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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

(a)
(b)
(©)
(d)
(e)
®
(8

(b

What are the nuclear magic numbers? Why are these numbers called ‘magic’ numbers?
Define mass difference.

Define nuclear reaction cross-section.

Name the accelerator that works on the principle of electro-magnetic induction.

What do you mean by “dead time” of a G.M. Counter?

What is the value of iso-spin number of nucleons?

What is the value of strangeness number of Q baryon?

Group -B

Answer any three questions.

(a) Draw the binding energy per nucleon vs. the mass number curve.

(b) Explain why the binding energy decreases for lower and higher mass number of nuclei. 2+3

(a) Write the conditions for cyclotron resonance.

(b) Hence derive the expression for cyclotron frequency. 2+3
. Describe the construction and working of a semi-conductor detector with proper schematic diagram.

What is its limitations? 4+1

(a) What do you mean by exothermic and endothermic nuclear reaction?

A nucleus emits an a-particle followed by two B-particles. Show that the final nucleus is an isotope
of the original nucleus. 3+2

Explain why the following processes are not allowed.

(2)
(b)
(c)
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Group - C
Answer any four questions.

Calculate the binding energy per nucleon for 2He4.
(Mass of ,He* = 4.0026u, mass of p = 1.0078u, mass of » = 1.0087u)

Write down the characteristics of nuclear forces.

Show that energy equivalent of 1u (or 1 amu) is approximately 931 MeV.

Considering nucleus as uniform sphere, establish the relation between nuclear radius (R) and its
mass no. (A). 2+3+3+2
Explain Bohr’s compound nuclear hypothesis with example.

Sketch the N — Z plot, where N is the neutron number and Z is the proton number. Briefly explain
the nature of the plot.

Determine the atomic no. and mass no. of the daughter nucleus formed in o decay of 238Uj,.
4+3+3

Give an example of a nucleus that shows B-decay.

Explain clearly what is the energy conservation and angular momentum conservation problems in
the B-decay phenomena.

How was it solved? 1+5+4

A cyclotron has maximum radius 0.4 m and it operates in a magnetic field of 1.2 T.
Find : (i) the frequency of applied voltage.
(i) maximum kinetic energy if it is used to accelerate protons.

Describe qualitatively all the process occurs when y-rays passes through the matter.  (3+3)+4

What is phosphor?

A G.M. counter has a ‘dead time’ of 300 ps. What is the true counting rate when observed rate
is 1000 per minute?

What do you mean by range of a-particle? Write down the Geiger-Nuttal law for radioactive decay
of nuclei. 2+3+(2+3)
Write down Gellmann-Nishijima formula. A particle has a charge Q = 1, Baryon no. B = 0 and
strangeness S = 1. Find the Z-component of Isospin (/5) and identify the particle.

What do you mean by hyper-charge of a particle?

Write the quark composition of the particle
@) proton (i) n* (iii) A° (iv) E° (1+3)+2+4



