
A1 Calculate the thermal energy of 1 mol of Cu at T = θD using the classical theory. (for Cu, θD 
= 340 K) 
 

Note: 3kT comes from the three vibrational degrees of freedom, Cu atoms don’t rotate. 
 
A2. A hot wire at 3200 K 80 µm across and 5 cm generates how much heat (write this as power 
dissipation): 
 
Assuming is a black body 
 

𝑆𝑆 = 𝜎𝜎𝑇𝑇4 
 

𝑃𝑃 = 𝑆𝑆𝑆𝑆 = 𝜎𝜎𝑇𝑇4(2𝜋𝜋𝜋𝜋𝜋𝜋) 
 

= (2𝜋𝜋) �5.6703 𝑥𝑥 10−8
𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊
𝑚𝑚2 ∙ 𝐾𝐾4� (3200𝐾𝐾)4 �

0.080𝑥𝑥 10−3𝑚𝑚
2 � (5.0𝑥𝑥 10−2𝑚𝑚) 

 
= 74.7 𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 

 
A3. 300 g of aluminum block at 100 °C is place in a calorimeter cup with 400 g of water. 
The mass of the copper calorimeter cup is 80 g. The initial temperature of the water and 
the cup is 22 °C. What’s the final temperature? 

 
Solution: The heat input of the water and cup is the same as the heat output of the 
aluminum block. Assuming the final temperature is T: 
 
(90-T) CAl =(T-22) (Cwater+Ccopper) 
CAl = 0.3*0.904=0.2712 kJ/K 
Cwater = 0.4*4.184=1.674 kJ/K 



Ccopper = 0.08*0.385= 0.0308 kJ/K 
Hence: T=32.7 °C 
 
A4. In a vacuum tube of pressure 1.333×10-3 Pa, at 27 °C, calculate 1) number of gas 
particles per m3, 2) volume occupied per particle, 3) average distance between particles. 

 
Solution:  
1) Using PV=nRT or PV = NkBT, one can calculate the particle density N/V = P/kBT = 
3.22×1017/ m3. 
2) Volume occupied per particle is: V/N=3.11×10-18 / m3 

3) Average distance is (V/N)1/3=1.46×10-6 m 
 

B1. An object with constant heat capacity C is initially at temperature T1. It is brought into 
contact with a heat reservoir at temperature TR, where TR < T1.  
a) Find the entropy change of both the object and the reservoir. 
b) Show that the total change in entropy is consistent with the second law of thermodynamics.  

 
ΔSbody=\int C dT/T= C ln(TR/T1) (<0) 
ΔSres=C(T1-TR)/TR (>0) 

ΔStotal= C ln(TR/T1)+C(T1/TR-1) 
 
  x=T1/TR>0   x-1-ln x>0, therefore ΔStotal>0. 
 

B2. One mole of diatomic ideal gas (CV = 2.5 nR) performs a transformation from an initial 
state for which temperature and volume are, 291 K and 21,000 ml to a final state in which 
temperature and volume are 305 K and 12,700 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:  

  
Initial Final Change  

P (Pa) 1.15E5 2E5 0.85E5 

V (m^3) 21E-3 12.7E-3 -8.3E-3 

T (K) 291 305 14 

A straight line in (P,V) diagram: 𝑃𝑃 = 𝑃𝑃1 + Δ𝑃𝑃
Δ𝑉𝑉

(𝑉𝑉 − 𝑉𝑉1),   

𝑊𝑊 = ∫ 𝑃𝑃𝑃𝑃𝑃𝑃 = ∫ �𝑃𝑃1 + Δ𝑃𝑃
Δ𝑉𝑉

(𝑉𝑉 − 𝑉𝑉1)� 𝑑𝑑𝑑𝑑 = �𝑃𝑃1 −
Δ𝑃𝑃
Δ𝑉𝑉
𝑉𝑉1�ΔV + 1

2
Δ𝑃𝑃(𝑉𝑉1 + 𝑉𝑉2) =-1307 J 

Δ𝑈𝑈 = CVΔ𝑇𝑇 = 290 𝐽𝐽 
𝑄𝑄 = Δ𝑈𝑈 + 𝑊𝑊 = −1017 𝐽𝐽 

 
B3. Show that, for ideal gas, if the heat capacity of a process is constant, then the process 
is polytropic 𝑃𝑃𝑉𝑉𝑙𝑙 = 𝐶𝐶. Assuming that Cp and Cv are constant. 
 



Solution: dU = CndT-PdV 
(Cv-Cn)dT = -PdV=-nRTdV/V 
(Cv-Cn) dT/T = - nR dV/V 
(Cv-Cn) dlnT = nR dlnV 
dlnTCv-Cn + dlnVnR = 0 
d (lnTCv-Cn + dlnVnR) = 0 
lnTCv-Cn + dlnVnR = constant 
TCv-Cn VnR = constant 
(PV)Cv-Cn VnR = constant 
PCv-Cn VCv-Cn+nR = constant 
PCv-Cn VCp-Cn = constant 
P Vl = constant 
l=(Cp-Cn)/( Cv-Cn) 

 
B4. A diatomic gas (CV = 2.5 nR) expands adiabatically to a volume 1.35 times larger than 
the initial volume. The initial temperature is 18 °C. Find the final temperature. 

 
Solution:  
CvdT = -PdV=-nRTdV/V 
Cv dT/T = - nR dV/V 
Cv dlnT = nR dlnV 
dlnTCv + dlnVnR = 0 
d (lnTCv + dlnVnR) = 0 
lnTCv + dlnVnR = constant 
TCv VnR = constant 
 
(T2/T1)Cv (V2/V1)nR=1 
(T2/T1)Cv/nR (V2/V1) =1 
 
V2/V1 = 1.35, T2/T1 = 0.887.  
T1= 18+273.16=291.16 K, T2=258.22 K or -14.94 celsius. 
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ifabrikant1
Sticky Note
CORRECTION: According to parallel-axis theorem I=mR^2+mR^2=2mR^2

ifabrikant1
Sticky Note
The correct answer contains extra 2 in the denominator under square root since I=2mR^2.
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ifabrikant1
Sticky Note
Additional question: The work done by the train is nonzero because, due to conservation of momentum, when the woman throws the ball the train gets a momentum in the opposite direction. To maintain the speed u, an additional work should be done by the train.
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