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OUTLINES

+» Mass and Energy equivalence
equation

«» Concept of Massless particle and
its expression




Energy mass relationship
In classical physics, force is defined as the ime rate of change
of momentum Or
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since mass is constant. This definition of force is kept in relativistje
mechamics, but now mass is also a variable. Hence __"
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Suppose the Linetic energy u[lhndjrisin::usﬂd by an amount
dT by exerung a force through a distance. Then the change in
Lidetic energy can be found, as in classical physics, by calculating

the work done by the force. Or,
dT=F.dx A e S (1ii)
where F is the force acting on the body and dx is the distance
through which it works. .
Substtuting eqn. (ii) in egn. (iii), we get
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Since da/di = v, egn. (iv) can be wrilten as
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= v (mdv + vdm) = v.d(mv) ...... (v.a)

Eqn. (v) can be simplified by using mass - Lransformation
equation. Differentiating both sides of equation




Cont....

[Alternately: when mg is the mass of ywhen v =0and m j

the mass of the body when v = v, we have
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CONT...

When the body is at rest, the internal energy store in the body is m.c?.
Einstein called m,c?, the rest mass energy of the body. The total energy E St

possessed by the body is then the sum of the rest mass energy and kinetic
energy of the body.

E=T+mg (xi)
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= mc’ (1.17)
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Eqn. (11.17) gives Einstein's famous formula E = mc® and is
eferred to as Einstein's mass-€nergy relation.



CONT...

This is the Einstein famous mass-energy relation.

(1) For low speeds. v/¢c <<1. Then we can write
ng,c 3

K=mc*> —-my’ = —m,c’ =mﬂc2( 1 —1] (8)
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Using the binomial approximation (1+x)" = 1+ nx with |x

<<1, we get
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At low speed. the relativistic expression for the K.E. of a moving body reduces to the classical one.




(ii) Mass-less particles: We know, total energy
E =

w (1)

and relativistic momentom, p = mv = Im:'v. S ey
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When mg =0 and v<c, i.e|E=p=0ie. A mass less particle with a speed less than that of light can have

neither energy nor momentum.
(iil) When my =0 and v =c. E =00 and p = 0/0 which are indeterminate: E and p can have any values. The
equations [1] & [2] are consistent with the existence of mazs-less particles that possess enersy and
momentom provided that they travel with the speed of light.
(iv) There iz another restriction on mass-less particles.
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Subtracting p'c’*from E- vields
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CONTI...

Therefore, for all particles, we have

E=ﬂ.||[m.."r'+_;r':: = 'J[Efﬂﬁ:

According to this formula, if a particle exists with my = 0, the relationship between its energy and
momentum must be given by

mass-less particles E=pc

In fact, mass-less particles of two different kinds - the photon and the nentrino have indeed been dizcovered
and their behavior 15 as expected.




