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Materials Thermodynamics TBL Problem Set 4(2022/12)

v

ovVy oP op
1. Prove that C,= -T(a—T) S(a_T)V and C,= T(E) S(aT)p

2. Show that the entropy change for an ideal gas from (P;,V)) to (P,,V,) : AS =Cpln(%) +
1

Cvln (i—i

Cp
B CvﬂT
4. One mole of Fe chunk is kept in a closed system under 298 K, the molar volume and
thermal expansion coefficient of Fe are 7.1 cm? and 3x107 K-! respectively. If the
pressure exerted on one mole of Fe increasing from latm to 50 atm at constant
temperature.
(a) Calculate entropy change of the Fe chunk.
(b) Calculate enthalpy change of the Fe chunk.
Ans: (a) 34.93 J (b) -1.057x10*J/K
5. (a) What are the applications of Gibbs-Helmholtz equation in thermodynamics.
(b) AG(T)=-3.60+6.11T+T?2, calculate AH at 300 K.
(c) AA(T)=-5.90+1.22T+T?, calculate AU at 300 K.
Ans: (b) AH=-90003.6 J, (c) AU=-90005.9J

oT Ta OH
3. Prove that (5)5 =g (5)5 =

2
6. Prove Cp — Cy = TV;(
ac 9%v . d ,.ads d ,.ds
7. Prove (32) =-TG@r (Hint: (1 =3 (GDr )

8. In order to relate the thermodynamic functions U, H and S to the independent variables

T and P, please drive the following differential forms: (1) dH=QdT +RdP ; (2)dS=

YdT + ZdP
[Note:you must express Q,R,Y,Z in terms of thermodynamic parameters T, P, V, Cp, «, B]

as C
9. Prove (—) =2
av/p TVa

10. The expression for the adiabatic thermoelastic effect (Thermoelastic effect is the
temperature change resulting from stretching or contracting of an elastic material.) is
derived by using the TdS relation. Estimated load pressure for one mole of aluminum at
constant entropy thermoelastic process for the temperature change from 273 K to 275 K.
(Hint : use TdS equation for T, P, notice pressure unit)

Data: a =2.2Xx107%/k , Cp = 80J/mole-K , V = 2.56 x 107> m3/mole
Ans: 1.0368 x 10° N/m?

11. The initial state of a quantity of monatomic ideal gasis P; = 2 atm ,V; = 5 liter. Use
TdS equation when the final state is P, = 10 atm,V, = 10 liter. Calculate AS of the
gas.

Ans: 21.03 ] /k



