192.

Problem 3.34 (R)

The nucleus of a carbon atom initially at rest in the
laboratory goes from one state to another by emitting a
photon of energy 4.43 MeV. The atom in its final state
has a rest mass of 12.0000 amu. (1 amu corresponds to
931.478 MeV). We have to find (a) the momentum of the
carbon atom after the decay, as measured in the
laboratory; (b) thekinetic,energys-in MeV, of the carbon
atom after the decay, as measured in the laboratory

system.

Solution:

()

Energy of the photon emitted by the carbon atom,

hv =4.43 MeV = 4.43x1.602x107"° J=7.0968x10* J.
Momentum of the photon,

hv 7.0968x107*®
C 3x10°

kgms*=2.3656x10"" kgms™.

As the carbon atom was at rest when it emitted the

photon, and as the momentum is conserved, the



magnitude of the momentum of the atom after it has
emitted the photon will be equal to that of the photon.
Therefore, the momentum of the carbon atom as

measured in the laboratory frame will be

2.3656x107" kgms™.

(b)

Mass of the carbon atom after it has emitted the photon,

 12x931.478x1.602x 10"

m=12 amu >
(3x10°)

1=1.989x10% kg.

Kinetic energy of the earbon.atem after it has emitted the

photon will be

P (2.36x10%)’

T 2m  2x1.99x107%
=1.40x107% J=1.40x107% x6.242 x10" MeV

=8.74x10™ MeV.




