undulations on the joints like ripplemarks, i.e. the 

ordinary aspect of limestone rocks. The lower 20 m. are fine- 

grained, grey, with indistinct veins of white calcite, the uppermost 

20 m. are dolomitic, brighter and sometimes a little sugary in ten- 

ture. On the slope next to this limestone lie the blocks with the 

trilobites. Still higher when ascending along the path fine-grained 

limestone of 2 m. thickness occurs, greyish white with fine white 

streaks, further two metres of grey limestone and then again about 
ten metres of greyish white fine-banded limestone and finally about 

15 m. of unstratitied limestone with a rugged surface. 

Above the highest point of the path where the dip of the strata 

is 20° S.S.E. still further occur when climbing in a W.S.W. 

direction about 15 m. of fine-grained dark grey limestone, which 

a little higher appears to alternate with a rock containing the 

trilobites, although this could not be clearly stated without digging. 
The uppermost bank consists of a greyish white dolomite, at least 

4 m. thick and is underlain by rather thin banks of reddish limestone 

containing ecrinoids. The trochites have become entirely crystalline. 

Above the uppermost limestone shale was found of a grey colour 

and this seems to prevail until the top of this mountain, 25 m. 

higher. The strata with trilobites and brachiopods appear to be 

entirely absent above the limestone. 

Following up the footpath from these limestones one reaches at a distance of 

more than one hour farther the great Aloer Karangpoetih (?), the whole bed of which 

is filled with gravel and boulders of rocks of a dirty white to milky white sugar- 

grained and fine-grained dolomite, the latter resembling vein quartz. After a 

long march through this river an old footpath on the right bank was found 

leading upwards to a northern foretop of the Goenoeng (mountain) Karang Poetih 

in a southern direction. Along this path a limestone wall of at least 100 m. 

thickness is found, apparently horizontally stratified and containing (at any rate in 

the highest zone) many grey or grey-black, much fractured and weathered cudgel- 
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shaped flints, sometimes one to two decimetres in diameter. Flints occur moreover 

in the whole section. The rock is corrugated everywhere into sharp edges by 

weathering. In the aloer Karangpoetih near the north east point of a limestone 

mass of the same name which is from a long distance visible from the military 

road east of Kalooë in a westerly direction as a bare cliff, beds of limestone occur 

and next to these beds of a lustrous slate, which is of black grey colour and 

contains particles of carbonaceous matter. Also a conglomerate composed of 

fragments of slate or shale is found here. The position of these layers and their 

mutual relation has not become clear to me during my short visit. 

Summarising the sequence of strata from below upwards is: 

+ 80 m. reddish grey marls and grey shales; 

+ 75 m. /imestone, grey, fine-grained, sometimes dolomitic ; 
+10 m. limestone as before, alternating with thin layers of erinoid 

limestone of reddish colour and with one or more alternating layers 

of grey marl with probably devonian trilobites and other fossils. 

This rock weathers into a red-brown sandy claystone. 

+ 25 m. grey shales, 

The rocks are gently folded and the strike is N. 80° E., which 

is. however, of little importance on account of the small extent of 

the area, where the rocks are well exposed. 

FAUNA. 

The entire fauna has been obtained from one horizon in the upper 

portion of a series of strata, about 190 Metres in thickness, appa- 

rently oecurring in conformable succession. Moreover the fossils only 

occur in the beds of marly limestone, inthe purer limestones I found 

no fossils as yet, except stems of crinoids. Hence the fossils collected 

only offer a poor representation of the entire fauna, which e.g. 

in the crystalline limestone might have had another character, but 

has entirely disappeared by the processes of reerystallisation and 

partly also dolomitisation. 

The number of specimens of the fauna found in the mar! is large, 

but the number of species is small. A rapid examination, made on the 

spot without having any literature at hand, gave the following 

species: Acanthocladia sp., Strophomena sp.? Zaphrentis sp., Melo- 

crinus (Ctenocrinus) typus Bronn., Actinocrinus sp.? and a calyx of 

a erinoid, probably belonging to the order of Carviformia, besides 

numerous Trilobites, probably of the genus Proetus and possibly 

also a Dalmania sp. and finally a form belonging to the Nautilidea. 

Excepting the corals and some of the brachiopods the lime of the 

shells has entirely disappeared, the casts being difficult to determine. 

The casts of the trilobites have been preserved best of all, as is 
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generally the case in such faunas. The soft weathered rock is very 

suitable for preparing the organisms, the harder unweathered cores 

of the large blocks being unsuitable for this purpose. 

Throngh the kind assistance of the military commander at Kalooé, 

Captain van GHEEL GILDEMEESTER, I was able to collect some hund- 

red fossils. An expedition undertaken especially for this purpose 

will yield much more; I had only a single day at my disposal. 

The just-named officer will be pleased to procure a guide for geolo- 
gists who should wish to visit the locality. 

Trilobite faunas outside the Dutch East Indies. For comparisons 

we must look outside the East Indies. The earboniferous fauna of 

the limestone of the Padang Uplands, discovered by Verperk *) and 

described by F. von Roemer *), is of a more recent date and has scarcely 

any species in common with the fanna found by me, as far as I can 

judge at present. For the rest only younger faunas of permian *) or 

more recent date became known from the Kast Indies and the fauna 

found by me is problably the oldest as yet known in these islands. 

From British India however and from Australia we know also 
devonian as well as silurian faunas with trilobites. In N. E. Burmah, 

in the northern Shan States, Noerring and La Tovenr *) found 

silurian and devonian strata east of Mandalay; this fauna has been 

fully described by Coweer Reep *). It originates from a coral reef, 

the Padankpin reef, situated amid a large massive of “lower plateau 

limestone’, for the greater part dolomitised and for the rest contain- 

ing no fossils whatever, except a small fauna of uncertain stratigraphical 

position, in the Wetwin Shales. The Padankpin fauna is mid-devonian. 

Calceola Sandalina is very numerous in it. These limestones, as 

Dr. Norriine lately wrote to me, extend from 26° to 14° Nortb. Lat. 

1) R. D. M. VergeekK, Topografische en Geologische Beschrijving van een gedeelte 

van Sumatra's Oostkust; Batavia, Landsdrukkerij, 1883. See p. 247. 

2) FE. von Roemer, Ueber eine Kohlenkalkfauna der Westküste von Sumatra, 

Palacontographica, Ba. XXVII, 1880; reprint in Jb. van het Mijnwezen in N.O. 

Indië 1881, deel I, p. 289—305. 

3) The trilobites described by Martin from the Lorentz-river in New Guinea 

have only the pygidia preserved. They probally belong to the genera Proetus and 

Phillipsia but are unfit for an excit determination of the age of the rocks in which 

they occur. 

K. MARTIN, Palaeozoische, mesozoische und kainozoische Sedimente aus dem 

stidwestlichen Neu Guinea. Samml. des Geol. Reichsmuseums in Leiden IX, p. 92. 
4) T. H. D. La Tovene, Geology of the Northern Shan States, Memoirs of the 

Geol Survey of India, Vol. XX XIX. part 2, 1913, Calcutta, See p. 182. 

5) T. R. Cowrer Reep, The Devonian Faunas of the Northern Shan States: 

Palaeontologia Indica, New Series, Vol. Il, Memoir NO. 5, 1908. 

105 

Proceedings Royal Acad. Amsterdam. Vol. XVIII. 
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The elements summed up above for the Kalooé fauna do not 

occur in the British Indian devonian, which yielded only a few trilobites 

with which I cannot identify my species. Melocrinus, which according 

to my preliminary examination appears to oecur at Kalooé, is accord- 

ing to the palaeontological handbooks of Zrrrnt, NicnousoN and 

LYDEKKER a silurian-devonian genus and the species Melocrinus typus 

is typical for devonian strata, but the exact determination of species 

being impossible on the spot no certainty as to the age of the fossils 

has as yet been obtained. I have sent the fossils to Prof. Dr. JONKER 

of Delft, who probably later will publish full details. 

Also in South Yunnan (China) devonian is known, the fauna of 

which has been deseribed by v. Loozy in “Reize des Grafen Szechenyi”, 

Bd. 1, p. 682. In North Yunnan Von RrcnrnoreN collected devonian 

fossils, more fully described by Kayser (v. Ricutuoren, China, Bd. IV, 

p. 75). From the Himalayas only an insignificant devonian fauna 

has become known. I leave it to palaeontologists to make more 

elaborate comparisons based on more extensive lists of fossils. 

It is desirable to study the stratigraphy of the strata near Kalooé 

well and thus also to determine the position of the white dolomites. Ihave 

found those chiefly as boulders in the Aloer Karangpoetih, although 

they occur in situ in some places of the river, and therefore I am 

of opinion that the Goenoeng Karangpoetih partly rests on them. 

A limestone with grey-black flints, as occurs on the northern foretop 

of this mountain, I did not find mentioned in any of the descrip- 

tions of limestones of other parts of Sumatra. Mr. J. B, SCRIVENOR 

wrote to me that he did not know this type of rock in Malacca either. 

The author hopes in a subsequent paper if circumstances permit 

to be able to deal more fully with this trilobite ime of Kalooé, 

the discovery of which he only wished to announce in this first 

communication. Pangkalan Brandén, North Sumatra, Aug. 1915. 

Prof. MoreNGRAAFF made some remarks in addition to the preceding 

article. 

Mathematics. — “On the nature of the limiting surface for mul- 

tiple space transformations.” By Dr. K. W. Rourerrs. (Com- 
municated by Prof. Jan p Vries). 

(Communicated in the meeting of February 26, 1916). 

1. If r+ 1 surfaces of order p are given by means of the 

equations /,=0,..., f-41=0, an r-fold infinite linear system S, 

of surfaces, determined by these 7-+- 1 surfaces, is represented by 

WS; IE Na Ie Petes at Arta Sra 0; 
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On any surface ® of S, an (r—1)-fold infinite system of twisted 

curves is produced by the intersection of the remaining ones, of 

which system of twisted curves we will suppose that any of them 

is of the genus one. 

Jf we take r>>2 a net of elliptical twisted curves arises at 

least on each surface d, so that any surface of JS, is rational, i.e. 

may be represented point for point in a plane‘); in such a repre- 

sentation the system of twisted curves will have to correspond to 

the likewise (r—1)-fold infinite system of plane elliptical curves 

(r > 2). Suchlike linear systems of plane elliptical curves may always 

be reduced by means of birational transformation to a system of 

cubies with u single base-points (O< <7) or to a system of quartics 

with two two-fold base-points. *) 

If m is the number of free intersections of two curves (at the 

same time the number of points in which three surfaces of S, meet 

moreover apart from the base-curves and base-points), the dimension 

of the system of curves in each of the cases proves to be equal to 

n; the dimension of the system of surfaces $S, is therefore r—=n-+1. 

2. Between two spaces + and 2’ a (1, n)-fold transformation 

is achieved, if we establish a collinear correspondence between the 

planes of a space 2’ and the surfaces of a triply infinite linear 

S;, of which the elements intersect, apart from the base- 

curves and base-points, moreover in 7 points. 

If S, is chosen out of an 7-fold infinite system, as has been above 

supposed, any surface ® is to be represented in a plane in such a 

way, that the * intersections with the other surfaces correspond 

to a net of cubics or of quartics. We exclude the latter case and 

assume moreover that all the base-points of the c,-system are different 

for the representation of >. 

system S 

3. For the space transformations are now of importance: the 

surface of Jacost, “7, in the space and the limiting surface 
Dy in the space ' corresponding with it point for point. 

Taking into consideration the above mentioned suppositions we 

shall prove that the limiting surface ®'y must always be a cone. 
lts order may be determined in the following way. 

The curve of intersection of a surface ® of S, with dj corre- 

1) M. Noerger, “Ueber Flächen, welche Schaaren rationaler Curven besitzen’’, 

Math. Ann., 3, p. 161, 1871. 

2) G. B. Guccta, “Generalizzazione di un teorema di Noether”, Rendiconti 

del Circolo Matematico di Palermo, tomo I, fase. 3, 1886. 

105* 
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sponds in the representation on a plane to the curve of Jacopr of the 

net of curves c,; the latter is of order 6 with u nodes in the u 

base-points of the net (the genus is consequently 10—,) and is more- 

over intersected by an arbitrary c, in 18—2u or (as u =9— n) in 

2n points. The intersection of two surfaces of S, has therefore 2n 

free intersections with ®7; a straight line in >’ touches the limiting 

surface P'y in as many points, so that the limiting surface is of 

order 2n. 
The genus of the curve of Jacopi of the c,-net corresponds to that 

of the intersection of a surface of |S, with Dj, and this curve cor- 

responds again point for point to the plane intersection of dj. The 

latter too has therefore the genus 

10 —u=n thi. 

The rank of ®'7 too is easy to determine. A surface of S, with 

a node D corresponds in =" to a tangent plane at 47 in the corre- 

sponding point D’. The curve formed by the points of contact of 

the tangent planes drawn at #'7 out of a point P’, corresponds to 

the loci of the nodes of the net of surfaces of S,, determined by 

the points P,,...,P, corresponding to P’, i.e. to the curve of 

Jacos 9 of this net of surfaces. 

g is intersected by a surface d> of S, in as many points as there 

are curves with a node in a pencil of the c,-net, consequently in 

12, ie. the rank of Dy is equal to 12. 

4. From what has been mentioned above it ensues that the plane 

intersection of @'7 is of order 2n, of genus n-+1 and of class 12, 

by which the remaining numbers of PLicker are known; it appears 

inter alia that this intersection must possess 30—n bitangents. 

A bitangent of ® happens to be the representation of the inter- 

section of two surfaces of S,, which possesses two nodes, in other 

words is degenerate. 

In order to determine the class and the order of the congruence 

of bitangents of '7 we investigate how often the curve of inter- 

section of a surface ® with the remaining surfaces of S, is degenerate, 

and how often such a degeneration will pass through one or more 

of n coupled points P,,..., P, (which determine a net out of Sy): 

5. From the representation of ® in a plane it appears that the 

degenerate curves of intersection are represented in different ways, 

viz. by: 

a. a c‚ possessing a node in ove of the u base-points of the c‚-system. 

Number u = 9—n. 
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Dh. a c,, which has degenerated into a straight line passing through 

two of the base-points and a conic passing through the u —2 remain- 

ing ones. 

Noe oe) BO 
; 2.1 2.1 

c. a ¢,, Which has degenerated into a straight line passing through 

one of the base-points and a conic passing through the g—1 

remaining ones. 

Number n—2 for each base-point. Total amount (9—n) (n—2). 

d. a c,, which has degenerated into a straight line passing through 

none of the base-points and a conic passing through « base-points. 

(n- 
Number ————-——. 

The total amount therefore is 380—n, corresponding to 80—n 

bitangents of the plane intersection of ®'7, and on account of the 

supposed difference of the base-points those of the @ case give rise 

to (9—n) (8—n) of the 1st class, those of 6 to +(9—n) (8—n) of the 

dst class, those of c to (9—mn) of the (n—2)rd class, those of d to 

(n—2) (n—3) 

2.1 
one of the class 

6. For each of these the order is to be determined now. In the 

a case, the part of the degenerate intersection, represented in the 

plane by a base-point, has one free intersection with any surface 

of S,. Such a curve can only occur as part of a degenerate curve 

of intersection of two surfaces of a net determined by the 7 points 

P,,..., Py, if it passes through one of these points and consequently 
has no free intersection any more with a surface of the net of 

surfaces. 

This, however, leads to an impossibility as in that case a surface 

is always to be obtained passing through two curves of the same 

kind, which does not oceur. 

In the 4 case the same is the case for the parts represented by 

the straight line. 

For c, the curve, represented by the straight line, has two free 

intersections with any surface, and is only to be taken as part of 

a degenerate intersection, if it passes through two of the points 

nest 
That this is also impossible ensues from the fact that on a surface 

no two equal curves (represented as a straight line passing through 

two points) will intersect in a point. 
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For d we find the same impossibility : now, the part represented 

by a straight line must pass through 3 of the points Bn EN 

while here on the same surface “@ no intersection in f#vo points 

can occur. 
It is therefore evident that of none of the degeneracies a part can 

pass through one of the base-points P,,..., P,. Through an arbitrary 

point P,' in 2’ no bitangent of #7 passes. All the bitangents are 

therefore lying in (80—n) separate bitangent planes. 

The surface itself must be a cone. 

Chemistry. — “The photo-oxidation of alcohol with the co-operation 

of ketones. Contribution to the knowledge of the photochemical 
phenomena.” Il. By Prof. J. Borsexen and Dr. W. D. Conen. 

(Communicated in the meeting of March 25, 1916), 

At the meeting of 31 Oct. 1914 some particulars were commu- 

nicated by us as to this reaction; since then we have made a closer 

study of the same and a few important results thereof are found in 

the dissertation of one of us’). 

The reaction scheme: 

2 ketone + alcohol = pinakon + aldehyde-(ketone), 

deduced from comparative velocity measurements with increasing 

quantities of aleohol could be confirmed in various ways. 

First of all it was demonstrated that in this reaction the 

aliphatic aleohol was converted quantitatively into aldehyde (ketone, 

respectively) and not into the correlated aliphatic pinacone. 

The acetone obtained in the reaction: 

2 C,H,COC,H, + CH,CHOHCH, = [(C,H,),C(OH)]|, + (CH,),CO 

was thus weighed in the form of the p-nitrophenylhydrazone and 

the cyclohexanone formed in the reaction: 

2 C,H,COC,H, + C,H, OH (cyclohexanol) = [(C,H,),COH], + C,H,,0, 

was determined by the “oxime method”. 

That, in the photo-oxidation of aromatic alcohols, the said reaction 

scheme was also correct was proved as follows: 

If the reaction had taken place according to the equation: 

C,H,COC,H, + C,H,CHOHC,H, = [(C,H,), C(OH)], 

which also would have been in harmony with the unimolecular 

course of the reaction, then when taking the two following mixtures: 

1) Dissertation W, D, Conen, Delft 1915, 
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CIC,H,COC,H, + C,H,CHOHC,H, and 

C,H,COC,H, + Cl. C,H,CHOHC,H, 

one and the same monochlorobenzopinacone ought to have been 

formed. 

If, on the other hand, the reactions were as stated above, very 

different produets ought to be obtained in each ease. 

Indeed there was obtained in the first case a chlorine containing 

pinacone, the chlorine content of which certainly was not so high 

as that calculated for a dichlorobenzopinacone [this, however, 

is self-evident because the benzophenone obtained in the reaction 

from the benzohydrol must be converted together with some unchanged 

benzhydrol into the ordinary benzopinacone) but still much higher 

than that calculated for the monochloro compound. 

In the second case a pinacone mixture containing but little chlorine 

was obtained; this also is in full agreement with what was to 

be expected, as first the chlorobenzophenone formed is at the 

start present in small quantities only and, secondly, it is converted 

into the correlated pinacone slower than the benzophenone itself. 

From the progressive change of the reaction, as proved by different 

ways, it thus follows that both hydrogen atoms of the alcohol are 

rendered active. 

A fortunate incident subsequently enabled us to further elucidate 

the course of the reaction. 

During the illumination of solutions of terephthalophenone and of 

isophthalophenone in different alcohols a very distinct yellow colo- 

ration was observed. In the beginning this colour disappeared on 

shaking the tube. When the coloration persisted on shaking, the 

liquid could still be decolorized by allowing the air to enter into 

the reaction mixture. Hence, it was obvious to attribute the decolo- 

rization to oxidation; that in this case the oxygen played indeed 

an important role could be shown by placing the mixture (freed 

from oxygen by boiling) in a space filled with oxygen-free nitrogen; 

on exposure to ordinary day-light the contents of the tube turned 

immediately yellow; if now a trace of air was admitted, the liquid 

got again decolorized. 

In order to show the oxidation still more distinetly, the saturated 

solution of terephthalophenone with a slight excess of the ketone 

was placed in a vessel furnished with a doubly bent tube which 

dipped into mercury ; the space above the liquid was filled with air. 

On illumination, the mereury gradually rose and the small excess 

of terephthalophenone did not perceptibly dissolve, This only took 
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place after the oxygen had been consumed and the eolour had 

almost completely faded. 

After some time, beside the residual terephthalophenone another 

non-coloured substance began to deposit; this went on until the 

original terephthalophenone had entirely disappeared and the liquid 

again was almost quite decolorized. 

To judge from the molecular weight, the colour reaction with 

potassium hydroxide (to which we will refer later) and the decom- 

position on heating the new product consisted of the terephthalo- 

phenopinacone. 

When we place the yellow solution in the dark it keeps unchanged 

for months; if, however, air is admitted it is also very rapidly 

decolorized. 

Finally it should be remarked that if an inert solvent but no 

alcohol is present, no yellow coloration sets in, so that the aleohol 

is a necessary condition for this colour reaction. Taking into con- 

sideration our previous results we may conclude from the foregoing: 

1st. The ketone absorbs a part of the violet rays. 

2nd, The following photo-reaction takes place: 

terephthalophenone + alcohol + little light = yeilow sub- 

stance in which the two hydrogen atoms forming part of the 

alcohol molecule are rendered active. 

This substance is permanent in the dark but is decomposed by 

oxygen as follows: 

yellow substance + oxygen = terephthalophenone + aldehyde 

(ketone) + H,O. 

3. If the yellow substance is further illuminated it is converted 

according to the reaction: 

yellow substance + much light = terephthalophenopinacone + 

+ aldehyde (ketone). 

After this elucidation it was only natural to ascertain whether in 

the case of the other ketones, where the yellow colour is not so 

pronounced or could not even be observed, the progressive change 

was the same. 

Indeed it could be ascertained that if reduction to pinacone did 

occur, there could always be noticed absorption of oxygen should 

this gas be present. 

To demonstrate this, a little apparatus was employed consisting 

of a vessel of 20 em. capacity in which was placed a hollow stirrer 

with T-piece and opening. By the rotation of the stirrer the gas 

from the gaseous space was forced through the. liquid and kept this 

saturated with air. The stirrer was also connected air-tight with the 
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axis of a mercury seal that could be rotated with a little motor 

whilst the gaseous space was connected with a mercury manometer 

by means of a capillary. 

In this manner, not only the oxidation could be ascertained but 

also its velocity could be measured. 

A small vertical plate placed perpendicularly to the wall and 

projecting just above the surface of the liquid served to keep the 

surface tranquil; a similar little plate was also found in the small 

mercury reservoir of the seal causing the mercury surface to keep 

in the horizontal position. 

The reduction to pinacone and the oxidation of the alcohol to 

aldehyde and water seem to be inseparately connected with each 

other; a priori this is not necessarily so. We may conceive tbat 

the H is rendered active in such a manner that it combines with oxygen 

without being yet capable of attacking the ketone, and conversely. 

As these two reactions probably take place together, the action 

of the CO-group on the H of the alcohols, which leads to an activity 

towards the O of the air as well as to that of the ketone, must be 

attributed to a same cause. 

Only there is a difference and that is that the oxidation reaction 

can proceed further without the assistance of light, seemingly because 

this is a catalytic reaction, whereas the pinacone formation requires 

the continuous assistance of the light energy. 

From our previous communication it appears that there are a number 

of ketones, which, although they powerfully absorb the light, are 

not at all, or at least not perceptibly, capable of activating the 

alcoholic hydrogen. *) 

Many of these ketones may, however, be conveniently reduced 

by other means, the non-occurrence of the photo-reduction must, 

therefore, be looked for in the particularly unfavourable condition 

of the CO-group in connexion with the influence of other groups 

in regard to the light. 

The condition of the CO-group in the ketone molecule as deter- 

mined by all surrounding molecules will regulate the power of 

rendering active alcoholic hydrogen atoms. Moreover, a reciprocal 

reaction between fwo ketone molecules and one alcohol molecule 

must be able to take place. 

The catalytic aleohol-oxidation with the co-operation of the CO- 

1) It is presumably a quantitative difference; o-methyl-benzophenone does it 

slowly so that we have just been able to show it by means of the oxidation 

reaction; fluorenone acts much slower still 
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group rendered active by exposure to light, as found by us, now 

enables us to obtain a series of aldehydes in a perfectly neutral 

medium. 

Here, however, it must be observed that the alcohol should not 

cause a hindrance. 

It appeared for instance that citronellol, although a primary alcohol 

with a double bond far removed from the OH-group was not 

oxidised; this now must be attributed to a disturbing influence exerted 

by the alcohol on the active light. 

If we place this alcohol in the jacket of the mantle tube (see 

previous communication), it also retards the reduction of benzophenone 

by ordinary alcohol in the inner tube. 

Even with strong sun-light in the spring the velocity of the reaction 

is but small: this can only be remedied by enlarging the surface 

illuminated. If we wish to become independent of the sun-light 

powerful mercury lamps will have to be used with the reaction 

mass in a jacket round the are light. 

For practical purposes we do not consider the photo-reaction to 

be of much importance just yet, but from a theoretical point of 

view it is so all the more. 

This now may appear from the following points: 

1st. It has been shown that, among all other primary and secon- 

dary, saturated alcohols, the methyl alcohol occupies a special place 

because reaction with benzophenone and its derivatives takes place 

much slower (see previous communication). 

This is based on a lesser activity of the H-atoms of the alcohol 

towards the oxygen and not, as in the case of citronellol, to an 

absorption of active rays. 

Therefore, we can understand that also the physiological action 

of this aleohol must be different from that of its analogues. This 

difference has been found with the human being as well as with 

penicillium glaucum. 

2nd. When we consider the succession of the photo-reactions which 

from the mixture of aromatic ketone and alcohol lead to pinacone 

and aldehyde we find some resemblance to the assimilation process. 

Of the latter we can very roughly conceive the following image : 

I. (chlorophyllogen + protoplasm) + little light = (chlorophyll + 

protoplasm). 

II. (chlorophyll + protoplasm + carbon dioxide) + more light = 

(chlorophyll + protoplasm + formaldehyde) + Q,. 
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III. chlorophyll + protoplasm + formaldehyde = chlorophyll ? + 

protoplasm + sugar etc. 

The assimilation process is undoubtedly much more intricate than 

the one studied by us for instance on account of the not as yet 

surveyable endo-enzymic action of the living protoplast, but here 

also we have first (I) a transformation of a definite system by means 

of a slight light intensity into another photo-active condition, sub- 

sequently (II) a photo-reaction requiring more light. 
Part (IID, the formation of sugar or amylum is a synthesis 

which is caused presumably by other enzymes and has a purely 

catalytic character. 

The fact that here are formed optically active compounds from 

carbon dioxide will presumably be due more to the asymmetric 

construction of the protoplasm than to that of the chlorophyll. Of 

the asymmetry of the chlorophyll nothing is known. It is possible 

because phytol, the unsaturated alcohol in the chlorophyll, is probably 

built up asymmetrically, but as the generation of sugar from for- 

maldehyde is more of a protoplasm function than an accelerating 

effect of chlorophyll, it is more rational to also look to the proto- 

plasm for the cause of the asymmetry of the amylum obtained. 

In the photo-process studied by us lies, moreover, the possibility 

for the realisation of a simple asymmetrically-proceeding photo-reaction. 

Starting from the system: 

optically active ketone + racemic alcohol = pinacone + aldehyde, 

we may expect that one of the optic antipodes will be oxidised to 

aldehyde more rapidly than the other. Whether this view is correct 

will have to be settled experimentally. 

3rd, The significance of the catalytic oxidation of the alcohols for 

the better understanding of the catalytic reactions particularly amounts 

to this, that we get here very plainly the impression that there is 

wanted a continuous, though it may be a small, supply of energy 

to keep the catalysis going. 

_ Only the ketone-alcohol mixture energetically activated by the light, 

namely the just mentioned yellow substance is capable of taking up 

the oxygen and if we wish to proceed with the alcohol oxidation 

we must continuously take care to promote this activation. 

The reaction : 

alcohol + oxygen = H,O + aldehyde (ketone) 

is thus kept active by a photo-action in the CO-group of the aromatic 

ketone. 

If we compare this with the effects of platinum or palladium this 
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can be explained, according to the investigations of WreLanD, in a 

perfectly analogous manner. 

Palladium is capable of withdrawing hydrogen from an alcohol 

and this absorbed and activated hydrogen is then attacked by the 

oxygen. 
In the phota-reaction the case is in reality still simpler and purer. 

With the co-operation of definite rays of light, the ketone is 

capable, if not of actually withdrawing the H, of modifying the same 

(in some cases perceptible by the yellow colour). 

Which practically will amount to the same thing, for as soon as we want to 

get a conception as to the change of the H, a form must be given to it in which 

either the position of the atoms or that of the electrons must be considered as 

modified. 

The photo-active H can now form water with the oxygen just 

like the Palladium-active hydrogen can do this. 

We have tried whether the element H, might also be rendered 

active by means of the system Ketone + light, but this did not succeed. 

From the experiments of Cramician and Sitper and also from our 

own we must, however, conclude that a large variety of hydrogen 

compounds is certainly capable of it. 

In consequence of our observations as to the activation of the 

alcoholic hydrogen the following question still arose, in connexion 

with the catalytic phenomena. 

We can conceive ethyl alcohol to be built up of ether and 

water and there are indications that in the system: 

(C,H,),0 + H,O = 2C,H,OH 

the alcohol at the ordinary temperature is more stable than the 

mixture of ether and water.’ 

If this is so, the formation of alcohol under the influence of defi- 

nite catalysts ought to be capable of demonstration. 

Now, we have first of all tried the effect of illumination on benzo- 

phenone in absolutely dry ether; no action had taken place in the 

time that it was converted with absolute alcohol, completely into 

pinacone. 

We remind the reader that water exerted a very retarding influence 

on the photo-reaction, 
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On illuminating a solution of benzophenone in moist ether a liberal 

formation of pinacone and aldehyde was noticed. 

4C,H,COC,H, + (C,H,),0 + H,O = 2/(C,H,),COH), + 2C,H,O 

Hence, the photo-reaction has here induced the alcohol formation 

and this notwithstanding the retarding action of water which at 

the commencement was present in considerable quantities. 

The experimental details will be published elsewhere. 

Chemistry. — “The hydrogen-ion-concentration of some complex 
polyhydroxyborate solutions,’ By Prof. J. BörseKeN and 

A. H. KerstveEns. 

(Communicated in the meeting of March 25, 1916). 

The relation found by one of us between the influence exerted 

by a number of polyhydroxy-compounds on the electric conductivity 

of boric acid, (rendering it possible to get some more information 

as to the configuration of these compounds) made it desirable to 

further trace the cause of the change in conductivity. From what 

was found (which, moreover, was already known from observations 

of other workers) boric acid frequently becomes a more powerful 

acid, and the increase in the concentration of the H-ions must, 

therefore, be considered as being the most important cause of the 

exaltation in conductivity. 

Slight decreases in conductivity have, however, also been noticed 

which may then be attributed on the one hand to the formation of 

complexions with small migration constants, on the other hand toa 

greater viscosity of the medium. 

We have now in the first place made it our task to determine 

the H-ion concentration of a few diverging cases and to compare 

these values with those which could be calculated from the determi- 

nations of the conductivity. 

The H-ion concentration was deduced from the electromotoric 

force of a concentration chain which was determined according to 

the compensation method of PogGenporr with the capillary electro- 

meter of LippMANN as zero-instrument. 

The complex boric acid solution investigated by us formed part 

of the concentration chain: 

H, (p =1 atm.) | Cr- | satur. KCl | Hg,Cl, in 0.1 n. KCI | He. 

In view of the smali H-ion concentration the vessel, containing 
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the liquid of which this concentration was measured, was selected 

as small as possible. 

Mee Ed oom L 

Seale 

The following sketch gives a survey of the arrangement of the 

determination. 
RT DH. 

The EMF. of this chain B, = —~ In EB Ben 

If the pressure of the hydrogen is kept at one atmosphere then 

V pH, = WE 

The EMF of this chain #, is compared with that of a standard 

normal cell Z,; if the readings on the scale are a, and a,, then 

bij B, ha: E 

From the difference in potential 7, (p =1) Cp, which thus in regard to 
7” 

the normal hydrogen electrode = ins In Cy, the known potential 

difference of the calomel electrode (also calculated with respect to the 

normal hydrogen electrode) = 337 millivolt and the found electro- 

motoric force of the concentration chain, the concentration of the 

HT can be calculated. 
The normal cell employed was compared with a standard instru- 

ment and had an EMF of 1.0177 at 18°. 

The hydrogen used for determining the potential difference //,/ Cy was 

very carefully purified, the platinum wire was freshly platinised and 

was only superficially plunged into the electrolyte. 

This part of the concentration chain was placed in a thermostat 

at 25°, because the Cy had to be compared with that calculated 

from the conductivity measurements which were carried out at 25°. 

As the calculations in regard to the norma! hydrogen electrode 

relate to 18° and as this is sensitive to the temperature an error is 

made of a few millivolts; this, however, is within experimental errors. 
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Notwithstanding the use of a saturated solution of KCl as inter- 
mediary electrolyte and the employment of capillary connexions ot 
the latter with the hydrogen- and with the calomel-electrode, the 

readings in the zero-instrument, when dealing with little Cy, seemed 

to become either indistinct (owing to the great resistance), or 

inaccurate (presumably owing to diffusion). 

As our intention was mainly to ascertain whether the change in 

conductivity of the boric acid by the polyhydroxy-compounds was 

due to an increase of the concentration of the hydrogen ions, and 

as we, therefore, could be satisfied with an approximate value, we 

have provisionally contented ourselves with the results obtained. 

The calculation of the Cy from the conduetivity determinations 

took place from the relation: 

“— yy (An: + Ax) 

1 = gram equivalent per Litre. 

y == dissociation degree. 

CH = yn 1000 = enue zs : 
AH Hr 

Now, the sum of the migration constants (Aq: + Ax) of the com- 

plex boric acid compounds is not known; assuming it to agree with 

that found for acids with a not too small number of carbon atoms, 

we have put it at 380. For boric acid itself, this value is presumably 
too high. 

Example: Hydrogen-ion concentration of 0,5 mol. H,BO,. 

Insertion of the normal cell; reading on the scale = 511.3 

concentration chain; —,, „mn eS ASW) 

287 

+B) 

EMF = 0 
oblo 

E of the calomel electrode = 0.337 se 

EMF of Ay (p = D|Cr- = 0:233' v. 

se : E 5 
Brome Te In Cy follows log Cy = — DOED TT 3,95 

Of = NAL Neat 

Caleulated from the specific conductivity x= 28.5 > 10 * 

1000 X 28.5 10-8 
Cz: =: 

< 380 

With boric acid these readings were not sharp, by way of control 

we have also determined the Cy of N/,, succinic acid and calcu- 

lated the H'-ion concentration from the known dissociation constant. 

= > 0,75 X 10%. 
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Hydrogen ton concentration of N/,, succinic acid. 

Insertion of the normal cell; reading on the scale = 502.4 

EN „ concentration chain; ,, Baal ee ee 4 (al 

9 

EMF == RT < 1.0177 = 0.487. From this, see above 

0,487—0,337 
log Cr = = — 6010403 

0,059 

C—O Ozn 

The dissociation constant of succinic acid at 25° —= 6,3 «10°; 

from this follows, for the dissociation degree of a N/,, solution, 

from the relation 

a“ 
=x , a=—0.0248 hence Cyg-=— 0.00248 = 2.48 x 107°. 

(l—a)v ae 

Hydrogen-ion concentration of mannitol (0,5 mol.) 

Insertion of the normal cell; reading on the scale = 513. 

„ concentration chain; _ ,, Ae See 02s 

302 
EME = — X 1.0177 = 0.599. 

513 

e 0.599—0.377 
log Cy = — — 0.059 

Ud 

Cr = 3.7 X 107°. 

= — 4.443 = 0.567—5 

The specifie conductivity of the mannitol was higher than could 

be expected from a polybydroxy-compound, namely — in the case 

of a 0.5 mol. solution — = 32.4 x 10-6. 

If we suppose this to be in consequence of its acidic properties 

we get by calculation 

Cr Re Ten SS 0m 
380 —_———_——_ 

This is undoubtedly too high; presumably the mannitol was con- 

taminated with small quantities of acidic electrolytes. 

Hydrogen-ion concentration of 0.5 mol. mannitol + 0.5 mol. 

boric acid. 

Insertion of the normal cell; reading on the scale = 511. 

concentration chain; EA Sure Dn 24 DE) ” LE) 

241 . . 
EMF — maa 1.0177 = 0.480 v 

o 
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8 0.480 —0.377 =F 
log Cy = — Ser Maa 2.42 — 0,58-—3 

JUD E 

Ca 3:8 Sa 10a: 

The specifie conductivity of this solution — 700 X 10 *. 

From this 

700 X 10-3 
— Nese On aides 
Ze S60 a ee 

Hydrogen-ion concentration of N/1O lactic acid. 

242 
EMF (see above) = —— X 1.0177 = 0.479 v 

514 

log Cp = — 2.40 and Cg: —= 4.0 x 107° 3 

: £ 1426 X 10 ? 
Cond. of this solution = 1426105 Cyr = — ETR 320 << Oms: 

no 

Hydrogen-ion concentration of N/10 lactic acid +0.5 mol. H,BO,. 

232.7 
EMF — SS X 1.0177 = 0.461 » 

5138.9 

log Cy = —2.10 and Cg-= 7.94 X 1073 

Calculated from the specific conductivity — 263210 ° we get 

et OS eet 
33000 

Although the agreement in these complex boric compounds is 

certainly not perfect, it may, considering the relatively small sensi- 

tiveness of the capillary-eleetrometrie method and the uncertainty 

as to the value (380) for ä7 + y,, be called satisfactory. 

In any case, the increase in conductivity of borie acid by mannitol 
and by lactic acid is to be attributed to the formation of a complex 

mannito-(lacto)-boric acid which is more strongly dissociated than one 

of the components. 

Quite different were the results of the measurements executed 

with solutions of pyrocatechin, pyrogallol and hydroxy-hydroquinone. 

The following results were obtained here: (see table p. 1652). 

Not only was there not found any agreement between the values 

obtained according to the two methods, but the duplicate determ- 

inations also showed enormous differences. 

It is certain that the values according to the capillary-electro- 

metric method were found far too high. 

Hence, there must be a source of error in this method when 

applied to the polyphenols as electrolyte. 

106 
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System TRE = Ee Remarks 

Calculated Capillary 

from spec. Electrom 
: ; conductivity ' 

— === - - = 

0.5 m. pyrocatechin [04 10-4] 14 X10 4 | Thedataasto 
| the specific con- 
|; 25110 2 | ductivity are 

64 X , taken from ob- 
SOR, servations pu- 

blished in the 
Recueil 30, 403 

0.5 m. pyrocat + 0.5 mH3BO3 ONS Om? 

25710 2 (1911) and from 
WED ey ‚a few measure- 
HOSS oe ‘ments mention-| 

ed below. 

0.5 m. pyrogallol+-0.5 mH;BO; | 0.16 >< 10 

0.5 m. hydroxy-hydroquinone+- | al 
| +0.5 m. HBO, 0.104 X 10 | 
| | | ‚0.25 m. hydroxy- hydroquinone + 5 3 5 
| £0.25 m. H,BO, 0.51 > 10 SEL 200 

te 
NE fae) 

el EN ZA ee) 
| 

We have found the cause of this deviation as follows. 

When the vessel with the hydrogen-pyrocatechin-boric acid electro- 

lyte had stood for a day, the volume of the hydrogen had percep- 

tibly diminished and after a week the gas had almost entirely 

disappeared. 

In connexion with the presence of the platinum rod in the pyro- 

eatechin solution above which is found an atmosphere of hydrogen 

and the consequent possible catalytic hydrogenation of the pyro- 

catechin, we may no doubt attribute the disappearance of the 

hydrogen to the reaction: 3 H, + C,H,(OH), = C,H,,(OH) . 

Consequently there is no equilibrium at the hydrogen electrode 
and as, owing to the reaction, hydrogen is removed from the 

platinum, the hydrogen pressure may no longer be supposed to 

be equal to one atmosphere but must be smaller and dependent on 

the velocity with which the loss from the gaseous space can again 

be replenished. 
If we wrongly put the hydrogen pressure = 1 atm. we will, in 

consequence thereof, find inconstant and exaggerated valnes for the 

hydrogen-ion concentrations. 

For in the relation = el In ee In V Py» may no longer be 
F CH: 

put =O, it becomes negative and £ is thus found too small. Hence, 
E 

the absolute value of the negative quantity log Ch unne 

becomes too small and the concentration itself too large. 



Conversely, we might make use of this method to ascertain the 
occurrence of a catalytic reduction. 

The electric conductivity of hydroxy-hydroquinone and of the 

mieture hydroxy-hydroquinone + 0.5 H,BO,. 

In a previous determination, carried out by one of us with the 

co-operation of Mr. BRACKMANN, there was found with this orthodihy- 

droxy derivative of benzene a small negative influence on the electric 

conductivity of boric acid (Ree. 34, 277 [1915] ). 

As we mistrusted this unexpected result and had reason to suspect 

that the tribydroxybenzene was not sufficiently pure, we have repeated 

the determination taking care to purify by repeated recrystallisation 

from ether the polyphenol prepared from the quinone via the tria- 

cetate (B 31, 1248 [1898]: Rec. 34, 277 (1915). On shaking the 

ethereal solution, while cooling, with animal chareoal it could be 

obtained almost colourless: M.p. = 140°.5. 

The conductivity was determined in the manner frequently described. 

C = Capacity of the resistance vessel = 0.276; 7 = 25°. 

: Specif. conductivity of 0.5 m. H3BO3 = 28> 10—® K.Hb. 

| Conductivity < 105 = K Conductivity increase 
(== > rd Ag a 

System R | Reading on scale| __ ©x(1000 -a) A = Knixtures K(CsH2(OH)3 

| | ha + K4,BO.) 

| 5000 | 531.5 | 48.7 | 
| | 

0.5 m. hydroxy- | 6000 487.0 48.5 
hydroquinone | | 

~ | 7000 | 449.1 48.4 

500 | 580.8 399.6 | 

Ob 700 496.7 309.5 | 322.4 
“L0.5m.H,BO, | | 

900 | 435.4 397.6 | 

1000 | 588.7 192.8 

025 | 1500, 488.3 192.8 | +155 
-++0.25m.H3BO3 | 

| 2000 417.2 192.8 | 

If we compare the value of the conductivity of the 0.5 molar 

hydroxy-hydroquinone + 0.5 m. H,BO, solution with that of the 

corresponding solutions of pyrocatechin and pyrogallol (899.6 with 

555.2 and 608.9, respectively) this is certainly somewhat smaller 

but positive and of the same order of quantity, so that the hydroxy- 

hydroquinone is connected quite normally with the other orthodihy- 

. droxybenzene derivatives. Delft, March 1916. 
106* 



1654 

Chemistry. — “The configuration of a-galactose and a-fructose.” 

By Prof. J. BörseKEN, A. H. Kerstsens and C. B. Kamer. *) 

(Communicated in the meeting of March 25, 1916.) 

In a previous article one of us has used the influence of the 

polyhydroxy-compounds on the conductivity of boric acid to determine 

the configuration of the «- and of the g-glucose. Starting from the 

assumption that a positive influence is caused by the formation of 

“complex acids and that this is promoted by a favourable position 

of the hydroxyl-groups, it could be expected that cane sugar and 

raffinose should exert no positive influence; on the other hand their 

cleavage products might do so. 
In the non-reducing polysaccharides the hydroxyl groups attached 

to adjacent C-atoms which form part of the furane-rings are nowhere 

situated at the same side of those rings; in the reducing cleavage 

products: glucose, fructose and galactose this may, however, be 

the case, namely in one of the mutarotation isomerides of each of 

those three sugars. In the other mutarotation isomeride, the position 

of the hydroxyl-groups is certainly more unfavourable. 

Hence, we could expect: 

dst. that the two mutarotation isomerides should exert a different 

influence on the conductivity of borie acid; 

gnd, that that influence would change in aqueous solution and 

would decrease with the one isomeridé and increase with the other; 

3rd, that this phenomenon should run quite parallel to the muta- 

rotation, i.e. that it would proceed under the same circumstances 

(in. presence of boric acid) unimolecularly and with a same 

reaction-constant. 
With the glucoses these demands have been completely fulfilled 

and as the «-glucose exerted a greater influence on the borie acid 

than the g-glucose, we could take the subjoined symbols as proved.’) 

We have now also carried out this investigation with the «-galac- 

tose and the «-fructose (the g-galactose and the g-fructose have not 

yet been obtained in a sufficiently pure condition). From the symbols 

of the two mutarotation isomerides of the galactose we notice that 

they are constructed quite analogous to the glucose, only the tail 

CHOHCH,OH occupies another position in regard to the furane-ring. 

1) Some of the measurements described here have been executed by Mr. W. Sturm 

2) In the Proceedings of the Meeting of Sat. June 29. 1912 pag. 221 these symbols. 

are given incorrectly. 
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Fig. Le 

We may, therefore, expect here a same phenomenon as with the 

glucoses; the numerical values it is true will not be equal to those 

of the glucoses but still not differ much therefrom. 

We have prepared the «galactose from milksugar by hydrolysis 

with dilute acids and repeatedly recrystallised the same from alcohol; 

although the rotation was normal, the electric conductivity remained 

somewhat too high, namely 32 > 10 ® KHb for 0,5 mol. solution. 

The mutarotation was now determined successively in conductivity 

water and in a solution of 0,5 molar H,BO,; then the change in 

the eonductivity for 0.5 mol. «-galactose + 0,5 mol. H,BO, was 

determined. The latter had to be done as quickly as possible so as 

not to let the range of the slider on the scale turn out too small. 

From these measurements it follows: 

1st That the mutarotation constant is not or but little affected 

by borie acid. 

Zed That the mutarotation constant is equal to the constant of the 

conductivity change, both considered as reversible unimolecular 

reactions seeking an equilibrium. 

3rd That in the e-galactose the hydroxyl groups are situated more 

favourably than in the g-galaetose for the conductivity influence 

decreases so that it claims the cis-form (symbol I). 

4th That the influence of the galactoses on the conductivity of 

boric acid is but trifling, still more so than that of the glucoses. 

From the observed exaltations of the conductivity of the «- and 

8-glucose, as well as of the «-galactose and of the equilibrium mixture, 

it follows that the 9-glucose as well as the f-galactose cause an 



1656 

8 5 fe SR ee) ze Ss 3 8 8 8 BB 5 « o aS 

RR OR Pk A AR FR Bb a a sel 
oF NP 0 WD FD © S a 38 | wo 
AN ER Ey Ch ey OREN Sh ee ro me En 

oe ge 5 

le) _ an 
z 6 8 Ss 8 6 & Sk 5 oo Oe | Es 
Ge KO KON OO Ne a Tp 
5 = 
lI Ae u 
o © S A 5 
© > Re eee 
> Pe ey ee) OD TS SS OES Sit by 3 R a mde FOE CO HON INS) Otol o> i | fi & 

Cone 
u 

Sa ~ 
- 8/8 Dn, 

a a ES a SS SS on dead os Get Ee 
=I ji Oy or GO A OU tS EN = 3 |. 

- ui) 2. 
IN 

5 | Za —_— _ o | De 
ONO KON KOMO = | we 

Soe OG Ou Ee ken te) a is) | oe 

Wy ey) Gu) ey Ss Ren es ey o a iS 
5 er a 

Oo lz = —— = = EN CDE 

S = * 
= scorers 2 Sr 
> mS 
un 8 GOM COMEN x AN 

== SS = === = = eo ——— 5 

2 r 3 
= a | o. 
les) 9 is 

= = = == SS nn ——_—— ml | AS 
on a CRC OR aS oe ie) = =) Sl Tear Sy EN EN Rarer |) 5e = oS A So Sf m= = a Sa} , $ Se ae So, ae 8 
> a ONO MC MRE BE o 

== SS = =| 4 
x = st St a) eon Koor A ae 
EN a 9 @ © Ss = Sl = 

ma fee) EN Se a N NN & 8 | Erf 
g- ne = — — = 
= „|= 2 
Il = < © 

g en 2 SA | 2 
un = Ao © GH o nis i 

Il XN oy > 
8 8 € 

= = ee eee ol 

exaltation in the conductivity of the boric acid, though only but 

little. 

In view of what has been found with canesugar, raffinose and 

a-methylglucoside, this was not to be expected. 
For these cause, in accordance with the unfavourable position of 

the OH-groups a slight depression of the conductivity. 

The position of the OH-groups in g-glucose and g-galactose is 
equally unfavourable so that the positive influence must be connected 
with the greater mobility of the molecule of the reducing sugars. 



It is not improbable that the mobile hydroxyl-group receives some 

support from the side of the furane-oxygen atom say in the sense 

that to this O-atom is still bound a molecule of water so that the 

number of hydroxyl groups is greater here and the chance for 

the fixing of boric acid is more favourable *). 

In the non-reducing sugars and in the glucosides the furane-oxygen 

atom is present, but the mobile OH-group has disappeared, so that 

here the cause of the boric acid combination is cancelled. 

If the explanation of this favourable influence of the furane-oxygen 

atom is correct, the fructose [in which the circumstances are still 

more favourable, because to the C-atom that carries the furane-oxygen 

H OH Fig. 2 

Cad CH, OM CH, OM on 

fB —- rrucTtosEsS — @ 

Fig. 2. 

and the mobile OH-group (Fig. 2) are still attached ¢vo other OH- 

containing groups | will have to cause a much more powerful 

exaltation in the conductivity than the two investigated aldoses. 

This, indeed has now been proved to be correct. 

For the increase in conductivity of the equilibrium mixtures of 

the glucoses, galactoses and fructoses were found the following figures 

(T = 25°; the tructoses at O° to 3°). 

Mol. (@ and glucose + 0.5 mol. H,BO, 95 << 10s Ke Hb: 

8 AOR EG ae 
_ +0405. A os) eee MR eee 

0.5 mol.(«and 3) galactose + 0.5 2 ae 25x ,, 3 
mol. (@ and 3) fructose + 0.44 „ Ee 99 

ze 022 ,, 1000) Pe Be 

a + 0.11 De ete) re = 

. 450,02 ol VO ae 
Although a considerable exaltation in conductivity, as indicated 

above, might well be expected the amount of it was strikingly large. 

On closer examination of the fructose molecule we notice, however, 

1) E. F. ARMsTRONG (Die einfachen Zuckerarten und die Glucosiden” pag. 22— 

27) calls the oxygen atom of the furane-ring, when taking up one molecule 

water, quadrivalent and thus considers the sugar hydrates as oxonium compounds, 
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some resemblance with an a-hydroxy-acid and as these acids cause 

an enormous increase of the conductivity *), the considerable increase 

caused by the fructose is not so strange. 

Moreover, the formation of a comparatively strong fructose-boric 

acid, even at very weak boric acid concentrations is a further proof 

that boron must be considered as an important element in nature’s 

household. 

In consequence of these strongly acid properties and the circum- 

stance that the mutarotation is accelerated by H-ions, great difference 

was found here in the values of the mutarotation-constant determined 

with and without addition of borie acid (with glucose and galactose 

this difference kept within the experimental errors). 

This great difference with the fructose, moreover, corroborated the 

probability of the entire hypothesis, as the constant of the reaction 

at which the «-fructose-boric acid was transformed into the (« + 9) 

fructose-boric acid mixture, agreed with this increased mutarotation 

constant. In order to determine this constant, dilute borie acid solu- 

tions had to be used and the temperature had to be kept low (0°). 

With a molar-a-fructose + 0.44 m. boric acid solution, the con- 

ductivity at O° altered so rapidly that the equilibrium was already 

practically attained after a few minutes. 

A solution of one molecule of fructose in 0.22 mol H,BO, exhibited 

the following change of the specific conductivity (¢ = 0°). 

= 200 £2 ; Cap. resistance v. = 0.1661. Mutarotation 50, fruct. sol. + 0.22 m. H3BO3. 

| oa 

| 3 E | K>< 108 | KK’ = log wee | # | Rot. KER = = log Fe 

a | = Ee 

12 | 559.5 | 658 1.5 3204 | 

16 | 552 678 | 0.0541 | 9.5 | —31.5 0.044 

20 | 548.5 | 687 0.0456 11.5 | —30.9 | 0.040 

25 | 545.5 | 695 0.0442 13.5 | —30.3 0.040 

30 | 544 | 700 0.0405 16.5 | —29.6 0.038 

40 | 543 102 0.0308 19.5 | —29.2 0.041 

oo | 541.5 709 24.5 | —28.5 0.037 

o | —27.5 

The change in the conductivity was still difficult to follow; for 

1) Rec. 35 211 and 313 (1915). 
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a solution of one molecule of fructose in 0.11 m. H,BO, the following 

result was obtained : 

R—= 400 {2 ; Cap. = 0.1661. R= 400 22 ; Cap. = 0.1629. 

R di 1 d | "7 | 1 | t Seale | KX!08 | AEK || ¢ | a | KX108 | K+K 
5 = pee Î 

10 | 511 400 10 | 504 | 403 | 

14 493 429 0.040 | 14 | 488.5 | 429 0.036 

18 | 481 | 450 | 0.041 || 18 | 476 451 0.039 

23 472.5 465 0.039 || 23 466.5 469 0.041 

30 | 464.5 | 481 | 0.042 || 30 | 461 480 0.039 
| 

35 | 462 486 0.041 | 40 | 455 491 0.042 
| \| | 

| « | .460 490 wo | 452 496 
| | 

Hence, there is a fairly satisfactory agreement between the con- 

stant of the mutarotation and that of the conductivity change; both 

are still considerably higher than that of the muta-rotation of the 

a-fructose at O° in pure water. (Found = 0.0124). 
0.5 mol. fructose in 0.02 mol. H,BO, gave as constant for the 

conductivity change 0.032. 
From our measurements it will be seen that the conductivity at 

the transformation c—3-fructose rises; from this it follows that in 

the ordinary fructose the distribution of the hydroxyl-groups is less 

favourable than in its mutarotation isomeride. With this the configuration 

of the two fructoses is now known; it is indicated in the above symbols. 

Delft, March 1916. 

Physics. — “The viscosity of liquefied gases. IV. Apparatus and 

method. V. Preliminary measurements on liquid mixtures of 

oxygen and nitrogen.” By Prof. J. E. VerscnarreLt and Dr. Cu. 

Nrcatse. Communication 1495 from the Physical Laboratory 

at Leiden. (Communicated by H. KaMERLINGH ONNES). 

(Communicated in the meeting of March 25, 1916). 

IV. Apparatus and method. 

1. Introduction. 
In the three preceding communications of this series (Comm. 1485 

c and d) one of us has developed the theory of the rotational oscil- 

lations of a sphere in a viscous liquid, with a view to an experi- 

mental investigation concerning the viscosity of liquid gases at low 

temperatures, especially of liquid hydrogen, which we have under- 
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taken on the suggestion of Professor KAMERLINGH Onngs. Since the 

apparatus which we have designed for the purpose *) has been found 

to work satisfactorily, we can now proceed to its description. We 

shall add the preliminary results obtained with liquid air and three 

other mixtures obtained from air, one of which was almost pure 

oxygen, the other consisting chiefly of nitrogen. 

2. Description of the apparatus. 

The two principal parts of which the apparatus consists are the 

oscillating system and the vessel in which it is suspended and 

which contains the liquefied gas. 

The main part of the oscillating system is a carefully turned brass 

sphere B (comp. figure). Careful measurements proved it to be a 

faintly flattened ellipsoid of revolution, the equatorial radius FR, being 

1.927 ems. and the axial radius R, 1.923 ems.; its mass m,; was 

250.8 grms. The sphere is suspended from a wire D of phosphor- 

bronze, thickness 0.17 mm. and length about 60 cms. The wire is 

soldered to a small piece of copper which is screwed into the knob 4; 

K can turn in a conical hole in the thick plate P, which is attached 
at right angles to a slide S/; the latter is fixed toa vertical wooden 

board, which in its turn is fastened with iron bands to a stone column 

standing on a stone slab, which lies on a pillar built into the ground 

and is thus entirely independent of the building. By means of a 

micrometer-screw J/s the slide, and thus also the sphere, can be 

moved up and down, so that the centre of the sphere can be exactly 

brought to a desired level; moreover as the plate P is adjustable 

in two directions at right angles, the centre of the sphere can also 

be moved horizontally to any desired point. 

The wire is not immediately attached to the sphere, but to a 

small glass tube B, about 25 ems. long, which at both ends is sol- 

dered into a small copper tube. The lower one carries a steel pin 

St (length 7 ems, thickness 1 mm.) to which the sphere is screwed ; 

into the upper tube a piece of copper is screwed, into which the 

lower end of the wire D is soldered’). This tube also carries a small 

1) The apparatus was entirely constructed in the workshops of the cryogenic 

laboratory. 

?) The chief reason why the sphere is not directly suspended from the wire is 

that the latter must remain at the same temperature as much as possible, in order 
that its elastic properties may not undergo any change; it must therefore not 

reach down into the cold liquid. The only parts of the suspended system which 

are immersed in the liquid are the sphere and a part of the steel pin Sf, which 

is naturally taken as thin as possible, in order that its friction may be neglected, 

as it would be difficult to take it into account, 
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disk S on which rests the cylinder ( (of aluminium or copper; see 

lower down). The whole system which forms the oscillating part: 

was worked on the lathe as exactly as possible to a body of revolution. 

The sphere B is surrounded by an almost completely closed copper 

spherical shell 5’ of internal radius 2.92 ems. and thickness 1 mm. ; 

this shell consists of two separate halves (an upper and a lower 

half), which fit exactly and are forced together by means of small 

springs. The lower half is at the bottom provided with a small 

hole for admitting the liquid; the upper half bas at the top a larger 

circular hole (radius about 1 em.) and carries a copper tube B,, 

which is provided with two pairs of opposite windows; the tube 

with the spherical vessel attached can be moved up and down on 

a copper ring A, whieh is soldered to a glass tube B, and can be 

fixed at a suitable height by means of a clamping band with screw. 

The system of concentric spheres is placed inside a partially sil- 

vered vacuum-glass G, which holds the liquid gas. The glass is 

mounted in a copper fitting which by means of copper rings with 

rods is attached to a metal cap resting on a thick copper plate by 

means of levelling screws; this plate is fixed to the same wooden 

board as the slide mentioned above. 

The cap is constructed on the same plan as in the other apparatus 

used for similar purposes in the cryogenic laboratory. It consists of 

two parts: a conical part made of german silver with a tube for 

pouring in the liquid gas and a tube for conveying away the vapour ; 

this part fits over the rim of tbe vacuum-glass and is connected to 

it air-tight by means of a rubber band, the second part being 

a cylinder of copper provided with two opposite side-tubes, which 

are closed by disks of thick plate-glass; this cylinder is fixed in a 

copper ring which carries the levelling screws on which the cap 

rests. The two parts of the cap are separated from each other by 

a partition with a circular opening, which is just wide enough to 

transmit the glass tube B, with the lower glass tube; moreover 

to the lower end of the cylinder a copper cone is soldered which 

ends in a tube, into which the glass tube B, is soldered’). 

At the top the copper cylinder is closed by a ring-shaped disk, 

on the top of which a long glass tube B, is sealed’); this disk has 

1) By this means the part of the apparatus above the partition is practically 
separated from the part below, where the low temperatures are; this space with 

the cylinder C contained in it therefore remained practically at the temperature 

of the room, as shown by the readings of a thermometer which was immersed 

in water poured into the small tray formed by the lid of the cap (cf. figure). 

*) The wire D is almost completely enclosed in this tube and thus remains 
practically at room-temperature. 
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a projecting edge, which fits the cylinder accurately and is connected 

to it air-tight by means of a rubber band; moreover it is forced 

down on the cylinder by means of screws. At the top the tube B, 

is somewhat narrowed down and connected air-tight with the knob 

K by the aid of a thin-walled rubber tube of a few centimetres 
length *). 

The small disk S hangs a few mms. above a ring R,; this ring 

is suspended from three rods, which are screwed into the lid of the 

cap: by screwing the slide downwards it is possible to make S rest 

on A, by which means the tension may be taken off the suspension- 

wire, whereas by moving the slide upwards the oscillating system 

may be again released. 

The plate P is provided with two small hooks to which the 

tube B, may be hooked by means of a band with eyelets. 

If the slide is then moved up, the oscillating system can be lifted 

out of the cap to beyond S; by supporting the ring R, by means 

of a small plate placed underneath, the wire can then be screwed 

out and the cylinder C may be replaced by a different one; or else 

the small rods which carry R, may be unscrewed and the tube B, 

with the lid attached lifted higher, so that the small tube B, may 

be taken out. In this case the sphere B must be first detached ; 

this is done, while the cap is still closed and the disk S still leans 

on f,: the lower half of the spherical vessel is first removed and 
the upper hemisphere shifted up, by which means the sphere B 

becomes completely accessible and may be screwed from the steel 

pin. In mounting the apparatus the same operations are performed 

in the opposite order. 

The levelling of the apparatus is performed by means of the 

levelling screws by which the cap is supported. After the apparatus 

had been mounted, but before the oscillating system was introduced, 

a plumb-line was attached to the knob A, which passed through 
the small hole in the bottom of the lower hemisphere; by adjusting 

the screws it was possible to make the wire, while coinciding exactly 

with the axis of the tube B, (for this purpose the tube was closed 

at the top by a small cap with small hole at the centre), also pass 

freely through the lower opening. When this was attained, thin 

metal wires were soldered in front of the windows in the copper 

1) This air-tight connection did not prevent the knob from being turned through 

a moderate angle, or from being shifted sideways, or the slide from being moved 

up and down, at least over a small distance. In order to prevent the rubber tube 

from collapsing on the apparatus being exhausted a small copper spiral spring 

was pul inside, which did not interfere with the mobility. 
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tube B, so that the plumb-line was seen exactly half way between 

them; these wires were to serve afterwards for bringing the pin S¢ 

accurately into the axis of the apparatus and thus ensuring, that 

the centre of the sphere B lies on the same vertical as the centre 

of the spherical shell. The two centres could further be brought 

to the same level by making use of a mark which was made on 

the small pin in the form of a notch, whereas the tube B was 

provided with a divided seale; the exact position of the mark with 

respect to the scale in order that the spheres might be centred was 

ascertained by a few vertical measurements *). 

The oscillating system is set in motion by turning the knob 

K through a small angle. In order to keep this angle within suitable 

limits a lever is attached to the knob carrying two screws at ils 

extremities; these screws come up against the plate which carries 

the knob, and are so adjusted that in the one extreme position of 

the lever the oscillating system assumes a desired position of equili- 

brium, whereas in the other it is turned through a suitable angle. 

By turning the lever from the position of equilibrium into the other 

and back again, the swings about the equilibrium are of the desired 

amplitude. 

3. The determination of the logarithmic decrement of the swings. 

The oscillations were observed by mirror-reading. For this purpose 

the oscillating system at the level of the glass windows carried a 

small ring with frame into which was slid a flat mirror Sp. The 

reading-arrangement was of the special form used in the physical 

laboratory at Leiden?) consisting of telescope, glass scale divided into 

mms., illumination-lamp and hollow cylindrical mirror, and was 

mounted at a distance of about 1.5 metre from the apparatus on a 

separate stone column. 

The decrement of the oscillations was deduced from the observation 

of the maximum-deflections on both sides of the position of equili- 

brium, which was in the middle of the scale. The graph of the loga- 

rithms of these deflections in the successful observations gave an 

1) It was unnecessary to give very minute care to the centring of the sphere 

(similar so that required in ZeMPLÉN’s experiments: Ann. d. Phys. (4), 19, p. 783—1966), 

as the presence of the outer sphere at the most gives rise to a small correction 

(comp. previous papers) and the latter being obviously a minimum for centred 

spheres a small excentricity could not have an appreciable influence. The inner 
sphere could be centred by eye to a few tenths of a mm. and this accuracy was 

more than sufficient. 

2) Comp. Communications n°. 25. These Proceedings April 1896. 
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almost perfectly straight line, the inclination of which determined 

the logarithmic decrement. 

The angles of deflection were never taken greater than 4° and 

thus the deviations on the scale 20 cms. at the most '). The obser- 

vations were interrupted, when the amplitude of the swings had 

fallen to about 7 cms. *) 

4. The measurement of the time of swing. 

The time of swing was measured by graphical registration. 

At right angles to the telescope through which the scale was read, 

a second telescope was mounted, which was also pointed at tie 

swinging mirror through the intermediary of a glass plate placed at 

an angle of 45° in front of the first telescope in such a manner 

that both telescopes were always focussed on the same point of the 

scale. Through this telescope the times were observed at which the 

middle of the scale passed through the axis of the telescope, this 

point which corresponds to the position of equilibrium of the mirror 

being made visible by means of a conspicuous mark. These moments 

were registered by means of a morse-key and thus electrically trans- 

ferred to a strip of paper which travelled over a registering drum 

with a practically uniform speed of about 1 cm. per second. The 

registering pin was a glass tube with a fine drawn out point and 

filled with ink; it was attached to the extremity of a spring which 

could move between two small electromagnets. On pressing down 

the morse-key a temporary current passed through one of the electro- 

magnets and the pin was deflected through a small distance, so that 

the fine line drawn by the pin on the paper showed a sharp nick. 

In order to measure the times elapsed between the marks obtained 

a short current was sent every second through the second electro- 

magnet, so that the line drawn by the pin showed a series of 

1) With longer deflections the readings became too difficult on account of a too 

rapid movement of the scale. In how far the theory is applicable with the velocities 

which occurred in our experiments, is a point which we intend to investigate by 

working with an ordinary liquid under corresponding conditions (Comp. for this 

question: G. ZemPLéN, Ann. d. Phys. (4) 49, 39, 1916). 

2) It is easily seen, that there is a lower limit for the amplitude, which it would 

be unprofitable to exceed. This optimum must be reached, when 5 becomes a 

minimum, « being the absolute error of observation which can be made in the 

logarithm of the amplitude and # the number of swings. From this it may be 

inferred that when the experiment starts with an amplitude a, the series of obser- 

a 

vations must not be extended beyond the amplitude —. e 
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regularly spaced nicks to the other side. The seconds were auto- 

matically registered by a second-pendulum which had been previously 

compared by means of the same registering-apparatus with the clock 

which serves as the time-instrument to the whole laboratory *). 

Relatively to the second-marks the times of passage could be read 

with an accuracy of about 0.01 of a second. On account of the 

personal error of observation the accuracy was however smaller, 

but it was found to be possible after some practice to keep the 

error at the moment of passage through the zero below 0.1 of a 

second. From a series of observations which usually contained 

about twenty complete swings the time of swing could thus be 

derived with a relative accuracy of sooo. 

5. The frictional couple produced by the liquid. 
From the values of the decrement d and the time of swing 7’ 

thus found the moment of the frictional forces acting on the oscil- 

lating system may be derived. From the observations it appears 

that the motion of the system is a damped harmonic one and thus 

corresponds to the equation: 

da 

dt? 

da 
at 1g —— = Ma ='0)7) 4 nn eer (AE) 

dt ; 

where K is the moment of inertia of the system, Ma the torsional 
_ da at : 

couple and LZ zj the moment of the frictional forces. We have also 
C 

found before ®, that in second approximation (which is sufficiently 

accurate in our experiments) 

L 2d 
K — T e « ° Oa whoa 0 : . e (28') 

0 

where 7, is the time of oscillation of the system, when there is no 

friction, and L’ the real part of Ls; for the imaginary part L'2 the 

equation 

NAV Age, da T—T, 
=a ee ere tice en HO 
RG peor TE Re) 

holds also with sufficient approximation. From the equations 28’ L 

can thus be calculated. 

This is, however, not yet the quantity Z occurring in the formulae 

1) The agreement between the two instruments was such that the time-measure- 

ment could be determined with a relative accuracy of one tenthousandth. 

2) Comp. Communications N°. 148b, p. 777. 

3) Ibid, p. 778. 
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of Communication 1485 which only refers to the friction of the 
liquid. For the system experiences, besides friction from the liquid 

on the sphere, also friction from the vapour on the parts not immersed 

in the liquid; finally there is the internal friction in the wire. The 

couple of the frictional forces thus consists of three parts, which are 
independent of each other, so that we may write: 

| imag Dae ae Pel BO 7 

where L,, L, and L, refer to the friction of the liquid, of the 

vapour and of the wire respectively ‘). From the total coefficient 

L found the part LZ, must thus be extracted and this is possible 

by determining separately the sum L,+ L,, namely by making the 

system with the sphere removed swing in the vapour; the determ- 

ination of d in these circumstances (therefore of d, + d,) leads to 

the knowledge of L,-+ L,, by means of the same equations 28 *). 

It must, however, be remembered, that for a given apparatus, 

swinging in a given liquid, Z is not necessarily a constant quantity : 

this coefficient still depends on 7 and on d (comp. equation (30) in 

Comm. 1484); this is certainly also the case with Z, (Z, on the 

other hand seems to be a real constant for a given wire); it follows 

that it is necessary in determining £, + ZL, to give the system the 

same time of swing, as in the determination of the total frictional 

couple ®, i.e. after removing the sphere, the swinging system must 
retain its moment of inertia‘). This may be attained by replacing 

1) It was theoretically proved that the moment of the frictional forces exerted 

da art 
— , but this is not the 
dt 

ease for the two other moments; it may however be considered as very probable, 
and the experiments are in agreement with this supposition that these components 

da aL da 
Pr an 3 SET 

(comp. ZEMPLEN, Ann. d. Phys., (4), 19, p.786, 1906; G. E. Guys, Arch. d. Ge- 
nève, 37, p. 222, 1914’. 

2) By making the system swing in vacuo Lj may be determined separately ; 

but for our experiments this knowledge is of no importance. 

3) Properly speaking the damping ought also to be the same, but that is of 

course impossible; this is, however, of less importance, as the whole damping is 

by the liquid on the sphere may be written in the form Zj 

of the total frictional couple may also be written in the form L, 

d . ; 5 
in arly case small (the ratio y= 5—, on which the influence of the damping depends, 

T 

was in our experiments less than 0.01) and with the degree of accuracy aimed 

at in our experiments the influence of a change of it on Lj Ls will not make 

itself felt. 

#) When the moments of inertia are equal in the two cases, this is also true 

for Ty, but not for 7 (in the vapour T practically coincides with 7). The small 

; 107 

Proceedings Royal Acad. Amsterdam. Vol. XVIII. 
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the sphere by a different mass. In this the shape of the part 
swinging in the vapour must not be changed; for this reason we 

have added a free mass to the swinging system which could be 

replaced by a different one of exactly the same shape, but made of 

a denser substance. As such we have used hollow cylinders (S in 

the figure) one of aluminium (density u, = 2.72), the other of brass 

(density u,=—=8.45). The difference of the moments of inertia A, 

and A, of these cylinders had to be equal to that of the sphere 

(K), so that, when FR, and A; represent the external and internal 

radii of the two cylinders and 4 their height, the following equation 

had to be satisfied: 

etl (ie hig WAE EE Ve DE PE 

The constants for the aluminium eylinder were in C.G.S. units 
R, = 1,744 , Ri=0,525 , h — 4,42 , m, = 104,4 , K, = 173,2, 

for the brass cylinder 

Nh, eh; 0 Ok a a me "321,02, Ke 104, OF 

In order that with the exchange of the cylinders besides the 

internal friction of the wire also particularly the frictional couple 

M should remain the same, as a change of it would also have 

brought about a change of the time of swing, it was necessary to 

arrange that with the removal of the sphere the tension of the 

wire should remain unaltered, so that the difference of the masses 

m, and m, had to be equal to the mass of the sphere *). A further 

condition had therefore to be satisfied in designing the cylinders, 

namely 
x (RR?) h (u, —u,) =m, 

error resulting from this does not come into account, however, as the difference 
A Al 

between 7’ and 7, is very small in our experiments (J = Si is smaller than 
0 

0.01). Moreover it is here only a question of the determination of a correction; 

it is true that the correction was found to be considerable (qh, about of the total 

amount), but the desired accuracy could still be secured. 

1) When the sphere is at a low temperature Re and thus also Ks become 

smaller; properly speaking the difference of the moments of inertia ought therefore 

to have been taken a little smaller, but again, in view of the degree of accuracy 

aimed at, the equation need not be satisfied with minute exactness and thus in 

the construction the cylinders the variability of Ks could be disregarded. 

*) Zempten (l.c) also used interchangeable cylinders for the same purpose. 

at the same time he only made the tension of the wire equal in the two cases: 

the moment of inertia of the vibrating system changed. Consequently he measured 

the moment of the retarding frictional forces with a time of swing which differed 

from that at which the whole moment was measured, and in these circumstances 

it was not allowable to take the moment in question equal to the difference of 

the two measured ones. 
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Where, in view of the upward pressure of the liquid, m’ represents 
not the true mass of the sphere, but this mass diminished by that 
of the liquid displaced. 

As it was our intention to work with different liquids, it was 
originally thought that it would be necessary to have a series of 
sets of cylinders made; it turned out that this was unnecessary, 
however, and that one set sufficed") because the rigidity of the wire 
changed only very little with the tension. This is proved by the 
following table, which gives the times of swing 7’, of the system, 
measured in air at the normal temperature and pressure, at different 

loads on the wire (i.e. different masses of the swinging system) 

and the corresponding values of the torsional moment J/. 

m le Alyy K M 

dt 104,4 + m, 12,406 3,899 201,0 51,56 

UL 250,8 + m, E45E7 7,773 400,3 51,50 

FIL 250,8 + 104,4 + im, 20,979 11,149 573,5 51,44 

IV: 327,6 + m, 20,968 11,136 572,8 51,43 

m, represents the mass of the system without sphere and cylinder 

(m, = 56,2), the corresponding moment of inertia being 27,8 *). M 

will be seen to undergo a small diminution with inereasing tension 

of the wire, about 0,0005 per gramme ®):; the modification of J/ by 

the upward pressure of the liquid (amounting to about 30 grams 

in water or liquid air) lies inside the limits of accuracy of the 

observations. *) 

1) See note 1 p. 1668. 

2) The moment of inertia was derived from the time of swing (7))v = 4,611 

of the unloaded system and the value of M at m= mg (51,63); as the moment 

of inertia has to be known in determining M, its value had to be found by successive 

approximation. 

8) Even without actually calculating M the change of M with the tension appears 

from the measurements I, II, and Ill. If M were independent of the tension the 

following relation between the various times of swing (TZy)J, (Tot. (Ty)r11 and 

(T))v would hold: 

Fur — (T.)v* = (1)? — (7) v7] — [Lu -- (4)? vj 
The deviations from this equation on the assumption of a linear relation between 
M and m lead to the value of the coefficient 0,0005. 

4) Even when the load remained the same, the torsional moment was found to 

undergo small changes; from one day to the next the time of swing showed 

small changes amounting to a few hundredths of a second, evidently through 

small modifications in the condition of the wire (mainly changes of temperature). 

A systematic investigation on this point was not carried out, as in any case 7) 
was determined separately in each experiment. 

107* 
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V. _ Preliminary measurements on liquid miatures 

of oxygen and nitrogen. 

1. The viscosity of liquid air. 
It was resolved to begin by a determination of the viscosity of 

liquid air, in order to test the working of our apparatus in a tech- 

nically simple case. 

The liquid, freshly prepared in the laboratory, was introduced 

into the vacuumglass up to the desired level (about the mark on 

the steel pin), the vacuumglass being surrounded by a second one, 

which was also filled with liquid air up to a somewhat higher 

level. Owing to the radiation from the cap of the apparatus *) some 

evaporation took place at the surface of the liquid, by which the 

proportion of nitrogen diminished and the boiling point rose a little 

in the course of a day; during one experiment the change was 

however, imperceptible. A more serious inconvenience arose from 

the convection-currents which accompanied the evaporation giving 

irregularities in the vibrations of the sphere: the disturbance was 

avoided by stirring the liquid immediately before an experiment: 

this was effected by operating a hand suction-pump attached to the 

tube which carries off the vapour, by which means bubbles were made 

to rise through the liquid from a syphon-tube which reached down 

into the bottom of the liquid.*) This operation produced a small 

fall of temperature (a few hundredths of a degree), which recovered 

itself during the experiment, as shown by a small diminution of 

the logarithmic decrement during the experiment. The mean of the 

temperatures before and after the experiment was taken as the 

temperature corresponding with the mean decrement. 

The temperature was measured by means of an oxygen vapour- 

pressure-thermometer. A small vessel of about 1 ec. of the shape of 

a small tube 7 ems. long was placed at the level of the swinging 

sphere, between the spherical envelope and the wall of the vacuum- 

vessel (see figure) and by means of a glass capillary, a german silver 

tube soldered in the cap and a steel capillary was connected to a 

manometer 7’ which is of much the same design as that described 

by Braak *). The thermometer was filled with pure oxygen, the vapour- 

1) This radiation we hope to be able in future to obviate almost completely 

by the introduction of screens inside the vessel. 

2) This tube which can be seen in the figure is used in emptying the apparatus 

after the experiment; during the experiment it was connected with a small open 

gauge (Ma in the figure) which indicates any excess of pressure of the vapour in 
the apparatus above atmospheric pressure. 

3) Comm. 107a. The modifications introduced in its construction since then will 

be described on a different occasion. 
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pressure of which was read to half a millimetre on a scale attached 

to the manometer; from this reading the temperature was calculated 

by means of the formula 

369,838 
t= 3 os 

6,98460—log p 

which as shown by Horst *) accurately represents the temperatures 

on the absolute scale according to the temperature-measurements of 

KAMERLINGH ONNEs and his collaborators. In this manner the tem- 

peratures could be determined acurrately to within a few hundredths 

of a degree. 

The density of the liquid air was measured bv means of a 

suitably designed hydrometer of constant weight, the submerged part 

of which could be read with an accuracy of a thousandth, so that 

the densities became known with the same degree of accuracy *). 

The composition of the liquid was not measured by direct 

analysis *), but derived from its density and that of the component 

substances at the temperature of observation *), by assuming that 

no appreciable change of volume is produced by mixing the liquids 5). 

An estimate of the proportion of argon in the mixture was obtained 

by assuming that its mass-ratio to that of oxygen is not appreciably 

modified by condensation or evaporation, an assumption which is 

based on the fact that the boiling point of argon (87°,25 K.) does 

not differ much from that of oxygen (90°,12 K.), at any rate much 

less than from the boiling point of nitrogen 77°,28 K). It is pro- 

bable, that this assumption gives somewhat too high a value for 

1) Comm. 1484. 
2) Following the example of Benn and Kigsirz (Ann. d. Phys., (4), 12, 421, 1903), 

who used density bulbs for their density-measurements of liquid air, a 

series of determinations was carried out, starting from freshly prepared liquid air 

which by evaporation gradually became richer in oxygen. In this manner it was 

found that from + =79° up to 7 = 83° 

f= 0,886 + 0,042 (x — 79) — 0,002 (r — 79)’, 

+ being the normal boiling point. The values obtained in this manner differ little 
from those arrived at by Bean and Kiesrtz. 

3) Analyses of liquid air and of other mixtures of oxygen and nitrogen arising 

from it were carried out by Baty (Phil. Mag. 15), 19. p. 517. 1900) who gives 

a table containing the proportion of oxygen corresponding to different boiling 

points ; the proportion of argon was not determined by him. 

4) for the densities of oxygen, comp. Comm. 117, for those of nitrogen Comm. 

145c, for argon 1314. 

5) The deviations from this rule are not likely to amount to more than 19/, so 

that we may consider this also as the degree of accuracy of the determinations 

of the composition, 
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the proportion of argon, but the proportion of oxygen obtained 

agrees well with Baty’s analyses. 

The results obtained with liquid air (from five series of obser- 

vations) are contained in the following table: 

t') J) T 
I 79,52 0,083960 21,028 
ll 79,55 0,03957 21,030 
106 79,60  0,03994 __ 21,028 
Iv 79,60  0,03980 21,026 
V 79,59 0,03989 _ 21,028 

Mean 79,57 + 0,03976 21,028 

To the temperature of 79°.57 corresponds a density of 0.909 and 

a composition: 35°/, O,, 63°/, N,, 2°/, Ar. 

For the calculation of the coefficient ZL’ by means of equation 

(28’) the time of swing 7, of the system is needed when not 

subjected to any friction at all; this time of swing is not identical 

with that given in the last line but one of the table in IV $ 5, 

because in that measurement the sphere was at normal temperature, 

whereas here 7’, refers to the system with the sphere at the tem- 
perature of liquid air and must therefore be smaller on account of 

the smaller moment of inertia of the sphere*). It would have been 

possible by a reduction of the moment of inertia to 80° K. (which 

will in any case be needed presently) to calculate from the former 

value the value of 7’, corresponding to the actual experiment, but, 

on account of the changes referred to in the time of swing from 

one day to the next, this result would still have been comparatively 

uncertain, especially with a view to the smallness of 7-—7,; it 

thus seemed preferable to determine 7—-7’, directly. We have tried 
to do this by tirst making a determination of 7’ with the sphere 

submerged in the liquid air and then drawing out the liquid, until 

the sphere was just above the liquid surface, and in that condition 

1) The temperatures as given are nol the observed temperatures, but the boiling 

ELT 
points reduced to normal pressure (‘skin in 0°,012 per ofem. meron ; the 

ap 

correction applied in this manner was inside the limits of the possible errors of 
observation in the measurement of the temperatures. 

2) From a cause which is not fully explained yet the values of 5 in the different 

series of observations mutually differ by more than was to be expected from the 

degree of accuracy of each measurement. 

5) It is true that the times of oscillation as given in the table are not the same 
as they would be in the absence of friction, but to all probability the differences 

are inside the limits of accuracy of the observations, 
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making a second determination; by this procedure a reduction of 

the moment of inertia of the sphere to the temperature of liquid 

air was avoided. In this manner we found 7-—7, = 0.090. 

Afterwards according to the value of 4 which was ultimately 

arrived at, this difference appeared to be still about 10°/, too small ; 

this may be explained by considering that probably the friction of 

the sphere in the vapour close to the liquid may have given a small 

but appreciable increase of the time of swing'): we have there- 

fore thought it preferable to calculate the difference 7— 7, by means 

of the second equation 28), substituting for Z” the value obtained 

from the second equation (30) by means of the approximate value 

of 4 which is found by taking 7’= 7’). In this manner we found 

jae 
SU bh 00050 7, 

and hence 
T—T,=0,105 , T, = 20,923. 

In caleulating ZL’ and LZ” the moment of inertia must be used 

which the vibrating system possesses, when the sphere is at the 

temperature of liquid air (80° K.). Taking according to HENNING’s 

measurements *) as the mean coefficient of expansion of brass between 

room-temperature and temperature of liquid air (a difference of about 

200°) the value of 0,00001644, the radius of the sphere at 80° K. 

becomes R= 1.921 *), and therefore K = 370.0 and A =173,2 + 

370,0 + 27,8 = 571,0. 
With #= 0.03975 it follows according to (28) that 

i ate 

This quantity, as explained (IV § 5), refers to the complete friction 

experienced by the oscillating system and from it the coefficient L’, 

corresponding to the friction of the liquid by itself has yet to be 

derived. For this purpose further experiments were made with the 

1) As the sphere was lowered to take the tension off the wire and came into 

contact with the liquid air, the latter boiled up with great vigour showing that 

the temperature of the sphere had risen considerably above that of the liquid air. 

Very likely this is an additional reason, why 7—T) was found too small. 

2) This will be seen to be the opposite procedure to that indicated in Comm. 

148) (p. 784). 
8) Ann. d. Phys., (4), 22, 631, 1907 

4) This is the equatorial radius (comp. V,§2); in view of the preponderance 

of the friction on the equatorial parts of the sphere it would be incorrect to take 

a mean between the two radii. A more exact treatment of the problem in which 

the very small deviation from the spherical shape would be taken into account 

could be considered as altogether superfluous for the present purpose. 



sphere removed and the aluminium cylinder replaced by the brass 

one; for the rest the external conditions were taken as much as 

possible similar to those in the experiments with the sphere: the 

liquid was about at the same level, so that all the parts of the 

swinging system were surrounded by vapour of the same tempera- 

ture and density as before, and the part of the steel pin which was 

immersed before again reached down into the liquid, so that even 

the small friction due to it was taken into account. The results of 

the experiments were as follows. *) 

1=79°.90 _ d, + d, = 0,00445 
80 33 439 

80 .83 419 

so that at 

r= 79°57 Jd, + d, = 0.00460, 

whence, according to (28) 

PL), 0251; 

so that finally 

TNS ENE 

giving, by means of equation (a) of Comm. 1485 

y = 0 0016787). 

2. The viscosity of other miatures of oxygen and nitrogen. 

By allowing a quantity of liquid air freshly prepared to evaporate 

freely in an open vacuum-vessel for a whole day a liquid mixture 

of oxygen and nitrogen (and argon) was obtained containing about 

60°/, of oxygen. With this mixture a series of similar experiments 

was carried out; the results were as follows 

r= 82°34 , d = 0,94325 , d, + d, = 0,00430, 7 = 21,028 , w= 1,003 

1 — 0,01865. 

1) The conditions of these experiments were not quite the same as in the experi- 
ments with the sphere, as the room-temperature and atmospheric pressure were 

slightly different. We have not inquired into the question, in how far this involves 

a correction to be applied; later on, when pure substances will be used, this point 

will have to be specially examined. 

2) By Potseuitte’s method Cart Forscn (Phys. Zeitschr., 1, 177, 1900) found 

the very different value » = 0,0033. 

The value obtained for » is so small. that the equations for an infinitely extended 

liquid may be applied without correction (Comp. Comm. 1480 § 11). 
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The composition of the mixture was found to be 61°), O,, 36°/, N,, 

SEAN 

A mixture containing less oxygen than ordinary liquid air was 

obtained by collecting the products of combustion of an air-hydro- 

gen flame. This mixture was condensed, the unburnt hydrogen 

escaping in the process, and yielded the following result: 

wt Ol = O—0,03797 dh od. = 000490 TE ail, 020" ju — 0,841 

7 = 0,001599. 

The composition was found to be 9,5°/, O, , 89°/, N, ,1,5°/, Ar’). 

Finally a set of observations were taken with nearly pure oxygen 

obtained from the “Nederlandsche Maatschappij voor zuurstof- en 

stikstof bereiding” at Velsen. These gave as results: 

“= 8962, d= 0,046833 , d, + d, = 0,00470, T= 21,035 „uw 1,148 

n= 0,001895, 

the composition being 96°/, O, , 1°/, N, , 3°/, Ar’). 

The results communicated here regarding mixtures of oxygen and 

nitrogen can only be looked upon as preliminary ones on account of 

the admixture of argon; it is our intention to repeat the observations 

with pure substances. For this reason we do not wish to discuss our 

results in the mean time. 

1) In this case the proportion of Argon was determined by taking the ratio 

to Nitrogen the same as in air. 

2) The proportion of oxygen given here is the result of an analysis of the gas 

before condensation; the proportion in the liquid may be assumed not to have 

been much higher. 

Starting from this oxygen by admixture of liquid air mixtures poorer in oxygen 

were prepared, the densities of which were measured as before. These measure- 

ments agreed well with the density of pure oxygen at the boiling point as deter- 

mined in the Physical Laboratory of Leiden (r = 90°,12, u = 1,147; liquid argon 

having about the same density as oxygen, this figure does not change much by 

a small admixture of this substance) and were found to be properly represented 

up to 84° by the relation : 

u= 1,146 + 0,008 (r — 90) — 0,0015 (r — 90)? — 0,00002 (r — 90)? 

The statement made by BEHN and Kiesrrz (l. c.) that in the neighbourhood 

of pure oxygen the density does not change appreciably with the boiling point, is 

thereby proved to be incorrect, 
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Chemistry. — “/n-, mono- and divariant equilibria.” IX. By Prof. 

F. A. H. SCHREINEMAKERS. 

(Communicated in the meeting of April 28, 1916). 

18. The direction of the curves in the invariant point. 

In the previous communications we have deduced the P, 7-diagram- 

types without knowing the changes in volume and entropy which 

occur at the reactions. When we know those also, however, then 

we may not only find the P,7-diagramtype, but also the diagram 

itself, viz. the direction of the curves in the invariant point. 

We know that all reactions which may occur between the phases 

of an invariant point, are completely defined by two reactions. 

When we know also the changes in volume and entropy, which 

occur at those reactions, then those changes are known also for the 

other reactions. 

Let one of the reaction-equations be: 

LF, +UF, +... LF ne Ene Tes 0D) 

At the proceeding of this reaction a change in volume and a 

change in entropy occur; we represent the first by AV), the second 

by An. 

Where these changes present themselves we write them behind 

the reaction-equations and first the change in volume, afterwards 

the change in entropy. Consequently we write for (1): 

Liat lb 30) AVS she Ang cae nen 

Herein we may express AV, and Ay by: 

AVi = lv, + lv, +... + bm delen - . « (8) 

An =n, +4n,+..-+thnpt---trtemnte . . « (4) 

Herein v, and y, represent the volume and the entropy of the 

unity of quantity of a phase F,. We take as second reaction- 
equation: 

mF, +... + mpte Fra = 0 Sn (Mie or ve (B) 

When we deduce from (2) and (5) an arbitrary other reaction: 

(Kl,+m,)F,+(Kl,+m,)\F,+...=0 KAV AV; KAn+ Ann. (6) 
then the change in volume is AAV;+ AV, and the change in 

entropy KAn, Ayn. 

When we give to A such a value, that Al, + m, = 0, then (6) 

represents the reaction, which may occur between the phases of 

the equilibrium (/,) and the change in volume and entropy belonging 

to this reaction. Hence follows: 
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Er) KAn + Anm _ mn — 1. Ann (6) 

1 
ar), KAVA AV, mnAN LSV 

by which is defined the direction of curve (Ff) in the invariant 

point. In the same way we find the directions of the other curves. 

Between all reactions in which 7 + 2 phases take part there are 

two special ones, viz. the isovolumetrical and the isentropical 

reaction (conf. communication I). At a reaction between the phases 

in the first the volume remains unchanged, in the second the 

entropy remains unchanged; in this latter case, therefore, heat is 

neither added nor withdrawn. We can easily deduce those reac- 

tions from (2) and (5). In order to find the isovolumetrical reaction 

we subtract the reactions from one another after having multiplied 

(2) by OV, and (5) by AV;; in order to find the isentropical 

reaction we subtract the reactions from one another, after having 

multiplied (2) by Ay, and (5) Ay,. Let us write the isentropical 

reaction : 

a,f, + a,F, +... + ante Fate = 0 AV 0 ee) 

and the isovolumetrical reaction : 

DE, +BB... + bate Fuse = 0 Os Aa (8) 

Hence follows: 

(Aa, +b,) F, + (Ae, +5,)F,+...=0 aAaAV ; Ay. . (9) 

When we give to 4 such a value that 4a, + 6, =0, then (9) 

represents the reaction which may occur between the phases of the 

equilibrium (#,) and the change in volume and entropy belonging 

to this reaction. Hence follows: 

()= i a of (5) ey ae (10) 
aia bs ‘ AAV b AV aan ; AV 

it 

In the same way we find: 

Od Ay b, (dE An t 
==) =) = al — | ZE — et. 
a. Nad}. AV Gg\ alu. AV 

Hence it appears that between the direction-coefficients of the 

tangents to the curve (Ff)... in the invariant point the following 

relations exist: 

b, = b, dk dP\ An A 

atom ere a as 
From (11) follows the direction of each of the curves in the 

invariant point; this is however not yet sufficient to find the P,7- 

C 

dP 5, : 
diagram. When (=) is e.g. positive, then this means that the 



pressure along curve (PF) increases at rising temperature, decreases 

at lowering temperature. Curve (/’,) may go, therefore, starting 

from the invariant point, towards higher P and 7’, or towards lower 

P and 7, consequently’ in opposite direction. In order to define 

the P,7-diagram we have to use therefore still other properties. 

For this we take: 

1. the equilibria which are formed at an isentropical reaction 

with increase of volume, go towards lower pressures, starting from 

the invariant point; those, which are formed with decrease of 

volume, go towards higher pressures. ; 

2. the equilibria, which are formed at an isovolumetrical reaction 

with increase of entropy (consequently on addition of heat) go towards 

higher temperatures, starting from the invariant point; those, which 

are formed with decrease of entropy (consequently on withdrawing 

of heat) go towards lower temperatures. 

We now write the isentropical and isovolumetrical reactions (7) 

and (8): 

Ge AN ua are Wnts) OAT ROE) 

TRO An TE re a + tne ne Pnte=0 0 ; Ay (13) 

in which we take the coefficients of the phase /’, positive; further 

we assume that in both the equations the phases are written in 

such order of succession, that the condition : 

[ty SU, ode lp Seca Dl = eds) 

is satisfied. 

Now we may write for (11): 

dP dP dP Ay (15) 
= = U == == = EE WOE esi 5 J 

ie Gel NET ame FRR) AV 
When in (14) all the values of w are positive, then it follows from 

(15) that the direction-coefficients of the curves in the invariant point 

are either all positive or all negative. When we take into considera- 

tion absolute values only, then follows: 

dP dP dP 
(Ee) << Ha all |e BAG) 

When g,‚...t, 4 are positive and Mp». Unk? negative, then it 

follows, when we take into consideration absolute values only: 

dP dP dP dP a a fl Coed Eeen (17 (Ge) = = (Gr), 4.” eae > Gel. oe 

In thi al t IL 1 ler tl ag Meth S3i[— may be as well larger as smaller than | — |. 
an) iy ay : 5 P 
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AV may be in (12) as well positive als negative; this depends 

on the direction, in which reaction (12) proceeds. When AV is 

positive in the one direction, then it is negative in the opposite 

direction. Now we assume that AV is the change of volume, when 

the reaction proceeds in such away that the phases, which have a 

negative sign in (12), are formed, and that consequently the quantities 

of the phases, which have a positive sign, diminish. We call this 

direction: the “direction belonging to AV”. When we let reaction 

(12) proceed in opposite direction, therefore in such a way that the 

quantities of the phases, which have a negative sign, diminish, then 

the change of volume is — AJ. 

In (13) we assume the same; consequently Ay is the increase of 

entropy, when reaction (13) proceeds in such direction, that the 

phases, which have a negative sign, are formed. 

For fixing the ideas now we shall assume that the series of signs 

of reactiOn-equation (12) is represented by: 

ARON MR Bal os C B | is LN gai Rod ae EN ee ah eae ft 

In each group we give to the phases from left to right the indices 

tree im proupy As Al. A, are IN PLOUP oO +. Og, Pete. 

When all ratios are positive in (14), then all phases have the 

same sign in (13) as in (12); when some of those ratios are negative, 

for instance beginning with u, then in (13) the phases FP, .../,-1 

have the same sign, but /,.../,+42 the opposite sign as in (12). 

Then we obtain the two series of signs: 

AH Rel Boet “By Al Gas" alee NE 
Rah tel fe cas ea | oy enim pee A OO) 
EE Sens PoE pee |p an EVA (20 

The upper one represents the series of signs of reaction (12), the 

lower that of (13). With this we have assumed that the phase #, 

is situated in group B; in the lower series of signs this group is 

divided then into two parts B, and 4, with opposite sign. 

We now let the isentropical reaction (12 between the phases 

of the invariant point occur in the direction belonging to AV. As 

with this reaction the quantities of the phases, which have a positive 

sign in (12) or (19) diminish, from the invariant equilibrium, a 

monovariant equilibrium is formed, which we shall call (X‚). Herein 

X represents, therefore, a phase with positive sign, consequently 

a phase from one of the groups A, B or C of (19). 

When we let the isentropical reaction go in opposite direction, then 
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the quantities of the phases, which have a negative sign in (12) or 

(19) are diminished. Now from the invariant equilibrium a mono- 

variant equilibrium (X_) is formed, in which X_ represents a phase 

with negative sign, therefore, a phase from one of the groups 

RS or Lof (49): 

With the aid of the first of the properties mentioned above, 

which defines the direction of a curve, from the sign of the change 

in volume at the isentropical reaction, we find: 

le. AV >O. Starting from the invariant point the curves (A4) 
go towards lower- and the curves (X_) towards higher pressures. 

Ih, AV<O. Starting from the invariant point the curves (14) 

go towards higher- and the curves (A) towards lower pressures. 

When we let the isovolumetrical reaction (13) occur between the 

phases of the invariant equilibrium and when we apply the second 

of the properties mentioned above, then we find: 

[Ie Ly > 0. Starting from the invariant point the curves (X4) 

go towards higher- and the curves (A) towards lower temperatures. 

Il’. Ay< 0. Starting from the invariant point the curves (4) 

go towards lower- and the curves (X_) towards higher temperatures. 

TABLE 1 

di uk B B Rass c T 

EN bey easy. cp Ree rece eae gen) lea (a) 

Ais pam Poe | gt eS ip ee Hol Oj On 

AP i= Bhs a IL meee | pee |= te AV>0 (©) 

IE te eee ie 4s An>0 (d) 

ARO fenre else enn sai caee | onsen sane VSO) 

AP | eeed | eevee | Seeee Ederen | eren | desse | eres | Ax<0 (5) 

AP [ass | Han EA Bee sn Sy eae ON) 

Ny jie bee fesse | meee BP AN ees ME |e inne (A) 
| | 1 | 

AP sien Marente letttseamitietans seal melas [otros oiilt ons | AV<0 (i) 

ADs | aot ieee deedeetee eeen deet nl Onec0 (Be) 
| | | | 

aP 
DIA re eT, AS O 
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Now we apply the rules /¢* and /® to the series of signs (19) 

and the rules //¢ and //® to the series of signs (20); viz. 19) is 

the series of signs of the isentropical-, (20) that of the isovolume- 

trical reaction. In the foregoing table the results are summarised. 

In table I line a represents the series of signs of the isentropical 

reaction and line 5 that of the isovolumetrical reaction. In order to 

indicate that a curve goes, starting from the invariant point, towards 

higher or lower pressures, we write at the beginning of a rule AP 

and further under each group a positive or negative sign; a positive 

sign indicates that AP is positive, or in other words that the curves 

go towards higher pressures; a negative sign indicates that AP is 

negative, therefore, that the curves go towards lower pressures. 

The lines, beginning with A7, indicate whether a curve goes, 

starting from the invariant point, towards higher or lower tempe- 

ratures. A positive sign indicates that A7’ is positive, therefore, that 

the curves go towards higher temperatures; a negative sign indicates 

that AZT’ is negative, therefore, that the curves go towards lower 

temperatures. 

When we take A70 [rules ¢ and g| then, in accordance with 

{* the curves of the groups A, 4,, B, and C go towards lower 

pressures, those of the groups FR, S and 7’ towards bigher pressures. 

This is expressed by the signs in series ¢ and g. 

For AV <0 [rule e and 7) we find with the aid of /® the series 
of signs e and 7. 

It is evident that in the rules ¢ and g [viz. AV > 0) all signs 

are tbe opposite and in the series e and 7 (viz. AV <0] all signs 
are the same as in the series of signs a. 

With the aid of //* and //® we find from series } the series 

d, f, h and 4. The series d and k [viz. Ay > 0] have the same 

signs, the series f and A [viz. Ax <0] have the opposite signs as 
the series of signs 0. 

As it follows from (17), the arrows in the lower line of the table 

. dP 
indicate the direction in which the absolute value ON ae increases 

for the different curves. Consequently it increases from curve (A,) 

to the last curve of group Be; it decreases from the first curve of 

group Bs to the last curve of group ~Z. 

Table I represents the four possible cases, viz. AV >O and 

Ay > 0 in series c and d; AV <0 and Ay <0 in series e and /; 

AV>O and Ay <0 in series g and h; AV <0 and Ay > 0 in 

series 7 and 4. The last rule / is true for each of those four cases. 

Now we can easily deduce the P,7-diagram for each of those cases. 
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AV>>0 and Ay>0 [series c and d]. It appears at once from 
series c and d that the curves of group A go starting from the 

invariant point towards lower pressures and higher temperatures. 

In the P,7-diagram [fig. 1] of this group A the curves (A), (A,) 

and (A,) are drawn. The position of those three curves with respect 

to one another follows at once from the direction of the arrow in 
5 a | 

. C . ~ 

table I; hence it appears viz. that the absolute value of ne for 
C 
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curve (A,) smaller than for (A), for (A,) smaller again than for 

(A,), ete. 

Further it appears from table 1 that the curves of R go towards 

higher pressures and lower temperatures; of this group the curves 

(B), (Le) and (R,) are drawn. It appears from the direction of the 
_aP i 

arrow in table 1 that the absolute value of 7 for the curves 
é 

A,4,A,... R,R,R, increases from left to right. The curves of group 

R are situated, therefore, with respect to one another and to the 

curves of group A, as is drawn in fig. 1. 

When we draw with the aid of the series ¢ and d and the direc- 

tion of the arrows, also the curves of the other groups, then we 

find fig. 1. Herein is only one curve drawn of each of the groups 

Ba, Bs, S, C and 7. 

Consequently we find a P,7-diagram with five bundles of curves; 

each of the groups of signs Rk, b= B, + Bs, S and C of the series 

of signs a produces a bundle of curves in the P,7-diagram, the 

groups of signs A and 7’ produce together one single bundle only. 

AV <0 and An <0 [series e and /|. We obtain the same P,7- 

diagram as in fig. 1, with this great difference, however, that we 

have to change mutually the stable and metastable parts of the 

curves from fig. 1. Consequently we have to draw the dotted lines 

in fig. 1 and to dot the drawn lines. 

AV >O and Ay <0 {series g and Zl. It follows at once from 
series g and / that the curves of group A go, starting from the 

invariant point, towards lower pressures and temperatures, it is 

apparent from the direction of the arrow in table I that those curves 

must be situated with respect to one another as the curves (A), 

(A,) and (A,) in fig. 2. Further it appears from series g and / 

that the curves of group Z go towards higher pressures and tempe- 

ratures, it appears from the direction of the arrow in table I that 

those curves must be situated with respect to one another and to 

the curves of group A, as the curves (f,), (R,) and (#,) in fig. 2. 

When we draw, however, in the P,7-diagram also the curves of 

the other groups, then we find fig. 2. Herein only one curve is 

drawn of each of the groups B, B, S, C and 7. 

Now we find again a P,7-diagram with five bundles of curves, 

each of the groups of signs Rk, B= B, + Bi, S and C of series a 

produces again a bundle of curves; the groups of signs A and 7’ 

produce again together one bundle. 

108 _ 
Proceedings Royal Acad. Amsterdam, Vol. XVIIL. 
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AV<0 and Ay>0 [series { and 4). We obtain the same P,7- 
diagram as in fig. 2, again with this great difference however, that 

we have to change mutually the stable and metastable parts of 

the curves in fig. 2. 

In the four P,7-diagrams which we have deduced now, all 

curves, which belong to a same group [viz. group A, R, Ba, Bo, 

S, C and T| always go in the same direction of pressure and 
temperature. The curves of group A go, viz. starting from the in- 

variant point in fig. 1 all towards lower P and higher 7, in fig. 2 

all towards lower P and 7’; the curves of group & go in fig. 1 

viz. all towards higher P and lower 7, in fig. 2 towards higher P 

and 7’, ete. It appears from table 1 why this must be the case. 

As the groups C, Rk, and S in each of the P,7-diagrams form 

each a bundle of curves, the above mentioned is also true for those 

bundles of curves. 

This is however no more the case for the bundles of curves A + 7 

and B= B, + by; the curves of bundle A + 7’ all go in the same 

direction of temperature, but not in the same direction of pressure, the 

curves of bundle B = B, + B, all go in the same direction of pressure, 
but not in the same direction of temperature. We call such bundles 

“divergent”; bundle A + 7’ is then divergent in direction of pressure, 

bundle B, + Bi in direction of temperature; in fig. 3 bundle A + 7 

is divergent in both directions. We shall examine further under 

which conditions a similar divergency of a bundle may occur. 

Deducing series of signs (20) from, (19) we have assumed that in 

(14) w,...™,—1 is positive and p,...u,+2 negative; in the two 

series the phases /’.../,,; have, therefore, the same sign and 

the phases F,.../,4.2 therefore the opposite sign. Further we have 

assumed that the phase /’, is situated in group 5; for this we have 

divided this group into the two groups B, and B. 

It may, however, also be the case that the phase /’, is the 

first of a group in the series of signs (19), consequently also in 

series a of table 1. We shall assume that it is the first of group S. 

Then in table 1 we need no more divide group 4 into the sub- 

groups B, and Bj, for the whole group B obtains then in all series 

of table 1 the same sign as group B,. The two arrows in line / 

of table 1 must then reach the vertical line, which separates the 
B and S from one another. 

Now we obtain again four /?, 7-diagrams, which we may represent 

by the figs. 1 and 2 and by two other figures which we obtain when 

we mutually change the stable and metastable parts of the curves in 
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figs. land 2. There is a great difference, however, in the position of 
the bundle of curves B. In the P,7-diagrams belonging to table 1, the 
bundle of curves B is viz. divergent in direction of temperature; this 
is no more the case in the four new diagrams. In each of the new 
diagrams viz. the ‘whole bundle B goes in the same direction as 
group Aa; in figs. 1 and 2 (and the two other P,7-diagrams) we 
have to turn the group B, so far towards the group B, until bundle B 

diverges no longer. 

Let us now take the case that all values of u are positive in 
(14); the series of signs « and 5 in table 1 then become the same. 
Table 1 then passes into table 2, so that we obtain again four 

P,T-diagrams. Let us consider only the case AV <0 and Ay>0, 
consequently series # and / of table 2. It appears at once from 
those series that the curves of the groups A, B, and C all go 
towards higher pressures and temperatures, starting from the invariant 
point, and that those of the groups R, S, and 7’ go towards lower 
pressures and temperatures. It appears from the direction of the 

increases from the " 

d 
arrow in table 2 that the absolute value of aT 

€ 

TAB eee 2: 

A R B Ss | @ za 

ES dE — EE AV Oee 
| | 

+.... a a aero raise OD 0; Ax h 

AP | | He | meee | enen | mene | bee. | AVO € 
| 

AT Fwa en | fee. aeons Fee [meee | 4y>0 d 

SP bains [maere | Heres | meene ence | aude | 40 0 
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first curve of group A to the last curve of group 7. This direction 

of tbe arrow is in accordance with (16). 

The corresponding P,T-diagram is easily found now; it is drawn 

in fig. 3; three curves are drawn of group A, of each of the other 

groups only one curve is drawn. The P,7-diagram shows this 

peculiarity that all curves are situated within two of the four 

quadrants; it follows from table 2 that this is the case for each of 

the four P,7-diagrams. The bundle A + 7'sbows here the peculiarity 

Fig. 3. 

that it is divergent, as well in the direction of pressure as of tem- 

perature, and that it contains two succeeding curves, which make 

with one another an angle which is larger than 90°. 

In all our considerations we have supposed up to now that the 

last group of the series of signs (19) is negative; it may of course 

also be positive. In order to consider this case we omit-the group 

T from (19) and therefore also from (20) so that it disappears also 

from the tables 1 and 2. Now it is evident that again we obtain 

the same P,T-diagrams which we have above, but that in those 

the curves of group 7 are missing. Consequently in the figs. 1 

and 2 there is no more a bundle which is divergent in direction of 

pressure, and in fig. 3 no bundle which is divergent as well in 

direction of pressure as of temperature. 

We represent the isentropical reaction, which may occur between 

the phases of an invariant point, by: 

a, FP, + ak, eed apBp heere + GntoP ne =0 AV; 0. (21) 

and the isovolumetrical reaction by: 
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ua F, Hua, +... pal + npeanpeFne=—=0 0; An (22) 

We take a, and w‚a, positive and we assume that the order of 

succession of the phases is chosen in such a way that the condition 

hy Ue > ea Bt OT inte Oe aw EN) 

is satisfied. 

Now it appears from our previous considerations that we know 

the P,T-diagram completely, viz. the directions of the curves in the 

invariant point, ete, when we know, besides the reactions (21) and 

(22) also the changes of volume and entropy 4V and Aj occurring 

with those reactions. 

The isentropical reaction (21) alone is not sufficient to find the 

P,T-diagram, it is indeed sufficient, however, for defining the P,7- 

diagramtype; this follows viz. at once from the series of signs of 

this reaction. It is apparent from our previous considerations, that, 

when the last group of this series of signs is negative, we have 

to consider it as forming with the first a single group only. In 

the series of signs (19) the phases of A and 7’ form, therefore, one 

single group only, which consists of the sub-groups A and 7. 

It is apparent from the following that the series of signs of the 

isentropical reaction, defines the P,7-diagramtype. Above we have 

found viz.. that the number of bundles of curves is equal to the 

number of groups of signs and that each bundle contains as many 

curves as the group of signs contains phases. Further it was apparent 

that the bundles in the P,7-diagram and the groups in the series 

of signs have the same order of succession, if only we take in the 

series of signs, going from left to right, first the positive — and 

afterwards the negative groups. [In the series of signs (19) this 

order of succession is, therefore A+ 7. B, C, R and S, which is 

in accordance with the figs. 1, 2 and 3}. 

The series, which indicates the signs of AP has always either 

the same or the opposite signs of the series of signs of the isen- 

tropical reaction. Hence it follows that all curves, that have the 

same signs in the isentropical series of signs, also go in the same 

direction of pressure. In series of signs (19) the phases of groups 

B, C and the sub-group A have all the same sign; the corresponding 

curves must go, therefore, all in the same direction of pressure, 

starting from the invariant point; in figs. 1 and 2 they go towards 

lower pressures, in fig. 3 towards higher pressures. The same is 

true for the curves of groups A, S and the sub-group 7. It is 

apparent from all this that the series of signs of the isentropical 

reaction (21) defines still somewhat more than only the type of 
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the P,7-diagram; it defines viz. also which curves go in the same 
direction of pressure, starting from the invariant point. 

When in (23) all values of « are positive, then all phases in 

(21) and (22) have the same sign; when wi...u,—1 are positive 

and Up... tte negative, then in (22) F,...F, have the same sign, 
but PF... Erpe the opposite sign as in (21). 

Now we shall examine which changes occur in a P,7-diagram, 

according to the position of /, in the series of signs. In both 
reaction-equations (21) and (22) going from left to right, /, may 

be the second or the third or tbe fourth phase, ete. and at last the 

(n + 2%) phase, consequently. the last. When in (23) all values 

of u are positive, then this phase /, is missing. 

Let us assume, for fixing the ideas, that the series of signs of 

reaction (21) is represented by series a of table 1 or 2. Then the 

P,T-diagram consists of the bundles of curves 4 + 7, R, B, Sand 
C. [Confer e.g. figs 1, 2 and 3}. 

When in (23) all values of u are positive, so that the phase #, 

is missing, then series 6 in table 2 represents the series of signs of 

the isovolumetrical reaction. When F, is the (m+ 2) phase, there- 

fore the last phase of the subgroup 7’, then in series 6 of table 2 

the last phase obtains the opposite sign; when /’, is the ((m + 1)" 

phase, then in series 6 of table 2 the two last phases obtain the 

opposite sign, ete. 

When Ff, is e.g. the first phase of group S, then in series 4 of 

table 1 all phases of groups S, C, and 7’ get the opposite sign. When 

Fy) is situated within the group B so that this group is divided into 

two sub-groups B, and 45, then the series of signs is represented 

by series 6 of table 1. When 4, is the phase A,, then in series 5 
of table 2, all phases, except the first one, get the opposite sign. 

It is evident. that this change of signs in series 6 has no influence 

on the series, which indicate the signs of AP; the series which 

define the signs of 47 undergo however similar changes. 

Let us now take for the isentropical reaction AV <0 and for 
the isovolumetrical reaction Ax > 0. When the phase #/, is missing, 

then we find, as we have seen above, for the signs. of APand AT’ 

the series ¢ and & of table 2 and for the P,7-diagram fig. 3. 

We divide this diagram into four quadrants by two lines which 

go through the invariant point. We imagine the one-line parallel to 

the P-axis, the other parallel to the 7-axis. Those four quadrants 

are indicated in fig. 3 by the encircled figures 1, 2, 3 and 4. Con- 

sequently in fig. 3 all curves are situated within the quadrants 1 and 3. 
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When #5, is the last phase of group 7, then the last sign of 

series /£ (table 2) changes. The last eurve of group 7’ no more 

goes then towards lower, but towards higher temperatures, it does go 

however still towards lower pressures. The corresponding curve of 

the sub-group 7, consequently the curve, which is situated the closest 

to (A,), turns therefore, in fig. 3 within the second quadrant. The more 

the phase /’, goes towards the left, the more curves of the sub-gronp 7’ 

turn within the second quadrant, when /, coincides with the first 

phase of group 7, then in fig. 3 this whole sub-group 7’ takes its 
place within the second quadrant. 

As soon as the phase #), comes within the group C, a part of 

bundle C turns within the fourth quadrant ; when F, coincides with 

the first phase of group C, then the whole bundle C is situated 

within the fourth quadrant. 

At further movement of the phase #, first some and at last all 

curves of bundle S come within the second quadrant, afterwards 

some and at last all curves of bundle B within the fourth quadrant; 

afterwards some and at last all curves of R within the second 

quadrant. When F', coincides with A,, then curve (A) goes towards 

the fourth quadrant, and when F, coincides at last with A,, then 

also curve (A) goes within this quadrant. 

The displacement of #, from right to left involves, therefore, that 
the P,7-diagram changes; the curves turn viz. from the third qua- 

drant towards the second and from the first quadrant towards the 

fourth quadrant. Only the curve (A,) remains in the first quadrant. 

In all there arise, therefore, n + 2 different P,7-diagrams, which 

belong all, however, to the same type. 

Consequently it is apparent from the previous considerations: the 

series of signs of reaction (21) defines the P,7-diagramtype; viz. 

the number of bundles of curves and their order of succession; the 

number of curves and their order of succession in each bundle. It 

defines also which curves go in the same direction of pressure starting 

from the invariant point. This series of signs does not define, however, 

the partition of the bundles over the different quadrants and therefore 

also not which of the n+ 2 different P,7-diagrams, belonging to 

the type, will occur. In order to define this, we have to know 

also the series of signs of reaction (22). 

In our previous considerations we might have taken instead ot 

the series of signs of the isentropical reaction also that of the iso- 

volumetrical reaction. This is as we have shown in communication 
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VI for an arbitrary pair of reaction-equations, bowever the same as 

that of the isentropical reaction. lt causes, therefore, which stands 

to reason, the same P,T-diagramtype. 

The only difference is, that the isentropical reaction still defines 

at the same time which curves go in the same direction of pressure, 

and the isovolumetrical reaction defines which curves go in the same 

direction of temperature. 

14. Another deduction of the P, 7-diagramty pes, 
In previous communications we have already deduced in different 

ways the P,7-diagramtypes. A new deduction follows from the 

previous considerations in chapter (13). 

Using the properties 1 and 2 we found: 

the series of signs of the isentropical reaction defines the P,7- 

diagramtype and besides which curves go in the same direction of 

pressure ; 

the series of signs of the isovolumetrical reaction defines the P,7™- 

diagramtype and besides which curves go in the same direction of 

temperature. 

Hence we may deduce now, that the series of signs of each other 

reaction, which occurs between the phases of the invariant point, 

defines also the P, 7-diagramty pe. 

In order to show this we take the arbitrary reactions: 

plain Se IRA ne leet irate pew a 0 a) (225) 

mM FS ew Mat oh to ——= Okee = eo) 

Herein /, and m, are positive, both are written in such order of 

succession, that we have 

De: ee tye 

= +> 
Mn+2 

In each of those ee a definite change in volume and entropy 

occurs; we may, therefore, deduce from them the isentropical and 

isovolumetrical reaction, as is shown in the previous chapter. We 

write them: 

GF Baks are == 0h OAV GO ee  N(20) 

0,7, ua, +... + Unpogntelnte=0 0; An . (27) 

In communication VI we have seen that all pairs of reaction- 

equations, which we can deduce from a given pair, have the same 

series of signs; (24) has, therefore, the same series of signs as (26). 

As the P,7-diagramtype is defined by the series of signs of (26), 

it is, therefore, also defined by the series of signs of (24). 
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Consequently we find, in accordance with our deductions in the 

previous communications: 

the series of signs of each reaction between the phases of the 

invariant point defines the P,7-diagramtype, viz. the number of 

bundles of curves ‘and their order of succession, the number of 

curves and their order of succession in every bundle. 

This series of signs does not define, however, which curves go in 

the same direction of pressure (temperature); this is only the case 

with the series of signs of the isentropical (isovolumetrical) reaction. 

Leiden, Inorg. Chem. Lab. (To be continued). 

Physics. — “A Test of the Dispersion Theory of Solar Phenomena, 

derived from Measurements by Adams and St. John on the 

Displacements of Fraunhofer Lines in the Spectra of the 

Sun’s Limb and of Sun-spots”’. By Prof. W. H. Junius. 

(Communicated in the meeting of February 28, 1914, and published 

in: Versl. Afd. Natuurk. XXII, p. 12483—1265). 

This paper was not inserted in these Proceedings, because its 

principal contents had already been communicated by the writer in 

the following English publications: “Note on the General Shift of 

the Fratynorer Lines towards the Red, and on the Distortion of 

the Lines in the Spectrum of Eccentrically Located Sun-spots’, The 

Observatory, Vol. 37, p. 252, 1914, and: “Radial Motion in Sun- 

spots”, The Astrophysical Journal, Vol. 40, p. 1,1914. — A French 

translation of the whole paper will appear in the Archives néerlan- 

daises, 1916. 

Physics. — “Anomalous Dispersion and Fraunhofer Lines. Reply 

to Objections’. By Prof. W. H. Junius. 

(Communicated in the meetings of October 30 and November 27, 1915 

Cf.: Versl. Afd. Natuurk. XXIV, p. 678 and 865). 

This paper has also been published in extenso in the Astrophysical 

Journal, Vol. 43, p. 43, 1916, and will therefore not appear in 

these Proceedings. 
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ERRATA. 

In the Proceedings of the Meeting of Sept. 25, 1915, Vol. XVIII, 

p. 506 line 15 from the bottom: for 1194§5 read 419 $ 55 

ks 5 OOOH D STe 0.001028 

De 3 ee a ss oO 11.2 

ze 55 ie ag Ak or 0:04 a 40e 0.05 

a Ee bs : ,, smallerthan,, of the order 

of magnitude of 
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