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PHYSICS — MDC
Paper : CC-7
(Nuclear and Particle Physics)
Full Marks : 75

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 : 3x5
(a) What is normal and anomalous Zeeman effect?
(b) What is space quantization? Explain with a suitable diagram.
(c) State the selection rule for pure rotational spectra.
(d) What do you mean by mirror nuclei? Give one example.
(e) What are the processes through which a y-ray of 1 KeV energy will interact with matter?
(f) Name all four fundamental interactions in particle physics.
(g) Define fission and fusion process.

(h) Write the quark content of n" meson and Q  baryon.
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Group - B
Answer any five questions.
In the Stern-Gerlach experiment, how many lines of spots are produced on the detecting screen

for an atom having total angular momentum quantum number J? Why is it necessary to use a
beam of neutral atoms instead of ions in this experiment?

In a Stern-Gerlach experiment, a beam of neutral nickel atoms splits into nine components.
Determine the total angular momentum quantum number of the nickel atom in its ground state.

Derive the expression for the rotational energy levels of a rigid diatomic molecule. Calculate the

rotational energy of a molecule in the state J =3, if the rotational constant B =2 cm™1.
(2+3)+2+(3+2)

For a two-electron atom with /; = 1 and /, = 3, determine the possible states in the L — S coupling

scheme. Find the magnetic dipole moment of an electron in the state 2D5 /2

Write the expression for the Landé g-factor of an atom. Write the spectral symbol of the term
with s =1/2, j = 5/2, and Landé g-factor = 6/7.

What is Raman Effect? (2+3)+(2+3)+2
Define mass defect. What is meant by the saturation property and short-range nature of nuclear
forces?

Assuming that nuclear matter is incompressible, justify that the radius (R) of a nucleus of mass
number ‘4’ can be expressed as R = ROAU 3, where R, is a constant.

The masses of the hydrogen atom and neutron are 1.008142 u and 1.008982 u respectively. Calculate
the binding energy per nucleon of the 016 nucleus. Given : Mass of 06 nucleus = 15.994915 u.

(2+4)+3+3
What do you mean by the binding energy of a nucleus?

Draw the curve of binding energy per nucleon versus mass number. What do the peaks on the
curve at lower mass number signify?

Calculate the coulomb energy term of ¢,U?3 nucleus. 2+(3+3)+4

What is mean by the ‘range’ of a-particles? On which factors does this range depend?
State the Geiger-Nuttall law for a-decay of radioactive nuclei.
Define the end-point energy in B-decay.

A nucleus emits an a-particle followed by two B-particles. Show that the final nucleus is an
isotope of the original nucleus. (2+3)+2+2+3
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What are ‘strange particles’? Why are they called ‘strange’?

Using the baryon numbers and the strangeness numbers, find whether the following reactions are
allowed :

@ 7 +pt > A+k°
i n +p" >A°+n°.
What do you mean by charge, average charge, and hyper-charge of a particle?

What are the exchange particles of electro-magnetic and strong interaction? 3+(2+2)+3+2

What is a cyclotron? Explain its principle briefly.

Calculate the maximum kinetic energy of protons accelerated by a cyclotron with a magnetic field
of 2T and a radius of each dee 1.5 m.

(Given : charge of proton = 1.6x10719C, mass of proton = 1.67x10-27kg)

Define the half-life of a radioactive nuclide. How long does it take for 60% of a sample of Radon
to decay? (Given : half-life of Radon = 3.825 days).

Name any one accelerator facility available in India. (2+3)+2+(2+2)+1

Describe the protén-proton (p — p) chain reactions responsible for energy production in stars.

Write the differences between the proton-proton (p —p) chain and the CNO cycle for stellar
energy production.

In an electron LINAC, electrons are accelerated to 30 GeV.
() What is the difference between the electron’s speed and the speed of light?
(i) What would be the kinetic energy of a proton moving at the same speed?

(Given : mass of electron = 9.1x1073! kg and mass of proton = 1.67x1027 kg).
5+3+(2+2)
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