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Notes 

Mass in Relativity: 

The relativistic expression for total energy of a particle is given by;  

𝐸 = 𝑐ඥ𝑝ଶ + 𝑚଴
ଶ𝑐ଶ.  

This expression is useful in high-energy physics to calculate the total energy of a particle when its 
momentum is given or vice versa.  

By differentiating above equation with respect to p, we obtain another useful relation as follows;  

ௗா

ௗ௣
=

௣௖

ට௠బ
మ௖మା௣మ

  

 ∴ ௗா

ௗ௣
=

௣௖మ

௖ට௠బ
మ௖మା௣మ

= ௣௖మ

ா
.  

With 𝐸 = 𝑚𝑐ଶ and 𝑝 ሬሬሬ⃗ = 𝑚𝑣 ሬሬሬ⃗  , above equation reduces to; ௗா
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A force 𝐹 ሬሬሬ⃗  is acting on a stationary particle having a rest mass m0. The particle attains a velocity, 
𝑣 ሬሬሬ⃗ . The corresponding mass m is given by; 
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By Newton’s 2nd law of motion; 
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∴ 𝐹 ሬሬሬ⃗ = 𝑚𝑎 ሬሬሬ⃗ + 𝑣 ሬሬሬ⃗
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Total energy of the particle is given by; 

𝐸 = 𝑚଴𝑐ଶ + 𝐾  

𝑚𝑐ଶ = 𝑚଴𝑐ଶ + 𝐾  
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Differentiating above equation; 
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𝑑𝐾 = 𝑐ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝐾. 𝐸.  

        = 𝑤𝑜𝑟𝑘 𝑑𝑜𝑛𝑒 𝑏𝑦 𝑒𝑥𝑡𝑒𝑟𝑛𝑎𝑙 𝑓𝑜𝑟𝑐𝑒 𝑜𝑛 𝑡ℎ𝑒 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒  

        = 𝑑𝑤 

        = 𝐹 ሬሬሬ⃗ . 𝑑𝑟 ሬሬ⃗   

Equation (2) can be written as; 

ௗ௠

ௗ௧
=

ଵ

௖మ

ி ሬሬሬ⃗ .ௗ௥ ሬሬሬ⃗

ௗ௧
=

ଵ

௖మ
𝐹 ሬሬሬ⃗ .

ௗ௥ ሬሬሬ⃗

ௗ௧
=

ଵ

௖మ
൫𝐹 ሬሬሬ⃗ . 𝑣 ሬሬሬ⃗ ൯   

∴ equation (1)becomes;  
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This equation shows that in relativistic mechanics, the acceleration 𝑎 ሬሬሬ⃗  is not having the same 
direction as the force 𝐹 ሬሬሬ⃗  because the second term is having the direction of velocity 𝑣 ሬሬሬ⃗  . [In classical 
mechanics, 𝐹 ሬሬሬ⃗  and 𝑎 ሬሬሬ⃗  have same direction. 



There are two cases in which 𝑎 ሬሬሬ⃗  would have the same direction as 𝐹 ሬሬሬ⃗ . 

Case (i): 

When a force 𝐹 ሬሬሬ⃗  is parallel to velocity 𝑣 ሬሬሬ⃗ . 

𝐹 ሬሬሬ⃗ . 𝑣 ሬሬሬ⃗ = 𝐹𝑣𝑐𝑜𝑠0 = 𝐹𝑣  

Therefore equation (3) becomes; 
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Taking magnitudes on both sides; 
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Thus force 𝐹 ሬሬሬ⃗  and hence acceleration 𝑎 ሬሬሬ⃗  are parallel to the velocity 𝑣 ሬሬሬ⃗  i.e.  parallel to the direction 
of motion. Hence above equation can be written as; 
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య/మ ; is the mass experienced when force acts in the direction parallel to the 

direction of motion. It is called as longitudinal mass. 

 

Case (ii): 

When force 𝐹 ሬሬሬ⃗  is perpendicular to the velocity 𝑣 ሬሬሬ⃗ . 

𝐹 ሬሬሬ⃗ . 𝑣 ሬሬሬ⃗ = 𝐹𝑣𝑐𝑜𝑠90 = 0  

Therefore equation (3) becomes; 
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Thus force 𝐹 ሬሬሬ⃗  and hence acceleration 𝑎 ሬሬሬ⃗  are perpendicular to the velocity 𝑣 ሬሬሬ⃗  i.e.  perpendicular to 
the direction of motion. Hence above equation can be written as; 
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 is the mass experienced when the force acts in the direction perpendicular to 

the direction of motion. It is called as transverse mass. 

 


