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174 o Heat, Thermodynamics and Statistical Physics

new variable is entropy. The quantity entropy found to remain constant in adiabatic Procesg ;

Just
temperature remains constant in an isothermal process. Thus, the el.ltropy can be defineq n 4
thermal property of a working substance which remains constant during an adiabatic

g
Process

5.2 Change in Entropy \_~

Let us consider reversible Carnot’s cycles
bounded by the same two adiabatics L and M and
isothermals T, T, and T, as shown in an indicator
diagram (Fig. 5.1) for an ideal gas. Then all along
the adiabatics L and M, there is a change in volume T
and temperature with change in pressure. Let ABCD

P
and DCEF represent the Carnot’s reversible cycles. *
During Carnot’s cycle ABCD, an amount of heat f
Q, is absorbed in going from A to B at constant t
temperature T, and an amount of heat Q, is rejected
at constant temperature T,. Then efficiency of t
Carnot’s engine is given by ‘
- Q] Q2 _ Tl _T2 (
o) n |
% _ 5
o) L |
% _5 |
Q o |
2.2 60
L T

Similarly considering the Carnot’s cycle DCEF in which an amount of heat Q, is absorbed &
constant temperature 7, and heat 0,

is rejected at constant temperature T,.

2 _9 e
T, T3 '
From equations (5.1) and (5.2) we have
% = & = 23— = constant
T, 0, = .
In general, if Q is the amount of heat absorbed or rejected at a temperature 7T in going fr
one adiabatic to the other, then .

T = constant

If the two adiabatics are very close to each other and if §
at constant temperature T in go

e ]
- Q is the small quantity of heat abscf |
ing from one adiabatic to ano |

ther, then
30
7 = constant
This constant ratio is called the change in entropy’ between the states represented by the b
adiabatics. It is denoted by 8S b
50 q
=7 "

-
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and  Aom Second taw of theymodynami s

dg = T.ds.
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[du- T.ds - PdV]
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dre Inkingic energy U ~dtal éney
o Hthevmodynamics

-

SusHem
Yoy, 7T and G,

f @ Helmholle Free enevoy - (F) |

| Helwmte  Free energy  m ke defined oy

‘ | F=uU-TS

‘ os U, T and s ave glade vaviables . Fis alblo a Hae
e A =T ds—dw  Fom At taw

F=u-Ts 15 e Helmhote Free ene roNy
df = dv- T ds-sdT.
§dUu= T.dx — dw:- Tde- Pdy
odls Tds-fdy - Tds -8t
(?H—: ~pdv - sdr

“This G the change in  iekesd Helmhote Free enemy
dunng  an infioilesimal  seversible  procegs
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(A Gibes Lunthon (6) er Gibbe Fee enerqy -
G=H-T¢ b H=U4PV

= U4 PV =TS = U-TS 1PV
b F=U-Ts
N A
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sdas T ado pal ~Ts -sdT 4fdvAvAP

\T&q _ _odt tvdp
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den
fora Gt \am o) thermodynamics, Mamwell  wowo ake o e

sx frdamentad velgkons - The  @ate of a4 Sqstem com 3
opeabed oy Gy palf of qualibes e pewtwe, VIUME, temp
ard  ophpy -

Scanned by CamScanner




@
foro the Avt law ad +thetmodynamics .
do = dux dw
doy = du+Pdy

= do. pdv — O
foro second  lawo @ Ahevmodynamics
do= Td. @
-~ eq © becomen .

du = Tds- Pdv — ®

‘ \ dent
onidenng U, 35 agnd V to be Lynechons o Fwo ind epen

Vadobles ¥ and Y .

A ( ldfx y (ag),xdg
_ 2f¢ @é, d\J
g = AV d
dv = (‘5—7\ dx + ag Y

P Al theoe ~ales i ed” @
B (B = (B ()3 P (R0
=T %{-lo\'}“r T g—%)ldg - )dX P(auj)

SW‘?’% - ()] [—T@; - (&), [
Compaiving the  oeflicienls ol  dy and dy .

(59, = T(5)- (%), —@ /
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CHAPTER 6 ; Thermodynamical Relatlonshlp e 209

For the second law of thermodynamics,

30
dS = T
or 30 = Tds
Substituting this value of SQ, we get |
SU = TdS- |
TdS — Pdv ) o

Considering U, S and V' to be function of two independent variables x and y [here, in general, x
y can be any two variables out of £, V, T and ), s

oU U

au = (a)yd’”(ay ldy
(

and

as =

and dv = (%—V) dx+(a—V-J dy
x /y dy ),

Substituting these values in equation (6.1), we get
8U) ou (BS) as (av). -V
dx d - —| dx+| = |d
(Bx +(ay] Y TI: ox dx+(ayldy:' P[ ox /y ¥ y Y
) _p(2¥) Ty [r(2) -(2) s
[T(ax)y (5 x]d”*[ (ayl a ). |%
Comparing the coefficients of dx and dy, we get
( aV) | (62)

(%(xi)y - T(g—i)y— ox

W - C) gr ..(6.3) |

(5] - 7(5) (5]

lfferemlatmg equation (6.2) with respect to y and equation (6.3) with respect to x, A
2

o’U T (as) 3’s _(op (a_v)_Pav

dy.ox (ByJ ox +T8y.ax ay | \ax), ™" oax

_ +T
. M cp ox. ay : ax ay ox. ay ax ay oy
g i7 ﬁ;\%; in interpg] energy brought about by changmg Vand T, whether Vis changed by dV
later or vice versa is the same.

Teans gy i perfect differential.

U W d
(aT dydx _ oxdy
= | (9
¥y (5] +79% _(ap) (av) _ ,0%
(aTx(ax y ay‘ax ay (ax )y Pay.ax
s = a 2 ) .
ox [\J +79°8 _(9P) (av v ..(6.4)
sy :  Oxdy (E)x) (ay I—Pay.ax

e o
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ics and statistical Physics

210 o Heaf, Thermodynam

Since dS and dV are also perfect differentials, W€ have
inc
2 2 av___dV
959 and oxdy Oy.Ox

oxdy 0y.ox
Equation (6.4), therefore reduces to

(aT as\ _(ap (av) (@1) (%i) = (%ii) [%—‘)?J 69
=5 e |\ ), T \ox/,{ 9y y x
a)’) (a’C)y (ay S0 iy ’ iy - i 1 f the independ
x 5 al relations. In place O pendent
i : o for Maxwell’s thermodynamic )
. This is the general f;prz?fs;?: fgfu variables S, 7, P-and V can be substituted so that there may b
vattablbe o oy d one thermal variable (S or 7). Thus, there may be four setsof

hanical variable (P or V) an e : i
;Icl)isrirlﬁz sirl;lstitutions (S, V), (T, V), (S, P) and (T, P), providing the four Maxwell’s thermodyn

relations.

First Relation:
Put x = S and y = V in equation (6.5), s0 that

a8y, W,
ax_l © oy
aS _ oV _
and 5}7—0 - 0

Substituting in equation (6.5), we get

5 -3,

But dy=0dV(asy= V) and ds=9dS (as x = S). Hence

(%37)3 =T (%?)V | (69

This is Maxwell” first thermodynamical relation.
Second Relation :
Put x=Tandy = Vin equation (6.5),

then LN 1 v _ 1
ox "9y
and o =0 LA
dy -
Substituting in equation (6.5), we get
5, - (2 A
. (aV T - é?)v ."(
This is Maxwell’

. § second thermodynamica] relation,
Third Relation:

Put x=Sandy=Pp,in €quation (6.5) then

aS
3;:1,%:1,—88%20’%!_’_:0
Substjtuting these in equation (6.5), we get x
aT) v
(BP s (aS )P (6'

. 3 2
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CHAPTRR 6 - .
- bl Thermodynamical Relationship ¢ 2
This is Maxwell’s third thermodynamical relatiop, MM

Fourth Relation:
"putx=Tand y = P, then equation (6.5) gives

oT _. 9P _. aT
_:1 _— - - aP
ax ’ ay 1! ay —O and gr_‘o

Substituting these values in equation (6.5), we get

&) -2
Pl = T )p (69)

This is M'axwell.’s fourth thermodynamical relation. These are the four Maxwell’s fundamenta]
thermodynamic relations.

Further there are two more relations within the mechanical variables (P, V) and thermal variables
(T 9).
Fifth Relation:

Putx=Pandy=V

oP vV JP v _

-a—x- =1, $=1,-(.§=Oaﬂd g-—o
Substituting these values in equation (6.5), we get
23,50, 3 -
(aP Aav ), \av)\ap), =1 ~(6.10)
Sixth Relation:
Putx=7 andy=S§
oT oS _ . oT _ 95 _
F 1, gy——l, 3 =0 and o 0
Substituting in equation (6.5), we get
(2) () -(2) (&) -1 61
BT Ky aS T aS T aT S

Out of these six thermodynamic relations, the one suited for a particular problem is used and the

'elatiz?ll 15 solved. Let us see, some of the important applications of these Maxwell’s thermodynamic
s.

6.4 ' .
“Apmw of Maxwell’s Thermodynamic Relations
4.1 —

1 Specific Heat Equation

€ Speci - :
Pecific heat at constant pressure is given

R O )

oT oT

t constant volume is

Now, Cv= [%Jgrl - 7(3),

if th .
) © entropy § i regarded as a function of T and V and since

#
3s

as __) dv
. as = (BT)V dT+(aV T

and
the Speciﬁc heat "

dS is a perfect differential,
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i J

ise direction, the right hand side expression ig Wi a |
+

e

i e order. In the clockwi > 4
atkl:et:l Zl:tt';:l‘:)’iiwise direction, it is — Ve These equations are
(’a’{/‘)T = \dT ly | £
s\ _ . ( QY_) |

(5—13_)1" - oT P

written in the denominator of the right il

imi ' other equations, 95 8 ' '
Similarly to write the q (i) in the anticlockwise direction and (j) in'il cln;

equation and the other quantities aré written
direction. These equations are :
_(Qli)

aS Iy

),
| (&), - (&),

6.8 Relation between Cp, C,,and p

"~ The specific heat at constant pressure Cp, the specific heat at constant volume Cy and ek
Kelvin coefficient | are defined as follows:

(5.

)
aT Jy
(@)
o - BE e,
ese three quantities are defined in terms of the thermodynamic properties viz- prcssure,w!“

temperature, internal :
2csibstance. emal energy and enthalpy. Hence Cp, C,,and p are also thermodynamic P

6.9 The T. dS Equations \/

' n.
temperature and volume, The entropy S of a pure substance can be taken 2 a f

Cp

Cy

o

. aS
: ds (-) dT + (_aS )

Il

Tds = T(ai) 25 ) 4,
at), 4V +T(W)T ax
.. B
ut Cy = T(-ai) dg= T
and from Maxwell’s relationg o Y - B
5), - ()

Substituting these values in :quatio a;r y ‘
n(i ;

Tds -
= C,dr (aP )
. . -V +7T (=
Equation (6.42) is called the first 7; 4 orl,
* 45 equation .

MR e ——r
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second T.dS Equation. The entropy S of a pure substance can also be

pe rature and pressure
as = () dT+(§§) dP
T

regarded as a functiop

. oT /p oP
M ultiplyi“g both sidps by T
s - (85 arva(E)
T
. (08 |
But G = (ar)

and from Maxwell’s relations

®), -6
oPlr —  \dT/p
Substituting these values in equation ()

av) - ' '
TdS = Cpdl- T(BT dP | (6.43)

Equation (6.43) is called the second 7 dS equation.

610 Clapeyron’s Latent Heat Equation using Maxwell s
Thermodynamical Relations

From Maxwell’s second thermodynamical relatlon
(_ai) = (QI_)) (" eqn. 6.36)
A '

oT Jy
Multiplying by T, we get

(5, = 75, _
[g_gl, T(a_P) (-~ T9S=23Q)
Here BQ

aT Jy
|9y | Tepresents the quantity of heat ab

sorbed per unit increase in volume at constant

Tper,
_ T]re This quantity of heat asborbed at constant temperature is the latent heat (L).
00 = Land 9v = V, — V,, for unit mass of a substance.

Substltuting, L T ( oP )
V,-Y . oT

o L ,dP
| ., or X V2 -Vl B ar
P L | .(6.44)
Thig 4 lape ar = T(,-W)
6]] O yron’s latent heat equation.
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