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Exercise - 6
A certain ideal gas has a molar specific heat of . A 2.00-mol 
sample of the gas always starts at pressure 1.00 x 105 Pa and temperature 300 
K. For each of the following processes, determine (a) the final pressure, (b) the 
final volume, (c) the final temperature, (d) the change in internal energy of the 
gas, (e) the energy added to the gas by heat, and (f) the work done on the 
gas. of 
(i) the gas is heated at constant pressure to 400 K, 
(ii) the gas is heated at constant volume to 400 K,  
(iii) the gas is compressed at constant temperature to 1.20 x 105 Pa, 
(iv) the gas is compressed adiabatically to 1.20 x 105 Pa. 

Cv = 7R/2
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Exercise - 6
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Distribution of molecular speeds
Thus far, we have considered only average values of the 
energies of all the molecules in a gas and have not addressed 
the distribution of energies among individual molecules.
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Distribution of molecular speeds
The fundamental expression that describes the distribution of 
speeds of  gas molecules is N

Maxwell–Boltzmann speed distribution 
function. If  is the total number of 
molecules, the number of molecules with 
speeds between  and  is 

.
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Distribution of molecular speeds

<latexit sha1_base64="HMRFe86Enc3gNv+4KANMlg3xg88=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBVUmqqBuh1I3LCn1BE8JkOmmHziRxZlIoIUs3/oobF4q49RPc+TdO2yy09cCFwzn3cu89fsyoVJb1bRRWVtfWN4qbpa3tnd09c/+gLaNEYNLCEYtE10eSMBqSlqKKkW4sCOI+Ix1/dDv1O2MiJI3CpprExOVoENKAYqS05JnHYy/lcXbjyAehUicQCKfVkVdvZin3rCzzzLJVsWaAy8 TOSRnkaHjml9OPcMJJqDBDUvZsK1ZuioSimJGs5CSSxAiP0ID0NA0RJ9JNZ49k8FQrfRhEQleo4Ez9PZEiLuWE+7qTIzWUi95U/M/rJSq4dlMaxokiIZ4vChIGVQSnqcA+FQQrNtEEYUH1rRAPkQ5D6exKOgR78eVl0q5W7MvK+f1FuVbP4yiCI3ACzoANrkAN3IEGaAEMHsEzeAVvxpPxYrwbH/PWgpHPHII/MD5/AK1FmmQ=</latexit>

vmp =

r
2kBT

m0

<latexit sha1_base64="K1yn9/GWpJmW1BTRwhIhiV0/0Ng=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1VwVRIV7UYodeOyQl/QhDCZTtqhk4czk0IZ8gNu/BU3LhRx696df+O0zUJbD1w4nHMv997jJ4wKaVnfRmFldW19o7hZ2tre2d0z9w/aIk45Ji0cs5h3fSQIoxFpSSoZ6SacoNBnpOOPbqd+Z0y4oHHUlJOEuCEaRDSgGEkteebJ2FNoPMhuHPHApXICjrCqjrx6M1NOQmHoWVnmmWWrYs0Al4mdkzLI0fDML6cf4zQkkcQMCdGzrUS6CnFJMSNZyUkFSRAeoQHpaRqhkAhXzb7J4KlW+jCIua5Iwpn6e0KhUIhJ6OvOEMmhWPSm4n9eL5VB1VU0SlJJIjxfFKQMyhhOo4F9ygmWbKIJwpzqWyEeIh2I1AGWdAj24svLpH1esa8qF/eX5Vo9j6MIjsAxOAM2uAY1cAcaoAUweATP4BW8GU/Gi/FufMxbC0Y+cwj+wPj8AUmtnFI=</latexit>

vavg =

r
8kBT

⇡m0

<latexit sha1_base64="akAy/RsobMirXT5iK8+yN5dlWH8=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIVdSOUunFZoS9oSphMJ+3QmSTOTAplyNaNv+LGhSJu/QN3/o3TNgttPXDhcM693HtPkDAqleN8W4WV1bX1jeJmaWt7Z3fP3j9oyTgVmDRxzGLRCZAkjEakqahipJMIgnjASDsY3U799pgISeOooSYJ6XE0iGhIMVJG8m049rXgMrvx5INQ2gsFwvp85Ncamea+k2W+XXYqzgxwmbg5KYMcdd/+8voxTjmJFGZIyq7rJKqnkVAUM5KVvFSSBOERGpCuoRHiRPb07JMMnhilD8NYmIoUnKm/JzTiUk54YDo5UkO56E3F/7xuqsLrnqZRkioS4fmiMGVQxXAaC+xTQbBiE0MQFtTcCvEQmTCUCa9kQnAXX14mrbOKe1k5v78oV2t5HEVwBI7BKXDBFaiCO1AHTYDBI3gGr+DNerJerHfrY95asPKZQ/AH1ucPk4ya5A==</latexit>

vrms =

r
3kBT

m0



N. Srimanobhas; Kinetic theory of gas 16

Mean free path
The mean free path, of a molecule is 
the average distance that a 
molecule travels before colliding 
with another molecule. It is given by  

where  is the diameter of the 
molecule and  is the number of 
molecules per unit volume. The 
number of collisions that a molecule 
makes with other molecules per unit 
time, or collision frequency , is 
given by 
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Exercise - 7
Twenty particles, each of mass  and confined to a volume , have various 
speeds: two have speed , three have speed , five have speed , four 
have speed , three have speed , two have speed , and one has speed 

. Find (a) the average speed, (b) the rms speed, (c) the most probable 
speed, (d) the average pressure the particles exert on the walls of the vessel,  
and (e) the average kinetic energy per particle. 

m0 V
v 2v 3v

4v 5v 6v
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Exercise - 7
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Exercise - 8
If the diameter of an oxygen molecule is 2.00 x 10-10 m,  
(a) find the mean free path of the molecules in a scuba tank that has a volume 
of 12.0 L and is filled with oxygen at a gauge pressure of 100 atm at a 
temperature of 25.0°C, 
(b) what is the average time interval between molecular collisions for a 
molecule of this gas? 
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Exercise - 8


