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2021
PHYSICS — GENERAL

Paper : DSE-B-2
(Nuclear and Particle Physics)

Full Marks : 65
Candidates are required to give their answers in their own words

as far as practicable.
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[English Version]
The figures in the margin indicate full marks.

Group - A

1. Answer any five questions in brief : 2×5

(a) Define mass defect.

(b) What are the nuclear magic numbers? Why are these numbers called magic numbers?

(c) The half life of a unstable nucleus is . What fraction of the original nucleus will be decayed in time
2?

(d) Determine the unknown particle,  in reaction 18O8 (2H1, p).

(e) Write down the Geiger–Nuttal law for -decay by radioactive nuclei.

(f) Name the accelerator that works on the principle of electromagnetic induction.

(g) What is the isospin and strangeness of  baryon?

Group - B
Answer any three questions.

2. (a) Draw the binding energy per nucleon versus the mass number curve. 5

(b) What do the peaks on the curve at lower mass number signify? 5

(c) What do you mean by mirror nuclei? Give one example. 1+2+2

3. (a) Calculate Q value (in MeV) of the following -decay :
208Po84  204Pb82 + 

(b) A nucleus emits an -particle followed by two -particles. Show that the final nucleus is an isotope
of the original one. 3+2

4. Write the condition for cyclotron resonance. Hence derive the expression for cyclotron resonance
frequency. 2+3

5. (a) Explain the working principle of photo-multiplier tube (PMT).

(b) A PMT contains 10 dynodes, each having an amplification factor 5. What is the overall gain of the
secondary electrons in the PMT? 3+2

6. (a) What do you mean by quarks? How many possible quarks are there? List them.

(b) Write quark composition of

(i) Proton   (ii)  –  (iii) +   (iv)  – (2+1)+2
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Group - C
Answer any four questions.

7. (a) Mention two evidences in support of shell structure in nucleus.

(b) Write down the properties of nuclear force.

(c) Calculate the binding energy of 15N7. Given M(15N7) = 15·000109u, M(1H1)=1.007825,
Mn = 1.008665u. Hence find the binding energy of 1 gm of 15N7. 2+3+5

8. (a) Find the spin and parity of 4He2.

(b) Uranium - 238 emits -particles of kinetic energy 4·27 MeV. Determine the -disintegration energy
of Uranium - 238.

(c) Write down the basic features of weak interaction. Give an example of weak interaction.
2+4+(3+1)

9. (a) Give an example of a nucleus that shows -decay.

(b) Do the electrons come out with the same energy from every such nucleus?

(c) Explain clearly what is the energy conservation problem in -decay phenomenon.

(d) How was it solved? 1+1+4+4

10. (a) Explain the working of linear accelerator. Hence show that the length of the nth drift tube in LINAC

is proportional to n .

(b) What are the disadvantages of LINAC?

(c) Where in India accelerator facilities are available? (4+2)+2+2

11. (a) Define ‘dead time’ and ‘recovery time’ of GM counter.

(b) A GM counter has a dead time of 400 s. What are the true counting rates when the observed rates
are 1000 per minute?

(c) What are the main advantages of scintillation counter over GM counter. (2+2)+3+3

12. (a) Explain compound nuclear reaction with example.

(b) Define nuclear cross-section.

(c) Determine whether the reaction K– + p  º + Kº is allowed.

by conservation of charge and spin.

(d) A particle  decays as º 
     . Determine whether  is boson on fermion. 4+2+2+2


