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Instructions to the candidates:

1) Question No. 1 is compulsory, attempt any four questions from the remaining.
2) Draw neat figures wherever necessary.
3) Figures to the right indicate full marks.
4) Use of logarithmic tables and pocket calculators is allowed.
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Q1) Attempt any four of the following :

a) For energy filters in the mass spectrometers, show that: ,
2d

neVR
m

2
1 o2 =v

where symbols carry usual meanings. [4]
b) Calculate the half value thickness for β absorption in aluminium for β

spectrum with E
max

 = 1.17 MeV
Given: Density of aluminium = 2700 kg/m3. [4]

c) In a Bainbridge and Jordan mass spectrometer singly ionised atoms of
Ne - 20 pass into the deflection chamber with a velocity of 105 m/s. If
they are deflected by a magnetic field of flux density 0.08 tesla, calculate
the radius of their path and where neon-22 ions would fall if they had
the same initial velocity. [Given : m

p
 = 1.67 × 10–27 kg]. [4]

d) Determine K∞ for the homogeneous, natural uranium heavy water
moderated assembly containing 50 molecules of moderator per
molecule of uranium. Assume natural uranium to contain one part of
U236 to 139 parts of U238.
Given : σ

a
(U) = 7.68 barn, σ

s
(U) = 8.3 barn for D

2
O, σ

a
 = 0.00092

barn, σ
s
 = 10.6 barn and  = 0.570. [4]

e) Estimate the distance of closest approach of a 2 MeV proton to a gold
nucleus. How does this distance compare with those for a deuteron
and an α-particle of the same energy.

Given : Z for gold nucleus = 79, e = 1.6 × 10–19 C 
229

o

c/m-N109
4

1 ×=
∈ .

[4]
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f) Calculate the maximum energy of the compton recoil electrons resulting

from the absorption in Aluminium of 2.19 MeV γ-rays.

Given : m0 = 9.109 × 10–31 kg. [4]

Q2) a) Explain the concept of quadrupole moment and derive an expression

for the same and show that it is zero for spherical distribution of charges.

[8]

b) With the help of partial wave analysis for low energy n-p scatlering

show that : 20
4

k

πσ =  sin2 δ 0

Where symbols have usual meanings. [8]

Q3) a) Explain the working of proportional counter. State its advantages and

applications. [8]
b) For p-p scattering at low energies, derive an expression for differential

cross-section in laboratory system. [8]

Q4) a) Draw a diagram of the electron synchrotron accelrator. State its working

principle and action. Explain how maximum energy of the electron

depends on the radius of orbit. [8]
b) What is a straggling? Derive the formula for straggling when a charged

particle is moving through the matter. [8]

Q5) a) Describe the working of the Bainbridge and Jordon mass spectrograph.

What are its advantages and limitations. [8]
b) Explain important features of Gamow’s theory of α-decay. [8]

Q6) a) Derive Bethe’s formula for ‘stopping power’ of  charged particles

moving through the matter. Write the expression for relativistic effects.

[8]
b) Verify the following reaction and state whether it is allowed or for

bidden on the basis of laws of conservation of strangeness, baryon

number and charge : π+ + p → ∧° + k°. [4]
c) Explain the concept of iso-spin associated with elementary particle. [4]
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Q7) a) Write a note on : Graphite-Moderated Research Reactor. [4]
b) Define and explain the term effective range. [4]
c) Explain weak and strong interactions with suitable examples with

reference to elementary particles. [4]

d) Discuss in brief production and properties of pion. [4]
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