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Chemistry. — “In-, mono- and divariant equilibria.” 1X. By Prof.
F. A. H. SCHREINEMAKERS.

(Communicated in the meeting of April 28, 1916).
138.  The direction of the curves in the invariant point.

In.the previous communications we have deduced the P, 7-diagram-
types without knowing the changes in volume and entropy which
occur at the reactions. When we know those also, however, then
we may not only find the P, T-diagramtype, but also the diagram
itself, viz. the direction of the curves in the invariant point.

We know that all reactions which may occur between the phases
of an invariant point, are completely defined by two reactions.
When we know also the changes in volume and entropy, which
occur at those reactions, then those changes are known also for the
other reactions.

Let one of the reaction-equations be:

LF, +LF, + ... LhyeFups=0. . . . . . (1)

At the proceeding of this reaction a change in volume and a
change in entropy occur; we represent the first by AV, the second
by An.

Where these changes present themselves we write them behind
the reaction-equations and first the change in volume, afterwards
the change in entropy. Consequently we write for (1):

LE, + ...+ ln-l-ZF:n—{—Z =0 AV, 5 by . . . (2)
Herein we may express AV; and An by:

AVi=1lw, + by oo+ byt lavuge - - . (3)
A=t + Ly +. o+t hge g o o . (4)

Herein v, and 7, represent the volume and the entropy of the
unity of quantity of a phase F,. We take as second reaction-
equation : )

mF, + . mage Fyge =10 AV, 3 Dyp. o . (5)

When we deduce from (2) and (5) an arbitrary other reaction:
(Kl1+m1)F1+(Klz+mn)Fz+ .=0 KAV, -+ AV, ; KA’]Z“I’ Anm . (6)
then the change in volume is KAV,4 AV, and the change in
entropy KA, Agp. ‘

When we give to K such a value, that K/, 4 m, =0, then (6)
represents the reaction, which may occur between the phases of
the equilibrium (#)) and the change in volume and entropy belonging
to this reaction. Hence follows:
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dT) KLV, + bV, m AV — LAV, ©)
by which is defined the direction of curve {F)) in the invariant
point. In the same way we find the directions of the other curves.
Between all reactions in which n 4 2 phases take part there are
two special ones, viz. the isovolumetrical and the isentropical
reaction (conf. communication I). At a reaction between the phases
in  the frst the volume remains unchanged, in the second the
entropy remains unchanged; in this’ latter case, therefore, heat is
neither added nor withdrawn. We can easily deduce those reac-
tions from (2) and (5). In order to find the isovolumetrical reaction
we subtract the reactions from one another after having multiplied
(2) by AV, and (3) by AV in order to find the isentropical
reaction we subtract the reactions from one another, after having
multiplied (2) by A, and (5) Aw. Let us write the isentropical
reaction:
aF, +af, ...+ appe Frupo=0 AV ; 0 . . (D
and the isovolumetrical reaction :
bF, + b F, -+ ...+ buga Fuys =0 0 ; An. . (8
Hence follows:
(Ra,+b) F, + (ha,+ b)) F, +...=0 28V ; Ay. . (9)
When we give to 2 such a value that 4a, + b, = 0, then (9)
represents the reaction which may occur between the phases of the
equilibrinm (£,) and the change in volume and entropy belonging
to this reaction. Hence follows:
(i—P,)z Lo __mbn o (—’l(ﬁi):_—A_’? ..o
dT) " AV b,V a \dT ), AV
In the same way we find: .
b, (dP\ Ay b (dF\  An
T N
Hence it appears that between the direction-coefficients of the
tangents to the carve (F))... in the invariant point the following
relations exist:

b, dP)_bz aP\ b, (dP\ Ay .
o \dT) e, \dT), e,\dT),” "~ AV’ ( \)

From (11) follows the direction of each of the curves in the
invariant point; this is however not yet sufficient {o find the P,7T-

apP\ . -
diagram. When (Zﬁ’) s e.g. positive, then this nmeans that the
N 1

(dP)_KAm + By m Dy — LAy
1

ete.

a,
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pressure along curve (F)) increases at rising temperature, decreases
at lowering temperature. Curve (F,) may go, therefore, starting
from the invariant point, towards higher P and T’ or towavdslower ~
P and T, consequently in opposite-direction. In order to define
the P,7-diagram we have to use therefore still other properties.
For this we take:

1. the equilibria which are formed at an isentropical reaction
with increase of volume, go towards lower piessures, starting from
the invariant point; those, which are formed with decrease of
volume, go towards higher pressures.

2. the equilibria, which are formed at an isovolumetrical reaction
with increase of entropy (consequently on addition of heat) go towards
higher temperatures, starting from the invariant point; those, which
are formed with decrease of entropy (consequently on withdrawing
of heat) go towards lower temperatures.

We now write the isentropical and isovolumetrical reactions (7)
and (8):

o, F, + a, F, +..... + tnpz Frya =0 AV; 0 (13)

woo F Ay, 0, F) +..00 + tnpeange Foge =10 0 ; Ay (13)

in which we take the coefficients of the phase F, positive; further

we assume that in both the equations the phases are written in
such order of succession, that the condition :

B S0 > Sup >, >Sunge - - . (14
Now we may write for (11):

aP\ _  (dP B bn gy
th dT) "’(d:r “\ar),” T T v

When in (14) all the values of u are positive, then it follows from
(15) that the direction-coefficients of the curves in the invariant point
are either all positive or all negative. When we take into considera-
tion absolute values only, then follows:

(% <(%)<ﬁ... <(%J,)"+2 e )

When u,...u,_4 are posmve and Mp . tpy2 negative, then it
follows, when we take mto consideration absolute values only:

() << (B) _ma(3) > >(5F),,

dP dP
is | —; 4 1 ' ller th — |
In this (d T)p—l may be as well larger as smaller than (dT)p

t

is satisfied.
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AV may be in (12) as well positive als negative; this depends
on the direction, in which reaction (12) proceeds. When AV is
positive in the one direction, then it is negative in the opposite
direction. Now we assume that AV is the change of volume, when
the reaction proceeds in such a way that the phases, which have a
negative sign in (12), are formed, and that consequently the quantities
of the phases, which have a positive sign, diminish. We call this
direction: the “direction belonging to AV™”. When we let reaction
(12) proceed in opposite direction, therefore in such a way that the
quantities of the phases, which have a negative sign, diminish, then
the change of volume is — AV,

In (13) we assume the same; consequently A% is the increase of
entropy, when reaction (13) proceeds in such direction, that the
phases, which have a negative sign, are formed.

For fixing the ideas now we shall assume that the series of signs
of reaction-equation (12) is represented by:
A R B S C 18)
.. Foeei | —. R
In each group we give to the phases.from left to right the indices
1, 2,...; in group A : 4, 4,...., in group S: §, S,....,etec.
When all ratios are positive in (14), then all phases have the
same sign in (13) as in (12); when some of those ratios are negative,
for instance beginning with g,, then in (13) the phases F, .../, 4
have the same sign, but F,... F,. the opposite sign as in (12).
Then we obtain the two series of signs:

4 R By B 8 C T
+oo] = e — [ F e = A0 (19)
F+ol = e = e — ] 05 Ay (20)

The upper one represents the series of signs of reaction (12), the
lower that of (13). With this we have assumed that the phase #,
is situated in group B; in the lower series of signs this group is
divided then into two parts B, and B, with opposite sign.

We now let the isentropical reaction (12) between the phases
of the invariant point occur in the direction belonging to AV. As
with this reaction the quantities of the phases, which have a positive
sign in"(12) or (19) diminish, from the invariant equilibrium, a
monovariant equilibrium is formed, which we shall call (X). Herein
X4 represents, therefore, a phase with positive sign, consequently
a phase from one of the groups 4, B or C of (19).

When we let the isentropical reaction go in opposite direction, then
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the quantities of the phases, which have a negative sign in (12) or
(19) are diminished. Now from the invariant equilibrium a mono-
variant equilibrium (X_) is formed, in which X_ represents a phase
with negative sign, therefore, a phase from one of the groups
R, S or T of (19). :

With the aid of the first of the properties mentioned above,
which defines the direction of a curve from the sign of the change
in volume at the isentropical reaction, we find:

Ie. AV >0. Starting from the invariant point the curves (X})
go towards lower- and the curves (X.) towards higher pressures.

I, AV 0. Starting from the invariant point the carves (X)
go towards higher- and the curves (X_) towards lower pressures.

When we let the isovolumetrical reaction "(13) occur between the
phases of the invariant equilibrium and when we apply the second
of the properties mentioned above, then we find:

IIe. Ay > 0. Starting from the invariant point the curves (X)
go towards higher- and the curves (X__)towards lower temperatures.

I1%. Ay 0. Starting from the invariant point the curves (X)
go towards lower- and the curves (X_)towards higher temperatures.

TABLE L

A R | B, B | S c T
ST B ¥ S B U VR D Y Y I
U N TR (S [ S L I
AP | e | A | = T T B R DN )
v AT A e [ s i e | T 250 (d)
BP | e | = [ e e e [ = | a0 @
AT —vee e s s =i e ] e | L0 (D)
AP it s =i m e L a0 (@
I N ISR IS UNUST IR DU IS B I S
AP e i s e = e = a0 @
AT o i s = i = [ oo | 6ac0 )
g — - |
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Now we apply the rules o' and [P to the series of signs (19)
and the rules I[® and 1% to the series of signs (20); viz. (19) is
the series of signs of the isentropical-, (20) that of the isovolume-
trical reaction. In the foregoing table the results are summarised.

In table I line a represents the series of signs of the isentropical
reaction and line b that of the isovolumetrical reaction. In order to
indicate that a curve goes, Starting from the invariant point, towards
higher or lower pressures, we write at the beginning of a rule AP
and further under each group a positive or negative sign; a positive
sign indicates that AP is positive, or in other words that the curves
go towards higher pressures; a negative sign indicates that AP is
negative, therefore, that the curves go towards lower pressures.

The lines, beginning with AT, indicate whether a curve goes,
starting from the invariant point, towards higher or lower tempe-
ratures. A positive sign indicates that AT is positive, therefore, that
the curves go towards higher temperatures; a negative sign indicates
that AT is negative, therefore, that the curves go towards lower
temperatures.

When we take A7 >0 [rules ¢ and g] then, in accordance with
I the curves of the groups 4, B, By and C go towards lower
pressures, those of the groups R, .S and T towards bigher pressures.
This is expressed by the signs in series ¢ and g.

For AV <0 [rule ¢ and ¢] we find with the aid of /¢ the series
of signs ¢ and <.

It is evident that in the rules ¢ and g [viz. AV > 0] all signs
are ‘the opposite and in the series ¢ and ¢ [viz. AV < 0] all signs
are the same as in the series of Signs a.

With the aid of [l® and II® we find from series b the series
d, f, h. and %. The series d and k [viz. Ay > 0] have the same
signs, the series f and A [viz. Ay <C 0] have the opposite signs as
the series of signs b.

As it follows from (17), the arrows in the lower line of the table

. . ) ) dP
indicate the direction in which the absolute value of =7 Increases

for the different curves. Consequently it increases from curve (4))
to the last curve of group Ba; it decreases from the first curve of
group By to the last curve of group T.

Table I represents the four possible cases, viz. AV >0 and
An >0 in series ¢ and d; AV <0 and Ay <0 in series ¢and f;
AV >0 and Ay <0 in series g and h; AV <0 and Ay >0 in
series ¢ and £. The last rule / is true for each of those four cases.

Now we can easily deduce the P, T-diagram for each of those cases.
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AV >0 and Ay>0 [series ¢ and d]. It appears at once from
series ¢ and d that the curves of group A go starting from the
invariant point towards lower pressures and higher temperatures.
In the P,T-diagram [fig. 1] of this group A the curves (d,), (4,)
and (d4,) are drawn. The position of those three curves with respect
to one another follows at once from the direction of the arrow in

dpP
table I; hence it appears viz. that the absolute value of 77 is for -

~
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curve (4,) smaller than for (4,), for (4,) smaller again than for
(4,), ete.

Further it appears from table 1 that the curves of R go towa,rds
higher pressures and lower temperatures; of this group the curves
(R,), (R,) and (R,) are drawn. It appears from the direction of the

arrow in table 1 that the absolute value o

A 4,4, ... B R,R, increases from left to right. The curves of group
R are~situated, therefore, with respect to one another and to the
curves of group 4, as is drawn in fig. 1.

When we draw with the aid of the series ¢ and d and the direc-
tion of the arrows, also the curves of the other groups, then we
find fig. 1. Herein is only one curve drawn of each of the groups
By, By, S, C and T.

Consequently we find a P,7-diagram with five bundles of curves ;
each of the groups of signs R, B = B,-} B, S and C of the series
of signs a produces a bundle of curves in the P,7-diagram, the
groups of signs 4 and 7" produce together one single bundle only.

AV L0 and Ay 0 [series ¢ and: f). We obtain the same P,7-
diagram as in fig. 1, with this great ‘difference, however, that we
have to change mutually the stable and metastable parts of the
curves from fig. 1. Consequently we have to draw the dotted lines
in fig. 1 and to dot the drawn lines.

AV >0 and Ay <O [series ¢ and %]. It follows at once from
series ¢ and / that the curves of group A go, starting from the
invariant point, towards lower pressures and temperatures, it is
apparent from the direction of the arrow in table I that those curves
must be situated with respect to one another as the curves (4,),
(4;) and (4,) in fig. 2. Further it appears from series g and /
that the curves of group R go towards higher pressures and tempe-
ratures, it appears from the direction of the arrow in table I that
those curves must be situated with respect to one another and to
the curves of group 4, as the curves (R)), (R,) and (R,) in fig. 2.

When we draw, however, in the P,7T-diagram also the curves of
the other groups, then we find fig. 2. Herein only one curve is
drawn of each of the groups B, By, S, C and T.

Now we find again a P, 7-diagram with five bundles of curves,
each of the groups of signs B, B= B, + By, S and C of series a
produces ‘again a bundle of curves; the groups of s1gns A4 and 7T
produce again together one bundle.

108

Proceedings Royal Acad. Arsterdam, Vol XVIIL
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AV <0 and Ay >0 [series 7 and £]. We obtain the same P,T-
diagram as in fig. 2, again with this great difference however, that

we have to change mutunally the ‘stable and metastable parts of _

-

the curves in fig. 2.

In the four P,7-diagrams which we have deduced now, all
curves, which belong to a same group [viz. group A, R, B,, B,,
S, C and 7] always go in the same direction of pregsure and
temperature. The curves of group A4 go, viz. starting from the in- -
variant point in fig. 1 all towards lower P and higher 7 in fig. 2
all towards lower P and 7', the curves of group R go m fig. 1
viz. all towards higher P and lower 7, in fig-'2 towards higher P
and 7', etc. It appears from table 1 why this must be the case.

As the groups C, R, and S in each of the P,7-diagrams form
each a bundle of curves, the above mentioned is also true for those
bundles of curves.

This is however no more the case for the bundles of curves 4 4 T
and B = B, -} By; the curves of bundle 4 4+ 7 all go in the same
direction of temperature, but not in the same direction of pressure, the
curves of bundle B = B, -+ B; all go in the same direction of pressure,
but not in the same direction of temperature. We call such bundles
“divergent”; bundle 4 4 7 is then divergent in direction of pressure,
bundle B, -} B; in direction of temperature; in fig. 3 bundle A T
is divergent in both directions. We shall examine further under
which conditions a similar divergency of a bundle may occur.

Deducing series of signs (20) from (19) we have assumed that in
(14) w,...mp—1 is positive and g,...u,4o negative; in the two
series the phases F,...JF,_; have, therefore, the same sign and
the phases F,...F, o therefore the opposite sign. Further we have
assumed that the phase ¥, is situated in group B; for this we have
divided this group into the two groups B, and B,.

It may, however, also be the case that the phase F), is the
first of a group in the series of signs (19), consequently also in
series a of table 1. We shall assume that it is the first of group S.
Then in table 1 we need no more divide group B into the sub-
groups B, and Bj, for the whole group B obtains then in all series
of table 1 the same sign as group B, The two arrows in line /
of table 1 must then reach the vertical line, which separates the

‘ B and S from one another. ;

Now we obtain again-four 2,7-diagrams, which we may represent
"by the figs.1 and 2 and by two other figures which we obtain when
we mutually change the stable and metastable parts of the curves in

¢
. LY

-10 -
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figs. 1 and 2. There is a great difference, however, in the position of
the bundle of curves B. In the P,T-diagrams belonging to table 1, the
bundle of curves B 1s viz. divergent in direction of temperature; this
is no more the case in the four new diagrams. In each of the new
diagrams viz. the whole bundle B goes in the same direction as
group Be; 1 figs. 1 and 2 (and the two other P,7-diagrams) we
have to turn the group B, so far towards the group B, until bundle B
diverges no longer. ‘ ‘
"Let us now take the case that all values of u are positive in
(14 ; the series of signs @ and b in table 1 then become the same.
Table 1 then passes into table 2, so that we obtain again four
P,T-diagrams. Let us consider only the case AV <0 and Ay >0,
consequently series ¢ and £ of table 2. It appears at once from
those series that the curves of the groups 4, B, and C all go
towards higher pressures and temperatures, starting from the invariant
point, and that those of the groups R, S, and 7’ go towards lower
pressures and temperatures. It appears from the direction of the

dP- '
arrow in table 2 that the absolute value of — increases from the

ar
TABLE ¢
A R B S C T
Foeoi l—eeii [ e —eeoo [ i =l ) AVLD @
, Fooi e e = e =i | 0,44 b
AP M =i [ Freein b —iiie [ e [ el ] A0
A7 Teeen | —aens | Fenn o o e | =i | A0 d
AP . — e | — + — AVLO e \
AT | = |+ e e = | 200 f
i
AP | = |+ O I T + AV>0 g
AT | —eu. |+ ——— e | = + ArgO h
AP e TTETE U I S IR B ORI IS £
AT R BT I U SR B PR I ¥ > k
dP .
'R'T >

-11 -
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first curve of group A to the last curve of group 7. This direction
of the arrow is in accordance with (16). ’

The corresponding P,7-diagram is easily found now; it is drawn
in fig. 3 ; three curves are drawn of group A, of each of the other
groups only one curve is dvawn. The P,7-diagram shows this
peculiarity that all curves are situated within two of the four
quadrants; it follows from table 2 that this is the case for each of
the four P,7-diagrams. The bundle A+ 7 shows here the peculiarity

Fig. 3.

that it is divergent, as well in the direction of pres.sure as of tem-
perature, and that it contamns two succeeding curves, which make
with one another an angle which is larger than 90°.

In all our considerations we have supposed up to now that the
last group of the series of signs (19) is negative; it may of course
also be positive. In order to consider this case we omit the group
T from (19) and therefore also from (20) so that it disappears also
from the tables,.1 and 2. Now it is evident that again we obtain
the same P, 7T-diagrams which we haye above, but that in those
the curves of group ,7 are, missing. Consequently, in the figs. 1
and 2 there is no more a bundle which is divergent in divection of
pressure, and in fig. '3 no bundle which is divergent as well in
direction of pressure as of temperature.

e e AN

We represent the isentropical reaction, which may occur between

the phases of an invariant point, by:
a4, gl age e =0 AV ; 0. (21)
and the isovolumetrical reaction by : -

-

-12 -
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i

o Fy o, Py wa o+ oo+ st B =0 0 : Ay (22)

We take a, and u,e, positive and we assume that the order of
succession of the phases is chosen in such a way that the condition

B> > S > > Sde - - - (23)

is satisfied.

Now it appears from our previous considerations that we know
the P,T-diagram completely, viz. the directions of the curves in the
invariant point, etc., when we know, besides the reactions (21) and
(22) also the changes of volume and entropy AV and Ay occurring
with those reactions. - .

+The isentropical reaction (21) alone is not sufficient to find the
P,T-diagram, it is indeed sufficient, however, for defining the P,7-
diagramtype; this follows viz. at once from the series of signs of
this reaction. It is apparent from our previous considerations, thaf,
when the last group of this series of signs is negative, we have
to consider it as forming with the first a single group only. In
the series of signs (19) the phases of 4 and 7 form, therefore, one
single group only, which consists of the sub-groups 4 and 7.

It is 'apparent from the following that the series of signs of the
isentropical reaction, defines the P,J-diagramtype. Above we have
found viz. that the number of bundles of curves is equal to the
number of groups of signs and that each bundle contains as many
curves as the group of signs contains phases. Further it was apparent
that the bundles in the P, 7-diagram and the groups in the series
of signs have the same order of succession, if only we take in the
series of signs, going from left to right, first the positive —  and
afterwards the negative groups. [In the ‘series of signs (19) this
order of succession is, therefore A 4 I B, C, R and §, which is
in accordance with the figs. 1, 2 and 3].

The series, which indicates the signs of AP has always either
the same or the opposite signs of the series of signs of the isen,
tropical reaction. Hence it follows that all curves, that liave the
same signs in the isentropical series of signs, also go in the same
direction of pressure. In series of signs (19) the phases of groups
B, C and the sub-group A have all the same sign; the corresponding
carves must go, thevefore,” all in the same direction of pressure,
starting from the invariant point; in figs. 1L and 2 they go towards
lower pressures, in fig. 3 towards higher pressures. The same.is
true for the curves of groups &, S and the sub-group 7. It is
apparent from all; this thaf* the series of signs of the isentropical
reaction (21)" defines still somewhat more than only the ‘type: of

-13 -
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the P,T-diagram; it defines viz. also which curves go in the same
direction of pressure, starting from the invariant point.

When in (23) all values of u are positive, then all phases in
(21) and (22) have the same sign; when pi...u,—1 are positive
and @y ... pnte negative, then in (22) F, ... F, have the same mgn,
but F, ... Fuye the opposite sign as-in (21) yo-
‘ Now we shall' examine which changes occur inia P,7-diagram,
according to the position of F, in the series of signs. In both
reaction-equations (21) and (22) going from left to right, #, may
be the second or the third or the fourth phase, ete. and at last the
(n - 2th ) phase, consequently the last. When in (23) all values
of u are positive, then this phase F), is missing.

Let us assume, for (fixing the ideas, that the series of signs of
reaction (21) is. represented by series a of table 1 or 2. Then the
P, T.diagram consists of the bundles of curves 4 4 7, R, B, S and
C. [Contel eg. figs 1, 2 and 3]. ~

When in (23) all values of u are positive, so that the phase F,
is mssing, then series & in table 2 represents the series of signs of
the isovolumeirical reaction. When Fy is the' (n 4 2)t" phase, there-
fore the last phase of the subgroup 7, then in series & of table 2
the last phase obtains the opposite sign; when #, is the ((u ~< 1)
phase, then in series & of table 2 the two last phases obtamn the
opposite sign, ete.

When F, is eg. the first phase of group S, then in series & of
table 1 all phases of groups S, C, and T get the ppposite sign. When
I, is situated within the group. B so that this group is divided into
two sub-groups B, and Bs, then the series of signs is represented
by series & of table’'1. When- ¥, is the phase 4,, then in series b
of table 2, all phases, except the first one, get the opposite sign.

It is evident that this change of signs in series & has no influence
on the series, which indicate the signs of AP; the series which
define the signs of AT undergo however similar changes.

Let us now take for the isentropical reaction AV <0 and for
the isovolumetrical reaction A7 > 0. When the phase Z), is missing,
then we find, as we have seen above, for the signs of APand AT
the series ¢ and % of table 2 and for the P,7T-diagram fig. 3.

We divide this diagram into four quadrants by two lines which
go through the invariant point. We imagine the one-line paralle! to
the P-axis, the other "parallel to the Z7-axis. Those four quadrants
are indicated in fig. 3 by the encircled figures 1, 2, 3-and 4. Con-
sequently in fig. 3 all curves are situated within the quadrants 1 and 3.

-14 -
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: When JF, is the last phase of group 7, then the last sign of
series % (table 2) changes. The last curve of group T no more
goes then towards lower, but towards higher temperatures, it does go
however still towards lower pressures. The corresponding curve of
the sub-group 7, consequently the curve, which is situated the closest
to (A,), turns therefore, in fig. 3 within the second quadrant. The more
the phase F, goes towards the left, the more curves of the sub-gronp 7'
turn within the second quadrant, when F), coincides with the first
phase of group T, then in fig. 3 this whole sub-group 7 takes ifs
place within the second quadrant. :

As soon as the phase F, comes within the group C, a part of
bundle C turns within the fourth quadrant, when JF), coincides with
the first phase of group C, then the whole bundle C is sitnated
within the fourth quadrant.

At further movement of the phase F, first some and at Jast all
curves of bundle S come within the second quadrant, afterwards
some and at last) all curves of bundle B within the fourth quadrant;
afterwards some and at. last all curves of R within the second
quadrant. When F, coincides with 4,, then curve (4,) goes towards
the fourth quadrant, and when F) coincides at last with 4,, then
also .curve (4,) goes within this quadrant,

The displacement of F, from right to left involves, therefore, that
the P,7-diagram changes; the curves turn viz. from the third qua-
drant towards the second and from the first quadrant towards the
fourth quadrant. Only the curve (4,) remains in the first quadrant.
In all there arise, therefore, 1 4 2 different P, T-diagrams, which
belong all, however, to the same type. °

Consequently it is apparent from the previous considerations. the
series of signs of reaciion (21) defines the P, 7-diagramtype; viz.
the number of bundles of curves and their order of succession; the
number of curyes and their order of succession in each bundle. It
defines alsq which curves go in the same direction of pressure starting
from the invariant pomr This series of signs does not define, howeve1
the, partition of the bundles over the different quadrants and therefore
also not which of the n -} 2 different [, 7-diagrams, belonging to
the type, will occur. In order to define this, we have to know
also the. series of signs of reaction (22). oo Ci

£ AN )

In our previous considerations we might have taken instead of
the " series of signs of the isentropical reaction- also that ‘of the iso-
volumetrical reaction. This is as we have shown in communication

-15-



1690

VI for an arbitrary pair of reaction-equations, however 'the same as
that of the isentropical reaction. 1t causes, therefore, which stands
to reason, the same P,T-diagramiype. ’

The only difference is, that the isentropical reaction still defines
at the same time which curves go in the same direction of pressure,
and the isovolumetrical reaction defines which curves go in the same
direction of temperature. r

14. Another deduction of the P,7-diagramtypes.

In previous communications we have already deduced in different
ways the P, T-diagramtypes. A new deduction follows from the
previous considerations in chapter (13).

Using the properties 1 and 2 we found:

the series of signs of the isentropical reaction defines the P,7-
diagramtype and 'besides which curves go in the same direction of

pressure; ‘ :

the series of signs of the isovolumetrical reaction defines the P, 7-
diagramtype and besides which curves go in the same direction of
temperature.

Hence we may deduce now, that the series of signs of each other
reaction, which occurs between the phases of the invariant point,
defines also the P,7-diagramtype.

In order to show this we take the arbitrary reactions:

LF, L, + o lgeFags =0 . . . . (234
mF, 4+ mF, 4 ..o mppeFagpe =0 . . . . (25)
Herein [, and m, are positive, both are written in such order of
succession, that we have :
ll lg ln-{-?
. 7{1>;{,>"‘>mn+2
In each of those reactions a definite change in volume and entropy
occurs; we may, therefore, deduce from them the isentropical and
isovolumetrical reaction, as is shown in the previous chapter. We
write them:
e, +aF, + ...+ agaFrpe=0 AV ;0. . . (26)
o Fy b uga Py 4o getneFuge =0 05 Ay . (27)
In communication VI we have seen that all pairs of reaction-
equations, which we ‘can deduce from a given pair, have the same
series of signs; (24) has, therefore, the same series of signs as (26).
As the P,7-diagramtype is defined by the series of signs of (26),
it is, therefore, also defined by the series of signs of (24).

I3
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Consequently “we find, in accordance with our deductions in the
previous communications: ) I

the series of signs of each reaction between the phases of the
variant point defines the P,7T-diagramtype, viz. the number of
bundles of curves and their order of succession, the number of
curves and thewr order of succession in every bundle.

This series of signs does not define, however, which curves goin
the same direction of pressure (temperature); this is only the case
with the series of signs of the isentropical (isovolumetrical) reaction.

Leiden, Inorg.-Chem. Lab. , (To be continued).

Physics. — “A Test of the Dispersion Theory of Solar Phenomena,
deried from Measurements by Adams and St. John on the
Displacements of Fraunhofer Lines in the Spectra of the
Sun’'s Limb and of Sun-spots”. By Prof. W. H. Jurus.

(Communicated in the meeting of February 28, 1914, and published
in: Versl, Afd. Natuurk. XXII, p. 1243—1265).

e

This paper was not inserted in“iliese Proceedings, because its
principal contents had already been communicated by the writer in
the following English publications: “Note on'the General Shift of
the Fracnporer Lines towards the Red, and on the Distortion of
the Lines in the Spectrum of Eccentrically Located Sun-spots”, The
Observatory, Vol. 37, p. 252, 1914, and: “Radial Motion m Sun-
spots?”’, The Astrophysical Journal, Vol. 40, p. 1,1914. — A French
translation of the whole paper will appear in the Archives néerlan-
daises, 1916.

Physics. — “Anomalous Dispersion and Fraunhofer Lines. Reply
o Objections”. By Prof. W. H. Juns.

(Communicated in the meetings of October 30 and November 27, 1915
Cf.: Versl. Afd. Natuurk. XXIV, p. 678 and 865).

This paper has also been published in extenso in the Astrophysical
Journal, Vol. 43, p. 43, 1916, and will therefore not appear in
these Proceedings.
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