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van

city 18 cxtensive variable but specific he.

riables of some systems arc given in Tahl:'("\ ar
‘ . : l

4

intensive vana ve va

vanable he exten
w Intensive Varigh,
System v Pressure

__’_,,,-‘_—/
Chemical system Volume y o P
Stretched wire Length sion :
Surface film Area A Surface tension "
EM.E
Electric cell Charge' . Q F N ,
Magnetisation I Magnetic intensity :

Paramagnetic solid
ynamical Relations (General Relatiop,
N
thermodynamics, Maxwell was able to derive sy : -
system can be specified by any pair of qUi‘.."
d entropy (S). In solving any the“mdyrlarm:; i
g the pair are taken as iy

W

6.3 Maxwell’s Thermod
second law of
ons. The state of a

ture (7), an
d the quantities constitutin

From the first and

thermodynamical relati
pressure (P), volume (V), tempera

the most suitable pair is chosen an

variables.
From the first law of thermodynamics,
80 = dU+dW
dQ = dU + PdV
dU = 6Q — PdV

or
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1ot the second law of thermodynamics,

50
dS = T
or 0Q = TdS
Substituting this value of 50, we get
U = TdS - pdv

(6.1)

Considering U, § and V to be function of two independent variables x and y [here, in general. x

and y can be any two variables out of P, V, T and §],
BU) U
= |= +tH— | d
du ), dx [ % ), y

ds a_s) dx+(a—sj dy
ox y I

aV
and dv = a)ydﬁ(g l dy

Substituting these values in equation (6.1), we get
) (2] 0 - T[(g_g)ym(g_gldyJ-p[(g_g)ym(%J@}
- [r8) -o3) Joo ) (2 o
Comparing the coefficients of dx and dy, we get
[oc), = 7(3) -+(%) 62

aWw | _ ) _fav .
[Wl ) T[ayl P(ay J (63)

Fu_(or ( )+ s _(ap (av) raa
avar |9y ) \ax), T e 9y )\ %

aV Ox
" qU_ (ar) ), s (ai) W) _ 3V
ox.dy oax/,| oy \ 8x.ay ox/, g - m

The change in internal energy brought about b

y changing V and T wh
first and T by 4T Jater or Vice versa is the same. ¢
It means dU is a perfect differential.

v #y
dydx ~ oxdy an

5)

a

h

5 7 ) () -

0
B5) (2] o7 _(ap) fav)

ﬂ

»n ()2l
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Since dS and dV are also perfect differentials, we have

'S 'S PRI 1%

and
dvdy  dy.ox " dvdy  dyah

Equation (6.4), therefore reduces to

JT ox) (0P (:)V) ) (nr ) N ((y') v
\r)\' ‘(r)\ Loy Vo o Vo dv | \ox ) {dy )
This is the general expression for Maxwell's thermodynamical relations. In place of the it
variables v and v, any two of the four variables S. 7. P and V can be substituteq ¢ that !hc;(

one mechanical variable (P or V) and one thermal variable (S or T). Thus, there may be four
possible substitutions (S, V). (T. V). (S, P)and (T, P), providing the four Maxwell's ther ol ;

relations.

First Relation:
Put x = S and y = V in equation (6.5), so that

s, , V.

ox dy

s . W _
and g = s ax 0

Substituting in equation (6.5), we get

5 -5

But dy=0V(asy=V) and ds=09S (asx=35). Hence

3 -
aV S aS %

This is Maxwell’ first thermodynamical relation.
Second Relation :

Put x=Tandy =V in equation (6.5),
oT _ aV _

then ™ =1, —By 1
d1 aV
d af _ or
an 5 0, e 0

Substituting in equation (6.5), we get

5), = (&)
8V T - aT 1%
This 1s Maxwell’s second thermodynamical relation.

Third Relation:
Put x=Sand y= P, in equation (6.5) then

S _ 8P=]’a_S_O oP _

. -

X i P

Substituting these in equation (6.5), we get

[5), = (55),
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. Maxwell's third thermodynamical relation
TIn\
courth Relation:

__Tand y = P, then equation (6.5) gives

e oT _ 0P _ or 3
=, &L= 9 9P _

qubstituting these values in equation (6.5), we get

aS) (av)

wl = -\3r 6.9)
(aP oT o
This is Maxwell’s fourth thermodynamical relation. These are the four Maxwell’s fundamental

fermodynamic relations.

Further there are two more relations within the mechanical variables (P, V) and thermal variables
(T. 5).

Fifth Relation:
Putx=Pandy=V

oP dV _. oP oV
o =1 gy Thoy=0md 5 =0

Substituting these values in equation (6.5), we get

(ar) (as) (aT) (85) _
<) S v ), 55, =1 ..(6.10)
Sixth Relation:
Putx:TandyzS
a—T a—S_ a _ aS
ale,ay a- Odaxo
Substituting in equation (6.5), we get
(ap) (av) (aP) (av)
o) 55 5 ) \53r) =1 L(6.11)
Outofth

ese six thermodynamic relations, the one suited for a p

l articular problem is used and the
ved.
relatlons Let us see, some of the i important appli

ications of these Maxwell’s thermodynamic
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