
Modern Physics

Week 3 - Tutorial Solutions

14th September, 2012

Problem 1. Show that E2 = (mc2)2 + (pc)2

Solution: Proof done in class.

Problem 2. A particle of mass M decays at rest into two particles, each with mass m moving
in opposite directions with velocity v. Find speed of each of the particle in rest frame.
Solution: We know that energy must be conserved in all interactions. Therefore, writing the
equation for energy conversation:
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Mass M is at rest, therefore we will put γ0 = 1.

Mc2 = 2γvmc
2

M = 2γvm

M = 2
m√

1 − v2

c2

√
1 − v2

c2
=

2m

M

1 − v2

c2
=

(
4m2

M2

)

v = c

√
1 −

(
2m

M

)2

Problem 3. Mass of a deuteron is measured to be 1875.6 MeV/c2. The sum of masses of the
constituents of deuteron (a proton and a neutron) is 1877.9 MeV/c2. Observing that the sum
of masses of constituent particles is more than the mass of deuteron, argue why the existence of
deuteron is still possible. Also tell if deuteron will disintegrate into its constituent particles on its
own, and if not, then why?
Solution: In the process of making a deuteron from a neutron and a proton, energy is released
which is exactly equal to the energy difference of δE = 1877.9 MeV - 1875.6 MeV = 2.3 MeV. Once
a deuteron is made its rest energy is less than the sum of rest energies of a neutron and a proton.
Thus a deuteron is a stable particle and does not by itself disintegrate into two.
This effect can also be seen by investigating the formula derived in Problem 2. If 2m > M v becomes
complex which makes no sense in our physical world. Thus for a particle to disintegrate into two
it is necessary that the rest mass of the bigger particle must be greater than the sum of the two
constituent particles (as it was in the case discussed in problem 2.)
Note: Consider the case when M is exactly equal to 2m. v is zero in this case and thus the two
particles will have no kinetic energy. They will be in the same position as the initial particle unless
some energy is provided from the outside and the new particles are made to move. .
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