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A1. A 600 g copper ball has a temperature of 700C when it is placed in 3.00 kg of water at a 

temperature of 20C. Calculate the temperature (in C) of the system when equilibrium has been 

reached? Assume the system is thermally insulated. Data: 1 1 1 1
water Cu4.18 J g  K , 0.39 J g  KC C− − − −= =   

Answer 

Heat entering water = heat leaving copper 
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A2. One mole of diatomic ideal gas (𝐶𝑉  =  2.5 𝑛𝑅) performs a transformation 
from an initial state for which temperature and volume are, 290 𝐾 and 30000 𝑚𝑙  
to a final state in which temperature and volume are 310 K and 16000 𝑚𝑙. The 
transformation is represented on the (V, P) diagram by a straight line. Find the 
work performed and the heat absorbed by the system.  
 
Solution: 

A straight line in (P,V) diagram: 𝑃 = 𝑃1 +
(𝑉−𝑉1)Δ𝑃

Δ𝑉
,  

𝑊=∫𝑃𝑑𝑉=∫[𝑃1+
(𝑉−𝑉1)Δ𝑃

Δ𝑉
]𝑑𝑉=[𝑃1-

V1Δ𝑃

Δ𝑉
]ΔV+

1

2
Δ𝑃(𝑉1+𝑉2)=-1690 J  

Δ𝑈=CVΔ𝑇=416 𝐽  
𝑄=Δ𝑈+𝑊=−1275 𝐽 
 
A3. Consider a gas with the following speed probability distribution 𝑓(𝑣)  =  𝐴 

when 0 < 𝑣 < 𝑣0, = 0 otherwise. Find (a) average speed, (b) rms speed in the 1 

dimensional, 2 dimensional, and 3 dimensional cases. 

 

Solution: 

1D:  < 𝑣 > =
∫ 𝑓(𝑣)𝑣𝑑𝑣

∫ 𝑓(𝑣)𝑑𝑣
=  𝑣0/2, 𝑣𝑟𝑚𝑠

2 =
∫ 𝑓(𝑣)𝑣2𝑑𝑣

∫ 𝑓(𝑣)𝑑𝑣
 =  𝑣0

2/3 

2D: < 𝑣 > =
∫ 𝑓(𝑣)𝑣𝑑2𝑣

∫ 𝑓(𝑣)𝑑2𝑣
=

2

3
𝑣0, 𝑣𝑟𝑚𝑠

2  =
∫ 𝑓(𝑣)𝑣2𝑑2𝑣

∫ 𝑓(𝑣)𝑑2𝑣
=  𝑣0

2/2 

3D: < 𝑣 > =
∫ 𝑓(𝑣)𝑣𝑑3𝑣

∫ 𝑓(𝑣)𝑑3𝑣
=  ¾ 𝑣0, 𝑣𝑟𝑚𝑠

2  =
∫ 𝑓(𝑣)𝑣2𝑑3𝑣

∫ 𝑓(𝑣)𝑑3𝑣
=  𝑣0

23/5 

 



A4. An ideal gas (= 1.4) expand in an adiabatic process to 10 times of its original 

volume. If the initial temperature is 0 °C, and the initial pressure 1 atm find the 

final temperature. 

 

Solution:  

T= T0 101-=108 K. P=P0/10=0.0398 atm 

 

 

 

 

 

B1. An ideal gas is expanded adiabatically from (p1,V1) to (p2,V2). It is then compressed isobarically to 

(p2,V1). Finally, the pressure is increased to p1 at constant volume V1. Show that the efficiency of the 

cycle is   
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B2. The entropy of an ideal gas is 𝑆 = 𝑛/2 [𝑎 + 5𝑅 𝑙𝑛(𝑈/𝑛)  + 2𝑅 𝑙𝑛(𝑉/𝑛)], 
where 𝑛 is the mole number, 𝑅 is the universal gas constant, 𝑈 is internal energy, 
𝑉 is volume, and 𝑎 is a constant.  

 
(a) Calculate the constant pressure heat capacity (𝐶𝑃) and the constant 

volume heat capacity (𝐶𝑉). 
(b) Rewrite entropy in (T,V), (T,P), and (P,V) representation. 
 
 

Solution: 

𝐶𝑉 = 𝑇 (
𝜕𝑆

𝜕𝑇
)

𝑉
= 𝑇

𝑛

2

5𝑅

𝑈
(

𝜕𝑈

𝜕𝑇
)

𝑉
=

5

2

𝑛𝑅𝑇

𝑈
 𝐶𝑉 

Therefore, 𝑈 =
5

2
 𝑛𝑅𝑇. 

So, 𝐶𝑉 =
5

2
 𝑛𝑅 

𝐶𝑃  =  𝐶𝑉 + 𝑛𝑅 =
7

2
 𝑛𝑅 



 

 

 
Also accept without 𝑃0, 𝑉0, and 𝑇0. 
 

B3. Consider the adiabatic free expansion of an ideal gas (from volume V to 2V). 
(a) What’s the work and heat in the process?  
(b) How does the temperature change? 
(c) Show that this process is irreversible. (Hint: calculate the entropy 

difference) 
(d) answer (b) if the gas is nonideal. 
 

Solution: 
 
(a) In this process, there is no work and heat. The internal energy does not 

change, or the temperature does not change.  
(b) Suppose the initial state of the gas can be described as P,V,T, the final 

state of gas can be described as P/2,2V,T. 
(c) So, one can use an isothermal process (reversible) to bring the system 

from the initial to the final state, and calculate the entropy change using 
that process. 

 
Since dU=0, 

𝛥𝑆 =
1

𝑇
 ∫ (𝑑𝑈 + 𝑃𝑑𝑉) =

1

𝑇
 ∫ 𝑃𝑑𝑉 =

1

𝑇
 ∫ (

𝑛𝑅𝑇

𝑉
) 𝑑𝑉 =  𝑛𝑅 𝑙𝑛 (2𝑉/𝑉)

= 𝑛𝑅 𝑙𝑛 2 > 0. 
Because this process is adiabatic and ΔS>0, it is irreversible. 
 



(d) If the gas is not ideal, the potential energy of interaction between 
molecules increases during the expansion, therefore due to conservation 
of energy the kinetic energy decreases, therefore the temperature 
slightly decreases 

 

B4.   
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