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PHYSICS

(Regular Elective)
Answer the Questions from any one Option.

OPTION-A

( Communication Electronics f
Paper : PHY-RE-6016

Full Marks : 60

Time : Three hours

OPTION-B

(Digital Signal Processing) ̂
Paper : PHY-RE-6026

Full Marks : 60

Time : Three hours

OPTION-C
(Advanced Mathematical Physics-U)

Paper : PHY-RE>-6036
Full Marks : 80 '

Time : Three hours

.  OPTION-D

(Astronomy and Astrophysics)
Paper : PHY-RE-6046

Full Marks : 80 .
Time : Three hours

OPTION ̂  E

^  ( Classical Dynamics)
Paper : .PHY-RE>-6056 .

Full Marks : 80
Time : Three hours

The figures in the margin indicate
full marks for the questions.

Answer either in English or in Assamese.

Contd.



OPtlON-A

( Communication Electronics )

Paper : PHY-RE-6016 ,

1. Answer the following questions :

.  1x7=7

(a) Write the full form of TRAI. *

TRAI ̂ I

(b) How many side bands exists in

Amplitude modulation?

-!#

(a) Write the full form of BPSK.

BPSK?'St'#! ispiT I

(d) What is Geo-stationaiy orbit ?

1% ?

(e) Write the expression for bandwidth of

frequency modulated spectrum.

*lf5!?t«R 2Wt ̂  pptt I
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(f) ■ Write the full form of SIM.

SIM ̂  "Bisijigt 51^4^ 1§piti

(g) What is IMEI number of a mobile

phone? -

Csn^tl^ IMEI 1% ?

•2. Answer the following questions : "2x4=8

(a) Give the concept of Noise.

%ri

(b) Draw a block diagram of a
communication system.

<0^ ^

(c) What do you mean by 2G and 3G in
mobile communication ? What are the

ranges of frequency ?

csrRftci (?n^io<iW 2G sg ^
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(d) A 100MHz carrier wave is frequency

modulated by a lOkHz sinusoidal

modulating signal. If the maximum

frequency deviation is 5dkHz, find the

.  modulation index.

lOOMHz lOkHz

(maximum deviation) 50 kHz,

■straw •SIR

3. Answer any three of the following :
5><3=15

%^/W/ fePHfl-l ^ ̂  S

(a) Write about the electromagnetic
spectrum. Which part of the -
electromagnetic spectrum is used for
electronic communication system?

3+2=5

5^^
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(b) Write the advantages and disadvantages

of frequency modulation in comparison

to Amplitude modulation.

^

(c) Give the idea about phase modulation.

^55^^ 1w5i I

(d) Write a short note on GPS.

GPSR^cemfNTl

(e) An AM broadcast station transmits

lOfcW of carrier power. If the

modulation index is 0*7, find the power

in each side band and the total

transmitted power.

lOfcW

TJ(513r|5R ̂  I ̂  -snigt 0
^  ̂5}^ >511^
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4. Answer the following questions :

(a) Draw a circuit diagram of an Amplitude

modulator. Explain about the

generation of amplitude modulated

wave. 3+7=10

v£l^ I <Ppl\s

Or/

What do you mean by multiplexing ?

Write short notes on TDM and- FDM.

2+4+4=10

? TDM ̂  FDM ̂ ̂  csm

fpitr

(b) Draw a simple block diagram of a digital

communication system. Explain the

function of each block. 2+8=10

^ I ^ ̂ ̂  I
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Or /

What are the essential sections

of a satellite communication system?
Mention the advantages and

' disadvantages of satellite
communication. 5+5=10

1% ?

,^l

(c) What do you mean by mobile
communication ? Explain the
architecture of mo.bile communication
network. 2+8=10

csTRil^ ^ t%? cmi^

Or / ̂rtw

Write short notes on FSK and PSK.

5+5=10

FSK ̂  PSK^ ̂  #n«lT I
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OPTION-B

( Digital Signal Processing)

Paper : PHY-RE-6.026

1. Give short answer of the following questions :
1x7=7

(a) What is the power of a energy signal ?

'(b) . What is the result of convolution of two,
equal length rectangles?

(c) Fill in the blank :

The LTI systems are always considered
with respect to die .

(d) If the DTFT t{co) is a complex function
of G)y then write down its expression.

(e) What is the basic concept of FIR filter ?

(f) Mention whether the statement is true
or false :

A signal is not said to be periodic if

(t) = x(t + T), where T is the
fundamental time period.

(g) Write down the name of two types of
digital filter.
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2. Briefly answer the following questions :
2x4=8

(a) Define IIR filter.

(b) What do you mean, by DTFT ?

(c) Write down tifo basic characteristics of
FIR filter.

i

(d) Write down two hsisic characteristics of
infinite impulse response (IIR).

3. Answer any three of the following
questions: 5x3=15

(a) Define static , and dynamic system. If
y{t) = 2x(t)+3x{t - 3), here x(f) is input
y(t) is output signal for present value
of t= 0, show that system is dynamic.

(b) State and explain linear property and
time shifting property of Z-transform.

(c) Define Inverse Discrete Time Fourier
Transform (IDTFT), fmd the IDTFT of

x(a)) where x{co) = for -;r<co<k.
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(d) Discuss addition and subtraction of

amplitude .of • signal with .proper
examples.

(e) Discuss continuous and discrete

convolution. ■

(f) Define FFT and DFT briefly.

4. Answer ani^ three of the following.
questions: 10x3=30

(a) Define convolution of system. Discuss
about shifting and scaling property of
LTI system. U x(t), y(t) and h(t) is the
input, output and impulse signal of LTI
system then express the differentiation

of output. 2+4+4=10

(b) What do you mean by IIR filter ? What
is the basic technique of transforming
IIR digital filter from analog filter?
Mention the three basic classification

of transformation of analog to digital
IIR filter. Describe in short the bilinear.
Z-transform. 2+2+3+3=10
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(c) What do you mean by signal ? Describe
briefly about two types of basic signal.
What are the differences between

analog and digital signal ? Write the
relation between signal and system.

1+4+3+2=10

(d) Establish a relation between
trigonometric and exponential Fourier
series^

(e) Describe in brief about ROC of LTI
system. Write down" its properties
briefly. 4+6=10

(f). Write short notes on : ' 5+5=10

(i) . Sampling and .

(ii) Quantization
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OPTION-C

(Advanced Mathematical Physics-JI)

Paper : PHY-RE-6036

1. Answer the following questions :

Ixl0=l0

(a) What is functional ?

1%?

(b) The degrees of freedom for two masses
joined by a ,rigid rod are

"SJl^

' (i). 3
(ii) 2

(in) 6

(iv) 5 ^

(c) What are canonical pair of variables ?

1% ?

(d) Is the relation R "jc as a divisor of y"
symmetric ?
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(e) If A = {a, b, c} and B= {I m, n} are two
sets, form a one-one onto mapping.

^  "5JiwJt<P 1

(ft Fill in the blank :

iifl; ^ %

In a Poisson disrtbution
2P(x= 1) = P(x = 2), then standard
deviation is

2P (x= 1) = P(^= 2),

.....I

(g) The order of (-i)' in the multipUcative
group G= {1. -1, i- i} is equal to

(-i)^

(i) 1

fii; 4

(Hi) -4

(iv) -1
I
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(h) How many generators are there in a

.  cyclic group ?

(i) What is Scleronomic constraint ?

(i) Write the formula for P{B\A) where A,
B are two events in a sample space.

P(B I A) A B

2. Answer the following questions : 2x5=10

^5^ fi?IT S

(a) Distinguish between Lagrangian and

Hamiltonian formalisms.

vSjT^ ^pSfvs
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(b) Identify the type of constraint for a body
on a inclined plane . and write the
equation of constraint.

(c) Write the product of cycles (1 2 3) and
(45).

^ (i 2 3) ̂  (4 5) ̂<=1^ I

(d) Show that the set S of all integers does
not form a group under the operation

defined as x*y = x-y V x, y & S .

(71 S (SllTI

x*y = x-y'^ x,yeS

fej Define a group. When a group is said
toabelian?

I  C<pR)iif
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3. Answer any four of the following questions:

5x4=20

•  (a) The kinetic energy of a particle of mass

m moving in a force field of potential V

• is given by T* in spherical co-ordinates

(r, 9, ̂ ). Find the appropriate

Hamiltonian of the system.

•  V <ieiC^v£|VS ^ m ̂5^.

Wm\\

7b; Define Lagrange bracket of two

• variables. Show that it is invariant

under canonical transformation.

2+3=5

^  -jlp^ I

^^fi<lIvovo I
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(c) (i) Define Bernoulli trials with

example.

■pptti "

(ii) Determine which- of the following
is not a probability density
function :

Ri]lRc11<M >l^jRvot

1. 36' [5, ID]
r  ' • .

2. /(x)=;2sin2x, over (R^) [0, ;r/4]
2+1 V^=5

(d) An urn contains 5 black balls and 10
red balls. Two balls are drawn at
random, one after another without

replacement. What is the probability-
that the first ball selected is red if the

second ball is known to be red ?
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^ <pcii<iq

2lR)^f'5^ •S<p^1c<p ^ ̂\S|^

(e) (i) Using the following data :

2ITO ^ S

Value of X : 1 2 3 4 5

(X^'SfH)

Probability of/(x) :. 0-1 0-1 0-3 0-3 0-2
evaluate E{X^). 2

E(X2)^.'srR'^v81tl

(ii) Define the order of a group.

Prove that ̂ :G -^G such that

^(x) = 2x V a: 6 G is a
homomorphism of groups.

1+2=3

Wsm %m

^  : G -> G

<zJ(x) = 2x VxgG'^n^
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(f) Explain the principle of Least squares.
Mention one merit and one demerit of

it. .3+1+1=5

^ I 's1'^R)05N

4. Answer the following questions :
10x4=40

(a) (i) Discuss the motion of a one-

dimensional linear harmonic

oscillator in the Lagrangian
formalism.

Test for an extremum of the

functional

45^

J\yi^)]=jh^+y^-'2y^y']dx
•  0

^(0) = l, y{l)-2
.  4+6=10
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oRi^m

(i) The Lagrangian of a particle of
mass m moving in a plane is given
by

L = ̂mx^-axy

Find out canonical momentum

and Hamiltonian. • 2+2=4

L = ̂mpc'^-axy

Define partition of a set. . 2

Show that the set of Q of non-zero
rational numbers form a group
with respect to binary operation
of ordinary multiplication. 4

.  <PC^ I
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(b) (i) Write the physical significance of
Hamilton's equation. 2

Derive Lagrainge's equation from
Hamilton's principle. * 8

OR/ WMt

(i) If G is a group and a,h&G then
show that the equation ax= b has

a unique solution a'^ibeG. 5

^ G ^ ̂ a, h € G

ax = b

a'^beG.

Show that the right co-set of set S
of inverses of elements is a left
co-sfet. 5

^'sOTHRei1<P

^ %3 I
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(c) (i) What do you mean by reflexive

relation on a set? 1

fSff?

Examine if the set |i^ yj^ yP-1 is
Abelian finite group with respect

to multiplication. 4

{l, w, uP"}
^ (7# -5#^ ̂  I

Prove that the shortest distance

between any two points in a plane

is a straight line. 4

"^1

Examine if the set {1} is a group
with respect to addition. . 1

{1} C4t^fNl45 StfelK

^ (7f ̂ 1^ ^ I
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OR/

(i) What is variational principle ?
Derive Euler's equation using
variational principle. 2+8=10

^ n51?IcTR^ I

(d) What are Legendre transformation
equations ? Derive Hamilton's equations
using Legendre transformations.

2+8=10

1% ? Pic^7c5lil

QR /
o

Define random variables and give
example. Write down the expression for
Gaussian distribution function.

Find the mean and variance df Binomial.
distribution with parameter n, p.

1+1+2+2+4=10

felt I

fprt I Iw't? ri, p'Ril^
^1® fipw 5Pi<3^ I

3 |Scm-6/CBCS| PtIY RE 1/2/3/4/5/G 23 ' Contd.



OPTION-D

(Astronomy and Astrophysics)

Paper : PHY-RE-6046

1. . Give short answers to the following
questions: 1x10=10

(a) What is luminosity of a star ?

(b) Write the range of value of the Azimuth

of celestial objects.

(c) What are white dwarf stars?

(d) Which of the following features does

not pertain to a telescope ?

(i) Light-gathering

(ii) Magnification

^iii^ Dispersion

(iv) Resolution

(e) What are vemel equinox and the right

ascension (RA) ?

(f) Which class of the stars are found in

the disc of the Milky Way?
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(g), The sequence of classification of stars
is

(i) OAFBGKM

(n) OMABFGK

(ui) OBAFGKM

(iv) ABFGKMO

(h) What is Solar Corona ?

(i) Define active Galaxy.

(j) State the Cosmological principle.

2. Answer the following questions : ,

2x5=10

(a) Write the difference between sidereal
time and solar time.

(b) Calculate the ratio of Radiant fluxes
received from two stars. Whose

magnitudes differ hy 2*5?

(c) Calculate the resolving power of a
telescope having a diameter of 2•34 m,

when a radiation of wavelength 5500^
is detected.
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(d) Define parsec and calculate its value
in meter.

(e) Draw a schematic diagram of Milky Way
showing its different parts.

3. Answer any four of the following questions:

5x4=20

(a) What are apparent and abisolute

magnitude of a shining object ? Derive
a relation between them. 2+3=5

(b) Describe the sequence of reactions in
the carbon-nitrogen cycle for energy
production of a star.

(c) Explain the formation of neutron star

and its internal structure.

(d) With an appropriate diagram, explain
Hubble's classification of galaxies.

2+3=5

(e) Obtain the ratio of radii of two stars in

terms of their surface temperatures and

absolute magnitudes, using Stefan-
Boltzmann law of radiation.
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(f) ' Describe the Trigonometric Parallax
method used to determine the distance

of a star.

4. Answer any four of the following questions:
10x4=40

(a) What is Hertzsprung-Russell diagram ?
Write the common features of the stars

on the main sequence of H-R diagram.
Show that a heavy star stays in the
main sequence for a shorter period as
compared to that for a lighter star when

the Luminosity LocM®, where;Mis the
mass of star a>l. 2+3+5=10

(b) What is the . basis of spectral
classification of stars ? Enumerate the

special features of Harvard special
sequence. 4+5=10

(c) (i) What do you understand by
hydrostatic equilibrium in a star?
Derive the equation of hydrostatic
equilibrium of a star. 2+3=5

(ii) State Hubble's law and explain
how Rubble's constant indicateis

the age of the universe.
2+3=5
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(d) Write down the sequence of events
leading to the formation of a protostar.
Explain how a star is formed from a
protostar. 6+4=10

(e) Discuss qualitatively the different stages
in the evolution of a star.

(f) Establish the Virial theorem and find
the relationship between pressure and
gravitational binding energy.

6+4=10

(g) (i) Distinguish between refracting and
reflecting telescopes. What are the
advantages of reflecting telescope
over refracting telescope ?

2+3=5

(ii) What is light gathering power of a
telescope? Cpmpare the light-
gathering power of the 8 m
telescope jand 0-8m telescope.

2+3=5

(hj Write short notes on any two of the
following : 5x2=10

(i) ̂ Black holes

(ii) Kuiper belt

(Hi) Stellar magnitude scale

(iv) Millq^ Way
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OPTION-E

(Classical Dynamics)

Paper : PHY-RE-6056

1. Give short answer to the following questions:
1x10=10

(a) What is Lagrangian of a system ?

(b) Write the type of constraint which
depends on time.

(c) If the magnetic field increases, the gyro
^ radius or the Larmor radius of a

charged particle
(Fill in the blank)

(d) Write the general expression- of
Hamiltonian (H) of a system in terms
of Lagran^an (L).

(e) If the Lagrangian (L) of a system does
not depend on time (t), the Hamiltonian
becomes

(Fill in the blank)

(f) What is stable equilibrium?

(g) What do you understand by normal
mode ?
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(h) What is space-time interval ?

(i) What do you mean by world line in
Minkowski space?

(j) Write the four components of velocity
four-vector.

2. Briefly answer the following questions :

2x5=10.

(a) Show that in constant magnetic fleld,
the kinetic energy of a charged particle
is constant.

(b) Write the D'Alembert's principle.

(c) Write two properties of central force.

(d) What is the difference between

Minkowski space and Euclidean space ?

(e) What do you mean by critical velocity
of a fluid?

3. Answer any four of the following questions :

'  5x4=20

(a) What is holonomic and non-holonpmic
constraints? Explain with example.

6.
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(b) What is cyclic or ignorable coordinate ?
Prove that the generalized momentum
conjugate to cyclic coordinate is
conserved. 2+3=5

(c) Explain the motion of a charged particle
in uniform magnetic field [B),

(d) Explain the difference between real ahd
virtual displacements. In a virtual
displacement, the work. done by the
forces of constraint is zero. Explain

.  why. 2+3=5

(e) What is four-vector? Show that the
•rnagnitude of momentum four-vector is
an invariant quantity. 1+4=5

(f) What do you mean by light-like and'
space-like events? Explain with the
help of space-time diagram.

2^2+2^2=5

4. Answer any four of the following questions :
10x4=40

(a) Show that in a constant electric field,
' the total energy of a charged particle
remain conserved. Derive the

expression of the trajectory of a charged
particle when it moves perpendicular
to an electric field. 5+5=10
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(b) Explain generalized coordinate with
examples. Find the Lagrahgian and
Lagrange's equation of motion for a
falling, body in uniform grayity.

3+2+5=10

(c) What is Hamiltonian principle? Find
the Hamiltonian and Hamilton's

equation of motion for simple harmonic
oscillator. 2+2+6=10

(d) Derive Hamilton's canonical equations
of motion.

(e) . Show that in case of central force, the
energy and momentum are constant of
motion.

(f) What is Reynold's number ? Obtain an
expression for Reynold's number and
explain its physical significance.

2+6+2=10

(g) What is twin paradox ? Explain with
the help of space-time diagram.

2+8=10

(h) What is the difference between
incompressible and compressible fluid ?
Derive Navier-Stokes equation for the
flow of an incompressible fluid.

2+8=lb
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