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Exercises : 

Chapter 1: Vacuum technology 

Exercise: 

• Question: A vacuum pump reduces the pressure of a chamber from 1 atm to 0.01 atm. Calculate 

the pressure ratio and the percentage reduction in pressure. 

Solution: 

• Given: 

Initial pressure 𝑃1 = 1 atm 

Final pressure 𝑃2 = 0.01 atm 

• Pressure ratio: 

Pressure Ratio =
𝑃2
𝑃1

=
0.01

1
= 0.01 

 

• Percentage reduction in pressure: 

Percentage reduction = (
𝑃1 − 𝑃2
𝑃1

) × 100 = (
1 − 0.01

1
) × 100 = 99% 

 

 

Chapter 2: Processes for separating and purifying cryogenic fluids 

Exercise: 

• Question: In the process of air separation, the liquid air has a temperature of 77 K. If the boiling 

point of oxygen is 90.2 K and nitrogen is 77.4 K, calculate the temperature difference between 

liquid air and oxygen and nitrogen. 

Solution: 

• Given: 

Temperature of liquid air 𝑇air = 77 K 

Boiling point of oxygen 𝑇O2
= 90.2 K 

Boiling point of nitrogen 𝑇N2
= 77.4 K 
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• Temperature difference between liquid air and oxygen: 

𝚫𝑻O𝟐
= 𝑻air − 𝑻O𝟐

= 𝟕𝟕 − 𝟗𝟎. 𝟐 = −𝟏𝟑. 𝟐 K 

 

• Temperature difference between liquid air and nitrogen: 

𝚫𝑻N𝟐 = 𝑻air − 𝑻N𝟐 = 𝟕𝟕 − 𝟕𝟕. 𝟒 = −𝟎. 𝟒 K 

 

 

Chapter 3: Permanent gas liquefaction processes 

Exercise: 

• Question: In the Linde-Hampson liquefaction process, if 1 mole of gas is compressed to 5 times 

its original volume and then expanded through a valve, calculate the temperature change (ΔT) 

assuming the process follows the ideal gas law and the Joule-Thomson coefficient (µ) is 0.5 

K·L·atm/mol. 

Solution: 

• Given: 

Initial volume 𝑉1 = 1 L 

Final volume 𝑉2 = 5 L 

Initial pressure 𝑃1 = 1 atm 

Joule-Thomson coefficient 𝜇 = 0.5 K\cdotpL\cdotpatm/mol 

• Assumption: Ideal gas behavior (PV = nRT). 

Step 1: Calculate the temperature change using the Joule-Thomson effect: 

The Joule-Thomson temperature change (ΔT) can be approximated as: 

Δ𝑇 = 𝜇 ⋅ (
𝑃2
𝑉2
−
𝑃1
𝑉1
) 

 

However, since this process assumes an ideal gas and is isenthalpic (no heat exchange), for 

simplicity, we can estimate the temperature change: 

For ideal gas processes, the temperature change during expansion can be estimated using: 

Δ𝑇 ≈ 𝜇 ⋅ (𝑉2 − 𝑉1) 
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Substituting values : 

𝚫𝑻 ≈ 𝟎. 𝟓 ⋅ (𝟓 − 𝟏) = 𝟎. 𝟓 ⋅ 𝟒 = 𝟐 K 

 

 

Chapter 4: Cryogenic applications 

Exercise: 

• Question: A superconducting magnet requires cooling to 4.2 K using liquid helium. If the 

specific heat capacity of helium at this temperature is 𝐶𝑝 = 0.2 J/g\cdotpK, and the magnet has 

a mass of 500 g, calculate the amount of heat required to raise the temperature of the magnet 

from 4.2 K to 10 K. 

Solution: 

• Given: 

Mass of the magnet 𝑚 = 500 g 

Specific heat capacity 𝐶𝑝 = 0.2 J/g\cdotpK 

Temperature change Δ𝑇 = 10 − 4.2 = 5.8 K 

• Calculate the heat required: 

The formula for heat required is: 

𝑄 = 𝑚 ⋅ 𝐶𝑝 ⋅ Δ𝑇 

 

Substituting the given values: 

𝑄 = 500 g ⋅ 0.2 J/g\cdotpK ⋅ 5.8 K 

𝑸 = 𝟓𝟎𝟎 ⋅ 𝟎. 𝟐 ⋅ 𝟓. 𝟖 = 𝟓𝟖𝟎 J 

 

 


