
Derivation of Kinetic Gas Equation
The kinetic gas equation may be derived by the following steps : 

The rate of change of momentum due to collisions with the right-hand wall is 
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The force that molecule-1 exerts on the right-hand wall is 
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Macroscopic Property Molecular  Property (mu2)

This is the fundamental equation of the kinetic molecular theory of gases 



The average translational (kinetic) energy of an ideal gas is 

Per molecule

Per mole
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The Average Translational Kinetic Energy of the Molecules in a  
Gas Is Directly Proportional to the Kelvin Temperature 
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Diatomic Molecule Bouncing Off a Container Wall

By assumption, the molecule cannot gain or lose energy when it strikes the wall, and 
we used that fact to show that the speed of the molecule stays constant, but if the 
molecule can now gain rotational kinetic energy upon striking the wall, then energy 
conservation requires that the kinetic energy that comes from its linear motion be 
reduced.



The minimum number of independent coordinates, which 
can specify the configuration of the system completely.

Degrees of freedom (DF)

For a single particle in plane two coordinates define its location, so it has 
two degrees of freedom. 

Two particle in space have a combined 6 DF 

If two particles in space are constrained to maintain a constant distance 
from each other, such as in the case of diatomic molecule, then the six 
coordinate must satisfy a single constraint equation defined by the 
distance formula. This reduce s the degree of Freedom of the system to 
five, because the distance formula can be used to solve for the remaining 
coordinate once the other five are specified. 



Law of equipartition of energy

where Vrms is the root-mean-square velocity of the molecules, 


Kb is the Boltzmann constant 


and T is the temperature of the gas.

The equipartition (or equal division) of energy theorem involves the 
concept that, in thermal equilibrium, energy is shared equally 
among all of its various possible forms (or degree of freedom).



Application of equipartition of energy



If a molecule is free to move in space, it needs three coordinates to specify 
its location, thus, it possesses three translational degrees of freedom. 
Similarly, if it is constrained to move in a plane, it possesses two 
translational degrees of freedom and if it is a straight line, it possesses 
one translational degree of freedom. In the case of a triatomic molecule, 
the degree of freedom is 6 [ 3 rotational, 3 translational and 3 
vibrational). And the kinetic energy of the per molecule of the gas is given 
as,

Law of equipartition of energy

https://byjus.com/physics/kinetic-energy/


Maxwell’s Law
While deriving Kinetic Gas Equation, it was assumed that all molecules in a gas have the same 
velocity. But it is not so. When any two molecules collide, one molecule transfers kinetic energy 

(12 mv2)to the other molecule 



How the molecular velocity depends on Temperature

The characteristics of the Maxwell’s plot:



Observe that when the temperature goes up, the particles in a gas tend to move faster. As a result, the entire 
distribution shifts to the right, toward higher speeds. When we raise the temperature, the most probable speed 
increases (the highest point on the curve shifts to the right). In addition, the entire curve gets wider and lower: 
we have a wider range of speeds, but we have fewer molecules at the most probable speed



Also, when we raise the temperature, the fraction of molecules moving at high speeds increases. For example, when we raise 
the temperature from 25ºC to 300ºC, the fraction of molecules moving faster than 800 m/sec becomes larger.

Likewise, when we raise the temperature, the fraction of molecules moving at low speeds decreases. For example, when we 
raise the temperature from 25ºC to 300ºC, the fraction of molecules moving slower than 800 m/sec becomes smaller.



How molecular velocity depends on molar mass

Observe that the gas with the lowest molar mass (helium) has the highest molecular 
speeds, while the gas with the highest molar mass (xenon) has the lowest molecular 
speeds. When we increase the molar mass, the most probable speed decreases (the 
highest point on the curve shifts to the left). In addition, the entire curve gets narrower 
and taller: we have a smaller range of speeds, but we have more molecules at the most 
probable speed.



Average velocity



RMS (Root  mean Square Velocity)



Most Probable Velocity

Relation between average velocity and RMS velocity



Relation between most probable velocity and RMS velocity



Calculation of Molecular Velocities

















Men free path

The mean distance travelled by a molecule between two successive collisions 
is called the Mean Free Path 










