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1. For the isobars f 09 and ~7F8, write down the states filled by protons and
neutrons and also the ground state of the unpaired nucleons. Find out the
spin-parity assignment of the ground states and the magnetic moments of
these nuclei.

2. Find the separation energy of a proton in a nucleus ixN, satisfying N = Z =
A/2 in terms of the separation energy of a neutron in iXN and parameters
of the semi-empirical mass formula for the binding energy per nucleon.

3. What are the distinctive features of the alpha, beta and gamma radiation
(energy, interactions, lifetime, spectrum). Describe the three methods of
interaction of photons with matter.

4. For a one dimensional rectangular potential barrier, given by

v 0 for x < -a
V Va for - a < :[ < (l

V 0 for x > a

write down the time independent Schrodinger equations in the three re-
gions. Apply boundary conditions at -(l and a for the continuity of the
wave functions and their first derivatives and find an expression for the
amplitude of the transmission coefficient. Describe how this can explain
the alpha decay.

5. Define Q-values for the alpha decays. If ~jOPu decays into alpha particles
with energies 5.17 and 5.12 MeV, explain the difference between the two
decay processes and find out the energy of the gamma particle that will be
released subsequently. Use the relation: Ta = A'~4 Q where A is the atomic
number and Ta is the kinetic energy of the 0:' particles.



6. In a free neutrons decay, estimate the Q-value taking neutron-proton mass
difference to be 1.3 MeV / c2 and m.c' = 511 keV. Express the Q-value in
terms of the kinetic energies of the decay products and find the maximum
kinetic energy of the electrons.

7. How many proton decays are expected per year III a mass of 106 kgs of
water, if proton lifetime is T» = 1033 yrs.

8. The range of a 5 MeVex-particle moving through air is given (in cm) ap-
proximately by R = 0.318 T3/2, where T is in MeV. If the stopping power of
Al relative to air is 1600, calculate the range of an ex-particle in Al in em.

9. Consider 3 radioactive sources with activity at time t = 0: Ao = 10-6 Ci =
3.7 X 104 disintegrations and half-lives tl/2 = 1 sec, 1 hr, and I-day.
(i) How many radioactive nuclei are present at t = 0 in each source?
(ii) How many nuclei at each source decays between t = 0 and t = 1 sec.
(iii) How many decays between t = 0 and t = 1hr?

10. A relic from an Egyptian tomb contains 1 gm of carbon with a measured
activity of 4 x 10-12 Ci. If the ratio of 14C jl2C nuclei in the live tree is
1.3 x 10-12, how old is the relic? Given the half-life of 14C is 5730 yr.


