
 

 

Answer on Question 50641, Physics, Molecular Physics | Thermodynamics 

Question: 

What is meant by root mean square speed of a gas?  Express  it in terms of temperature 

and molecular weight of gas. Calculate 𝒗𝒓𝒎𝒔 for 𝑯𝒆 atoms at 𝟑𝟎𝟎𝑲. (Take 𝒎𝑯𝒆 =

𝟔. 𝟔𝟕 ∙ 𝟏𝟎−𝟐𝟕𝒌𝒈.) 

Solution: 

The root mean square speed is the measure of  the speed of particles in a gas, defined 

as the  square root  of  the  average velocity-squared of  the molecules in a gas. We can 

write it in terms of temperature and molecular weight of gas: 

𝒗𝒓𝒎𝒔 = √
𝟑𝑹𝑻

𝑴𝒎
 

where, 𝑹 = 𝟖. 𝟑𝟏𝟒𝟓
𝑱

𝑲∙𝒎𝒐𝒍
 is the molar gas constant, 𝑻 is the temperature in Kelvin and 

𝑴𝒎 is the molar mass of the helium gas in kilograms per mole (𝑴𝒎 = 𝒎𝑯𝒆 ∙ 𝑵𝑨, where 

𝒎𝑯𝒆 is the mass of one molecule of the helium gas and 𝑵𝑨 = 𝟔. 𝟎𝟐𝟐 ∙ 𝟏𝟎𝟐𝟑 𝟏

𝒎𝒐𝒍
 is the 

Avogadro constant). So, for helium atoms at 𝟑𝟎𝟎𝑲 we obtain: 

𝒗𝒓𝒎𝒔 = √
𝟑𝑹𝑻

𝑴𝒎
= √

𝟑𝑹𝑻

𝒎𝑯𝒆 ∙ 𝑵𝑨
= √

𝟑 ∙ 𝟖. 𝟑𝟏𝟒𝟓
𝑱

𝑲 ∙ 𝒎𝒐𝒍
∙ 𝟑𝟎𝟎𝑲

𝟔. 𝟔𝟕 ∙ 𝟏𝟎−𝟐𝟕𝒌𝒈 ∙ 𝟔. 𝟎𝟐𝟐 ∙ 𝟏𝟎𝟐𝟑 𝟏
𝒎𝒐𝒍

= 𝟏𝟑𝟔𝟓
𝒎

𝒔
. 

Answer: 

𝒗𝒓𝒎𝒔 = 𝟏𝟑𝟔𝟓
𝒎

𝒔
. 
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