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Preliminary Thermal – August 2025 

Easy Problems: 

A1. 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: (25 pt) 
CvdT = -PdV=-nRTdV/V    (5 pt) 
CvdT/T = -nRdV/V, so Cv d(lnT) = -nR d(lnV) (5 pt) 
d (lnTCv + lnVnR) = 0     
lnTCv + lnVnR = constant    
TCv VnR = constant     (5 pt) 
Take the ratio between the initial and final states 
(T2/T1)Cv (V2/V1)nR = 1     (5 pt) 
Or (T2/T1)Cv/nR (V2/V1) = 1 
V2/V1 = 1.35, so T2/T1 = 0.887 
T1= 18+273.16 = 291.16 K 
T2 = 258.22 K or -14.94 °C    (5 pt) 
 

A2. At 0 °C and 1 atm (1atm = 1.01×105 Pa) the thermal expansion coefficient for copper is 
α=4.85×10-5/K, and the isothermal compressibility is KT=7.8×10-7/atm. If the temperature of 
the cooper is increased to 10 °C, what’s the value of pressure if the volume is kept constant?   

Solution: (25 pt) 
Using the cyclic rule: 

�𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕
�
𝑉𝑉

= −1

�𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕�𝑃𝑃
�𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕�𝑇𝑇

  (5 pt) 

= −
�𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕�𝑃𝑃
�𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕�𝑇𝑇

  (5 pt) 

= − 𝛼𝛼𝛼𝛼
−𝑉𝑉𝐾𝐾𝑇𝑇

= 𝛼𝛼
𝐾𝐾𝑇𝑇

 (5 pt) 

At constant volume, Δ𝑃𝑃
Δ𝑇𝑇

= 𝛼𝛼
𝐾𝐾𝑇𝑇

, 

Δ𝑃𝑃 = Δ𝑇𝑇 𝛼𝛼
𝐾𝐾𝑇𝑇

= 622 𝑎𝑎𝑎𝑎𝑎𝑎 (5 pt) 

𝑃𝑃 = Δ𝑃𝑃 + 𝑃𝑃0 = 622 + 1 = 623 𝑎𝑎𝑎𝑎𝑎𝑎 (5 pt) 
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A3. Consider the five processes in the P-V space below. Processes bc and da are isobaric. 
Processes ab and cd are isochoric. The extension of the process ac passes the origin. Sketch 
the five processes in the P-T space and the V-T space. 

 
Solution: (25 pt) 

PV = nRT (5 pt) 
In the P-T space, the extension of processes ab and cd pass the origin (5 pt).  
In the V-T space, the extension of processes bc and da pass the origin (5 pt). 

 (each graph 5 pt) 
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Hard Problems: 

B1. Consider a cylindrical wall with inner radius r1, outer radius r2. 
The temperature for the inner and outer surfaces are T1 and T2, 
respectively. The heat flow is along the radial direction. Find the 
thermal conductance σ ≡ I/(T2-T1) of the cylindrical shell, where I 
= limΔt→0(ΔQ/Δt) is the thermal current, assuming the length of the 
cylinder is L and thermal conductivity is k. 

Solution: (25 pt) 
Consider the general Fourier’s law: 

I = limΔt→0(ΔQ/Δt) = -kA�𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕
�
𝑡𝑡
     (5 pt) 

𝐴𝐴 = 2𝜋𝜋𝜋𝜋𝜋𝜋, so 𝑑𝑑𝑄𝑄
𝑑𝑑𝑑𝑑

= −2𝜋𝜋𝜋𝜋𝜋𝜋𝜋𝜋 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

.     (5 pt) 

Along the radius, 𝑄𝑄′ = 𝑑𝑑𝑄𝑄
𝑑𝑑𝑑𝑑

 is constant.   (5 pt) 

Hence 𝑄𝑄
′

𝑟𝑟
𝑑𝑑𝑑𝑑 = −2𝜋𝜋𝜋𝜋𝜋𝜋𝜋𝜋𝜋𝜋,  𝑄𝑄′ ln(𝑟𝑟2/𝑟𝑟1) = −2𝜋𝜋𝜋𝜋𝜋𝜋(𝑇𝑇2 − 𝑇𝑇1)  (5 pt) 

𝜎𝜎 = 𝑄𝑄′

𝑇𝑇2−𝑇𝑇1
= 2𝜋𝜋𝜋𝜋𝜋𝜋/ ln �𝑟𝑟2

𝑟𝑟1
�     (5 pt) 

 
 
 

B2. The speed of sound in air is C = [(∂P/∂ρ)S]0.5, where S is entropy, ρ is density. Assume 
that air can be approximately treated as ideal gas whose molar mass is M. 
(a) Derive the relation between γ and C, where γ = CP/CV. 
(b) Using the relation CP-CV = nR, find CV from the above relation between γ and C. 
Solution: (25 pt) 
(a) The isentropic process follows PVγ = constant.  (5 pt)  

(b) Considering that ρ = M/V, where V is the molar volume, one has Pρ-γ = constant. (5 pt)   
                                                                       (note “-“ in the superscript here and below) 

          Taking differential of both sides, it follows that 

dP ρ-γ - γP ρ-γ-1dρ = 0     (3 pt) 

Hence, dP/dρ = γP/ρ     (3 pt) 
Substitute P = RT/V, it follows that 

dP/dρ = γRT/ρV = γRT/M    (3 pt) 
Since this is an isentropic process, γRT/M = C2, 
so γ = C2M/RT      (5 pt) 

r1 
r2 

T1 

T2 
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(c) From CP-CV = nR and γ = CP/CV, we can find  

CV = nR/(γ-1).    (3 pt) 
Therefore,  
CV = nR /(C2M/RT -1).  (3 pt) 

 








	CM_Solutions
	Thermo_Solutions
	Thermo_Solutions.pdf
	Thermo_A4B3B4_answers.pdf


