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B3 solution 

One mole of real gas that follows the equation of state: p(V-b) = RT, where 0<b<V is a 

small constant. Derive the work done by the gas after isothermal expansion from V to Vf. 

Compared with the work done by ideal gas after isothermal expansion from V to Vf, 

which work is larger? 

 

Solution:  

 

For this real gas, W= ∫PdV = ∫RT/(V-b) dV = RT ln[(Vf-b)/(V-b)]. 

For ideal gas, W= ∫PdV = ∫RT/V dV = RT ln(Vf/V). 

 

Since Vf/V<(Vf-b)/(V-b), the real gas does more work. 
 

B4 solution 

Consider boiling water into water vapor in the atmosphere. (a) How much is the work done 

by the water per kg? (b) What’s the change of internal energy per kg? 

Data you may need: the specific volume (volume per unit mass) is VM
w = 1.0×10-3 m3/kg 

and VM
v = 1.8 m3/kg for water and water vapor respectively. The pressure of atmosphere 

is 1.01×105 Pa. The latent heat of the liquid to vapor transition is 334 kJ/kg. 

 

Solution:  

The work done can be calculated by  

𝑊 = 𝑃Δ𝑉 = 𝑃(𝑉𝑀𝑣−𝑉𝑀𝑤) 

= 1.01𝐸5 ∗ (1.8 − 1 × 10−3)𝑚3/𝑘𝑔 

= 180 𝑘𝐽/𝑘𝑔 

The latent heat Δ𝐻 = Δ𝑈 + 𝑃ΔV = Δ𝑈 +𝑊 

Δ𝑈 = ΔH −W = 334 − 180 = 154 kJ/kg. 
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