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Notes

Mass in Relativity:

The relativistic expression for total energy of a particle is given by;
F = c/p? + mic

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;
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With E = mc? andp = mv , above equation reduces to; = =v

Aforce F is acting on a stationary particle having a rest mass mo. The particle attains a velocity,
V. The corresponding mass m is given by;
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By Newton’s 2" law of motion;
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Total energy of the particle is given by;
E=myc?+K
mc? =myc? + K
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

This equation shows that in relativistic mechanics, the acceleration @ is not having the same
direction as the force F_because the second term is having the direction of velocity ¥ . [In classical
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mechanics, F and a have same direction.



There are two cases in which @ would have the same direction as F .
Case (i):

When a force Fis parallel to velocity V.

F .7 = FvcosO = Fv

Therefore equation (3) becomes;
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Thus force F_ and hence acceleration @ are parallel to the velocity v i.e. parallel to the direction
of motion. Hence above equation can be written as;
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Quantity % ; is the mass experienced when force acts in the direction parallel to the
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direction of motion. It is called as longitudinal mass.

Case (ii):
When force F is perpendicular to the velocity V.
F.7 = Fvcos90 = 0

Therefore equation (3) becomes;




Thus force F_ and hence acceleration @ are perpendicular to the velocity v’ i.e. perpendicular to
the direction of motion. Hence above equation can be written as;

The quantity \/miz is the mass experienced when the force acts in the direction perpendicular to
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the direction of motion. It is called as transverse mass.




