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Unit 5: Pure Substance

Lecture 30: Heat-capacity equations

Unit 5: Pure Substance

O Enthalpy

O The Helmholtz functions
O Gibbs functions

O Maxwell's Equations

O The Tds equations

O Energy equations

O Heat-capacity equations
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Heat-capacity Equations

TdS =C,dT +T (6_P) dv The first Tds equation
aT ),
av .
TdS = CpdT — T e dpP The second Tds equation
P

Equating the first and second T dS equations,

v ap
CodT —T|—) dP=C,dT+T|— | dV
P /4

aT aT
solving for dT
T("_P) T(ﬂ)
dr = o Yav + o Lap
T Cp-C, Cp—C,
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P v
dT T(ﬁ>"dv+T(ﬁ Pdp
But - Cp—C, Cp—C,

Therefore,
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Both the above equations yield the result that

c._c T(av) <6P>
p— Ly = a7 ] |37
aT P aT v

(o), =), @),

It was shown
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Remarks
C c,=-T v ’ op Heat-capacity Equations
p-tv=""\ar) \av !
P T
. P\ . . av\2 .
QSince (W)TIS always negative for all known substances and (ﬁ)meSt be positive,
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Remarks

> Laboratory measurements of the heat capacity of solids and liquids usually take place
at constant pressure and therefore yield values of C,..

> It would be extremely difficult to measure with any degree of accuracy the C, of a solid
or liquid.

> Values of C, however, must be known for purposes of comparison with theory. The
equation for the difference in the heat capacities is very useful in calculating C, in
terms of C; and other measurable quantities. Remembering that

Volume expansivity Isothermal compressibility

Dr. Hazem Falah Sakeek || www.physicsacademy.org || www.hazemsakeek.net 7

Heat-capacity Equations (Practical form)

2 L 1/aV\ |
Heat-capacity Equations ¢, — ¢ = —T (%) (‘;_:;) ,3 = V(ﬁ)
[ N A P
P T
- _ '''''' 1/0V\ |
Lo T AU
(2]
Cr=Co="775y
-7(ap),
TVB?
Cp—Cy, = =
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Example

Calculate C, of mercury at 20°C and atmospheric pressure, where C,=139J/kg.K, T=293K,
V =738x10"°m>/kg.p = 1.81 x 107*K !, k = 4.01 x 10" Pa™"

TVR?
CP_C‘IJ= ﬁ

K

293)(7.38 X 1075)(1.81 x 10™%)2
139_Cv:( )( )(_ )
4.01 x 10-11

=17.7.3]/kg.K
C, =121.3]/kg.K

. C
The ratio L=y,
Cy

Cp_ 139 _ ..
y _—-——— .
c, 1213
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Heat-capacity in adiabatic compressibility

The two TdS equations are

P
TdS = C,dT +T (Z_T> dv The first Tds equation
4
av
TdS =CpdT —T|—=| dP
P

The second Tds equation
aT

At constant S

CpdTg=T ov dp
pals = ar), s

CdT—TaP dav
vals= aTVS
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(a7) &
Cp _ aT ), ([ 0P But aT), __(ﬂ)
Cy 6_P> v 9P\ |~ \oP/,
@) |\ovs ),
And o _rfavy Y CIAY
ST ov\er) . | v\orP). .
,,,,,,,,,,,,,,,,,,,,,,,,,,,,, & O A Sy A
Isentropic compressibility Isothermal compressibility
Therefore
Cp kK .
y=—=— From which ks can be calculated
Cv Ks
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