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Botany. — “On the wnfluence of electrolytes on the motility of
Chlamydomonas variabilis Dangeard”. By C. Spruir P.Pzn.
(Communicated by Prof. Went).

{Communicated in the meeting of November 30, 1918).

The reactions of unicellular motile organisms to external stimuli
are not always equally prompt. We speak of “condition™, probably
due to one or more of these incalculable factors which make experi-
ments with living organisms so troublesome.

In the case of Chlamydomonas variabilis Dangeard 1 have found
that the case of response of this unicellular, motile green Alga to
light, gravity or chemotactic stimuli depends not only on the nature
of the dissolved substance, but also on its concentration. By systemaitic
investigation of the motility of the Alga in solutions of a few salls,
an attempt has been made to obtain some idea of the manner in
which electrolytes influence this phenomenon. Althongh it would
have been desirable to investigate the influence of numerous electro-
Iytes, it has nevertheless become clear from the data collected hitherto,
that the action of electrolytes on the motility of Chlamydomonas
agrees in many respects with their action on the solution and preci-
pitation of colloids.

A culture method, indicated by JacoBsEN'), was employed in order
to make large quantities of Chlamydomonas species available.

After cultures had been obtained continuously for some months
by inoculation, the experiments were undertaken. Part of each culture
employed was fixed with formalin. Determination showed that the
cultures always contained almost exclusively individuals of Chlamy-
domonas varwabilis Dangeard.

Under favourable conditions this species is sensitive to light, to
gravity and to some chemotactic stimuli. Under certain conditions
the Alga reacts also to contact, by aitaching itself to solid objects.
In the experiments Chlamydomonas generally reacts negatively to
light, sometimes & positive reaction is observed. The latter was more
frequently the case if the alga remained in the culture fluid.

Under the influence of gravily an obvious and rapid positive

1 H. G. JacoBsEN. Zeitschr. f. Bot. Bd. Il 1910.
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reaction was noticed (posmve geotaxis), whereas in the literature
C/clamydomonab pulvisculns is stated to have a negative geotactic
reaction. Very dilute acids and phosphates were found to be positive
chemotactics for Chlamydomonas. The alga reacted with negative
geotaxis to more concentrated acid solutions and to bases.

All these reactions were clearly observed with the alga in
distilled water. Addition of small quantities of acid and base caused
the reactivily to decrease. Above a certain concentration no reaction
occurred. It could bhe observed microscopically that in such cases the
motility was greatly diminished. The reactivity and motility could
also be decreased by adding salts. The concentrations for salts were
greater than for acids and bases, but nevertheless still small.

Increase of electrolyte concentration (whether by addition of acid,
base, salts or combinations of these) diminished the sensitiveness to
light, to gravity and to chemotactics to an approximately equal
extent. By means of the reactions indicated the influence of electro-
lytes on the motility of the alga was investigated.

It was very easy to separate the individuals of Chlamydomonas
from the culture-fluid. For this purpose the fact was utilized that
in cultures sufficiently dense for experiments, the alga was in such
a condition that it readily attached itself to solid bodies. A glass
tube of about 0.5 c.m. diameter, sealed at its lower end more or
less 10 a point, was filled with the culture fluid. The tube was placed
vertically in unilateral diffuse daylight. After five minutes a green
band of algae was visible at one side of the tube. In this condition
the motility is still so great that the algae all swim to one side of
the tube, .where they come into contact with its wall. In consequence
of this contaet they ‘had fastened themselves to the glass. They were
so firmly attached that it was possible to suck out the culture fluid
with a pipette while the algae remained sticking to the wall. Next
a quantity of distilled water was introduced into the tube, which
was then shaken to distribute the algae in the water. The tube was
again placed in a veriical position and exposed to unilateral diffuse
daylight. Under the influence of the distilled water the algae showed
not the slightest tendency to attach themselves. The light indeed
caused them to collect on one side of the tube as a dense green
band, but under the influence of gravity the algae constituting this
band soon moved to -the bottom, so that after five minutes there
was a distinct accumulation at the lower end.

By means of a pipette the water could now be removed almost
completely. After this preparation of the algae the solution of which

the effect was to be investigated, was introduced into the tube.
51%
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From what was said above p. 783 line 15, it may be deduced that - e

. c WhF\fhﬂ‘ l'- ‘--—-vwl\lll o llgl )
it (practically) makes'ﬁn gu.gffz‘l?;erllseemployed to Judge the motility

O_lwv.uu’gm/domonas A reaction was sought which could easily be
followed macroscopically. The gravitational one was found to be
the most suitable,  for it was easy to ascertain, whether the alga
definitely moved towards the bottom, or whether the motility was so
small, that there was no question of a downward movement. In the
former case a definite accumulation was soon formed at the bottom of
the vertical tube; in the latter case no clear accumulation was observed.
The result of the experiment was always noted after ten minutes.
According as the algae reacted to gravity, or not, it was possible
to aseertain, whether the motility in a given solution was fairly
large or very small. In all solutions in which the alga reacted to
gravity the motility was not uniformly great; nor was this the case
in those solutions, in which no reaction could be observed. We ‘
could, however, determine the limiting concentrations at. which the
reaction to gravity still occurred and at which it could no longer
be observed. By making a series of salt solutions of increasing con-
centrations in distilled water, it was possible to determine the con-
centration of the salt at which a reaction was still just observable
and that, at which a reaction no longer occurred. The concentrations
between these two limits may be called, transitional concentrations. -
The mean of the two limits we may regard. as the concentration,
at which, at least theoretically, the. transition, took place from a
condition of motility in which the reaction fo gravity occurred, to
a condition of motility in which, the reaction no longer, took place.
This concentration we call the, ¢critical transitional concentration or the

N

critical concentration.

For solutions in which the salt concentration was constant, whilst
the H'-ion concentration increased regularly, we similarly speak of.
the limiting and of the critical concentrations.

The values of the limiting, concentrations become much more
certain by making each experiment six times. As the two limiting
concentrations we regarded that one, at which all six tubes showed,
a definite accumulation and that one, at which, no accumulation
occurred in any of the tubes. Coneentrations at, which 4 posmy
reaction was found in some only of the six tubes, were, regarded;
as transitional and were left out of account.

In order to obtain a clear picture of the influence, of a salt we
must pay attention to the H:-ion concentration of the solution. The
solutions which were employed in investigating the effect of;a given,
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salt,. not only varied in a regular manner as regards conceniration
of the salt, but the degree of. acidity was also varied regularly.
The' hydrions are the cause of the effect which small quantities of
acids exert on C/tlmnydomgnas' The effect of small gquantities of
basis is due to hydroxyl ions.

The product of the H'-ions and the OH’-ions is constant in
aqueous solution at any given temperature. Hence the strength of
an alkaline solution can be expressed by the H-ion concentration.

We now proceeded as follows. First the critical concentration was
determined for solutions of a given salt in distilled water. Then the
same was done for solutions of the salt containing 0.00005 n. acid,
and next for those containing 0.00010 n. acid, etc. Finally small
quantities of base were added to the salt solufions in order to
determine in the same way the limiting concentrations and the critical
concentration for series of solutions Whlch were feebly basic instead
of feebly acidic.

Since the effect of electrolytes is due to the ions, it was necessary
to ensure that a regular variation of ionic concentration was indeed
obtained by the procedure outlined. With regard to the ions of salts
there need be no doubt, but for the hydrions this was not self-
evident. ¢

The hydrion concentration of 0.00003 n. sulphuric acid for instance,
is in plactlce not always equally great. It was possible, by adding
small quantities of acid or base, to obtain regularly increasing or
decreasing H-ion concentrations by following the following directions.
The solutions of a salt were made acid or alkaline by addition of
the acid or the base, which had an anion or a cation in common
with the salt (a sulphate was thervefore acidified with sulphuric acid,
a potassinm salt was made alkaline with potassium hydroxide). All
acid solutions of a salt were prepared with the same solution of an
acid and likewise all alkaline solutions with the same solution of
a base. Newly distilled water was always used.

Although a regular variation of H--ion-concentration was thus obtained,
its absolute value was unknown. Nor was it possible to compare
mutually the H'-ion concentration, and therefore the degree of acidity,
of solutions acidified with hydrochloric and sulphuric acids.

For solutions of sodium acetate at different H--ion concentrations
the absolute value was determined electrometrically. These solutions
contained sodium acetate and acetic acid. The solutions were again
employed in series, and in each 'series the concenfration of the
sodiumn acetate varied in a regular manner. By paying attention to
the relation of the acetate concentration to that of the free acetic

-10 -
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acid, it was possible to ensare that in each series the H--ion concen-
tration remained approximately constant, whilefor the various series
the H-ion concentration varied in a regular manner. Of the solutions
containing the limiting concentrations of sodium acetate, the H-ion
concentration was now determined electrometrically. '

Mixtures of sodium acetate and acetic acid have a H--ion concen-
tration which in practice is well defined, can be calculated in advance
and can moreover be readily determined electrometrically. These
mixtures are “buffer solutions”.

The experiments were carried out at room temperature. The
hteratwre indicated that in so far as the influence of temperature
on chemotaxis has been investigated at all, it is insignificant. Nor
has a great influence of temperature on cerlain phenomena of
colloidal chemistry, e.g. on the stability of suspensoids, been recorded.

For a series of solutions of carbonjc acid in tap water the limiting
concentrations were determined at 25° C. and at about 0° C. For
both temperatures the same result was obtained. Nevertheless the
temperature was always. noted.

We always worked in diffuse daylight. An attempt to carry out
the experiments in the dark was unsuccessful, as it yielded very
irregular results. '

The limiting concentrations observed and the critical concentrations
calculated from them were plotted graphically for each of the salts
invegtigated.

On the abscissa-axis of a biaxial system of rectangular codrdinates
the concentration of the salt was plotted, and on the ordinate axis
on one side of the origin the concentration of the acid, on the
other side that of the base. For mixtures of sodium acetate and
acetic acid the acidity was indicated by plotting the H--ion concen-
tration on the axis of ordinates. -

The limiting econceniration at which the reaction to gravity still
just occurred was indicated by, the limit at which no reaction wag
visible by °. The points found for the critical transitional concentration
by ecalculation, were counected by a curve, which was regarded
as the boundary between the region containing all concentrations
of salt and base, and of salt and acid, at which the gravitational
reaction took place, and the region of concentrations, in which no
clear reaction occurred. '

Figures 1, 2, 3, and 4 reproduce the curves for K,SQ,, sodium
acetate, KNO, and KCI, at least in so far as they have been
determined.

In order to prove that the effect of acid and base was- due to

-11 -
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the -H-ion concentration of the solution, a series of solutions was
prepared, which &l contained 0.01 normal sodium acetate, but
varying quantities of free acetic acid or free sodium hydroxide. We
thus obtained series of solutions in which the concentration of
the acetate was constant, while that of the H'-ions varied gradually.
The concentralion of the other constituents of these solutions was
too small for them to have any significance.

It was now found, that the reaction to gravity did not take place
at all or took place badly in the most acid and in the most alkaline
solutions of the series. The Hw-ion concentration of the limiting
solutions was measured electrometrically and was found to be for
acid solutions between [H:]=10-5% and [H-] = 10~%5 (the H-ion
concentration was expressed in gramions per litre), and for alkaline
solutions between [H'] = 10107 and [H'] = 10112 We may assume
that, in this case at least, the effect of acid and base is to be
attributed for the most part to the H:-ion (or OH’-ion) content.

The same experiment was repeated with solutions containing instead
of acetic acid and an acetate, malic acid and a malate (these solu-
tions always contained 0.01 grammolecules per litre of sodium
malate). For acid solutions the limit was here found to be beiween
H']=10-%1 and [H']=10—%? and for alkaline solutions between
[H'] =10-106 and [H'|= 10111 These results confirmed the con-
ception of the influence of the H-ions. The displacement of the
limits in acid malate solutions with vespect to those of acid acetate
solutions showed, however, that even small concentrations of salt
also contribute to the effect.

In order that enough observations could be made to give an idea of
the behaviour of the alga in solutions of a single salt, it was often
nécessary to use a fresh culture. In that case the last determinations
with tle old culture were repeated with the new one. Often the
results were not completely identical, but the differences between
the two cultures were generally so small, than they could be ne-
glected. In the experiments with KCI, however, once a great displace-
ment of the limiting concentration was observed on using a fresh
culture Figure 3 shows how in solutions containing in addition fo
KCl, 0.00065 normal KOH, the new culture showed a modified
behaviour. In consequence of this the curve consists of two discon-
tinuous pieces. It is probable that the new piece would indeed be
a conlinuation of the old, if we displace the new piece in a hori-
zontal as well as in a vertical direction. The dotted lines would
then probably unite the portions of the two pieces which correspond.
In using new cultures with sodium acetate a less pronounced dis-

-12 -
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continuity was found. The portions I, 1I and IIL were each obtained
with individuals from a different cultare. :

The cause of the different behaviour of the cultures is probably
to be found in the fact, that the nutrient solution for the cultures
had not the same composition when used. The plasma colloids
probably form compounds with acids and bases and adsorb all
kinds of ioms. If the nutrient solution were not of the same com-
position, then the behaviour of the plasma colloids’ (and it was
probably these colloids that were affected by the electrolyte solu-
tions) need not be constant. That the fluid from the cultures had
not always the same composition was pretty certain.

The treatment of the alga, before
BN it was used in the experiment (com-
IR pare p. 783) was such that only the
N culture fluid was removed completely.
That the treatment removed sub-
stances from the organisms themsel-
: ; ves, is not probable. But this must
t K have been the case, when the wash-
' ) ing in distilled water lasted longer
than half an hour. In that case the
sensitiveness to electrolyte solutions
was greatly increased.

Only the curye for potassium

§¥ sulphate is .qmte co_mplete H. The

I s e e course of this curve is, for the most
RS =Nl acid solutions (from 0.00015 n. H,S0,)

/ onwaids, quite different from that
for the most alkaline solutions start-
ing (from 0,00L00 n. KOH). In the
/ latter case we can understand the
/
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course, if we suppose, that the effect
of the salt and of the OH'-ion is
0 t t 35 ¢ 56 1 6 ¢ 190 more or less additive. For the beha-
cone K80 o1 mol viour of potassinm sulphate in com-
Fig. 1. . . . .

pany of H-ions (acid) there is no
question of addition. If we follow the curve in the acid solutions,
starting from the ordinate-axis, we see that the curve at first enters
higher into the acid region, i.e. that small quantities of salt brought

1100000 X

-
@
<

1) For the most acid solutions the critical concentration was determined according
lo the content of acid.
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about that a greater H--ion concentration can be tolerated. After
the concentration of the sulphate has become 0.02 normal, the curve
recedes again and later on makes another bend (to 0.00015 n.
H,S0,, 0.12 n. K,S0,), which we may consider due to the H--ions
counteracting somewhat the effect of the salt in this portion of
the curve.

The course of the curve for sodium acetate (fig. 2) is in the most
acid solutions (from about |H-]==10—52 (o [H] =10-%4) of the same

1 )(°4
w &
- . 4
‘E‘; L
g
N -
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] -
; e
i P ———
> h-\\.
- ‘%I
[=] ¥
=
e L"\
L3, }}——
53
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© 1 2 5 Y 5 6 7 @ 9 1060 W1 ¥ I ]
conc Na-acetaat xqofn,
Fig. 2.

nature as that of the curve for K,S0, in the most acid solutions.
It was not possible to indicate this H'-ion concentration for the place,
where the curve reaches the ordinate-axis. In so far as the curve
has been indicated in this portion, we likewise see two bends; the
first is caused by small quantities of acetate counteracting the effect
of the H--ions, while the second is again brought about by the
H--ions diminishing the effect of the salt.

That the influence of base and of salt was approximately additive,
while acid and salt interfere with each other’s action, is an impor-
tant phenomenon.

The same phenomenon was observed by Harpy') in flocculation
and solution of globulins in acid and alkaline salt solutions. The
globulins form colloidal solutions, which in their behaviour towards
acids and bases, must be reckoned among the emulsoids. For they
are colloids, which are positively charged in acid and negatively in
alkaline solution, because they are ampholytes, i.e. substances which
behave both as acids and as bases.

)

1) W. B. Haroy, Journ. of Physiol, Vol. XXXIII, 1905—06. -

f
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Probably in close connection with the bebaviour of globulins 1
acid and in alkaline solutions is the fact that the acid concentration
at which the globulins went into solution, is very dependent on
the nature of the salt present in solution, while the concentration
of alkali is mach less influenced thereby, if at all. This also was
shown by Harbry.

A corresponding peculiarity came 1o light in our experiments on
the motility of Chlamydomonas.- We found that the acid concentra-
tion in acid malate solutions was displaced in relation to that in acid
acetate solutions, whereas the alkali concentration in malate solutions
was not so displaced in relation to that in acetate solution (see p. 787). -

In so far as concerns its motility with regard to acid, base, acidiec
and alkaline salt solutions, the behaviour of Chlamydomonas
therefore showed a striking correspondence to the behaviour of
emulsoid solutions of globulins with regard to the same reagents.

We may therefore suppose, that the motility of Chlamydomonas

y under the influence of acid

Sf and alkaline salt solutions,
Ry depends on a colloidal-chemi-
= et cal change of the cell, most
8z NSNS probably of the protoplasm.
%s /‘ ,) ¥ This hypothesis is not wholly
TE /et unexpected.  Protoplasm is
:f 1 generally regarded as a col-
e 1 11 loidal mass. According to our
£s L4 L observations the plasma colloids

; would show some of the pro-

® mekno, 0T 07 Pogn ¥ perties of emulsoids.  After

having observed the corre-
spondence between the effect
of acid and of alkaline solutions on the motility of Chlamydo-
monas and their effect on the emulsoid globulins, we will next try to
as certain whether the influence of salts ') on the motility of the aléa
shows any agreement with their action on emulsoids or indeed on suspen-
soids. For this purpose we must examine the portion of the curve for
K,S0, between 0.00015 n. H,SO, and 0,00100 n. KOH (fig. 1) and also the
curves for KCI (fig. 4) and for KNO, (fig. 3) in so far as they are plotted.

These portions of the curves differ somewhat in shape. For KNO,

Fig. 3.

') We suppose that in the portions of the curves now to be discussed, the
influence of the salt predominates, while in the portions which have already been
dealt with the influence of acid and base was more prominent.

-15-
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the course is the simplesi; for K,S0, it is the most capricious. In
one respect they.agree, in that they are approximately symmetrical
on either side of a horizontal line, which for KNO, lies at about
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0.00035 n. KOH (tig. 3), for KCl perhaps at 0.00045 n. KOH (fig.
4) and for K,SO, at 0.0040 n. KOH (fig. 1), although the axis of
symmetry for KNO, and for KCl is not horizontal. This symmetry
is too striking to be neglected, especially in the case of KNO,
(fig. 3) and of K,SO, (fig. 1). It seems to me an indication that the
irregularity in this portion of the curves is not caused by experi-
mental errors; moreover the sixfold repetition of the experiments
also warrants this.

The symmetry was probably caused by the salts being active both
with their cations and their anions. The part played by anions and
cations, when the plasma colloids were positive, was probably
reversed when the colloids were charged negatively.

The complication in the course of the curves consists in the
presence of maxima; with K SO, (fig. 1) clearly five such may be
distinguished, one at 0.00040 n. KOH and then two on either side;
at 0.00075 n. KOH and at 0.00005 n. KOH there is in each case a
low summit, at 0.00090 n. KOH and at 0.00005 n. H,SO, a high
.one. In the case of KCl (fig. 4) there are perhaps also five. A con-

-16 -
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gideration of the curve for KNO, seems to indicate at first only a
gingle large maximum at about 0.00030 n. KOH, but when we fix
our attention on the course of the lines joining the limiting eoncen-
trations, we_find that there are really five apices, namely at
0.00010 n. HNO,, at 000010 n. KOH, at 0.00030 n. KOH, at
0.00050 n. KOH and at 0,00065 n. KOH. They are arranged very
symmetrically on either side of a middle axis. .

I bave found nothing in colloidal chemical literature permitting
of a direct comparison with qur case. Perhaps the ieason is that
the behaviour of colloids towards salt solutions at various H--ion
concentrations has genetally not been examined systematically, or
where this was done, the quantities of acid and base added were
much larger. ’ -

Nevertheless the occurrence of these summits is not in conflict
with present views on the behaviour of amphoteric colloids. The
proteins for instance might be able to combine with one or with
more molecules of acid or base. Iu this way compounds might be
formed which could behave very differently towards salts. No
agreement has been reached about the conditions détermining the
existence of these various protein-acid and protein-basé compounds.
T. B. RoBerTson'), however, considers that he has proved that their
stability is exclusively determined by the H'-ion concentration of the
solution. If this view is correct, then the presence of the summits
in our curves might perhaps be susceptible of explanation.

The concentrations, in which the salts acted, were small. The
highest amount was found for Ca(NOQ,),, i-e. 0.40 normal. Very small
values were found for phosphate. For binary electrolytes the con-
centrations were 0.10—0.20 normal. The greatest contrast was formed
by plurivalent cations and plurivalent anions (calcium salt-phosphate).

We can also deduce something from figures 1, 3, and 4 about
the different behaviour of univalent and plurivalent ions. The curve
for potassium sulphate (fig. 1) has a vertical direction between
,0.00015 n. H,S0, and 0.00100 n. KOH. Here we have a bivalent
anion together with a univalent cation; the curves for KCI (fig. 4)
and KNO, (fig. 3} run obliquely downwards to the left. Here there
is a univalent cation with a univalent anion. Experiments which
were made with Ca(NO,),, showed clearly that the curve which
might be plotted from it, would be still much more oblique, but
in the same direction as that for KUl and KNO,. In this case &
bivalent cation accompanies a univalent anion. If the direction 1s

v

1) T. B. Rosertson, Die Physikalische Chemie der Proteine. Dresden 1912.

i
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related to the ionic— alency of the salt, then the order K,SO,— KCl.
and KNO,—Ca(NO,), which has been found, is explicable.

It is further' remarkable, that the curve for K,SO, (fig. 1) reaclies
so far into the alkaline region, while the curie which might have
been plotted for Ca(NO,),')- would chiefly come to lie in the acid

reglon. '

The influence of the small salt concentrations, as well as that of
ionic valency point to a possible correspondence between the pro-
cesses which occur in the change of motility of Chlamydomonas
and the process of the flocculation, of suspensoids.

The influence of salts on the condition of emulsoids often suggests
an arrangement of the ions in definite series. For the anions there
is the series of HorMeisTER. In a process, occurring in accordance
with these ionic series, the inflnence of the salts i3 said to be
lyotropic.

It was therefore desirable to see, whether the influence of salts
on the motility of Chlamydomonas is one according to the lyotropic
series. This was only investigated for the anions. For algae from
one and: the same culture the following series was found:

KI < KNO, < KCl < KBr, KONS.

This was by no means the order of anions, if the inflnence, of

the salts had been lyotropic, for then it would have, been,
KCl <KNO, < KBr < K1 <C KCNS.

We must not attach too much value to this result. The ionic
series i3 reversed, when the medium becomes acid iunsiead of alka-
line, while in neutral solutions transitions between the alkaline and
the acid series are found.

The observations on Chlamydomonas were carried out at 0.00015
n. KOH, where there was accordingly much chance of finding one
of - the transitional series. We were, however, obliged to work in
very feebly alkaline solutions, because at a different degree of acidity
we should be comparing for the various salts such concentrations
as were not, according to the curves, really comparable. In that
case we should have compared a maximum for one salt with a
minimum for another salt. In reality a good comparison would only
be obtained for concentrations of a specified maximum, e.g. the

middle one, for each of the salts.
In any case we can say with some probability that the action of

) The concentrations of the solutions change each time by 0.05 n.; for this
reason the results were not sufficiently accurate for a curve to be traced.
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the salts on Chlamydomonas might suggest =« comparison with
sugpensoids rather than with emulsoids.

In this respect also there is a correspondence between the phenomena
studied in Chlamydomonas and the processes which occur in the
colloidal globulins. These also were flocculated by small quantities
of salts in HarpY’s experiments and the valency of the ions played
an important part.

The globulins may be reckoned among the emulsoids on account
of their behaviour towards base and acid, but the effect of salts
leads to the conclusion, that they are emulsoids possessing certain -
suspensoid properties.

We might conclude from our experiments, that the power of
Chlamydomonas variabilis to react to gravity, (to light and to chemo-
tactica) is influenced by electrolytes in such a manner, that there 1s
much analogy to the action of electrolytes in the flocculation and
solution of colloids. For this reason the hypothesis is possible, that
in Chlamydomonas we are concerned with an action of the electro-
lytes on the colloids of the protoplasm. These colloids would then
behave in such a way towards acid, base and salt, thal & comparison
with the behaviour of globulins (as observed by Harpy) was the
most plausible. The plasma colloids would be emulsoid substances
with some suspensoid properties.

Delft, November 1918.

Labovatory of Technical Botany.

Liy
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Geology. — “Un the Non-existence of Active Volcanoes between
Pantar and Dammer (Eost-Indian archipelago), in Connection
with the Tectonic Movements in this Reqion”. By Prof. H. A.
Brouwrr. (Communicated by Prof. G. A. F. MOLENGRAAFF).

(Communicated in the meeting of January 27, 1917.)

It is a striking phenomenon that active volcanoes occur in all
the islands of the Sunda-range Sumatra-Java-Bali-Lombok-Sumbawa-
Fiores-Lomblen-Pantar and do not exist farther on to the east in
Alor, Kambing, Wetter and Roma, but reappear still farther east-
wards in the curving chain of voleanic islands Dammer-Teon-Nila-
Serua-Manuk-Banda.

According to VerBrek ') the volcanoces of the Banda Sea form an
ellipse separated from the voleanic Sunda islands by the “strip of
older rocks”, drawn by him across Wetter. In a paper on the
recent mountain-building ‘movements in this region?) we have
designated the arch of volcanic islands in the Banda Sea, for the
most part.situated below the sea surface of the sea, as a continua-
tion of the range of the Sunda islands. On this basis the non-
existence of volcanoes in a certain portion of this chain must be
accounted for as a phenomenon resulting from causes of a more
general nature.

We enumerate, with reference to the volcanic phenomena, the
following characteristics of the two curving rows of islands in the
eastern part of the Indian archipelago. .

a. The outer row (Timor-Tenimber-Ceram-Buru) is entirely devoid
of volcanoes. These are to be found only in the inner row (Flores-
Wetter-Dammer-Banda).

b. Occasionally the active volcanoes are also missing in the inner
row, just where the two rows approach each other most, i.e. to the

North of Timor (see Fig. 1).

’

1) R. D. M. VERBEEK, Molukkenverslag Jb. v. het Mijnwezen 1908 Wet. Ged.
Kaart NO. 1.

?) H. A. BRouWER, Over de bergvormende bewegingen in het gebied der boog-
vormige eilandenreeksen in het oostelijk deel van den O.-I. Archipel. Versl. Kon.
Ak. v. Wet,, Amst., Nov. 1916.

~
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c. Where active volcanoes do not exist in the inner row, producis
of extinct volcanoes cover a vast area. They also occur in the
outer row (North coast of Timor). '

The island of Lomblen still contains numerous, partly active
volcanoes; in the eastern part of Pantar six independent venis of
eruption are known, only one of which (the Gg Api) still displays
the action of the solfatara-stage; the Delaki still exhibits a beautiful
cone-shape, but at present is wooded to the very top. In the east
of Alor there is an ancient volecano, the Peak of Alor?'), 1655 m.
high and to the south of it we find a second, lower peak; both
have a cone-like shape, but through long erosion they have lost the
beautiful regular appearance of a Cone. Still farther towards the east
we distingnish the old volcano .of Puln Kambing, north of Timor
Dilli, farther again in Lirang and Weiter diabases, gabbros and
granites have been laid bare by erosion over vastareas. Roma again
consists entirely of: voleanic products, tuffs, breccias, conglomerates
and solid-lava in dykes and flows®), however. without active vents,
which do not reappear again before Dammer, farther eastward.

It would seem then that, starting from .Wetter; — where the two
curving rows of islands are closest to each other — the volcanoes
became extinct :at- a later period: according as. they ,were farther
removed from Wetter: Lower down we-shall discuss;-more fully ke
relationshtp between the divergence-:of: thei rows . of islands and a
more prolonged wvolcanic iactioniconsequent on a progressing distance
between - the two: rows.

d«s In:those . parts 'of thé. regions: under consideration.where no
active volcanoes occur, elevated: coralreefs have covered extensive
areas.- In Pantar coral limestone .covers-all, the older .volcanoes up
to a certain-height- above -the, sealevels(in: this, island .400°m.); only
the : young wolcanoes Delaki andlljasi Awieng.:with - the still active
vent Gg *Apin are not covered with limestone at their bases.®) In
Alor. the selevated: reefs seem to:reach a height.of. 700 m. above the
sealevel; they likewise:overlie:the products of the slightly coniform
Peak of:*Alor. More towards' the. east-in the voleanic.island. of
Kawbing (& 1000 m. high) the - véleanic products, are covered by.:
terraces of coral limestone to a great height (%= 700 m.)*). Little is
known as yet about the occurtence of elevated. reefs.in. Wetter and
Romaj in Wetternthey occur along ithe icoasts up to 80 or 100\ m,

1) R. D. M. VerBEEE, l. c. p. 375.
%) Ibid, p. 435.

5) Ib., p..16.

4 Ib., p. 376.

Proceedings Royal Acad Amsterdam. Vol. XXI.
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above the level of the sea and in Roma they') have reached con-
siderable lheights. However, as far as the islands west of Wetter
are concerned, our assumption, that volcanic action lasted the longer
the more the islands were removed westwards from Wetter, is borne
out by the occurrence of elevated coral reefs.

e. Whether there has been a shifting of the volcanic action in
a direction perpendicular to the row of islands cannot be well
made out.

It might be supposed, that it has shifted inward, because to-da);
volcanoes occur only in the inner row; hut the present configura-
tions of the landsurface resulted from the recent crustal-movements
and the region north of the islands in fig. 1, is nowadays covered
by the sea. The volcanic action may, in the tertiary period, have
affected a broader tract, while at present it is confined to a narrower
strip comprising the inner row of islands.

Having recorded these characteristics, we will now discuss first
of all the origin and the shape of the two curving rows of islands.

Origin of the rows of islands.

In an earlier paper we have demonstrated’) that the elevation of
the islands, encircled by deep ocean-basins, must be looked upon as
a result of renewed mountain-building forces and that these move-
ments, just as the tertiary, are apt to proceed towards the “Vorland”.
Their intensity has been variable, nor was it equal for various
parts of one and the same row in a definite period, so that some
parts may rise higher than the other and locally also subsidence
may occur. We will confine ourselves to the region under consider-
ation. In Timor a period of intensive crustal movements, persisting
into the miocene, was succeeded by a prolonged denudation of the
landmasses emerging from the sea. A large part of the island has
afterwards been submerged again and a pliocene formation, whose
oldest deposits consist of pure Globigerina-limestone devoid of terri-
genous elements rests nnconformably on the older formatjons, as
has been discussed in detail by MoreNcraaFF ®)*). In plio-pleistocene

1) Ib., p. 485.

2) H. A, BROUWER, l. c.

% G. A. F. MoLENGRAAPF, Folded mountain chains, overthrust sheels and block-
faulted mountams in the East-Indian archipelago. C. R. XIIth congr. geol. intern.
Toronto 1913, p. 693

4 |bid. On recent crustal movements in the island of Timor and their bearing
on the geological history of the East-Indian Archipelago, Proc. Kon. Ak. v. Wet,,
29 June 1902, B

§
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time a great part of Timor was still covered by a sea full of coral-
islands and reefs, from which the higher mountains emerged as
islands, similarly to what may still be observed farther eastward
in the islands, east of Moa. Ever since a general elevation above
the sealevel has been going on, which may still be proceeding. Signs
of this uprise can be witnessed in all the islands of the region
under consideration. '

The foregoing points to a decrease of tangential pressure after the
miocene process of mountain building and to a renewed intensification
of that process in the plio-pleistocene, which possibly still continues.

Shape of the rows of islands.

For a more comprehensive exposition we refer to the map,
accompanying our paper on the orogenetical movements in the
discussed region ) *); from fig. 1 it is, however, sufficiently evident
that the outer row, in the part Rotti—Timor—Babber, has its
concave side turned to the Australian continent, whereas the inner
row is convex on that side. Again, the outer row exhibits ontward
bends in the Tenimber-islands and the Kei-islands, just where
depressions occur in the “Vorland” (Australian Continent with Sahul
bank and Arafura sea). The inner row does not bend in that way,
the curve progresses regularly.”

A comparison of the two curving rows of islands of the East-
Indian archipelago will show, therefore, that the outer row has better
adapted tiself to the shapes of the “Vorland” than the inner one.

In the paper alluded to above we have compared the outward
bends of the outer row in the Kei- and Tenimber-islandg with the
movement of the Pennine overthrust sheets of the Alps into the
lower parts of the hereynian mountains against which they were
forced upwards. The strong crustal movements in the miocene period
have been rather weak in the Kei-islands; the eocene is not intensely
folded in Groot-Kei, the miocene is not folded at all *), while farther
west the strata seem to be more strongly folded, as in a new island
near Ut (Klein Kei-group) contorted, approximately vertical strata
probably of eocene-marl and limestone, were observed. This indicates
that the prolongation of the intensely folded and overthrust mountain
range of the Timor islands in the direction of Ceram, did not yet
show the marked outward bend near the Kei islands, and was

) H. A. Brouwer, l. ¢. Fig. 1.
) H. A. Brouwzr. Ueber Gebirgshildung und Vulkanismus in de Molukken.
Geol. Rundschau VIiI, 1917, p. 197. -
9 R D. M. VerBuexk, l. ¢. p. 501.
52
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nearly parallel with the present inner row with the young active
volcanoes.

The characteristics of the rows of elevated islands and of the
deep seabasins between them are indicative of a renewal of the
mountain-building process which, in the miocene period has pushed
ihe mesozoic and anterior tertiary sediments in the direction of the
“Vorland.” They are not contrary to the assumption, that these
movements take place again in the direction of the Vorland. When_
these movements persist, the rising of the islands ‘will be attended
with a removal in that direction, as e.g.. was the case with the
Kei Islands ever since the miocene movements. The sea-basins will
then get narrower and the initial phase of the future overthrust
sheels manifests itself on the surface as anticlinal and synclinal
undulations in the direction of the Vorland.

Relation of wolcanism to crustal movements.

The relation between eruptive activity and violent movement in
the earth’s crust, with regard to time as well as- place, is a maitter
of general knowledge; geologists only disagree 'as to ‘the canse of
either. Volcanic outbursis constitute only one type of eruptive pheno-
mena that require penetration of the earth’s crust by the magma.

-In the case of folding movements the equilibrium ‘will be restored
by the coincidence of displacements in the crust-with the movements
of the molten magma. .

With regard to the most recent crustal movements in the region
under discussion, we assume that.in the Moluccas they are connected
with folding at a greater depth. If tangential pressure reveals itself
in the formation of normal folds; the molten magma will, under
compression from all sides, sometimes force its way through the
crust with unequal strain, first of all near the tops of the anticlines,
where tension takes place; active volcanoes may then appear on
the top of the mountain chain (in our case the row of islands).
The same holds good also for oblique folds, for the time the strata
adhere to each other; it is evident, however, that for several reasons
during the folding process the independent movement of the voleanic
magima can be prevented, for example when fan-shaped folds are
formed that blocked up a magma-reservoir.

In case of disruption the rvelations are different: the tension in the
anticlininal and synclinal tops disappears or decreases and the
vents of the volcanic magma leading to the surface, maintained .
by the tension, can gradually be stopped up.

\
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Movements on g large scale will give rise to overthrust sheets,

where one mass of rock has been pushed bodily over another; the
earth’s erust in situ will increase in thickness, an additional reason
for the stopping up of the volcanic vent. A new way is opened
for the magma to reach the surface along the thrust-planes; most
often the magma, if it reaches the surface will- appear on a lower
level i.e. in the region here discussed below the surface of the sea
along the outer margin of the row of iglands and movements in the
direction of the “Vorland” will cause the volcanic products to be
gradually overlain by the moving masses.
" Disruption of the strata’ may occur abruptly without any folding.
It goes withoyt saying that in this case there is no question about
an exit for the magma on the tops of the anticlines; the disturbance
of the equilibrium caused by the movements in the eartl’s erust are
directly attended with an increase of thickness of the crust where
the crustal movements take place. The above shows sufficiently that
the magma can reach the surface while folding is in progress, but
that the place where and the time when volcanic activity will
appear, depend on the character of the crustal movements.

The magma can find an egress also without the aid of crustal
movements. By assimilation of adjacent rocks or by magmatic stoping )
the magma can.force its way upwards and extrude by de-roofing,
as for instance Dary?®) assumes for the rhyolite-platean of the
Yellowstone National Park, Ussixe®) for the Greenland infrusions
and myself‘) for the intrusion of the Pilandsberg in the Transvaal.

This voleanic activity may  manifest itself particalarly in the
intermittent periods of rest of crustal movements. Secondly, the
magma will only: be able to penetrate through the crust in places
where it:is comparatively thin, because otherwise it. will have cooled
down too much and have lost much of its mobility. Consequently
no effusion can’ be expected where the crustal movements have
-engendered a thickening of the earth’s crust; this will then more
likely be possible along the margins of the anticlines, particularly
along the inner ones.

) R. A. Davy, Igneous rocks and their origin, 1914, p. 194.

%) Ibid, p. 122.

%) N. V. Ussing, Geology of the country around Julianehaab, Greenland, Medde
lelser om Gronland. Vol. XXXVIII and Mus. de Min. et de Géol. de I'Université
de Copenhague. Comm. Geol. NO, 2. 1911.

4) H. A. Brouwer, On the origin of primary parallel structure in lujaurites.
Proc. K. A. v. W,, 8 Nov. 1912. ’

Ibid. On the geology of the Alkalirocks 1n the Transvaal. Journ. of Geol. XXV,
1917, p. 768.
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When testing the above hypothetical considerations to the recent
crustal movements in the region discussed, it appears that during
these movements in the outer row of islands the magma has not
reached the surface on the top of the geanticline. It is possible,
however, that also there tangential pressure has revealed itself —
anyhow initially — by folding without any breaking of the strata.
So far as the present geological data enable us to judge, the same
applies to the island of Wetter, close to the outer row of islands.

The volcanic rocks occurring along the inner margin of the row
of islands i.a. in the north of Dutch-Timor and in Ambon?), are .
anterior to these crustal movements and perhaps were evolved by
the anterior folding, which culminated in the miocene period. In the
‘inner row of islands older but also young-voleanic rocks are found-
to a vast extent. .

Voleanic action continues into the present time, but seems to
extinguish gradually after having been intensified most likely with
the renewal of the crustal movements. The volcanic activity was
more prolonged consequent on a progressing- distance from the outer
row of islands, and from the *“Vorland”.

It would seem legitimate to assume that the folding movements
were of the character described first in those parts that were nearest
to the “Vorland”, whereby the connection of the magma with the
surface was broken. We refer to the above mentioned more complete
adaptation of the outer row of islands to the contiguration of the
Vorland. The same will be the case in the islands east and west
of Wetter, of the inner row, if the folding forces and the accom-
panying movements persist in the direction of the “Vorland”. We
see in the inner row of islands of the South eastern Archipelago
an instance of extinction of wvolcanic activity on the top of the ge-
anticline during a renewal of the wountain building process.

1) Ibid. Gieol. verkenningen in de oostelijke Molukken. Feestbundel Prof. Dr. G.
A. F. MoLENGRAAFF, Verh. Geol. Mijnb. Gen. 1916, p. 38.
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Geology. — “On the Age of the Igneous Rocks in the Moluccas”.
By Prof. H. A. Brouwer. (Communicated by Prof. G. A. F.

MOLENGRAAFF).

(Communicated in the meeting of Jan. 27, 1917).

In VErBEEK's') latest geological memoir on the Moluccas, eruptive
rocks have been classified as follows:

1. old basic igneous rocks mostly of pre-permian age (azoic and
palaeozoic). Some may possibly be mesozoic. Petrographically are
distinguished peridotite, serpentine, gabbro, diabase porphyrite with
their tuffs and breccias, diorite and diorite-porphyrite, the last two
of minor significance, etc.

2. granmitic rocks probably all of pre-permian age.

3. old-meso-volcanic igneous rocks. Older melaphyres, quariz-
porphyries and quartz-porphyrites, probably also some diabuses and
diabase porphyrites. VErBEEK points out that no conclusive evidence
has as yet been adduced to establish the age of the rocks classed
among this group; he also surmises that part of them still belongs
to the permian formation. ’

4. young-meso-volcanic igneous rocks (cretaceous), andesites, dacites
and acid melaphyres with bronzite. Perhaps they belong partly to
_ the old-meso-volcanic igneous rocks, another part may be even of
old-tertiary age. -

5. tertiary igneous rocks nowhere seem to go back to the eocene,
because the nummulitic limestones are entirely devoid of debris of
andesites, with which miocene sediments abound.

a. leucite- and nepheline rocks (old miocene or younger) considered
to be the oldest group on account of the structure of the volcano
Lurus in Java with an older rim of leucite basalt and a younger
cone of hornblende-andesite.

b. old hornblende-andesites and biotite andesites with their tuffs
and breccias (miocene). They have an individual existence, rarely
do they constitute the base or the oldest rim of the large volcanoes
of which some ave still active. The latter cannot be separated from

) R. D. M. VerBeEK. Molukken Verslag. Jaarb v. h. Mijnwezen 1908. Wetensch.
Ged. p. 737 seqq. (Rapport sur les Moluques). ‘
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the younger volcanic products and therefore they have been united
with them.

¢. old pyroxene-andesites and basalts with their breccias and tuffs
(miocene). What has been said sub 6 also refers to them.

6. young volcanic products, chiefly of quaternary age, also pliocene
and recent. They form the young volcanoes which have been formed
from the young-tertiary through the quaternary period while some
of them are still active. }

The above_goes to show that of many igneous rocks, that have
been classed among a certain group, the age is difficult to establish.
Recent investigations have yielded fresh data which prompted us to
study again the age of the several igneous rocks.

Ad 1. :
Virserk suggests the possibility that some of these rocks are

mesozoic, without being able to adduce any evideace for his hypo-
thesis. According to him only some places show distinctly the presence
of pre-permian rocks, for example the island of l.etti, where diabase-
breccias are believed to be superposed with permian limestone with
crinoids. Moreover the peridotite of Ambon, as is proved by.the
granite dykes, is older than the last-mentioned rocks, while the
granites themselves are believed to be of ‘permian age, as the sand-
stone formation of Ambon, to which permian or anyhow young-
palaeozoic age was assigned, consists of débris of granite.

+We must coniend that:

a. the argument for.a pre-permian age.in the island of Letti falls
throngh, as the permian limestones occur as blocks only, which may
have been brought to this place by overthrusts?).

b. It is not possible yet to determine the age of the sandstone
formation of Ambon, by the fossils which have been found in the
linestones that occur in the formation®). However, the facies is
very much like that of the upper-triassic-rocks of Ceram *), in the
neighbourhood of Ambon and we believe it to be of the same age.
Proofs of the pre-permian age of granites and peridotites are neither
afforded by sandstones built up of the débris of granites. Failing
any evidence for a pre-permian age we must draw attention to' the

) G A. F. MoLexeraarrF and H. A. BRouwer. De geologie van het eiland
Letti. Ned. Timor Exped. I Jaarboek v. h. Mijnwezen. 1914. Verh. Deel 1. p. 28.

%) K. MARTiN in Tijdschr. Kon Ned. Aardr. Gen: XVI. 1899. p. 656.

G. Boemm. Ueber Brachiopoden aus einem ilteren Kalkstein der Insel Ambon.
Jaarb. v. h. Mijnwezen. 1905. Wet. Ged. p. 88. seqq.
' 3'H. A- BRouwsR. Geol. Verkenningen in de oostelijke Molukken: Feestbundel
Prof. G. A. F. MoLENGrRAAFF. Verh. Geol. Mijnb. Gen.” Geol.~Serie 111. 1915. p. 36.
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fact that in the islands of the archipelago’ outside the region of the
Moluccas such rocks as the “old basic igneous rocks’’ ave of frequent
»occurrence, for instance in Gelebes, Borneojand Sumatra. For many

: of them in Sumatra only a pre-oecene age has been established: in
Borneo several must be grouped as cretaceous, as has also been
observed already by VERBEEK.

In the eastern peninsulas.of' Celebes «near the. Moluccas Horz ')
describes peridotites and volecanic breccias conformable: between the
lower neogene strata, and not far:from it sheets of amphibole diorite
have been observed by WanNiR *) between the marls of the same
age. In the environs of the Tukaln mountains peridotites and volecanic
breccias occur conformably in the parily tertiary, perhaps partly
mesozoic ‘“Buru-formation’, while, conversely, limestone with chert
occurs ajso in the basic eruptive rocks.

Furthermore it may be added:

a. that in Timor in the permian and triassic sediments basic
intrusive- and effusive-rocks and their tuffs are‘of frequent occurrence.?)*)

6. that in the valley of the Nimassi (Central Timor) intrusive
'sheets of diabase occur with distinct contact phenomena in upper-
triassic limestone, as’ demonstrated by me during Prof. MOLENGRAAFF'S
Timor- Expedition.

c. that along the coast of Dutch Timor basic and more acid
eruptive * rocks occur frequently together with serpentine and serp-
entine conglomerate, which may belong to the tertiary (or young
‘mesozoic) period as deemed plausible by me elsewhere. ?)

d. that in the North-Western part of the island of Great-Obi
andesite which is quite similar to the young andesites of the archi-
pelago is overlain .conformably by serpentine. °)

e. that in the island of Letti are found partly intensely meta-
morphosed basic effusive rocks of permian and probably also of
later origin,’)

N W. Horz. Vorldufige Mitteilung liber geologische Beobachtungen in Ost-Celebes.
Zeitschr, der Deutsch. Geol. Ges. 1913. Monatsber. n. 6. p. 329.
%) J. 'WANNER. Beitriige zur Geologie des Ost-Arms der Insel Celebes. Neues

f Jahrb £ .Min. etc. Beil. Bd. XXIX. 1910. p. 765.

" 8) J. WANNER Geol. von West-Timor. Geol. Rundsch. IV. 1913. p. 145.
t 4 G. A. F. MOLENGRAAFF. l"olded mountain chains, overthrust-sheets and block
faulted mountains in the East Indian Archipelago. Compte Rendu du XIIme Congr.
Geol. Intern. Toronto. 1913. p. 689 seqq.

% H. A. Brouwsg, 1. ¢ p. 38. ,

6) dbid. p. 45.

7) G. A. F. MoreNnerAAFF and H. A. Brouwrr. De geologie van het eiland
Letti. 1. ¢. p. 22 seqq. ‘ '

#
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From the foregoing we feel safe to conclude that among the so-
called old basic eruptive vocks of the Moluccas there are rocks of
young palaeozoie, mesozoic and probably of tertiary age, and that
nothing can be said for certain about the occurrence of rocks older
than permian.

4d. 2.

It has been supposed that the granitic rocks of the Molnccas are
of pre-permian age, because, anyhow in Ambon, a young palaeozoic
sandstone-formation consists of débris of granite. As observed above,
we could for this formation rather assume an upper triassic age and
the sandstones may as well consist of the débris of crystalline schists, so
that there is no proof for the supposed pre-permian age of granites
in Ambon.

Elsewhere we reported) that in the islands of the archipelago
outside the Moluccas the occurrence of mesozoic granites has been
proved or rendered highly plausible by the investigations of MoLen-
GRAAFF, ScriveNor (for Malacca), ToBLer, Volrz and the present writer.
To this we can add for Celebes the investigations of vaN WATER-
SCHOOT VAN DER GracHT®) and ABENDANON®), which even lend support
to the supposition that tertiary granitic to dioritic rocks,occur in
this island. For the Moluccas we rvefer to the following facts:

a. that granitic to dioritic and gabbro-like to peridotitic rocks
sometimes occur in close alliance. Even where dykes of granite
occur in peridotites, the granitic rocks can in some places be little
younger than the peridotites and may have originated by differenti-
ation from the same mother magma.

b. Investigations in the Sulu-islands by Wicemann*) and myself®)
point to the occurrence of post-jurassic granitic rocks in connection
with contact-phenomena which bhave been observed in rocks of
jurassic appearance.

Again the above warrants the conclusion that no positive evidence
has as yet been brought forward supporting the occurrence of pre-
permian granitic rocks, whereas il has positively been proved that

1) H. A. Brouwsr. On the post-carboniferous age of granites of the highlands
of Padang. Proceed. Kon. Ak. v. Wet. Amst. XVIIL. 1915. p. 1513 seqq.

2) W. A. J M. vax WaTERSCHOOT VAN DER GRrRACHT. Voorloopige mededeeling
in zake de Geologie van Centr.-Celebes Tijdschr. Kon. Ned. Aardr. Gen XXXIL
1915. p. 118 seqq. en Jaarb. v. h. Mijnwezen 1914, Vol. 1L

%) E. C. ABENDANON. Geologische en Geographische doorkruisingen van Midden-
Celebes. Deel 1. Leiden 1915 p. 58.

4 A. WicHuaNN. Over gesteenten van het eiland Tallaboe Versl. Kon. Ak. v.
Wet, Amst. Juni 1914.

5 H A. BrouweRr Geologische Verkenningen enz., 1. e. p. 43.
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younger, even ltertiary granites are recognised in the Moluccas or in
the neighbouring regions.

Ad 3.

Only few rocks are included by VerBEkk among his group of
old-meso-voleanic igneous rocks. He deems it possible that part of
it still belongs to the permian formation, while he emphasizes the
impossibility of settling the age-question.

As regards the melaphyres of Timor, some of these rocks we
consider to be of permian age, to which view also VErBerk inclines *),
and which has also been established by our as yet unpublished
investigations of the Timor-Expedition led by Prof. MoLENerAAFF.

These investigations also established the occurrence ot similar old
mesozoic rocks, while it is possible that a large part of the so-called
“old-mesozoic eruptive rocks” is of much later young-mesozoic
or tertiary age. To the latter belong for instance the melaphyres
with hyaline crust, quartz-porphyries and dacites of Timor’s north
coast; besides the latter rocks also serpentines, serpentine breccias,
serpentine conglomerates and tuffs occur.

In our judgment, therefore, not only among the so-called ‘‘old-
basic-igneous rocks”, but also among the so-called “‘old-meso-volcanic-
igneous of the Moluccas vocks occur of young palacozoic, mesozoic
and probably also of tertiary age.

Ad 4.

Likewise the age of the young-meso-volcanic igneous rocks of
cretaceous (f) age has, according to VERBEEK, not yet been ascertained.
Part of them he is inclined to include under his old-meso-volcanic
igneous rocks, others may even be old-tertiary. This group comprises
only andesites, dacites and acid melaphyres with bronzite of Ambon,
further andesites and dacites of the neighbouring islands of Haruku,
Saparua and Nusalant and of Western-Ceram, and finally horn-
blendepyroxeneandesites of Amblan and pyroxeneandesites with
vitreous crust of Wetter. Their being grouped together is due on
the one hand to their fresh appearance, whereby they distinguish
themselves from older rocks, while on the other hand they are
different*from the East-Indian tertiary igneous rocks.

In another paper?®) we have described in detail that the points
of distinction from other tertiary igneous rocks are immaterial to the
establishment of ‘the age. So, for instance, the enclosures of garnet

1) R. D. M. VERBEEK. L. ¢. p. 359.
%) H. A, BROUWER. Geologische Verkenningen. l. c. p. 84 seqq.
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and cordierite, recognised in rocks of Ambon, originate from the
substratum, while the considerable amount 'of bronzite typefies the
ambonites, it is true, so that they are designated by a separate
«name, but this does not necessarily point to a difference in age.

In discussing the ‘‘old-meso-volcanic igneous rocks” we have
already observed ‘that a great number of the rocks of this group
may very well be looked upon as a much younger, young-mesozoic or
tertiary formation. We alluded first of all to the melaphyres, some
with a vitreous crast, of Ambon, Kelang, "Wetter and Timor’s
northcoast and the quartz-porphyries and dacites of the same coast.
Whereas VErBeEk does not separate the melaphyres of Timor and
asserts this to be a reason for surmising that melaphyres of various
ages occur in the eastern archipelago, and that, for example, in
Ambon the melaphyres can be divided into two groups, I on the
other hand feel inclined to class together the rocks of Ambon and
to separate in Timor an older group (among which the permian
melaphyres) from a younger (among which the rocks with the
vitreous crust of the morthcoast).

The “melaphyres with a vitreous crust of Timor’s north coast,
namely, are of a totally different character and appear under totally
different conditions, from the permian melaphyre-like rocks of the
island. The former are limited to’the north coast and united ‘as one
whole with other basic and also with more acid rocks (quartz-
porphyries, dacites) presenting a great similarity to the known Ambon
rocks. A typical feature for instance is the-occurrence of melaphyres
with vitreous crust, common to the rocks of either island. The glassy
Java melaphyre, which VesBuek invariably called eretaceous?), but
now considers to be older with reference to the data from Timor,
can, on this basis, be comprised again among the cretaceous system,
and the rvocks of Timor’s north coast, Wetter, Ambon and South-
West-Ceram can for the present be all assigned to the tertiary or
young-mesozoic rocks. To this it may be added that Marmin?)adopts
a probable lertiary age for the rocks in Ambon.

When summarising the above we. arrive at the following con-
clusions:

) R. D. M. VerBeek and R. FENNEMA. Geologische Beschrijving van Java en
Madoera, Amsterdam 1896.

3) K. Martin. Einige Worte iiber den Wawani, sowie iber Spaltenbildungen
und Strandverschiebungen in den Molukken Tijdschr. Kon. Ned. Aardr. Gen. XVL
1899. p. 709 seqq. oo . R

Ibid. Reisen invden: Molukken. Geol. Teil, -Leiden. 1903 Nachtrige:'
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a.. the "available data do mot justify ,us in separating a ‘group of
older melaphyres from the so-called ambonites; .

b. there is no reason for classing as a separate group the ambonites

" which present some typical characteristics, as regards their age.

c¢. together with the rocks with a vitreous crust of Timor and
the ‘accompanying rocks they should be:included under one group
of the same probably tertiary or young-mesozoic age, assnmed by
VerBeek ') for some of these rocks.

We conclude, then, that the so-called ¢“young-meso-yolcanic igneous
rocks” are also considered by us to be of .tertiary or young-mesozoic
age, but most likely the number of rocks to be brought together
under this group may. be much larger.

It may also be.stated that andesitic-to basaltic and augitic rocks
of islands of the Misool-archipelago are held by Wanner?*) to belong
to the cretaceous system.

Ad 5.

It has been suggested of the tertiary igneous .rocks that their age
in the : Moluccas< and in Celebes. nowhere goes-back~to. the eocene,
since the nummulitic limestones. are aentirely - devoid ..of debris of
andesites, which on the contrary occurs, abundantly. in the miocene-
rocks.

In the following: pages we. will comprise the Southern part of
Central Celebes, becauserecent investigations. have furnished us-with
important data concerning the age -of tertinry igneous rocks.

That the leucite- and nepheline rocks are not the oldest tertiary,,
igneous rocks,. as VERBERK®) presumed, because the..volecano Lurus
in Besuki: (Java) consists of an older rim of..lencite-basalt with a
younger . cone  of “hornblende-andesite, appears ~from the following..
considerations :

a. Close to the east of the: Gg Lurus,leucite-free rocks are found *)
side by side with leucite-bearing rocks 1in the old craterwall of-
the Gg Ringgit composed of*leucite rocks. These leucite-free rocks
(olivine- and basalts rich in iron ore, olivine-poor -basalts or olivine-
. bearing augite-andesites and amphibdle-augile-andesites) must there-
fore be older than a great part of the leucite rocks.

‘1 R. D. M. Verseex. MolukKen' Verslag.-l. 'c. p. 360"

%) J. WANNER. Beitr. zur Geol. Kenntniss-der- Insel MiSol.Tijdséhr, Kon. Ned: '
Aardr. Gen. XXVIL°1910. p 194 -

%) R. D. M. VerBEEK. Molukken Verslag. 1. ¢. p. 757.

4 H. AT Brouwsr.. Ueber leucitreiche bis leucitfreie: Gesteine .vom.Gg. Beser
(Ost Java) Central Blatt f. Min. ete. 1914. p. 1. y
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b. In the thick tuff-formation along the Safidangriver (South part
of Central Celebes) may be distingnished according to ABENDANON?):

trachyte- and andesite-tuffs,

basalt- and leucitetephrite tuffs, leucite-basalt, leucitite and leucite-

tephrite breccias,

trachyte-, andesite-, and liparitetuffs.

ABixpaNon®) takes this tuff formation to be of old-eocene age i.e.
younger than the old-eocene sandstone- and shale series of Pasar
Kira and older than the lutetien-limestone. It is not certain though,
whether this formation, as a whole, is posterior to the sandstone-
and shale-series; maybe there are also pre-tertiary rocks among
them. VAN WaTERSCHOOT VAN DER (GGRACHT?®) reports that the eruptions
in the West seem to have been anterior to those in the East and
that the age of the volcanic series varies from the lower, anyhow
the middle eocene to probably the miocene. The lowermost: banks
are still eocene as proved by nummulites occurring by the side ot
globigerines in the matrix and inclusions.

[n the district east of the Latimodjong mountain range, where
numerous varieties of andesites and mostly silicified andesitic tuffs
occur, the oldest eruptions are deemed to be pre-tertiary,” while the
youngest seem to have stopped before the neogene. Beside eruptions
of andesite others of liparite, trachyte, and dacite also occur ).

As to the age of the igneous rocks of South Celebes opinions
differed very much up to very recently. Von Sfuickr ®) gave us a
general view of the various opinions, to which we shall refer the
reader.

That also here in the eocene, and perhaps prior to it, eruptions
took place, is borne out by the occurrence of a silicified plagioclase-
orthoclase tuff at the bottom of the limestone formation of the coal-
field Tondong Kuran®) and by the andesite tuffs below the limestone
near Kantisang, as described by Btcking?). The majority of the

) E. G. ABENDANON. Celebes in of uit de Tethys? Tijdschr. Kon. Ned. Aardr.
Gen. 1915. p. 358 seqq.

%) Ib. Geologische en Geographische enz. l. ¢. p. 222,

) W. A J. M. van W. v. D. Gg. L e

4 E. C. ABexDANON. Geologische ete. 1. ¢. p. 59, 60.

§ H. von StEleir. Petrographische beschrijving van eenige gesteenten uit de
onderafdeeling Pangkadjene en het landschap Tanette van het gouvernement Celebes
en onderhoorigheden. Jaarb. v. h. Mijnw. 1918. pag. 171 seqq.

¢ Id. p. 217. '

) H. Biickrna. Beitridge zur Geologie von Celebes. Samml. des Geol. Reichsmus.
in Leiden V1I. Heft 1. pag 124.
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eruptions, however, is younger, according to a record of 'T Horx,
who examined the coalfields of South Celebes. According to him,
probably a short time before the deposition of the tertiary limestones
had completely terminated, eruptions began all along the western
side of South Celebes, which gave rise to the high western moun-
tains; for the greater part they consist of tuffs, breccias and volcanic
conglomerales of andesites, basalts and also of leucite-rocks. The
fragment of leucitite, mentioned by von STEIGER '), as orviginating
from a tuff between the coal-luyers I and II of Bonto, appears on
closer examination to belong to a weathered eruptive rock, as estab-
lished by the engineer 'T Horx. Considering that several weathered
intrusive rocks occur in the neighbourhood, it is rendered highly
plausible that the rock. from which the fragment of leucitite origi-
nates is also of an intrusive character; similarly the biotite leucite
basalt found by Bickive *) near Kantisang overlain by old-tertiary
limestone may also be an intrusive sheet. If so it wouid disprove
the hypothesis of an eocene age of leucite rocks in South-Celebes.

Prof. Ippines, who travelled over this district in 1913, reports
that numerous intrusive rocks occur, as dykes, intrusive sheets and
perhaps as laccolites and as batholites, in the above-mentioned voleanic
series and also in the tertiary sandstones with coal-measures and
limestones. He mentions among others coarse grained shonkinites and
essexites. These, then, are still younger than the voleanic series,
which for the greater part is believed to be younger than the limne-
stones. As known, the limestones of this district are assigned partly
to the eocene and partly to the miocene period *).

In addition we. refer to Hotz ‘) who assumes lertiary (to miocene)
age for most of the basic eruptive rocks in the eastern peninsula of
Celebes.

Available data, in some degree contradictory, seem to point out
that the vielent ernptions in_South-Central-Celebes may have begun
prior to the outbursts in South-Celebes; however, they may have
been. contemporaneous for a considerable time, especially if the
voleanic formation in the former region goes back into-the miocene,
as is deemed probable by Vax WarerscHOOT VAN DER GRACHT. Anyhow
a considerable number of the tertiary igneous rocks in Celebes must
be of eocene age.

1} H. voNy STEIGER. L ¢. p. 124.

) H. BiickiNg. L. e. p. 000.

% R. D. M. VERBEEK. Molukken Verslag 1 c. p. 55 seqq.

¥ W. Horz. Vorljufige Mitteilung iiber geologische Beobachtungen in Celebes.
Zeitschr. d. deutsch. geol. Ges. Monatsb. 1913 Bd. 65. p. 883.
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In this connection it must be kept in view that Marrin!) adepts
eocene age for a portion of the andesite breccias and the andesite
tuffs in Java (étage m, of VErBEEK) and it is not out of the bounds
of probability that similar rocks more to the east in the Sunda
row of islands and elsewhere are likewise of old-tertiary age.

We have already pointed to the oceurrence of numerous tertiary
igneous rocks also in the eastern part of the Archipelago, when
discussing the previous groups. When we dwelt on the rocks of
Timor’s north coast we abstained from mentioning that WaNNgr *)
inclines to adopt a young-miocene age for the augite- and hyper-
sthene-andesites and the andesite-tuffs in ‘West-Timor between the
rivers N. Bonat and Kapsali.

According to VurBEEk the tertiary igneous rocks are independent
mountain ridges or cone-shaped hills, the ' bases of the old,
crater-rims of the lJarge, in part still active volcanoes, often made
up of pyroxene-andesite and basalt, are probably somewhat younger
(pliocene), they cannot, however, be separated from the younger
voleanic produets and will, thevefore be treated together with the
young voleanic¢ products.

—

Ad 6. ,

The young-volecanic products (pyroxene-andesites to basalts) build
up the volcanic massifs, which.are often more or less coniform 1n
consequence.. of the materials -being ejected on all sides round the
vent of eruption. They were-built up from the young-tertiary period
through the quaternary into the present time.: :

From : the above :considerations, to ,which others could be. added,
it is sufficiently evident that the results of recent investigations
necessitate a revisal of VErBEEK’s Memoir :published in:1908, as the
writer himself. has anticipated repeatedly. Whereas he confines almost .
exclusively the intrusive-rocks to his two oldest.groups, it has been
proved conclusively that -basic. and acid-. intrusive rocks occur in.
totally different geological series,. while volcanic eruptions took place.
down. from:. thetyoung-palaeozoic, through the esozoic and. the
tertiary » up: to the present: period. They were extremely .violent.in
the first and partly also in the second period, but seem. to have
been restricted chiefly to the region now occupied by Timor and

L lg MagrriN. Vorlaufiger . Bericht uber geologische.B‘él‘schungen auf Java IL

Samml. des geol. Reichsmus. in Leiden. Bd. 1X. p. 194. .
%) J, WANNER. (Feologie von West-Timor. Geol. Rundsch. Bd. 1V. 1913. p. 146..
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the adjacent islands. Very likely in young-mesozoic time a new period
began of markedly violent igneous activity, which culminated in
the tertiary and persists even in our days. Traces of this new period
are scattered over a considerable part of the eastern archipelago.

When subdividing the eruptive rocks of the Moluccas acco:dmg
to their relative age into the following groups:.

a young-palaeozoic to old-mesozoic igneous rocks

b young-mesozoic to tertiary igneous, rocks

¢ young-volcanic products,
we are in a_ position to distribute a large number of the known
eruptive rocks with complete certainty among one of these groups;
for many rocks the subdivision might be carried down still farther.
In every group the rocks might be subdivided again according to
thewr petrographic characteristics. Some rocks, however, there are
that may be older than young palaeozoic, while a large number are
still known as boulders. Too little 1s known of them to establish
their ages. In this connection we can subdivide the eruptive rocks
first of all according to their petrographic characteristics. However,
here again we meet with the difficulty that of a grest many rocks
no or, at all events, no detailed descriptions are at our disposal, so
that we are not competent to judge of their structnre and their
mineralogical properties; moreover we are entirely or partially
ignorant of the geological occurrence of many of them. For a clas-
sitication from a chemical point of. view we are absolutely destitute
of sufficient information.

We distinguish the subjoined groups:

" a. granitic to dioritic rocks
b. gabbro-like to peridotitic rocks (with
part of the serpentines and diabases) . .
c. foyaitic to theralitic rocks To each group should
d. rhyolites and quartz-porphyries, tra-|be added that part of the
chytes and porphyries without quartz, |graniteporphyric and fine-
andesites .and porphyrites with kerato- ] grained equivalents and of
phyres, alkalirhyolites, alkalitrachytes,  the aplitic, lamprophyrie

trachyandesites and pegmatitic rocks, which -
e. ;basalts, melaphyres, pikrites etc. (with | corresponds most with it
part of the serpentines and diabases). on the ground of the avail-

/ phonolites, leucite- :and ‘nepheline-|able data.
rocks, trachydolorites, teplrites and ba- ,
sanites, inelilitebasalts, limburgites and
augitifes. ) ’ .

1

53
Proceedings Royal Acad. Amsterdam. Vol. XXI.
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For every separate group we will communicate what is known
concerning the geological age:

Group . The composition of the sandstone formation of Ambon
composed of débris of granite, may indicate, but does not prove the
occurrence of granites, which are older than upper iriassic. Besides
these we recognize numerous younger, post-jurassic and tertiary gra-
nitic and dioritic rocks in the Moluceas, in Celebes and also in the
other islands of the archipelago. )

Group b. Of this group rocks of young-palaeozoic, mesozoic, and
tertiary age are known.

Group c. These rocks are known from Timor')?), but no reliable
evidence of their age has been brought forward. In South Celebes
there are shonkinites and essexites intrusive in the tertiary volcanic
series of this region, from which a tertiary age can be deduced for
these rocks.

Group d. Many of the rocks belonging to this group in the
Moluccas and in Celebes are of tertiary age, may perhaps go back
lo a mesozoic age, while the basic representatives of this group
among the basic eruptive rocks are numerous in the permian and
old-mesozoic sediment series of Timor and adjacent islands. Among
the younger volcanic rocks there are many andesites (in Celebes
also acid effusiva). They are often hard to distinguish from the basalts,
the two species of rocks being united by numerous {ransitions.

G'roup e. Are numerous in the permian and old mesozoic sediment
series of Timor and adjacent islands; a great part belongs to the
tertiary eruptive rocks mentioned sub d, a considerable portion of
which may perhaps be traced back to the mesozoic. Basalts also
are very numerous among the young-volcanic products.

Group f. We know leucite-bearing rocks of Sumbawa. They
seem to be of young-tertiary age ®), while even leucite-basanite has
been recorded as a lavaflow on the Southern slope of the Tambora ¢).
In Celebes leucite- and nepheline-bearing rocks are abundant. We
have already observed that in South Celebes and in Southern Central

1) A, WicHMANN. Gesteine von Timor. Samml. Geol. Reichsmus. in Leiden.
Serie 1. 2. p. 85.

%) H. A. BrOUWER. Neue Funde von Gesteinen der Alkalireihe auf Timor.
Central Bl fir Min. ete. 1918, p. 570 seqq. .

%) J. ELBERT. Die Sunda Expedition. Bd. II. Frankfurt a. M. 1912.

Cf. also G. Rack. Petrographische Untersuchungen an Ergussgesteinen von
Sumbawa und Flores. Neues Jahrb. fir Min. etc. Beil. Band 34. 1912. p. 42 seqq.

4) J. J. PANNEKOEK VAN RHEDEN. Voorloopige mededeelingen over de geologie
van Soembawa. Jaarb. v. h. Mijnw. 1913, p. 20.
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Celebeys they are of tertiary, in part of young tertiary age. Accord-
ing to WANNER ') an augitite-like rock in the island of Bamdie of

the Misool archipelago, seems to be of cretaceous age.
In Timor and Rotti camptonitic rocks oceur, which probably arve

of permian age ?®).
1) J. WANNER. Beitriige etc. loc. cit. p. 494.

%) H A. BrouwtR. Neue Funde. loc. cit. p. 576.
Tb. Voorloopig Overzicht der geologie van het eland Rotti. Tijdschri Kon. Ned.

Aardr. Gen."XXXI. 1914, p. 613, :

53%
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Geology. — “On Reefecaps”. By Prof. H. A. Brouwer. (Commu-
nicated by Prof. G. A. F. MoLkNGrAAFF).

(Communicated in the meeting of November 30, 1918).

~ Proof of an wnplift of the land relatively to the level of the sea
can, in tropical regions, often be supplied by the presence of np-
heaved fringing reefs. Thus it will be seen that in the eastern part
of the Indian Archipelago, where an elevation of the row of islands
has taken place on a large scale ever since the plio-pleistocene ~
period, upheaved fringing reefs, often forming continuovs reefcaps
occur in most of the islands, sometimes to a height of about 1300 m.

The character of the latest movements in the curving row of
islands of the south-eastern archipelago, which resulted in?) the
formation of these islands, has been discussed in an earlier paper?).

The latest mountain building is considered to be a revival of the
intensive young-tertiary movements, the typical features of the islands
indicating that, just as in the case of the tertiary, also with the
youngest mountain building the movements are in the direction of the
“Vorland” whereas near the surface mostly faulting is observed.The up-
heaval of the islands has not been simultaneous, nor equally intense
in all places, while periods of temporary subsidence have probably"
interrupted the general elevation since the plio-pleistocene period.
In this paper we shall try to ascertain whether there is any relation
between the widely varying characters of the reefcaps we observed,
and the character of the crustal movements. In this endeavour the
aspect of the movement of the geanticlines during long periods will
be brought to the front more than has been done heretofore.

The reefs at the time of 'their growth.

The growth of fringing reefs along parts of the coastline may
be prevented by various causes, e.g. the lack of a solid substratum,

1) G. A. F. MOLENGRAATF. On recent crustal movements in the island of Timor
and their bearing on the geological history of the East-Indian Archipelago. Proc.
Kon. Ak. v, Wet. June 29, 1912.

3) H. A. Brouweg. Over de bergvormende bewegingen in het gebied der boog-
vormige eilandenreeksen van het oostelijk gedeelte van den O, I. Archipel. Versl, .
Kon. Ak. v Wet. XXV, p. 768.
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impurity of the water, and volcanic eruptions. If, however, reefs do
develop, the shape of the living reefs depends largely on the stage
of development of the crustal movements at that moment. In our
discussion we assume a stable sealevel, because our conclusions will
also hold for a moving sealevel. If the coastline remains stable for
a considerable time or undergoes only slightly horizontal displacements,
horizontal and thick reefs may possibly be formed; slightly vertical
movements will perhaps increase especially the thickness of the reef,
if the movement is a positive one, while negative movements will
soon cause the reef to rise above the sea, even though its thickness
and extent be only slight yet. -

All these phenomena may appear simultaneously at poinis of the
geanticline remote from each other, so that already while the material
is forming which is to help in the composition of the reefcaps,
considerable difference in the shape may occur.

The development of reefcaps.

After the reef has risen above the sea, {the morphological changes,
which were the combined result of the character of the crustal
movements and the growth of the corals, are at an end. During the
continned movements the reefs move along curves, whose shapes
vary and are determined by the character of the crustal movements.
These movements may again be alternately vertical or horizontal
and downward, each type manifesting itself during a longer or
shorter period. The shape of the curves is determined by the evo-
lution of the geanticline on which the veefs were formed. The
reefcap observed by us is the final product of these continual and
varying movements. The reefs formed at a certain epoch on the
surface of the sea, which, initially, were all lying in the same
horizontal level, are, in a later stage of development, located in a
plane of irregular shape. The oldest parts of the reefcap have
undergone this change longer than the other portions.

Besides by the character of the crustal movements the form of
these reefcaps is to a great extent also determined by erosion.

Influence of erosion.

In rising areas subject to strong erosion, it is no matter of sur-
prise to find that of the portion of a reefcap that has for a long
time been elevated above the sea-level, only some remainders are
left, whereas the younger portions still present an unbroken czip.
This will sometimes happen, but. it is not the rule. There are namely

~
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other factors besides time, which govern the influence of erosion
on the reefcap, e.g. the nature of the substratum on which the-
reefs have been deposited and the power of resistance of the
reefs themselves. If the substratum consists of soft rocks, which
bring about landslips, while deep valleys are cut in the formations,
as is the case with a great part of the mesozoic deposits in a number
of islands of the eastern Indian archipelago, the uplifted reef over-
lying it will soon crumble away.

If the; reef is merely a thin crust covering the underground, it
will disappear the sooner; thick reefs will resist erosion for a con-
siderable time, and will occasionally act as a protective cover over
a soft underground.

As already observed, thick reefs will form in places, where the
coastline maintains itself for a considerable time, or has undergone
only more or less horizontal or downward movements. As such they
will afterwards coustitute parts of the reefcap, whereas in those
places where the coastline has long been exposed to strong negative
movements only a thin reef can be evolved, which later on will
occur as & thin part in the reefcap. This part is liable to disappear
through erosion. For it is just with these strong negative movements
that erosion often acis very forcibly, so that both factors co-operate
to remove the effects of these movements from the veefcap. With
short negative movements this will be manifested only in a terraced
structure.

It will, therefore, frequently be seen that, at great heights above
the sea-level, the reefcap is fully developed, whereas lower down
towards the coasts it has totally disappeared or.has been preserved
only in detached fragments, while on the coasts themselves living
corals are thriving well. Here we are reminded of our investigations
in various localities along the north coast of the island of Rotti,
along the coasts of Sermata, Great-Obi, Ceram and Timor, where
the lower elevated reefs (if still any have been left) are for the
greater part removed by erosion, e.g. if they have been preserved
only on the ridges belween the valleys, draining fowards the coast.
Along the North coast of Timor the thick reef of the Talau basin
abruptly terminates near Balibo at a height of == 610 m.*), between
Balibo and the actual coast no trace of elevated coral reefs is found,
whereas at the coast living corals are abundant. Here the reef may
have been removed by erosion, in which process the above-mentioned
conditions of "a rapid erosion must have been present, while the

1) G. A. F. MouenrAAFF, loc. cit., p. 128, -
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more elevated thick reef has been preserved, though it had been
longer exposed to the eroding forces. If at a higher level a reef-
cap is lacking, it is impossible to detect whether also here erosion
has been at play, or whether this area has been uplifted from the
sea ever since the beginning of the erustal movements.

~ Tt follows, then, that the influence of erosion upon the form of
the reefcap can be estimated only for the tract beneath the highest
reefs, which have been left iniact by erosion.

Influence of faults.

The influence of faults on the form of reefcaps is, on the whole,
confined to the dislocation of connected parts, which are brought in
various positions at different levels. Faults having played a promi-
nent part in the youngest erustal movements in the eastern archipel-
ago, the form of the reefcaps may be supposed to have been
largely affected by them. VErBEEK') e.g. assumes a fault across the -
peninsula of Huamual in Southwest Ceram, where the ‘terraces of
coral limestone appear south of Luhu to the height of 350 m. above
sea level, while the lime more to the north scarcely reaches 100 m.
In the continuation of this fault we find Hatusua (the eastern side
Pirn-bay), Paulohi and Tehoro (on Taluti-bay), which were afflicted
more violently than other places by the earth- and seaquake of 30
September 1899, and also the steep south-eastern coast of Buru.

When faulting takes place in the neighbourhood of the coasts,
downward as well as upward movements may be observed at short
intervals and the growth of the living corals may exert its influence
upon the shape of the forming reefcaps longev than usual.

The inclination of the geanticlinal azes.

In discussing the growth of the reefcaps it has been stated that
every point of a forming reef will move along curves of various
shapes. The horizontal component of the rate of movement, al a
given moment is the resultant of two directions which are at right
angles to each other, one of which coincides with the geanticlinal axis.

The vertical component determines the rising of the row of islands.
The difference in the rate and the direction of the movements at
different points gives rise to the morphological changes of the suw-
face of the geanticlines of which we shall first consider those along
the geanticlinal axis.

1) R. D. M. Vereeex. Molukken Verslag. Jaarb. v. h Mijnwezen. Wet. Ged. 1908,
blz. 550. FRENCH: Rapport sur les Moluques.
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In virtue of the changes which this axis undergoes in a certain
space of time, the inclination may increase in some places, decrease
in others. If we suppose the top of the geanticline to remain in
the same place, the different points of the axis will, at an increase
of inclination, perform movements on either side, which are horizontal
towards the top and vertical in. a downward direction. Also with a
slicht rise of the top, downward as well as horizontal movements
may occur at a lower level along the axis. In this case it will, at
a certain stage of the evolution of the geanticlinal axis, depend on
the height of the sealevel, whether a reef formed at this time will
be moved up or down. The displacement of the reef will invariably
be also in a horizontal direction, fault-movements are left out of
consideration here. Conversely the transverse coasts may rise, while
the top of the geanticline is descending at a certain height of the
sealevel.

Generally the top will not remain in the same place, but will be
moved both in horizontal and in vertical direction; inoreover the
inclination on either side of the top will not decrease or increase
in the same way. It does not follow that during these irregular
movements the transverse coasts will exhibit a similar behaviour
and generally speaking it may be said that, if the distance from
the top of the geanticlinal axis to the coastline, i.e. in the case of
the larger islands, be sufficiently great, the vertical component of
the direction of the movement at the tops need not be similarly
directed to that at the points of intersections of the geanticlinal axis
and the sealevel. This vertical component varies at various points
along the axis.

The inclined geanticlinal axes in the present-day stage of mountain
building eg. are easily distinguishable in the islands of the Timor
group separated by straits, and from the above it may be inferred
first of all that the rate of movement latterly observed on the trans-
verse coasts of the larger islands, is not necessarily equal to the
rate of movement of the tops, nor need it bLe of the same direction.
This also holds for the earlier stages of the mountain building
process. Secondly it appears, therefore, that the height to which a
reef has been upheaved, by no means depends only on the time
elapsed since ifs formation, but on the evolution of the geanticlinal
axis so that reefs of the same age may be elevated to different
heights ') and the highest reefs may- sometimes not be the oldest.

1) As e.g. in Timor. Cf. G. A. F. MortenaraarF, 1. ¢., p. 182 and J. Wannes,
Geologie van West-Timor. Geol. Rundschau, IV, 1913, p. 189.. - _. . e
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Asynvmetrical Reefeaps. ;

An asymmetrical development of the geanticlinal axis on either
side of the highest points yields asymmetrical .reefcaps. This
asymmetry is brought about by the variable degree and direection
of the horizontal component of the rate of movement.

We purpose to consider this development more particularly in a
plane at a right angle with the geanticlinal axis, an instance of
which is found in the island of Rotti and the island of Jamdena
of the Tenimbergroup. Here the reefcaps rise from the northwestern
coast gradually up to the main watersheds of the islands, thence
descending rapidly towards the south-eastern coasts. Parts of the
reefcaps have disappeared through erosion.

The relationship of these asymmetrical reefeaps, to certain crustal
movements may be seen from the coincidence of the asymmetrical
structure with marked outward bends of the row of islands, fo
which the named islands belong ?).

The island of Jamdena lies nearly opposite to a depression in the
Sahul-bank and Arafura sea; here the geanticlinal axis met with
less resistance and consequently could be moved more easily than
elsewhere in the direction of the*Vorland”. The horizontal component of
the rate of movement al a right angle with the geanticlinal axis may
be considerably larger than the vertical; in connection with this
the uprise above the sea will be less, while the unequal size 'of the
horizontal components for various points may increase the asym-
metrical forms during the development or decrease them locally.
Furthermore it follows that what has been said about the develop-
ment of the geanticlinal axes for the transverse coast is also appli-
cable to the movements along the longitudinal coasts and also to
the relative age of reefs, raised to different heights. The asymmaetrical
reefcaps to whose development the horizontal movements have
been highly instrumental, will rise less high above the sea than the
symmetrical, supposing the mountain building forces to be equal.
In this connection we may compare the reefs of the island of Timor,

Fig. 1. |

) H. A. Brouwer, L. ¢, p. 770—772. .

()
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upheaved to about 1300 m., with those of the islands of Rotti and
Jamdena elevated respectively to &= 470 and == 150 m, which may
be of the same geological age.

Downward moving longitudinal coasts sometimes occur with rising
islands. Let us take e.g. one of the possible cases in the develop-
ment of an asymmetrical reefcap, as is shown in Fig. 1. The
points P, 4 and @ will, in a later stage of development have
reached P, A, and Q,. The sealevel is indicated by the line NZ
The portion 4B of the geanticline rose above the sea in the initial
stage as an island, and may possibly have been covered by a
continuous reefcap.

During the development ihto the second stage, discussed by us,
the island will increase in circumference and rise higher above the
sea. On the north coast, however, downward movements are observed,
while the South coast is moving upwards.

What was originally the oldest reefcap, 4B, will have been
transformed and partly disappeared under the sea, while the highest
reefs in the second stage are by no means the oldest, so that older
reefs will occur on a lower level than the younger ones.

In connection with the above-mentioned downward movement
along the gently sloping part of the asymmetrical geanticline, we
refer to the drowned river valleys, observed by us far inland along
the northwest coast of the island of Jamdena of the Tenimber
group. The downward slope can be only apparent also here, rel-
ative to a postglacial rise of the sealevel *)?).

[n contradistinction to Timor, Rotfi and Jamdena are now also in
their central parts covered for the most part with a continuous
reefcap. We attribute this to the influence of erosion in connection
with the predominating horizontal movements at right angles with
the geanticlinal axis. Along the longitudinal coasts of the last-men-
tioned islands these movements caused more resistant reefcaps to
be formed, which moreover were not upraised so high, so that for
two reasons the reefcap was attacked less while it disappeared
completely (or for the greater part) along the rapidly raised longi-
tudinal coasts of central Timor also for two reasons.

Of the aspect of asymmetrical reefshields it is often said that one
coast is liffed more than the one opposite. This assertion, however,
does not assign significance enough to the horizontal component of

) R. A. Davy. The glacial-contral theory of coral reets. Proc. Amer. Acad. of

Arts and Sciences. Vol. 51. N°, 4, p. 157. 1915
%) G. A. F. Morengraarr. The coral reef problem and Isostacy. Proc. Kon. Ak.

v. Wet. XIX, N, 4,
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the rate of movement and the continual morphological change of
the geanticline, which have often been so influential in the develop-
ment of the reefcaps. In the case illustrated in Fig. 1 the reef,
originally formed on the south coast lies, in the next stage, on the
northern slope of the enlarged island, so that it is hardly permissible
to speak of a more marked upheaval of the south coast. It may
even be conceived that also B is sitnated north of the coastline of
the new island, so that in that case the original island is covered
entirely by the sea, while a new island has emerged farther south.

Elevated reefs of the Sermata group.

It bhas been said above that the reefs, formed at a certain epoch
in the history of mountain building along the coasts of a geanticline,
may perfarm various movements in the subsequent stages. The rate
as well as the direction of the movement sometimes differ conside-
rably at a comparatively short distance. This is clearly illustrated
by the movements of the reefs in the period of development of the
geanticline, in which only its highest parts emerge from the sea as
a group of smaller islands. We shall dwell more particularly on the
movements of the islands of Luang, Moa, Kisser, and Letti.

According to my observations in Luang this island, built up
entirely of permian rocks, is together with two islets near the
South-eastern extrewity, fringed by a very broad reef, extending far in
the direction of Sermata and also far to the West. Green islets far from
the north coast and barren, dry portions far from the south coast,
mark the limits in northern and southern direction; beyond them
the sea floor declines rapidly. At ebb-tide part of the reef gets dry.
Luang as well as the two islets close to it, to the South-east, rise up
steeply from this broad reef; no trace of elevated reefs was detected,
so that proofs of a period of upheaval are lacking. The island of
Luang and the two islets near it, impress us as having originally
formed one continuous whole, and as having been separated by a
positive movement, which may also account for the formation of
the broad encircling reef, which is bordered here and there by green
islets. Post-glacial uplieaval of the seasurface renders the subsidence
of the land only apparent. -

Now let us look at the island of Moa, more particularly its
easiern half. For the most part the island consists of a low, very
broad plateau of coval limestone, which rises scarcely more than
10—20 m. above the sea, and from which in the eastem,paltrlses

i
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the steep Kerbau mountain®'), which consists entirely of peridotites.
Traces of elevated reefs are lacking in the Kerbau mountain also,
and if the eastern part of Moa were a little lower, this region would
present an aspect similar to that of Luang. Both mountains, the Gg:
Kerbau and the Bt. Merah would then emerge from the sea astwo
separate islands and be entirely fiinged by a broad reef. .

We feel justified in assuming that also the latter region has passed
through a stage of evolution like that of Luang at the present day,
and that it has been raised above the sea, through a slight upheaval
after a period of subsidence or a long stationary period, or according
to Dary through an upheaval after an apparent post-glacial subsi-
dence. By this upheaval also the eastern part of Moa was united
to the western part. In the latter elevated reefs are found at a
greater height, so that the two united islands or group of islands
have evidently been subject to markedly different movements.

The island of Kisser, typified by its peculiar form, behaved
differently again. The more or less circular island, is surrounded on
all sides by a wall of coral limestone raised in several (mostly five)
terraces, and brokem only by a few narrow gullies, through which
rivulets flow towards the sea. We sighted this island only from the
sea; according to VErBEEK®) the elevated reefs in the western part
of the island, near Leweru, reach a height of 147 m., whereas the
interior, where amphibolite hills prevail, presents peaks = 240 m.
high. The terraced structure of the elevated reefs points to an eleva-
tion of the island, repeatedly interrupted by intervals of quiescence
or — considering the thickness of the elevated reefs {to 80 m.) —
of subsidence, by which a reefcap was formed, strong enough to
resist erosion.

The island of Letti presents quite a different appearance now-
adays from that of Kisser, but most likely this island has also been
encircled by a more or less continuous girdle of fringing reefs, of
which at larger heights occasional remainders were left at 115, 129
and 134 m.®) above sealevel. Here erosion has demolished the higher
reefs almost entirely, which — on the basis of what we observed
about the influence of erosion — may have something to do with
long and uninterrupted negative movements.

Many more examples of numerous abnormal elevated reefs in the

1) H. A. Brouwer. Geologie van een gedeelte van het eiland Moa. Jaarb v. h.
Mijnwezen Verhandel. 1916. I, p. 39.

3) R. D. M. VerseEx, 1. ¢, p. 432.

%) G. A. F. Moreneraarr and H. A. Brouvwen. De geologie van het eiland Letti.
Jaarb. Mjjnwezen: 1914, Verh. I, p. 82. -
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neighbouring islands-could be adduced, but the foregoing sufficiently
shows that the evolution of the geanticline has evolved during the
mountain building process very irregular movements at a compara-
tively short distance.

Tilting lslands.

Among those we reckon e.g. the island of Misool, to the North
of Ceram.: Corals are thriving well, as well on the south- as on the
northcoast, but elevated coral reefs occur only in the flat northern
part of the island, whereas they are lacking entirely along the steeper
south coast up to some way past the watershed. The island may
be said to have tilted, if we assume that the south coast has subsided
along the line of a fault at the same time when the north coast
has moved upwards. This should seem to be very likely especially
with the island of, Misool, because WANNER') has established the
presence of a number of faults in the archipelago along the south
coast bordering on the north side of the deep sea-basin between
Misool and New Guinea on the one side and Ceram on the other.

However, similar reef-formations may also originate in another
way, where tilting is out of the question, because the movement is
not performed by the island as such, but because in the initial and
the terminal stage different parts of a developing geanticline present
themselves as islands. In Fig. 1 we have only to look upon the
geanticline in P'B'Q' as the initial stage and in PB() as the terminal
stage. In the latter the geanticline has subsided deeper below the
sea-surface, but on the north coast an upraised reefcap will be
seen. With rising geanticlines a similar distribution of the elevated
reefs will also be seen, e.g. in the manner illustrated in Fig. 2.

Fig. 2.

In the terminal stage P’A’B’ only upraised reefs will occur on
the north side of the new island, viz. between A’ and the north
coast. Then the island is not merely tilted, but exhibits that part
of a rising geanticline, which at a certain time emerges from the sea.

) J. Wannen. Beitriige zur geologischen Kenntniss der Insel Misol, Tijdsch.

Kon. Ned. Aardrijksk. Gen. 1910, p. 498.

-
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CONCLUSIONS.

1. The parts of a reefcap formed during negative movements
may for two reasons disappear rapidly through erosion. Considerable
gaps in the development of a reefcap may, therefore, suggest long
and uninterrupted negative movements,

2. In the case of geanticlines, raised above the sea over extensive
areas, observations along the coast cannot lead to conclusions about
the movements of the highest points, — also with a stable sealevel.

3. The development of the geanticline causes reefs of the same
age to rise to various heights, which sometimes differ considerably.

4. The highest parts of a reefcap are not on that score the
oldest, also when faulting is left out of consideration.

5. At the top of a moving geanticline an island may disappear
and yet an island remains visible.

6. Islands may tilt or only exhibit the semblance of doing so.
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Physics. — “On the Occurrence of Solid Subsiance in Binary
Miztures with Unmizing” 1. By Prof. F. E. C. ScHEFFER.
(Communicated by Prof. J, Boesexenw).

(Communicated in the meeting of November 30 1918).
1. Introduction. When two phases coexist in a binary system, the

d
condition that the temperature and the three quantities ({{—P) ,
v 2T

ayp P L4
- — — 1l .
(dz );Tand Pp—v (dv a,( » stha be equal for the two pha

ses, must be satisfied. On the surface w = f(v, ), constructed for a
definite temperature, the coexisting phases are obtained by rolling
a Dbi-tangent plane over tlus surface. Another method to find the

d
coexisting phases consists in this that the system of curves (dlp =
v /)aT

chp dy
= constant (p-lines), e — constant (¢-lines) and w~—v (d -
. oT Y J2T

dx /o7
projected on the v—a plane; then two points on the y-surface indi-

cate coexisting phases when through the projections of these points
run a same p-line, a same ¢-line, and a same potential line.

The points indicating coexisting phases, furnish in the v—z-pro-
jection a locus the inclination of which is determined by :

d
-——m(—g’) = constant (potential lines) are thought to be traced

dy dhy
(& B (v,—» )d e + (v,— )El—, o
dw m_— d’ ' t
I A Py

in which the indices 1 and 2 refer to the two coexisting phases ?).
The indicatrix in a point of the y-plane is given in first approx-

imation by the equation:

P &y d*

dv,‘+2wdv‘dwl+m’d1’+(w+5w+7=0 .. @)

v

1) Vax per Waars—Konnstamm. Thermodynamik. IT. S. 196, equation 1.
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When equation (1) 1s written in the form:

dv v,— v, AP dv v,—v, | ¢ 4’
i) LTRIW () Th +2¥—0,. @
de, )y ©,—a, dv, dz, Jom ®y—a, |dv,e,  da]

1
it appears from (2) and (3) that the binodal line and the nodal line
represent conjugate diameters in the indicatrix, which has been
demonstrated by KorTEwke ).

2. The Relative Situation of Binodal Lines and Nodal Lines.

A great number of inferences which are of importance for the
treatment of the more intricate cases of heterogeneous equilibrium,
which may present themselves for binary mixtures, may be made
from the above mentioned conclusions from the theory of binary
mixtures, which have been known already for a long time.

We shall imagine fwo binodal lines going through a point of the
y-plane; each binodal line with the nodal line belonging to it is a
set of conjugate diameters in the indicatrix. Depending on the form
of the indicatrix we now get the following cases:

v d a*y
dv'  da r(dv dz

From the well-known thesis of the ellipse that two pairs of con-
jugate diameters separate each other, follows when we indicate the
" direction of the tangents to the binodal lines, by b, and 4,, that of
the nodal lines by n, and n,:

Moving in a definite direction round the elliptical point, the succession
of binodal and nodal lines is:

) . Elliptical point.

b, b, n, n,,
Now the two phases coexisting with A (fig. 1) can:
2 1. form a three-phase triangle ABC, so that
B é the two binodal lines lie entirely outside the
triangle, and
. R n 2. form.a three-phase triangle ABD, so that

te P " e iwo binodal lines lie on one side of A
4 © " \within the triangle.
4 ™

As, however, binodal lines within the triangle

Fig. 1. indicate two-phase coexistences which are metas-

table with regard to the third phase (the three phase equilibrium is,

namely, stable inside the three-phase triangle?), it appears that ‘the

above mentioned conclusion can also be expressed in the following words:
1) Kortewes. Arch. Néerl. 24, 57 and 285 (1891). \

2) We assume that there occur no points on the y-surface where-the-surface
seen fromcbelow is concaveiconcave., ' ” L -
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When one of the phases participating in the three-phase equilibrium
corresponds with an elliptic point on the w-surface, the prolongations
of the (stable) binodal lines lie either both inside or both outside the
three-phase triangle.

dl dl dl 2
Ll ( kd ) . Parabolical point.

dv' " da* ~ \dv.de
From equation (1), which can easily be transformed into:
da*y
dz*
(”!——vl) + ("”:—‘”1) d"l,P d’l’!
(d_v,_ _ dvl'd.v1 dv;d.'v1 @
d“'] b d P d P

dv, dz, dv,®
(Us—' v:) + (‘1": _‘rl)_’%;’_' ’

do,?
dy dy
and from { —} == — p=-constant and | — | == ¢g= for
n ( o )x P (dw),, g = constant, for
which the following relations are valid:
d,¢ dhp
(di) _ _dvda, and (d& — da,* '
dz, /p ay dae, /g ™y
dv,? dv,dx,

follows that equation (4) for a parabolic point reduces to:

dv (v _ (dv
(d—“‘;)bin— ;i—‘;)p-— (d_a;)q

Hence the two binodal lines touch the p- and the ¢-lines, and
accordingly they are in contact with each other; the two nodal
lines form arbitrary angles with the binodal lines and also with
each other. )

When one of the phases participating in the three-phase equilibrium
corresponds- with a parabolic point on the p-surface, there is contact
between the two binodal lines; the binodal lines either lLe partly inside
or entirely outside the three-phase triangle.

ay &y fdy) , _

¢ oo < (dvd;v) . Hyperbolical gomt.

In a hyperbola pairs of conjugate diameters do not separate each
other. Hence:

Moving in a definite direction round a hyperbolical point, the order
of binodal lines and nodal lines is:

b, byn,n, orbd, n,b,n, .

54
Proceedings Royal Acad. Amsterdam. Vol. XXI.
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When the triangle in fig. 2a (order 4, b,n,n,) is represented by
ABC, the two bimodal lines lie entirely outside the triangle, when
by ABD, they lie both partly inside it, whereas in fig. 2b (order
b, n,b,n,) one binodal line lies partly inside, one entirely outside
the triangle both for the three-phase equilibrium 4BC and for ABD.

Fig. 2. Fig. 2b.

3. Of the conclusions discussed in § 2 the last of those mentioned
under a 18 not new. Some years ago KueNEN proved this thesis by
another method'). I think I have demonstrated in what precedes
that the relative situation of nodal lines and binodal lines can directly*
be derived in a general way from the already long known properties
of the w-surface?).

Though the realizable parts of the w-surface are only indicated
by elliptical points, the general discussion of § 2 has the advantage
that it points out a regularity for the whole y-surface. The above
discussed conclusions are of great importance when we want to
examine the possible coexistences of solid by the side of fluid. By
the aid of the rules discussed in § 2 it is possible to indicate the
relative situation of the binodal lines solid-fluid and fluid-fluid in
every pomt. They are almost indispensable in this study, because
when these rules are not observed, we are often in danger in the
more intricate cases of mistaking impossible cases, for possible ones,
especially in the metastable and unstable region. And for a complete
survey of these existences the not realizable parts of the w-surface
cannot be dispensed with.

1) Kuenen. These Proceedings. XIV p. 420.

3) Note added during lhe correction of the Dulch proofs. The theses of §2
are not only valid for the {-surface, but for any surface, hence also for the Z-surface.
In BakHuss RoozeBoom's Heterogene Gleichgewichte IIl. 2. ScarEINEMAKERS thus
discusses analogous rules (p. 115 et seq.); the situations in the metastable,region
have, however, been only partly treated (p 340 et seq.).
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4. Coexistence of Solid by the Side of Fluid Phases.

When the curves CD and EF in fig. 3 represent projections of
binodal lines of a plait on the y-surface, the
v—a-plane 18 divided into six regions by the
nodal-lines 4B and the tangents to the binodal
lines n A and B. When also a solid phase
S coexists with 4 and B, the point repre-
senting the solid phase can lie in eachiof these
! \ regions. Then the rules of § 2 easily give the
course of the binodal line through 4 and B

Fig. 8. for fluid phases existing by the side of solid
for each of these cases. When the solid substance is the second
component, the most frequently occurring situations are those of the
regions 2 and 1. The first case is represented in fig. 4a, the second
in fig. 5a; the plait has been assumed to be stable for both, i.e.
to lie on the convex-convex part of the -surface (seen from below).

v

Fig. 4a. Fig. ba.
The points A and B are, therefore, elliptical, and the rules of § 2a
determine the situation of the binodal line for fluid phases coexisting
with solid in the two points, as it has been indicated in figs. 4a
and S5a. These situations correspond to the P-u-figures indicated in
figs. 46 and 54, in which the three-phase coexistence is again indi-

Pl =
d AT

—

X
Fig. 4b. Fig. 5b.
cated by ABS, and the two-phase regions are hatched; the hatching-
lines indicate nodal lines.

54«
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The transition case which causes fig. 4a to pass inte fig. Sa
now also often occurs for the practically occurring heterogeneous
equilibria. (An instance of this is discussed in § 6). When namely
the point .S lies on the prolongation of the line 4B, the nodal lines
ns and ny coincide (n, is the nodal line drawn from a fluid to the
solid phase, n, to the other fluid phase). The theorem of § 2a then
requires that also b, and %, coincide, in other words that the “two
binodal lines are in contact.

When a solid phase lies on a nodal line of the fluids, the binodal
lines flurd-fluid and jfluid-solid touch each other in the nodes.

In a perfectly analogous way it also follows that:

If the nodal line solid-fuid touches the binodal line fluid-fluid, the
binodal line solid-fluid touches the nodal line of the fluid phases. -

All the casges that can occur for a stable plait, have now been
discussed. It, however, repeatedly occurs that part of the plait
indicates unstable states; in the points of the binodal lines which
are situated within the spinodal line the surface is namely convex-
concave, and the points themselves are hyperbolical. In analogy
with figs. 4a and 5@ we can now again construct two figures, which
are applicable when one of. the binodal lines consists of hyperbolical
points. (The case, that both binodal lines consist of hyperbolical
points is not considered; the discussion is self-evidently just as
simple). In these cases we get figs. 6 and 7. In both point 4 is

X X

¥ v 3

Fig. 6. Fig. 7.

given as hyperbolical, point B as elliptical point. The corresponding
P-z-diagrams are easy to construct; they have, therefore, been
omitted ; besides the coexistences are not realizable, and are accord-
ingly devoid of praciical importance.

5. The Four-Phase Equilibria.

When on the @-surface simultaneous coexistence with, solid occurs
for a three-phase equilibrium of fluid phases, the number of nodal
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lines and binodal lines passing through the nodes, amounts {o three.
When we assume that the three-phase coexistence takes place on
the stable part of the -surface, the three fluid phases participating
in this equilibrium are indicated by elliptical points; the relative
situation of the three pairs of conjugate diameters is again deter-
mined by the rules of § 2a in this sense that these theorems hold
good for every combination in sets of two of the 3 pairs of con-
jugate diameters. ’

6. Applications.

In a treatise on the phenyl- and tolylcarbaminic acids recently
published in these Proceedings it was pointed out that the different
P-Tfigures which are found for these homologous ecompounds, can
be derived from each other by moving the quadruplé point along
the three-phase line L,L,G'). When the quadruple point reaches
the critical endpoint, it is still just stable; this is (he transition case,
which connects this type of binary systems with the type sulphureited
hydrogen-ammoniac, where the coexistence L,L,G does not appear
stable any more. ’

Such a transition is also found for binary systems without com-
pound, a fact which Btcuner’) already pointed out in his Thesis
for the Doctorate. We then get a transition from a system with a
quadruple point to the type diphenylamine-carbonic acid. The transi-
tion itself has not been studied by BoicaNEr; as it is, however,
possible that by a suitable choice of the components we can get
close to this transition case — in the cited paper I drew attention
to the system as-o-xylidine-carbonic acid — the study of this
transition case has probably not only theoretical importance. -

This transition can now be simply followed by the aid of the
rules mentioned in §§ 1—5; it has, indeed, been the study of this
transition that induced me to seek the regularities mentioned in
what precedes.

A complete discussion of this transformation is not possible with
the aid of the above rules alone. For these only indicate the course
of binodal and nodal lines in the neighbourhood of the nodes. Yet
this is already sufficient to give us an insight into'the phenomena
that will make their appearance in this transition case.

For this purpose 1 will imagine the wy-surface to be constructed
for the temperature of the critical endpoint (L, = (). We may then
expect a situation as indicated by fig. 8a or 8b. The plaitpoint P,

1) These Proceedings. 21. 664. (1919).
% Biicuner. Thesis for the Doctorate. Amsterdam 1905.

-58 -



834

represents L, and L, becommg identical, P, represents L, and &

A8 -15

Fig. 8a. Fig. 8b.

becoming identical; the plait of P, has disappeared in this last point
within the longitudinal plait; it has been omitted for the sake of
the lucidity of the tigures. The liquid coexisting with the fluid phase
P, is indicated by A. The nodal lines BCin the plait P, P, 4 present
a situation corresponding to fig. 54, the nodal lines DX to fig. 4a.
It follows from this that a nodal line may be drawn between BC
and DE, the prolongation of which passes through S (#G in the
figs. 8a and 80). Hence in the points F and G a possibly occurring
binodal line for fluid phases coexisting with solid touches the binodal
line fluid-fluid. (See § 4). In fig. 8a the nodal line F'G lies below
P,4, in fig. 86 it lies above it.

When we now inquire into the course of the binodal line solid-
fluid, all the possible situations can be easily surveyed by rolling a
tangent plane for continually decreasing values of ¥ over the surface.
When the w-value of S is chosen high, the tangent curve will only
intersect the plait on the righthand of DE; with lower value of
P a curve will make its appearance which also passes through P,;
further the curve will intersect the plait both in the neighbourhood
of P, and in the neighbourhood of DFE. Such a situation is repre-
senfed by the curve indicated by crosses. When , 18 made to shift
further, we get a curve passing through P, indicated by a line of
dashes. Finally the tangent curve will move in such a way that
the two points of intersection on the two binodal branches approach
each other, and at the coincidence in F and G contact of the two
binodal curves takes place; the curve for solid-fluid lies in F out-
side the binodal line fluid-fluid and is stable; for & it lies, however,
in the covered region. By the aid of the rules of § 2 it may be
derived that the traced situations are the correct ones. It should,
however, be pointed out that according to these rules the binodal
lines in P, touch and intersect. )
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The three binodal lines for solid-fluid indicated in the two figures
correspond to the equilibria marked by the same letters in figs. 9a
and . It will be clear from what has been discussed that the point

Fig. 9a. Fig, 9b.

where g—;—? = oo, may lie both at higher and at lower pressure than
P, Y. This point corresponds to a nodal line (FG) passing through
S in figs 8a and 8b. On still further displacement the binodal curve
for solid lies outside the longitudinal plait. Then the point of contact
can appear at higher temperature; in figs, 9a¢ and & such a “point
of contact is indicated by M. The situation of the three-phase line
passing through M has been foand experimentally by BicHNER In
the system diphenylamine-carbonic acid *), by Apa Pring in the system
ethane-naphtalene *).

7. The transition of the systems with quadruple point SL, L,G
to the type diphenylamine-carbonic acid has been derived in the
preceding paragraph by the aid of the rules given in § 2. The shape
of the binodal curves is indicated by them, however, only in the
neighbourhood of the points of intersection. The course throughout
the region, which is remarkable especially in the covered region,
could be dispensed with in the above discussion. A full insight can
only be obtained by considerations on the course of binodal lines
gsolid-fluid in general. For this the discussion of some loci on the
p-surface is required.

: (To be continued.)

November 20t 1918, Delft. Technical Highschool.

1y At lower temperatures this point lies in the covered region; it will appear on
a fuller treatment of the transformation that the displacement of this point follows
easily from the transition of the two three phase lines SI;L, and SL,G into each
other (unstable ridge), and the change in this on approach to the critical endpoint.
These changes may also be directly examined by the aid of the rules of § 2.

%) Biicuner. Thesis for the Doctorate. Amsterdam. 1905, p 85, fig. 36.,

%) Apa Prins. These Proc. XVI1 p. 1095,
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Physics. — “On the shape of large lLiguid drops and qas-bubbles
and the use made of them for the measurement of capillary
constants.” By Prof. J. E. VErscHAFFELT. Supplement N°. 43a to
the Communications from the Physical Laboratory at Leiden.
(Communicated by H. KamerLingH ONNEs.) '

(Communicated in the meeting of November 30, 1918).

§ 1. The meridional section of the capillary surface in the case
of a surface of revolution is determined by the well-known equation

I_M:k(lb+y):kz‘), N ¢ )

& de
. . dy dz .
which on account of the relation tan ¢ —= = n can also be written
= i &
in the form:
0
hede=singpdp + Ldz . . . . . . (1)

>0

0 P’ X
Fig. 1.
1) Compare: “On the shape of sinall drops and gas-bubbles”. Leiden Comm.

Suppl. NO. 42¢ (1918): these Proe. XXI (1) p. 357.
Fig. 1 gives a diagrammatic representation of the meridional section of the capil-

‘

lary surface for k-;—-(—‘-h—_;-i‘—’—)‘—q >0 and for £ <0, in the case that R, (the radius
t
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We shall first agssume, that £ > 0 (liquid below the surface, at
least in the neighbourhood of the axis), as is the case in a wide
tube or with a drop lying on a surface.

§ 2. When the meniscus is very large, it will be practically flat
near the axis and the curvature of the surface is only appreciable
near the edge. This naturally suggests, for the purpose of integrating
equation 1', dividing the curve into two portions: a central part,
where the angle ¢ obtains bat small values and which extends to
pretty near the edge, and a’marginal part, where.q can assume
larger values and which for smaller values of ¢ passes into the
cenfral portion.

Let [ be a special value of » belonging to the marginal part (for
which we shall take the abscissa of point B in fig. 1). If [ is suffi-
ciently large, it is clear that the marginal part of the curve cannot
differ much from what would be found in the two-dimensional
problem (/= o); the width of the marginal part is then small as
compared to [ (cf. § 3), whence putting & =17 u, v may be treated
as small with respect to /). For that part we may therefore write

1.
kzdz:ain(pdp—{—-l—n'ngo(l—%—}—...)dz,. .. (2

which equation may be solved by successive approximations.

§ 3. To a first approximation we thus have, as in the two-dimen-
sional problem?), since z and ¢ become very small together®) and
u=0 for ¢ =m,

of curvature at the top) is very large compared to z, i.e. that RV T & is alarge

2
—— a small number.

. B,V £k

The figure is drawn on the assumption of R, being positive (i.e. liquid below
for X >0 and above for k¥ <0); in the opposite case the meridional curve would
be obtained by turning the figure over about the x-axis.

1) This method of simplifying the problem was already used by Poisson, Nouvelle
théorie de 'action capillaire. See also* A. FErauson, Phil. Mag., (6), 25, (1913) p. 507.

%) Compare for instance A. WINKELMANN, Handbuch der Physik, 2e Aufl I(2),
(1908) p. 1131.

) z does not become zero, however, for ® = 0; from which it would seem to
follow that equations (3) can only hold as long as ¢ is not infinitely small.
On closer inspection they appear to remain valid (provided u < < k), since the
dependence of z on z for small values of 2z is of an exponential nature; indeed,

for ¢ small (3) gives uVk =logp+2—1logd=logp+0,614, aVik=0p=
= (,543 eV'k = 0,548 ¢=V'*, ¢*V'*, hence the minmum-value which z atlains ata
large distance from the edge is infinitely small of a higher order than the infinitely
small values of 2 in the neighbourhood of the edge

number and therefore 4V + k& =

&! -
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2yk=2sniop?" uV'k=logtany @ + 2cosfp?). -. (3)

Substitating this value of z in the first correction-term of (2) we
obtain as a second approximation

. ) 4 .
}kz'=2:m’%(p+3—ll77¢(l-—¢'o:'§(p) S ¢ 1)

or, as long as sin § ¢ does not become infinitely small (p < 2::5')

t

1
l|/k=2ain§cp—|—§l—l—/7;(2tani~cp+aincp)‘). oo @)

ulk=logtant o +2¢08 } Slogtantp — Lsec* +p+cosp+3) (5)

8Lk *

3x .
Putting ¢ successively equal to ZQE’ x and 5 the codrdinates of

A4, B and D (fig. 1) are found as follows:

. . T |
) In order that this expression may stand as a first approximation, —I~sm¢ maust

be very small as compaied to %z or, since s @ is 1 at the utmost, k/z must be
a large number (klz>> 1); it follows, introducing the expression for z and remem-
bering that also sin ¢ <or==1, that 2[V% >> 1, 2]V'kc must therefore be a large
number, say 100; since for water k is about 13, ! has to be at least 15 cms in
order that the approximation may be applicable. For mercury (k¥ =80} it would
be 10 cms.

%) From this relation it follows, that © may be considered as-infinitely small,
while u itself is still small with respect to I; i.e. ¢ actually becomes very small
in the marginal part (provided I%>> 1). For instance for @ =1/j4, (0°.6 about)
¥’k becomes approximately — 4, i.e. still a moderate number ; in view of this fact,
however, the practical limii of applicability of the approximation was possibly
estimated still rather low at Mk = 50.

) Unless ¢ itself is infinitely small, for in that case the correction term in (4)
is still much smaller than the principal term.

4) Except for a small reduction this formula was already given by Poissox (loc.
cit.). With the degree of approximation in question it is of no importance that the
quantity / has not the same meaning with Porsson as here, the difference being
small compared to [ itself; indeed we might just as well have represented by !
any other distance which differs from ! by an infinitely small amount, such asthe
absecissa of 4 or of D (fig. 1).

Compare also FERGUSON, loc. cit., equation 1X, where, however, the expression
for 2V'k is incorrect owing to an error of sign.

It may be here remarked in passing, that the manner in which FErauson
integrates equation (2) comes to the same as introducing a new variable c=lp+z;
for the rest the equation is also solved by successive approximations, The trans-
formation in question is unnecessarily cumbrous.

13}
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== k=2 2 y2—1 a4 4 2590
pa=3 saVk=y +3zwc( Ve-1) = 1414 + 7o
) 0,089 ©
u AV k=log(y'2-1)+ V2+ble{3log(1/2—-l)—|—|/2—-|—1}=0 ,832— TV
@gp=a=n z_Bl/k___Z-}-Sle upVk=0 . . . ()
3x 1,276
o0 =" zpl/k—l/2+3“/k(2t/2+l el

upV k=log (1 2+1)—V 2+ =— {8log (1 2+1) — (V2—1)}) (8)

61 |/k
0,372

1
gy 2Dy 2= g 8 1og (1 2-1) (/21 =~ 0582+ 7|

We shall not try to carry on the approximation any further.

§ 4. We now come to the central part of the meridional curve.
Since in that part ¢ is infinitely small, we may put singp =¢ =
=tangp —=2', and may thus write equation (1) to a first approx1-

mation in the form
1d '
——(@)=ks or ¢4 P k=0 . . . . (9
&

& da

By the substizution wxv'k = §, z =1, the_equation reduces to

1;"+;i+n=o, R 0

which is Busskr’s equation of order zero. Therefore, considering that
at =0 z is finite, we have

c=hd, ek, . . .« . . . . (10)
J, being BusskL’s function of the Ist kind and order O; the inte-
gration-constant & is equal to the value of z for t =101).

1) Since Jy(&) =1 for & =0. Consequently for a very large meniscus (very large

Ry} in the neigbourhood of the axis of rotation, replacing & by its value

2kR,
(cf. Leiden Comm. Suppl. NV. 42¢; these Proc. XX1 (1) p. 357)), we have

_ 1 ) 1 ka? 1 ka?\?
%R, '*ﬁT)’T’*(z!)’(T)*'"'g'

as is also found directly by solving the differential equation of the meridional
section by development in,a series (cf. ScuaLkwuk, Leiden Comm. N. 67, (1900-—
1901) these Proc. III, p. 421, 481) and putling R, = oo.

bes
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a

§ 5. It follows from (10)*), that for large values of 2 differing little
from [/ (x =14+ w)

z

aVE Lo elVEeuk -

=—h— e —— ( *‘%"‘)- (11)
Vorz vk Von VIiyk !

On the other hand it follows from (4’) and (5), that for infinitely
small values of ¢, but x still differing little from /

log 2 Vk:logy;:u[//c——(Z—log‘i)—;—l’l L. (12

By equating the values of z in (11) and (12), putting 24 — » and

remembering, that Wk — Mk =uqV'k (eq. 6), we find

hyk=0924V2ar ke VE . . . | | (13)

This therefore is the relation between the radius » of a wide

tube and the ascension 4 of the liquid in the tube (the angle of

contact being zero).

§ 6. An examination of the further course of the meridional curve
at a larger distance from the axis than @ =/ (branch DEF... etc.)
shows, that the curve consists of a series of U-shaped curves, as
represented diagrammatically in WINKELMANN's Handbuch der Physik,
[ (2) p. 1141, fig. 404; these curves, however, are very much

~

)
-~
N

—e————

X

'13 L

Fig. 2.
elongated as shown in fig. 399 on p. 1135. The width of the curves

is small compared to /; they therefore still belong to the marginal
partS of the meridional curve and the equation to these curves is

1) See for instance NieLsen, Handbuch der Theorie der Gylinderfunktionen, 1904,
p. 156. . .
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found in the saine manner as equation (4). Representing by z, the
minimum of z (ordinate of the lowest point F, fig 2) and pntting
p=0 for =2, we find
8 .
k(2'--2z,)=4sin* {p & m(l —cos*ep) . . . (14)
(the positive and negative signs corresponding to ¢ >0 and ¢ <0
respectively) ). Since the curves have to join on to each other, it
1s easily found, that for the n*' curve

2y V= Ve L )

where the abscissa of # may conveniently be taken for /.

———— 4
Putting Ay = V'1—27 sin® vy, where 2* = Y and p=1(n ),

+ k2
we have as a first approximation, as in the two-dimensional problem ?),

4 4
zVk=2 ALy D /k:f—gif—p—-2flhpdlp, . . (16)
Yamt Yo
u being the abeissa of an arbitrary point P of the curve relatively
to point £, i.e. u=—ap—zp; the total width 2p of the curve is
therefore such that

% Vk=(cqg—ap)Vk=2(K—2E), . . . (7
Yo
K and FE being the complete elliptical integrals ( f ) of the 1st
0

and 2d kind respectively, with modulus 2. Now 4 is but little smal-
ler than 1, viz.

2n
A==l—2Ltke)!=1—_—r; 1
’B'kzo 1 31 '/‘k' ( 8)
K is therefore very large, namely in a first approximation *)
2n
K=\l — = 4 log 8 — } log —— 19
gV2(1—A) jlog8 —} I3V (19)

E being finite, viz. = 1; it follows that

g VE=1,082¢»VEk . . . . . . (20)

1) The change of sign at ¢ =0 is due to the change of sign of sin { ¢, whence
for >0 Vi —z2) = +2sinde and for p<0=—2sin}¢.
%) See for instance WinkELMANN, loc. cit., p. 1184,

3) See for instance O. Schiomich, Compendium der héheren Analysis, 3e Aufl.
1879, 11, p. 322.
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is the relation between the ordinate at the minimum z, of one of
the curves and its width 2p ).

§ 7. Before proceeding to the discussion of the case £ < 0 we shall
first consider another problem, that of the ascension (or depression)
of a liquid on the outside of a wide cireular tube which is immer-
sed in an infinitely extended liquid; the meridional curve then shows
an infinitely extended branch RST (fig. 3) which may also be

X,

v Fig. 3.

realised, in that case up—to @ (¢f=§ 12), by lifting from the liquid
a broad circular plate which is moistened by it.

The equation to this branch is found in a similar way to that
of the branch OEAB in fig. 1. We may again divide the curve
inio a marginal part whose abscissae measured from zg= I are
small with respect to / and a more distant part in which « becomes
comparable to / and even large as compared to it, ¢ differing little
from zero (p = 0 at infinity).

In the same way as in §§ 2 and 3 (equatlon (2) is still valid)

‘considering that z =10 for » = 2x and u==0 for ¢ =~ we find

Y) Putting xg-~2p = 2q, this gives pV'k = qVkL—0532 (see § 3), and
e Vk=1842¢~0VE" |, ., . (209
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é/cz’:Zsz’n’iq-—sle(l—}-cos ). . . . (2))
or’
Whk=2sm} ¢ — le(2 cotan L op —sing) ), . . . (22)
e
whence
uy k=logtan } p+2 cos } $ logtan % p % cosec® +p — cos p — 12-) (23)

ez

. . x 37w .
Putting ¢ successively equal to -2—,na.nd Y the cobrdinates of

N, Q and R are found as follows:

=7 k=12 o2 4 1y = 1,414 — 2270
PN=73 2 V=V ——-3le( + 1= Wk
,372 24)
uyVk=tlog(V/2-1) + 12}~ ngazog(;/z I/ 2-11=0,532+—)
2
= = = .. (25
poq=n  zQVik=2— e uQq Vk=10 . (25)
87 1 0,609
(26)
0,039

t / kelog(/ 24H1) -1/ 2~ —A8l0g (1 2+1)~(1 2+1)} =—0,582+ ——

Gle Wk |

§ 8. The outside portion of the curve RST, corresponding to values
of ¢, which differ but infinitely little from 2 x and extending to
infinity, 1s again determined by (9). Since, however, in this case 2z
approaches zero at infinity, the solution will now be

- e=alH, (iR, . ... L .. @D

where H ) is Hanker’s function of order zero and of the first kind.

The integration-constant a is found by joining on to equations
(22) and (23) putting ¢ = 2 & — ¢, where o is infinitely small. In
the same manner as in § 5 we then find

logz{/k:—qu——O,614—~g—l,. C ... (38)

whereas for large values of z dlﬁ'ermg little from / equation (27)
gives

') This is a known formula, except for a small reduction (cf. for instance Win-
KELMANN, loc eit, p. 1148). See also A. Ferauson, Phil. Mag., (6), 24, (1912) p. 837.
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(29)

Z =

g-“.‘ll/k 2a .g""“/k . e—ul/k 2w 1)
2a = — — (1——— 1}—) .
Veaayk Von Vi !

Therefore; putting #zr — r and considering, that "k = Mk
+ ugp v’k (eq. 26),
A k=14%.0924 V2ary/keVk . . . . . (30)

§ 9. According to (21) ¢ cannot become zero; on the other hand z_
can become zero at a point M (fig. 3) where ¢ goes through a
smallest value. The continuation of the curve QNSM to the left
again consists of a series of elongated S-shaped curves, as repre-
sented diagrammatically in fig. 3?).

The width of these curves is again small compared to / (abscissa
of point M) and the following equation is found for them

A—cs*3). . . (3D

kz* =4 sin’ L 9o — o’

e
Sk
(the positive sign referring to the part, where z>>0, the negative

sign to the rest); 2 becomes zero for

4
VR or for g==2a—agm, - . . (39

P = @n =

according to whether the order n of the point M,, where the n
curve intersects the axis, is odd or even ?). N
Introducing a new angle ¢ such that*)
210\ 1 ‘
=1 Lop—=—¢ .o
03 -}!'2' (pm ( + 3l|/k) ¢os 2 (’) A €08 é’ ¢1 (33)
we have in first approximation, as in the two-dimensional problem,

coalfz

sinp —

E‘dl” E
2V k= = 2 cos P :I:u|/k:::f -A—I—P——f Lydy, . (34)
¢ 14

u being measured from M. The total width 2p = xq—=/, is therefore
given by the same expression as in § 6; hence
Pn=1,082¢1Vk, . . . . ., (85)

1) Nieusex, loe. cit:

%) Comp. WINRELMANN, loc. cit., p. 1138, fig. 400a.

%) In the first case the curve rises with increasing values of x, and ¢ changes
from = to = through ¢pm, in the other case the curve falls and ¢ changes from
7 to x through 27r—0¢m.

4) Cf. WinkeLMany, loe, cit., p. 1137, We shall take ¢ in such a direction, that
V=1 4 (r—p) + 2 (infinitely small), with -+ for odd corves ("< 7), and — for

even curves (¢ > 7).
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-will be the relation between the width of the curve and the (sharp) '
angle at which it intersects the z-axis?).

§ 10. Capillary surfaces, whose meridional sections correspond to
the curves DFG of fig. 2 or LMN (as also the one of opposite
duection) of fig. 3 can be experimentally realized between two tubes
the radii », and », of which differ comparatively little (say: r,—r,
< L l=4%(r,+ 7)), but still so much that (r,—r)V'k is a fairly
high number. In general, however, for given values of p =14 (r,—nr,)
and =4 (r,4r.), n will not be a whole number, i.e. the surface
which establishes itself between two arbitrary tubes does not form
part of those discussed in sections 6 and 9. Still, the equations as
given remawn valid, in other words the meridional curve 1s still
represented by equations (14) or (31) and the capillary rise as well
as the minimum angle are still given by equations (20") and (33").

The U-shaped or S-shaped curves, obtained i that way, again form
part of a series of similar curves, but the first series does not
now in general terminate on the side of the axis of revolution in
a curve which runs approximately towards the origin, neither does
the second series finish up on the side away from the axis in a
branch ranning to infinity. It is easily seen, that the condition is as
follows: the U-shaped curves become lower and lower on the side
of the axis (towards the left) i.e. z, becomes smaller and after having
gone through a minimum 2z, becomes imaginary, equation (14)
assumes the form (3), that is: the U-shaped curves change into
S-shaped ones. Conversely: the S-shaped curves assume towards the
right smaller and smaller values of ¢, : ultimately ¢, becomes
imaginary and the S-curves change into U-curves.?)

§ 11. We shall now consider the case £ <0 (suspended drops).

1) Puiting Qq=x,v—~x,:, we find
P = 1,842 e—Vk ., .. (35’)
9 If (rg—r)V'Ek 15 a moderate number, the results of the two.dimensional
problem will be applicable as a first approximation without any simplification. If
(ro m)Vk is very small, the section is circular in first approximation and the
further approximation may be carried out in a way similar to that used in Suppl.

N0, 42¢ for small drops. -
If the difference 73—y is not small compared to [ =1 {7, then in the

neighbourhood of x =7, and x =1, the developments of sections 7 and 3 will
hold, whereas in the intermediate region

z=al HW (e VE) + bJ, Gz V&), . . . . . (\36)
the value of @ being given by eq. (30) with » =17, that of b by I from equation
(18) with r== 7, -7

H

¢ i

‘ 55
Proceedings Royal Acad. Amsterdam. Vol. XXI.

~
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Broad hanging drops cannot be obtained; it is clear that it is im-
possible 1o make drops hang from a wide tube, but also the drops
which are formed on the under-side of a horizonial moistened plate
do not attain large dimensions. If for instance a horizontal plate is
immersed in water and then lifted out, the liquid which adheres
to the plate collects in one or more drops which grow (sometimes
flow together), drop off, grow again ete. but the width of the drops,
finishing up tangentially to the plate, is in no way commensurate
with the size of the plate.

The meridional, section of the capillary surface in' that case (as
long as the drop is not yet constricted in the middle) consists of an
undulating curve (fig. 4), the waves of which become lower and

Z

Fig. 4.

lower, as they are further away from the axis) '); the suspended
drop represents the part (JAB comprised between the axis and the
first maximum. Curves drawn according to KELvIN’s graphical method
seem to show, that the distance of the successive maxima and minima
from the axis of rotation increase with the radius of curvature at
the top; however, there is a limit to this increase: even for very
flat drops the distances remain moderate, as may be shown in the
following manner. .

When the drop is very flat, the angle ¢ may be considered as-
very small everywhere and the shape of the section is determined
by (9), or putting £=— %' by

!
z"+z—+k’z=0. B
z

This equation passes into (9’) by the substitution zV'k =g,
z =, therefore

-

1) See Winkewmann, loc. cit., p. 1146.
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c=z, (e VR, . . . . . . . (10)
2
ER,
expected, the course of this function corresponds to the curve of
fig. 4Y). The maximum B is found at 21 % — 3.83 %) and its ordinate

is zp = 0.4028 z,. hence the total height of the drop is given by

2z, being the ordinate (— CO) at the top (Zo = ) As was to be

(37)

.
11

2
H=1,4028 2, = 1,4028 > ——,
% “ T,
- independently of the width (at least as long as R, is large).
At a large distance from the axis of rotation the curve approach-
es (o

sinml/k"). .o .. (38)

)

Vixa

zZ =

§ 12. Although the capillary constant has sometimes been calculated
from observations on large drops (lying on a surface) or gas-bubbles
and althongh methods are known which are based on that principle ¥),
a really praclical importance cannot be ascribed to them. It is only
for the_sake of completeness that we shall refer to these methods
here in a few words and supplement them, where necessary.

In our discussion of the different ways in which surface-tension
may .be determined by means of very small drops and bubbles®),
the methods were divided under three groups which might be called :
the pressure-methods, the weight-methods, and the geometrical methods.
In the methods of the first group the surface-tension ¢ is derived
from the measurement of the pressure in a drop or bubble of given
radius; in those of the second the force 1s measured which makes
equihbrinm  with the surface-tension along a special line (in other
words: the -weight is measured of the liquid carried by the surface-

" 1) See for instance JauNEE und EmDE, Funktionentafeln.

) For water (with k= 18) therefore zp = 1.06 cm.

Y Cf. Nignsey, loe. cit. For large values of 2 the general solution of (9% is
as follows

S 2 L _sin@yE 4B . . . . . (38)
' : V%:m:

. The other, portions of the meridional curve, such as BDEFG (fig. 4) do not seem
to be possible. If a horizontal ring is moistened with liquid, one or more drops
iwill remain suspended, but they do not unite into a ring of liqud.

%) See for instance WINKELMANN, p. 1156. .
" %) Leiden- Comm. Suppl. No. 42d (1918); these Proc. XXI (1) p. 366. .

55*

I
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tension)?), the third group contains the methods, in which o is solely
derived from the shape of drop or bubble (measurement of certain
dimensions). This division is general and also holds for large drops
and bubbles; only in that case the pressure-method is of no impor-
tance practically on account of the smaliness of the pressures to be
measured owing to the very shight curvature at the top; thus for
instance equation (13) which gives the ascension at the axis of a
wide tube of known radius is of no importance from a practical-
point of view.

Of greater importance in this case would seem to be the geome-,
trical methods, which consist in measuring the coordinates of the
points 4 and B of fig. 1,  or R of fig. 3 and applying equations
(6), (7), (25) or (26). But the application of these methods is hindered -
by the difficulty of an accurate measurement of the codrdinates.

The greatest practical importance attaches to the weight-methods.
Gay-Lussac already derived capillary constants from measurements
of the force which is required to lift a horizontal disk, which is
in contact with a widely extended liquid ?), above the surface; this
force, apart from the weight of the disk, is given by

P=artpugz —2xrosineg, . . . . . . (39)
where z is to be replaced by its value from (22) (with /=1). The

3x
simplest cases are those, where ¢ = 5 and ¢ == 2?; in the latter

case, which can only be realized with a disk which is completely
moistened by the liquid, the force is a maximum *).

1) The method of measuring the capillary rise in narrow tubes belongs both to
this and to the first group.

%) As mentioned by Laprace, Mécanique céleste, IV, 2e suppl. au livre X.

3) WinkeLuany, p. 1148 and 1156.

+) Accurately speaking this maximum is reached a moment before the disk is
lifted to the greatest height (ordinate of @, fig. 3); putting ¢ = 7 -~ ¢, the maximum

of P is reached, when ¢ = But as long as z 1s only known to a second

4
rVk
approximation, this ecircumstance has no influence on the equation to be used in

this case.
If there is an angle of contact 4, hoth ¢ and ¢ might be found from two obser-

vations, for instance one, in which o =?(tlus is impossible when z>§)and ano-

, L
ther in which the force is a maximum, in which case p =« 4. If z>§,as for

mercury, one might also determine the weight of a drop on a horizontal plate,
in that case (39) is again applicable. Or the greatest force may be measured whxch
is required to submerge a disk in a liquid (cf. A. MaYER, Sill. Journ,, 4, (1897). p. 253,
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Properly speaking, with the meaning given above to “weight-
method”, Gay-Lussac’s method does not belong to this class, but is
rather to be ranged under the 3'4 group'). Proper weight-methods
arve those in which the capillary force is measured acting on a plate
suspended vertically in a liquid *) or the force which is required to
detach a thin horizontal ring from a liquid. The laiter force, inde-
pendently of the weight of the ring; 1s given by

P =2n0(r, sinp, — r, sin :p,) + @ (r,*—7)ugs, . . (40)
r, and 7, being the internal and external radii of the ring; the
-angles ¢, and ¢, for given values of z are determined by equations
(4) and (22). The ring detaches itself, when z has become a little
bigger than the ordinates of A4 (fig. 1) and D (fig. 3); putting

7 3n
(plzé—_l'eu Py =" —8, 0+ r)=r and ry— 1, =6,

2
P is found to be a maximum, when & — &, =— 1}/ 2k, whence
Py — d )
=144 2k Lkd* - L —(22--1)". . 1).
T 1R VB AR @YD) L ()
1) According to (39) the force applied serves mainly (when =, exclusively)

to balance the hydrostatic pressure; the determination of the weight is therefore
principally an indirect way of measuring the height 2.

%) WicHELMY'Ss method. See WINKRLMANKF, p. 1156,
- %) This equation was found previously by others (cf. WiNgELMANN, loc. cit., p.
1187), ali but the last term which, however, is of the same importance as the one
preceding it. ~

The equation also holds in the case of a ring, which is forced down into a
liquid like mercury.
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Anatomy. — “Comparison of the Brain _Weight tn Function of the
Body Weight, between the Two Sewes.” By Prof. Huve. Dusols.
(Commumicated by Prof. %H. ZWAARDEMAKER).

f (Communicated in the meeting of November 30, 1918)
1 .

The general relation of the brain weight in function of the body
weight, between homoneuric species of Vertebrates could be accurately
determined, because between them there often exist important differ-
ences 1 size Thus 1t 18 known that their bramn weight is proportional
to the power 0.56 of their body weight, to P05 (more accurately
Posss.),

Between individuals of the same species and of the same sex,
however, the bramm weght of each 1s on an average proportional
to a power of the body weight that has only half that value, but
with the available data it could not yet be ascertained whether tlis
is P02, PO or P02, The differences in the size of the body within
a species are generally small, and when they hecome more consider-
able, as is the case with the Dog, we have to deal with such.
dissimilar material, that the relation in question can only be deter-
mined in approximation For the human species we have, indeed,
the advantage of having at our disposal a great number of deter-
minations of weight, but here the brain weight has mostly been
somewhat modified by the illness preceding death; in general 1t has
somewhat diminished, but not to the same degree for all individuals.
We may, indeed, make use of an indirect method of determining
the brain weight, but it is clear that there are also objections to be
alleged to this There are as yet too few data available about normal
individuals that have died a sudden death.

On the strength of the relations that appear to be valid between
the cellular dimensions and volumes in the nervous system, I have
become more and more inchned to consider P02 (more accurately
Po217 ) as the correct interindividual factor, and to look upon my
earlier attempts to interpret P02 as superfluous. ')

With regard to the determination of the intersexnal exponent of
relation the difficulties are, indeed, somewhat less, because it is

1) These Proceedings. Vol. XVI (Meeting of December 27, 1913), p. 664—665.
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possible to compute wider averages; but besides for Man there exist
still few data. In 1907 LaricQuE demonstrated') that this exponent
of relation, between the two sexes of the human species, is equal
to that between homomneuric animal species of different weight.
Among Europeans, man is on an average about 12 kilograms
heavier than woman; his average brain weight is about one and a
half hectograms more than that of woman. By taking the results of
all the authors into account, LaPIcQUE arrives at the round values
66 and 54 kilograms for the average body weights, and 1360 and
1220 grams for the average brain weights of European men and
European women, to which an exponent of relation of 0.56 answers.

A much smaller exponent of relation holds within each sex; the
bramm weight varies much less considerably in comparison with the
body weight. LiaricQue draws attention to the discontinaity from one
sex to the other, which thus appears. It had already been long
observed that equal mean brain weights did not correspond to
equal means of body height or of body weight of men on one side,
and women on the other side; we have, in fact, to do here with
two distinct series, like two species. The paradoxal character of this
view, LaricQue continues, disappears when it is thus formulated-
“dans le cas de dimorphisme sexuel la différence sexuelle doit étre
traitée au point de vue, mathématigue comme une différence spéci-
fique”*). The difference in body weight between man and woman
he justly considers as a clear secondary sexual property. In the
brain weight there is now a difference of the same order, and
assuming the above reasoning to be correct “‘ces deux caractéres
en réalité se rameéneraient a un seul, la différence de poids corporel;
la différence de grandeur encéphalique ne serait qu’une consequence
harmonique” *).

On closer consideration I cannot concur with this last conclusion
of the distinguished French physiologist. If it were correct, if actually
one of the sexual properties in question were the necessary conse-
quence of the other, we should find not only a mathematically
equal relation, but also a causally equal relation between all di-
morphous sexes as between the homoneuric species, for which

1y Lours Lapioque, Différence sexuelle du poids encéphalique dams ['espéce
humaine. Bulletins et Mémoires de la Société d'Anthropologie de Paris. Séance
du 6 juin 1907. Paris 1908, p. 337—344.

Y Lours LaricQue, Comparaison du poids encéphalique entre les deux sexes de
I'esptce humaine. Comptes rendus de la Sociéte de Biologie de Pars. T. 63,
" Séance du 9 novembre 1907, p. 484.

%) Ibid., p. 746.
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namely the brain weight and the body weight are in a fixed,
causative ratio to each other. This is, however, not the case, as I
propose to demonstrate ). ) ’

In order to trace the ‘cause of the agreement found between
the relation of Man and Woman and that of the homoneuric
species, and at the same time of the departure from the inter-
individual relation, it is required in the first place to examine
whether this agreement and this deviation is general, and further
how the sexual difference of the size of the body can have influence
on the qunantity of brain.

With regard to the first point Laricqus examined, already in 1907,
whether for the common Rat (Mus norvegicus Erxl.) and the common
Sparrow (Passer domesticus L.) the male sex possesses an excess of
body ' weight and at the same time an excess of brain weight above
the female sex, as in the human species?). He found this for both
animal species, least clearly for the Rat. Of L5 full-grown male
sparrows and I3 full-grown female sparrows the average body weights
were 30.8 and 28.7 grams, and the average brain weights 994 and
959 milligrams, from which an exponent of relation of 0.5077 can
be calculated?). Given however the slight differences of. the average
weights, which LapicQue himself (p. 747) calls only “approximatives”,’
added to the comparatively great individual deviations, not much
value should be assigned to this result. The body weight ranged
for the male sparvows from 28.61 to 33 grams, for the female
from 26.30 to 31.10 grams; the brain weight for the male sparrows
ranged from "825 to 1080 milligrams, and for the female sparrows
from 900 to 1110 milligrams! It is certainly not possible to con-
clude from this to a relation of the brain weight and tHe body
weight between the two sexes of a similar nature as for Man; nor
did Laricque feel justified in doing so. For the restit is well-known
that the sexual difference in size for the Sparrow, if it does exist,
is only met with to a very limited degree. - ’

Sexual parity certainly applies to the Colin (Colinus virginianusL.), for
which gallinaceous kind of bird HroLicKa determined body weights and

1) I have to rectify here my former erroneous assumption (These Proceedings,
Vol. XVI, p. 659) that this relation would be the same in general for Vertebrates
as for Man, .

) Louts LapricQug, Différence sexuelle dans le poids de l'encéphale chez les
animaux: Rat et Moineau, Comptes rendus de la Sociéié de Biologie. Tome 63
(1907), Séance du 21 décembre, p 746—748

3) From the average weights of P and E in the two sexes repeatedly given there.
On p. 748 the result of this calculation has been erroneously given as 0.57 there,
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brain weights of 7 adult cocks and 9 adult hens®). The averages
are 124.1 grams for the body weight and 1.223 grams for the brain
weight of the cocks, and 123 grams for the body weight and 1.242
grams for the brain weight of the hens. From this we may conclude
to the equality of the two sexes in both respects.

An important sexual difference in body weight exists on the other
hand for the Domestic Hen. In what quantitative relation between
the two sexes is here the weight of the brain to that of the body?
. Careful determinations of weight for an adult cock and an adult
hen made by Faick®) and for an adult cock by WELCKER *) gave
the following results. »

The body weight (without “ballast”’) of FALck’s cock, which was
extraordinarily large for its breed, was 1745,67 grams, the brain
weight 3.82 grams, the (net) body weight of the hen was 985.15,
and the brain weight 3.36 grams. From this we find an exponent
of relation .0.2248. By comparison of the sathe hen with WgLCKER'S
middle-sized cock, which had a “Reingewicht” (net weight) of 1445.7
grams and possessed 3.7 grams of brains, we obtain an exponent
of relation of 0.2513. .

Given the comparatively much greater differences of the brain
weights between the two sexes, these results in themselves have
already a greater importance than those which LaricQuE obtained
for the Sparrow, I found between an almost full-grown (more than
six months old) cock of the Leghorn breed, and an entirely full-
grown (two years old) hen of the same, but not quite pure breed,
the exponent of relation 0.4490 for (net) body weights of 1803 and
1197 grams (with emptied crop and stomach) and brain weights
of 3.75 and 3.12 grams. Seeing however, that this cock was not
fully grown, and was therefore too light for its brain weight, the
intersexual exponent of relation for the Gallus kind appears to be
half so great as for Man also here *).

This is in concordance with what we find for different species
of mammals. When in the series of Max WeBer's dogs®) the 7

1) A. Hrpricka, Brain Weight in Vertebrates. Smithsonian Miscellaneous
Collections, Vol. 48. Publication N°. 1574 Washington 1905, p. 106.

2) CG. Pr. FaLck, Beitrige zur Kenntniss der Bildungs- und Wachsthumsge-
schichté der Thierkorper. Schriften der Gesellschaft zur Beférderung der gesammten
Naturwissenschaften zu Marburg. Band 8. Marhurg 1857, p. 165-—249, (p. 242).

9 R. WELCKER—A. BRANDT, Gewichtswerthe der Korperorgane bei dem Menschen
und den Thieren. Archiv fiir Anthropologie, Band 28. Braunschweig 1902, p. 53.

4 See below, p. 864.

5) Max WEBER, Vorstudien iiber das Hirngewicht der Sdugethiere. Festschrift
fir CARL GEGENBAUR. Leipzig 1896, p. 111—112. <+ °
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largest male dogs, which weigh from 12040 to 53000 grams, mean
weight 27503 grams, and possess from 70 to 123, on an average
100 grams of brain, are compared with the 7 smallest female dogs,
which weigh from 6000 to 14250 grams, mean weight 8908 grams,
and possess from 64 to 86, on an average 77 grams of brain, we
get an exponent of relation of 0.2318; i.e. very nearly the inter-
individual exponent for equal sexes of dogs, as determined by
LAPICQUE.

Among Ricuer’'s 157 dogs') twenty are stated to be female.
Possibly there are among the remaining dogs a few more female
ones, not indicaled as such; this does not make much difference
for our purpose. When these twenty female dogs are compared
with an equal number of male dogs, the bodyweights of which lie
as close as possible to those of the female dogs, these weights for
the two sexes together ranging from 5 to 37 kilograms, and the
brain weights from 53 to 125 grams, we find (always comparing
sets of ten): )
between the largest & and the smallest ¢ an exponent of relation 0.3287

L3 ” L3 (; ” » $2] (; (3] 3 39 [T} 0-3374
k24 »” »” Q » ” » & ER 1 1" ” 0-2988
32 b24 b2 9 3 X} 2 9 2 ” 'Y) IX) 0-2899

[t is evident that the discontinuity in the transition from the one
sex to the other, which is so striking in the human species, does
not exist here.

Of five domestic cats, exammed by WiLDER®), three male cats
have a mean body weight of 3284 grams, and a brain weight of
29 grams, two female cats a mean body weight of 2410 grams and
a brain weight of 27 grams, from which an exponent of relation of
0.2310 can be calculated.

According to LapicQue two bulls and six cows *), with mean body
weights of 540 and 397 kilograms and mean brain weights of 480
and 429 grams, give 0.3650; two rams and three sheep, with body
weights of 55 and 50 kilogr. and brain weights of 140 and 125 grams,
give 0,2064 for the exponent of relation. Also the first mentioned

1) CaarLEs RicHET, Poids du cerveau, de la rate et du foie, chez les chiens
de différentes tailles. Comptes rendus de la Société de Biologie de Paris, T. 3,
9me Série Paris 1891, p. 405—415.

%) B. G. WiLpER, Cerebral Variation in Domestic Dogs. Proceedings of the
American Association for the Advancement of Science, 22nd Meeting (1873)
Salem 1874, p. 238. .

3) Bulletins et Mémoires de la Société d'Anthropologie de Paris. Séance du
6 juin 1907, p. 335—336

4 4
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value of the intersexual exponent of relation still lies much nearer
0.28 than 0.56.

Though the number of the individuals compared may be small,
together these comparisons appear sufficient to prove that there
exists, another ratio of the brain weights to the body weights between
the two sexes, very different from that in the human species.

For not a few, pt'obably ‘for by far the most species there does
not exist sexual dimorphism in this respect, even where it might
be expected “from the external difference in the size, as for the Ox
and the Domestic Hen. For those species which do not show sexual
dimorphism in the size of, their bodies this is still less to be expected
in the brain weight. Of 16 male squirrels (Seiurns vulgaris I..) I
found the body weight on an average 331 grams, and of 15 female
squirrels killed.in the same neighbourhood on an average 326 grams.
Thus- much may already be inferred from the not yet numerous
determinations of the brain weight, that for this species the greater
exponent of relation between the sexes does certainly no¢ hold.

For the human species, on the contrary, the important internal
dimorphism of the brain ‘weight, which finds its” expression in the
exponent of relation of double the value for other species, corresponds to
the striking external sexual dimorphism of the body weight; in ratio
to the body weight man has a disproportionally greater amount of
brain than woman. )

Of great consequence is the fact that a javanese monkey species,
the Budeng, Semnopithecus maurus F. Cuv. (incl. pyrrhus Horst.),
entirely agrees with the human species in this respect, as follows
from the body weights and brain weights, according to determinations
by Konisrugek') of a number 'of male and female animals killed
in the state of nature. | mentioned this conformity in a few words
already”in 1913 %). This sexual dimorphism in the qua.ntlty of brain,
of ihe same nature and to the same extent as for Man is
most likely a general characteristic of the Monkeys, at least for
those of the Old World, for they show universally considerable
sexual differences in size of the body and at the same time a certain
sexual difference in the requirements of the mode of life, which in
Man are aitended with the dimorphism of the quantity of the brain.

From the values of P and E determined by Konrsrucee for the
species mentioned, those which may serve for the calculation of an

) ). H ¥ KoHLBRUGGE, Mittheilungen tiber die Linge und Schwere einiger
Organe bei Primaten. Zeitschrift fiir Morphologie und Anthropologie, Bd. Il
Stuttgart 1900, p. 54. .

%) These Proceedings, Vol. XVI, p. 659. )
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intersexual exponent, are fully recorded in Table I, so as also to
show the individual values of the body weight and the brain weight
by the side of the mean values.

TABLE 1. — Body weight and brain weight of Semnopithecus maurus F. Cuv,
(Determinations in Java by J. H. F. KOHLBRUGGE)

6.adult 3‘_ 12 adult 2 ) 4 adult or | 7 adult or
Lf?ngth Length agﬁ?{ 1{.) agg?{ ll{-)
om | 2 in from | B in 3 9
Ne. no::l:s to gr'ams No. noaz:ll;eé to gr’ams E, in E in
in cm’. m cn;. B grams grams
18 66 16500 3 65 12500 81.7* 6
13 68 10000 6 64 12000 81 76°*
16 64 8750 29 — 7500 78 1.3
14 67 8100 4 64 | 6970 11 68
17 64 1500 5 64 6900 66
15 65 7000 32 64 6900 661
1 67 6800 57.5
2 66 6500
1 64 6240
t 30 61 6100
31 64 6000
— 61t 6100
Av, 65.7 9642 Av, 64 7542.5| Av.77.93 | Av.68.93

I have omitted a single particularly low body weight, 3600 grams
for a female specimen (KourBruer’s N°. 11), because I could not
place a corresponding low body weight of a male specimen over against
it. The curves of variation are now for the two sexes, one-sided
towards the same side, and may, therefore, be compared. On the
other hand in this and in the following table another (unnumbered)
female specimen (1) has been inserted, which is not met with among
Konrsrueen's records, of which the latter had kindly furnished the
data to me on the day of the determination (in 1897). Among the
data also three determinations of brain weights have been inserted
of almost adult individuals (in the second period of teething), because
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these brains may certainly be considered as having reached their
full ponderal development. ')

Now the following result is obtained:

(log 77.93 — log 68.93) : (log 9642 — log 7542.5) = 0.5006

By comparison of the averages of the corresponding weights of
the body and the brain individually, of three adult male with those
of four adult female budengs, recorded in Table 1I, an exponent
of relation 0.5248 is found.

TABLE II. — Body weight and bra(in weight of Semnopithecus maurus F. Cuv.

(Grams)
3 adult & 4 adult @

. P E - P E
Ne, 18 16500 8 Ne, 12500 6
, 14 8100 81 " 6970 51.5
s 15 7000 ! " 6900 68

— 6100 66
Av. 10533 76.7 Av., 8117.5 66.9

It follows that for this monkey species between the sexes an
entirely different law for the ratio of the brain weight to the body
weight is valid than for the dther discussed animal species, i.e. the
same as holds for the human species.

Evidently this deviation with respect to so many other animal
species does not only rest on the difference of size between the
sexes, for then it should be much more frequently found, among
others also for the Ox and the Domestic Hen. This quantitative
difference in body weight must be accompanied by some other
difference, and this must necessarily be a qualitative difference, in
contrast also with two homoneuric species, the body weights of
which are only different as far as the quantity is concerned.,

As genuine secondary sexual characteristics of a qualitative nature
the following arve well-known. In all the races of Mankind woman

1y J. H. F. KoHLBRUGGE, l.c., p.48: “Bei Semnopithecus erreicht das Gehirn so
fruhzeitig sein Maximalgewicht dass es schon bei Siuglingen dem erwachsener
Thiere ganz nahe steht".
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has a comparatively longer trnnk and shorter limbs, broader hips,
narrower shoulders, internally a disproportionally more slenderly
built skeleton, and less powerful muscles, on the other hand a more
fully developed layer of fat in the skin, which rounds off the forms.
Thus equal quantities of weight do not mean the same thing in the
two sexes. Especially the muscles constitute a smaller part of the
body weight for woman, the smaller because the arms and legs
to which for both scexes the four fifth part of the entire muscle
weight belongs (for man even slightly more), are also shorter for
woman. ) .

With the smaller percentage ot muscle weight of the female body
must necessarily be in connection adlspropomona.lly shighter quantity
of the nervous system with regard to the body weight. The main
point 1s, therefore, to examine whether the small guantity of brain
in proportion to the body weight for the human female sex, 1n
comparison with other female Mammals, corresponds to the dis-
proportionally slighter muscularvity. . ‘

This appears to be actually the case; in propor tion to the wezgllt of
the muscles the ratio of the brain weight between the two sexes of
the human species is the same as between the fwo sexes ‘of any
other animal species and between individuals of the same sex. The
sexual dimorphism of the brain weight of Man and certainly of
many:if not~all..the Monkeys exists.only in relation to the body
weight. For most animal species, whether or no they are externally
sexually dimorphous, cerebral dimorphism is lacking, also in com-
parison with the body weight, probably even for Pinnipeds, though
of some species of this order the males are on an average three or
four times heavier than the females.

The best data that we have at our disposal concerning the
mauscularity of the male and the femiale body, were furnished by
Friporicn  WiLeeLy Taeink and Hermany WELCKER, published only
after their deaths, of the ]attel by A. Branpr?), of the former by
W. His?).

Through his 'determinations of the weight of the sepamte
muscles of a considerable number of corpses of adult men
and women and children, carvied out with scrupulous accuracy,
TeriLt has raised to himself a Jasting memorial. For our purpose

1) WeLCcRER—BRANDT, lec., p. 38—40.

9 F. W. THEILE, Gewichisbestimmungen zur Entwickelung des Muskelsirstems
und ‘des Skelettes beim Menschen. Nova Acta der Ksl Leop.-Caxo].-Deutscheix
Akademie der Natuiforscher. Band 46, N°. 3, Halle 1884, p. 133—471. '

-83-



859

it detracts somewhat from their value that mostly the body weights
of the adult men and women were not determined. These weights
are not wanting in the tables of WELCKER.

In Table 11l I have recorded all WEeLckrr’s data for so far as
they rvefer to the muscle weight, except woman N°. 3. The deter-
minations put together by WELCKER concern mostly men and
women in good bealth, who have died a sudden death. Except 1.5
and III. 4, which have been borrowed from BiscHorr’s “Hirngewicht
des Menschen”, they were carried out by him and other investigators,

TABLE 1II. — Body weight and muscle weight of 10 men and 3 women.
(Borrowed from Tables I to III, p. 38 to 40, in WELCKER-BRANDT,
Gewichtswerthe der Korperorgane bei dem Menschen und den Thieren)

Lal o
N, Age, |Height,in| 2 . g G o g Relative weight of the
in years| cm. | B %W 2 B0 W 1 muscles in 9 of P
25 $.s
Men I. 1 —_ 157 46870 21451 45.71 )
probably “
22 lunder50 165 | 53714 | 25156 | 46.83
. 3 ca 26 184 61267 26563 43.35
y 4 50 176 65050 28017 43.07
5 33 168 | 69668 | 20102 | 41.77
IL 1 36 163 50500 18484 36.60
P relatively ligh
w 2 — 163 54000 16625 30.79 by dropsy
9 3 — 168 56330 23467 41.66
, 4 — 172 | 61500 | 25504 | 41.62
p O 42 172 65250 30574 46.86
Averages -— 168.8 58415 24503 41.95
Women | IIL 1 61 153 44000 14776 33.58
) 2 55 160 47000 15625 33.24
. 4 22 159 55400 19846 35.82
Averages - 157.3 | 44300 16749 34.32

) Woman N 3 has been omitted here: “Diese Bestinmungen” (namely one
more of a newly born child) “falls sie sich aberhaupt auf normale Kdrper heziehen,.
schliessen erhebliche Fehler in sich”. (loc. cit, p. 14). -
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and they were either not made known elsewhere or in places
that are no longer accessible.

In this table the body weights are mostly small for the body
heights, which will probably be owing to the fact that most examined
men and women did not possess a normal weight at the time of
their death. According to this and the following table the relative
weight of the muscles in each sex is, however, barring exceptions,
a little variable property, even in more advanced age. Nothing else
is, indeed, to be expected from so prominent a system of organs
as that of the muscles, which as regards quantity, participates for
about a third of the weight in the composition of the body, and
the deyelopment of which is in close conmection with that of other
important parts of the bulk of the body, as the skeleton and
many others. -

The sexual difference in the relative weight of the muscles assu-
mes the greater importance in consequence of their pr'eponderant
influence on the bulk of the body. This difference is very conside-
rable. In ratio to the same body weight men ave no less than over
22°/, more muscular than women according fo the averages in
Table III. ) LT

It is very much to be regretted that in THe®’s for the rest very
careful determinations of weight of the muscles, from which Icom-
posed Table 1V, the body weight could be stated in but a single
case. THEILE himself calculates the average relative muscle weights
by simply assuming, according to the general values given by QuErerzr,
the average body weight to be 68 kilograms for his 8 vigorous men,
suicides or having died of an acute illness, and the average body
weight to be 54 kilograms for his 4 vigorous women, who had died
of an acute illness; he then finds (p. 223): “Die Gesamtmuskulatur
des erwachsenen krdftigen Weibes scheint also durchsehnittlich noch
nicht ein Drittel des Korpergewichts zu erreichen, wahrend sie beim
erwachsenen kraftigen Manne durchsehnittlich mehr als ein Drittel
des Korpergewichts betrdgt”. It appears possible to approximate the
real weights still somewhat more closely by taking into consideration
the individual heights and what is further noted. about every indivi-
dual, for the estimation of the weights. The number of the deter-
minations serviceable for my purpose is then confined to 4 men
and 4 women. THEILE'S man N*8 has not heen inserted in Table 1V
on account of his, in comparison with the other men.and women,
high age of 54 years. Estimating his weight, with a height of 160.2
em., at 57 kilograms, he is found fo have, a relative musele weight
of 387/, L ’ )
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As appears from the average heights the men are below the
average computed from very large numbers, the women above the
large-number average. Beyond doubt TrriLe thus overrated the body
weight of the former, but on the other hand underrated that of the
women; in his time there were not yet so many data about the
correspondence of body weight and height available in the literature
as there are at present.

In Table 1V the average relative muscle weight of the women
has been calculated somewhat too low, as in two cases the total
muscle weight was pat as double that of the lefthand side, without
TABLE IV. — Body weight and weight of the muscles of 4 men and 4 women

(According to determinations by F. W. THEILE. The body weights,
except of NO, 3, estimated by me)

, Q'@ | Muscle weight, M, in grams |@ =
Age | Height, | &.-§ s Mg 295 JS:
Sex Ne. in years | in cm. | B8 % $Sm
. - U o @
Y 2.8 Right Left Total | E g=
Men 1 24 167.2 | 62000 | 12033.8 | 11866.5 | 23900.3 | 38 55
2 24 2426 | 167 2 66000 | 12825.4 | 12735.0 | 25560.4 | 38.73
“mit strotzend
3 26 165.1 | 64000 | 14608.0 | 14308.2 | 28016.2 | 45.19 || folepNuskde-
determined
5 35 162.4 59000 | 10718.0 ! estimated | 21300.0 | 36.10
Averages — 165.5 62750 | 12546.3 | 12372.9 | 24919.2 | 39.64
Women 13 22 162.4 62000 — 9261.6 | calculated | 29.88 extraczrdttnanly
as stou
14 22 148.9 50000 — 7388.1 |double the| 29.55 | vigorous body
determined “massig entwickel-
15 35 161 . l 56000 —_— 8041 . 5 half 28- 72 te Muskulatur”
f th “ "
16 44 | 163.3 | 62000 | 90549.3| — ‘body | 30.80 3..;*,:’,‘{,;;"3;‘{’;5‘,1,,
Averages — 158.9 57500 —_ — - 29.74

being balanced by other cases, in which the righthand side was
doubled. When on account of this the relative muscle weight is
put at 80 °/,, this will, indeed, be very near the real average of the
examined women, if their body weights have been correctly estima-
ted. The average relative muscle weight of the men must, on the
other hand, be considered as slightly too high, one of the men being
extraordinarily muscular. On account of this the average relative weight
of the muscles of the men, for so far as itis possible to approximale

it,in such an estimation of the body weights, may be put at 38 °/,,
56
Proceedings Royal Acad. Amsterdam. Vol. XXI,
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which per unity rof - body ‘weight is almost 27 °/,"more than that
of the women.

Apart from a few exceptions the relative weights of the muscles
aceording to the data of THEmLE are lower than those according to the data
of WeLcker This is partly owing to the circumstance that the body
weights given by Wercker are m general low for the body heights,
but probably to a greater extent to another circumstance. WELCKER’S
musecle weights, with the exception of I1.1 and II. 5, were, namely,
determined indirectly, with a certain necessary additional weight on
account of the loss of the weights of the other organs, which have
been subtracted from the body weight; THEeLE, on the other hand
determined directly the singular muscle weights, in which laborious
manipulations some loss of weight, at least through evaporation, is
mevitable.

These deviations, however, applying equally to both sexes, the
ratio between them 1s certainly but little changed by this difference
of the methods. WxLcker’s man III. 5 must have been an exception-
ally powerful individual, indeed, just as ThriLE's N°. 3, but the
high value of lII. 5 1s balanced by the low values of Il. 1 and II. 2.

Hence Man is fwenty-two per cent according to onme, twenty-seven
per ceni according to the other series of determinations per unity
of body weight more muscular than Woman. Thal these results,
even apanf from the uncertainly of thé estimations in question,
founded. as they are on a small number of observations, may still
depart somewhaf from the general average, notwithstanding the
prevailing constancy of the relative muscle weight within each sex,
needs no further demonstration.

Nor has perfect certainty been attained as regards the average
body weights of Euvopean men and women. But when with
LAPICQUE the averages are put at 66 and 54 kilograms, it is found
that these values are precisely in the same ratio to each other as
the avelage rvelative muscle weights according to THEILE’s determi-
nations, In fact gg is == 1,2222 and %—g—;— is = 1.2223.

If then the male body per unity of weight, has 22°/ more muscle
weight than the female body, the weight of the former is, besides,
absolutely greater than the latter in the same ratio.

In his excellent handbook on anthropelogy®) Ruporyr Marmiw
assumes as the average weight of European woman 52 kilograms,

") R. Marriy, Lehrbuch der Anthropologie in systematischer Darstellung. Jena
1914, p. 237.
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and of European man 65 kilograms, i.e. 25°/, more. This ratio comes
nearer that of the average relative muscle weights, computed from
the data of THEE.

Hence 1t may safely be assumed that for the human species, the
male body has higher relative weight of the muscles than the female
body in the same geometrical ratio as the former has already more
weight than the lalter. In other words. Between Woman and Man
the absolute weight of the muscles varies in rate of the square of
the body weight. -

This now accounts for the fact that between Woman and Man
the brain weighi, in function of the body weight, increases propor-
tionally with the square of the ncrease of the brain weight, in
funchon of the body weight, between the two sexes of most other
species, nawely, proportionally to 9% between Woman and Man,
and proportionally to P2 between the two sexes of most animal
species.

When the exponent of relation of the brain weight between Woman
and Man 1s really not calculated with respect to the average body
weight, but with respect to the absolnte average muscle weight, it
is found to be equal to the exponent of relation of the brain weight
i function of the body weight, between individnals of identical
species, viz. about 0.28, instead of 0.586. '

There are only few direct data about the ratio of the muscle
weights between individuals of one sex of identical species, between
the two sexes and between different homonenric species at our
disposal. From WoLcker’'s and TrriLr’s determinations of the muscle
weights for the human species it is already clear that these weights,
between individuals of 1dentical sex, vary proportionally to the
body weight.

We find the same proportionality in other species of Vertebrates.
Of two almost adult dachshunds from the same litter, examined by
Fawck*), the somewhat older and heavier female had shghtly higher
relative muscle weight (which rapidly increases with the age in both
sexes) than the male. Though the fullgrown male of the albino rat
(Mus norvegicus Erxl.) weighs on an average about 300 grams as
against the female about 200 grams, they are equally mnscular,
judging’ from Jackson and Lowriy's determinations?) on not yet
full-grown animals. Comparing six males of 150 days, with an

I} C Pu. FaLok, Beithage zur Kenntniss der Wachsthumsgeschichte des Thier-
korpers. Archiv fiir pathologische Anatomie und Physiologie (VircHow), Band Vil
Berlih 1854, 4 37 -75. ’

%) H. H. DoNaLDsoN, The Rat. Philadelphia 1915, p 76.

56*
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average weight of 218.7 grams, of which 93.38 grams of muscle
weight, with seven females of the same age, with an average weight
of 154.8 grams and a mnscle weight of 65.94 grams, we find a
relative weight of the muscles of 42.7°/, for -the males and 42.6°/,
for the females. For four male albino rats (Mus norvegicus Erxl.),
of 365 days, weighing on an average 260.2 grams, the mean relative
weight of the muscles was 46.5°/,, and two female albino rats,
weighing on an average 183.5 grams, had a mean relative muscle
weight of 43.3 °/,. Calculated with the absolute muscle weights 761.8
and 517.1 grams') given by Weickrr there was equality of relative
muscle weight (viz. 52.7 and 52.5°/,) between the cock of 1445.7
grams and the hen of 985.1 grams of body weight. For the above
mentioned almost full-grown ILeghorn cock I found 213.9 grams or _
11.9°/, of the body weight for the joint weight of the three left-
hand and the three righthand pectoral muscles; for the fullgrown
hen 174.6 grams or 14.6 °/, of the body weight! In about the same
geometrical ratio the muscles of the shank of the hen exceeded those
of the cock. Evidently the cock was less muscular, because it was
not quite full-grown. When the body weight of the cock is calculated
with equal relative muscle weight as the hen, the exponent of rela-
tion becomes 0.2984. An adult male and an adult female lizard
(Lacerta agilis L.) according to WELcker®’) bhave almost the same
relative muscle weight; so have a male and a female Spotted Land-
salamander {Salamandra maculosa Laur.) according to his data.

But such a proportionality of body weight and muscle weight,
beiween individuals of identical species and equal sex, as well as
between the two sexes, may certainly be assumed, if this proportion-
ality also exists between different homoneuric species.

Very valuable data about this matter are furnished by A. MaeNan ?).
From the values which he gives for the average relative weights of
the musculus coraco-brachialis (which muscle raises the wing) in-
different orders of Birds, taken in general (p. 126), proportionality
with the body weight already appears. But it seems to me to be of
importance to examine this within every order and also for the

1) WeLckER—BRANDT, loc. cit., p. 58. — FaLck’s muscle weight corrected by
WELCKER. Among these muscle weights for the cock and the hen also a certain
part of the skeleton is included.

% Loe. cit.,, p. 55.

3) A. Maceran, Relation chez les Oiseaux entre le poids de leurs muscles
pectoraux et leur maniére de voler. Bulletin du Muséum national d'Histoire naturelle.
Année 1913, N 1, Paris 1913, p. 40-—52. Les muscles releveurs de l'ailechez
les Oiseaux. Ibid.,, N°. 2, p. 126—128.
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muscalus pectoralis major, which is from 5 to 10 times more bulky
than the coraco-brachialis. By pressing the wing down, this powerful
muscle acts more directly in the locomotion, and is quantitatively
very differently developed in the different orders according to their
mode of flying, most so for the Gallinae and the Columbidae, which
fly rowing (vol ramé), least for the Birds of Prey and the Owls,
which mostly fly floatingly (vol plané), little too for the Marine
Palmipeds, which sail through the air in their flight (vol & voile).
In connection with this the area of the wing and the volume (or
weight) of the principal muscle active in flying, the musculus pecto-
ralis major are in reversed ratio to each other. To mention only the
exiremes, the Birds of Prey have on an average double the wing
surface of the Gallinae, and their musculus pectoralis major has only
half the weight. For our purpose it is, however, necessary to. know
whether also under for the rest equal circumstances, the weight of
the latter muscle is proportional to the body weight. If this appears
to be actually the case, we may safely conclude that it holds for
the whole of the muscles and for other Vertebrates too. Hence we
should only compare Birds of the sime order, which also resemble
each other as much as possible in form and mode of flying, because
on account of the presence of two counteracting factors, area of
the wing and development of the muscle, deviations of the former,
also within a same order, immediately assume great importance for
the latter. From MaeNnaN’s determinations I have chosen 10 pairs,
formed from 20 species of Birds, each pair consisting of two species
which, though different in size, resemble each other as closely as
possible, as regards form of the body and flight, and calculated the
relative body weight (P), the relative weight of the musculus pecto-
ralis major (Mp), the velative surface of the body (S, as 1"*/,), and
the relative area of the wing (A4)*'), and for (mostly other individu-
als of) the same species also the relative weight of the musculus
coraco-brachialis (Mc).

When specific and individual deviations ave disregarded, there
thus appears to exist a simple proportionality of the weight of the
muscles with the weight of the body. In the average values found
the weight of both muscles is slightly more than proportional to
the body weight; but most probably this is chiefly to be attributed to
the circumstance that also the area of the wings becomes on an average
somewhat larger in proportion to the surface of the body; which

1) A. Maenan, Variations de la surface alaire chez les Oiseaux, l.c, Année
1918, N°. 2, p. 119—1%5.
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TABLE V. — Relative weights of the body (F), the musculus pectoralis major
(Mp) and the musculus coracobrachialis (Mc), and relative surfaces of
the body (S) and the area of the wings (4) in 10 pairs, formed from

n . 20 species of Birds. (Calculated from the determinationsof A. MAGNAN)
Plm |, S| a| P | M
(P?fs)

1. Buzzard (Buteo vulgaris Leach) —
Kestrel (Tmnunculus alaudarius Gm.)

2. Black-backed Gull (Larus marinus L) —
Black-headed Gull (Larus ridibundus L.)

%4.715 4.8122.812|3.235|5.862 | 4.568
3. Silvery Gull (Larus argentatus Brunn.) — %6 566 | 6.471 | 3.506 | 3.470 | 6.860 | 6.760

8 02519.1154.008 | 3,158 7.285 ) 8.781

Tern (Sterna hirundo L.)

4, Hooded Crow (Corvus cornix L) —
Jay (Garrulus glandularius L.)

5 Blackbird (Turdus merula L.) —
Hedge Sparrow (Accentor modularis L.)

3.140(3.434 [2.144 | 2,332 3.102 | 3.062

4 117]4.143 |2 569(2.58314.601 | 4.052

 White-cyed Poacnard. (Punguia nyroce Guid) || 2246|2196 1715 2,258 |2.246  1.705
T Winter Ten (ousrooschas L) = L) 13.174| 2.555 | 2.160| 2.025 | 3.041 | 2.200
 Ringed Sand-plover (Charadrios maticaia L) [{0-05% | 4449 |2.529 | 2,470 |3.554 | 4.875
" Moreh Greenshank Chotans stagnatils Bechst) || 3-69¢]3:690|2.090 | 2.64213.604  4.607
10 Firtie o {Gojumba livia Briss) — (3.592 |4.126 | 2.346 | 2.5703.649 | 3.657

Averages |4.2823 (4.4885(2.5979 2.6443 |4.3894 |4.4357

seems also required to keep the body, which becomes disproportio-
nally heavier with regard to ils surface, floating.

Thns through this research the necessary certainty has been ob-
tained that between homoneuric species, under for the rest equal
circumstances, the weight of the muscles varies proportionally with
the body weight. If this holds between large and small homo-
neuric species, it may be assumed a fortiori that the individuals
of a same species and of equal, generally also of different sexes,
cerfainly possess no greater relative muscle weight than the smaller
individuals, because between them the brain weight, in function of
the body weight, varies much less than between homoneuric species.

For man, however, in comparison with woman, the absolute
average weights of the muscles increase as the square of their average
body weights. Together with this also the brain weight, in function
of the body weight, as the square of the increase of the brain weight,
in function of the body weight, between individuals of identical
species, mostly even of different sexes. For man, compared with
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woman, therefore, as P28 % P02 or P03, just as between homo-
neuric species.

In function of the muscle weight, however, the brain weight in
every species — also in the human species — be{ween individuals
of equal and of different sexes, varies proportionally to /028,

This is different between homoneuric species. For them the brain
weight varies both proportionally to M5 and to P05, in propor-
tion to the weight or volume of the musclee the brain weight i mueases,
therefore, more than within a species.-

Here an important difference in the relation between homoneurie
species and between the two sexes — also in the human species -—
becomes apparent, with which without doubt differences in the
anafomical and physiological relation of the nervous system and the
muscular systemn are connected.

In fact it has already long been known that the muscle fibers of
man are on an average considerably thicker than those of woman.
Bowman ') found (already in 1840) that the mean diameter for
man is about a fourth larger, corresponding to a ratio of the area
of the sections of 1.664. ScmwaLse and MAvEDA®) lay great stress
on the “bedeutenden Einfluss’”, which the sex has on the thickness
of homologous muscle fibers. “Ganz algemein liegen in den
hier verwerthbaren Messungen die Kaliber-Maxima im weiblichen
Muskel tiefer als iin mdnnlichen” (p. 502). The same sexual differ-
ence holds for-the average calibers of the comparable measurements,
represented in Table VI. So also for the relative widths and maxima
of the “‘curves of variation”, from which appears perfect uniformity
of these mean curves (for the width as well as for the maxima the
ratio is 1.653); which in connection with the functional relation
between the nerve and the muscle- found by Krira Lucas, Minus,
and by LapicqUe in their researches, is of great importance. *)

The average area of section of the fibers of these three muscles

1) W. Bowman, On the Minute Structure and Movements of Voluntary Muscle.
Philosophical Transactions of the Royal Society of London for the year 1840.
Part II, London 1840, p. 461.

%) G. ScuwaLBe und R. Mavgpa, Ueber die Kaliberverhaitnisse der querge-
streiften Muskelfasern des Menschen. Zeitschrift fur Biologie (KiimNe und Vorr).
Band 27, Miinchen und Leipzig 1890, p. 482—516.

8) K. Lucas, in Journal of Physiology. Cambridge 1905, p. 125; 1909, p. 113. —
G. R. Mings, Ibid. 1913, p. 1. — L. Lapicque, in Comptes rendus de la Société
de Biologie. Paris 1913, p. 35. — The fibers of a skeleton muscle can, namely;
each of them separately get into contraction. Without doubt this must be in con-
nection both with the thickness of the muscle fibers and with the thickness of the
nerve fibers, fe s
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TABLE VI. — Diameter of the muscle fibers. (From measurements by G. SCHWALBE

and R MAYEDA)
_——M-—

Relative width and maxi-
Mean d!ameter mum of the curves of
(in micra) variation

Man Woman Man Woman

Biceps brachii 51.7 39.5 14 20 12 17
Sartorius 51.8 36.2 18 24 13 17
Gastrocnemius 57.5 47.5 22 28 17 22
Averages 53.7 4.1 18 24 14 18.7

is 1.708 times larger for man than for woman; of both sexes
“kraftige Leichen” were compared. In the “muskelkraftige” men
and women of, THELE the homonymous muscles had the weights
indicated in Table VII.

TABLE VII. — Muscle weights (in grams). (From determinations by F. W. THEILE)

-

Four men Four women

S

ne. 1(r)] 22 | 3D | Ar) |Mean |n% 13(r)} 14(2) | 15({) | 16(r) | Mean

Biceps brachii |179.2]152.9(181.7|196.3{177.5| 96.9 | 72.1| 77.8 104.0l 81.7
Sartorius 143.5/211.87201.0|207.5[191.0| 110.6 73.9]102.5 100.6 | 96.9
Gastrocnemius | 346.0291.4 ( 449.2 460 7(386.8| 259,1 |223.7 238.6|252.2|243.4

Averages | 222.9 | 218.7(277.3 (288.2251.8] 155.5 (123.2139.6 152.3 | 142.7

The average weight of the three muscles is 1.765 times greater for
the men than for the women. When it is assumed that in proportion
to the greater bodily lengths, the muscles were on an average 1.069
times longer for the men ), we find the area of section on an average
1.651 times larger than for the women. This latter value comes very
near the value 1.708 found for the increase of the average area of

1) Of the man N% 5 the gastrocnemius had not been weighed separately. 1chose
for this NO. 7, “Mann von mehr als mittlerer Grosse”, for whose height [
assumed 175 em. The average height of these four men then becomes 168.6 cm.;
the average height of the four women is 158.9 e¢m. The ratio of the lengths of

the limbs of these men to those of these women may thus be put at about
170: 159 = 1,069,

-93-



869

section of the muscle fibers. As with the length of the muscle in
general also varies the length of 1its fibers?), and accordingly the
average number of them remains the same, it may be assumed that
the average number of the muscle fibers of man is the same
as that of woman. This is then also valid for the number of the
motor nerve fibers, and also of all other nerve fibers and of the
neurones.

Thus the ratio of the brain weights can only be determined by
the length and the area of section of the nerve fibers, or one of
them (not by the number). The volume of the cell-bodies is minute
in comparison with that of the other components of the neurones.
Now the brain weights are to each other in the same ratio as the
length of the nerve fibers, from which follows that the area of
section of the nerve fibers remains the same, just as between indi- .
viduals of equal sex of a species. Between homoneuric species, on
the other hand, the area of section of the nerve tibers varies
proportionally to P02,

Hence there is no difference in the sexes as regards the physio-
logical relation between the muscular system and the nervous system.
For the human species, however, and certainly also for many, if
not for all Monkeys, the male sex does agree with the males of
other species, but the female sex does not, as far as relation between
these two systems of organs and the bulk of the body is concerned.
Dynamically, woman, in as much as she has to move a dispropor-
tionally greater body weight for her strength, is inferior to man.
The ratio of the body weights is regulated here so, as woman pos-
sesses disproportionally less muscle, that the dynamic disadvantage
of the large individuals as against the small ones, is cancelled for
man as against woman, which requires squaring of the common
ratio of the brain weight and the muscle weight to the body weight.

Thus it is not only for the human species, but also for other
Primates. The peculiarity existing heve: slighter mobility of woman,
and on the other hand greal mobility of man can only be accounted
for by the very special and contrary mechanic requirements which,
in this order, maternal care imposes on one, and family life on the
other sex. If is needless to point out the significance which this has
also in a sociological respect, and to demonstrate the impossibility
that we shall ever be justified in saying: “nous avons changé tout
cela’.

1) Gf.: R. Mavepa, Ueber die Kaliberverhiltnisse der quergestreiften Muskel-
fasern. Zeitschrift fiir Biologie (KGHNE und Voir), Band 27. (1890), p. 142 and 146.

Fd

i

-94 -



Astronomy. — “The Distribution of the Absolute Magnitudes among

) the Stars in and about the Milky Way”. (Second Communi-
cation). By Dr. W. J. A. Scrourex. (Communicated by Prof.
J. C. KAPTEYN).

(Communicated in the meeling of November 30, 1918).

In a former communication we have communicated the results of
a research in which we determined according to KApTEYN’s method the
"mean luminosity carve for the whole sky and the corresponding
curves for zones of different galactic latitude. We intend to communicate
in this essay the results that were found by treating the same data
according a method first proposed and used by ScHWARrzZsCHILD.

1. ScawarzscHu.p’s method and his results.

ScHwaArzscHILD starts from the integral formulae that were first
framed by SkeriGer. SuELiGER made use of the total number of stars
from the brightest star to those of determined magnitude. SCHWARZ-
scHILD, however, uses the number of stars of each magnitude. This
is already a great simplification. Besides his work is characterized
by a severe mathematical treatment. His merit consists chiefly in
giving an elegant general solution that is applicable to all funda-
mental problems of statistical astronomy ').

Let N,dh be the number of stars with an apparent brightness
between h and A+ dk and a; their mean parallax, then — if we
indicate the density once more by [(r) dnd the frequency curve of
the absolute magnitudes by @(z) — the following relations are true:

-]

Ny=Ada | D@y ) r*dr . . . . . . (1)

0

-]

and N, n'h=4:rfD(r) pRe)e®dr . . . . L. ,(2)
0

1) His articles have appeared in 4stron. Nachr. Nos. 4422, 4557 and 4740.
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- In Astron. Nachr. N°. 4422 the following problems were discussed:
a. Let N, and (i) be given. It is required to determine ID(r)
by solving the infegral equation (1).
b. Let N, and m;, be given. It is required to determine both D{r)
and ¢(z) by solving simultaneously the integral equations (1) and (2).
The integral equations have been solved by ScEWARzscHILD by
means of the known properties of Fouriir coefficients ).
It is clear that we can find the velocity law in an analogous way.
If it is required to determine simnultaneously the density law, the
luminosity law and the velocity law this can be done in (he fol-
lowing ways :
Ist  From A’m, N[I and ,,
ond v N A’l-* w R -
gud "e Ny o Ty
. 4th w Noy o f

In case we suppose that therve 18 no conneetion between lumino-
sity and velocity, N, , and wu,, would be sufficient data from which
to determine the three functions we seek.

Practically we have to reckon with the accuracy with which the
required data can be deduced from the observations. Theoretically
we can find D(r), @) and (V) in each of the cases mentioned
by resolving the integral equations in accordance with ScHWAgrz-
scHILD’s method.

Serious objections, however, may be raised against the use of
such integral formulae. If Nm, m,, etc. were known to us as conti-
nuous analytical functions of the variables ScHWARrZSCHILD’s method
would be very well adapted to the determining of the required
functions from these data. As a rule, however, we only know the
values of N, and :, for whole numbers of m. If now we represent
these numbers by a formula, these relations, indeed, adapt them-
selves to interpolation. If, however, the relations have no theoretical
foundations and the paramelers no physieal signification, we cannot
attach any other value to them than that of interpolation formnlae
There is always the risk, then, that by using these relations, we
keep properties of the original data hidden from ‘view.

A second objection is that empirical relations are extrapolated out
of the interval within which observations are available. If a function
i a determined interval represents the observations with sufficient
accuracy, it need not for that reason be of force outside the interval.
And particularly with the integral method it can be deterwmined

1) Vide also Eopineron, Siellar. Movements, Chapter X. : .o

4
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only with great difficulty, how far the results are based on extra-
polation *).

Another drawback of the method is that we cannot inquire into
the dependence of ¢ (z) or W (V) on ». Moreover we are obliged
to assume that there is no such thing as absorption of the light
in space. -

In ScawarzscriLD’s application of his method it was not investi-
gated, how the density varies with the galactic latitude. This is,
however, possible, if we have sufficient data at our disposal.

Several objections that may be raised against ScHWARZSCHILD’S
method do not exist with respect to Kapreyn’s method, with which
we dealt in a former communication.

Yet we have also derived from our data of observation the
frequency curve of absolute magnitudes in SCHWARZSCHILD'S manner,
None of the methods proposed till now 1s entirely unassailable.
By applying methods based on different hypotheses we can judge
of the correctness of the suppositions that have been made and find
more reliable results.

A great advantage of ScawarzscHILD's method is that 1t distinetly
represents the connection of the different quantities and enables us
to judge, whether the values found for the unknown quantities
correspond to each other and form a consistent system.

In Astron. Nachr. N°. 4422 ScawarzscHiLp has solved the two
problems above mentioned and has also given numerical results of
the unknown quantities. Use was made of the luminosity curve,
derived by Kaprevn in Astron. Journal N°. 566 and of the numbers
N, published by him in Publ. Gromingen N°. 18. For log. N,
ScawarzscHILD found : '

log. Ny = 0.596 +- 0.5612m — 0.0055m* . . . . (8)

From these data the density was derived and the mean parallaxes x,,.

In his second article ScEWArzscHILD investigated in which way
the chief stellar statistical quantities depend on the three principal
laws and gave formulae to calculate the different quantities. An
exact application of the method requires, when we use the general
form of the functions, a very comprehensive arithmetical labour.
This is only advisable if a very large amount of data of observation
are at our disposal. Therefore suppositions were made about the
form of the unknown functions.

1) How one may obtain strange resulis by such unallowed extrapolation is seen,
for instance, when CuaRuier (Meddelanden Observ. Lund, Serie II, NO. 8, p. 21)
derives from the formula of Kapreyn and ScuwamzscuiLp, which is cited in this

communication by (3), that the numbers Nn increase up to m =51,
i

-
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SCHWARZSCRILD Supposes: '

D(r) == 1000~ p—ag* (0 = — 5.0 log.7)
¢ (@) == 10b—b M—b 0" (M = — 2.5 log. )
WV)= 100-a 6—a & (G =—5.01log. V)

In contradistinction to the assumptions of SrELIGER about the form
of the density law and the luminosity law these suppositions are
not without any foundation. The form for ¢ (¢) has been found
empirically by Kapreyn and the form of the density function has
been derived in Astron. Nachr. N°. 4422 by means of the numbers
of stars of determined magnitude that have been counted. The form
of the function w (J7) “ist zunachst vein formal der Bequemlichkeit
der Rechnung wegen eingefuhrt”. Besides the formula (3) mentioned
above ScHwarzscHILD deduced from the observations:

log. e = —1.108 — 0.125m )
log. mty p=— 0.766 — B, m — 0.1243 ¢
in which ¢ has been assnmed to be = — 5.0 log. u.

From these data the three principal laws and various other
quantities, including the coefficient R,, were derived.

According to ScrwarzscHitp the distribution of luminosities found
by him may also be formulated in this manner, that the absolute
magnitudes are spread around the average value 11™.5 (in Scawarz-
scHNLD’s notation ') with a mean error of 3™.8 according to the law
of errors. This is incorrect. From the data used by him it is easily
fonnd with the aid of the table of coefficients in Asiron. Nachr.
N°. 4557, that the mean M of his lummosity curve is 25.1, there-
fore in KapTeYN’S notation 307.1.

The frequency curve found by Scmwarzscuiip differs considerably
from the distribution of luminosities deteimined by Karteys in Publ.
Groningen N°. 11. This difference is puzzling as both investigators
made use of the same data.

We have failed in finding a conelusive explanation for this bad
agreement. One wmight think, that a correlation between the absolute
magnitade and the velocity of the stars exerted its influence. Of late
several investigators have indeed drawn the attention to some indica-
tions of a relation between luminosity and velocity. *). But yet one

1) ScawarzscHILD makes use of the distance corresponding with 7 =17 as a
unity of distance. Then M =m 4 5l0g. 7, so that the relation Mkapreyn =
== MscuwarzscuiLp -~ 5 holds good.

%) Vide e.g. Eppinaron, Observatory Vol. 38, p. 392, seq. Perhaps this question
may also be solved by the investigation now in course of preparation at the
Astronomical Laboratory at Groningen and on which we already drew the attention
in our former communication.
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may certainly not assume, that such a relation would be of so far-
reaching 1mportance and would lLave so great an influence on the
result in applying ScewarzscriLD’s method. Moreover, treating the
data of observation available to us according to this method we found
the same luminosity curve we had found according to KapreYs’s method.

As there is no agreement, it seems to us, that KAPTEYN’s result
shonld be trusted most. His method is, indeed, to be preferred to
ScawarzscHILD’s and this chiefly for the following reasons:

1st, Karreyn does not suppose definite forms for the functions
that are to be determined;

20d, with Kapreyn’s method it is possible io examine, 1f the fre-
quency function of absolute magnitudes is the same at all distances
from the sun;

39, 1of Karrevy's method 1s apphed, it may be seen at once how
far the vesults are based on observations and where extrapolation
comes 1n;

4, Kapreyn’s method need not be altered if it should appear
that velocity is a function of luminosity, while ScBwarzscHILD’s
formulae must undergo considerable modifications, and

5th. ScewarzscHILD’S vesults depend to a high degree ou the values
of some quantities (e.g. the coefficient «,) which can only with diffi-
culty be derived with sufficient exactness from observations.

Yet ScawarzscriLD’s method and KapTiYN’s if they are applied
prudently to the same data, should give the same results. The
difference found is probably to be attributed to the fifth objection
that we raised against SCHWARZSCHILD’S method.

The interpolation-formulae we deduced from our data for IV, and
the formulae used by us for s, and m,, are to be trusted more
than ScAwaRzscBILD’s, because they are based on more complete
and more minute data. Therefore less danger is to be apprehended
from the objection mentioned for our determination. So it may
perhaps be: explained that ScAwaRzscHiLD found a divergent result,
as we attained the same results according to the different methods.

2. The results of our investigation.

We have applied SémwarscBILD's method to the same data of
observation that we have also treated, as we have communicated
in a former article, according to KarTrYN'S method.

The data we want are. ‘

1. the numbers of stars of determined magnitnde A,
~ 2 the mean parallaxes of siars of determined magnitude =,

3. two coefficients of the formula for m,, .. ’
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‘We have established the mean luminosity law and also the mean
density and (relocity laws for the whole sky and moreover we have
determined these principal laws for the 5 galactic zones separately.

The numbers A, were derived from Table V of Publ. Groningen
N°. 27. It was necessary to represent the numbers found by inter-
polation-formulae. For these the following formulae were found:

Whole sky log. Ny = —4.2395 4+ 0.63812m — 0.011677 m?
Zone 1 = — 41848 4 0.65736 — 0.011243
| = —4.1841 } 0.63322 — 0.011463
[I1 = —4.6159 + 0.71857 — 0.017257
v = —4.4638 4 0.67891 — 0.016289
AY = — 4.5120 4 0.69565 — 0.017976

The mean parallaxes =,, as we have already communicated, have
been lent to us for our investigation with great kindness by Prof.
Kapreyn and Dr. Van Reun. These may be represented as follows:

S Whole sky log. 7, = 8.943 — 0.142m
Zone 1 = 6.883 —0.142 m

1 — 8.904 — 0.142 m

I =8.957 — 0.142m

IV =9.024 — 0.142m

Y = 9.066 — 0.142m

We have deduced the mean parallaxes =, , from those which
Kapreyn published in Publ. Groningen N°. 8, by making the constant
a in the formula

Wopy . = au_bgm—5 0
in agreement with the values of mr, just mentioned. Then we find
the following formulae:

Whole sky -log. 7, — 0.717 — 0.062 m — 0.142 ¢

Zone 1 = —0.777 —0.062 m — 0.142 ¢
Zone 11 = — 0.756 -—0.062 m — 0.142 ¢
Zone 111 = —0.703 —0.062m — 0.142 ¢
Zone IV = —0.636.—0.062m —0.142 ¢
Zone V = —05%4 —0062m —0.142 ¢

We have derived the principal laws from these data according to
the method that .ScewarzscuiLp has proposed in his article in Astron.
Nachr. N°.4557. There the relations, which exist between the coef-
ficients of the different formulae, have been communicated tn extenso.
The whole computation has been made by means of the formulae
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mentioned there. A possible relation between luminosity and velocity
has been left out of consideration. Nor did we, imitating ScHWARZSCHILD
make use of the coefficient of m in the formula for x,, .. We mention
here the results we found and also reprint for. the sake of compa-
rison the results that ScrwarzscaiLp found.

In all formulae we have used ScEwARzZscHILD’s definition of absolute
magnitude.

ScawarzscHILD's Results,

log. D(r) == + 0.488 — 0,097 o — 0.0088 o*

log. () = — 2.879 -+ 0.737 M — 0.0147 M?
log. p(V)= — 0.922 — 0.165 G — 0.0581 G*
Mp=—119 -+ 0374m
Our Results for the whole sky.
log. D(r) = — 2.350 — 0.242 ¢ — 0.0165
log. ¢() == — 0.853 1+ 0.141 J/— 0.0403 M
log. (V)= — 1.381 — 0.611 G — 0.1400 &* '
My=—179 - 0.290m
Zone 1.
log. D(r) == — 3.113 — 0.263 0 — 0.0158 ¢*
log. i) = — 0.902 4 0.154 M— 0.0887 M*
log. W(V) = — 1.586 — 0.659 G — 0.1344
M,=—-—84 4+ 0.289m
Zone 1.
log. D(r) = — 2.805 — 0.240 p — 0.0162 o*
log. ¢6) = — 0.841 + 0.127 M — 0.0397 M"
log. (V)=—1.608 — 0 727 G — 0.1477 G*
M, = —82 4 0.289m
Zone III.
log. D(r) = — 4,103 — 0.402 9 — 0.0244 o*
log. (i) = — 0.646 + 0.025 I/ — 0.0597 M* '
log. w(V)= — 0.728 — 0.972 G — 0.2074 G*
My=—"170 - 0290m
Zone 1V, .
log. D(r) = — 8.690 — 0.382 9 — 0.0280"¢*
log. () = — 0.671 4- 0.057 M/ — 0.0564 M*

log. $(V)= — 1.800 — 0.775 @ — 0.1958'G"

M,=— 68 1 0289m *
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' . Zone V.
log. D(r) = — 4.207 — 0.362 ¢ — 0.0254 o*
log. ¢(i) = — 0.636 4 0.045 M — 0.0621 M
log. w(V)= — 1.186 — 0.784 G — 0.2158 &*
My——64 +0290m

The values we found for the various coefficients differ rather
considerably from ScHwarzscEND’s results. This is especially apparent
in the formulae for ¢(z) and ¢(V).

It is especially of importance to compare the luminosity curve
with that of ScmwarzscriLp and the frequency curves that were
found for the various zones with each other. To facilitate this we
have given another forin to the formulae. In order to compare them
we have also given Kapreyn’s results in the same form. Here too
M has been expressed in the unit, nsed by ScEWarzscHILD.

We represent the luminosity curve by -the formula:

@ (M) = Co—1AM—1Y

A simple calculation shows us the relation between the new
parameters and those used above.

The luminosity curves found above may be expressed now by
formulae of the form we found, with the following values of the
parameters :

. k h

The whole sky. . 1.76 - 0.385

Zone 1. . . . 200 0.378

Zone 11 . . . . -161 0.382

Zone III . . . . 021 0.469 -
Zone IV . . . . 051 0.456

Zone V . . .. . 036 0.478 »
ScewarzscHip . . 25.07 0.184

o) type I 395 0.243
Raproon ) | e 11 530 0.247

. The difference between the values found by us and those of
ScHWARZSCHILD i§' very great, much greater than we had expected.
There is more agreement with the results obtained by Karreyy,
although “here too at first sight the difference is pretty conside-
rable. No great signiticance can be attributed, however, to the values
found for %. These results are based on extrapolation as the parts of
the frequency curves that are based on observations do not extend as
far as the maximum. It appears from the figure that we added to
this communication; that Kapreyn’s curve does not differ much from

'Y Astron, Journ. NO. 566.
57
Proceedings Royal Acad. Amsterdam. Vol. XXI.
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our determination as might perhaps be concluded from the valunes
of £ and %; but that the two curves agree very well,

No real significance can be ascribed to the maximum of the
luminosity curves, determined by us, as the numbers for the mag-
nitndes 5 and 6, ete. (notation of KAPTEYN) are based on the numbers
which were found in the nearest vicinity of the san. Bat onr
countings are not complete here, because we excluded stars with
P.M. > 50". To this may be ascribed the decrease in the numbers
which we observed. )

Very remarkable is the way in which the valnes for t agree
that have heen found for the different zones. It is true, there are
indications of a systematic difference in the values of £ for higher
and less high galactic latitudes, but the differences between the
values of the numbers are not so great, if we take into consideration
the exactness of the data, that we can deduce from them with
certainty, that the luminosity curves of the various galactic zones
differ. How well the different curves agree, is most evident from
the figure which we inserted in our first communication. The six
lines in the upper part of the figure relate to the investigation now
discussed.

We are of opinion that we may conclude with a tolerable degree
of probability from these results that the frequency curve of absolute
magnitudes does not vary with the galactic latitude. And if this
should not be entirely correct, then the variation is certainly very small.

3. Comparison with the results of other investigalors.

If we wish to compare the luminosity curves determined or
assfined by different investigators in the course of time, then we
can perform this best graphically. We have drawn the principal
curves in the figure subjoined.

The curve with the indication “KapTrYN” represents the luminosity
law published in Publ. Groningen N°. 11. Our determination accord-
ing to (he same method, which we marked by the figure II, gave
entirely the same resalt. They do not only agree in form, but the
numbers of stars of every absolute magnitude which were found
per unit of volume in the neighbourhood of the sun, are quite
the same.

We added in order to make comparison possible a‘constant amount
to each number log. NV, for the other curves.

Then we have drawn the luminosity curve, that SCHWARZSCHILD
deduced in Astron. Nachr. N°. 4557 and also the frequency function,

A\
! [FND Bt

- 103 -



879

that we found according to the same method and marked by the
figure 1. Whereas the first is entirely different from KaPTEYN’s lumi-
nosity law, the second agrees very well with it.

Ih Astron. Nachr. N°. 4422 Herrzspruone assumed for the distri-
bution function of absolute magnitudes a Gaussian curve with a
mean value of 27.7 and an average deviation of 4= 3=.0.

Harim ') has assumed in his establishing of the luminosity law
that the density is constant. He also supposes a perceptible extine-
tion of the light in space. With the aid of these hypotheses the
Inminosity curve was deduced from the numbers of stars of deter-
mined magnitude found by CrapMan and Merorre and the mean
parallaxes of Kapreyn and Comsrock. It is remarkable that the
curve found in this manner agrees pretty well with KaprryN’s.

In Monthly Notices Vol. 72 DysoN has published an nvestigation
founded on the cross components of the stars of CarriNgTON’s Cir-
campolar Catalogue. Supposing that the density in the space taken
up by these stars is everywhere the same, he determined the lumi-
nosity law. The curve found in this manner has been drawn by us.

Comstock *) and WALKEY *) have derived the frequency function of
absolute magnitudes from - the luminosities of stars the parallax of
which. has been measured.

In his investigations on the structure of the universe SEELIGER
has established the density” law in the first place. This determination
rests on the following theorem found by him 4):

If, for m < n, Anw = Chy ? , the density D will be = yr—4 what-
ever ¢(z) may be.
" Here A,, means the number of stars from the brightest star to those
of the magnitude m and %, means the brightness of the stars of the
apparent magnitude m, while » represents the distance from the sun.
We may formulate this theorem of SkrLieEr also in this manner:
If- the numbers of stars of determined magnitude form a geome-
trical progression, the density is proportional to a negatise power of 7.
We have proved in our thesis for the doctorate ®), that several

-

1) Monihly Notices, Vol. 77. .

%) Astron. Jowrn. NO. 569.

3) Astron. Nachr. NO. 4754,

%) The demonstration given by Seeuiger is very intricate. We have published,
however, in our doctoral dissertation a very simple proof, which we owe to
Prof Kapteyn.

6 On the Determination of the Principal Laws of Statistical Astronomy. Amster-
dam, KircuNER. 1918

57
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objections may be raised against the general validity of this theorem.
SeerieEr thought the premise of his theorem was affirmed by obser-
vations. This conclusion was premature and appears to be incorrect
by comparison with more exact data. Therefore the density law
derived by SeeLiGrr cannot be accepted. And also his considerations
on a limit of the sidereal system found by him fail in sufficient
foundation.

Seerteer determined the luminosity law by solving an integral
equation well-known in stellar astronomy by means of the density
found No great sigmficance can be attributed {o the result derived
in this way.

For the luminosity law, we indicated by “Srenicer 17, use was
made of the density law D(r) = y »—?, while 1n establishing the curve
“Skenicer I’ he rvepresented the density by D) =y~ — ar—4.
No sufficient motives have been stated: for this last form. Moreover
n both determinations a definite form of the funection ¢(3) was pre-
supposed, which is undesirable and unnecessary.

The curve in our figure with the indication ‘“Srerieer I1I” has not
been deduced by Seerieer; but 1t is a consistency of his theory. If

we extend namely — as Prof. Kapriyy observed — Seknicer’s
theorem to siars fainter than the limiting magnitude ), then we find :
=3 3—i

If, for m >n, Ay = Chy, ? , then (i) = Ai ® independent of D).

We now tind according to Publ. Groningen N°. 27 for12.0 < m < 16.0
with some approximation-

log. A,y = 1.797 4 0.340 (m—12).

This gives the luminosity curve ¢(z) = A:®%, which we indicated
in the figure by “SeeLieer III”.

The graphical representation indicates how much the frequency
carves found by different inyestigators differ mutnally. All the more
it is of importance to observe that our independent investigation
furnished a perfect affirmation of the luminosity law deduced by
Prof. Kapreyn in 1901 from the data still so scanty at that time,.

Kampen, September 1918.

1) The value of % is according SeeLiger about 11.5.
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Astronomy. — “The longitude of Hyperion's pericentre and the
mass of Titan”. By Dr. J. Wortser Jr. (Communicated by
Prof. W. pr SITTER).

(Communicated in the meeting of December 28, 1918).

1. In my dissertation'), published in the course of this year, I
commenced the determination of the action of Titan on the motion of
Hyperion. The developments include the libration in the critical
argument, in the semi-axis major and in the eccentricity, together
with a determination of the mean motion of the argument of the
libration; further the large inequality of the critical argument, propor-
tional to the first power of Titan’s eccentricity. As I intend to carry
on these computations, the first thing to be done is to. determine the
libration in the longitude of pericenire and the mean motion of this
element. The results are contained in this paper, which forms a conti-
nuation of the memoir already cited.

To this end the development of the perturbative function
(“Investigations” Chapter I) has to be continued by the compu-
tation of the derivative with respect to e, the eccentricity of
Hyperion. The determination of the derivative with respect to a,
the semi-axis major, being closely related to this computation, we
also shall derive this function, though not required for the purpose
of this paper.

To check the special values of the perturbative function used for
these developments, an independent computation of the same values
has been carried out, starting from the goniometric development of
the square of the mutual distance of the two satellites. The greater
part of the numerical computations involved has been performed by
Mr. D. GawkeMa, computer at the Leiden Observatory.

’

2. The determination of the derivative of the perturbative function
with respect to e consists of the computation of the function

of (1))

de

1) “Investigations in the theory of -Hyperion"; hereafter to be cited as “Investi-
gations”.
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S(1]) being the function defined in the first chapter of the “In-
vestigations”. From this definition results (with the notation of this
chapter):

yay_ 1 (o

de 9e A
o

~d[3]. )

!

For a given value of {1] the quantity Fe% (which is a funetion

of [1] and (3] only, as regards the angular variables) can be developed
thus :

i

0 d
_— — | ... . 3 .
de A po+P1008[3]+p16082[3]-1— +p cosn[3] | @
+ g o [3] +q,5n2[8] + ... + qusinn[3] + ... :
Then we have:
3 (1)) _ |
3¢ Por 3
and:
1 "51 a a +— 4\
;::=a(adA) —p0+p1z+p2"+p3"_ ey, - ()
0a 3 4 o
(B A) being the value of %A for [3] = ;—s
Thus:
af([l]) 1 1 a a )
de ”:—z- (ﬂeA = Pn— P22 — Pan— ... (5)

We are able to judge of the magnitude of the-coefficients p, for
large values of n by considering the mean values

1 "E‘l d a
= \ D¢ A)
for different values of n. Choosmg n = 270, 135, 90, 54 and

|1] =0° and taking for the constants ¢ and ¢ the values of the
a

table on page 3 of the “Investigations”, I get:

1m=1/70d
=270 — 2 (= =].10°= — 108614
" N s—o (ae A). 6
185 — 108614
90 — 108614
54 —108616. ‘
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From these values results:
PotPuet o =Pt Pus +Parat oo . =P+ Poo T Prao + -5 (6)
and thus:
Pus =14, Ponn=270 P =—2.10-5, (7)
Supposing the coefficients p, for large values of n to be of this
order of magnitude also if [1]7 0° we see that we are allowed
to use the formula

(1) 13 (a d
— =3 [=-—], 8
ae N s—p ae A)s ( )
without, on this account, having to fear an error in the resulting
of([1
value of AL larger than half a unit of the fifth decimal, if n > 90

de

o7 (1)
de

according to this formula; for [1] =0° 1 took n = 270, for the other

1

In the next table I have collected the values of , computed

values of [1] n=135; the values of the constants ¢ and — are
a

those of the table on page 3 of the “Investfgatxons”.

- A |,
(4

0° — 108614

+ 8° — 108574

+ 16° — 108450
+ 24° — 108226
+ 32° — 107877
1 36° — 107647

97(|1 . . :
The function /(1) is an even function of [1]; putting 1] =

de
=g sinw, ¢ being a constant, the development becomes:
Bff)[l]) = P (w) = ;/cz,, cos 2 nw , (9)
e n=>0

I take ¢ = - 36°, thus putting [1] = -+ 86° sinw; if from this
last equation we compute a value of w in the first quadrant for
each value of [1] from the preceding table, we have the value of
P (w) for six' values of w and thus six linear equations, from which,
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putting k&,,, %,,,..., etc. zero, £k,,k,,...,k, cdn be solved. The
coefficients %, and %, appear to be zero and the following develop-
ment of ¥ (w) results:

10° . af(()n]) = 10°. ¢ () = — 108151 '
e B . )
— 484 cos 2w
(L0)
+ 21 cosdw ‘
o/

—}—1” cos 6w,

3. The derivative of the function f([1]) with respect to a is
determined by the formula ;

2 i
Lora 1 o
S =5 f Zd[SJ. (11)
0
For a given value of {1] the qua.ntity aa—a% can be developed
thus:
a 4
aa%;p, + pycos[8] + p,cos 2 [8] 4 ... + pacosn[3] + ... %(12)
4+ ¢sm[3] + g,sin2[3] + ...+ gusinn[3] + ...
Thus: ‘
OF (L) _ 1ty @ o '
) 1 n—1
Again we derive the mean values - = ( — -—) for the values
n s=0

n =270, 135, 90, 54 and the vulue [1] = 0°. The values of the constants

{

e and = are those of the table on page 3 of the “Investigations”.

a
We get:
n—1 0 o
=270 L% (a— 2Y . 10" = — 110691
N sz 0a A/, i
135 — 110691
90 — 110691
54 L — 110706 .
Thus: . '
Po 4 Pago - =Po - Pras + Pago + - - =Po + Doy + Prgo ++-i (14)
and : ,
Page = 0, P =0, . D= 0; (15)
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further: 5 . 1
Poy = — 15.10—5 ) (16)
Supposing the coefficients p, for large values of n to be of this
order of magnitude also if [1]7#0° we see that we are allowed
to use the formula QD 1rif D@
n-— a .
- a —_E(G&Zs' ) a7
without, on this account, having to fear an error in the resulting
9f([1])
Oa

O0a P

values of a

n 2 90.
. o7 ((1])
In the next table I have collected the values of a--a-——, computed
a

according to this formula; for [1]=0°1 took n =270, for the remaining

!

larger than half a unit of the fifth decimal, if

a
values of [1] n =135; the values of the constants ¢ and — are those
- a

of the table on page 3 of the “Investigations”.

. Oa
0° — 110691
+8° — 110887
+ 16° — 111477
424°- — 112480
1390 — 113921
+ 86° — 114820
. ) a 1 -
The function ai;[—]—) is an even function of [1]; putting 1] =
a
== ¢ sinw, q being a constant, the development becomes:
af([1 »
a—%ﬂ= A(w)= = lppcos2nw. (18)

I, take ¢ =+ 36° thus putting |1]= 4 36° sm w; if from this
last equation we compute a valne of w in the first quadrant for
each value of [1] from the preceding table, we have the value of
A(w) for six values of w and thus six linear equations, from which,
putting l,, 1,,.., ete. zero, I, 1, ..,I, can be solved. The coeffi-
cients [, I, and [, appear to be zero and the following develop-
ment of A(w) results: T

ta
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af(L D  10P =2 (w) . 10* = — 112732
+4 2064 cos 2 w (19)
— 23 s 4w

4. The first system of differential equartions of Chapter 11 §3
of the “Investigations’ contains the equations for the determination
of the four variables ¢, o, 4, 2, supposing Tiran’s eccentricity
to be zero. The . remaining part of Chapter II- contains the
determination of those terms of the variables ¢, &, 0, which

are of order zero and one with respect to I/ 78 To com-

plete the computations we shall examine the last equation of the
system mentioned, viz. the equation for (2. This equation:

ds OR,

—dt—=—'— ao- y (20)
can be written thus:

df2 mef -

E= dd 1)

As ¢, 6 and & are known functions of ¢, the solution of this
equation is reduced to a quadrature.

The right member of the equation is an even function of #; sub-
stituting the series from Chapter II § 3 of the “Investigations” for
¢, 6, 0, this right member gels the form:

fl' z ‘ppl‘p ' (22)
p=0

=
m . . 3 0
here y = I/ 7 and @, is"an even periodic function of .

Denoting the constant term of the goniometric development of @,

with respect to v by @,, we have:
df2 p"*
-5 = pE by +p 2((pp— ®,) w, (28)
and thus:
p=w ’ =00 .
£ — constant + p't z (DP up +— Z ppr | (P — «p,,)dz (2¢4)
p=0 p=o

Developing the divisor » according to the series (Chapter II § 3)
p:a
vy = }: vp MP

p=1
{2 gets equal to the expression:
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2=a+ =0, ([/ﬁ)’
. p=0 M

2, = E_Q(Pns)ain T, p=0,1,..,

=1

w = constant 4 y ¢,

(25)

_Deviating from the notation of the “Investigations” I have denoted
the coefficient of ¢ in @ by the letter y, to prevent confusion with
the known number .

We gei:
Q, =0,
2 = i%f([i‘f] — I:al )dt,
2, a do Fa%d 06 Posoba (26)
0
. M aj
X = aa povoﬂa

a >
denoting the constant term of the periodic development of l:a—f]
£o% %0

with respect to = by a stroke above the functional sign.
« As
0a 0 Vi-e 1

3o 3 e Vor @7
we get:
IFV1I—& 1 .
gf_—___;f__l_i_:__; (28)
0¢ 0e ¢ Vald -
hence:
l/l—e l/ [ ]
As
Pn"oeo B
e (29)

0= VT l/l—-e I/a ', ([ :I [a_f] )dt.
a, v, 0e_{pyz08, de pagody

For the coeﬁiments substltutlng theu- numerical values, we get:

%, = + [0.937584] ', [ai]
De PoTolo

1 T
—_ (0, | .
hQ + [2 499354] J ( [ae] roco l:ae] Po'ooo) d"v

(30)
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s

the numbers in brackets are logarithms; £2, has been expressed in
degrees, which fact has been denoted by the symbol (0).
The quantity y, can be determined by the equation:

M{[ o ¥ 37
a [&7;5[) et [&a’] v [6030_] z @D

the symbol [ ], being an abbreviation for [ J,—p, s> 6=,
The right member is the constant term of an even periodic function
of ¥, which changes its sign if = is replaced by s—rv. Thus:
% =0. (32)

f([ )

;{ —
3

_ 5. The development of the function from § 2 of this paper
enables us to compute the numerical value of £, and ,,. Toderive

0 .
the function [I], the variable w is to be expressed as function of
Po%obo

of (1
T 1n the development of fg[e ) as function of w according to for-
mula (10).
From the relation (Investigations p. 26)
w4 zen2w=nr, & = + 0.00318,
results :

cospw::cospr—g.v{cos(p+2)r—coa(p—2)t$ 4§ jer 4+ . (88

and thus: . :
cos 2w — cos2t = 4 0.0032 — 0.0032¢0s4 1,
cos 4w — cosdt = + 0.01cos2r — 0,01 cos6r.
With aid of these formulas the following value for the development

of [iq , as function of v, can be deduced:
e

Pt

(34)

[af] .10 = — 108153 )
Oe Po‘noo .
B — 484 cos2~ (35)
+ 28 cosdr
+ 1 cosbr.
Thus:
[B—f] .10 = — 108153 ;
ae Posole
) (36)

fg :l [ ] td1=——2423in2t+63in4r.
roofo 10€ |pereto
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Substituting these expressions in the formula (30), we get the results
collected in the next table.

2, = 300 gin or

s=1

£, = —0°765 sin 2v
+ 0°.019 sin 41

QM=) — g g —19 ...
2y = — 9.3675 ',

6. With regard to future developments we shall determine the
derivatives of the functions (2, and y, (considered as functions of
0, 6, q and v) with respect to ¢; to this purpose we need the
value of the function

d [Bf]
aq Oe o8 '
which value is given by the equation
0 [0 0 01
S A I L LY @)
0g | 0¢ Jparty 0606 Jzoe0, Og
3 3 \J . a'f
For the determination of the function 500 e have the formulas:
€l
0cos 2w — 44
q = #n w,
9M=+83inw—-83in3w, (38)
00
6
qa“g’a C = — 12sinw + 12 4in8w — 12 4in 5 w.
Hence:
a7
1. g ——= 2 s
q 396 + 2092 sinw
— 156 sin 3w (39)
—12 snb w.

For the development of the goniometric functions of the different
multiples of w as functions of =, in the first place we have the
formula (lnvestigations p. 27):

sinw =+ 099841 sint — 000150 sin 3 7.

- 115 -



» 890

Further from the relation (see section N°. 5)

we deduce:

w-tasin2w=—r,

sin p w = sin pt—-i—)m bsin(p+2)t —sin (p—2) 7| + |

and thus:

2= - 0.00318,

{

bat 4 ...,

smB8w—sm3r— -+ 0.005sint— 0.005sind7.

With aid of these formulas we deduce:

In connection with this formula, from the

0 -
10‘.q[———£] L= + 2088 sint
fovola
~—~ 169 sm3«

0e0d

— 11 snbr.

of the” “Investigations”, the relation resulis:

Los .q’[ﬂ} %, .t 653

Hence:

ot I (2.

The values o

906 | ot 0

— 706 ¢os27

+ 49 cosdrx

- 4+ 3 cosbr.

13

10*. [af 653
aq ae]Po’fo@o_— * ,

0,

2 0g dg

08
table for -—2

!

972 ond q —— result from formula

0g

~

dr = — 858 sin 27 + 12¢indv ’

(40)

(41)

(42)

on page 33

(43)

(44)

(30). T collect

these values in the next table. Deriving-these values, we ought to

00 1 E’J 9.0

3

x’ ag [ Ll ita
1

i
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remember that the numerical coefficient of the integral in the for-
mula for £, also depends on 4.

7. From the value of g, of section N° 5 we shall derive a
value of the mass of Titan. Taking account of the equation y, =0,
for the motion of Hyperion’s pericentre, neglecting terms of the

m\?
order (ﬂ_{) , we get-

i

m
—9.8675n, —. (45)

From observation H. Stauve') for the mean motion of Hyperion’s
pericenire gets the value:

— 18.°663;
correcting for precession, we get:
— 18.°677;

here the Julian year is the unit of time.

Before comparing the theoretical value according to formula (45)
with the observed motion, we ought to correct the latter on
account of the secular variations eaused by the sun, Saturn’s ellip-
ticity and the other satellites, According to H. SamTER ') the values
of these variations are respectively -} 0.°011, - 0.°234 and
+ 0.°009 a year. Subtracting the sum of these numbers from the
observed motion, the equation for the determination of Titan’s mass
becomes :

'

— 9.3675 n',%: — 18,931, (46)

'

As n’, differs from »n’ only in the terms of order % and higher,

I put »’, =n' and thus:
n', == 865.25 X 22.'5770.

Then from (46) we get:

M
m

This value agrees quite well with the value from the mean motion
1) Beobachtungen der Saturnstrabanten. Publications de I'Observatoire Central
Nicolas. Série II. Vol. XI. 1898. p. 290.

1) Die Masse des Saturnstrabanten Titan. Sitz. Ber., der Kon. Pr. Akad. der
Wissenschaften. 1912,
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of the argument of the libration’ (Investigations p. 70) (which value
also has been derived on simplifying suppositions), viz.:

M
— = 3986 .

m
M -
The values of — computed by ErcHErBERGER and SamTER from the
m

perturbations of Hyperion are-
W. S. EiceeLBereer: 4172 + 58,
H. Samrer: 4125 .
Thus the agreement of the different values is satisfactory.
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Chemistry. — “On the influence of some salts on the dyeing of
cellulose with Benzopurpurin 4B”. By Prof. J. BOksEKEN,
Miss G. W. Tercav and A. C. BixNENDIIK.

(Communicated in the meetfng of Nov 30, 1918).

L

The object of this investigation was originally to examine whether
the function of the salts in dyeing cellulose with benzidin dyestuffs
was of a catalytic or of another nature.

I had found with v ». Bere and KErstEns?') that in acetylating
cellulose with acetic acid anhydride, the action of H,S0, and iodine
was purely catalytic, as small quantities of these substances were
sufficient to induce the attack of the very complicated cellulose
molecule. As cellulose is entirely insonluble in acetic acid anhydride,
the substances mentioned above formed the bridge on which the
cellulose and the anhydride could meet and react on each
other. 1t was not out of the question that the anorganic salts acted
the same part between dyestuff and fibre materal as sulphuric acid
between anhydride and cellulose, as far as they enabled the dyestuff
to enter the fibre substance.

However it was already evident from the literature on this subject
that one must not speak of a catalytic action, because the metal-
atoms of the salts added were taken up by the fibre material, in
quantities which are almost equivalent to the dyestuff (a.s a bisul-
phonic acid).

It was also known that if one wants the benzopurpurin to be
taken up properly by cotton wool, then there must be present in
the dye-bath a quantity of salt greater than an equimolecular one
in regard to purpurin; this does not strike one at once because the
molecular weight of the purpurin is great (680) and the dyestuff
solutions are frequeutly very diluted. In fact the phenomenon may
betler be compared with the salting out of soaps and is considered
to be a shaking out by the fibre substance of the dyestuff salt
soluble in it, of which salt the concentration in the bath is consi-
derably increased by the addition of alcali-salt.

1) Recueil 35, 320 (1916).
58

Proceedings Royal Acad. Amsterdam. Vol. XXI.
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Some preliminary experiments showed that the quantities of salt
necessary for the exhaustion of the dye-bath were indeed much
greater than equimoleculav; thus a solution of 1 mg. of benzopurpurin
in 100 ccm. H,0 or of */,, millimol. needed 500 mgr. Na,SO,, viz.
nearly 40 millimol. in order to be exhausted by 1 gram of cotton-
wool. -

This was affirmed with a whole series of other salts; in every
case the quantity of salt necessary to bring about an almost entire
decoloration of the bath was many times greater than the quantity
of benzopurpurin.

As at the same time observations were made which might throw
a light on the dyeing process, the investigation was continued in a
quantitative way with a number of metal salts.

The preliminary experiments were executed with solutions of
1 milligram of pure (salt free) benzopurpurin 4B and, in relation
to each other, equimolecular quantities of a number of salts, in
100 cem. H,0. Every time 1 gram of purified cotton-wool, which
had been freed from fat, was exposed in porcelain cups during
10 minutes to the' action of these solutions at 65°. It appeared that
the intensity of colour of the bath, while using sulphates of sodium,
potassium and -ammonium was almost identical, but still not
completely so.

Salt. Quantity. Effect.
(NHy),; 504 0.0661 gr. Little difference;
) Na; SO, 10 aq. 0.1612 decreasing as indi-
cated by the arrow
K; SO, 0.0872
Mg SO, 0.0602 markedly lighter
Aly (SOy); 0.1111 precipitatedinthebath

Magnesium sulphate acts distinctly more strongly, which was to be
expected of the bivalent kation in regard to the acid dyestuff,
whereas by the trivalent aluminium the dyestuff had already been
precipitated in the bath, before it could reach the fibre.

A second series gave the following result: (see table on next page).

So there were again distinet differences among univalent and
among bivalent metals.

" What is especially striking, is the fact that the stronger action
depends upon the place of the melal in the potential series and not
upon the atomic weight, as sodium not only extracts more than

-
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lithium, which is lighter, bul also zinc more than cadmium, which
is beavier.

Quantity Quantity
Salt. in mg, in mol. Remarks.

Li; SO,4 1 aq. 60.5 /2000 ( Colour of the bath
decreases as indi-

Na; S04 10 aq. 161.2 y cated by arrow.

Mg SOy 7 aq. 123.3 " .

Between'Li and

3 Cd SO, 8 aq. 128.3 V6000 z Na there is a clear

Zn SO, 7T aq. 143.8 1300 y difference.

Aly (SOy4), 18 aq. 111.1 "/a000 Coagulation ofthe
dyestuff in the bath;

Cr; (S0,); 18aq. 65.4 " tlfe fibre remains

Fe, (S0,)s 85.5 " colourless.

Magnesium seems to form an exception in this respect; however
it turned out that this metal should not be compared with Zn and
Cd, but with the alcaline earth metals, with which it shows more
resemblance, also in other respects, than with zinc and cadmium.

Quantity Quantity
Salt. in mg. i mol Remarks.
| Hg Clz | 135.6
Mg Cl; 6 aq. . 101.7 Colour of the bath

i Cd glaZaq. | 109.6 /2000 decreases as indi-

Ca Cl, 6 aq. 100.5 cated by the arrow.

Ba Ci; 2 aq. 104.1 y

-

From this survey we have conclusive evidence that magnesium
belongs to the series Mg < (la<Ba of which it forms the least
strong term, whereas cadmium must be considered to be one of the
series Hg < Cd <Zn. .

In both series the most electropositive metals are the most effective.

The series intersect and as magnesinum is more electropositive than
¢admium and zine, and yet extracts less effectively, there must be
another property beside electropositivity, which governs the extract-
ing action of the metal.

.1

IL

“'With -a' view' to’ confirming’ the results communicated in the
58*

'
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preceding paragraph the investigation was extended and at the same
time the estimation with the naked eye in the exhausted bath was
replaced by a quoantitative determination.

Instead of cotton-wool I gram skeins of cotton were used, which
were first soaked in soapwater and then well rinsed. During 10’
at 65° they were brought into a bath of 1 milligram of carefully
purified benzopurpurin 4B and different quantities of salt in 500
cem. of distilled water.

After dyeing the bath was quickly cooled and compared with
standard solutions of known concentration in a colorimeter of
C. H. Worr.

First of all we had to examine whether Behr's law was valid,
viz. whether @ c¢m. of a n. normal solution had the same intensity
of colour as p.a. cm. of a '/p n.normal solution, which 1n fact was™
the case.

It was necessary to use distilled water for the dilutions; water
for drinking gave another shade to the field by which the sensiti
veness was impaired.

For benzopurpurin and with solutions of, at the utmost, 1 milli-
gram in 100 ecm., the sensitiveness of the method could be increased
after some practice to 0.1 em., at a thickness of the layer of 10
to 15 cm. »iz. to less than one percent.

After this we had to examine the relation between the quantity
of dyestuff, taken up by the cotton — using a fixed quantity of
salt — and the concentration of the dyestuff.

Here one would expect a relation of the nature of the absorption
equation.

However the quantity of dyestuff precipitated by the fibre appeared
to be pretty much independent of the concentration of the dyestuff
in the bath.

To that end respectively 1, !/,, '/, and !/, mgr. of bénzopurpurin
were dissolved in 100 ccm. H,O containing 161,2 mgr. Na,SO, 10 aq.
and in this sol. each time 1 gr. of cotton was dyed during 10’ at
65°; after that the exhausted bath was compared with the original
solution (see table on next page).

It is to be expected that the independence just referred to will
not hold good for higher concentrations of the dyestuff. Ashowever
it was our intention only to examine the influence of the eleetro-
lytes and as this effect became more lucid in this way, we confined
our investigations 1n the beginning to concentrations of not more
than 1 mgr. per 100 cem.

- Moreover with these small concentrations the colorimetric deter-
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minations could be executed directly — without having to dilute.
Further it was shown that the quantity of dyestuff taken up
depends on the concentration of the electrolyte, however only to a

Conc. of
benzopurpurine.

Taken up by the

Change of the intensity of colour. fibre

1 mgr, 15 cm. after dyeing = 14 cm. orig. bath. 0.066 mgr.

1/2 " » =13 , " 0.066 »
3 o " =12 , " 0.066
Yo o " = 111, " 0.065

certatn limit; an increase of concentration above 10 millimol. mn
many cases does not cause a rise of the quantity of purpurin which
is precipitated on the cotton.

A close investigation will have to decide whether this is due to
a saturation of the cotton fibre with the electrolyte, by which a
further rise of the conc. in the bath leaves the concentration in the
fibore practically unchanged, in consequence of which the precipi-
tating action cannot exceed a certain figure.

We shall not enter into further detail because this falls outside
the scope of this communication. )

A. Comparison of the action of MySO, 7aq, (CdSO,),8H,0
and Zn SO, 7 aq.

Heve several concentrations of the salts were used and for the
rest the exhaustion of the bath (1 mg. purpurin per 500 cem.) was
defined as mentioned above. From this the quantity of dyestuff taken
up by the cotton (1 gram; always at 65° during 10 minutes) was
calculated by subtraction.

If, for example, it was found that a column of 15 cm. after dyeing
had the same intensity of colour as 9.2 cm. before dyeing, then
there was present in the bath 9.2/15 > 100°/, = 61.5%/, and hence
the fibre had taken up 38.5%/,. :

The determinations mentioned above were moreover controlled
by comparing several of the exhausted solulions with each other.

So 15 em. of the ZnSO, sol. of 0.25 millimol. should be equal
to 14.5 cm. of the equimol. MgSO, sol.; 15 em. of the ZnSO, sol.
0.33 millimol. = 13.4 cm. of the equimol. CdSQ, sol. and = 13.2 ¢cm.
of the equimol. MgSO, sol. etc., which was always the case:
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The observations contained i the scheme are for a part inserted
in the graphic representation I.

On the fibre __

:’{'0 7y Yo 2 % o
salt oz m ——>

B. Comparison of the action of the chlorides of My, Ca, Sr,
Ba and of Zn, Cd and Hy.

As the concentration of these salts is not to be fixed accurately
by weighing, standard solutions were made, the content of which
was estimated by the VorHarp volumetric method. These solutions

were diluted to a content of 4 millimol. per 160 ccm. (284 mg. of
chlorine).

Hence each cem. contains !/,, millimol.

To the bath of 1 mgr. of benzopurpurin in = 0.5 litre of distilled
water were now added respectively 5 (!/, millimol.), 10 (*/, millimol.),
15 (*/, millimol.), 20 (*/, millimol.) and 40 (one millimol.) ccm. of the
+ different salt solutions and left in contact with 1 gram of cotton
during 10 minutes at 65° as mentioned above.

Afterwards the exhausted baths were compared with the original
dyestuff solution and in this way their strength was determined;
by way of controllng the exhausted baths of different salts were
also mutually compared and no deviations of any 1mp01tance were

ever observed. i
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The result of the investigation is given in table II and in dia-
gram [. -
Especially from the latter one observes immediately that the result

TABLE L
ettt St 20—t eeet—— e
San, | Quently | Quastly | iotensty of colour, | TSP
Mg SO; 7 aq. 61.7 0.25 15 cmaft. dyeing = 14 3 before 4.5 9,
" 82.2 0.33 " =13.4 , 10.8
- 123.3 0.50 " =12.5 16.7 ,
» 184.7 0.75 " =119 , 20.7 ,
S 246.6 1.0 " =117 , 22.0 ,
" 369.9 1.5 " =11.2 , 25.3 ,
. 493.2 2.0 ° " =11.0 , 26.7 ,
Zn S0, 7 aq. 71.9 0.25 15cm. aft. dyeing = 13.8 before | 7.5 0/
" 95.9 0.33 " =11.9 , 20.7
" 143.8 0.50 " = 9.2 , 38.5 ,
v 215.1 0.75 " = 1.5 , 50.0 ,
" 281.6 1.0 " = 6.7 , 55.3 ,,
" 431.4 1.5 " = 6.5 , 56.7
" 575.2 2.0 » = 6.5 , 56.7
£ 1§ {0d 804)4 820 } 64.1 025 15cm. aft. dyeing = 14. ] befere 6.0 %,
. 85.5 0.33 » =13.2 , 12.01 M
» 128.3 0.5 " =12.1 , 19.0
,, 192.4 0.75 " =103 , a3 ,
» 256.6 1.0 " = 9.5 , 3.7
" 334.9 1.5 " = 9.1 , 39.3 ,
, 513.2 2.0 " = 9.1 , 39.3 ,

of our prelim'inary observations has been entirely affirmed,

It is clear that magnesium in fact belongs to the group of the
alcaline earth metals and that on the other hand zine, cadmium, and
mercury form a natural group.

Though the curves for calcinm and zinc run closely beside one
another, they bear no relation to each other in reality.
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TABLE 1L
e L1 ]
Conc. : Taken up b,
Salt. in millimol. Intensity of colour. pr ﬁblx?e.y
MgCl, ig 15 cm. before dyeing = 13.3cm. afterit.| 11.3 9
CaCl, » » =13.1 ” 12.9 ,
SrCly " » =12.1 18.8
BaCl, " " = 9.5 36.7 ,
ZnCl, » » =11.2 , 247
CdCl, " . =13.2 s
HgCls » » = 14.2 » 5. »
MgCl, s 15 cm. before dyeing = 12.1cm. after it.]  19.5 9,
CaCl, , " =105 30.0
SrCly ) , =15 50.0
BaCi, Y " = 63 , 58.0
ZnCl, " " =10.5 , 30.0 ,
CdCl, " . =11.9 , 2.5 ,
HgCl, " " =13.5 10.0
MgCl, 3g 15.cm. before dyeing = 11.2cm, afterit.| 25.5 9/,
CaCl, ) y = 9.4 31.5 ,
SrCl, " " = 6.8 54.5
BaCh, , Y = 6.0 60.0
ZnCl, » . = 9.7 " 35.3 ,
cdcl, ) . =11.0 , 26.7 ,
HgCl, " R =129 , 14.0
MgCl, YA 15 cm. before dyeing = 10.9cm. after it 26.7 9/,
CaCl, " " = 89 , 40.7 ,
SrCl, ” » = 6.5 , 56.7
BaCl, ,, " = 6.0 , 60.0
ZnCl, ) . =91 35.3 ,
CdCl, . , =10.5 30,0 ,
HgCl, " » =12.3 , 18.0 ,
MgCl, 1 15 cm. before dyeing = 10.6cm. after it 29.3 o/,
CaCl, y , = 8.7 , 2.0 ,
SrCl, " , = 6.5 , 56.7
BaCl, " " = 6.0 , 60.0
ZnCl, " " = 8.3 , 4.7
CdCl; " " =10.2 32.0 ,
HgCl, » . =115 23.3
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TABLE IIL

Salt gg“ﬁﬁ}{;%ﬁn Intensity of colour. T%g:ﬂﬁg?ef)y
MgCly Yy 15 em. before dyeing = 14.4 cm. afterit| 4.0 9,
CaCl, " ” =11.0 n 26.7 ,
SrCl, " " =10.0 » 33.0 ,
BaCl, " " = 9.0 » 40.0 ,
ZnCl, " . =13.9 » 1.3,
CdcCl; » ) " =14.0 » 6.7,
HgCIZ ) » = 14.5 ) 3.3 »
MgCl, 1, 15 cm. before dyeing = 13.3 cm. afterit| 11.3 9/,
CaCl, " " = 8.5 » 43.3 ,
SrCl, " - " = 1.9 " 47.3 ,
BaCl, " ” = T.2 ) 52.0 ,
ZnCl, " " = 9.5 v 36.7 ,
CdCl, " » =12.7 » 15.3 ,
HgCl, ” " =13.7 » 8.7,
MgCl, 3y I5 cm. before dyeing = 12.5 cm. afterit| 16.7 9/,
CaCl, ” " = 7.7 » 48.7 ,
SrCl, " " = 1.3 " 51.3 ,
BaCl, " " = 7.0 . 53.3 ,
ZnCly " " = 8.2 w 45.3 ,
CdcCl, » " =12.1 v 19.3 ,
HgCl, " " =13.3 » 11.3 ,
MgClg 1 15 cm. before dyeing = 12.3 cm. afterit| 18.0 9,
CaCi, " » = 7.6 " 49.3.,
SrClz - " M = 1-3 " 48-1 "
BaCl, ” N = 7.0 " 53.3 ,
ZuCl, " » = 8.1 ” 46.0 ,
CdcCl, " » =11.5 » 23.3 ,
HgCl, v » =13.3 " 11.3 ,

Taken up by
the fib
As above 11, Intensity of colour aswith Imillimol.of salt| , 'y g
millimol.
¥ !
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C. With a view to affirming the significance of this result we
have examined the conduct of the self same series of salts towards
a benzopurpurin solution 10 times more concentrated.

However here the quantitative estimation, used till now, counld
not be applied unnodified; the intensity of colour of the solutions
was far too great to determine the differences by a simple compa-
rison of the layers of the liquid.

Therefore we first tried to estimate the quantity of dyestuff by
precipitation with potassium alum and weighing the precipitate; in
doing this however fluctuating figures were obtained. Also the
quantity of ash in these precipitates was too small to lead-to an
effective method.

The colorimetric method was now modified as follows: 10 ccm.
of the exhausted bath were diluted to 100 cem. and this solution
was compared to one eontaining 1 mgr. of benzopurpurin in 500 ccm.

The concentrations found by comparison were now multiplied
by ten in order to learn the conc. of the dyestuff in the exhausted
liquid.

First we had convinced ourselves of the fact that, on diluting the
solution of 10 mgr. in 500 ccm. to the tenfold volume a liquid
was obtained, the intensity of which was equal to the standard
solution (1 mgr.—500 ccm.), so that this method of dilution may
be considered allowable. Table III gives a survey of the result
obtained.

The character of the dyeing-curves is equal to that of the dye-
bath diluted ten times; the succession of the metal salts has remained
entirely the same. Now too we see magnesium join the group of
the alcaline earths as the least pronounced representative. Striking
but not strange is the relatively trifling action which it exercises,
viz. it diverges remarkably from the Ca < Sr < Ba and so in that
group it takes a somewhat isolated place. In the group of the bi-
valent heavy metals zinc also seems to stand somewhat apart by
its relatively pronounced action.

D. With a view to the conformity between zinc and elements
from the 7tb and 8t group in their bivalent form, the conduct of
manganese, iron, cobalt, and nickel was examined, to which end the
sulphates were chosen. Here the difficulty presented itself that the
salts of those metals had a colour of their own, so that a correction
had to be applied. First it was made out that with the salt-con-
centrations used, so little of the salt itself was taken up by the
fibre, that hereby no perceivable change of colour took place; this
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of course was done without benzopurpurin being present in the bath.

Now, when a dye and a salt are present at the same time, pro-
bably more salt will penetrate the tibre; these quantities however
were very small, as the ash content of the fibre material after
dyeing did not amount to more than 3 milligrams.

The correction meant above consisted in this, that in the standard
solution a quantity of salt was put equal to that of the exhausted
dye-bath. It is true, by that the error was not quite avoided, because
unequal layers of the liquids have to be compared; however, since

TABLE IV.
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Conc, . Quantity of

Salt. in millimol. Intensity of colour. dyes%g; [n the

FeSO, /s 15 cm. after dyeing = 14.8cm. beforeit. | S
MnSoO, ) , =13.9 7.3,
CoSo, " " =11.5 " 23.3 ,
NiSO, Y " =105 30.0 ,
FeSO, s 15 cm. after dyeing — 14.4cm.beforeit. 4.0 9/,
MnSO, " " =13.2 " 12,0
CoS0, » ) =10.6 33.3 ,
NiSO, ” ) = 9.3 " 38.0 ,
FeSO, 3fg 15. cm. after dyeing = 14.2cm, beforeit. 5.3 0,
MnSO, o " =13.0 » 13.3 ,
CoSO0, , ) =95 , 36.7 ,
NiSO, " " = 8.5 o 40.7 ,
FeSO4 1 15 cm. after dyeing = 14.2cm. beforeit. 5.3 9,
MnSu, . " =12.9 14.0 ,
CoS0, ” . =192 38.7 ,
NiSO; y Y =85 43.3 ,
FeSO, 1 15 em. after dyeing = 14.1cm. beforeit. 6.0 9,
MnSO, " " =12.9 " 14.0
COSO4 " " = 9.2 " 38.7 ,
NiSO, » " = 8.0 " 46.7 ,
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the 1ntensity of colour of the very diluted salt solution is inconsider-
able compared to that of the benzopurpurin, this error could be
neglected.

The solutions of ferrous sulphate had to be prepared anew for
each determination; because after some time, in consequence of oxi-
dation, precipitation of ferric basic sulphate took place. As this was
not entirely to be prevented the figures for this sait are given with
some reserve, of the other salts standard solutions were made eon-
taining '/, millimol. per cent of which respectively 5, 10, 15, 20
and 40 cc. were used. For the rest we worked as’is described
under B p. 898 with the exception that a temperature of 70° was
chosen.

First we see that zinc and also cadmium in some degree join
these metals. Remarkable is the rapidly ascending course of the
curve for zine, a thing we had already found with zine chloride in
the concentrated solution of benzopurpurin. As yet we cannot decide
whether this is based on accidental deviations or whether the higher
temperature is the cause of it. As regards the metals of the iron
group itself, we see that the precipitating faculty increases according
to the: atom number of the metals, except in the case of manganese;
but the differences between manganese and iron are very small.
We investigated also the chlorides of manganese, cobalt and nickel
with which the same succession was found: Mn < Co < Ni with
almost the same figures.

This result therefore agrees with what we found about the succes-
sion zinc, cadmium, mercury, viz. that the precipitating faculty is
not connected directly with the atomic weight of the elements, but
with. & peculiar chemical property, for instance the electro affinity ;

3 T 2

T "

L 2 /

g / ) A SO,
£ Y /—//

§ / %S0,

e y L7 %
e sqlt ¢r2 92 p2of —n
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but not exclusively with that either, because otherwise the action of
zinc and magnesinm counld not be well understood (for the rest see
fig. 2).

E. In the course of our preliminary experiments we had observed
that lithinmsulphate exercised a smaller action than sodinm sulphate;
we have vepeated these experiments in a quantitative way .on the
chlorides and supplemented them with NH,Cl and KCl. Exeept those
for lithium the figures are so near to each other that the deviations
fall within the range of the experimental error.

Nevertheless we suppose the succession Li << NH, << Na <K to
be correct, in accordance with the increasing electro affinity (table
V and fig. 3).

é 5’-_‘7 3

£

’T =

1‘.&9

2 I - L&

sS4 Z -

£ | T - S

sS4 ¢ T . R
W % % & i
Cone  salt en m

Also with the alcaline metals a limit was soon reached, which is
situated at == 33 °/,, therefore considerably lower than that of the
alcaline earths (BaCl, = 60 °/,) and at about the same height as that
of the other metals of the 2vd group, with the exception of mercury,
manganese and iron, which are situated much lower.

With the fixation of the acid benzopurpurin we have kept our -
attention fixed on the metal. Because we were forced to examine
some chlorides in order to obtain a survey of the alcaline earths,
we were able to compare the action of a few chlorides with that
of the sulphates.

Though the graphs indicate a shifting of the action towards lower
concentrations, we did not in any case meet with essential diffe-
rences, which was to be expected.

e
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TABLE V.

Conc. . Quantity of
Sait. in millimol. Intensity of colour. dyestfllllf)‘fr;n the
LiCl s 15 cm, after dyeing = 13.3cm, beforeit| 11.3 9,
NH,CI1 " » =12.6 " 16.0 ,
NaCl " " =12.5 " 16.7 ,
KCl " v =1].8 » 21.0 ,
LiCl i 1 15 cm. after dyeing = 10.8cm.beforeit.; 27.5 0
NH,/CI " " =10.2 » 32.0 ,
NaCl » " =10.1 » 32.5 ,
KCl1 " " = 9.8 » 34.7 ,
LiCl 1 15 cm. after dyeing = 10 4cm.beforeit.| 30.7 9/,
NH,CI . y " = 0.8 " 3%.0 ,
NaCl » " =91 " 5.5 ,
KCi " " = 9.5 " 36.7 ,
LiCl 3, 15 cm. after dyeing = 10 3cm.beforeit., 31.3 9,
NH,ClI » " = 9.8 M 3.0 ,
NaCl " ” = 9.7 ” 35.5%,
KCl » » = 9.5 ” 36.7 ,
ditto. 1 Same figures as with 3/, millimol. ditto.
- bt

The investigation will be continued in different directions, in the
first place more attention will be directed to the influence of tem-

perature.

November 1918. , Organic Chem. Lab. of
the Technical University, Delft.
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Chemistry. — “The mutual influence on the electrolytic conductivity
of gallic tannic acid and boric acid in connection with the
composition of the tannins”. By Prof. J. Borseken and W. M.
Degrns. |

(Communicated in the meeting of November 30, 1918).

By the researches of Emir FiscHer') and others on the polydepsides,
it 15 now very probable that the tannin of the gall-nut principally
consists of a mixtare of the pentadigalloylethers of «-and 3-glucose,
in which the two galloy]l groups are coupled in such a manner
that the carboxyl group of the one tannic acid molecule has been
esterified with one of the OH groups in the meta position of the
other tannic acid radical, thus:

TN 000 N

0

no 000 > |CH0
HO HOOH

If this conception be the right one, then the influence of the con-
ductivity of this substance on that of boric acid should be consider-
able, viz. should agree with that of five mol. pylogallol - five mol.
pyrocatachol per molecule of the tannin. : *

Here however two circumstances ought to be considered. In the
first place a solution of the tannin, because of the high molecular
weight (&= 1700) has the character of a colloidal solution and a
priori it is not certain that it will behave like an ordinary solution.

However & qualitative * experiment showed that the increase of
the conductivity was considerable, so that the solution of ihe tannin
behaved quite normally as regards that phenomenon.

In the second place the tannin must not be compared with pyro-
gallol and pyrocatechol, but with the esters of gallic acid and of
protocatechuic acid.

Therefore we have firstimeasured the influence, which the con-
ductivity of the gallic acid methylester exercises on that of boric
acid. . Lo

M -

) Berichte 45, 915 (1912).
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Increase of conductivity of a 0.5 mol. H3BO; solution at 25° in

KoHLrAUscH-HoLBORN-units > 109,

Conc. |Pyrocatechol. | Pyrogallol. Gallic acid. mi?:’gf ::ti:r. Tga;ﬁ:l Zgge
Ve m. |  137.2 136.2 61.8 — -

Yaz b 88.3 103.3 27.9 212.5

Yes ’ 11.1 131.8

Yizg w ) 1.5 89.5

Yoss 1 —9.3 53.1

Ustg —13.5 30.7

Yiogs w —14

This influence proved to be very great.

We had expected it to be greater than that of gallic acid. From
the researches on free acids it was proved that here two influences
are making themselves felt; the first is the eventually increasing
influence of boric acid on the substances; the second is the decreasing
influence of boric acid as ¢ mediwm on the conductivity of the acids.

With an acid of the strength of gallic acid this decreasing in-
fluence is rvather impertant; the dissociation constant is equal to
+ 4 X 105,50 it is situated between that of glutaric and adipic acid.
. From this one may fix approximately the decrehsing action of
different dilutions in percentages of the original conduetivity *).

Acid. K254 105 1, mol. Y,s mol. Yo mol. Y;5; mol,
Glutaric acid. - 4.7 12.5 13.8 17.1? 21.2
Gallic acid. 4.00 12.7 (14.)? (17.—) 21.7
Adipic acid, 3.26 12.9 12.17 17.0 22,3

Instead of the -increases of the conductivity which were found,
one calculates the figures mentioned below, wviz. one obtains figures
entirely of the same order as those fixed for pyrogallol and pyro-
catechol; they are distinctly higher even and approach those of
gallic acid methyl ester. From this one may draw the conclusion
that the carboxyl group in the benzine nucleus exercises an increasing
influence on the.rise of the conductivity caused by pairs of hydroxyl

1) Recueil 86, 177 (1917).
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groups,* fidvourably situated -in regard to each other; this appears
directly if the acid H is ‘substituted by methyl, but may be indirectly
deduced when the negative influence of the medium (boric acid)
on the conductivity of the free acid is taken into account.

. . ok ; < After
Dilution. Found, correction

16 61.8 173

32 | 27.9 125

64 11.1 97

128 1.5 83

After having acquired these data the influence on the conductivity
of boric acid — tannic acid was measured.

To this end tannin of the gall-nut was used (as the only tannin
avallable at the present moment) which we prepared according to
E. Fiscuer and Freubensire (loc. cit.) and from which free gallic
acid was eliminated as well as possible.

Supposing the molecnlar weight to be 1700, the following figures
could be deduced from the measurements. (Conductivity of a 0,5 mol.
H,Bo, = 27 X 10—% K.H. units).

I Innate con- | Conductivity |, . Y . 42
Dilution. ductivity | 4-0.5 m H,BOs. Tannin H;BO; ( Tannm+ HaBO;,)
213 91.6 350 + 230.3
426 57.1 229 143.8
852 35.5 153 89.4
1704 21.8 105 55.1

From these figures we see that the increase of the conductivity
is wvery considerable; in a dilution 213 even it is markedly higher
than that of the gallic acid methyl ester in the dilution 32. So the
molecule of the gallic tannic acid forms a complex boric acid compound,
many times stronger than that of the gallic acid methyl ester, which
already heightens the acidity so strongly.

This result in the first place entirely agrees with the structure of
this tannin fixed by E. Fiscerr, there are 10 pairs of favourably
sitnated hydroxyl groups in every molecule.

59

Proceedings Royal Acad. Amsterdam, Vol. XXI.
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In the second place it is of importance because we learn to under-
siand the very intense action of boric acid on the vegetable organism;
it stands to reason that small quantities of this substance must
exercise a considerable influence if it is able to turn the very common
tannins from almost neutral substances intovstrong acids.

Org. Chem. Lab. of the Technical University.
Delft, November 1918, ,
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Physics. — “Magnetic properties of cubic lattices”’ By Prof. L. S.
OsrnstEIN and Dr. F. Zernige. (Communcated by Prof. H. A.
LorenTz.)

LN

(Gommunicated in the meeting of September 29, 1918).

The well-known model of EwiNe has been treated more in detail
by different scientists. A few have taken the very unsatisfactory
standpoint, that elementary magnets are distributed at random 1
space'). More in accordance with reality is the supposition, from
which W. Peppir ?), and later on also Honpa and Oxusa *) have
started, that the magnetic particles are arranged in a cubic lattice.
The reasonings -hawever show two important fallacies.

In the first place they neglected the demagnetising force in a sphere;
accordingly they. think .that dipoles cannot yield a result, which
made them unnecessarily consider magnets of finite length. In the
second ‘place they considered only those rotations at the research of
stability, in which the magnetic axes of all particles are moved
in mutual parallelism,

..As.- will be shown hereafter, the consequence of this unfounded
limitation 1n the freedom of motion of the particles is that the
stability becomes much greater than is in reality the case.

If we sweep this limitation, we find that the arrangement of
magnetic atoms m a cubic lattice is unstable without exterior field.
A -body of snch a structure, can therefore possess no coércitive
force. o

§ 1. We consider a cabic laltice with edge . In the corners of
the laitices we imagine dipoles possessing the strength p, and which
can rotate freely. Be those dipoles directed all parallel to an edge
of the lattice by a strong exterior field H. Now we put the question
how  far the exterior of the field must be weakened to reach the
limit- of stability. If the system without exterior fleld is stable the
intensity H, at which this is the case, will be negative.

.The magnetic properties of the latiice considered will consequently

.1) Gans.u. HEryz, Zeitsch. fir Mathematik und Physik.
%) Edinburgh Proc. 195 and 7.
%) Phys. Review, X, 1917, p. 705. -

50%
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— if Hj is negative — be roughly speaking analogous with those
of a ferro-magnetic body with hysteresis. If on the contrary we
find a positive value for H,, we have to do with a body without
hysteresis that can only be magnetised up to saturation by a strong
field H, With a weaker exterior field the magnetic atoms will not
remain totally directed and consequently M will decrease. We shall
deduce for that case the connection between the intensity H and
magnetisation, in other words: the permeability.

In order to find from H, the cobrcitive force /;, we must bear
in mind that the latter is defined as the negative interior field required
to make the magnetisation change its sign. This interior field will
always be found by adding the field H,, which is caused by the
magnetised body itself, to the exterior field H,. The field A, must
be calculated on the supposition, that the body has a continuous
space-magnetisation.

So we have

H=H, + Hg,. and especially H,=— H, — He,.

Here — H.,, 18 the so-called demagnetising force. By this defini-
tion H. will become independent of the form of the body considered,
which consequently is not the case for H,. In the preceding para-
graph we must consequently read for H, everywhere Hy 4 He,.
In our calculation we shall always take the limit spherical. Then
Hcan is — 1/a M'

It is easy to demonstrate that H, becomes —0 when we impose
on the turning of the atoms the limitation discussed above that their
axes always remain parallel. For this purpose we only have to sum
up the reciprocal energy of two dipoles over the whole lattice. From
considerations of symmetry we then find that this sum is zero. ')

We shall give another proof of the theorem mentioned, the principle
of which can also be useful for our further calculation.

We choose a system of axes parallel with the edge of the lattice
and take the origin in one of its points. We imagine in all the
points of the lattice except in the origin, Northpoles of unity
sirength, and we imagine the lattice limited by a very large sphere
about 0. Let V (z,y,2) represent the potential in a point w,y,z. The

potential of dipoles with moment p in de a-direction is p—a—f,

(9
9 02 0
the intensity in O is consequently p ar,-. P 63/1;;' p az;::

in the @, y and z-direction. The potential energy of a dipole

respectively

) H. A. LorexTz, Theory of Electrons. Note 55, p. 208.
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0
with moment p’ in 0 will consequently be pp’ Tz—", when this di-
2
pole was also directed along the =z-axis, whilst it amounts to —
a! -
pp' a—;—f—“, when the last dispole is directed along the axis of .
)

When we place in all corners equally directed dipoles, we can
dissolve these in dipoles according to the direction of the axes in
components with moments pg, py, p.. And so the potential energy
of the dipole in the origin is:

, 07, , 07, , 0V, 0*V,
Py +pVTZJ’—+p:_§;’_+2PIPVW+

i a* V,+ 9 v,
aPrx Pz 30z PPy W “

On account of the symmetry the three mixed differential-quotients are
*y, oV, oV
da Oyt | 97
differential-quotients are also zero because ¥, fulfills the equation of
LapLAcE. In consequence therefore the interior energy of the lattice
is zero, independent of the direction of the dipoles (provided all
dipoles are parallel). So a very weak exterior field will be sufficient
to let all dipoles assume the directions of this field, in other words:
H, is zero.

The same result holds good for the two other Bravais cubic
arrangements: the centred cubic and the plane-centred cubic lattice
The limitation used thus yields a coercitive force which is equal
to one third of the magnetisation of saturation. For stéel the coer-
citive force is at least 80 times smaller.

zero, and we have further %. Consequently these

2. In what follows we shall want the potential ¥ of a rectangular
"lattice with unequal edges a, b, and ¢ for the case that every corner
carries a pole of unity strength,; this potential depends upon the form
of the boundary even if we imagine it at great distance. We shall
avoid the difficulties of the boundary by the following artifice.
Besides the point-charges 1 in the corners we give the body a
homogeneous space-charge of — 1 per volume a, b, ¢. In total the
body is thus uncharged and the parts at a great distance of the particle
considered have a vanishing influence. So we are able to calculate
the potential V” for this case of a lattice infinitely extended n all
directions. From this we shall then find V for the case of a sphere
by adding the potential in a homogeneous sphere with a charge-
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R | . . .
density - 7 which with exception of a constant is equal to —
abc

' +y 42 7
Babe
We begin by calculating the potential U, which is caused by the
charges lying between the planes z = == 4 ¢. Evidently U 1s a per-
odical function of x and y with the periods a and b. So it may be

represented by a double series of Fourizk: ,
2; 2 =012.... A
U= 2= Z,, cos ”ma:cos——ﬁy " '
b n=20,1,2...

in which for the sake of symmetry only the cosinus appears. The
coefficients Z,, are functions of z, which can be determined from
the equations:

1
AU=— for |o| <o AU=0 for |2|> 4o

with. the conditions of Iimut

oU oU
= —_—_ = — ‘or 2z — = k¢
=0 (32)=(5), © g :

Now the Fourikr-series for z # 0 may be twice differentiated, so

that after substitution 1n these equations every term separately must

1

fulfill the homogeneous equations, and Z,, the equation AZ,,= o
aoc

From this we shall find

1
Z,, = (16 0! I) Izl > ke Zonp = By eIz | — %% I/-—- +_
‘T ¥4
at 1
2abc = |< ¢

In order to determine still B,, we can take z =0 and use the
ordinary form of coefficients:

2mrn
B —fda:fdy U.—o cos———— & cos -—b—y

. . ab
in which when m or n are zero we must have - ForU,—, we have

-t

U= 22 + C‘lk)
v & \4r

in which »; 15 the distance to the point (e, £b) and C;; the potential
of the parallelepipedum abc with that point as centre, homogeneously
filled. For the sake of convergence we shall here for a moment
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introduce 71 e¢—* as law of attraction and in the result take ¢ = 0.
Then we can write
e—-:r,k

U=o (8) = C(g) + 22’:. .

drry

where C('(¢) is the potential of the infinite space homogeneously
filled, and thus is a constant, only dependent on &.

If we substitute the values of U(¢) m the double integral, the
term C(e) will consequently yield zero. In the other term the sum
and the integration may be interchanged. The various integrals may
then be united into a single one over all rectangles. And so we
obtain :

2am 2an

¥ rcos — z cos <Y
a N
j f ————— e~y da dy,
"o 4n Vot +’

By introducing pole-coordinates this integral may be reduced to

1~ ° 1
— dre—‘j cos(Ir sing)dyp = 4 | J,(Ir)e—2dr= S—
y. (h sing) dp o Ve
0 0 0
and thus for e=0
ab 1
‘I‘ .Bm" — ‘2"l-

The potential found can further easily be summed up for all the
layers of distance ¢ in which the lattice may be divided by planes
perpendicularly to the z-axis. In a point for which 0 <z < 4c all
layers under the point yield

(3e—2)* 2am 2an

b 2B fe + et 4 e Ket20) L Jeos —— 2 008 — y =
2abe a b
(3¢c—2)° el 2am . 2an
aaie + 2B, iy cos " & cos —b—y
and all planes above it
e—lle—=2) 27em 2mn
mn 1 -_6"[6 cos s & 08 -—-b—' y
8O
(}c—2)* 2 ¢z} ele—2)  2mm 2mn
1 __ N\t ) “ k|
= 2abe abl  1—elr O T T Y @)

in which the sign ' means, that we must take half of the terms
for which m =0 or n =0, whilst there is no term for m=n=20.

For the spherically limited lattice without space-charge we ulti-
nately find
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Pyt (o)’

6abc  Zabe ;L T @)
where S represents the series X' of (1).

Formula (1) evidently holds good for 0.<z <e.

From the potential V" determined in this way we can find
as above the potential energy of a dlpO]e with the components
Pz Py, P'» when the latter is placed in’a point (a, Y, %) of the field
caused by dipoles p,, p,, p, in the corners of the lattice.

The expressions

- f V:
f—

, 0V , 0V
""(Po:an';,—-i—-.."l-(PzPy +Pypx)a_m);/+-..)

will represent this energy.
From (2) follows for the derivatives of second order occurring

o

in this expression -

PV LS 1 Vs 1 Co

0z* = 0x*  Babe ’ 5y_’ T a_y; _'ag-bic '
¢V _ 08 2 i N
0z°  02° + Sabe ' dydz  dydz

(3)

3. In ovder to examine generally ~the stability of the system
described in (2), we must study the behaviour of ‘the quadric form,
representing the potential energy as function of the variables deter-
mining the direction of all dipoles. The difficulty of this p:oblem
does not he 80 much m the great number of variables, as in the
1mp0551b1hty to form a smgle series, in which the variables relating
to neighbouring magnets, follow each other closely.

This difficulty does not present itself in the case when there are
dipoles placed on one line at mutually equal distances. There the
stability may easily be examined in the well- known fashion with
the help of a determinant. We shall mention a few of the results,
as they may guide us in the case that has our ‘atfention. If all
magnets are directed by a field parallel to the line, the system is
still stable if the field is abolished. If we apply a slowly increasing
field, contrary to the magnetisation, there may be indicated a definite
group of small deviations of the dipoles, for which- the system first
becomes unstable. Thése displacements awe such that the” magnets
lie, in one plane and alternately will make angles 4 ¢ and — ¢
with the direction of the field. The coercitive force. found for this
displacement of the magnets is ouly, one third of the force found
from the supposition, that all magnets turn parallelly. ;
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For the case of the cubic lattice the analogous general method is
impracticable for the reason mentioned above, but it is clear that
also there we must find the combination of deviations, which
most easily leads to an unstable ‘position of the magnets. This
combination must serve in calculating the coercitive-force, and it
will yield for this quantity a smaller value than all other virtual
displacements. Led by the analogy of the above mentioned simple
case we shall examine those combinations of displacements, in which
the dipoles of the lattice are distributed over two equal groups,
which show an opposite displacement. Further it will be favourable
in order to get unstability if the magnets with opposite deviations
are placed as alternately as possible. -

We can obtain a division into two groups by starting from a
plane through three arbitrarily chosen points of the lattice and
then using the system of parallel planes which contains all points.
The dipoles lying in such planes can be assigned in a systematic
way to each of the groups. The most obvious method is to count
the planes alternately to the first and to the second group. Let the
chosen planes divide the three edges of the elementary cube, respec-
tively in [/, m, and n parts. The dipoles on the z-axis will belong
alternately to the two groups, when / is odd, but all to the same
group if / is even. From this it follows that in principle there are
possible only three divisions into groups i. e. dipoles aloﬁg three,
along two or only along one axis belonging alternately to different.
groups. These divisions can be obtained by starting respectively
from the octahedron, the rhomb-dodecahedron ov the cube-plane.

In the same way we can examine the disiribution of the points
of the central cubic lattice, by paying attention to the question
whether the dipoles lying on three of the cube-diagonals belong or
do not belong to different groups Here the two last cases appear
to be identical. Consequently there are only two possibilities, which
belong respectively to the octaeder and the rhomb.-dodecabedron plane.
When we consider the distributions of the plane-centred cubic lattice
we can take three diagonals in the sides which meet in one corner.
Then the first and the third case are identical and belong to the
octahedron-plane, the second case belongs to the cube-plane. - ..

With each of the lattices mentioned we meet with a way of
the deviations that will yield ho sharper criterion for the stability
than the deviation in parallel of all dipoles. These are the distri-
butions that belong to the octahedron-plane. For it is evident that
for each half separately the equivalency of the three directions
of axes still exists. Analogous to what_has been discussed sub 1 it
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holds good not only for each part separately, but also for the parts
mutaally, that the energy is zero for every position of the dipoles.
The coercitive-force thus becomes again a third of the magnetisation
of saturation, for other divisions into two groups a much smaller,
even a negative value being found.

There are still many other divisions into groups conceivable, which
perhaps may be of interest when another direction of the exterior
field is chosen. So e.g. the division into three groups. In the case
exclusively trealed here where the field is parallel to the edge of
the cube, they appeared to yield a greater value for H, than that
calculated below.

4. We shall take the y-axis in the direction of the exterior field,
the a- and z-axes along the two other edges. For an arbitrary division
into two halves the dipoles of which are directed parallel to the
ay-plane, and form angles 4+ ¢ and — ¢ with the y-axis, we can
indicate the energy as follows. Every dipole may be decomposed
into a y-component p cos @ and an a-component p sin ¢ for the one
and — p sin @ for the other group. The y-components form a com-
plete cobic lattice and their mutwal energy is consequently zero.
In consequence of the exterior field H, each dipole has an energy

5—)‘ t, cos ¢ per

unity of volume. Also the magnetical energy of the a-dipoles and the
y-dipoles is zero on account of the cubic arrangement of these latter.
The mutual energy of all xz-components thus remains to be calculated.
In order to determine this we imagine the a-components of the
dipoles of the second group inversed in sign.

Then all are directed in the same way and their mutual energy
is zero. If now we inverse the dipoles again then only the mutual
energy of the two groups becomes different in sign. The energy sought
for of all dipoles together is thus equal to twice the mutual energy
of the two groups. We shall now calculate this with the help of (2).

Call the potential caused by unit-poles placed in the first half V|
then the energy of a magnet with moment — p sin ¢ in the field
of the first group the dipoles of which have a moment psin ¢ is
according to what preceded

pH, cos ¢ and so the dipoles together an energy of

QR | v
n
PO e
or per unity of volnme
p’ v

é—a-;ain'(pa;-’—.

- 144 -



919

The total energy per volume-unity is thus for the system
3 31

4 p .
—(—z;H,coup—{—?d—aax’ S N €

The second derivative with respect 1o ¢ of this expression is for
p=0

P 2p* o'V
Ly * R
ar + & 0a*
The energy 15 a minimum and the equilibrium stable as long as
1t is positive.-y
For the limiting case we have
vV
FYIE AN
And consequently the coercitive force becomes
E p iV - 98
— - - — — . e e e 5
1. 3d Hap 0w’ 2p 0x? )

-
3

S

the last according to (3), where abc = 2d*.
When this formula yields a negative value a positive field stronger
than — H, is necessary to make the position ¢ — 0 stable.
Foria weaker-field we find the equilibrium-positive from the first
derivative of (3) .
]

; 0
v Hsingp 4+ 2p Fyey singcosp =10
- x

Y

“n P

or
rV
cosp=—H/2p Fyes
e pcos 1
The magnetisation is here /= F ey H=23.The
4 0a*

magnetic field within the sphere is U — § = U (1—}3) and the
mductive U+ [ = U (1+p). The constant permeability of the matter
18 consequently

dH,
‘ . 148 7 + %
N T 1387 &H
—43
Pﬂ
For the divisions into two groups, which we have discussed sub 3
3
we can always calculate 5 according to the series found in 2 and
2

the relation (2), where in some cases we must turn the z and z axis

5(
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over an angle of 45° or interchange the z, ¥ and z axis. The series
always show strong convergence; for the following numbers, the
calculation of 8 terms was only necessary in one case.

The table given below gives the values calculated for A, in this
way. For the cases in which the lattice is unstable, the permeability
is indicated in the unstable direction. In the third to the fifth column
the values of @ & and ¢ used in the calculation are mentioned.

Latice | WXE | G| G = x| ®
111 'fa
+41.104
010 1 1 1 ’ —0.0521 | 14
Cubic ' —0.0521 | 14
+0.546
o1 1 V2 |pV2 -+ 0.546 P
! ~0.0925 | 3.2
1 o
Centred +0.440
cubic ol1 1 | ve |2 ]| 40.440
+0.1209
1 '3
- | Face centred +0.668
cubic 001 e V2| 1,V2| Yy +40.1610
B - +0.1610

We must remark, that for the three cases always occurring with
equal values of a, band c only one calculation was necessary. For we
can interpret them as belonging to one and the same division in
two groups, but with the exterior field successively in the three
directions of the axes. According to (5) the values of H, belonging

to it will taken together be equal to Z%:—M. Moreover on account
a

of symmetry only two are always equal to each other, so thatonly
one must be calculated. The smallest value of H, for each lattice is

printed in bold type, the others have importance mainly for the
A}
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calculation. So the centred and the plane-centred show coercitive
force, and even in a degree much too great for steel e.g.

In all our considerations we have left unconsidered the heat-
movement. The magnetic properties found here are apparently always
represented by magnetisation-curves consisting of straight lines.
These broken straight lines will no doubt be rounded off by the
heat-movement, and consequently resemble more those under obser-
vation. Another cause for the rounding off must be looked for in
the fact that the real materials are aggregates of crystals lying at
random in all directions. For the present we draw the attention for
the effect of this cause to the well-known theories of Pierrk Werss.

~

[nstitute of Theoretical Physics.

Utrecht. | gontomber 1918.

Groningen,
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Physics. — “On the theory of the Brownian motion.” By Prof.
L. S. OrssteiN and Dr. H. C. Borerr. (Communicated by Prof.
H. A. Lorenrz). . ' r -

(Communicated in the meeting of September 29, 1918).

Prof. vaN DER WaaLs Jr. has developed in these communications?')
a new theory of the Browman wmotion. We shall demonstrate in
this paper, that, he has made use of various wrong suppositions and
theses in his reasoning.

~

1. Van prr WaaLs starts from the equation of motion of a Brow-

nian particle in the formula:
s=wl) . . . . . . . .

Here w(f) is the force which the particle experiences from the
molecules of the liquid. The force w(f) is a magnitude depending
upon chance.

In order to arrive at a theory of the Brownian motion v.p.Waars
introduced the supposition that z,w({) — the product of the velocity
at the time zero and the force at the time ¢ — is zero “on an
average over all particles *).

Now we can understand the average in two ways, viz.:

a. at a given initial velocity »,, thus w(9¥) =0.

4. at all possible initial velocities, in which case the distribution
of velocity according to MaxwerL must be taken into consideration.
Vax per Waars uses the average in the way last mentioned.
We shall also examine to what the supposition leads if we apply
the first way of determining the average and show that the deter-
mination according to (a) as well as v. . Waars uses it leads to
impossible consequences. .

In this purpose we take down the first integral of (1), whick is

¢
r==z,+ | w(3d> . B )
J

If we determine the average according to (a) we obtain

!y These com. Vol. XX. 1818. p. 12564,
%) of. p. 1258 of the paper quoted.
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x::w',,
which in physics is an impossible result.
If we square (2) and determine the average according to (a), we

obtain
t

af w(9) d9 (

a result which, as is immediately obvious, is opposed to the theorem
of equipartition, as the average of the second member is essentially
positive, so that if e.g. z,* is more than the equipartition-value,

2t =.';,'.’ 4+

this would also be the case with 2*. If we determine the average
of the square of (2) in the supposition (6) we find

t

afw(ﬁ) d&z

And as now z,* in this case has the equipartition-value, #* would
be essentially more than this value, which contains a contradiction,
as the average square of the velocity must be equal for all particles,
at any moment.

Van peEr WaaLs has made use of the second integral of (1) viz.

t

x==z, + at+ |w@® (t—) dd
o L
to arrive at his theory. In the same way as above we can demon-

z* "'._".';:.’ +

strate that this combined with his supposition z,w() = 0 leads to
incorrect results, contrary (o theory and observation. For if we make

up x—az, = A, supposition (a) yields

t

f w(9) (t—9) &9 z "

And as the average in the second member is positive the highest

—A—;z.’;.’t’ +

power of ¢ which occurs in A* will as least be 2, consequently

v.D. WaALS’ supposition comes into conflict with the formula A® = &,
which he applies himself (p. 1257 l.c.). If we determine the average
according to (b) the only difference is that x,> must be replaced by
the equipartition value of the velocity-square, so that also in deter-
mining the average according to vaN per WaaLs the formula used

by him combined with his supposition x,(f) = O leads to an incor-
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rect resnlt. Besides the negatwe conclusion that the theory of v. v,
Waais ought to be rejecled some posmve resuit can be deduced
ftom our calculations. ) .

" The formula 1) is Just as much a matter of course as it is right )
and consequently there must be a mistake in the supposition

2,w(f) = 0, while there can.be no difficulty for anyone in seeing
that everything is all right when this magnitude can become negative
for fixed values of {. We shall in this paragraph use the average
according to (a). As 2, has been given once and for all," the above
reasoning shows, that w(f) for certain values of ¢ must possess the
opposite sign of &,7). Now van Dper WaaLs has rightly drawn
attention to it, that according to statistical mechanics for ¢ = 0, w(t) = 0.
Besides 1t 1s evident, that for ¢ infimte the average value of w(?)
undergoes no mfluence from z, and therefore must be’ zero. The
course of w(f) may consequently be imagined in a way as represented
by the accompanying figure (where 2, has been supposed positive).

t

-&//f) .

Of course the curve may be more complicated for example w(f)
might oscillate round the axis. If now we calculate w(#) according fo
the EinsteIN-LaneeviN formula, we find, if we take into consideration
that #'(?) is equal to zero: -
w(t) = — Br + F(t) = — Be—# a, )
1) From the formula (1) we can deduce the relation A* =bt if we introduce
suppositions, it is however unpossible to find the value of &, without penetrating
into the mechanism of the Brownian motion.

%) There are cases, when this is not so necessary according to what precedes,
. . . » " e * W ,
but if «, is more than the equipartition value, it is certainly’ the case. s
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-

For ¢t=0 the line, which represents this course, deviates from
the true curve. The important agreement existing between EiNsTEIN'S
theory and the experiment now makes us presume, that the true
w(t) —t curve and the curve according to EinsTEIN only deviate
from each other for short times after the departure of the particle
with the velocity z, that so the maximum in thé true curve lies
close to t=0, and that from this maximum onward it descends
pretty _well exponentially according to HiNsTEIN’s curve. It goes
without saying that these are only assumptions, which a calculation
of the true W) curve must prove from the molecular theory. We
are however of opinion that it is worth while to pomt to this
possible interpretation of HiNsTEIN'S master-stroke in the theory of
the Brownian motion.

§ 2. Van DErR WaaLrs' theory further rests on the thesis that the
magnitude

to(t)J;v(ﬂ)(t—ﬂ)d& N )]
0

is essentially negative, if only ¢ be not taken to small.

Perhaps 1t is not quite superfluous to demonstrate after what
precedes, that this thesis is not right; expecially as an integral of
the same kind used by one of ns may be treated in the same way?).

When w(f) is a functon determined by chance, of which the
character 15 not dependent upon the time, we can represent it for
a long interval by a Fourier-series, the coéfficients of the Fourikr-
series defermine the nature of the accidental character?). If so

2nni 2an )

- w(t) = 3, (A,, sin 7 + B, cos - ¢
when w(#) =0, we must have B, = 0.
The calenlation of (3) becomes simple, when we apply that

1) Compare L S. OrnsTEIN. On the Brownian motion. These Proc. XXV,

1917. p. 96.
%) When we have to do with a function of accidental character, even then

the conduct of this function may very well depend upon the time. If we consider
e.g. the length of the path in Biownian motion, we get for all times o =0, but
A2 =Dbt, for the velocity however we have »=0, ¢? is constantly independent of

the time. For the force something analogeous as for the velocity ought to be
assumed. By going further into the mechanism of the motion, this can be rendered

plausible.

60
Proceedings Royal Acad. Amsterdam. Vol. XXI,
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1 ' t 1 -
J;o(ﬂ) (t—F)dy= f dtfv(&) a9
0 0 0

or as the zero point of the time is arbitrary, it may be replaced by
+% t t-;-f

f w(9) (t+§+9) d9 —-__—o f d: f w(9) d9.

3
The average value in question may now be represented by

t T t S
w(t) [w(9) —I) dd= % dE w(§+t)‘fdtﬁv(1‘}) dd.
0 0 0 4

For the sake of simplification the time-unity may be chosen so
that the time 7" is equal to 2a, thus we find

b4t
A B
Af‘w(ii\) dy =3 [— 2 foos n(t+§) — cos n &} + — {sin n(t+-§) — sin n’g’}]
: n n
E n
which once again integrated with respect to ¢ from o to ¢ yields

o [— :4;’;‘ fsin n(t+-&) — sin nl

n

4 B,
+ ZteosnE — E’; foos n(t - §) —cos ng} — — ¢ ain ng]
n n n

~

This expression must subsequently be multiplied by

w(t -+ &) = D{d,sinn ¢+ &) 4+ Bacosn(t + )

and thus integrated with respect to & from zero to 2. Then all
terms of the product in which n has odd values fall out. At last
the average value sought for is given by

t
1 "H ’n C‘ .
w(t)fw(z‘}) (t—9) dd = e (—-— (—]—— + g——. cos nt -+ 2—" t sin nt)
a4 n n n
0

where C* = 4,* + B,*. In the usual way this sum may be converted
H

. : : C.* .
into an integral, in which the average value -2# is represented
n
by f(m)'). In the avevage value described we find in this way™

) By PLaNck, EINSTEIN, LAUE series of FoURIER have been applied in the

discussion of questions of probability (e.g. average values).
}

¢ " )
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f—~ (nt sinnt —I— cos nt—1) dn?).

The sign of this integral may for larger values of ¢ be made
quite arbitrarily by proper choice of f(n).-That it should be essen-
tially negative is consequently not true?).

3. In the quoted paper by OrnsTEIN the first theory of the Brownian
motion as developed by Dr. SxerALace and J. D. v. . Waars was
criticised on the basis of the fact that it comes into conflict with
the theorem of equipartion.

There the thesis was made use of that

*zjiu(vg:)sing.(t-—g)dﬁgg. N )
0

is proportional to ¢ Here w(&) is a’function subjected to chance, so
that the average value is zero®). In a note van DErR Waals says:
“This change of sign (of w(8) w(@+4d) was overlooked by ORrNsTEIN.
In consequence of this he arrived at the remarkable conclusion, that

. d — o
it is not allowed to accept that % u* ==0. For from this it follows

according to his calculation that u* is not constant, but the sum of
a lineary and periodical function of ¢!”

It is necessary to remark in contradiction to this, that the diffe-
rential equation*) of v. D. WAALS—SNETHLAGE Viz.

. . t . . -
1) For {= oo this expression becomgs equal to v f (0), is thus essentially positive

(le. [ is essentially positive)
For very great values of { we can require that the average is « ({), then we get

‘Z@=E—f(p( )sm ni da
n b

for very small values of / the average value is also positive.
%) The~ proof that v. p WaaLs gives of the disputed thesis by differentiating

A® (p. 1331 of his paper) is not right. The formula A?= ¢ is deduced by a

transition to a limit, and the process is such that in differentiating ~2 we do not
get b as p cannot be differentiated. -

%) Compare ORNSTEIN, these reports XXI, p. 96.

4) The equation, which is treated by both authors as a differential equation,
does not apply, as they suppose, to arbitrary kinds, but only to the commencement
of the movement, compare ORNSTEIN and ZERNIKE, These Proc. XXI, p. 109.

60*

- 153 -



928

d* ~ .
E;’: — Q™4 -+ w w=20 (given ad u, and w,)

eads to incorrect results. For we get according to their equation

u? :(uo 008 ot - T—;ﬁ sin gt } + -(% ’ ﬁ(g) sin @(t—8§) ds ’
0

and as we shall once again prove further on the last average value
is proportional to ¢ From the suppositions of van pEr WaaLs and
Miss SNETHLAGE the remarkable conclusion does really follow, that
the velocity of a Brownian particle should increase infinitely.

The proof of the thesis that (5) is proportional to ¢, which isonly
slightly different from a deduction given by Pranck already in
another connection, runs as follows. The integral may be written
in the form:

tt
f f W (&) W (m) sin ¢ (t—8§) sin o(t—n) dE dy.
[V ]
or if we interchange integrating and determining the average ¢
t 1
o [[TE D sinoe—8 oin o) d
00

If now we introduce 4= £ + ¢, we get
t —i
Ja in et f W& WET$ sin plt—5— ) dp
0 —¢
In this form we again introduce for W a Fourikr-series in which

W,=0, whilst we must take B=0.
We then find for the average value

%
W& WELW) = I (4%+ B) c0s -11 np

So that the integral in question if for the sake of simplification
2

we take 7 = o becomes
—f
fsz‘n 0 (t—E)dE | = (4n*+By?) sin @ (t—E— ) cos @up dap =
S -—‘ a
t t—&

= X (4p*+By?) |sin o(t—E)dE | sin (t—E—p) cos pmp dp.
0
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 While calculating these integrals. we need only take into account
terms, which get the highest power of p—o,-in the denominator,
as only these contribute in a way wortl mentioning to the result.
If we execute the quite elementary calculation we arrive at the
result

. g 900
t . sin? ——¢
3 f W (&) sin g (e—E)dS (4 + B,
0

- 2 (@_?n)r

When ot is great we can write for this

(4* +B’)j i

hl

0—0n,

tr
————d, = (A*+B*) —;
ey o= )%
in which 4 and B are the coefficients of the terms of the series
2an

for which ¢, = ¢, consequently - =@ or rather the integer that
lies closest to this. 3

As long as 4* 4 B* differs from zero the value of the average
in question is proportional to the time. A* 4 B* is sirictly zero,
this does not hold good, but there is not a single reason to suppose,
ihat in the Brownian motion the term of which the frequency 1s
determined by ¢ should just be missing in the Fourikr-series. But
even should it be missing, we should on the basis of the suppositions
of vaN DErR Waars and Dr. Snerhraee arrive at the improbable
result, that the average value of the velocity of a Brownian particle
never reaches the equipartiton value. ’

4. In van per WaaLs’ paper it is urged that LaneeviN’s deduction
of the formula A* would contain an inner inconsistency. This incou-
sistency is held not to appear in the theory that Mrs. Dr. pt Haas-
f.orenTz has worked out on the basis of EinstuiN’s formula. And as
the starting point according to EiNstrIN and that of LaNGEvIN are
identical, it would be surprising if the one theory would be inwardly
inconsistent and the other not, unless LanervIN should have made a
blunder in calculation. This however is not the case, if we formulate
the basis as was done in OrNsTEIN’S paper, there exists no contradic-
tion. As well EiNstiiN's theory as that of LANGEVIN rests on the

following suppositions
du

L Et.=__'wu+ﬁ'. C e . (6a)
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F=0 . . . . . . . . . (88
+w—-_—-—-—-—- kT
[FETETRHw=""=0. . . . .. 6

—c

provided we start from particles which at the time ¢ =0, have the
velocity u,.

If we accept this set of equations, which kinetically have not been
proved, which however contains the inconsistency developed in § 1,
we afterwards do not arrive at any contradiction.

Van peEr Waals looked for it in the equation arising when (2)
1s multiplied by « and the average is determined, he wrote down?)

du —
udt = —wu

which is really incorrect, but he forgot then that Fu is not zero,
if we pul ourselves on the standpoint of the suppositions 6(e, 3, ¥);
as OrnsTEIN demonstrated on p. 1011 of his paper. If we introduce

for wF the value found there the equation adopts the form

“du AN
”:i7=ﬂ u, —.EB e—ipt

. ... _—
For times large with reference to — this is zero, whilst if the average

\9‘

o5
Now it is supposed in LangEviN's proof that zF = 0. It might

be doubted perhaps whether this magnitude is equal to zero?®). Yet

this is the case. For we have

is determined over all particles it is always zero as u,’ =

d*z dex
@ gt E
S0
t ! 3
o=, + 21—y & fe—ﬂe a5 feﬁﬂ PO dy
B 0 0
SO

) LangeviN has not developed any reasonings that could give rise to the sup-

position that he puts Fu =0.
%) On the fact that  F =0 rests the very simple theory which LANGEVIN gave
of the Brownian motion.
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. ¥
Fao =[x, + ,:.;:(1_”: )] F + F | e85 dgf efn F(n)dy
0 0
The first term is zero according to 68, for the second term we
can write by partial iniegration

1 1

— —l——F(t)e‘Pl f::ﬂﬂF(n) dy —F (t?fF(n) dy.
3 0 0
The two last integrals are equal, as F'(?) F'(y) is different from
zero only if % lies in the immediate neighbourhood of ¢. The value
3

of both integrals, as proved in ORNSTEIN’S paper, 1s PE

Thus it becomes clear that there is no question of inner contradic-
tion, and that only the supposition about W(f) — incorrect through
the times of commencement — is an error in the theory of EiNsTrIN
and LangeviN. As we showed in § 1 of this paper the value which
according to EiINsTEIN'sformula is obtained for the average force at a
given velocity at the time zero W@ only deviates for a very short time
from the real value of ihis magnitude. The fact that EiNstuN’s for-
mula leads to results which agree well with reality support the
supposition that the relation

W@ = — Br, et
holds with a very good approximation already a very short time
after the moment in which all emulsion-particles possess the velocity

x,. The true kinetic theory of the Brownian motion will perhaps be
able to give an account of this fact.

Institute for Theoretical Physics.
Utrecht, Sept. 1918,
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Physics. — “The audion as an amplifier”’ By G. Horst and E.
Oosteruuis. (Communicated by Prof.”H. A. LoRENTZ.)

(Communicated in the meeting of October 26, 1918).

In a recently published article G. VarLauri') communicated some
calculations about the audion as an amplifier. He points out, that
under normal conditions, one may approximately represent the anode
current of the audion I as a lneair function of the grid potential
v and the plate potential V:

I=av 4+ 0V +4ec

If in the plate circuit a resistance R is placed, it may be easily
calculated that the variations of the current I, in the plate circuit
depend upon the variations v, of the grid potential in the following
way :

a

Y — T

+ bR

Vy.

. A .
Now Vawnnaurl takes the ratio — as a measure for the amplification.
Uy

It appears to us that more satisfactory results are obtained, if we

L, - . . .
do not assume — as the amplification, but the dimensionless ratio

Vv
of the potential variations on the resistance R to the variations of
aR
the grid potential. The amplification then becomes G'=— Y and

for large values of R: G,,mz%.

If instead of a resistance a selfinduction L is placed in the anode
circuit, we get, if the frequency of the grid variations is n:

G variation potential on selfinduction 2 n La
- variation grid potential T VT 4 dat e b L
. ) 3

and for large values of L: G,,m::z—

In the case of a capacity C' connected in parallel to the self-
induetion L we obtain:

1) Nuovo Cimenio (13) 169, 1917.
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G 2anLa \
T V(i—da L) + 4t B L
G now becomes a maximum for 4x3n* LC=1, ie. if the circuit

(LC) is tuned to the grid potential frequency *).
-

We again find Gimaxz Y

The amplification as defined above, has the same maximum value
‘bi in any case, so that it indicates a property of the audion. That
our definition is an obvious one, is readily seen in the case one
has to do with several audions connected in series. The tension on
the resistance or self-induction in the anode circuit of the first
audion is connected to the grid of the second and so on. The ratio
of the variations in the grid potentials of the two audions is there-
fore equal to &, and so will be the ratio of the anode 'current
variations. This latter ratio can easily be measured. Indeed we
found the maximum ratio of the anode current variations to be

I to o
eu& 0-—.
4 5

2. In order to increase the amplifying action of the audion,

I FrANKLIN among others have advi-
R il 1z sed the use of reaction ‘circuits, in
L = which the plate current reacts on
the grid circuit, e.g. by magnetic

M — R coupling.

We will discuss now, the charac-

I teristic properties of the audion

that are of importance in reaction

circuits and more specially in the
case of figure 1.7%)

We have assumed that in the

11 secondary circuit a damped vibra-

tion is set up, and that (he poten-

tial on the condensor C, is of the

=t
I 9
Wik ~-~4pj
m

form
v ==f(t) = w sin 27r nt (1 —e~2t) et

In this case we get the following system of equations

1) While in the two previously treated cases, large values of B and L must be
used to obtain maximum amplification, here normal L and C will suffice.
%) See Vauuavrr loc. cit. fig. 7.

i —
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I=av+ bV 4o I=T 41
dar, dal,
W — RJ—-LE——O v—-f(t)-—M———-
1
W—C I, dt =9 V=E—~RI—W.

Here W is the potential on the condensor C and M the coef-
ficient of mutual induction of the reaction coil.
From these equations a differential equation for W may be derived

EW AW ,
a—s —-—ﬂ—Tﬂ—- +yW=d+4 Rayf@t) + Laf @)

where
a = CL(l + bR)
B= CR(l + bR) + bL + aM. -
y=14+ bR+ R)
d= R(c + tE).
The solution of this equation is of the form

8 1 .. a1
g 2 Vida y—
W—=— te 2«' Psin (——‘f—y—ﬁ“ + (p)
y 2a
~F e—taw 4 sin (2x nt 4 ¥)
— e—(p+9)t qw B sin (27 nt 4 ).

If the circuit (LRC) is tuned to the incoming oscillations
V4o y—B° = 41 na. Putting the damping factor -2—‘-?— = D we find for
23

the variable part of W an expression of the form:

e—Dt F sin (27 nt 4- §)
~ {4 e—ct G sin (27w nt + 1)
1 + b (B + E) ( e— (2t Hsin 2z nt + §)
in which F, ¢ and H are functions of ¢, ¢, L, R and D only.

The first four quantities are independent of the audion, the last
one D however is a function of @ and &, but by varying the coef-
ficient of mutual induction M of the reaction coil any value of D
may be obtained, so that independent of & and & the most effective
damping can always be obtained.

So we come to the conclusion, that in a reaction circuit, when
R and R' are not extraordinarily large, W, is proportional to a

dn? n® L D?

Y

and independent of the value %, which gave the maximum ampli-

fication in the previously treated cases.
Eindhoven. Physical laboratory of Philips’ incandescent
lamp Works Ltd. .
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Mathematics. — “Remark on the plane translation theorem”. By
Prof. L. E. J. Brouwer.

(Communicated in the meeting of December 28, 1918).

The plane translation theorem enunciated by me in Vol. XII of
these Proceedings (p. 297) and completely proved for the first time
in Vol. 72 of the Mathematische Annalen (p. 37—54), runs as follows:

A continuous one-one transformation of the Cartesian plane T' in
uself with invariant indicalriz, but without an invariant point, is a
translation all over the plane.

We mean by this that each point of I'is situated in a translation
field, i. e. in a region lying outside its image region and bounded
by two simple open lines not meeting each other, one of which is
the image of the other.

Let ¢ be the given transformation, 7 a translation field belonging
to £, .7 for each positive or negative integer n including zero the
image of 7 for the transformation #1. The set of points 7’/ = & (, T")

n

can be represented binniformly and continuously on a Cartesian
plane C in such a way that the image of the transformation ¢ of
T’ is a translation of C. Thus, ¢f by a convenient choice of T we
can arrange T’ to fill up the whole plane T, T can be represented
biuniformly and continwously on « Cartesian plane C in such a
way that the itmage of the transformation tof I'is a translation of C.

However the question, whether jfor each transformation t a choice of
T making T’ to fill up the whole plane T, is possible, must be
answered in the negative, as was indicated by me in a footnote
on page 37 of the quoted paper of the Mathematische Annalen,
and as appears from the following example:

In I we detine a Euclidean system of measurement, and a rec-
tangular system of coordinates founded on 1it. The straight lines
y =1 and y = —1 divide I'into threeregionsg, (y >1),9, 1>y >—1),
and g, (y << —1). Each of the regions g, and ¢, we fill up with a
pencil of lines ¥ =¢, and the region ¢, we (fill up with & pencil

2 ¢ . These three pencils together with the lines

14a—c
y=1 and y= —1 form a pencil 3 of simple open lines not inter-
secting each other, and covering I" entirely.

of lines y* =
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We shall now understand by ¢ the transformation carrying each
point P of I on the line of 3 passing through it along an arc of
constant length [: fo the lgft, if P lies in ¢, or on the boundary
of ¢,; upward, if P lies in ¢,; to the right, if P lies in g, or on
the boundary of g, This transformation ¢ is duly biuniform and
continuous, has no invariant point, and leaves the indicatrix invariant.
But if for each positive or negative integer n including zero we
represent the image of P for the transformation ¢* by ,P aund € (, P)

n

by P’, P’ does not depend on P continuously (for, if the sequence
of points P, P,, P,,.... lying in g, converges to the point Plying
on the line y = —1, the sequence P,’, P,’, P,’, ... . does not converge
exclusively to /’, but also to other points of I).

Thus neither can T be represented biuniformly and continuously
on a Cariesian plane C in such a way that the image of the trans-
Jormation t of I'is a translation of C. For, if such a representation
- were possible, P’ would necessarily depend on P continuously.
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Physiology. — “4 new ophthalmoscope”. By Prof. J. K. A. WERTREIM
SALOMONSON.

(Communicated in the meeting of December 28, 1918).

In a former communication made at the meeting on April 27t
1917 1 showed a collection of photographs of the living human
retina. | deseribed and exhibited two different photographic ophthal-
moscopes, the second of which has been n regular use and gives
satisfactory, results. As a matter of fact we can also use it for
simply showing a retina to any person not familiar with ophthal-
moscopy, as the instrument can be easily adjusted in exactly the
right position before the eye to be examined, the observer only
having to focus the image. But if an instrument of this kind has
to be used solely for demonstrating purposes a thorough reconstrue-
tion including many modifications might prove judicious. In that
case we ought to provide for the possibility of nsing several diffe-
rent magnifications, which in the case of the photographic instru-
ment, giving a real image of 40 millimetres in diameter would
have been irksome. With the photographic instrument the ocular
magnification amounted to 3.5 times, corresponding to an absolute
~ enlargement of the fundus of about 15 diameters.

In the second place we shounld have to discard the arclamp the
light of which for our purpose can only practically be dimmed by
absorbing light-filters.

We might have substituted for the small screens used for inter-
cepting the light reflected by the ophthalmoscope lens some more
appropriate means, at least if photography were not intended.

Lastly it should be possible to materially reduce the dimensions
of the whole apparatus, rendering it more easy to handle.

Starting from these considerations, [ have built an entirely new
instrument, to be used solely for viewing the retina and showing
it to students as yet unskilled in the art of ophthalmoscopy.

The principle of indirect ophthalmoscopy has been applied as was
also the case'with the photographic instrument. For illumination a
small 25-candle power gas-filled lamp with a straight tungsten
filament-spiral was used, normally burning on a 4-cell accumulator
or on & small alternating current transformer for 8 Volts secondary.
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The light intensity is generally reduced with a sliding contact
variuble resistance.

A condensor projects the image of the filament on a narrow slit.
A lens placed on the slit projects the eondensor aperture on the

ophthalmoscope lens, the light being deflected 90 degrees by a small
totally reflecting prism placed beneath the slit, so as to permit of
placing the illnminating tube at a right angle to the axis of the
viewing tube, containing the ophthalmoscope lens. The real image
of the retina, formed by the ophthalmoscopelens can be examined
through an aperture beneath the prism. We inspect that image with
a kind of short microscope, the objective of which has a focal
distance of 55 millimeters, the eye piece being one of the Huygenian
type as used in the ordinary microscope. The magnification is altered
on the use of different eyepieces.

In order to eliininate the images reflected by the ophthalmoscope
lens, the following arrangement is used. A small achromatic double
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image prism of calespar and glass is placed between the condensor
and the slit and causes two images of the filament to be projected
in-the plane of the slit. Only one of these, formed by the ordinary
rays falls in the slit, the other falls on one of .the slitplates and
is arrested. Consequently the eye is illuminated with polarised light
and the images reflected by the ophthalmoscope lens are also polarised.
By means of a nicol prism placed in the microscope tube these
reflexes are extinguished. The light illuminating the retina and
reflected from the fundus of the eye has become depolarised and
can be observed with the microscope. As a matter of fact theretina
is clearly seen without any appreciable disturbing reflexes from the
surface of the intervening media: Also the retinalreflexes, which in
young patients are nearly always very noticeable, seem to be
very slightly lessefied. ~ - - .

The construction of this ophthalmoscope appears to possess some
advanfages. According to the HrrmMHOLTZ-GULLSTRAND theory we use
one small ‘part of the pupil in "the patient’s eye for transmitting
the illuminating light-cone, whereas another part of the pupil takes
up the narrowest part of the double. cone of rays emerging from
the retina and ' passing into the eye of the observer. These cones
should be entirely separated by a narrow unused zone both. of
the cornea and of the anterior and poserior surface of the lens.
Only in this way is it possible to prevent the occurrence of reflexes
emerging from these surfaces which. pass into the eye of the observer
and disturb the ophthalmoscopic image by diffused light from the
substance of the cornea and the lens. With my instrument the
reflexes can never reach the observer as they would also be obscured
by the nicol prism. Therefore we have only to consider the light
diffused by the illuminated parts of cornea and -lens. The lens is in
this respect more troublesome than the cornea, especially in young
individuals, whereas in adult patients both show nearly the same
opalescence. Consequently we might in some cases — at least
theoretically — lessen the distance between the illuminating and
observation cone of light, and we should be able to examine eyes
with narrow pupils — at least smaller ones with our instrument
than with other instruments of the same kind. The reason that I
have adjusted the instrument without considering this possibility
may be found in the fact that I wished to have an instrument which
would be ready for use with any patient without any adjustment
except of course the final focussing.

With this instrument we can see at once 27° of the fundus of an
emmetrope eye, corresponding to about 4!/, diameters of the papilla
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nervi optici. The whole field is remarkably flat, and sharp up to
the edges. The magnification is generally about 14 diameters, or
about the same as when the eye is examined with the direct method,
but with an angle of view many times greater. By using stronger

eyepieces the image, which is in the upright position, can be magnified
up to about 50 times, the angle of view of course being somewhat
reduced. As the illuminating filament can be regulated to any
desired degree of brightness we can even with this high magnifi-
cation get a profusion of light, and exceedingly clear and sharply
defined images of the fundus. .

When in use the distance from the patient’s eye to the instru-
ment is about 90 millimeters. The only change necessary when
examining different patients, is the focussing. In cases of strongly
myopic, hypermetropic or astigmatic eyes, examination is still possible
with the patient wearing his own glasses.

The ophthalmoscope lens in this instrument is one of the well-
known aspheric aplanatic single lenses of 43 mm. clear aperture,
made by Zeiss. One might use any other aplanatic combination of
lenses, provided the focal distance and aperture were satisfactory.
The maltiple reflexes from a combination of lenses would be obseured
as effectually as those from a single lens.
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Physiology. — “Tonus and faradic tetaiius”. By Prof. J. K."A. Werr-
ariM SaromoxsoN and Mrs. Rarv Lanei—Hourman.

Z.s.

(Communicated in the meeting of April 26, 1918).

If a muscle be stimulated with the secondary current of an
mduction apparatus fitted with a vibrating interrnpter we generally
get a tetanic coniraction. In case of a sufficiently high rate of inter-
ruptions per second the tetanus will be a complete one, during
which no rapid variations of length, thickness or tension of the
musele can be detected. If the rate of stimulation be lessened, the
tetanus ceases to be a complete one. Synchronous with the stimuli
the musele shows a series of small twitches superposed on a tetanic
contraction. These can easily be recorded on a rotating drum either
by recording the length, the thickness or the tension of ihe muscle.
The twitches become slighter by inereasing the rate of stimulation.
With a certain rate, which we shall call the critical frequency, they
disappear altogether and we get again a smooth curve, indicating
a complete tetanus.

This critical frequency, with human muscles at least, is fairly
constant and varies only very slightly in different muscles from a
mean of about 18 per second. But is tlus critical frequency really
a constant one? Do we know of any condition, which might likely
cause a variation?

A complete tetanus is obtained when the frequency of the exci-
tations is such that the intervals between them are equal to the
time vequired for the muscle, excited by a single instantaneons
stimulus under 1sometric conditions, to obtain its greatest tension
(BurponN SanpirsoN). Marey and HermanN among others state that
the time between two stimuli should be a litile less than the time
taken by the muscle to reach its preatest tension after excitation
by a single induction-shock. Only changes in the time covered by
the shortening period of the muscle may be able to cause achange
in the ecritical frequency. It is generally known that temperature
changes and exbaustion alter the form of contraction and that both
act on the ascending part of the curve. With human munscles the
influence of terperature, if any, need not be considered, and in our

61
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own researches we always took care to experiment only with unfati-
gued, fresh muscles.

Under these conditions we ought to expect the critical frequency
for a complete tetanns to be a constant one, not liable o variation
under the influence of pathological changes. If such be not the case
we can only conclude that either the form of the complete single-
twitch-myogram, or perhaps only its descending part, must be equally
significant for the ecritical frequency as the ascending part of the
curve. There is a simple way. of solving this question.

A few years ago Dr. ok Boxr showed that the tonus-mechanism
greatly affects the general form of'a single-twitch myogram in a
frog’s muscle. In a fresh muscle preparation separated from the
spinal cord we get only a short myogram, with a rapidly descending
part. But in a muscle connected with the nervous system the myo-
gram, and especially its descending part has a inuch longer duration.
The descending line generally shows a secondary elevation — which
is often smaller, but may be even larger than the primary apex —
called affer its discoverer FuNkE's “nose”. Dk Borr demonstrated
that this secondary is a true .reflectory tonus-oscillation, which im-
mediately vanishes after cutting the grey rami communicantes from
the sympathetic nervous system to the motor plexus. With any
variation of the peripheral tonus mechanism the ascending part of
the myogram remains unchanged, . whereas the descending part is
altered in form. We might now ask if the descending part of the
myogram does influence the critical frequency for the complete
tetanus and we can answer this question by examining the influence
of muscle tonus on this crifical frequency. A probable connection
between the two has been advocated among others by Yro and Casa,
wlo termed tonns the cement connecting the separate muscle twitches
so as to form a complete tetanus. Borazzi considers tonus as the
substratum on which tetanus is built. Also CousTENsovx and ZIMMERN
state that a direct connection_ does exist between tonusi and the
genesis of the complete tetanus. :

We have examined a large number of healthy persons with a
normal muscletonus as well as clinical cases in which the tonus
was either diminished or increased.

The graphic recording of the tetanic muscle contraction caused
some difficulty, when as a matter of fact only records of variations
in thickness of the muscles could be made. This demanded the
greatest care in the construction and use of the recording styluses. -
Finally by reducing the lever-magnification to 6 times, and by using
a lever of only 60 millimeters length and a weight of 11 milligrammes
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J. K. A. WERTHEIM SALOMONSON and RATU LANGI-HOUTMAN: ..Tonus and faradic tetanus™.

Fid. |. Muse gasirocnemins. Commotio cerebri.

Fig. 3. Mus¢ gastrocnemins sinister, indirect. Sclerosis muoliplex

Fig. 2 M. Gastrocnemius indirect, Tabes dorsalis

Proceedings Roval Acad, Amsterdam, Vol. XXI
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satisfactory results were obtained, comparable with those obtained
by means of a Frank-mirror-tambour. Different frequencies were
obtained by wusing 7 different interrupters carefully adjusted to 10,
12, 14, 16, 18, 20 and 22 interruptions per second.

With healthy persons all muscles showed a complete tefanus at
a rate of excilation with 20 interruptions per second. With 16 inter-
ruptions :ll the curves showed the characteristic indentations or notches,
indicating the rests of the separate muscle twitches. With 18 per
second the behaviour of the different muscles showed slight diver-
gencies, some giving a complete tefanus, others still showing the
single twitches.” As an exa,m‘ple of a normal record we give fig. 1,
from the gastrocnemius of a healthy woman of 53 years of age.
We see 5 telani obtained successively with 12,14, 16, 18, and 20
stimuli per second. In the curve taken with 18 per second, slight
oscillations may still be observed, whereas the last curve may be
considered, as a complete tetanus, though the first 2 or 3 stimuli
are still visible in the myogram. But this was frequently the case
and we considered a tetanus as a complete one when after the
3'd stimulus the oscillations were no longer visible.

If now these curves be compared with those of fig. 2, in which
the rate of stimulation was from 12 to 22 per second, we recoghize
the oscillations even in the last curve, obtained with a frequency of
22 per second. These records are taken from the gastrocnemius of
a woman suffering from advanced locomotor ataxia. All the muscles
were in an exfremely atonic condition.
~ Lastly we reproduce in fig. 3 the record of faradic tetani of the
gastrocnemins at a rate of 12, 16, 18, 20, and 22 stimuli per second.
This patient was a man of 45 suffering from sclerosis multiplex
cerebrospinalis. All muscles were hypertonic and showed a tendency
to contracture. Even with no more than 12 stimuli per second we get
a complete tetanus.

The few curves shown arve taken somewhat at random from a
collection obtained in a large number of healthy persons and patients
with either hypertonic or atonic muscles. We always find that in
hypertonic museles the critical frequency is genera;lly 14 or lower,
whilst in atonic muscles it is always well over 20.

In the course of our researches we obtained many other interesting
records. A few showed a gradual fatigue or exhaustion of the tonus
mechanism. Others contdined an indication, that under the influence
of the contractions an appreciable increase of the tonus occurred.
A more detailed description of the experiments and the results will
be published elsewhere.

61%

- 170 -



Anatomy. — “ls the post-embryonal growih of the nervous system
due only to an increase in" size or also to an increase in
number of the neurones ?” By Erik Aepurr. (Communicated
by Prof. J. BoErkg). -

{Communicated in the meeting of Dec. 28, 1918).
g Introduction.

While investigating the effect of training on the post-embryonal
development of the nervous system') I was confronted with the
following problem. Is there generally an increase in the number of
axons during the post-embryonal growth of the nervous system? We
are concerned with the roots of the spinal nerves. In the dorsal and
veniral roots of the spinal nerves there is, as is shown in more
detail below, no 7- and Y-division of the nerve fibres. The problem
is thus practically identical with another, viz.: Is there an increase
in the number of neurones during the post-embryonal development?

Up to the present time the condition of this question has been
such that the possibility referred to has been regarded as almost
excluded. This was due to the supposition that the nerve-cells were
small bodies so much differentiated that divisions in them could not
be imagined. Figures of division of cells in the central nervous
system of animals only a few days old have, however, been described,
although very eminent investigators, such as MARINESCO, PRENANT,
Varenza, etc. deny that these figures have anything to do with the
nerve elements, but consider them (o be stroma elements. During
recent years the literature points to some extent in the direction of
the possibility of a post-embryonal new formation of neurones taking
place — although the newly-formed neurones are only considered
as replacing those that have been destroyed by degeneration.

The results of the investigation undertaken by me with regard
to training (exercising) were of such a nature as to be difficult of
explanation in the absence of a real increase in the number of
neurones during the post-embryonal growth of the animal. I was

1) So far only a preliminary communication has been published: Der Einfluss
der Trainieren auf das morphologische Bild des motorischen Nervensystems
Hygica 1917 (LXXIX).
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accordingly compelled to investigate more closely the post-embryonal
growth, especially that of the peripberal nervous system.

When these investigations were planned and also during the time
when the greater part of the work was being carried ont, I was
quite unacquainted with the comprebensive American literature
connected with this subject, especially the publications of “The Wistar
Institute of Anatomy and Biology”. It is only a month since I learned
about this during a visit to the Central Institute for Bram Research
at Amsterdam for purposes of study. For the opportunity of doing
so, for the extreme kindness shown to me and for much good
advice and valuable criticism [ wish to express my most cordial
thanks to Dr. Arrins Kappers and Dr. B. Brouwer. During this
journey 1 also stayed with Prof. J. Boeke at Leyden and I am
deeply indebted to him for his exceedingly cordial reception and
very valuable and pertinent criticism. I am also much indebted to
my chief, Prof. J. Lunperexn, for his kindness in revising the English
of the manuseript.

The results 1 obtained in investigating the post-embryonal develop-
ment{ of the nervous system confirm in certain points the results
obtained by others, especially by “The Wistar Institute of Anatomy
and Biology”, but on what appear to me to be the most important
points my results differ essentially from those of former investigators
of this subject. I have attempted to find the causes of this difference
and have discovered that they lie in the different methods of investi-
gation that have been used. Previous investigators of this question
worked with methods for the staining of medullary sheaths and
have determined the number of medullated nerves, whereas 1 have
worked with neurofibril impregnation methods and have determined
the number of nerve fibres.

Material and methods.

The majority of the species of animals used in my mvestigations
have, as far as I can find in literature, not been previously subjected
to a morphological study of their post-embryonal growth. This was

a cause of great trouble to me. It would of course have been mnore’

advantageous to use an animal that had been carefully investigated
before, when it was a question of explaining something that was
essentially new. A very convenient animal of this kind is Mus
norwegicus albinus, which has been the subject of numbers of
detailed investigations concerning its post-embryonal growth at “The
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Wistar Institute” and other places. [ too shall probably pass on to
this animal if I have occasion to continne the present invesiigations.
Although | was unaware of these investigations on . us norwegicus
albinus, 1 have, however, amongst my material a species that is
rather closely related to it, namely Mus rattus — a male and a
female specimen, and their eleven (1l) young ones; of the young
ones, however, only three (10, 20, and 30 days old respectively)
have been investigated up to now. My material consists, in addition,
of 58 i{specimens of Mus musculus albinus (of ages ranging from
24 hours to over 2 years). Among these 58 there are several
litters — thus, for instance, a male and a female, each over two
years old, with several generations of their progeny, 42 altogether.
I had also 22 specimens of Bos taurus — (half of them two
weeks old and the other half over three years — only n. trochlearis
and n. oculomotorins were investigated), 5 specimens of Canis
Jamiliaris, (the two parents and three young ones 6, 17, and 60
days old respectively), a number of specimens of Iefis domestica
(only n. trochlearis and n. occulomotorius have been investigated
so far)'). Among cold-blooded animals there were 28 toads (Bufo
vilgaris) of different lengths, ranging from 1,6 to 9,8 cms. from
nose to tail — but the number of those that are near the minimum
and maximum dimensions is larger than those in between.

The columna vertebralis with its spinal cord and spinal nerves
(even including the spinal ganglia of Bujfo, Mus musculus and Mus
rattus), the central nerve system with the attached sub-dural parts
of the spinal and cranial nerves of Canis and Felis and the sub-
dural parts of nn. trochleares and oculumotorii of Bos were fixed
in a twenty per cent formalin solution. Previous to this convenient
spinal ganglia and pieces of the medulla.spinalis had been taken
out for fixation in Fremming’s liguid. The material that had been
fixed in Fremnng’s liquid was imbedded in paraffin and was partly
cut into seclions 3—5 u thick, which were stained with the iron-
alum-hematoxylin of HreipEnsaiN and eosin. The material that lad
been fixed in formalin was impregnated in pieces according (o my
modifications *) of BieLscHOWsKY’s method of silver impregnalion,

;

L) [ shall give a more detailed account of these matters in a subsequent and.
more extensive publication.

) AGDUHR, ERx, Ueber Stiickfirbung mit BieLscHowsKkY’s Silberimprignations-
methode. Einige Modifikationen. Zeitschr. f. wiss. Mikrosk. u. f. mikr. Techn,
Bd. 34. 1917.

\
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with the addition that the impreguation in a thirty per cent. AgNO,
solution was made specially long — over ten days and nights. The
impregnated pieces were imbedded in paraffin and were cut into
conveniently thick sections, 5—15 p. A number of spinal ganglia
were cut in unbroken series of sections, 10—15 p in thickness.
Cross sections were placed on the sub-dural paris of the spinal
nerves, partly close to (centrally of) the spinal ganglia and partly
close to the spinal cord. In the preparation, in which the spinal eord
and the _spinal ganglia had been fixed in sitn in the canalis med.
spinalis, cross-sections weve cut right {from the caudal end as far
in the direction of the cranium as the sub-dural part of the nerve
roots had a caudal course — this was, as a rule, up to the posterior
third and the posterior half of the thoracal vertebral column. The
‘rest was cut into sagittal sections, during which the microscope was
used to verify that conveniently situated parts of the segmental
nerves were present in the sections. These sections were made
5—10 u thick. In determining the number of nerve fibres in the
cross sections I used’ a Lerrz microscope (tripod G.H.) with a
cross-table, an oil-immersion !/, a, and an ocular IV (Lm17)
with the enclosed squared glass plates. It appeared to be necessary
to work with such a great magnifying power in determining the
number of nerve fibres in order to be able to disintegrate those
parts of the preparation mm which the nerve fibres were most
close, especially in the young animals. Before beginning to count,
the square-ocular and the cross-table were adjusied so as to prevent
as far as possible unexpected displacements and miscalculations
arising from these. Repeated calculations with the same preparations
have also shown that the errors in calculation that we are concerned
with are small .— always less than ten per ceut, as a rule not move
than five per cent. At first I attempted.an approximate method in
deciding the number of nerve fibres in the cross-sectioned nerve
roots. I counted each nerve fibre in a few hundred squares and
found the average number. I then counted the number of squares
in a cross-section and multiplied this by the average number. This
method appeared, however, to give values that were too uncertain,
because nerve fibres of different thicknesses were very unevenly
distributed. In order, therefore, to obtain sufficiently exact values,
I was thus compelled to count every nerve fibre in,the whole cross-
section — a method that was certainly troublesome, but necessary
in this case, especially with young animals. In counting I always
began at the top and at the left, both in the preparation and in
the field of the squares, taking care that all the nerve fibres which
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were situated on the left and at the top Leneath the lines were
counted

- A number of spinal ganglia and pieces of the spinal cord (fixed
both in Fremmine and Zenker liquid and B. impregnated) were
arranged in unbroken series for investigation_of the figures of cell
divisions (sections frotn 3—5 p in thickness). Some spinal ganglia
with dorsal and ventral roots and a swmall piece of the spinal cord
(all B impregnated) from animals of varions ages were arranged in
unbroken series (longitudinal sections of the roots from 5—10 u in
thickness) for investigation as to the occurrence of 7-and Y-divisions
and figures of growth of the nerve fibres.

The post-embryonal increase in the number of the nerve fibres in
the dorsal and wveniral roots of the spinal nerves.

With regard to the geneial growth of whole animals from birth
to matarity (or at least during the period of active growth) works
have been published on (allus domesticus (Mivor?), 1908) Mus nor-
wegicus albinus (Donarpson *)), Lepus cuniculus (Mivor '), 1908),
Cavia cobaya (Mivor '), 1891), Camis jfamiliaris (Arow, 1911 1)),
Homo caucas (Roserrs, 1878') and others) and Homo mongol.
(MismiNa, 1904 ') ), ete. All those who have studied growth have
also acknowledged and laid stress on the need for an analysis
of the total growth into its components — the organs and their
elements the cells. Numerous investigations of the post-embryonal
development of the organs and even of the cells have already
been published by DownaLpson, Harai, Naoki, and others. On the
other hand, as far as I could find from the Iliterature, no in-
vestigation of a post-embryonal growth of the number of axons in
the nervous system seems so far to have been published. It is
certainly true that there are numerous investigations on the number
of nerve fibres in the dorsal and ventral roots of the spinal nerves
and in a number of cranial nerves both in full-grown animals and
in animals of different ages (especially M. norwegicus albinus), by
Dusy, Harpusty, Hatar and others, and in Homo by Sriing,
IneserT and others, but they have all been.carried out with the
help of staining methods for medullary sheaths and so cannot afford

1) Quoted from DonNarbson, H. H. An anatomical analysis of growth. Trans.
of the 5th. International Congress of Hygiene Demography held at Washington
D. C. Sept. 23—28. 1912.

%) DonaLpsoN, H. H., Wartson J.B. and Dunn, E. H 1906. A comparison of
the white rat with man in respect to the growth of the entire body Boas
Memorial Volume, New York.
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any information about anything but the number of the medullated
nerve fibres under different circumstances. As far as the post-
embryonal growth in the number of axons is concerned, these
investigations, which 1n themselves are in many cases very fine
pieces of work, afford no information, but with this method one
can, of course, only obtain a knowledge of the number of medullated
axons, and the total result is that they indicate a gradual process
of myelinisation, which is even stated by DonaLpsox'): “The increase
in the number of myelinated fibres in the spinal root with advancing
age is dne mainly to progressive myelination. Both roots at maturity
still contain functional fibres without myelin sheaths (Ranson ’06).”

During the progress of the work of counting the number of nerve
fibres in the roots of the spinal nerves in the animals I investigated,
it soon appeared that 1t was impossible to get reliable numbers as
to the conditions of the nerve fibres in specimens of different ages
by counting those in the roots of a single or a small number of
spinal nerves. For fairly great displacements and individual varia-
tions occur, and these prevent the values from being as good as
might Dbe desired, if only a small number of nerves are taken
into consideration. On account of this and also in order to obtain
an insight into the distribution of the axons in the different regions
[ have, in most animals, counted each spinal unerve on.the same
side and in certain specimens on both sides. As I intend to give a
more complete and detailed account of these matters in a future
work, I merely include here some totals from a part of the calcu-
lations in question. .

By calculating the number of nerve fibres mn the same section of
the root and by using the method of least squares for the values,
it has been shown that the percentage of error in the dorsal roots
of very young animals (from four to ten days old) has not exceeded
3= 10, and that for other places it 1s, as a rule, about = 2. (In the
dorsal roots of the spinal nerves the nerve fibres are situated very
close together in young specimens, so that one has to work with
thin (5 u) sections and strong light in order to obtain exact results).
The totals of the dorsal and ventral roots,of the spinal nerves given
in the tables below are thus to be considered as exact within the
limits of the percentages mentioned. That there is thus a post-
embryonal increase in the number of nerve fibres in the dorsal and
ventral roots 1s shown with all the clearness that could be desired

1) DoNALpsoN, H. H. The rat, reference tables and data for the albino rat and
the Norway rat, 1915, Philadelphia.

#
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1. Table showing the total numbers of axons in the dorsal and ventral roots of animals -of

various ages in the same species and of different species.

1

=

Age in z;gﬂsni:‘gﬁe{h%f b Itzelationh Average Percentage
days or |roots of thespinal | Detween the .
: numbers in total. of increase.
Species. length | nerves. the dorsal | Remarks.
. ventral | D 1 and ventral
In cms. brvie r:;f: roots. V.r i Dr. |V..|D.r.
Bufovulgaris.| 1.6 3603 4368 1.2 : 1" )
»” ” 1.7 3380 4580 1.86:1
» » 1.7 2047 4156 1.4 :1
3 I 1.7 3242 4312 1-3 * l -
” ” 1,8 2937 4025 1.3 1 3281 | 4357
” » 1-8 3891 4399 l.l M 1 v The average
» " 1.8 3661 | 4367 | 1.2 :1 numbers for
the most dif-
1 n 1.9 3130 4650 1.5 :1 ferent sizes
2 2742 - and ages of
» ” animals are
not reljable,
1.77 «— average — 1.3 :1 18 | 93.8 | pecause the
increase in
s 3" 4325 | 6120 | 1.4 :1 the axons
thatisshown
” " 4.5 5065 6614 1.35:1 -~ in -the table
. 5.8 | 5200 | 6647 | 1.27:1 does not pro-
ceed at an
" » 6.8 5284 1824 1.48:1 equal pace
! during the
" " 1.9 5986 7783 1.3 :1 5854 | 8276 wholeperiod
" ” 9.4 6203 | 9222 | 1.46:1 ) of growth.
803 < average — 1.41:1
Mus ratfus & |about 700 53260 [ 94109 1.76 : | 53260 | 94109 _
” »” 9 » 350 38906 78466 2 H 1 116.9 19 3
» w & 10 24554 | 52469 2.13- 1 24554 | 52469
” n O 30 29252 | 51338 1.75: 1
" w S| 40 30739 | 57240 1.86:1
226 <« average —» 1.9 :1
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2. Table showing the total numbers of axons in the dorsal and ventral roots of animals of
various ages in the same species and of different species.

L e ]
—_— e e e ——

Age in E‘;{gﬂsni‘:‘ma?f{h%f belf?\i/[:etzgortlhe Average Percentage
days or |rootsofthe spinal 2 .
: numbers in total. of increase
Species. length Nerves. the dorsal Remarks.
in cms. | ventral | Dorsal an?oﬁgtral v.r.l por v D.r
roots. | roots. : < L - T R R
Mus musc.var.| Days -
albus. 3 550 23075 | 48880 2.11:1
- 23067 | 48639
» w 9 550 | 23060 | 48309 [ 2.00:1
" n O 189 19588 | 38122 1.94:1
" vy F 189 18586 | 37116 1.99 : 1
3] » 6 151 16523 35097 2.12 H l '
" w O 71 16215 | 33888 2.09: 1
80 105
» w O 49 15414 | 27279 1.76: 1
w w8 95 | 14236 | 26136 | 1.8 :1 '
" n O 10 12825 | 23874 1.86 : 1
" ) 10 12762 | 24190 1.89:1
” » 4 12431 | 23824 1.0 :1
12814 | 23715
» » 4 12497 93311 1.86: 1
n » 4 12936 | 23432 1.81:1
" » 4 13432 | 23663 1.7 :1
D129 15970 | 31229 | 1.92:1 < Average
ays
Canis fam. 9 jabout2190) 183188 | 393489 2.14:1 183188)393489 }
” »w O | 5, 1277| 139808 | 278879 1.99:1 72.7113.9
" w & 6 106072 | 226264 2.13:1 106072226264 j
” » 9 17 | 134867 | 245089 1.81:1
) w 2 60 | 124401 | 237839 1.01:1
i 710 | 137667 | 276312 2 1

by the above table, which also illustrates to some extent the mag-
nitude of the increase. The increase in the number of axons is
proportionately greater during the first part of the period of growth
than during the latter part, which is probably not completed in any
of the group of animals included in the table. It is interesting to

1
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- .

- = compare briefly the results arrived at by some of the previous
investigators of this subject. The latter have, however, worked with
myelins sheath staining méthods and have determined the number
of medullated nerve ‘fibres in different states. ”

Duny') “A considerable increase in the namber of medullated
nerve fibres occurs during the early life of the albino rat”. Dunn
investigated the ventral root of CII in Mus norweg. albinus. The
same thing is true, according to Harai?) of the “albino rat” with
regard to the ventral roots of CVI, T4IV and LII, and, according
to Bouenton *), with regard to n. occulomotorius in the same animal.
Bouearon’s investigations (06) about cognate problems in the cat and
WiLLems's *) in the rabbit point to the same conclusion.

Dunn states: ‘‘Ranson’s records then are comparable with those
presented now, and together they show that in regard to the second
.spinal nerve of the albino rat the number of medullated nerve fibres
in both the dorsal and ventral nerve roots increases during the life
of the individual, but that the greatest increase occurs before the
sexual malurity or so-called puberty of the animal,” and so on. It
is thus shown that what is true in this respect for all the axons —
as shown by the results of the calculations given in the above table —
i3 also true for only the medullated nerve fibres. The percentage of
increase obtained by using myelin sheath staining methods on the
material in question is considerably larger than that arrived at by
impregnation of the axons. This is due to the fact that the young
animal has relatively considerably more axons free from medullary
sheaths than .the older one. This increase in the number of nerve
fibves is decidedly larger in the dorsal than in the ventral roots, a
fact which is seen most clearly when the comparison is based on
the conditions in a rather large number of animals. This is not so
striking in Canss, and Mus rattus shows an entirely reversed state
of affairs. These apparent exceptions are, however, probably due to

1) Dunwn, EvuisaBeTH Hopxkins. The influence of age, sex, weight and relation-

., ship upon the number of medullated nerve fibres and on the size of the largest

fibres in the ventral root of the second cervical nerve of the albino rat. The
Journ. Comp. Neur. Vol. 22. No. 2. 1912.

% HarTal, SHINKISKI. On the increase in the number of medullated nerve fibres
in"the ventral roots of the spinal nerves of the growing white rat. J. Comp. Neur.
Vol. 13, 1903. :

3 BougHTON, THOMAS HARRIS. The increase in the number and size of the
medullated fibres in the occulomotor nerve of the white rat and of the cat at

. different ages. J. Comp. Neur. Vol. 16. 1406.

4) WiLLeMms, EpouArp. Localisalion motrice et kinestlesique. Les noyaux

masticateur et mesencephalique du trijumeau chez le Japin. Le Neuraxel, 12, 19}1.
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the fact that the numbers for these animals were based on speci-
mens on a few investigations. The difference between the number
of nerve fibres in the dorsal and ventral roots is comparatively
greater in old than in young animals of the same species. I shall
leave a more detailed discussion of the values obtained for a future
and more complete account of the questions that are connected with
this problem and shall pass on instead to an attempt to answer the
following question :

How does a post-embryonal increase in the number of azons in the
dorsal and ventral roots of the spinal nerves arise?

This question forces itself upon our attention when we find that
the number of nerve fibres in the dorsal and ventral roots of the
spinal nerves increases considerably with the growth of the animal.
There may, however, be different opinions asto the manner in which
this increase takes place, and this question certainly needs to be
subjected to a comprehensive investigation. There are really two
possibilities to be taken into consideration. The wncrease must depend
etther on a T-or Y-formed division of nerve fibres, or on an outgrowth
Jrom the centre, from nerve cells (neuroblasts) that have been newly
Jormed or are lying in reserve. There is, of course, a third possibility
which is, however, not very probable, namely, that one nerve-cell
has discharged two azons in the same direction.

Does a dwision of the nerve fibres exist in the roots of the spnal
nerves ?

Most obvious is of course the supposition that we have here a
cleavage (7- or Y-division) of the nerve fibres on the lines of the
process, of which such fine examples may be seen in the peripheral
part of the nerves and also in the central nerve system. A cleavage
of this kind may Le exceedingly frequent; thus, at Prof. BoEkE’s in
Leyden I saw a preparation which showed, among other things,
a nerve fibre that was divided at one place into six branches.
STeFANELLI ') describes and reproduces a preparation from the tongue
of the chameleon, in which a single nerve fibre was divided into
branches terminating in no less than thirty-five motory plates. During
nerve regeneration after a section one may also see abundant
examples of such division. See, for instance, the figures in CajaL?)

1) STEFANELLI, A. La piastra motrice secondo le vecchie e le nuove vedute.
Annali di Neurologia Fasc. IV 1912. Quoted by BoEeke L.c. 3. o
” CAJAL RaMoN Y. Studien iiber Nervenregeneration {J. A. Barth, Leipzig) 1908.
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and Borke'). NacroTTE?) reproduces and describes spinal nerve-cells,
in which a collateral leaves the axon quite close to the nerve-cell.
This collateral terminates in a club-like swelling, which is situated
inside the capsule of the same nerve-cell. N. is of opinion
that these collaterals are due to regenerative activity in the cell,
with which CasaL’®) also agrees BrmrscrHowskY®) interprets these
formations in another way; he includes them among the fenestrate
cells and thinks that these processes have nothing to do with rege-
neration. Ranson®) has tried to discover an explanation of this
phenomenon by means of experiments. The results given by these
experiments have, without exception, indicated that these processes
with club-like formations are not a product of regenerative activity
in the cell. I have however; been unable to find in the literature
any indication of the fact that 7- and Y-divisions occur in the dorsal
and ventral roots of the spinal nerves. As a working lypothesis for
my continued investigations 1 took the possibility (which is, in
itself, not at all probable) that the above-mentioned, or similar,
processes with club-like formations might develop into axons and,
in addition, the possibility that 7- and Y-divisions might occur in
the intra- and extra-medullar course of the veniral roots as well as’
in the dorsal roots, which would explain the post-embryonal increase
in the axons there which is under discussion.

Silver impregnated dorsal and ventral roots of lumbal and sacral
nerves in connection with their spinal ganglia, and a small piece of
half the spinal cord on the same side from animals of different ages
within the same species, were set up in unbroken series (10 u thick)
These series were well suited for studies of the figures of the growth
that might possibly occur, and for investigations made with a view
to answering the third possibility that had been advanced, namely
whether one nerve cell, the axons of which form the spinal nerves,
sends off more than one axon in the same direction. In investigating
the preparation a cross-table was used and the microscope was

1) BOEKE, J. Studien zur Nervenregeneration Il Verhandel. d. K. Akad. v Wet,
te Amsterdam. Deel XIX. No. 5, 1917.

%) NAGeOTTE, J. Recherches experimentales sur la morphologie des cellules et
des fibres des ganglions rachidiens Rev. Neurol. Paris. Vol. 15, p. 857.

% CaiaL S Ramon v. Die Struktur der sensiblen Ganglien des Meunschen und
der Tiere. Anat. Heft. Zweite Abt. Bd. 16.. 1907,

4) BieLscHowsky, M. Ueber den Bau der Spinalganglen unter normalen und
pathologischen Verhaltnissen. J. Psyech u. Neur. B. 11, 1908. Leipzig.

5) RansoN, S. WALTER. The Structure of the Spinal Ganglia and of the Spinal
Nerves. J. Comp Neur. Vol. 22, 1912.

-
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provided with an ol immersion (!/,, a) and ocular four. The
preparations were investigated in the most careful way step by step,
but not a single example of a division of the nerve fibres could be
discovered, either in the roots or in the continuation of the nerve
fibres in the ventral horn through the spinal cord up to their root
cells. I observed a few cases of spinal ganglion-cells which had the
claviform processes mentioned above. These claviform formations
were, however, always within the capsules. In no case, however,
was [ able to discover anything that could be interpreted as a
division within the spinal ganglion of either the central axon or
that which passes peripherally. I tried to test the negative results
obtained from this investigation in another way, in order to obtain
if possible a positive result. I made cross-sections of the silver
impregnated material through the corresponding nerve roots on the

Fig. 1. Schematic representation of the neural growth in the
dorsal and ventral roots of the spinal nerves. (&) Cross section at
the place with the smaller and (b) cross section at the place with the
larger number of nerve fibres in the dorsal root. (a;) Cross section
at the place with the larger and (b;) cross section at the place with
the smaller number of nerve fibres in the ventral root at a spinal
nerve from a young animal. (¢) Cross seetion peripherally of the
spinal ganglion. (d) Spinal ganglion cell. (¢) Ventral root cell.

other side, some close to the spinal cord (¢ and a,; fig. 1) and
others close to, but centrally of, the spinal ganglion (6 and b, ; fig. 1).
As the nerve roots that [ investigated belonged to the lumbal and
sacral nerves, which take part in forming the quada equina, the
distance between the two cross sections was fairly great. The nerve
fibres in the sectioned preparation were counted. There ave three
possibilities for the totals that we might expect to obtain for the
numbers of nerve fibres. If we take a; a,; b and b, fig. 1 to denote
the number of nerve fibres, then a=124 or else ¢ > & or finally
a<b If a=25 then one could scarcely expect any appearance of
axon-division or any figures of growth in the piece ab; if, on the
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other hand, a>>b; then one ought to sncceed in finding figures
of division of the nerve fibres in ab; if, finally, a < b, then, of
course, one ought to be successful in finding figures of growth in ab.
For the ventral root the corresponding line of argument is, of course,
as follows: if @, =&,, then there are probably neither figures of
division nor growth in the piece @,b,; if a, >> b,, there are probably
figures of growth in a.0,; if a, < b,, there are probably figures of
division in a,b,. )

In not a single case did the calculations that were carried out
give values for a that were greater than those of b, nor values for
b, greater than those of a,. The two values for each root in older
animals were -— apart from the possibilify of error (about
2°/) — equally large. In young animals, on the other hand, as a
rale a < b and a, > 0,. As examples we may give the values for
S. I (left side}) in a puppy sixty days old: a = 9209, b — 11487;
a, = 3335, b, = 2623.

If we correct these numbers according to the percentage of error
in the ecalculation, we then obtain: a = 9209 4 2°/, = 9393,

= 11487 — 2*/, =11251; a,=3335 —2°/,= 3268, b =2623 4
4 2°/, = 2675, .

These figures are very clear evidence against the occurrence of
any figures of division in the pieces ab and «a,b, respectively in the
animals in question. On the other hand they indicate, of course, the
existence of a not inconsiderable number of figures of new growth
of axons. As far as 1 can see, I have found a small number of
certain figures of new growth — there avre undoubtedly more of
these. These formations vary, of course, very greatly in their form.
Such great differences in the number of nerve fibres in @ and b and
a, and §, are, however, not always found even in young animals;
the differences are, as a rule, considerably less.

I could not discover any possible method of verifying more effect-
ively the above-mentioned absence of any 7- and Y-division in the
spinal cord and the spinal ganglia of the nerve fibres that passinto
the roots, and have consequently to be content with the fact that
in the above-mentioned preparation no figures of division could be
detected in these parts. It might perhaps be said that the number
of cells in the ventral horns and in the spinal ganglia compared
with the number of axons in the ventral and dorsal roots respectively
might afford a means of verification. This is not the case, however,
as the number of the ganglion-cells in both the ventral horn and in
the spinal ganglion is always considerably greater than the number
of axons. (This is discussed in greater detail below.)
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As this attempt to explain the increase actually existing in the
number of nerve fibres in the dorsal and ventral roots of the spinal
nerves as a result of a division of the axons was unsuccessful, I
had*to proceed to investigate other possibilities. The following possi-
bility has now to be closely considered.

Is it possible that a nerve-cell inay send off more than oue axvon in
the same direction?

In order to be able to answer this question, I have carried out
investigations in two directions. 1 first investigated carefully the
preparations left over from the preceding series in which, of course,
whole spinal ganglia and parts of the ventral horn were set up in
unbroken series, and secondly I connted all the cells in a ventral
horn of a 10 days’ old and of a 360 days’ old Nus musculus var. albus
— between the exits for iwo spinal nerves from corresponding
segments — and also all the cells in a spinal ganglion similarly
sitnated in the two animals. The values obtained for the numbers
of cells have been compared with the number of axons in the
corresponding ventral and dorsal roots. One cannot, of course, expect
to obtain in these two ways an answer to the aforesaid (uestion
that would be a priori absolately certain, but it seems to me that
they take us as far as we can generally go with morphological
methods of investigation. A careful investigation (of the above-men-
tioned unbroken series) of the nerve-cells in the ventral horns and
in the spinal ganglion did not produee a single figure to support
the supposition of more than one axon being sent off in the same
direction from the nerve-cell. It is certainly true that in the spinal
ganglion “there were nerve-cells which have processes beside the
axon, but in no single case could these be followed up to a T-division.
Spinal ganglion-cells of this sort are described by Ranson') and
others. I am of the opinion that this part of the investigation produced
a negative result.

With regard to the calculations as to the number of cells, they
showed that the number in the older specimen was certainly greater
than in the younger one, but the difference is not so large compared
with the difference in the number of axons in the same specimens.
The number of axons seems thus to increase in a relatively higher
degree than the number of ganglion-cells during the post-embryonal
period. This fact seems, of course, to allow the possibility that the
- same nerve-cell might send more than one axon into, for instance,
the dorsal and ventral roots. There is, however, another and more

1 L. C. ) i

62
Proceedings Royal Acad. Amsterdam. Vol. XXI

- 184 -



958

probable, even a certain, way of explaining this phenomenon, namely
that in both the spinal ganglia and the central nerve system there
are young cells which have not hitherto sent out any axons, and
which have the power of dividing. (This point is discussed more
completely below). Such cells are considerably more numerons in
young specimens than in older ones. I am thus of the opinion that
this part of the investigation has not given any support either to
an assumption of the possible occurrence of nerve-cells that send two
axons into the dorsal or ventral root. Nor have I found in the
literature any siatement that points fo this conclusion. It thus stil)
remains to investigate other possibilities.

Do azons grow either from newly formed or from older nerve-cells
lying in reserve. -

This part of the investigation, which I tried to avoid as long as
possible, in the hope of finding other explanations of the post-
embryonal increase in the axons, has, however, gradually become
the most central — the main part, on which the entire result is
based. Observations made here and there in the preceding parts of
the investigation indicated clearly that the solution to the problem
was to be sought in this direction. Such a solution, however, does
net quite agree with the hitherto prevailing view as to the develop-
ment of the nerve system and the character of the neurones. There
is, however, as we shall see, an abundance of facts to support this
solution. [ shall begin with an examination of the

Spinal ganglion.

Hemenaamy, M.') writes: “Es wurde gewiss fir die Physiologie
von grosser Bedeutung sein wenn wir behaupten konnten, dass wir
mit der Anatomie der cerebrospinalen Ganglien im reinen sind. Dies
ist jedoch nicht der Fall. Erstlich ist der Ursprung der erwahnten
afferenten sympathischen Fasern leider nicht ndher bekannt und
zweitens befindet sich nach der Zdhlung von Gavie und Lewis,
ebenso von BvHLER, in den Ganglien "eine ausserordentliche Ueber-
zahl von Zellen deren Fortsatze wir noch nicht kennen”.

Among the many investigations concerned, among other things,
with the making of comparisons between the number of medullated
nerve fibres in the dorsal root and the number of cells in the spinal
ganglion belonging to the root, the following may be cited:

1) HEDENHAIN, M. Plasma und Zelle. Jena 1911. ¢ et

IS
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TABLE a.
. Number of | Number of modullated
Author. Animal. Nerve. nerve cells. | fibres 1n the dorsal root.
GAULE and LEwIN1) | Rabbit Cocc. I 20361 - 3173
HaTta1?) (02) White rat | C. VI 12200 42217
HaTa1?) (02) ) » » LI 9442 1644
Ranson 4) (08) w g |CII | 7721 2472

From this table we see that the number of nerve-cells is many
times greater than the number of medullated axons in the dorsal
root belonging to them. Harar®) has investigated the relation between
the large and the small cells in the ganglion spinale and has found
that in the white rat the small ones are about 60 per cent of the
total number. In the case of CII in the cat, WarriNgTON and
GrirmiTa °) have found that the small cells in the ganglion compose
about 70 per cent of the total number. Harar has investigated the number
of cells,. both large and small, in the spinal ganglion and the number
of medullated merve fibres in the dorsal roots of C VI, ThIV and
LIl in animals of different ages of Mus norvegicus albinus. A résumé
of the values obtained by him is given in the following table §°.
(See table & following page).

With regard to the views of different writers on this subject as
to the number of nerve fibres in the dorsal root and the number
of cells in the spinal ganglion, all are agreed that the number of
cells is considerably greater than the number of medullated axons.
Those mentioned above have also investigated this velation only
according to the medullary sheath stains. Ranson, who has Cajal-
impregnated a spinal ganglion and the dorsal rootappertaining to this
from a dog, has shown the existence of non-medullated fibresin the
‘dorsal root, which he supposes to issue from the small cells in the

3 Gaure und LEWIN: Ueber die Zahlen der Nervenfasern und Ganglienzellen
des Kaninchens. Centralbl. f. Physiol. Heft. 15 u. 16, 1896.

2) Hatar S. Number and size of the spinal ganglion cells and dorsal root-fibres
in the white rat at different ages J. Comp. Neur. Vol. 12.

8) Haral, S. Preliminary note on the presence of a new group of neurones in
the dorsal roots of the spinal nerves of thie white rat. Biol. Bull. Vol. 3.

%) RansoN, S. W. Retrograde degeneration in the spinal nerves J Comp. Neur.
and Psychol., Vol, 16. Quoted by DonaLpson L ¢. (1915).

5) WARRINGTON, W. B. and GrirriTH, F. On the cells of the spinal ganglia and '
of the relationship of their histological structure to the axonal distribution Brain.
Vol. 28. Quoted by Ranson. 1912. L. c. B
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spinal ganglion. R. writes: “[t is to these non-medullated fibres,
the axons of - the small spinal ganglion cells, that we are to look

TABLE &
Relation | ffeqyl. | Relation be-|” Relation be-
Weight of | Total num- | Large | Small | patween tween the | tween medul-
lated ! medullated | lated axons
the body |ber of cells.| cells. | cells. | large and 5. | axons and | and the large
small cells. | 3X0MS: | the cells, cells.
10,3 10996 2526 8470 1:34 1998 1:55 - 1:1,2
c.yl ) 45 9793 2395 7398 1:3 2569 1:4 1:0,92
685 | 11772 3546 | 8226 1:23 3683 1:32 - 1:0,97 |
167 ° 12200 5080 7120 1:1,4 4227 1:2,7 1:1,1 -
10,3 1142 1557 5585 1:3,5 607 1:1,1 1:2,5
ThIV | 245 7068 1824 | 5244 1:2,9 863 1:82 1.2,1
68,5 7611 2370 5241 1:2,2 1420 1:53 1:1,6
167 7406 2002 4404 1:1,5 1522 1:43 1:1,2
10,3 8315 1902 6413 1:3,4 723 1: 11,5 1:2,6
L 24,5 8200 2044 6156 1:3 911 1:9 1:2,6
68,5 9514 2934 6580 1:22 1317 1: 71 1:22
167 0442 3671 | 5165 1:1,5 1644 1:57 1:2,2

for the explanation of the discrepancy between the number of spinal
ganglion cells and medulated afferent fibres. If a count were made
the number would probably closely approximate to that of the spinal
ganglion cells.” Thus Ranson thinks that in this way be has solved
the problem quoted from Herpenmain above. If, however, we examine
the figure 15 that R. includes in his work, we see that all the
black spots in this drawing cannot be axons, but that, if all points
exist in the preparation, most of them are probably precipitates of
silver. On the other hand a large number of these black dots, which
one can with good veason assume to be axons, show traces of a
medullary sheath. 1t is, however, difficult to decide such a matter
when one has' nol seen the preparation in quesiion, but only what
is perhaps a skeleton drawing. My own investigations on this point
show, however, that R. has gone toc far when he writes “If a
count of the afferent fibres were made, the number would probably
closely approximate.to that of the spinal ganglion cells.”

It is true that in counting the nerve fibres on the silver impreg-

-
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nated dorsal roots I have seen some non-medu]lated~fit.)1'es, but
they have never occurred in my preparations in as great numbers
as R. seems to have seen them. A large number of these finer fibres
have, as one Gnds on closer investigation, a medullary sheath,
although rather a thin one. This fact has caused me to nndertake
a closer and renewed examination of the question of the relation
between the total number of nerve fibres in the dorsal root and the
total number of ganglion cells in the - spinal ganglion belonging
to this.

From the right side of a 3,5 years’ old dog the spinal ganglia
with their dorsal roots from Th VI, LIV and L VIl were taken.
After fixation and silver-impregnation (according to my modifications
of the B.-method) the spinal ganglia were put in unbroken series
of sections, 15 u thick, and the cross-sections at & and ¢ fig. 1 were
made 10 p thick.

The results obtained were as follows:

Th. VI. Total number of ganglion-cells — 8422
» » ,» nerve-fibresatd— 6198
L} »» 1 1 gy C—= 6297

L IV. Total number of ganglion cells =—=12181

T " ’ » nerve-fibres at b = 9003

» . ” " ,» c= 9311

I VII. Total number of ganglion cells =— 29621

" . ., nerve-fibres at 6 — 23627

. " » » ,» ¢ = 23987
These figures show that, although each nerve fibre in the dorsal
root is counted, one does not reach the total number of {he spinal
ganglion cells. This is also the case if one counts the nerve fibres
situated immediately peripherally from the spinal ganglion. The
slightly larger values of the latter nerve fibres are all within the
limit error in calculation. (== 2 per cent). Thus one cannot conclude
from these figures -that the nerve fibres which issue out of the spinal
ganglion into the nerve are more numerous than those which form
the dorsal root. It was noticeable that the medullary sheaths were
more powerfully developed at ¢ than at & fig. 1. On the strength
of the results of my own investigations I wish to state that Ranson
goes too far, and that the other writers who have worked with the
method of medullary sheaths do not go far enough in their con-
clusions with regard to the relation between the number of ganglion
cells and the number of nerve fibres in the dorsal root. Here, as
in so many other cases, the motto “in medio veritas” applies. Thus,
in spite of RansoN, we must take into account the.fact that the
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number of ganglion cells exceeds the number of axons and that thns
excess must have some significance.

From the silver-impregnated series we obtain an indication of the
purpose of this excess in the number of cells. We find that, however
intensively the spinal ganglia are impregnated — especially in young
animals — there are, all the saine, a number of cells that cannot
be impregnated, in spite of the fact that the adjacent cells show the
most splendid neuro-fibril structures. 1t 15, however, not always the
smallest cells that cannot be impregnated, but a number of average-
sized ones as well, while others of the smallest and the average-
sized ones show exceedingly fine impregnation. The question why
this or that cell 1s not impregnated naturally arises. This is by no
means the first time that attention has been drawn to the different
powers for intensive impregnation shown by the spinal ganglion-cells.
Even in his work on “Zell substanz, Kern und Zellteilung” and in
the presentation volume to Huniy, Fiemming points out that cells
are stained to different degrees of intensity by the same colouring
matter, and is of the opinion that this is due to greater_or less
density in the colourable fibres of which the protoplasm is constituted.
Frusch, Gimiss, Korrarivsky, KoNerr and MULLER ') and others have
dealt with this subject more o1 less thoroughly. FrescH and his
pupils, and MiLLer among others, have studied the capacity for
staining possessed by the ganglion cells. KonErr states that the
different capacities for staining are not connected with certain species
or cells with special morphological characteristics. The cells are large
and small, of different shapes, and some of them are distinguished
by their chromatic nucleus. For the two kinds of cells — the
strongly and the weakly stained — this author suggests the names
of chromophila and chromophoba ganglion cells. The author supposes
that some of these different cells are in different functional stages
and others are developed to different degrees. MoLLER distinguishes
a type of spinal ganglion cells that have, among other characteristics,
strongly eosinophile protoplasm and nuclei rich in chromatin; these
cells he takes to be developing forms. It is thus not only in silver
impregnation, but also with ordinary nuclei and protoplasmic
impreguations that this different intensity in the impregnation appears.
With :regard to these conditions in the BisLscHOWsKY-preparation, they
indicate to some exten!, as has been mentioned, cells with elective
neurofibril impregnations and to some extent cells in which no neurofibril

) MiLLER, ERik: Studien iiber die Spinalganglien. Biolog. forening. férhandl.
Bd. I. 1888—89. Stockholm. Other statements in the literatuie that touch on this
subject are referred to here.
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structures appear, but where the protoplasm has a marble appearance.
The cells with the evident neurofibril structure may be of the most
varying sizes and may also occur in different stages of development;
this is shown, among other ways, by the fact thal in mammals of
post-foetal ages a few Dbi-polar cells are found in this group, besides
the ordinary unipolar cells, (see fig. 12). The cells that are without
any neurofibril structure, or have merely traces of this, are similarly
of very different sizes, and on several of them I have found
formations which could hardly be interpreted otherwise than by
assuming thal the cell is dividing amitotically. On the other hand
I have not in a single case been able to observe any indications of
amitotic division in a cell of the former type, in which the neuro-
fibril structure was evident. The apolar cells also belong to this
category.

In a number of preparations from the spinal ganglia of young
animals (dogs) 1 have found colomes of nerve-cells sitnated within
the same capsule. The number of cells in these colonies varied con-
siderably. Fig 4 shows one of these colonies with seven cells, in
which at a few places protoplasmic bridges (bridging fibrils) go
from one cell to the other; there are no processes, and the cells
show a pale shade of colour; there 1s no neuro-fibril impregnation.
The references in literature to this condition and a more detailed
description of it will be given below. Traces of this difference 1n
neuro-fibril impregnation which is found in the spinal ganglia are
also seen in the central nerve system, although it is not so striking there.

These facts have led me to set up the following working hypo-
thesis: The affinity of the neuro-fibrils in the nerve-cells to the
siver salts (reducing power) seems to vary from being more or less
powerful to total disappearance during certain metabolic or functional
stages. The majority of the pale cells seem thus to belong to such
an early stage of development that no neuro-fibrils have yet been
fully developed in them. ) :

We have now reached the heart of the problem of division, viz.
the increase of the ganglion cells in the spinal ganglion. With regard
to this problem Harar') writes as follows: “We can only say at
present concerning the division problemn that the nerve cells in
vertebrales, as well as n invertebrates, have the centrosome and
the sphare, which are regarded as the dynamic centres of the mitotic
divisions, and, further, that this centrosome is able to take the first

') Hatal, 8. On the Presence of the Centrosome in Certain Nerve Cells of the
White Rat J. Comp. Neur. Vol. XI. NO, 1. 1901.
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steps of division under certain forms of stimulation, as has been
observed by some investigators; but in the normal state the centro-
some in an adult cell presenis slight morphological differences from
that of the embryonic cell, which we interpret as the beginning of _
degeneration”. Harar comes finally to the conclusion that the only
way to find out whether there is generally a division of ganglion
cells in the spinal ganglion is to count the number of ganglion cells
in corresponding ganglia in animals of different ages. Hatar counted
the ganglion cells in CVII, T2V and LII in four specimens of
Mus norwegicus albinus weighing 10,3, 24,5, 68,5 and 167 grammes
respectively. I have given a synopsis of the results of his calculations
in Table b above. At the outset I wish fo make this criticism
on his calculations, namely, that he has contented himself with
counting the number of ganglion cells in only one spinal nerve in
each of the cervical, thoracal and lumbal regions. Great variation
may exist in these, as I have had abundant opportunities of observing
during my counting of axons. These variations may be so great that,
in a species in which the total increase of the number of nerve fibres
in the dorsal roots during post-embryonal growth is, let us say,
100 per cent., certain nerves in the few days’ old individual
may, in spite of this, contain more nerve fibres than the corresponding
nerves in the full-grown animal.’) My continued investigations have
also shown that a similar variation may be found in the number
of ganglion cells in the spinal ganglion. In this case one has to,
investigate a rather large number of spinal ganglia in order to
obtain reliable information by the method used by Hatar. On account
of the values obtained by counting (Table 6) H. concludes that ‘‘the
total number of the spinal ganglion cells remains approximately
constant between 10,3 and 167 grams, though individual variations
in the numbers of the cells in corresponding ganglia exist. It can
therefore be stated that this number does not increase or decrease
with age.” We must, however, note that the number of ganglion
cells was throughout larger in the older specimens (Table ), although
the excess in the numbers was not so great. Harar pats these larger
numbers of cells in the older individual within the limits of the
variations. It seems as if he cannot admit the possibility that a
division of cells in a spinal ganglion might occur. Harai reveals this
especially in his criticism of BUHLER’s®) observations. BUHLER wriles:
“HEs kommt wie ich mich bei Frosch und Krote und auch beim

Yy Further details about this will be given in the more complete account.
%) BiHLER, A. Untersuchungen iiber den Bau der Nervenzellen. Verh. d. Phys.
med, Ges Wiirzburg. N. T. Bd 39, 1898 Cit. nach Hartar (1902).
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Kaninchen tberzeugen konnte, physiologischer Weise zum Untergang
speziell der grosseﬁ Spinalganglienzellen. Die Degeneration verlduft
in verschiedenen Formen und allem Anschein nach. wenig rapid.
Man siet in _einem Spinalganglion des Frosches c.a. 20—25_unter-
gehende Zellen, beim Kaninchen relativ noch viel weniger. Die ver-
loren gegangenen Zellen miissen ersetzt werden und dies geschieht
wahrscheinlich dadurch, das eine der kleinen dvrch Wachstum ihre
Stelle einnimmt. Da nach dem friiliesten Jugendstadium eine Vermehrung
von Nervenzellen nicht mehr vorkommt, muss das Spinalganglion,
um fir die Zeit des Lebens funktionsfihig bleiben zu kénnen, in
der Anlage geniigendes Ersatzmaterial in (Festalt von Reservenzellen
mitbekommen. Genauere Untersuchungen hieriiber za machen, bin
ich indessen noch nicht in der Lage gewesen.” With regard to this
Harar states: “The above interpretation given by BUHLER concerning
the small cells cannot be accepted as far as white rats are concerned,
for he regarded the small cells as replacing the degenerated large
nerve cells; if this were the case, then the tolal number of the
spinal ganglion cells must be decreased, but the preceding table
shows that the total number is approximately constant.”

I have observed in a number of cases in preparations from dogs
that a number of the larger nerve-cells in the spinal ganglion show
signs of being in process of degeneration, and in my opinion BHLER
is right in saying that these degenerating cells are replaced by
young cells which grow out in their place. Harar's argument to the
contrary : “If this were the case, then the total number of the spinal
ganglion cells must decrease” proves nothing at all. It is even fairly
certain that the degenerate cells are replaced by young cells, which
grow out and, notwithstanding this degeneration, increase the absolute
number of ganglion cells during the post-embryonal growth. As a
matter of faet, Harar has unconsciously proved this last point by
his calculations (Table &), and his evidence in favour of it would
certainly have been very much clearer if he had made use of greater
material and had counted the cells in a larger number of corre-
sponding spinal ganglia in the animal investigated.

The calculations I am making (which I have, however, not yet
completed) of the number of ganglion cells in the spinal ganglia of
animals of different ages in the same litter, seem to show that there
really is an increase in the number of gangiion cells during post-
embryonal life, although this increase is not nearly so large as the
increase in the axons. My preparations have also afforded information
as to the way in which this increase is brought about.

) (To be continuedy
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ERRATA in Proceedings Vol. XX

p.- 1168 line 4 from the bottom: read 0.99165 for 0.99265.
p- 1174 last line: read “about —210°C.” for *“‘about 210°”.

-
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Geology. — “On the Secretion of Phosphates in the stems of
Djatikapur [Tectona grandis L.]”. By Prof. A, WIcHMANN.

(Communicaied in the meeting of November 30, 1918).

The natives of the Indian Archipelago designate the nodular
secretions in oiganisms, no matter whether they are of vegetable or
of animal origin.as mestika’). Petrifications are also sometimes in-
cluded among them. To some of those formations people ascribe a
healing power or they are used as talismans, as is the case among
other peoples.
~ Such secretions oceurring in the wood tissne of trees — mestika

kaju — were first revealed by G. E. RumpHIus; he, however, adduced
only few specimens. He detected them in the stems of Casuarina
in the gowasa- or kofaso-wood (Vitex Cofassus Reinw.) in the
sanga-wood (Tristania obovata R. Br.) and in the concretions of the
kemuming-batu (Murraya?), which he classified as dendritis arborea®).
It is remarkable, though, that he remained ignorant of the fact —
like other old writers — that the Djati-tree®) (Zectona grandis ‘L.)
known to him, sometimes contains secretions, which, as to size and
quantity, surpass those of all plants. He, indeed, reports one descrip-
tion, viz. that of the djaii batu, (stone-djati), but since he considers it to
be the best kind and does not mention any petrous concretions, it can
havdly be identified with the djati kapur. Although it cannot be
doubted that the Javanese, who have ever made a frequent nse of
Tectona-wood, were acquainted with djati-kapur*), the first mention
of this variety is found in a report presented by TrHomas HoRNPIELD

D] Am()ﬁg the first-mentioned the best known are the mestika awi — the
tabaschir occurring in the knots of bamboo — and the mestiha kolaps —
secretions from calciumcarbonate in cocoanuts. RumMPHIUS also enumerates:
mestika bras, mestika gondu, mestika nangka, mestika pinang and meshika pisang.
Among those from animal organisms are noted the mestika ular (snakestone)
the mestika babi (pedra de porco) and the bezoar.

%) “D’Amboinsche Rariteitkamer”, Amsterdam, 1705, blz. 323. To my knowledge
not one of those formations have been examined. Of them there is consequently
no record in the literature.

3) Herbarium Amboinense, 8, Amsterdam 1743, blz. 34—36

4) Kapur means lime. ®
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to Marshal Dienpers on May 31, 1808 %), referred to by C. L. BLume
in 1853*).

Architectural experts and shipbuilders evinced a greater interest.
H. pe Bruyn asserted in 1851 that djnti kapur is considered to be
of the least quality, “on account of the calcareous secretions found
in it”. %) A little more is said by C. G. voN Dentsca, when he tells
us that ‘“the tree is named after the veins of sulphuric acid lime.
which are often visible over the whole length of the stem and seem
to be owing to the lime particles ascending with the saps” *). Two
years later F. Juneuuan called attention to the fact that those secre-
tions were restricted to the specimens of Zectona growing on lime-
marl deposits, such as are found especially in the residences of
Rembang and Surabaya®). Some geologists disagree as to the nature
of these secretions. Whereas voN DenrzscH takes them to be calcium-
sulphate, Hrroran Crueer (1857) holds that “Tectona grandis” is
“nach ibhrem durch das Mikroskop bestimmbaren Gehalt an Kiesel
eine schwache Kieselpflanze”, but he omits telling us how he could
establish the presence of siliceons particles. He also fancied he had
observed ‘dass die Zellwdnde von kohlensauren Erden eingenommen
und sich zwischen grossen Kieselkorpern ohne bestimmbare Formen
befinden” °). Subsequent investigators have not detected this either and

1) For aught I know H. W. DAENDELS was the first to report djaii kapur.
In Art. 39 of his “Instructie voor de Boschgangers™ dd. Samarang, 21 Augustus
1808, we read: “Den Lahde reserveert van zich de wislutende behering, afvoer
en debiet van het jatiehout zo vap de drie hoofdsooiten:

“Jati Soengie (read djatr sungu)
— Doerie (read djalz doreng)
— Kapok” (read djati kapur)

(Staat der Nederl.-Qostindische Bezittingen, I1808—1811. ’sGravenhage, 1814,
Bijlage 3, 1 voce Houtbosschen,.

2) Over eenige Indische houtscorten. Versl. en Meded. K. Akad. v. Wetensch.
Afd. Natuurk. 9, Amsterdam 1859, p. 44.

%) Bijdragen tot de kennis der Bouwkunde in Nederl.-Indie, Batavia, 1851, p. 10.

4 Aanteekeningen omtrent proeven, welke in 18562 in den Artillerie Konstructie-
winkel te ,Soerabaja met djatihout genomen werden. Tydschr. voor Nijverheid
Ned.-Indie, 2, Batavia 1855, blz. 2; see further A, vAN LARKERVELD en G. L. Brocx,
Handleiding voor bouwkundigen en industrieelen in Nederl. QOost-Indie, 1, ’s Graven-
hage 1863, p. 79—80. — D BoEexg, Het Javaansch Djattiehout beschouwd als
scheepstimmerhout, Verhandel. en Bervigten hetr. het Zeewezen, 29, Amsterdam,
1869, p. 171. — D. Boeke, A Word to ship builders about Java Teak. Nautical
Magazine, 89, London 1870, blz. 450.

%) Over de fossiele zoogdierbeenderen te Palihajam, Natuurk. Tijdschr. Nederl.-
[ndig, 14, Batavia 1857, p. 219. ‘

8 Westindische Fragmente, Botanische Zeitung, 16, Leipzig 1857, p. 328.

N 63*
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as early as the following year D. Pres was able to show analyti-
cally that the secrelions in djatiwood consisted chiefly of calcium-
phosphate (analysis I) '). ABEL, who with the same object examined in
1862 the concretions in teakwood, arrived at a fairly similar result.
(Ana.lysis I %. -

The experiments of either, however, did not prevent WINKELMANN
from asserting 16 years later: “Im Holzparenchym sieht man kiirzere
mit oxalsaurem Kalk?) und léngere mit Luft oder Harz angefiillte
Zellen. Kieselsiure ist durch die ganze Holzmasse verbreitet<).

We owe the latest analyses of concretions that have come to my
knowledge to G. THoms. The results were very similar to those of
his predecessors, so that he felt justified in saying that they were
composed of an aqueous calciumphosphate expressed in the formula:
2CaH, HH, PO® 4 Xaq . )

I have been induced to make a new experiment by samples of
concretions, for which I am indebted to the kindness of Dr. H. C.
Prinsex-Guertigs, then of Kagok Tegal. The samples are elongated,
more or less angular, to a length of 50 cm. and of &=/, to 1 cm.
diameter, the weight not exceeding 5 grms ¢). They evidently originate
from hollows that run parallel to the long axis of the stem and

1) Onderzoek naar de samenstelling eener witte stof, welke zich in het hart,
alsmede in de scheuren van sommige djatiboomen afzet, waarom de boomen bij
de Inlanders den naam van Djati-Kapor dragen. Nat. Tijdschr Ned.-Indig, 15,
Batavia 1858, p. 345—348 (extract: Examen d’une matiére blanche inorgamique
dans lintérieur du tronc de l'arbre djati & Java. Journ. de Botan. Neérl. 1,
Amsterdam-Utrecht 1861, p. 135—136.

2 J. 8. GamBLE, A Manual of Indian Timbers, 2d ed. London 1902, p 533.

3 Juntus WiesNER (Die Robhstoffe des Pflanzenreiches 2, Leiprig 1903, 2te Anfl
p. 1005) was mistaken in presuming that G. A. Brirs also has assumed the
presence of calciumoxalate.

4) Fremde Nutzhélzer, Die Natur. Halle a S. 1878, p. 93. — CARL SANIO was
the first to record something about the anatomical structure of Teclona grandis
(Vergleichende Untersuchungen iiber die Elementarorgane des Holzkdrpers, Bot.
Zeitung 21, Leipzig 1863, p. 110—111), J. W. H. Corpes (De Djati-bosschen op
Java, Batavia 1881, p. 22—26, pl. IlI, fig. 1, 2) and G. A Brirs (De anatomische
bouw der Oost-Indische IJzerhoutsoorten en van het Djatihout. Bull. van het
Kolon. Museum te Haarlem, 19, Amsterdam 1898, p. 48—50, pl. VI) gave fuller
descriptions. The latter was in a position to see the phosphate secretions as
fillings of the vessels.

%) Beitrag zur Kenntniss des Teakholzes (Tectona grandis). Die Landwirtsch,
Versuchsstationen 23, Berlin 1879, p. 68—69, 416—417).

6 Similar concretions may appear like fine dust, scattered in the wood as white
powdery, circular or irregular particles. On the other hand they may far surpass
as to size and circumference any known secretion in the vegetable kingdom.
W. J. Spaan has observed concretions of an arm’s thickness. (Aanteekeningen over

-
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were originally fillings of the vessels. Only few of the samples were
flattened (== 1 or 2 mm. thick); they seem to have been fillings of
the clefts in the wood, evolved from the expansion consequent on
the growth of the stems. On the fractures all the fragmentsare snow-
white, somewhat cretaceous, but slightly harder (H=2)'). The
specific weight is 2.240.

In thin sections two different substances are discernible under the
microscope. The one presents itself as irregular grains, clear as
water, often enclosing the vest of the forest malerial i.e. libriform
fibres. They are yellowish-brown, elongated, isolated cells, more or
less curved and pointed at the extremities. The secretion from the
wood very likely caused parts of the wood-lissue to be dislocated
and the fibres to be deformed. The exponent of refraction is not
very high and as to double refraction in polarised light, the inter-
ference colours do not rise higher than the blue of the second order.
The angles of extinction were 21—22} degrees, but some were 31°
or even 37°%. A proper orientation could rarely be obtained owing
to the lack of crystals and of distinet cleavage planes.

The second substance is turbid and finely fibrous. It consists of
spherolithlike aggregate, presenting in polarised light a slanting cross,
which shows that, like the 'first, it belongs to a clinobasic system
of crystals. The very fine need-
les generally have a length
of 0.05 mm., though there are
some of still smaller dimen-
sions. However the fibres some-
times extend into prisms 0.2
mimn. long and 0.008 mm. broad.
The vefraction is stronger with
them than with (he grains
described above, but like them
they are optically positive. It
seems to me that the phos-
phate appearing in the form
of aggregates is of secondary

de in het boschdistrikt Madioen voorkomende zoogen. djativariéteiten. Boschbouw-
kundig Tijdschrift. Tectona 4, Noordwijk-Weltevreden 1911, p. 473).

1y J. W. H. Corpes (De Djatibosschen op Java, Batavia 1881, p. 27) says on
the contrary that the concretions are as a rule very hard, so that they sometimes
injure the axes.

%) In the process of grinding thin sections some pressure on the soft grains may
have been of some influence on the optic qualities.

-
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" origin i. e. a product of a morphological change of the above grains.
Also from this fact it appears that the segregations sometimes, so
to speak, erode the grains. It is also remarkable that those prisms
and needles extinguish “einheitlich”, but present aggregate polarisation,
from which we conclude that they have undergone a molecular
conversion and belong to a compound of only little stability.

A mechanical separation of the two substances was impracticable
in consequence of their softness. While being rubbed in the mortar
they were completely mixed up.

The number of analyses of concretions is not large. They have
been tabulaled on the next page. N°. I is made by D. Prss?), n®. II
by Prof. Aset?), n° IIl and IV by G. Tuoms®), while n°. V of the
substance described above was carried out in the Heidelberg Chemical
Laboratory of Prof. M. DirrricH.

The analyses carried out by Pres, Askr and THoms revealed that
the concretions from teakwood consist of an aqueous caleium,
phospbate, of a composition about similar to that of Brushite*), which
theoretically is composed as follows:

PO . . . . . . . 41728
CaO . . . . . . . 3255
HO0 . . . . . . . 2617

100.00,

which corresponds to the formula HCaPO* 4 2H*0O.

The differences in the various results of the analyses may be
accounted for by the fact that some admixtures were overlooked
and also that the methods of estimating the constituents, which were
then in use, involved errors that could not Le avoided.

Thus far experience had taught that the composition of the secretions
in plants is very constant. We need only remembex the mestika awi
(tabaschir), the mestica kalapa, the secretions from calciumearbonate
known by the name of cystolites, and lastly the crystallizations of
calcivm oxalate.

1y Onderzoek naar de samenstelling eener witte stof, welke zich in het hart,
alsmede in de scheuren van sommige djatiboomen afzet. Natuurk. Tijdschr.
Ned.-Indié 15, Batavia 1858, p. 345—3848). The recalculation is mine.

%) J. S. GanBrg, A Manual of Indian Timbers, New Ed. London 1902, p. 533.

3) G. Teowms, Beilrag zur Kenntniss des Teakholzes (Tecionia grandis), Die
Landwirthschaftl, Versuchsstationen 23, Berlin 1879, p. 416—417.

4 G. E. Moorg, On Brushite, a new mineral occurring in Phospbatic Guano,
Proceed. California Acad. of Nat. Science 3, 1867, San Francisco 1868, blz. 167—168;
Amer. Journ. of S¢ (2) 89, New Haven 1865, p. 43—44. — A DE SCHULTEN,

_ Recherches sur le phosphate dicaleique. Reproduction artificielle de la brushite.
Bull. Soo. frang. de Minéralogie 26, Paris 1908, p. 12.

!
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I )| 111 Iv. V.
Si0? — - - — 0.53
P2Q0s 40.14 | 43.35 | 42.30 | 39.42 | 39.46
co? - 0.09 — — 0.05
Al203 - - - - 0.05
Fe203 — — - 0.01 0.07
Ca0 20.35 | 34.04 | 33.24 | 20.78 | 16.75
MgO — 1.86 —_— 0.34 | 11.64

(NH%20 — 1.12 — — —
H20 (at 100 resp. 110°) | 0.5p 5.92 | 10.40 | 6.11
H2O (loss of heat) 98.00 19.54 18.54 | 12.26 | 25.60

Insoluble (organ. matter)| 2.0l — — 1.79 —
100.00 | 100.00 | 100.00 | 100.00 | 100.35

It was, therefore, exceedingly striking that Dr. H. Hromr (leader
of Prof. M. Dirtrice’s Laboratory at Heidelberg) achieved results
widely different from the four above-mentioned cases.

Leaving out of consideration the substances traced for the first
time in small quantities, the high amount of magnesium oxide is
most conspicuous. Pres had not found any of it, Az 1.86°/, and
Troms only 0.34°/,. An increase to 11.64°/, coincided with a
decrease of calcium oxide to 16.75 °/,. Since microscopical examina-
tion had already established that the secretions were to be considered
as a mixture of two substances, we could havdly conclude that we
had to do with a double salt viz. a calcium-magnesiumphosphate.
Moreover it appeared from the calculation that the composition did
not corvespond with a similar compound — H*CaMg(PO?** 4 4H*0 —
which would require 43.22 P*0%, 17.08 Ca0, 12.28 MgO, 27.42 H*O.

The presence of a mechanical mixture of a calcium- and a-mag-
nesiumphosphate or of a calcium- and a calcinmmagnesiumphosphate
seemed to me much more plausible. On, the assumption that the
concretions examined by us, contain the caleium-phosphate demon-
strated by Pres, ABerL and Tnowms, the magnesiumphosphate may be
computed from the analysis. When subtracting the 0.53 Si0?, 0.05
Al*0?, 0.07 Fe*0*, 0.05 CO* present, and the 0.06 CaO required for
the combination of the CO*® the remainder will be in percenfages:
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PO . ...3963 = 2126 ...... 18.37
CaO ....16.76 = 16.76 . . . . . . —
MgO . ... 1168 . . ... .. .... 11.68
H'O ....3193 + 1347 . .. ... 18.46

51.49 - 48.51

The percentages of the composition of magnesiumphosphate will
then be

P:0* . ... 37.88
MgO . . .. 24.07
H'O . ... 3805

100.00

which fairly correspend with the formula
HMgPO* 4- 3/, H*O

which requires

P20° . . .. 39.58
MgO . . .. 22.50
H*O .. :. 37.92

100.00

In criticizing the above calculation we should bear in mind that
a complete correspondence with the results of the analysis cannot
be expected on account of our ignorance of the influence of small
quantities of SiO?, AI’0® and Fe*Q®. In part at least they originate
from the enclosed fragments of woodtissue, which apart from that
also contains P?0*, CaO and MgO.

The magnesiumphosphate in the above calculation is unknown
- in nature!); but there is another reason to assume that the second
substance is not a magnesiumphosphate, but a calcium-magnesium-
phosphate, viz. the fact that the original calciumphosphate does not
nearly make up half the concretions. 1t follows then that calcium-
oxide must also be present in the fibrous aggregates.

The answer to the second question viz. to what the considerable
difference in the chemical composition of the concretions is to be
attributed, is given in the ash-analyses tabulated below; N° V1 (of
the sapwood) and VII (of the_heartwood) we owe to R. Romanis ?)
and those of VIII to G. Trowms?).

1) We only’ hive Bobierrite Mgd(PO%? + 5 H?Q with 40,21 P05, 34 2 MgO,
25,51 H20 and Newberyite HMgPO*- 3 H'O with 40,71 P205, 23,14 MgO,
36,15 H10.

%) J. S. GaMBLE, A Manual of Indian Timbers, London 1902, p. 532.

8) Beitrag zur Kenntniss des Teakholzes, Die Landwirtschaftl. Versuchsstationen
28, Berlin 1879, p. 419.
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As could be expected the constituents of the secretions are also
found in the ash of the wood of varieties of Tectona grandis not be-
longing to djati kapur. Furthermore, if we reflect that in the sappy

VI VIL VIIL.

Si0? 23.36 32.69 24.98
P20s 31.97 27.42 29,61
503 — - 2.22
Fe203 2.42 1.79 0.80
Ca0 7.35 11.80 31.35
MgO 30.57 21.97 9.74
K20 1.7 1.51 1.47
Naz0 2.58 2.82 0.04
cl — - 0.01
coz ' . - 0.01
| 100.00 100.00 100.23

+

outer layers of the wood concretions never occur, though their con-
stituents are present, we may safely conclude that there must be
some relation between tlose secretions and the decrement of the
amount of sap.

The amount of phosphoric acid in the 3 analyses does not vary
considerably ; there is a difference with respect to calcinm- and mag-
nestum oxide. A cowparalive index is given by the analyses of
Romanis, because the heartwood and the sapwood were examined
inter se. With reference to this it should not be forgotten, that the
heartwood yielded 1°/,, the sapwood only 0.74°/, of ash. In this
way the Jarger amount P?0° (31.97 °/,) in the sapwood against 27.42
°/, in the heartwood, is only an overestimation, for the wood it is
no more than 23.66. In the same way we get 5.44 instead of 7.35
*/y of CaQ and 22.62 instead of 30.57 ¢/, of MgO. It will be seen
that the CaO-content of the heartwood (11.80 °/)) is more than twice
that of the sapwood (5.44 °/)), which readily accounts for the secre-
tion of phosphate; it does not, however, point to the causes of this
secretion, for they are the rule with djati Lapur and the exception
with other varieties. Apparently softness and less solidity of the wood
tissue go together with secretions, which result from them. In the
analysis by Troxs VII we notice a MgO-content of only 0.94°/,

B
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against 31.35 of CaQ. With reference to this it is obvious that the
phosphate engendered contained chiefly only Ca, while from the ash
analysis the conclusion might be drawn that one tree absorbs more
Mg than the other.

I think it is in keeping with the general rule to state that the
concretions have originally been made up of calcinmphosphate, which
afterwards was gradually changed under the influence of a detached
organic magnesiumsalt. This change caused the formation of magne-
sinmphosphate, which is more difficult to dissolve ') .The clear crystal
graing could then be looked upon as the still unlouched remainder
of the calciumphosphate. Without such a metamorphosis the two phos-
phates must have -been secreted simultaneously, which does not seem
probable to me. Still less can there be any question of periodicity
in the secretion of the two phosphates, because this would have to be
proved by a zonary structure, which could not be detected in any
of the preparations. To solve the question we need a larger amount
of maferial. I-also deem it necessary to analyse, besides the con-
cretions themselves, also the wood of the stems from which they
originate.

Tectona grandis is the greatest phosphorus devourer known, it
would, therefore, be interesting to find ont whether on that account
it also spoils the soil ?). The amount of phosphoric acid it absorbs,
may be computed from the annnal amount of djati wood, cut in
Java. From 1902 to 1913 (inclusive) it was

3.148950 M.* of timber and
11.035108 M.? of firewood *),
representing respectively a weight of 2074.347000 kg.*) and
4855.447740 kg. *®).
According to Romanis heartwood yields 1%/, and sapwood 0.74 °/,

) I do not think it at all improbable that such a change can be effected experi-
mentally, viz. through impregnation of squashed cell-sap of Mg-rich teak-trees into
normal concretions of calciumphosphate.

%) The question whether djati is a spoiler of the ground has given rise to some
controversy, however, only with respect to the slight formation of humus in the
forests. (J. C. CLaEsew, lets over djali. Boschhouwkundig Tijdschr. Tectona 1.
Noordwijk-Weltevreden 1908—9, p. 166. — H. J. KersErT, Is djati grondbe-
derfster ? lbid. 1. 1908—9, p. 301 —304; 2. 1909—10, p. 44—46.'— J. C. CLAESEN.
Antwoord aan den heer KerBERT. Ibid. I, p. 575).

3) Verslag van den Dienst van het Boschwezen in Nederl.-Indié over het jaar
1915, Batavia 1916, p. 18.

4 The average specific weight was fixed at 0,66.

8) Firewood is calculated by the running meter. It consists of branches and
other debris of wood, leaving empty spaces that were subtracted as /.
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of each'). The timber may be chiefly considered as heartwood, so
that the amount mentioned above must yield 20.743470 kg., con-
taining 5.694082 kg. of phosphoric acid. To prevent overestimation
the firewood was taken for sapwood. A weight of 4855.447740 kg.
furnished 35.930313 kg. of ash containing 11.486921 kg. of phosphoric
acid. The total amount of P?0° of which the ground of the djati-
forests were deprived in the years 1902—1915 is 17.181003 kg. or
a yearly average of 1.227212 kg. on a surface of 713474 H.A.?)
or 1.72 kg. per H.A.

As known, Tectona thrives on any soil, even a poor one. In the
island of Java by far most of its forests lie on limemarls, which
are reckoned to belong to phosphoric acid poor soils. It has to
surmount the difficulty of procuring the required amounts of P*0O°
by means of its voots. In its youth this is achieved by a strong
taproot. H. J. KurBerr established that the root of a 31 month-
old tree had already reached the height of 140 cm. ?)

When the tree has reached the pulewood stage the taproot dies
down, while the lateral roots develop into a strong root-system,
enabling the tree to draw the available foodstuffs from the soil in
an effectual way.

According to S. H. Koorners and Tr. Vareron djatitrees &= 25 m.
high, had lost the taproot, on the other hand numerous lateral roots,
of 3 m. length at the most, branched out considerably, to 3 m.
round about the stem *).

As yet it has not appeared that the grounds in Java covered
with djati, have been explored from {ime immemorial. Sometimes °)
the ground is said to be “tired” of djati, but nobody has as yet
tried to ascertain whether want of phosphoric acid is the cause of it.

We wislh fo emphasize the circumstance that the above mentioned
1227112 kg. of phosphoric acid, withdrawn every year from the
grounds, is not really a loss, but only a displacement of P*Q°. Only
such a quantity of phosphoric acid as is comprised in the teakwood
exported, may be called a real loss.

) J. S. GamBLE A Manual of Indian Timbers. New Ed. London 1902, p. 532.

%) Verslag van den Dienst van het Boschwezen in Nederlandsch-Indig over het
jaar 1915. Batavia 1916, p. 1. It matters little that formerly the swface was
thousands of hectares smaller. :

%) Worleldiepte van de djati. Boschbouwkundig Tijdschir. Tectona 1. Noordwijk-
Weltevreden 1908—9, p. 340.

%) Bijdrage N". 7 tot de kennis der boomsoorten op Java. Mededeelingen uit
's Lands Plantentuin N°. XLII Batavia 1900, p. 166.

) A: E. J. BruiNsma, Opmerkingen van een oudgediende. Boschbouwkundig
Tydschr. Tectona 8. Noordwijk—Weltevreden 1911, p. 5. .
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From 1903 to 1915 Java exported 598846 in®, containing 1083743
kg. of phosphoric acid, which signifies an annual loss of 83365 kg,,
a trifle, indeed, as compared with the enormous quantities discharged
into the sea with the silt of rivers?).

As observed before the teak-tree requires much phosphoric acid.
Contrariwise it thrives on any soil whatever — as far as its chem-
ical composition is concerned ). With a view to the calcareous
secretion it was obviously supposed that the appearance of djati-
kapur was associated with the nature of the soil. THoMAs HORSFULD,
who was the first fo discuss this point, thought that the poor lime-
containing territories yielded the best trees, whereas djati-kapur is
more often found in the fertile districts®).

This view is supported by what W. J Spaan wrote concerning
the forests of Puger (resid. of Besuki): ‘“There it appeared that
djati-kapur, with a very high lime-content, occurred in large quan-

-

1) Reliable data we have none, and they will not he at our disposal within a
near date. The following, however, tends to show what quantities of phosphoric
acid are concerned. According to L. Rurtexn about 9600,000,000 kg . of silt are
transported anually from the Seraju-territory in the island of Java (Over denudatie-
snelheid op Java. Verslag gewone Verg. Wis- en Natuurk. Afdeeling K. Akad. v.
Wet. 26. Amsterdam 1917/18, p. 930 table). According to Jur C. MoHR (Over
het Slibbezwaar van eemge rivieren in het Serajudal Meded. uitgaande van het
Dep. van Landbouw N 5. Batavia 1908, p. 79) the average content of P?05 in
this silt is 0,753%,, so that every year 72,288000 kg. of phosphoric acid is taken
from the said territory, which means 267,7 kg. per H.A. Compared with this
amount the loss of the grounds of the djatiwoods in consequence of the withdrawal
of 1,72 kg. of wood per H.A. is toifling. The loss of phosphoric acid resulting
from the denudation process is only a seeming loss, since the silt, which is richer -
in P20% than the primitive 10cks and is transported to the sawals by means of
rrrigationworks, imparls P03 to the grounds and thus makes them richer. (L. G.
pEN Brraer, Landbouwscheikundige onderzoekingen omtrent irrigatie op Java
Delft 1917, Proefschrift, p. 82, 83, 97, 98). In the Kali Samiran for mstance they
found: silt 0,051, 0,055, 0,043, 0,048/, of P?05 (p 82); on the other hand in
the ground of Bolgi only 0,022 and of Kolpandjong 00179/, of P05 (p. 85), the
water of that river contains only traces.

Seraju-territory + 2700 km?, Java & 125,500 km?, so that the annual loss
will be 2621,634815 kg. of P205.

) Much more selective is Tecfona with 1egard to the physical condition of the
soil. It requires as BRANDIS positively says “perfect drainage and dry subsoil”
(l.c. p. 358).

The withdrawal of phosphoric acid from the soil of Java is enormous in relation
to those in temperate climates. The Elbe in Bobemia e.g. withdraws yearly 11/,
million kg. of P?0% according to BreErrEnLoHNER (Verhandlg. k. k. geolog. Reichs-
anst. Wien 1878, p. 175), which significs a loss of only 0,031 kg. per H.A.

5) G. L. Buuug, lc. p. 44.
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tities on the fertile ground, periodically very moist and black, at
the foot of the Watangan range, whereas higher up on the rocky
" slopes of this tertiary hill, teakwood is of much better quality?).

C. G. von DestzcH, on the other hand reported that most of the
trees cut in the residence of Rembang (where limestone and marl
predominate) belong {o djati-kapur?); this at least was the case with
the trees used in the “Artillerie-construktiewinkel” of Surabaya. On
the basis of the fact that this variety is found on the white lime-
marl-formation at Surabaya and Rembang, F. JuneHumN asserted
positively~that it originated from the nature of the soil*). In his
account P. F. H. FromBere bad in mind the phosphoric acid content
of the soil rather than the lime. According to him this content must
be comparatively high in places where the teak-tree grew *). G. THoMS
went even so far as to think that under the teak forests phosphorite-
beds were to be found, which has not been proved?).

According to J. W. H. Corprs teak forests thrive best “where
the soil is rich in various lime-compounds, but he admits that also
volcanic grounds produce good teak trees®). H. J. KerBERT never
met with such a luxuriant growth of the teak as in Japara... on
light volcanic grounds that differ in nature entirely from the typical
teak-forest grounds?).

Statistic data with reference to the number of the hewn trunks
of djati-kapur enabling us to compare them with other varieties,
are missing altogether. Certain it is, anyhow, that the majority do
not helong to the first mentioned variety. According to P. van
Rees it is found and used most after the djati sungo is perhaps

1) Aanteekeningen over de in het boschdistrict Madicen voorkomende Djati-
variéteiten. Boschbouwkundig Tijdschr. Tectona 4. 1911, p. 473.

%) Aanteekeningen omtrent proeven welke in 1852 in den Artillerie-Constructie
winkel te Soerabaja met djatihout genomen werden. Tydschr. voor Nijverheid in
Ned.-Indi& 2. Batavia 1852, p. 2.

3) Over fossiele zoogdierbeenderen te Patihajam. Natuurk. Tijdschr. Ned.-Indig
14. Batavia 1857, p. 219. — Cs. C. LueT attributes the lime-content “aan som-
mige groeiplaatsen,” (Het boschbedrijf in Ned -Indié. Haarlem 1912, p. 20).

%) Witte stof in de djatikapur. Natuurk. Tijdschr. Ned.-Ind. 16. 1858—59, p. 186.

% le., p, 427.

6) “De Djati-bosschen op Java”. Batavia 1881, p. 131. — After a report by
Dietr. BraNDIs the teak tree is found in British India on all sorts of grounds, as
basalt, granite and limestone. To the latter belong i.a the excellent forests in the
Thoungyeen-district in Tenessarim (The Forest Flora of North-West and Central
India. London 1874, p. 356).

) “Is de Djati grondbederfster ?”* Boschbouwk. Tijdschr. voor Nijverheid en
Landb. Teclona 1. Noordwijk-Weltevreden 1908--9, p. 303.
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owing to the smaller working qualities of teakwood as timber ).

It must be admiited, therefore, that djati kapur is not restricted
to lime- and marl-grounds, also that not all trees growing on those
grounds belong to this variety ). Other influences must be exerted
here. To answer this question it 1s first of all necessary to ascertain
whether djati kapur may be called a variety by itself or whether
we have to do here only with an aberration, forming under certain
circumstances only. According to Koordkks and VareroN djati kapur
can only be recognized in the wood and not.in the stem, like other
varieties of Tectona?). i

However, P. vaN Rins already reported: “The outward marks of
identity are according to the Javanese, the smaller, thinnér yellowish
leaves and the finer bark’4), but he added: “thesemarks, however
are deceptive, the trne characteristics being found inside” ). W. L.
Storter does mnot distinguish djnti  kapur from other vavieties
only by the bark, the -nature of the wood, the shape and the
colour of the leaves. H. J. Spaan also says that some wood-
cutters can tell from the outside of a tree that it is djati kapur
namely from ‘“the bark, the stem and the leaves”?), What P. van Regs
writes further about the fruits is also worth noticing: “In the exceed-
ingly small fruits of this sort fine limeveins are said to have been
- detected” 7).

Whether this is really the case, has never been examined, nor
have any efforts ever been made to ascertain by sowing-experiments
whether or no from these fruits representatives of djnii kapur may
" 1) Beredencerde catalogus van houtsoorten op Java. Tijdschr. voor Nijv. en
Landb. in Ned.-Indié 7. Batavia 1861, p. 338.

2) M, Bus@EN also thinks that the commercial reputation of Java-teak is based
on wood from djatikapur (Die Eigenschatten und Production des Java-Teak oder
Djati. Beiheft zum Tropen pflanzer 8, NO. 5. Berlin 1907, p. 369). P. GEEsink
also says that in 1905 and 1906 much wood was exported from Java, totally
unfit for foreign markets (Staatsexploitatie van Djatibosschen op Java.... Tijdschr.
voor Nijv. en Landb. in Ned.-Indié 75. Batavia 1907, p. 183).

3) To solve the question of the widely differing amount of magnesiumoxide a
larger number of ash-analyses of Djatikapur as well as of soilsamples from the
places where they are taken from, seems to be required.

¥ Bijdrage NO. 7 tot de kennis der boomsoorten op Java. Mededeelingen uit
's Lands Plantentuin NY. XLII. Batavia 1900, p. 170.

6) Beredeneerde catalogus der houtsoorten op Java. Tijdschr voor Nijverheid en
Landb. in Ned.-Indié 7. Batavia 1861, p. 333.

Beschrijving der houtsoorten in Ned. Oost-Indig, Tijdschr. Maatschappy voor

Nijverheid (3) 7. Haarlem 1866, p. 29.
6} Aanteekeningen over de in het boschdistrict Madioen voorkomende zoogen.

djativariéteiten. Boschbouwk. Tijdschr. Tectona 4 1911, p. 473,
7 lc., p. 834.
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" grow, up. The objection that a result from this experiment cannot

be obtained before a hundred years later, cannot be a reason for
not trying it now. It should be attended, however, with a second
experiment, viz. of planting seedlings of other djati-varieties on a
patch of lime- or marlgrounds, in order to ascertain whether stems
of djati-kapur may be grown from them?).

Lastly the question may be asked: what is the fate of the phos-
phates secreted in the stems of djati kapur? The stems, the branches
and the leaves rotting in the forests return in the compounds of
phosphorus present in the tissue, to the ground in the form of wood
ashes. In this process the concretions also must come to the same
place, though it has not been recorded anywhere that they were
found there. .

A regular forest-adininistration will cause them to be transported
elsewhere together with the stems in which they are shut up. It is
obvious, therefore that the quantity of concretions remaining on the
forestgrounds cannot be very large. Moreover most of them are of
small dimensions and very soft, so that they readily fall to pieces
and will be transported farther in the wet season, so that only
very few will be left behind. The inevitable decomposition-process
is much slower of course, since though it may be true that calcium-
pllo§phate is assimilated by the root of the plant, atmospheric influ-
ences affect it in a much smaller degree, than is the case even with
a numbper of silicates. 1, therefore, deem it very probable that the
numerous kidney-shaped conecretions, found near Solo in the territory
of Surakarta in the clay overlying the tertiary sediments, may be looked
upon as a remnant of the secretions formed in the djati Aapur, as
assumed by R. D. M. VurBrpk 2). An analysis by J. G. Kramers
led to the following results: ‘

Si0* . ... 881

POS . ... —

co* . ... 3815

Fe'0* 4 AIO* . . . . 1.92

CaO . ... 48.29

HO" ... 115

: 98.32

Ly H. revy Oever {CorpEs® De Djatibosschen op Java, Boschbouwk. Tijdschr.
Tectona 9. 1916. Batavia 1917, p. 869) has already pointed out that only a
thorough investigation of the so called djati-varielies with respect to their being
true to seed will enable us to ‘settle this question.

2) R. D.-M. VirBeek en R. FENNEMA. Geologische beschrijving van Java en
Madoera 1. Amsterdam 1896, p. 209, 325.
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which shows, that phosphoric acid had disappeared completely;
which struck VerBerk also and of which no other instance is
recorded, for even there where a conversion of phosphate to car-
bonate has taken place, large quantities of phosphate were left ).
Calcium-phosphate, it is true, is readily assimilated by the roots of
plants, but the analysing influence of circulating waters is much
smaller. Besides; the shape of those concretions is quife different
from those that are found in the stems of Tectona.

Y Justus Rora. Allgemeine und chemische Geologie 1. Berlin 1879; p. 92—94, 211.
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Geology. — “On the Volecanoes in the lsland of Tidore (Moluceas)”.
By Prof. A. Wicamaxs.

(Communicaled in the meeling of December 22 1018).

The finest view to be had from the landing stage of the capital
of Ternate is that of the slender peak of Tidore, the mosi regular
voleanic cone of the Molueeas, at a distance of about 131 km.
Directly the voyager arrives, he becomes aware that the peak is
not isolated but that some of its slopes are concealed by some
smaller mountains, stretehing as far as the North Coast of Tidore.
A capital picture of it is given in the publication of the Siboga-
Expedition, which is reproduced below ). (Fig. 1). A graphical plan -
of it has also been made by F. H. H. GuiLLemarp *). The voleano affords
quite a different aspect, when one approaches the island from the
south. No other hill-formations, either from this or from the Wesi-

Fig. 1. The Island of Tidore, seen from the N..W.

side, hinder?®) the view of the volecano, which rises so gently from

I Max Weser. [olroduction el deseription de 'expédition: Siboga-Expeditie 1.
Leiden 1902, p. 63.

% “The Cruise of the Marchesa to Kamsechatka and New-Guinea™, 2, London 1886,
p- 228. K. Martix"s :'Llpru:iellt:ltiu:u iBeisen mn den Molukken. GEU]ug Theil. Leiden
1803, p. 59 is less accurale.

H Ao . WaLLace ‘mistakenly speaks of rugged looking hills south of the peak
(*The Malay Archipelago” 2. London 1869, p. 24 — A. R WarLace—1" J. Vevn.
*Insulinde” 2. Amsterdam. 1871, p. 30),

Az early as 1856 P, BLEgker wrole: | *Heis door de Minalinssa en den Molukschen

(i

Proceedings Royal Acad. Amsterdam. Vol. XXL
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the beach. From the east side a clear survey of the adjoining moun-
tains may be obtained. R. D. M. Versrik has endeavoured to repre-
sent their relative positions in a profile!) Fig. 2. )

It will be seen thal after peak (4) — called by the natives Kie
Matubu — comes a mountain (3), 903 m. high, which is followed
again directly by another (2), 661 m. high. The series is concluded
in the North by a cone (1) with two peaks, the southern emerging
665 m. above the sea-level. VErBEEK considers this cone to be a

. ) Fig. 2. The Island of Tidore, seen from the E.

collapsed voleano and has tried to give a reproduction of its original
shape.

The long felt want of a topographical map of the island of Tidore,
has recently been supplied by a native surveyor on the instruction
of the Topographical [nstitute?). His sketchmap represents in a masterly
way the Tidore mountain-building, by which we are enabled to
judge of the accuracy of VERBEEK’'s reproduction.

C. G. C. RrinwarDpr was the first to ascend the Kie Matubu
— the peak proper — from the capital of Soa Siu situated on the
South-east side, on August 29, 1821. It was then discovered that

Archipel” 1. Batavia 1856, p. 212): “The southern half of the island is formed
“entirely by the peak of Tidore, a regular cone. The northern half on the
“contrary consists of a mountainous country, a wilderness of volcanic nature, only
¢a link of the chain of voleanic mountains that surround Halmahera to the West ”
— Concerning the last observation, it is scarcely to be doubted that the chain of
voleanoes in the Moluceas is continued first of all from the voleano of Maftutu to
the island of Maitara and thence again in northern direction to the islands of.
Ternate and Hiri. Only then does it turn eastwards toward Halmahera.

It may be, though, that, starting from the volcano of Maftutu, the chain also
branches off towards Halmahera, in north-eastern direction to the bay of Dodingah.
This extension, according R. D. M. VErBEEK (Molukken Verslag. Jaarboek van hel
Mijnw. Ned.-Indi¢ 87. Wetensch. ged. Batavia 1908, p. 162) is an old fallen-in
volecano with a radius of at least 5 km. According to E. GoGARTEN (Geologie van
Noord-Halmahera Verhandel. Geolog. Mijnbouwk. Genootsch. 2. 's-Gravenhage 1918,
p- 269) andesite breccia and coarse-grained tuffs, in which fragments of white
pumicestone, are found also on the other side of_ the bay in the bay of Bobane.

1) Molukken-Verslag. Jaarboek v. h. Mijunwezen in N. O.I. 87 Wet. ged. Batavia
1908, p. 144—148; Bijl. V, fig. 137. '

%) Sketch-map of the islands of Tidore and Maitara 1 : 20000. Batavia 1916. Topogr.
Institute.
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A

the North-West side of the crater-rim had been broken through.
The height of the western rim was established at 5598 ft. (5435 rh. ft.).
No fresh traces of volcanic action were detected in the densely
wooded crater. According to RuinwarDT the prevailing rock of the
mountain, as well as of the whole island, is basalt ).

Of the ascent, performed 1 1841 by the late E. A. Forsten, no
further information has reached us beyond the fact that he deter-
mined the height of the mountain at 5376 rh. ft.*). Besides by the
native surveyor (in 1915), the volecano has since that time also been
ascended on Sept. 9, 1903 by Captain G. J. J. pe Jonen and a patrol
of 19 fusileers from the southside. From the notes the latter was
kind enough to send us, we could infer that the summit had not
undergone any real alteration since REiNwarDT’s ascent. The width
of the crater was approximately equal to that of the peak ‘of Ter-
nate, but the walls were considerably less steep and densely wooded.

It should be borne in mind that the height of the summit was
determined only from the sea, except in the year 1915. The deter-
minations are the following:

C. G. C. Reinwarpr 1821 . . . . . 1702 m.

E. A. Forsten 1841 . . . . . . . 1687,26 ,,
Challenger-expedition 1874 . . . . . 17983 ,?)
Siboga-expedition 1899. . . . . . , 1754 9
R. D. M. VerBsrk 1899 . . .1717 and 1724 )
Native Surveyor 1915 . . . . . . . 1730 .

The last determination must, no doubt, be nearest to the truth.

As ReinwArDT could observe, explosions are not likely to have
taken place in historic time. True, in the oldest picture of the vol-
cano, in the work of J. Tw. and J. J. pE Bry, a smoke-cloud is
seen above the summit, but the text does not make mention of any
volcanic activity °).
" J. Mgrcaru’) and K® SchNeDEr ) have recorded an eruption of
1) Reis naar het oostelijk gedeelte van den Indischen Archipel in het jaar 1821.
Amsterdam 1858, p. 497—501.

%) P. MELVILL VAN CARNBEE, Over de hoogte der bergen van den Qost-Indischen
Archipel. Tijdschr. voor Nederl.-Indi¢ 1844. 1. p. H4b.

% Report on the Scientific Results of the Voyage of H. M. S. CHALLENGER.
Narrative 1. 2. London 1883, p. 594.

4) L.c. p. 61.

5 L.c. p. 149.

%) Indiae orientalis 8. Francofurti 1607, p. 23, tab. XIII, XVIIL

7) I vulcani attivi della terra, Milano 1907, p. 310.’

8 Die vulkanischen Erscheinungen der Erde. Berlin 1911, p. 242,
64*
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the year 1608 (in the latter half of June or the beginning of May),
although some time before their publication the report, upon which
their communication was founded, proved to be false '). It came to
pass in the following way. In the original edition of the work of
A. Fr. Prevost*) we are told that the said eruption was witnessed
on the second voyage of Paurus van Caerpen. However, the voyager
states in his narrative that the volcano that was active late in the
evening (during the first wateh) of the 18 of July, was the peak
of Ternate®). Even Prevost’s rectification in the Hague-edition of
bis work: “Dans Pédition de Paris il y a Tidor, ce qui est une
faute” was of 1o avail, for ArLexis Perrey had copied the erroneous
information from the first edition and communicated at the same
time the true fact regarding the eruption of Ternate ). From his
notes both communications passed into the above-mentioned works
of MercaLLr and SCHNEIDER.

Violent shocks of earthquake were felt in Ternate and in Tidore
on the 14th of July 1855. In the latter island 25 houses collapsed,
which cost the lives of 24 men, while four more were killed °) by
blocks of rock sliding from the Dojado ) hill.

Subsequently it was reported in 1856 that: “prognostics had been
observed of an eruption of the peak in the near future”?). What
these indications were, we are still to learn; at all events the anti-
cipated eruption stayed away. The landslip that had occurred in
June 1857 north of the capital Soa Siu®) was not generated by
volcanic activity any more than the torrent of mud of the 6t of
September 1866, that rose at the slope of the peak above the campong

1} A, Wicamany, Der Wawani auf Amboina und seine angeblichen Ausbriche.
Tijdschr. Nederl. Aardr. Gen. (2) 16. 1899, p. 16.

2) Histoire générale des Voyages 8. Paris 1750, p. 385.

3) Loffelijcke Voyagie op Oost.Indien. Begin ende Voortgang van de Vereenigde
Geoctroyeerde Oost Indische Compagnie 2. Amsterdam 1646, NO, 14, p. 47. —
F. VALeNTDN. Oud en Nieuw Oost Indien 1. 2. Dordrecht—Amsterdam 1724, p. 5.

4) Histoire générale des Voyages 10. La Haye 1753, p. 385.

§) Aardbevingen in den Indischen Archipel. Natuurk. Tijdschr. Ned. Ind. 9.
Batavia 1855, p. 519." — P. vax pEr CraB (De Moluksche Eilanden. Batavia
1862, p. 290) reports that 32 persons were killed by the sliding rocks F. S. A.
pE CLERcq (Bijdragen tot de kennis der residentie Ternate. Leiden 1890, p. 69,
aant. 1) erroneously fixes the date on the 6th of Sept. 1866. VAN pEr CRAB’s
work had already appeared in 1862,

¢) The Dojado hill is situated on the south-east base of the Maftutu about
1,6 km. south of Ake Sahu.

7) Fragment uit een reisverhaal. Tijdschr. v. Ned. Indi¢ 1856 1, p. 425.

8) J. H. Topias. Aardstorting op Tidore. Natuurk. Tijdschr. Ned. Indi¢ 15.
Batavia 1858, p. 3562 —858. ! .
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Tugoriha, and, according to F. S. A. px Crercq resulted from a
landslip consequent ‘on heavy rains?).

The communication given by the “Aardrijkskundig en Statistiek
Woordenboek van Nederlansch Oost-Indié” that from time to time
stean is emitted by the crater®) has been discredited by F. S. A.
pE CLERCQ®).

The peak with its broad base has encroached the whole of the
sonthern part of the island. We could say */, of the whole island,
but for a considerable deviation from the regular cone-shape, brought
about by the formation of three associated cones by subsequent
eruptions, the most eastern of which is 820 m. high and is called
Ki& Kitji ). In VerBEEK’s reproduction this is vent N° 3 to which by
him a height of 903 m. ®) is assigned.

Behind the Kie Kitji and to the west of it rises a nameless sum-
mit whose height has not been mentioned; judging from the curves
of height it must be 870 m. Due North lies the Buku Nagafura
(830 m.), which — like the preceding — will be visible from the
sea. Deep ravines run down from the three summits; no doubt
these formalions must be considered as parasitic cones.

Contiguous to the Buku Tagafura are two summits, at a distance
of only 400 m. from each otber, the Buku Gulili (485 m.) and the
Buku Tululu (500 m.). Together they correspond to VERBEEK's vent
of eruption 2, whose height is estimated at 600 m.

With respect to Verseek’s fourth vent of eruption, which we will
call the volcano of Maftutu, his map brought us a surprise. In fig. 3
we give part of the map on a small scale. As will be seen directly,
what VErBEEK conceived intuitively, has proved to be correct. He
could see only the elevations of the eastern crater-rim, viz. the
Bulu Pandanga (570 m.) the Bulu Mafu Murot (560 m.) and the
Tasuma Mabulu (500 m.). The highest summits visible from the sea
in the neighbourhood of the coast, rise higher than the west-rim.
They are the summits of Buku Kabahoso, one of which, towards
the south, rises to 680 m.; the others only to 570 m.

On the caldera, 325 m. above the sealevel rises the Bulu Maitara

1) L.c. p. 68—69.

) 3. Amsterdam 1869, p. 956.

3)/ “Bijdragen tot de kennis der residentie Ternate.”” Leiden 1890, p.68, aant. 4.
"% This volcano and the Ki¢ Matubu are the only mountains that the Tidorese
deem worthy (o be called so; the others are in their eyes only hills: “buku”.

) We cannot say which estimation is the more reliable, until we know in what
way the surveyor performed his measurement. )
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(570 m.) ") besides two lower cones. The smaller (eastern) part of the
floor of the ecrater is flat and partly marshy. The caldera is not
nuite eircular, its diameter is in E.W. 28 km. Its depth is 150 m,,
the average height of the erater-rim 535 m. From the site of the

summit of the Bulu Maitara it appears that the centre of eruption
has shifted = 50 m. wesiwards.

Fig. 3. The voleano of Maltulu,

The latest indication of the volcanie activity of this mountain of
craters is a holt spring, found at the east-buse near the campong
Ake Sahu, close to the beach. According to C. G. C. Rexwarpr it
has a temperature of 90° F. (32° C.)%). It has also been visited by
H. A. Berxstrix') and H. vox Rosksserc‘). R. D. M. Vererex*)

) To be distinguished from the volcano of the island of Maitara, which is
siluated 5.6 km. to the West of Bulu Maitara.

2) Le p 488,

) Mededeelingen nopens reizen in den Indischen Archipel. Tijdschr. voor Ind,
T. L. en V. 17. Balavia 1869, p. 79.

Y “Reistochten npaar de Geelvinkbaai.” ‘s Gravenbage 1875, p. 11. — Der
Malayische Archipel. Leipzig 1878, p. 403.
5 L.c. p. 146,
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discovered that it rises from andesite. At the northern base on the
beach near the kampong Maftutu I saw on the 15t of September
1903,. some cold springs appear from under the yellow1sh brown
tuff and.below the sealevel..

“Beyond the northwest 51de of the outer crater-rim rises the Kota.

Mum, which is apparently the vent') indicated by VempeEk as the
north rim of ‘the large crater-wall. Evidently it is from this vent
that the lavastreams were ejected that were denuded at the western
- side of the north coast of ‘Tidore. Further to the northwest follows
the Tarobo Mabulu (540 m,) and the Bulu Gambir (320 m.) The
order of the vents of eruption will be 4, 3, 1, and 2, while it is
still an open question whether 3 is older than 1. Co
Concerning the rocks we can. still add that REINWARDT consxdexed
the unweathered material of the peak and of the whole island to
‘be basalt®). J. W. Rurerrs determined ) a fragment from an obsidian-
like lavastream near Soa Siu as hypersthene-andesite. Another piece

of unknown origin- proved to be pyroxene-andesite. The lavastream

at the south base near campong Seli also belongs to this group of
rocks, according to Vemsgek ‘). Nothing is known as yet concerning
. the petrographical character of the volcanoes lying between the peak
and the volcano of Maftutu. But near Aké Sahu at the east base of
the above-mentioned mountain- Verseik found the following profile:
Substratum of 14 m of andesite, upon this 14 m of tuff, then !/, m
of yellow tuff and superposed on this 6 or 7 m. of pumicestone-tuff *).

The above-mentioned, horizontally stratified, yellowish brown tuff
near the campong of Maftutu ploved to be an andesitic tuff, easy
to pulverize. The numerous rock- fragments enclosed in it are gene-
rally not bigger than grains of sand; only some fetch a diameter
of '/, e.m. Under the microscope the fragments present structures
that prove them to belong to several varieties of andesites, mostly
to the pyroxene-andesites. Some, however, contain barkevitic amphi-
bole. The groundmass of these rocks is felsite-like or hyaline. In
the latter case it also encloses numerous angite-microlites, The fel-
spars — mostly plageoclases — are most often quite fresh and
" clear as glass. The cement consists of a powdery and highly decom-
posed- débris of rocks, mixed with numerous brownish-yellow par-

1) L.c. Bijlage V, fig. 128.

%) L.c. p. 499.

8 Mlkrosk()plsch onderzoek van gesteenten uit Nederl. Oost-Indié. Jaarboek van
het Mijnwezen in N. O. [. 24. Wet. gedeelte Amsterdam 1895, p. 120.

4 L.c. p. 251

. % L.c. Bijlage V, fig. 129.
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ticles of ironhydroxide, which give the peculiar colour to the rock.
The cement, contains moreover numerous splinters of felspars and
angites, besides granules of black iron-ore. All this shows that this
tuff cannot be solidified ashes, but is to be looked upon as a con-
glomerated product of decomposed volcanic material.

Farther to the east, near the campong Seketa I found solid ande-
gite like that of which the campong Tjobo is made up, whilein the
small bend near the said campong again andesite-tuff has been laid
bare. We can add also that on the North-West side of the island,
near Tandjung Rum, hornblende-, augite- and augite-andesite are found *).

In conclusion let it be stated that, when, in 1858, J. H. CrRooCKEWIT
picked up a piece of mica-schist behind Humboldt Bay in New
Guinea, Prince Amir of Tidore, who saw him do so, was induced
to observe: “that 1t was not at all of rare occurrence in Tidore” *).
Still, from this pronouncement we can infer only that some lustrous
mineral is not rare in the rocks of that island.

) A. Wicamann. “Nova Guinea” 4. Leiden 1917, p. 45.

2) “Oppervlakkige geognostische schets der bezochte punten op de zwid , west- en
noord-kusten van Nieuw-Guinea.” Bgdr t. de T. L. en Vk. (2) 5. Amsterdam 1862,
p. 140,
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Zoology. — “The wvalue of generic and specific characters, tested
by the wingmarkings of Sphingides”. By Prof. J. F. vaAN BEMMELEN.

(Communicated in the meeting of October 26, 1918).

Supposing the rules for the colour-pattern of the wings, which
[ deduced from former investigations by others as well as by
myself — to be alid, they ought to prove fit as guides in the
choice of a point of issue, when entering on the investigation of
a new group, that is to say when searchbing for a form which
shows the general pattern in its most original, least altered condition.

Judging by those rules, 1 believe that among Sphingides, as far
as [ am acquainted with them, Smerinthus populi is a very original
form, in spite of the covering of red hairs, spread over the upper
side_of the rootfield of the hind-wings, there hiding the primitive
pattern.

The arguments for this opinion are the far-going similarity of fore-
and hind-wing, both on the upper and the nnderside, and the pre-
sence of a pattern, which over the entire wing-surface is built after
the same simple motive, viz. regular alternation of darker and lighter
transversal lines and bands, each composed of spots. In both the
dark and the light bands the spots show a strong fendency to the
semilunar shape (lhe convex side turned outward), but here and
there they eclearly approach the biconcave (hourglass) form. As to
the shades occurring as well in the dark as in the light bands of
spots, 1 pass them over for the present.

On the upper side of the fore-wing two of the darker lines run
on both sides of the light discoidal spot, and at a certain distance
from it, thus separating a darker median field from two lighter
transversal bands, ' which in their turn are again bordered by a
similar ribbonlike series of dark spots. Across this dark central area,
at the outside of the light discoidal mark, another dark bar may
be distinguished, and in the distal part of the area, between the
last mentioned bar and the outer borderline, there also occurs a
series of spots, which however are far fainter.

Moreover ithe anterior edge of the wing, on the inner side of the
discoidal spot, shows a lighter hue than the rest of the central area,
which increases in darkness toward the posterior margin. In this

[
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lighter part two small dark spots touching the front-rim of the wing
may again be distinguished, each of them composed of two {rans-
verse striae. In some specimens of Smerinthus populi the proximal
border-rim of the central area is also clearly double. Next to the
wing-root in the lightgrey hue of this part,-a faint indication of a
dark ribbon may be detected besides.

Of the various hitherto mentioned bars of dark spots, the outer-
most, which is by far the strongest and completest, consisting of
nine separate elements when accurately counted, takes a sinuous
course. Counting from the front backwards, the fifth spot is situated
furthest inward, it also is the shortest and straightest. In many
specimens this spot is obviously darker in hue than the rest, and
this difference deserves our attention, as it is met again in allied
species, but bere increased in intensity and extension.

On the inner and on the outer side of the just mentioned rows
of spots there occurs a broader bar of less obscure and more faintly
circumscribed markings, which however are evidently darker than
the grey shade of the lightest wing-areas, playing the rdle of ground-
colour. The outer of these two collateral bars is separated from the
median series by a narrow sharply traced light interval. From the
internal bar it differs by lesser regularity, some of its components
being broader than the rest, and at the same time darker. This is
especially the case with the spot near the hindborder of the wing,
this spot broadening obliquely in an outward and posterior direction,
and thereby just touching the hinder angle of the wing. A similar
triangular broadening also occurs at the front end of the bar, near
the apex of the wing, but here it has a lighter hue. 1 think it
desirable to indicate these spots by special names, e.g. anterior and
posterior triangular spot, as they are found again with increased
clearness and independence in allied species

In the middle part of the bar under discussion four of the spols
clearly show the hourglass-type. In front of them the bar coalesces
with a dark area, extending along the greater part of the outer
margin of the fore-wing. This area forms a large convex blotch,
occupying five internervural cells from the apex backward.

Though at first sight this blotch is not divided into separate spots,
yet three darker centres may be distinguished in it, touching the
foreside of the nervures which take their course through it. A
comparison with other species of the same genus and of different
allied genera again proves, that these darker centres may be con-
sidered as originally independent separate spots — one in each
internervural cell—which have coalesced with each other into a single
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almost homogeneous dark blotch. In front next to the apex, this blotch
is sharply cut off from the above mentioned anterior triangular spot
by an oblique light-hued line, the lastnamed spot moreover often
showing a very light shade irself.

Now directing our attention especially to the pmnts of corre-
spondence hetween the various components of this wing-pattern, and
on the conirary less heeding the differences, we are easily led to
the conclusion’ that it is composed of seven fransverse rows of dark
spots, separated by lighter bars.

The external of thesé transverse rows (1) must then be looked
for in the above-mentioned dark blotch along the external margin.

The second (II) is the complete row of nine spots, with its set of
accompanying fainter bars,

The third (IIT) forms the external border of the dark central field.

The fourth (IV) is the dark line along the outer side of the
discoidal mark; which althongh somewhat obliquely, may be said
to run across the middle of the ceutral area from fore- to hind-
margin.

The fifth (V) is the inner front-line of the central held this line
being sometimes double.

The sixth (V1) the single, curved series of spots over the middle
of the proximal light wing-area. ‘

The seventh (VII) is formed by the faint traces of spots near the
wing-root.

The light intervals betwegn these seven bars may be indicated as
in former publications by the letters A to G. In those intervals
some fraces of still other dark bars, varying in distinctness, are
again met with; so it is not improbable that originally the stronger
transverse bands everywhere alternated with less dark and sharply
marked rows of spois.

In all these features the pattern of populi remarkably agrees with
that of Avctiids, as I described it in a former paper, and in the
same way with that of numerous other families of Lepidoptera, as
I hope to show afterwards?). -

1) Here I wish already to mention that Annerre F. Braun, in a paper: Evolution
of the Color Patilern in the Microlepidopterous genus Lithocolletis (Journal of the
Academy of Nat. Sc. of Philadelphia XV 24 Ser. 1914) as the result of an onto-
genetic and phylogenetic investigation about the colour-development on the forewings
of these Tineids, gives as her opinion that all patterns of this polymorphic genus
may be derived from seven dark {ransverse bars, forming to her mind a primary pattern,
on which a secondary one, composed of still darker lines, will later on be so to
say projected, as is also proved by the development inside the pupal sheath.
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Moreover this pattern occurs almost completely on the hind-wing
as well as on the front one. For also there the first row forms a
convex dark blotch occupying five internervural cells along the
ouler margin, with three darker centres next to corresponding
veins. In the same way the transverse bar II is composed of dark
spots, curved outward and is accompanied on both sides by a less
dark bar of more diluted spots. The number of components of bar II
is smaller than on the fore-wing, the hinder three being concealed
under the covering of red hairs. The fourth and fifth spot (counting
from the front border) are straighter than the rest, and placed
somewhat more inward, while they show rather a darker hue.

Row III and IV stand in contact with the corresponding ones of
the fore-wing, but disappear under the ved covering even sooner
than 1I. V and V1 are only indicated by dark spots along the front
margin, these spots moreover for the greater part being concealed
under the overlapping fore-wing.

VII'is totally invisible. -

On the under side of the wings the pattern perfectly corresponds
with that on the upper side, but on the fore-wing 1t is paler and
partly indistinet, on the hind-wing on the contrary it is sharper and
more complete than on the upper surface, because the red hairy
covering is absent on the former. The front-rim of the hind-wing,
remaining uncovered on this side, sharply contrasts both by colour
and pattern with the rest of the wing-surface and wears one espe-
cially dark spot, forming the initial component of Bar IV. It seems
desirable to indicate this peculiar spot Dy a special name, as it was
also done with those of the fore-wing: viz. the hind-wing-frontborder-
spot. In a single of the specimens at my disposal I also found the
markings along the front-border of the under side of the fore-wing
differentiated and specially spotted.

On the under side of the hind-wing Bar V and VI are not repre-
sented, either by their initial (frontal) elements or by other spots of
their row, neither can Bar VII be distinguished; the light discoidal
marking however being well visible, as 1t strongly stands out against
the broad anterior part of Bar IV.

Now let us compare this pattern of the Poplar Hawkmoth with
that of the Eyed Hawkmoth. The close kinship of Sm. ocellata
with populi appears from several points of correspondence, but
surely most convineingly from the possibility of crossing these two
species together, the reciprocal hybridisation leading to different
results and the hybrids themselves being again fit for propagation.
On these accounts the classing of these two species into two different
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genera, as proposed by rvecent systematists, in my opinion does not
give a true representation of these relations, but is only a conse-
quence of the immoderate tendency to splithng up, which nowadays
is so prevailing in systematic zoology.

To me the comparison between the wing-markings of these two
species, so different at first sight, seems highly interesting, esperially”
if the numerous byforms, which are described partly as independent
species, partly as subspecies, races, varieties, aberrations ete., are
also taken into account. Attention should also be given to the results
of hybridisation. But in the first place the under side of the wings
should be considered just as accurately as the upper one, and more-
over fore- and hind-wing. on both their surfaces, should be compared
to each other in detail.

If we do so with ocellata, it is easy to see that this species forms
one of the innumerable proofs for the assertion, that the difference

between fore- and hind-wing, upper and under side, is a conse- -

quence of secondary modification of a general primitive pattern, this
pattern as a rule remaining better preserved on the under side than
on the opposed surface, though as to the latter, the fore-wing usually
has retained clearer and more " complete vestiges of the pirimitive
pattern than the hind-wing.

Starting with the upper side of this latter, the conviction is easily
reached, that the eye-spot, in all its conspicuousness, is yet nothing
else but a peculiar modification of parts of three parallel dark bars,
each forming the termination of a transverse ribbon (parallel to the
wing-border), these ribbons again resulting from the coalescence of
a series of internervural spots'). Most convincing for this supposition
is the comparison of ocellata with the nearly” related species Sm.
coecus and kindermannz, but it is already rendered highly probable
by the comparative inspection of upper and under side of the hind-
wing of ocellata itself. Such an inspection shows, that on the under
side the three ribbons in question are continuous without interrup.
tion from behind unto the front border, the outmost one causing
near to the hinder angle, where the wing-edge forms an incurvation,
a marginal obscuration, which can be retraced on the upper sidein
the peculiar curved little stem, connecting the eye-spot with the
hind border. ’

On the under side therefore no indication of an eye-spot is present,
the dark bhars running from before backward without interruption

1) This proof has been ably and convincingly delivered by Dr. J. Borke, in his
paper- Les motifs primitifs du dessein sur les ailes des Lépidopteres et leur signi-
fication phylogénétique. Tijdschr. der Nederl Dierk. Vereeniging XIV, 1916.
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or modification, separated from each other by two narrow, very
light intervals.

Along the outer side as well as toward the wing-root these three
bars are accompanied by rows of dark spots. The row at the marginal
side represents the big semilunar blotch, which occurs on this same
place in other species of Smerinthus, and forms the homologue of
the corresponding pateh at the outer margin of the fore-wing, which
occurs in ocellata as well as in numerous other species. We here
find the convincing proof that this dark marginal area is formed by
the coalescence of a row of spots. The middle row of ‘the three
ribbons of dark spots is evidently double, its members forming a
series of square- blocks, whose inner and outer side are formed by
dark strokes, sometimes straight, in other cases slightly curved. The
outer of these border-strokes are the darkest. The comparison with
populi proves that these dark strokes represent bar II. Asin popult,
this bar is therefore accompanied at both sides by a dark seam.
The one on the outer side is much broader, darker and more inde-
pendent than the seam on the inner side. The laiter is separated
from Row 1II by the inner white band, this row only forming
a narrow line, connected by a dark inferspace with the very dark
and complete Bar IV, which runs along the outer side of the light
discoidal marking, in the same way as in populi.

On the under side of the fore-wing the same spots and bars can
be found, with the exception of Bar IV, which remains entirely
concealed under the wine-red hairy covering of the root-field, just
like the posterior part of Bar III. It is only the discoidal marking,
which maintains-itself as a small whitish patch in the middle of this
reddish covering.

But also on the upper surface of the hind-wing traces of these
same bars may be noticed, viz. along the front border, on that part
of the wing that remains hidden under the fore-wing during flight,
but is protruded in front of it during rest, in consequence of the
peculiar attitnde of fore- and hind-wing in regard to each other.
On this part three dark double-lines run backward up to near the
beginning of the red hue, and there end blindly. To my view there
is no reasonable ground for the supposition, that these vestiges of
pattern should have secondarily crossed over from the fore-wing to
the freely protruding part of the hind-wing. On the contrary it
seems justified to assume, that they belong to the primary pattern
of the hind-wing, as well as their homologues on the under side,
or those on the upper side of the hind-wing of populi, and have
remained untouched by the red discoloration.
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Returning to the upper side of the fore-wing, it is at once clear
that the same pattern occurs on it as on the corresponding wing of
populi, 1t is only somewhat more differentiated: the dark middle
area is broken np into a fore- and a hind-part by a narrow funnel-
like slit of light colour, along the course of the second cubital vein,
while the middle-member of the dark Ribbon I[ has increased in
bulk and shade to a very dark square.

In the same way the anterior and posterior triangular spot,
especially the latter, are much more conspicuous and independent
than in populi. ,

By proceeding this way we can gradually arrive at the probable
conclusion "that the patterns on upper and under side of both fore- and
hind-wing of ocellata repose on one and the same groundplan, and
that this primitive patfern has suffered the strongest modification on
the upper side of the hind-wing, in consequence of its partial
overshadowing by a red discoloration and of the differentiation of
the back part of the paftern to an eye-spot.

Should farther proof be needed, that the pattern of ocellata takes
its“issue from the same groundplan as that of populi, this proof, as
already remarked, would be furnished by intermediate forms as
coecus and Eindermanni.

As far as the markings on the upper side of the fore-wing,. Sm.
coecus corresponds more to populi than to ocellata, the transverse
bars being more complete and more purely traced than in the latter.
Especially the dark middle area is not split up into a fore- and a
back-part, the -Bars III, IV and V therefore all running straight
and unbroken from before backward, V in particular being sharp
and dark.

On the hind-wing the eye-spot is less purely circular, because the
external (hinder) dark line and the black pupilla-line are less rounded
and more advanced toward the hind-margin, thereby giving the
impression of fragments of ribbons. ’

On the other hand the vestiges of original design along the
front-margin, hidden under the hind-rim of the fore-wing, are less
conspicuous than in ocellata.

On the fore-wing of Amdermanni {(Fig. 3) the median area is
broken up as in ocellatn, and in general the similarity with the last
named species is greafer, the design appearing only somewhat
sharper, especially Bar VII looking thereby more conspicnouns. The
convex blotch along the outer margin is divided into a smaller
anterior and a bigger posterior part. The pink hue on the hind-wing
is pacticularly vivid in tone, but the eye-spot is perfectly- flat and

\
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composed of three almost similar pieces of dark ribbons, so that its
eye-character is almost gone *).
On the under side the similarity with ocellata is very striking.

By the consideration of the colour-pattern of ocellata, as well in
itself as in comparison to that of populi, we therefore come to the
" following general statement:

In contrast to populi, the pattern on the upper side of ocellata
deviates from that on the under side, and is moreover composed of
two heterogeneous parts, a far-going difference existing between that
of fore- and hind-wing. Yet it proves possible to deduce the pattern
of both ‘wings from the design of populi, which in this latter is
especially developed on the upper side, but which can be retraced,
be it in a fainter and more reduced condition, on the inferior surface.

The pattern of populi therefore satisfies the general conditions of
a primitive design, that of ocellata those of a secondarily modified,
viz.: dissimilarity between the upper side of the fore- and the hind-
wing, as well as between the upper and the under side of both
wing-pairs, in consequence of deviations of the upper side (of fore-
as well as of hind-wings) from the original, simple and regular
pattern, but this in a different sense for the two wings, the hind-wing
deviating more widely than the fore one. On the first-named a
tendency to annihilation of large parts of the pattern by the influence
of selfcolour prevails, comhined with an extraordinary differentiation
of the remaining fragments, this leading to great contrasts between
the areas (eye-spot ou pink ground). The fore-wing on the other hand
shows the complete original design, but transformed over all its
components in a more or less similar manner: some parts thereby
prevailing above the rest, without affecting however the general
harmonious character of the whole.

These facts might easily lead to the conclusion, that tlie peculiarities
in the design of the upper side, by which ocellata differs from

1) In parenthesis it may be observed, that we therefore are able to prove for
the eye-spot on the wings of the imago a similar origin as A. WEISSMANN so
ably did for those on the body-rings of the larvae of Sphingides, viz. that they
spring from fragments of a set of longitudinal, alternately light and dark stripes,
these fragments becoming independent and differentiated Lo concentric circles, while
the rest of the stripes disappears totally or nearly so. In caterpillars these stripes run
parallel to the body-axis, on the wings of the imagines they are seemingly trans-
verse. Considering wings to be folds of the body-skin, it is easy to conceive, thal
these "So called transverse stripes in realify correspond to longitudinal stripes on
the insects’ body. Probably the lalter stripes may as well as those on the wings
be considered as rows of spots which have coalesced logether.
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populi, should be considered as specific features of the first-named
form, whereas the points in which the two species resemble each other,
especially on the under side, would possess the significance of generic
characters. This opinion, that e.g. the eye-spot of.ocellata cannot
pretend to a higher significance than that of being a specific peculi-
arity, might not only find support in its- restriction to the upper
side, but also in the results of hybridisation, showing that the hybrids
from the cross between a male ocellata and a female populi are
ocellnta-like in their habitus, though with a faint eye-spot, deprived
of its pupilla, Whereas those from the combination of a male populz
with a female ocellata possess such a far-going similarity to popul,
that they can_ hardly be distinguished from-it, the eye-spot being
wholly absent.

This view about the meaning of the differential features of ocellata
seems the more attractive because a special importance for the chances
of survival of the animal may be ascribed both to the variegated
and marmorated design of the fore-wings and to the eye-spots, in
their monochrome pink field, of the hind ones. As long as the moth
in its atlitnde of rest is suspended on a willow-twig among the
leaves of that food-plant of its caterpillar, the hind-wings are con-
cealed under the fore-wings with the exception of their narrow
fore-ritn, and the animal so delusively imitates by its form, colour,
design _and proportions of a pair of dry. willow leaves, that notwith-
standing its bulky size it can hardly be detected amongst its natural
surroundings, as long as it remains motionless.

When however the sleeping moth gets disturbed by pushing or
hurting, it moves its fore-wings a little forward, thereby suddenly
displaying the eye-spots in their red surroundings, which by their
situation on both sides of the somewhat upheaved abdomen (this
part of the body at the same time making peuodlcal jerks) cause
the 1llusion of a savage ‘'face with wide-opened ejes, thereby (as
experiments have proved) so effectually frightening birds and 1ept11es
that they generally abstain from further attempts to devour the moth.

When 1 mention these long known facts- from the chaptey of
Protective Mimicry, it is because I think it desirable to state once
more, that théy can never be used as an explanation of the presence
of markings, hues and shapes, which by their codperation call forth
the deceitful resemblance. These features owe their presence to causes
of quite another order of things, viz. to the variability, which itself
is a consequence “of the coincidence of hereditary factors. When this
coincidence accidentally leads to an effect which in a certain duectlon
is favomable for chances of survival of the animal (or plant),. i

65
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*will always be preserved and ameliorated by the influence of natural
selection, so that it will give rise to those highly finished cases of
mimiery and protective resemblance which so often raise our aston-
ishment and admiration.

One of the reasons that have made it seem desirable to repeat
once more these opinions, however often proclaimed before, is the
fact that pe MeYERe in his recent paper ‘“Zur Evolution der Zeich-
nang bei den Holomefabolen Insekten”, when arguing on page 59,
against BoTkE’s views about the wing-pattern of Cossxds declares
that he can only see in their design “eine hochgladlge Entwicklung
einer sympatischen borkenahnlichen Farbung”, while on page 48 of
his preceding article ‘“Zur Zeichnung des Insekten-, im besonderen
des Dipteren- und Lepidopterentlugels”, he derives this design ‘“‘aus
einer Zeuzera-pirina-ahnlichen Fleckenzeichnung”. To this he adds:
“Dieser Weg scheint mir besser verstandlich als der umgekehrte”.
And somewhat further on he says about the transverse markings on
the under side of several Vanessidae: “diese scheinen mir mit dem
primaren Zeichnungsmuster uberhaupt nichts zu tun zu haben,
sondern es sind eher spat erworbene Elemente der sympathischen
Farbung”.

The point in these considerations of pr MeverRe which I want to
discuss, is not his opposition against BoTke’s views about the con-
nection between spots, stripes and nets, to which I cannot pay full
adhesion either, but his assertion, that by considering a wing-design
as a ‘‘sympathetic pattern’” an argument is raised for the explana-
tion of the origin and the discovery of the age of this pattern.
Patterns of all kinds, the most original as well as the most strongly
modified, may produce a mimicking effect, and thereby prove useful
for protective purposes.

E.g. the wing-design of populi has quite as much protective value
as that of ocellata, though only in the sense of resemblance to a
weathered poplar-leaf, and yet it is much more primitive than the
latter. Moreover the same motives and elements of design, which in
one species of animal are the source of highly imitative mimicry,
may also be found in other species, near akin as well as far removed
in a generic sense, but here, by showing a somewhat different form
or by occurring in another part of the body, only cause a feeble
sympathetic resemblance or no mimicking effect at all. Of this so
called false mimicry EiMeR has cited several instances.

Numerous thin, irregular transverse stripes between the veins, in
the sense of Borke’s “traits effilochés”, are found except in Vanessidae
in many other Lepidoptera of diverse families: also in Sphingides,

y &
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on both wing-sides, though most frequently on the under side. In a
general survey of the wing-markings of Lepidoptera, which I under-
took long before Borke’s doctor-dissertation, and wrote in English,
but which I did not hitherto publish, 1 even thought il desirable
to choose a special name for this cuwrious motive of design and
called it “Cosside markings”.

Now it might very well be, that these markings could also be
reduced to an old and original motive of design, occurring generally
among insects, and whose connection with the system of internervu-
ral spots still wants elucidating, althongh BoTke lLas made a notable
attempt to come fo a general theory. -

That a “sympathetic” design, on account of its mimetic character,
should necessarily be younger than other patterns, I deny most
emphatically. BEach of the elements, which by their coéperation
produce the mimetic effect, may in itself depend on hereditary
tendencies of very high phylogenetic antiguity. Only the specific
and special culmination of that cooperation may be young, and
even this need not necessarily be the case. Among Pieiids, Papilio-
nids and Nymphalids the mimicrists probably often wear an older
and more primiiive uniform than the remaining so-called typical
members of these families, as I have iried to demonstrate in my
paper read at the International Entomological Congress at Oxford
in 1912,

In numerous Geometrids, issuing from their pupae in antumn,
the similarity to a weathered leaf reposes on their light-yellow
colour, besides on the broken rim of their wings and the course
and arrangement of dark transverse lines on them, imitating the
veins of the leaf. Must on this ground the yellow hue be younger
than other tints? According to my view this need no more be the
case than it need be assumed for the form of the wing-border or
the pattern on its surface, even when granting that in general a
broken border-line has to be derived from an unbroken, round-
ed one.

In the same way the evident connection between spots, stripes
and meshes on the wings of Cossids, which ean so to say be read on
the wing-surface by simple observation and by comparison with the
Zeuzerids, is in no way brought nearer to an explanation by the
remark, that the preponderance of the net-markings produces a sym-
pathetic resemblance to the bark of trees. The real question remains:
what causes tendency of the Cossid wing-markings to the net-character
and how old is that tendency ? In putting this question we have to
keep in view, that the same tendency occurs in wmany other insects

65*
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belonging to different orders and that it may likewise be remarked
in the nervural system, which possesses such intimate and primor-
dial relations to the distribution of pigments in the skin.

Were it only to consider this question from all possible points of
view, the well-foundedness of the hypothesis would have to be tried,
whether net-design may be connected with the formation of meshes
in the system of wing-nervures, as is so frequently and .specifically
found in Neuroptera and Orthoptera, vicariating with regular trans-
verse venation; whether therefore the net-design may not be as old
as or even older than spots or stripes. An argument to this assertion
might be found in the fact, that nets between the longitudinal veins
ave characteristic of the nervation of the wings in Palaeozoic
Palaeodictyoptera. -

With this inference I do not in the least intend to proclaim, that
I am convinced of this connection of the net-design and of its phy-
logenetic antiquity, but simply that I think the contrary is not
proved either.

Remembering WEeisMaNN's words: “Ohme Hypothese und Theorie
giebt es keine Naturforschung”, I am of opinion that’the continual
proposing of explaining suppositions about the connection between
corresponding phenomena is necessary condition for fertile scientific
research, and therefore I cannot adhere to pDE MEevErg’s point of
view, where he says: ‘“Ich mochte mich, den Tatsachen entsprechend,
mit Feststellung des Auftretens begniigen und keine ganz hypothe-
tische Verbindungslinien ziehen.”

Returning to the specific differential characters of Sm. ocellata,
I here find the danger to get entangled in purely hypothetical spe-
culations not by any means serious. For it can be easily proved
that all the special characteristics of the upper side of both fore-
and hind-wings occur as well in other species, not only of the genus
Smerinthus, but also of different allied genera.

In the first place the comparison with #iliae is highly instructive.
On the upper side of the fore-wing of the Limetree-Hawkmoth every
peculiarity by which the pattern of ocellata deviates from that of
populi, is again met with, but in a modified form and in other
hues, which together produce a totally different effect of the wing-
design as a whole.

Especially striking is the similarity of the dark median area with
the same wing-part of ocelleta; as in the latter it is cut up into a
fore- and a hind-quarter by funnel-shaped intrudings of the light-
brown ground colour, which may either meet each other orremain
separate. A single look at every somewhat considerable collection

\
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of #ifine shows the extreme individual variability of this feature, as
well as of others. The transition of an unbroken middle-field to one
divided into an anterior and a posterior .portion we therefore here
see ftake place under our eyes.

We may likewise notice, that the peculiarity of the central (5th)
mark of the dark Bandline II, to differ in hue and size from the
other members of that series, is also present in Ziliae, but in so far
in an opposed sense, that in some specimens il is distinguished by
a lighter instead of a darker shade. On its underside, fifiae shows
again the same simplified pattern as populi and ocellata, viz. the
two Bandlines II and 1II, with traces of I, IV and VI

The right here to speak of simplification, and to connect this
with the covering of light hairs stretching from the wing-root out-
ward as far as the middle area, is strikingly proved in this case by the
vestiges of the opaque central blotch (so strongly developed on the
upper side) which can also be detected on the under side. At the
root of each hair in the area of this dark middle-field asmall black
speck may be perceived, and this produces the effect that the field
is seen in its full extension as a collection of specks, when we look
obliquely between the hairs.

Still more striking than the resemblance between tiliae and ocellata
is that between both these species and tartarinovit, this latter offering
so to say a form of transition between the first-named two. Here
the anterior part of the external margin of the opaque middle area
is not convex as in tilize, but is concave, while a contrast both in
hue and in markings exists between the anal field’ of the wing and
the rest of its surface, the division of the central field in a fore-
and a hind-part thereby appearing as part of a process which extends
over the whole length of the wing-surface, in the same way as in
so many other Lepidoptera and. even in Insects of other orders.

It is likewise remarkable, that the apex of the fore-wing, which
shows a special differentiation identical for all these species, viz.
that it is separated from the remaining markings by the oblique
light stria already described for populi, is dark greenish grey
instead of silvery grey, in confrast with the convex blotch along
the outer margin, which is stained in light grey, while it is dark
in others.

On the hind-wing tartarinovii displays the same pink as ocellata,
and even traces of an eye-spot.

On the other band in #liae a dark band extends over the entire
surface of the hind-wing parallel to the outer margin and at some
distance from it. This band evidently consists of as many components
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as there are internervural cells. Eacli component is prolonged wedge-
like n the direction of the wing-root. The extent of this prolongation
is individually different, though in general it may be stated, that
in a backward direction toward the hinder wing-edge the dark
internervural spots get larger and more intensively black, this back-
ward increase in size and darkness being the only indication of a
similarity to the eye-spot of ocellata.

Therefore, thongh in this latter inslance ziline shows almost as
little likeness to ocellnta as does populi, this does not derogate from
the truth and the value of the fact, that in numerous Sphingides the
hinder external angle of fore- as well as of hind-wing shows a dark
pigmentation, which may be differentiated to an eye-spot. This might
also be expressed otherwise, by saying that the above-mentioned
posterior triangular spot is not restricted to the fore-wing, but returns
on the hind-wing.

And also on the_fore-wing the spot in question may assume the
character of an eye-spot, as is shown by several Sphingides belonging
to different genera, e.s. Daphnusa ailuntha,

On the other hand, as already said, other species possess near to
this hinder external angle of the fore-wing only a single or double,
solid bloteh not differentiated to an eye-spot, eg. Ozyambulyz
canescens. Also this blotch may be repeated on the hind-wing, e.g.
Smerinthus quercus.

Among the Sphingides at my disposal Pholas labrusiae (Fig. 6)
seems to me to possess a highly remarkable colour-pattern. On its
under side the similarity between fore- and hind-wing is very great,
and both show the usual simple design of Lines I and IIl on a
nearly homogeneous faint greenish-yellow ground, to which only along
the external margin a differently coloured area, separated from the
rest of the wing-field by a zigzag line, and evidently representing
Bar I, is added. But on the upper surface the contrast between the two
wing-pairs is very profound. The fore-wings are almost unicolourous
dark opaque green, exactly corresponding in hue to the entire body
of the moth. Yet several traces of dark transverse lines are well
defined, especially the middle-field between Bars III and [V, which
is conspicuous by a somewhat darker green shade. But at the external
border of this middle-field two square little areas are so to say
spared out from the general green overshading: one nearly in the
centre, the other at the back margin. thereby giving the impression
of brown curtains before two low windows in a green wall. That
impression is strengthened by the fact, that in these brown areas
the* curved ‘components of the transverse dark bars are more numerous
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and far sharper than in the green field. In the central window 4
of these arched stripes are present, in the back one 2.

Comparison with Smerinthus populi and ocellata as well as so
many other Sphingides, whose ground-colour is brown or grey, and
whose transverse bands are composed of curved, stripy spots, leads
to the supposition that in these windows we have to see remnants
of the original hue and design of the wing, which for the rest has
become indistinct by green discoloration.

As in so many other cases, e.g. the Hepialids, green therefore
would be the secondary, brown the primary hue, the design having
partly get lost in the process of discoloration or at least having
greally diminished in distinctness. But why these two brown windows
with their trelliswork of curved stripy spots bave remained untou-
ched by this process, I cannot as yet explain.

Contrasting with the almost homogeneous green hue of the fore-wing,
the hind one possesses a very showy and variegated pattern: two
jetblack bars standing out against a light yellow ground, bluish-
grey areas occurring at the front border between the black, a
brickred patch vicariating with two black strokes near the inner
margin, while at the outer one a small green field breaks the yellow.

But the most remarkable point in this pattern are two darkbrown,
irregular, denticulate lines, starting at the hinder angle, and running
parallel to the outer margin along its posterior part, to pass into
the broad black bar at the hinder border of the small green field.
These crooked lines represent the posterior part and the pupilla of
the eye-spot in the ocellata-group among Smerinthidae, and form
the least-modified part of the hind-wing-pattern of Pholus labrusiae.

I think it highly probable, that this pattern has a protective signi-
ficance for the animal, just as well as the almost homogeneous green
hue of the fore-wings and of the body. The latter give protection
to the sleeping animal by making it havdly visible to enemies that
prey upon it, possibly the brown windows play their part in this
process of concealment, by breaking the anatomical lines of the
rather extensive gvingfield.

It certainly would be worth while to make the experiment,
whether the: moth when disturbed in its sleep, suddenly displays
its hind-wings and so frightens its enemies away, or whether the
showy colour-composition, which thereby gets visible, has only the
meaning of a warning-pattern, announcing unpalatableness.

Whatever may be the right interpretation, this pattern in any
case ought to be considered as a high and special differentiation of
the original one of the hind-wings, common to all Sphingides; neither
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the crying colours nor their queer arrangement justifying the infe-
rence that they could ever be the direct consequences of the useful
effect they produce in favour of the animal.

The comparison of Sm. ocellata with populi, and of both with
other Sphingides, leads me to the following conclusions:

The colour-pattern of populi is more primitive than that of ocel-
lata, it agrees with the conditions which may be posed for a pri-
mordial pattern, and it corresponds to the fundamental plan, as this
is found in Arctiids, and most probably in numerous other families
of Heterocera, possibly also in Rhopalocera. It therefore is not only
older than the genus Smerinthus, but even than the family of Sphin-
gides, perhaps than the entire order of Lepidoptera. So it cannot
without great restriction be qualified as a generic pattern.

The colour-design on the upper side of ocellata can be derived
from that of populi by the assumption, that the ribbons of interner-
varal spots occurring in the latter have been specially transformed
in the former. But each of these transformations in itself is seen as
well in other species of Smermthus, and even in many other genera
of Sphingides, it is therefore not allowable to assume, that they
shounld have been acquired during the formation of ocellata from a
populi-like ancestor. Each for itself they are not characteristic of
ocellata, and cannot be taken as specific features of this species. It
is only the peculiar combination of the modifications of the ancestral
type with the subtle nuances by which in ocellata they are distin-
guished . from the similar modifications in allied forms, that in the
end give the specific character to ocellata. At any rate the origin of
the said modifications of the primitive pattern cannot be ascribed to
the influence of protection against enemies, which ocellata obtains
by ‘the use she (instinctively) makes of her eye-spots. The special
refinement however and the elaborate details, by which the pattern
of ocellata surpasses that of other Sphingides near akin, may well
be the consequence of natural selection, which could enter into
action ‘as soon as by coincidence of hereditary varialions of the
fundamental Sphingidial pattern with special circumstances of life,
a deceitful likeness had been established to the face of a big-eyed -
owl, which frightened away preying little birds and small mammals.

Groningen, October 1918,
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Anatomy. — “On Musculus Transversus Orbitae”. By Dr. A. A.
HueBer. (Communicated by Prof. J. Borkg).

(Communicated in the meeting of November 30, 1918).

This muscle variety, already described by BocmpALek!) was
seen in the body of a woman of 33 years of age. In many respects
it is different from Boceparrk’s finding; it may, therefcre, not be
nndesirable to publish this case. The muscular anomaly was present in
either orbit; the right- and the left-musc. transversus displayed some
points of difference.

In the left orbit (Fig. 3) the musc. transversus generally passes
right across the equator of the eyeball, and 1s inserted into the
inner as well as into the outer wall of the orbit.

About two mm. behind the trochlea the muscle arises from the
anterior part of the lamina papyracea ossis ethmoidalis, to which 1t
is attached by a broad, thin, flat tendon about 7 mm. in width.

The tendinous fibres soon become muscle fibres; the muscle, now
proceeding laterally, gets narrower and more rounded and passes
as a small muscle, 2 mm. in breadth, below the muse. obliquus
sup., decussating the latter at right angles. At a distance of about
1 em. from the medial orbital wall the muscle widens and flattens
coincidently This widening is brought about by the fact that muscle
fibres, issuing from the medial margin of the musec. levator palpe-
brae sup., bend round towards the medial, and pass into the musc.
teansversus. The muse. transversus then proceeds farther laterally
and is seen to decussate the fibres of the musec. levator palpebrae
in a very peculiar way. The fibres of the muse. transversus pierce
those of the musc. levator palpebrae, but in such a way that the
musc. levator runs for the greater part across the upper side of the
musc. transversns; only a small muscular fascicle of about’3 mm.
across, passes below the musc. transversus. )

The two parts of the musc. levator, separated by the musc. trans-
versus, unite again when coursing anteriorly. At the point of decus-
sation the musc. transversus has a breadth of = 4 mm., the musc.
levator of about 10 mm.

1) BocHDALEK, Beitrag zu den anomalen Muskeln in der Augenhéhle. Viertel-
jahrschrift far die Praktische Heilkunde. Prag. 1868. Bd. IV.
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Laterally from the point of decussation the musc. transversus
passes into a thin flat tendon that goes below the gland. lacrimalis
to the lateral orbital wall, and is inserted below the inferior edge
of the lachrymal gland into the lateral orbital wall.

After the decussation the musc. levator palpebrae splits in the
usual way into an upper- and a lower-sheet. The upper one soon
expands into a tendon, which js attached to the gkin of the upper
eyelid, medially. to the tartus sup. and to TenoN’s capsule, and
laterally to the anterior part of the lateral orbital wall. The relations
of the lower sheet are somewhat anomalous. After the splitting up
of the upper sheef, the lower one passes into a strongly developed
sheet of smooth muscular tissue: the musc. tarsalis sup. The lateral
free border of the lower sheet has a length of about 3 mm. and
then blends with TeNoN’s capsule. The lower sheet now stretches in
the normal way towairds the anterior and settles at the upper mar-
gin of the tarsus sup.; the medial part of the sheet has the same
insertion points as the upper sheet, for on this side the two sheets
are united. The lateral part however is more expanded than usual.

According to VircHow') the two lateral borders of the upper and
the lower sheet lie over each other; in our preparation this
is not the case, for we see that the lateral part of the lower sheet
strelches more backwards. Now this part of the lower sheet unites