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“ Life is like riding a bicycle.
To keep your balance,
you st Keep moving.

L

~Albert Einstein
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MASS-ENERGY EQUIVALENCE

Solution
From the expression of the relativistic mass of the particle, we know that mass,
My
m = >
v
1-=
2
_ hy _
=T J2my = L41m,
¢
I-—
2c

The momentum P of the particle 1s given by
{_:
P=mv= my\2 x —==myc
0 \E (0

The total energy E of the particle 1s given by
E=mc*=(1.41m,) ¢ = 1.41m

The kinetic energy K of the particle 1s given by
K=FE-m {*‘= 1.41m, L'—H? c’

0
= {}.4lmuc-
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Solution

o | The kinetic energy of the particle 1s given by

N i

T

or U=c‘jl—{ﬂ)
"y
2
L
=3x 108 [1-| —=
’ (””MJ

=3 % 10% x 0.996
=2.99 % 10 m/s

Hence, P=11m;x2.99x10%=11x9.11 x 1071 x 2,99 x 10
=299 x 10+ kg m/s
m= —0 or I—u—2 = l—uJ
==
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« Example-3
« How much does a proton gain in mass when accelerated to a Kinetic energy

of 500 MeV?
Solution
Kinetic energy K= (m —m) ¢
¥ - -
or me” = K+ mc”
L K
(rain 1in mass n — m,= —5= Am

Here, it is given that ¢
K =500 MeV
=500 x10%% 1.6 x 10719
m,=1.6x10-"kg and c¢=3x10"m/s
500 % 10° x 1.6 x107"7

Am = T =880 x 10" kg
(3=107)
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e Example-4: Find the speed of 0.1 MeV electrons according to the classical
and relativistic mechanics.

Solution
According to the classical mechanics, the kinetic energy is expressed as
1

K= —=m
2

or v=2K/m

Given that K= 0.1 MeV=0.1x 10°eV=01x10°x 1.6 x 10" Jand m=9.1 x 10" kg.

Now,

9.11x107"!

= 1.87 x 108 m/s
According to the relativistic mechanics, the KE of an electron is expressed as

. ‘jzx[}.lxl(}f‘ x1.6%107"7

” g g
K= mc® — mc*

or me? = K + myc’
or Mo g+ myc?
U2
I-=
c”
or [1 — Uq = L‘-Q
(o K+ mye
5 2
or v=¢, |l - L
K+ mye”
The rest-mass energy of electron 1s m”c:, Le., 0.512 MeV.
and K+ myc*=0.1 MeV +0.512 MeV =0.612 MeV
2
512
Hence, v=3.0x10% 1—[05—] =3x10% x0.548
0.612

=1.64 % 10° m/s
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Show that the momentum of a particle of rest mass m,, and kinetic energy KE is given by the expression

KE>
p:\j e +2m1} }{KE.
2

Solution
From the energy—momentum relation, we know that
2 pp 244 20
E*=my*c* +pc”

1/2

23
or E= (m§c4 + p'c“)
The total energy £ = rest-mass energy + kinetic energy
E= mﬂc'z + KE
From Eqgs. (1) and (2).

5.9 . 9. 5\2 )
myc” + p°c =myc” + KE

Squaring both sides of this equation, we get

S

my2ct + p*c? = my?ct + 2myc* x KE + KE?
or p’c?=KE? + 2mc* xKE

-

or pi= >— +2m, X KE

&~

2
or p= \/KCE + 2my XKE
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/) Example-5
Show that the massless particles can exist only if they move with the speed
of light and their energy E and momentum P must have the relation E = Pc.

Solution
A particle which has zero rest mass (m,,) 1s called a massless particle. In classical physics, such particles
do not exist, while n relativistic mechanics, such particles may exist.
From the relation of relativistic energy and momentum, we know that
3
E= \/mn‘j‘cq + P2t

For massless particles, m, = 0

Thus, E=Pec

E

or P=—
-
Since P=muv

so for massles particles,

E
P==
C

e’

I
= me
It shows that the massless particles have the same velocity as light in free space.
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Example-6: Show that for small velocities, the relativistic kinetic energy of
a body reduces to the classical kinetic energy, which is less than the rest-
mass energy.

Solution

From the expression of relativistic kinetic energy, we know that
™ 5l
I{‘I"l'-’.']:t[i':.w.[ir o {”? 'r”[:l] ¢

My

[ 5 y—1/2
2 v
= mpc || 1 = — -1
¢

2 v
= mpe” | 1+ — +~--—lj]

2e”

Now, neglecting higher-order terms because v << ¢, we get

_ 2 v’
KEr-:Ia[i\'miu - e x 9
2c°
b
= EH’I’QU‘
=KE

'n:lar‘r:u.'ul
which is less than m”a-z.
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Show that the velocity at which the mass of a particle 1s increased to n times its rest mass 1s

(k)

For what value of v/c (= ) will the relativistic mass of a particle exceed its rest mass by a given
ratio R.

[Hint: R=(m —my)/ny]
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Assignment

How fast must an electron move in order that its mass equals the rest mass of
the proton.

If the Kinetic energy of a body is thrice of its rest-mass energy, then find its
velocity.

If the total energy of a particle is exactly thrice of its rest-mass of energy,
what is the velocity of the particle?

If the Kinetic energy of a body is thrice of its rest-mass energy, then find its
velocity.

Calculate the amount of work done to increase the speed of an electron from
0.6¢ to 0.8c. Given that the rest-mass energy of electron = 0.511 MeV.

Show that 1f the variation of mass with velocity 1s taken mto account, the kinetic energy of a particle
of rest mass m, and moving with velocity v is given by

SN2
o”




