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Q1:  The experience of pumping air into bicycle tyre using hand pump. 

Consider the air inside the pump as a thermodynamic system having volume 

V at atmospheric pressure and room temperature, 27°C. Assume that the 

nozzle of the tyre is blocked (treated as an adiabatic compression) and you 

push the pump to a volume 1/4 of V. Calculate the final temperature of air in 

the pump. 

Solution 

Here, the process is adiabatic compression. The volume is given and temperature is 

to be found. we can use the equation (8.38 ) 

TiViγ-1 = TfVfγ-1. 

Ti = 300 K   (273+27°C = 300 K) 

 

T2 ≈ 522 K or 2490C 

 

 

 

 

 

 



Q2: The following graph shows a V-T graph for isobaric processes at two 

different pressures. Identify which one occurs at higher pressure. 

 

Solution 

From the ideal gas equation, 

V = (nR/P)T 

V-T graph is a straight line passing the origin. 

The slope = µR/P 

The slope of V-T graph is inversely proportional to the pressure. If the slope is 

greater, lower is the pressure. 

Here P1 has larger slope than P2. So P2 > P1. 

Suppose the graph is drawn between T and V (Temperature along the x-axis and 

Volume along the y-axis) then will we still have P2 > P1? 

Q3:One mole of an ideal gas initially kept in a cylinder at pressure 1 MPa and 

temperature 27°C is made to expand until its volume is doubled. 

(a)  How much work is done if the expansion is (i) adiabatic (ii) isobaric (iii) 

isothermal? 

(b) Identify the processes in which change in internal energy is least and is 

maximum. 

(c) Show each process on a PV diagram. 

(d) Name the processes in which the heat 



(Take γ = 5/3 and R=8.3 J mol-1 K-1) 

Solution 

(a)  (i)  In an adiabatic process the work done by the system is 

 

To find the final temperature Tf, we can use adiabatic equation of state. 

 

(ii)  In an isobaric process the work done by the system 

W = P ∆V = P(Vf – Vi) 

and    Vf = 2Vi         so W = 2PVi 

To find  Vi, we can use the ideal gas law for initial state. PiVi = RTi 

 

The work done during isobaric process, 

W = 2 × 106 × 24.9 × 10−4 = 4.9 kJ 

(iii) In an isothermal process the work done by the system, 

 



In an isothermal process the initial room temperature is constant. 

W = 1 × 8.3 × 300 × ln(2) = 1.7kJ 

(b)  Comparing all three processes, we see that the work done in the isobaric 

process is the greatest, and work done in the adiabatic process is the least. 

(c)  The PV diagram is shown in the Figure. 

 

The area under the curve AB = Work done during the isobaric process 

The area under the curve AC = Work done during the isothermal process 

The area under the curve AD= Work done during the adiabatic process 

From the PV diagram the area under the curve AB is more, implying that the work 

done in isobaric process is highest and work done in adiabatic process is least. 

(d)  In an adiabatic process no heat enters into the system or leaves from the 

system. In an isobaric process the work done is more so heat supplied should be 

more compared to an isothermal process. 

  

 



Q4:  A fresh air is composed of nitrogen N2(78%) and oxygen O2(21%). Find the rms speed 

of N2 and O2 at 20°C. 

Solution: 

For Nitrogen, 

Molar mass m = 0.0280 kg/mol 

Temperature T = 20°C = 20 + 273 = 293K 

 

 

Q 5. A gas is at temperature 80°C and pressure 5 × 10-10 N m-2.  .What is the number of 

molecules per m3  ,if Boltzmann’s constant is 1.38 × 10-23 J K-1 

Solution: 

Temperature of gas T = 80°C = 80 + 273 = 353K 

Pressure of gas P = 5 × 10-10 Nm-2 

Boltzmann’s constant k = 1.38 × 10-23 Jk-1 

Volume of gas V = 1 m3 

No. of molecules n = ? 



Q6: During an adiabatic process, the pressure of a mixture of monatomic and diatomic gases 

is found to be proportional to the cube of the temperature. Find the value of γ = (Cp/CV) 

Solution 

 

 

 Q7: Calculate the mean free path of air molecules at STP. The diameter of N2 and O2 is about 

3 × 10-10 m 

Solution 

 

 

  

 

 

 

 

 

 

 



Q8: Estimate the total number of air molecules in a room of capacity 25 m3 at a temperature of 

27°C. 

Solution: 

Volume of the room V = 25.0m3 

Temperature of the room T = 27°C = 300K 

Pressure in the room P = estimate 

= 1 × 1.013 × 105 Pa 

The ideal gas equation relating pressure (P), volume (v) absolute temperature (T) can be written is 

PV = KB NT 

 

 Q9:A football at 27°C has 0.5 mole of air molecules. Calculate the internal energy of air in the 

ball. 

Solution 

The internal energy of ideal gas = 3/2 NkT. The number of air molecules is given in terms of number 

of moles so, rewrite the expression as follows 

NK=n R 

Temperature T =273+27=300K 

U = 3/2 × 0.5 × 8.31 × 300 = 1869.75J 

 Q10: A room contains oxygen and hydrogen molecules in the ratio 3:1. The temperature of the 

room is 27°C. The molar mass of 02 is 32 g mol-1 and for H2 2 g mol-1. The value of gas constant 

R is 8.32 J mol-1K-1 

Calculate 

(a) rms speed of oxygen and hydrogen molecule 



(b) Average kinetic energy per oxygen molecule and per hydrogen molecule 

(c) Ratio of average kinetic energy of oxygen molecules and hydrogen molecules 

Solution 

(a) Absolute Temperature 

T=27°C =27+273=300 K. 

Gas constant R=8.32 J mol-1k-1 

For Oxygen molecule: Molar mass 

M=32 gm=32 x 10-3 kg mol-1 

 

Note that the rms speed is inversely proportional to √M and the molar mass of oxygen is 16 times 

higher than molar mass of hydrogen. It implies that the rms speed of hydrogen is 4 times greater than 

rms speed of oxygen at the same temperature. 

1934/484 ≈ 4 . 

(b) The  average  kinetic  energy  per molecule is 3/2 kT. It depends only on absolute temperature of 

the gas and is independent of the nature of molecules. Since both the gas molecules are at the same 

temperature, they have the same average kinetic energy per molecule. k is Boltzmaan constant. 

 

(c) Average  kinetic  energy  of  total oxygen molecules = 3/2 N0kT 

Where N0 - number of oxygen molecules in the room 



Average kinetic energy of total hydrogen  molecules = 3/2 NHkT  

where NH - number of hydrogen molecules in the room. 

It is given that the number of oxygen molecules is 3 times more than number of hydrogen molecules 

in the room. So the ratio of average kinetic energy of oxygen molecules with average kinetic energy 

of hydrogen molecules is 3:1 

  

Q11:Ten particles are moving at the speed of 2, 3, 4, 5, 5, 5, 6, 6, 7 and 9 m s-1. Calculate rms 

speed, average speed and most probable speed. 

Solution 

The average speed 

 

The most probable speed is 5 ms-1 because three of the particles have that speed. 

 Q12:Calculate the rms speed, average speed and the most probable speed of 1 mole of 

hydrogen molecules at 300 K. Neglect the mass of electron. 

Solution 

The hydrogen atom has one proton and one electron. The mass of electron is negligible compared to 

the mass of proton. 

Mass of one proton = 1.67 × 10−27kg. 

One hydrogen molecule = 2 hydrogen atoms = 2 × 1.67 × 10−27kg. 



The average speed 

 

Q13: Find the adiabatic exponent γ for mixture of μ 1 moles of monoatomic gas and μ2 moles 

of a diatomic gas at normal temperature. 
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