
PY2P30 Homework Assignment #3  (SM #1)  

DUE 31st OCTOBER AT START OF 2PM LECTURE 

 

Question 1 

a. Calculate the mean molecular weight of air assuming its composition to be 80% 

nitrogen and 20% oxygen. 

b. Calculate the density of oxygen at standard temperature and pressure (STP) using the 

ideal gas law, PV = nRT. 

 

Question 2 

A weather balloon is filled with 1000 m3 of helium at sea level where the temperature is 20°C, 

and then released upwards into the Earth’s atmosphere. You may assume that the 

temperature and pressure of the gas in the balloon are equal to the values of the air outside 

the balloon. 

 

a. How does its volume compare to that at sea level when it reaches an altitude of 

3,000m at 5 °C and the pressure is only 0.70 atm? 

b. What will be the volume of the balloon when it rises to a height of 10 km where the 

temperature is 213.15 K and the pressure is  2.4 × 104 Pa? 

 

Question 3 

For the weather balloon released into the Earth’s atmosphere in Question 2, 

 

a. What is the maximum weight in grams which the balloon can support at 10 km? 

Remember the molecular weight of helium is 4 g mol-1 and air is ~29 g mol-1. 

b. How much work is done by the balloon in lifting the weight from ground level to 10 

km? 

 

Question 4 

a. Using the hydrostatic equation calculate what altitude would the pressure of the 

atmosphere be only 10% what it is at sea level on Earth assuming a scale height of    

8 km. 

b. Titan has an atmosphere that contains almost 100% nitrogen. If the scale height 

deduced from satellite observations is 23 km, what is the temperature of the 

atmosphere if g = 1.35 ms-2? 

Question 5 

The air outside an aircraft is at – 51 °C and 250 Pa.  

 

a. What temperature will it have if is it is brought inside the aircraft and compressed 

adiabatically to 850 Pa? Take the specific heat capacity ratio of air to be 1.4. 

b. One mole of an ideal monoatomic gas expands adiabatically, preforming 5000 J of 

work. What is the change in temperature of the gas during the expansion? 


