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- Time : 3 hours

The figures in the margin indicate full marks
for the questions

SECTION—A

Answer any fifteen of the following questions :
1x15=15

1. What is the difference between precision and
accuracy of measurement?

2. What do you mean by alternating current?

3. How do you connect a voltmeter in an
electrical circuit?
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10.

11.

12.

13.

14.

(2)

What do you mean by resolution of a
measurement?

Mention one process by which the range of
electronic voltmeter can be extended.

What is the main circuit element of an
amplifier? :

What do you mean by efficiency of a rectifier
circuit?

What is the full form of CRT in a cathode-ray
oscilloscope?

What is an electron gun?

Write one advantage of digital storage
oscilloscope over CRO.

What is a signal generator?
Define impedance of an LCR circuit.
What do you mean by Q-value?

What is the phase difference between current
and voltage at electrical resonance?

22J/989 ( Continued )

(3)

15. What is DC offset in a function generator?

16. What is the use of distortion factor meter?
17. Give an example of digital instrument.
18. What makes an instrument analog?

19. What is the use of a frequency counter?

20. What do you mean by resolution of a
multimeter?

SECTION—B

Answer any five of the following questions : 2x5=10

21. Explain loading effect with a suitable
example.

22. What are the basic specifications of a
multimeter?

23. Draw the Dblock diagram of a.c.
millivoltmeter.

24. What are the basic specifications of an
electronic voltmeter?
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25.

26.

27.

28.

29.

30.

Answer any five of the following questions :

31. Describe the principles of measurements of
d.c. voltage and d.c. current with the help of
a multimeter.

32. Explain the various types of errors in
measurements.

33. Explain with block diagram, the principles
of voltage measurement by a electronic
voltmeter.

22J/989 ( Continued )

(4)
Draw the block diagram of a digital storage
oscilloscope.

Explain electrostatic focussing in CRT.

Write the difference between a function
generator and a signal generator.

Explain the working principle of a Q-meter.

What is the difference between analog and
digital instruments?

Draw the block diagram of a digital
multimeter.

SECTION—C

5x5=25

34.

35.

36.

37.

38.

39.

40.

22J—200/989

(5)

Describe the working of rectifier-amplifier
type AC millivoltmeter.

Briefly explain the use of CRO for- the
measurement of d.c. voltage and a.c.
frequency.

Discuss the special features of dual trace
CRO.

Draw a labelled block diagram of a signal
generator and state its function.

Explain the working principle of a digital
LCR bridge.

Discuss the working principle of time interval
and period measurement using universal

counter.

State the characteristics and working of a
digital voltmeter.
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SECTION—A

Answer any twenty of the following as directed :
1x20=20

1. Define centre of mass of a system of
particles.

2. Can the centre of mass coincide with centre
of gravity?

3. What do you mean by constrained motion?
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10.

11.

12.

13.

22J/906

(2)

How much is the degree of freedom for
N particles in free space?

Whether nuclear force is a central force
or not?

Both Newton’s equations and Lagrange’s
equations are valid only in inertial frames.

( Write True or False )

Can you define a Lagrangian uniquely?
What are generalized coordinates?

What is the importance of principle of virtual
work?

Define virtual displacement.
Define canonical momenta.
Can you define Hamiltonian uniquely?

When does Hamiltonian equal to total
energy of a system?

( Continued )

14.

15.

16.

17.

18.

19.

20.

21.

22J/906

(3)

What is the order of Hamilton’s equation of
motion?

-
If one represents a central force as F = F(r)r,

then the force is attractive, if

{a) F(r)<O
(b) F(r)>0
() F(r)=0

(d) None of the above
( Choose the correct answer )

What do you mean by small oscillations?

Do small oscillations occur both in
microscopic and macroscopic world?

What do you mean by state of equilibrium?
Give an example of metastable equilibrium.
What is secular equation? .

What is Reynolds number?

{ Turn Over )
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22.

23.

24.

25.

Answer any five of the following questions :

(4)

Define viscosity of a fluid.

What do you mean by vortices in connection
to fluid motion?

What is the kinetic origin of viscosity?

Viscosity is a property of
(a) solids only v

(b) liquids only

{c) solids and liquids

(d) liquids and gas

( Choose the correct answer )

SECTION—B

26. Show that the centre of mass of a body is a
fixed point whatever be the coordinate
system used.

27. Prove that the aerial velocity of the radius
vector of a particle under a central force is
constant.

22J/906

2x5=10

( Continued )

28.

29.

30.

31.

32.

33.

34.

35.

22J/906

(5)

Check whether the constraint given by the
following equation is holonomic :

xdx+ydy+ zdz-c?tdt=0

Prove that if Lagrangian of a conservative
system does not contain time explicitly, then
the total energy is conserved.

A particle moves in a circular orbit about the

origin under the action of a central force

—>

K .
F=-—r
r3

If potential energy is O at infinity, find its
total energy.

Explain basic difference between Lagrangian
and Hamiltonian formulations in mechanics.

Define static and dynamic equilibrium.

Explain the difference between static and
stable equilibrium citing one example.

Briefly compare the viscous properties of a
liquid and a gas.

Explain the importance of Reynolds number.

( Turn Over )
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(6) (7)
SECTION—C 38. (a) State Hamilton’s principle. 2
Answer any five of the following questions : 8x5=40 (b) Given
36. (a) Find the expression of acceleration of L=leat (%2 - p%x?)
centre of mass of a two-particle system. 5 2

where p is a constant. Using Lagrange’s
(b) Three particles of masses 50 g, 100 g equation, prove that

and 15 g are placed at the vertices of an . 2
equilateral triangle of side 1 m. Find the X+ax+p x=0 6
coordinate of centre of mass. 3
39. (a) Find the equation of motion of a simple
pendulum using Lagrange’s equation.
37. (a) Show that central force is a conservative Also find its time period. 3+2=5
force. 3

(b) Write down the Lagrangian equation if

(p) In an attractive inverse square central the Lagrangian has the form

f‘leld, the equation of motion of a particle ) = —,/1 -42. 3
is
>_ [k 7 40. (a) Prove that total energy of a particle of
p= 2|7 mass m acted upon by a central force is
N given by
Show that the angular momentum (L) is 2 2
L*| 2 (du
conserved and E=——|u”+—>| |+V()
2m
> 2 d(7
pXxL = mk—d-E(?) where V(r) is the potential energy, L is
the angular momentum, (r, 6) is the polar
where m is the mass. : 2+3=5 coordinate of the particle and u = % ;
22J/906 Continued
/ ( ‘ 22J/906 ( Turn Over )
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(8)

(b) Prove that

dH _oH
dt ot
where H is the Hamiltonian function. 3

41. (a) Given the Lagrangian
L= %m(r'z +7r262)_v(r)

Find the Hamiltonian and hence the
equations of motion. 4

{b) Deduce Hamilton’s equations of motion. 4

42. (a) Explain the following terms : 3
Normal frequency and Normal mode

() Discuss the stability of a simple
pendulum and show that it can oscillate
about the position of its stable

equilibrium. 5

43. (a) Find the normal frequencies and normal
coordinates for the Lagrangian given by

2

L= 2062 +%) S lox® +0ay%) -axy

22J/906 ( Continued )

(b)
44. (a)
- (b)

* 45. (a)

(b)

(9)

A particle moves in a potential energy
given by

Vix)= bx? +i; a b>0
2
x
Find its frequency of oscillation. 3

Define pressure in a fluid. What is the
unit of pressure? Write few properties of
pressure in a fluid. 1+1+2=4

Show that the pressure at a depth hin a
fluid is equal to the pressure outside the
fluid plus the fluid pressure. 4

Explain laminar and turbulent flow of
fluids in detail. Give examples too. 4

A water hose with a radius of 1 cm is
used to fill a 20 litre bucket. If it takes
1 min to fill the bucket, what is the
speed at which the water leaves the

hose? (1 litre = 103 cm?3) 4

* Kk
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Candidates have to answer etther from
Option—A or Option—B

_ OPTION—A
Course No. : PHSDSE-S502T (A)

( Nuclear and Particle Physics )

SECTION—A

Answer any twenty of the following as directed :
1x20=20
1. The size of the nucleus is estimated to be of
the order of
{a) few picometer
(b) few femtometer
() few nanometer

(d) few micrometer
( Choose the correct answer )
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2. Define packing fraction of a nucleus.

3. Which parameter describes the deviation of
charge distribution of a nucleus from

spherical symmetry?

4. What will be the ratio of the radii of two
nuclei of mass numbers A; and A,?

S. Define binding energy of a nucleus.

6. The nuclear shell model can explain the
process of nuclear fission.

( State True or False )

7. On what factors does the stability of ga
nucleus depend?

8. Nuclear force is
(a) spin independent
(b) charge dependent
(c) spin dependent but charge independent
(d) both charge and spin independent

( Choose the correct answer )

22J/907 ( Continued )

(3)

9. Name doubly magic nuclei.

10. What do you mean by saturation property of
nuclear force?

11. Emission of p-rays in radioactive decay
results in the change of either mass or

charge.
( State True or False )
12. Particles that are helium nuclei are called

(a) alpha particle
(b) beta particle
(c) god particle
(d) gamma particle

( Choose the correct answer )

13. How is p-particle different from o-particle?

14. Radioactivity is
(a) spontaneous
(b) self-disintegration process
(c) irreversible process

(d) All of the above

( Choose the correct answer )
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15.

16.

17.

18.

19.

20.

21.

22.

22J/907

(4)

Define exoergic reaction.
What is Compton shift?

Compton effect can be explained on the basis
of corpuscular nature of light.

( State True or False )

The work function ¢ of a material in g
photoelectric effect

(a) is different for different materials

(b) is same for all materials

(c) depends upon the frequency of incident
light

(d) depends upon the intensity of incident
light

( Choose the correct answer )

What are the processes by which y-radiation
loses energy on passing through matter?

What is the minimum energy required for
pair production to occur?

What do you mean by elementary particle?

Why are elementary particles considered to
be fundamental?

( Continued )

23.

285.

(5)

What are strange particles?

What is the s value of hadrons which is not
strange?

What are the electric charges of up and down
quark?

SECTION—B

Answer any ﬁve' of the following questions : 2x5=10

26.

27.

28.

29.

30.

31.

22J/907

What are isotopes? Name different isotopes of
hydrogen.

Calculate the mass number of a nucleus
whose radius is 4.8x10" 5 m.

What are the usefulness and limitations of
liquid drop model of nucleus?

What is the basic point of difference between
liquid drop model and shell model of

nucleus?

What do you mean by range of an a-particle?
How is it related to energy?

Briefly explain the process of internal
conversion. :

{ Turn Over )
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32.

33.

34.

35.

Answer any five of the following questions :

36.

317.

22J/907

(6)

The stopping potential for a photoelectric
emission process is 10 V. Find the maximum

kinetic energy of the emitted electrons in

joule.
What is Cerenkov radiation?

What are leptons? How many leptons are
there?

Write a short note on time reversal.

SECTION—C

(a) What is the shape of a nucleus if its
electrical quadrupole moment is zero?
In which unit nuclear magnetic moment
is measured? What are the measured
values of magnetic moments of proton
and neutron?

(b) Explain the term nuclear spin in detail.

(a) What do you mean by mass defect of a
nucleus? With necessary diagram,
discuss how binding energy per nucleon
varies with mass number for light,

medium and heavy nuclei. 1+4=5

() Why do stable medium nuclei contain
excess neutrons?

8x5=40

1+1+2=4

( Continued )

38.

39.

40.

41.

42.

22J/907

(@)

(b)

(a)

(b)

(a)

(b)

(a)

()

(a)

(7)

State the main assumptions of the
nuclear shell model. What are the
evidences in favour of shell model? 3+3=6

Mention two limitations of shell model of
nucleus. 2

What are the properties of nuclear

force? 3
Discuss meson theory of nuclear force
in detail. S
Write four properties of a-particle.
Explain a-ray spectra in detail. 2+4=6
Explain Geiger-Nuttall law. 2
Discuss the apparent non-conservation

of energy and momentum in f-decay.
Explain how the neutrino hypothesis

restores the conservation laws. 24+4=6
Name various physical quantities that
remain conserved in a nuclear reaction. 2

Explain photoelectric effect. What are
the pertinent experimental observations
of photoelectric effect? 2+3=5

( Turn Over )
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( 8) (9)

(b) In an experiment, tungsten cathode OPTION—B
which has a threshold wavelength Course No. : PHSDSE-502T (B)
2300 A is irradiated by ultraviolet light ( Advance Mathematical Physics )
of wavelength 1800 A. Calculate the
maximum energy of the emitted photo- : SECTION—A
electrons. 3

Answer any twenty of the following as directed :

1x20=20
43. (a) Prove that it is not possible for a photon

to transfer its entire energy to the recoil

i . e binary operation.
(b) Discuss the theory of betatron and . . .
obtain the betatron condition. 5 2. Explain the term basis’.
. ism?
44. (@) What do you mean by quarks? How 3. What do you mean by isomorphism

many possible quarks are there? Give
the charge and quantum number

4. What is linear independence of vectors?
associated with each quark. 1+1+2=4
(b) How do the quarks combine to form .. .
i sformation is said to be

baryons and mesons? Discuss citing an 5. When. a hlnezr tran

example in each case. 2+2=4 non-singuliar

45. (a) Check whether the following reaction is 6. Define trace of a square matrix.
allowed : 2

II™ + P 5 A°+1T° 7. What is the relation between trace and

(b) Write short notes on standard mode] eigenvalues of a matrix?
and CPT theorem. 3+3=6

8. Give an example of 2 X2 unitary matrix.
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10.

11.

12.

13.

14.

15.

16.

17.

22J/907

( 10 )

A real orthogonal matrix is a unitary matrix.
( Write True or False )

How is determinant of a matrix related to its
eigenvalues?

Identity element of a group is unique.

( Write True or False )
Define coset.
Explain the term ‘proper subgroup’.
Give an example of an Abelian group.

All Abelian groups are cyclic groups.
( Write True or False )

Give an example of rank-2 antisymmetric
tensor.

State True or False :

V Sﬁ =dimension

( Continued )

18.

19.

20.

21.

22.

23.

24.

25.

22J/907

(11 .)
Define rank of a tensor.
Define covariant vector.
Define contravariant vector.

Metric tensor can be used to raise or lower

an index.
( Write True or False )

Contraction reduces rank.
( Write True or False )

Write down transformation law of metric
tensor g,,.

Number of independent components of g, in
flat space-time is .
( Fill in the blank )

State True or False :
guvgvl. = 8;'.
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(12 ) (13 )

SECTION—B 34. Find metric tensor for Minkowski space-time.

Answer any five of the following questions : 2x5=10

35. Show that metric tensor and its inverse have

26. Explain the term ‘equivalence relation’. same component values for Minkowski

space-time.
27. Give definition of field.
SECTION—C
28. What do you mean by similarity 1 Answer any five of the following questions : 8x5=40
transformation? :
" 86. (a) Show that the vectors
- - ~ -> _ - _ -~ -> _ ~
29. Show that similarity transformation does not ! X={(+)/V2, Y=(-)/V2 and Z =k
change the value of determinant. are linearly independent in R3. 4

(b} Let F is a relation on the set R of real

| 30. Define group. numbers defined by xFy, if and only if,
(x -y is an integer. Prove that F is an

equivalent relation on R. 4
31. What do you mean by normal subgroup?

37. (a) Prove that the set of real numbers R

32. Explain Einstein’s summation conversion 7 together with regular addition (+) and
with an example. multiplication (x) is a field. 4
(b) Show that the vectors
33. Find number of independent components of W=0124), V, =2-152),
FW_ if it is an antisymmetric tensor in four- V3 =(,-1-40), V4 =2116)
dimension. : are linearly dependent in R, 4

22J/907 ( Continued ) 22J/907 ( Turn Over )
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( 14 )
38. State and prove Cayley-Hamilton theorem. 8
39. Solve
X _
dt
X 11
where X=( 1]and A=( ) 8
Xq 4 1
40. State and prove Lagrange’s theorem for finite
groups. Prove that the group of order two is
always cyclic. 6+2=8
41. Prove that the set G={,-Li~-1i forms a
group under ordinary multiplications. Find
all the subgroups of it with the help of
Lagrange’s theorem. 5+3=8
42. (a) Show that any rank-2 tensor can be
uniquely written as sum of symmetric
and antisymmetric rank-2 tensors. 4
(b) S}}ow that Sikeiﬂc =0. 4
43. (a) Prove that FWAB, =0 for any anti-
symmetric tensor F¥ and vectors A,
and B,,. 4
(p) Write a short note on Levi-Civita
symbol. 4
22J/907 ( Continued )

- e o

(15 )

44. (a) Find metric tensor in spherical polar
coordinate.

(b) Hence find inverse of it.

45. (a) If Ay, Bg and C“ﬁ'y are tensors, then

show that A, Bg C“By is a vector.

(b) State .and explain quotient law of

tensors.
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