
Pressure and KMT 

The macroscopic phenomena of pressure 

can be explained in terms of the kinetic 

molecular theory of gases. Assume the 

case in which a gas molecule (represented 

by a sphere) is in a box, length L (Figure 

1). Through using the assumptions laid out 

above, and considering the sphere is only 

moving in the x-direction, we can examine 

the instance of the sphere colliding 

elastically with one of the walls of the box. 

 

 

 



The momentum of this collision is given 

by p=mv, in this case p=mvx, since we are 

only considering the x dimension. The total 

momentum change for this collision is then 

given by 

mvx−m(−vx)=2mvx 

 

Given that the amount of time it takes 

between collisions of the molecule with the 

wall is L/vx we can give the frequency of 

collisions of the molecule against a given 

wall of the box per unit time as vx/2L. One 

can now solve for the change in momentum 

per unit of time: 

(2mvx)(vx/2L)=mv2x/L 

 

Solving for momentum per unit of time 

gives the force exerted by an object 

(F=ma=p/time). With the expression 

that F=mvx
2/L one can now solve for the 



pressure exerted by the molecular collision, 

where area is given as the area of one wall 

of the box, A=L2: 

P=F/AP=F/A 

P=mv2x/[L(L2) 

 

The expression can now be written in terms 

of the pressure associated with collisions 

from N number of molecules: 

P=Nmv2x/V 
 

This expression can now be adjusted to 

account for movement in the x, y and z 

directions by using mean-square velocity 

for three dimensions and a large value of N. 

The expression now is written as: 

P=Nmv¯2/3V 

 

This expression now gives pressure, a 

macroscopic quality, in terms of atomic 



motion. The significance of the above 

relationship is that pressure is proportional 

to the mean-square velocity of molecules 

in a given container. Therefore, as 

molecular velocity increases so does the 

pressure exerted on the container. 

 


