Semester IV
CC – 9 (Modern Physics)

UNIT – 3 & 4
Short answer type Questions:
1. Verify that the rest mass energy of an electron is 0.51 MeV approximately.
2. Use the uncertainty relation to estimate the kinetic energy of a proton in the nucleus. Assume that the
nuclear radius is about 5 fm. (ћ = 1.054589 X 10-34 J.s)
3. Determine the radius of the 208
82 Pb nucleus. Assume R0 = 1.2 fm.
4. What is mass defect and packing fraction?
5. Heavy nuclei emit α particles spontaneously. However, they are stable against the decay of a single
proton or neutron or deuteron. Why is α emission favoured over these decays?
6. The half life of an unstable nucleus is τ. What fraction of the original nucleus will be decayed in time
3τ?
7. A biological specimen (tree) after its death shows 14C6 activity that is one-third of that of a living
specimen. Estimate the age of the sample. The half life of 14C6 is about 5500 years.
8. Explain the origin of fine structure in the spectrum of α particles emitted by radioactive nuclei.
9. Give one example each of β- decay, β+ decay and electron capture.
10. The cross section of a nuclear reaction is 102 burns – what is the significance of this statement?
11. What are prompt and delayed neutrons in a fission reaction?
12. Why is a moderator needed in a fission reactor?
13. What do you mean by temporal and spatial coherence?
14. How do you interpret high monochromaticity and high directionality of laser radiation?
15. Explain the concept of negative temperature in connection with the population inversion in an
active medium.
Long answer type questions:
1. Estimate the density of nuclear matter in terms of (a) kg/m3 and (b) nucleons/fm3.
2. Calculate the binding energy of the 39
19 K nucleus.
3. What are mirror nuclei? Calculate the difference in Coulomb energies of the mirror nuclei.
4. (a) Calculate the difference in binding energies of 158O and 157 N . Given: M( 158O ) =
15.003065 u, M( 157 N ) = 15.000109 u, M( 11 H ) = 1.007825 u, Mn = 1.008665 u
(b) Assuming the difference in binding energy is equal to the difference in Coulomb energy, calculate
the nuclear radius of 158O and 157 N .
5. Why does the binding energy per nucleon for medium-sized nuclei remain relatively constant? How
do you explain the fall of the binding energy curve for lighter as well as heavier nuclei? Explain from
the binding energy curve why energy is released in fission and fusion.
6. Lighter nuclei generally have N≈Z , but for massive stable nuclei, N is always greater than Z.
Explain why.
7. Find out the approximate relation between the kinetic energy of emitted α particle and the
disintegration energy in terms of the atomic no of parent nucleus.
The nuclear masses of a parent and its daughter are 226.025 and 222.017 amu respectively. The mass of
the α particle is 4.002 amu. Find out the Q value and the kinetic energy of the α particle emitted.
8. The energies of the α particle emitted in the decays of 226Ra88 and 226Th90 are 4.9 MeV and 6.5 MeV,
respectively. Find the ratio of their half lives.
9. (a) Calculate the height of the Coulomb barrier faced by an α particle while trying to escape from
238
U. The highest energy of α particles emitted in the decay of 238U92 to the 234Th90 nucleus is 4196 keV.
is there an apparent anomaly between this and your calculated value? If so, how is the anomaly
resolved? (b) Assuming a square potential barrier, obtain an expression connecting the decay
probability (or the transmission coefficient) and the energy of an α particle.

10. Show that if positron decay is energetically allowed for the nucleus of a neutral atom, electron
capture is also allowed, but not vice-versa.
11. Explain why the postulate about the existence of the neutrino was necessary to remove the
difficulties in the interpretation of β decay. Explain qualitatively how the hypothesis of neutrino solves
the apparent breakdown of the conservation principles of momentum and energy in β decay.
12. What do you mean by end point energy of the emitted particles in β decay? Tritium emits negative
β particles. Calculate the end point energy of the β particles from the following data. Mass of Tritium =
3.01695 amu, mass of 3He = 3.01693 amu.
222
13. 226
88 Ra decays to
86 Rn by emitting three groups of α particles of energies 4.777, 4.503 and
4.342 MeV. Determine the energies of the associated γ rays.
14. Give a simple explanation of nuclear fission on the basis of liquid-drop model of the nucleus.
15. 235U is bombarded by thermal neutrons and fission occurs. The fragmented products are 141Ba56 and
92
Kr36. Three prompt neutrons are released when fission occurs. Write the nuclear reaction involved .
Calculate the Q value of the reaction and hence calculate the energy released from the fission of 1 g of
235
U.
16. Obtain the four factor formula for a fission reactor.
17. Discuss briefly the principles of thermo-nuclear fusion.
18. Describe with energy level diagrams the phenomena of spontaneous emission, stimulated emission
and stimulated absorption in a two level system.
19. What is population inversion? How is it obtained in practical lasers?
20. What are Einstein’s A, B coefficients? Derive a relation between them.
21. What is an optical resonator? Discuss the role played by it in a laser system.
22. Derive threshold condition for laser action.
23. Draw a neat sketch of Ruby laser. With the help of a simple energy level diagram describe the
operation of a ruby laser.
24. Give the construction of a He-Ne laser. With the help of a simple energy level diagram, show how
population inversion is activated here.

