Ques : Establish Maxwell’s thermodynamical relation and use them to obtain the two TdS equa-

tion. (2012, 2014,2016)

or. M4, NALYAR PERWEZ

Ans : Maxwell derived six fundamental thermodynamical relations by using first law and second
law of thermodynamics. The state of a system can be specified by any pair of quantities namely
pressure (P), volume (V), temperature (T) and entropy (S). In solving any thermodynamical
problem, the most suitable pair is choosen and the quantities constituting the pair are taken as

independent variables.
From first law of thermodynamics, dQ = dU +dW = dQ =dU +PdV
=dU =dQ-PdV.................. (1)

From second law of thermodynamics, dS = T dQ=TdS Put in equation (1)

dU=TdS=PdV ccceeereerreenen (2)

Suppose U, S and V are two independent variables x and y where x and y can be any two

variables out of P. V. T and S.

dU = (BU) -dx + el -dy, dS= (BS) -dx + 3§ dy dv = (SVJ -dx + i -dy
ox /, 6y 06X ) oy ), ox J, dy ).

Putting these values in equation (2). we get

N N
(S_U] [ 8 d_\':T(SS] dx+ T(‘f—' -dy—P(a—V) ax—p| 2| Ly
3x Tl oy oX ), | By dx ), 3y ).

:(%—UJ ~dx + -E:E +dy = T(ﬁ} P[OV) ds+| T SS —Pﬂ dy
Ox /, oy ), 0x ) Ox /, Sy oy J,

Equating the coefficients of dx and dy. we get

83U _1[38) _p(3V 3U) _.(8S sV
(Bx]y T(SxJ P(Bx)““ (3) and [ﬁyl*T(Sy} P[&y]t - (4)
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Differentiating equation (3) w. r. t, y and equation (4) w, r. 1, x, we get

&0 (81 (_*) p[-ﬁ’;ﬁ‘___.(?'z'.' (BL) <2 Y,
bydx | ay ox ), oyox | &y ) \ ox Jy Oyox

X N

82U (m) (as] o 6’8 (GI’J (avJ 5 Y
and  sosr T B By | T aeae \Fe ) Lao | TP rae
oxdy \dx ) \ By ) oxoy \ox)\'oby )  Oxby

Change in internal energy by changing V and T, whether V is changed by dV first
and T by dT later or vice versa, is the same, It means dU is perfect differential,

‘ 50 8'U
So, I
Oyox  oxoy

8T (ﬁgj L8 (8P (BVJ b 87V
oy ), \ dx y Oydbx \8y) \éx)  bybx

8T\ (6S) ..8°S (&P) (&V 82y
=zl T |=| P— ... (5)
0X J,\ 0y ). oxoy \ox /), \ oy ) 0x0y
5tV &ty 8’8 &%

Since dS and dV are also perfect differential so —— =—— and —— = —
Oyox  0ox6 oyox  bxby

Using these in equation (5), we get

5yK5X y 6_\:\ 6)(} 6xy5yx 6)(), 5)/,( .............. (6)

Itis general expression for Maxwell’s thermodynamical relations. In place of two indepen-
dent variables any two of the four variables S, T, P, and V can be substituted so that thare may
be one mechanical varible (P or V) and one thermal variable (S or T). Thus there may be four
stes of possible substitutions (S, V), (T, V), (S, P), (T, P) providing the four Maxwell’s thermo-

dynamical relations.
First Thermodynamical relation :- Putx =S and y = V in equation (6), we get

(o lGs) AG), -ELEL GG

5T 5P 5T 5P 5T 3P
= — | 1= — 0= === o] e | il =0 = (A)
6V S Sv S OS v SS v 6V g BS " Rt

[tis Maxwell's first thermodynamical relation.
Second Thermodynamical relation :- Put x = T and y = Vin equation (6), we get

o) (&5 (SR, -G, (7)),

L. (88) (&P 88\ (8P 55) _(oP
S0 (= | -[ 5| 0=1[2) [ g2 L(28) ]
(ST]V [SV)T (GV)T (STJV [GYJT‘(_B_T)V ETPITTITTITIT (B)
It is Maxwéll’s second thermodynattieal relation,
@s’

Scdnnea witn varmnscan



ASKED QUESTIONS OF PHYSICS PAPER 2 FOR BSc PART. D
ol.  NATYAA~ pE@m:z.
Third Thcrmodynmmc'\l relation :- Put x = § and y = P in equation (6), we gel

(o)) ()5, (), () (5, ().
() ) () oo () AR AR o 0

Itis Maxwell's third thermodynamical relation.
Fourth Thcmmd)n.umc.il relation :- Putx =T and y = P in equation (6), we get

SRR EERIGRGIE

P )\ 8T ), \sP )\ 8T ), BTJP 5P orj (ap 7
3S 5V 58 Y 88 5V

=0 -1 =1. - = | =3 -<lF
(ah(F) R I ] p— )

It is Maxwell’s fourth thermodynamical relation.
Relations (A), (B), (C) and (D) are the four Maxwell’s fundamental thermodynamical rela-

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

Fifth Thermodynamical relation :- Put x =P and y =V in equation (6), we get

GRS REN !
:(%M%)V_O'Oz(%k(s_\i)p“'1:(%JV(§J‘[%]P(Z—§L:‘ ..... (E)

It is Maxwell’s fifth thermodynamical relation.
Sixth Thermodynamical relation :- Put x =T and y = S in equation (6), we get

) (5] () 21312
oo (8)(8) () 3] =818 ) &) o

It is Maxwell's sixth thermodynamical relation.
Out of these six thermodynamical relations. the one suited for a particular problem is used
and poblem is solved.
The T.dS Equations :
First T.dS equation : The entropy S of a pure substance can be taken as a function of
témperatufe T and volume V.

ds = (SS) dT + (asj.dv
5T )y 5V );

Multiplying both sides by T, we get

Tdsﬂ(?.?] -dT+T(-5§) o 0
5T )y 8V )
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o[ 38 . . (38) _ f’i)
But Cy = T[S—_I-_)V and from Maxwell’s second thermodynamical relallon(ﬁvjT [BT "
Put these values in equation (i), we get
- : 3P
TdS=C,, -dT +T(§Jv-dv ................. (G)

It is first TdS equation.,

Second T.dS equation : The entropy S of a pure substance can be taken as a function of
temperature T and pressure P,

ds{ﬁ] .dn[ﬁ} dp
5T ), 5P )

Multiplying both sides by T, we get

TdS:T[ﬁ) .dT+T(§) .dp -
oT p 5P 5 S
oS &S %

Put these values in equation (ii), We get

vV .
TdS=Cp-dT-T| — | -dP
P (S'F]p ............... (H)

It is second TdS equation.
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