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. () Detormine the value of current 1 in the given
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Artempl all parts of this gueston- (Gx3=L8)
{a) Find the alectric field 8l ‘he centre due 103
uniformly charged cami-circular arc
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(b} Find the potentinl for the region between two
concentric right circular cylinders when V, = 0} &
Matr=1 mmand ¥, =150 ¥ atr = 20 mm,

(¢} What is the interpretation of Gauss's law in the
case of static charge and steady current,
rospectively.

td) An infinite solenoid (N tems per unit length, current
13 is filled with linear material of susceptibility

Y- Find the magnetic field ingide the solenovid,
(e} A dielectric cube of side ‘o' centered at the arigin

carries o polarization P=kF where k is
constant. Find the bound charges densities

oy dnd gy, 7

{fy Why the nature of magnetic susceptibilities in
paramagnet, diamagnel and ferromagnet are
dilFerent?

(a) A uniformly charged disc of radins R having
surface charge density ¢ s plaged in the x=¥ plane
with its center at the origin. Find the eleciric feld
intensity along the z-axis at a distance Z from
arigin, (9)

(b} Verify that the differentinl version of Ampere's
Law implies the integral version, using Stokes'
Thearem, {6}

1225 3

(¢} Is-the choice of the vector potential corresponding
1o o given magnetic field unique? Justify (3

3. {n) Obtain the boundary conditions Tor the electric

field and displacement vector af the interface of
two diglectric media haying diclectric consiants g
and &, respectively., ]

(b} Which one of these is an impossible electrostatic
field? Justify,

(i) E=hlayi+2ys J+3mzk)

(i) E=k{y {20y +2| J42 yak] (6)

(¢) A solenoid of length 30 em and ares of OTiHEg-
section 10 em® has 1000 turns wound over @ core
af canstant mu = 600, Another coil of 500 turng
1% wound over the same coil at its mididle, Caleulate
the mutual inductance bBetween them, (6}

4. (a) Calculate the divergence of electrastitic fisld due

to-a point charge q located at ¢ from the origin,
Give the physical interpretation of your result,
()

(B} A current distribution generntes o vector potential

A=xyi+yz j—axyzk Whim. Caleulate the fux of
magnetic field through the surface defined by =z =
1,0 < x5 | and ) T35 4 (6}

P.TO:
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{a) hioist soil has 2 conductivity of 10 Sim and
celitive permittivity 25 Find J, and Jy where
g =6 x 10* sin(® x 107 1) Vim (3

5, (8) Two infinitely long grounded metal plates a1 ¥=0
and y=n 0re connected at =0 gnd x=- by 2
metal stnp muintained at potential Vi Find the
poteniial inside the rectangular pipe o1 y={l when
y=) & y= = and V=¥, st x = 78 & x=-a. (12)

(k) What is the significance of Maxwell's displacement
current, and how is it different from conduction
current? {3+3)

g, la) Two semi-infinite grounded conducting planes meet
at Tight angles. {n the region between them there
i& @ point GharTge g, Find the lecation and
magnitude of all image charges. (9]

Loy
L=

{b) An infinitely long circular eylinder Garries o
uniform magnetization M parallel to its axis, Find
the magnetic field inside and outside the cylinder.

(9}
(2500)
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marks.

Question No. 1 is compuisory

Nunuprugrummahle caleulatnr 15 allowed

Arempt all of the following : {5x3)

{a} A certain parallel pinie capacitor with capacitance
C=12 pFis connected 10 0 spurce of EMF with
potential IV, A material of dielectric constant 4
is Lhen inserted between the plates of capachlor.

] L
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<
By how much does the energy stored in the
capacitor change?

(b} State and deduce the Gauss's law in differential
farm,

(¢} Define E,ﬁmdﬁ". Estahlish the relation
ﬁ=m{ﬁ-+|ﬁ}.

{d) A solenoid has a length af 50 cm andl-a radios of
1 em, If the number of turns in the solenoid i 500
and relative permeability of the material on which
ihe turns are wounded ig %00, euleulate the
cocfficient of sell-inductance.

{¢) Determine Thevenin’s equivalent cireuit for the
given network across the load resistance R

£

5V -iL— 3000, £

!

1272 3

2. (a) What is an glectric dipole? Derive the expressions
for the electric potential and electric Tield intensily
due 1o an eleciric dipole at any point. (10}

{b] Three identical charges = IpC are placed in the
{x.x}) plane at coordinates (-1,0), (1.0) and (.13,
How much wotk 5 needed to move the charge
placed at the initial position (0, 11 10 8 new position
{ 0,0, while holding the other two charges in their
original positions, (all the distnnces are in meter)

(5)

3. (u) State and explain Biot-Sayart's law, Derive an
expression for the magnetic field at n paint on the
pxis of circular coil carrying o steady current
using Biot-Savart's law, {1

iy A uniform solenoid 100 mm in diameter and 400
mm long has 100 turns of wire. If n current of 3
A i flowing through it, calewlale the magneiic
field at its center. (5}

4. (a) What is electromagnelic Induction? State and
explnin  Faraday's and Lenz's  |aw  of
electromagnetic induction. Explain the fact thit
Lene's law in nccordance with the law of
conservalion of enerigy R

P.T.O.
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ih) Write the Maxwell's Equations with therr physical

significance. (5}

5. (&) Write the statement of Superposition and Maximum
Power transler theorem for Bnear carcuit and mirke
necessary diggram to explam. What is the
maximum power transferred to a load resistance
R, by & voltage source of & Volts connected in
series with a resistunce of 10041 7 (1)

(b) A cell of E.M.F, 1.5 volt has internal resistance
2.6} Find the current givea by the cell and the
current through cach resistance in given figure by

using Kirchholf s law. (5}
e
Yan p
EJL M.Jl'
AN B
-0
AW
Cuonntunty:
pg = & x |0 henryimetre (free space)
Ey= BA5 x 10" CUNme (fies space}
{1000}
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closed loop is 2.5 A

(© At the boundary of two dilect




an;gng_ N

uy = 4MX 117 henry/metre (free
5=

3 1(free space)
Eg= g.@5 x 101 Cmm (free 5p

(1000)
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from (0,0,9) 10 {
=17, 2=t

{c) Given i#[!m

the line integral
the following paths < x=1, ¥

(a) Using Gauss 4 theorem, find an Expres
electiic ficld due to T {nfinite line charge: of
uniform charge density X 8t 2 perpendicular



ng Biot Savart's law caleulate the ‘magnetic

{e) Usi
field due to a finite current clement. (5)

nd Lenz's law of

6. (a) Explain Faraday's law @
(4

mmwmwmmﬂm-
sel [-nductance of 2 solenaid,
{2+3=5)

(b} Define
expression for

{c) A soteno}d of 80 eny length has 350 tems and 2

o diameter, Caleulate:

(i} the seli-inductance of the solenoid.

(i} {he magnetic flux linked with coil when the !

current in the solenoid is 2 A
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Physical Constants :
€, = B.854 x 107 C/N-m*:
My = 4nox 1077 WhiA-m;
¢ =3 X 19" mis,

e= L6 = 107 mis
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Attempt ALL questions. Esch guestion carries equal

murks, (3x5=15)

(o) Let u, U, u, be orthogonal eoordinates. Prove
1hat I? "‘PI = h;"'_p =123

(b} Write the expression only of the general solution
near x = ~1 using Frobenius method of

Frxy +(2x-1Dy=10

{c) Using the expression of the generating function of
the Legendre Polynomials P {x) find the expression
for Pix) snd Fx)

(d) Evaluate using Betn function property

Fm=1 e, 1 gt
J:- i dz= —— the integral fmfﬁ du

(e) Is the given function periodie,

£(t) =sin (10 +m)t. If yes, what ix its period?

1206 3

2, (u) Find the Fouricr series expansion of the functicn

fixy=x! , O<x<1m (10}

{1 Plot the even and odd componenis of & fungtion

=0
defined by .f[tl=[1} t:u 5

i1, ) Derive the cxpression for Vi in eylindrical
coordinates. (1)

{h) Represent the wector j=g[—zx]+}-k in

eylindrical coordinates (o é.2). Thus determine

Ay dy and A (5)

4. i) Prove that P (x) is the coefficient of ¢ in the

g
expansion of Jiogpeed In the ascending powers
of ¢ ‘Henge find the value of P (1)

(1

(b1 Evaluate using the orthonormalization property of
L.egendre polynomial

(i) [ Py Pa) dix,
PT.O.
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(i) £ (Pel)P® dx (5

5. (a} Find the general solution near x = U using Frobenius
method of

Yy +(1-20¥ + (x=y =10 (160

(b} ldentify and name the nature of singuiantics

(1=t 3" + Ml=-z)y +(1+x)y =0 (3)

(1000)



®

Fhis question paper contains 6 printed pages.]

Your Roll Mo

Sr. No. of Question Paper : 4670 E

Unique Paper Code ¢ 32221202

Name of the Paper : Wave and Optics

Mame of the Course . B.Sc. (Hons) Physics CBCS

Semcsier i

Duration : 3 Hours Maximum Marks @ 73

Insir s for Candidate
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of this question paper.

2 Answer any five questions in all.

3. (). No. 1 is compulsory.

Attempt any five questions, Each guestion carries kS
marks. (3x5=13)

ja) Two pendulums, P and Q, are sel up alongside
cach other. The period of P is 1.90s and the
period of Q is 1.95 5. How many pscillations are
made by pendulom Q between two consecutive
instants when P and O move in phase with each

other?

P.T.O.
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for an array of N equally spaced jdentical slits
ynder normal monochromats JHlamination. Discuss
the chiracteristic features of the given diffraction
paierm,

{b} Distinguish betweel resolvIng POWET and dispersive
power of a-plane {ransmission grating. Explain
how @ grating having higher dispersive powet
ijan another does Hot necessanly have a higher
resolying power

{c) Two distant slars subtend an gngle of ons second
of an arc 4.84 107® radians and the wavelength
of the light pued. be sO00 A Caleulate the
diameter of the ohjective of the telescope required
o just resoive the stars {745+3]

{a) Using Fresnel’s integral how Comu's gpiral cafl
be constructed? What are 115 pm-p:fti.es'?

(b} Explain how Cornu's gpirad can be used 10 ghtain
intensity distribution 1 the Fresnel diffraction
pattern due Lo 3 siraght edge.

(c) For & wavelength of Fght k=0 % LT m and the
radius of the first hail period zone 12 il m, 3
sone plate Drings rays Lo focus at its brightest
spot. Find the focal jength of the eguivalent lens.
(T+5+5)

(500)

=

L ——
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| Wi ot oll Mo, an 1he o iminediately on focelinl

ol i quesst o papeT
| ]

aqpewes any Five (ueshiyng im alll CyEstom Mo, 1 s

Sorm o sty

i sitempl any five from the [k e ang

1ah AT tume 0, the dupl.uw".u.ul af A poinl Wiy
o Tineap osctilator i 8.0 cm. 13N yvichoeiby, viB) 1%
19 3mcs and s gopelernlion (0] Rmes-
Calewlote the amgilar Frogquencs pnd the phase

constanl.

iby Find the fumdamental, Fipst ohertone and second
avertnne frequency of an open drgan pipc il length

20cm

L
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[l TheReTine B Prezpel difTracbmn paties formcd
due N (i whres gevd | expiaam the Featires of
rtensils disinibutlonip {he & fTraction peitctn Flin
does W cosltv pattern ehange when the wite is
ihich =R
fr o) Uiy e solating VOCLH reftesentation Lo ohiam
the resultant: mOTIon al a pariicle subjerted
Amultaenssly 1 lwo a4 bn the same ifipecnon
anyd hoving equal amplitiaides and equal freguensics
[y Flor the iniensity dispeibutton for a plune daffrmetign
pratimg: hias g o al{1s ind 1he width of Yhe opibgue
patrion hetms iy Ll the =i widih. Show the
[IOSETT ke e, seor] BEY, TR anil msEIng
srdops alomz with principal makEna | 7.5
- {a) How ere the Flraber frmyEes chtidned i Micheison
Aleripramaoti differem from 1 e pbstpbned i The
Mewlion o Ring pRpelmant & Michelsan
Pt ferameter = lhmanated e sodium doubles
s by alivetEnsth SRY S0 v e i 385 9953 nm
Ok fnderor s maved continisasly and The Fnnge
pattern Lades in oo 4ot peradically. Compuie b
mieh the mirear iravels cotresponding to @ shiftan

hsii |y T e i MmiRImUm
(1) ExplEn Rayleigh's enteriun for limu of sesnlution

Obisin an expressiun [ (he resolving power il o
diffracion graiing (7.8

{100)

p— S—
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Lnstructions for Candidates

I. Write vour Holl No. on the top immediately on receipt
of this question paper.

2. Attempt five questions in all,
Question No. 1 i5 compulsory.

4., Use of scientific caleulators is allowed.

. Attempt any five of the following: (3x3=15)

{a) Define drift and diffusion currents in doped
semiconductons.

{b) Explain the differonce in physical mechanisms of
avalanche and Fener hroakdown in p-n. junclion.

L
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() What do you gnderstand by the term gmall signal |
analysis? Draw the equivalent circuit in hybrid
parameters for an n-p:B transistor in (1) e
configuration and (i) CB configuration
configurations. (5) |

5. (a) Draw the circuit and explain the waorking of 2
4-pit R-2R ladder aetwork DAC using Of- amp.
I & 4-bit DAC, o001 input resulis imo 08 V
output. What \s the maximum output voltage of
this DAC? (10)

(b) Draw the cireuit of a voltage comparator USing
op-amp o EIVE s, st the output if the ioputl |

voltage is less tham - 2y wnd -V, for input mare
than +2V. (5)

7. {a) Draw the cirguit of an ‘Op-smp as @ Dasic
differentiator and find an expression for its outputl.
Draw the output wavelorm when the input 1o the
differemtigtor is @ SQUATE wave. {10}

(b} A five -bit D/A converler produces an outpul of
gmV for & digital mpul of 10010, Find the outpul
voltage for a digital input of 11011, Alsc find 1s
full scale output voltage. (5)

(1000)
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Write your Roll No, on the top immediately on receipt
of this question paper.

Attempt any four guestions in total.

All questions carry equal marks.

{a) Draw a flowchart to arrange thre¢ number in
increasing order. What is the difference between
on page and off page connectors? ()

{b) Write s FORTRAN program for integration using
trapezoidal rule. What is the use of IMPLICIT
NONE in FORTRANT? From which integer value
do loop starts from in FORTRAN? (6.5)

P.T.O.
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r 8

=

4.

2
{a) Explain, with examples logical if, arithmetic 1f and
hlock if statements in FORTRAN. (&)

(b} Explain jumping Statements (Unconditional GOTO,
Computed GOTO, Assigned GOTO) along with
the examples. How do we declare variable in
FORTRAN? (6.5}

(n) Briefly explain the structure of a Latex document.
Explain, with example, how can you add glossary
and bibliography 1o your document. In the
same example, add diffcrent entries starting with
lowercase and uppercase letters 1o your glossary

What is the difference between citep and citet?

6}

(b} Briefly explain any four workmg environments for
Latex, What is the difference between table
and tabular? How can we add clickable links in

Latex? (6.5)

{n) What iz wreng with the following code, What

would be the output afier correcting the errar.

4638 3

Shegin{tabular) {|1]efr]}
§5Ma8 & Syn2s & SR{Vdeg)SNN
Y hline
1.&2 &3 &N
5& 6 & 7
Y hling

Y end|tabular) ()

(bj Write code to write the following equation in

Latkex :

I isa Lp{u.u-u-”;]d“-'"d"i

What is syntax for writing backlash in Latex. Also
give ayntax for writing any Greek two letter.

(6.5)

(&) What would be the output of the following code in
gruplot :
set style line 1 1w 2 le rgb “gold”
sct style line 2 Iw 2 l¢ rgb “purple”
set style lne 4 Iw | lc rgb “sea—green™

set style increment uoser
plot sin{x). cos{x}), tan{x), %

i6)

P.T.O.
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(b} Write syntax 1o plot & Gnussian distribution with
=3 and 0= 0.5 in gouplot usUE user-defined
function, What would be the syntax 10 SAVe the
same plot 10 -pog format? What ig-the use of call

command? (6.5)

6. () Howto plot an external data file m g_nup]m'? How
to check default reading format of any external
dnta file? How caR you change the default field
gEparaior from white space 1o the alphabet m?
How can you change default comment characler

to 7 (B}

() Give syntax 10 fit a third order pn'lynumiu] to some
data saved In B 1ext file, How caf you save youl
progress 103 text file. What are the uses of index
and every commands in gnuplot. Explain with

examples. [6.3)

{700)
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nstructions for Candidates

Write your Roll No. on the top immediately on receipt
of this question paper.

Attempt five questions in all. Al questions carry equal
marks.

Use of non-programmable seientific calculators js
permitted.

Use simple disgrams to eluborate your answers.

P.T.O.
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Write Short note on any two of the following : (5:3)

{a} Ladder Diagrams
(b} Relay #s a protective device
(e) Circuit breakers

{d}) Superposition theorem

{1000)
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Instructions for Candidates

Write your Roll No. on the top immediately on receipt of this question paper.

Attempt five questions in all
Question | is compulsory

All guestions carry équal marks
Symbols have their usual meanings

Use of non-programmable calculators is allowed

Answer any five questions from the following.

{a) The irradiated power of a body at 333'C ig 1000 Vs. If the lemperature of this body
is raised to 666°C, find the radiated power of the body.

{b) What is the physical significance of a wave function? What conditions must be satisfied
by an acceptable wave function?

(e} What voltage must be applied to an electron microscope to produce electrons of
wavelength 0.20A.

PT.OD

rh-__ . - > -
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i

{d)The spectral line of wavelength 450 nim has a width of 10 nm. Find the average Lime
that the atomic system remains in the corresponding energy state?

(e) How is the time dependent Schrodinger wave equation obtained from the time independent
Schrodinger equation.

(F) What inferences can be drawn from the single and double slit's experiment with electrons™”

{g) Find the penetration depth of an electron having kinetic energy 10 keV when it strikes
a potential step of height 15 keV. '

(h) Determine the approximate density of a nucleus treating it as a uniform sphere. {Given:
mass of a nucleon = 1,710 kg.) - {3<5=15)

% a) Draw the Energy vs wavelength curve of a blackbody for three different temperatures
T,< T,= T,. Show that the Wein's law and Rayleigh Jeans law of black body radiation
are the special cases of Planck's law. (5)

(b} The threshold wavelength of potassium is 558 nm. What is the work function for
potassium? What is the stopping potential when light of 400 nm is inc ident on potassium?
(3)

(c) Calculate the energy in electron volt of & photon of wavelength 10 A. What 15 the
momentum of this photon? (5]

3. (a) Distinguish between phase velocity and group velocity and obtain an expression for
both. Derive the relation between them. (5)

(b) Show that the Compton wavelength is independent of the nature of the scatterer and the
original wavelength of the incident beam. (5)

{¢) An electron has a deBroglie wavelength equal to that of & photon, show that the ratio
of the kinetic energy of the electron to the energy of photon is
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1
1 (m*e* + v )T — me*

hv

(5)

4. (a)Show mathematically the value of wavelength calculated from the Davisson Germer
experiment matches the value of the wavelength calculated from the deBroglie’s
hypothesis., (5)

(b} Estimate the minimum energy of a proton existing inside the nucleus using Heisenberg's
uncertainty principle: (Size of the nucleus= 110" m) (5)

(c}Explain why it is plausible to define probability current density in quantum mechanics by
the following expression

J= (eb/2m) (w* grad y — y grad g

The symbols have the usual meaning (5)

5. (a) What is guantum mechanical tunneling? Obtain an expression for the tfransmission
probability for a beam of particles each with mass m and energy E (E<V ) incident on
a rectangular potential barmer:

Vix) =10 lor x<0
= Yo for D<x=a
= 0 forx=>a {10y

{b) Obtain and draw the first two normalized wave functions for a particle in a one
dimensional potential box. (5)

6 (&) What are nuclear forces and their characteristics? Also draw the N-Z plot and explain
the stability of the nucleus. (5)

P.T.D.
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(b} Calculate the binding energy of an alpha particle from the following data in MeV and
Joules. (Given: mass of He atom= 4.00260 amu, mass of neutron = 1.008665amu,
mass of proton=1.007276amu) (3)

{e) Calculate the total energy relcased if 1.2 kg of 235 U undergoes fission, taking the
disintegration energy per event to he Q = 208 MeV. (5)

7. (a) Explain why electron positron pair creation necessarily requires the presence ol a nucleus.
(5)

(b) Calculate the time required for 20% of a sample of thorium to disintegrate. Assume the
half life of thorium to be 1.4%10'" years. Calculate the mean life time of thorium

nucleus. / (5)

() Bring out the differences between atomic absorption, spontaneous emission and stimulated
emisston of photons in a laser system? Discuss the main criteria that must be met to
achieve lascraction. Which method is used to achieve this criteria? (5)

Some nzeflul constants

|. Planck constant, h = 6.626 = [0 J g

2, B=1,05= 10:* 135

3. Boltzmann constant, K = 1,38 x 10°® 1K+

4. Mass of electron, m_= 9.1 = 107 kg

5. Charge of electron, ¢ = 1.6 = 10:¥ C

6. Speed of light in vacuum, ¢ = 3 = 10* m.s’!

7. Stefan-Boltzmann constant, & = 5.67 = 10" W.mL K=

8, Rest mass energy of electron = 512 KeV

9. Velocity of electron in free space= 3x10* m/s

(1700)
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The Principal Branch of argument of complex number z in all the questions is taken o be |
-t <@=n

5. Use the following definition for the Fourier transform of f(x}):
1 [*"a]
F(fix)) = —I z)e Wi dx
(F(x)) o Lm.l'" {(x)

6. Use the following definition for the Fouricr Sine transform of f(x):
E oo
Flf(x)) = J:—-T j f (x)sin{kx)dx
]
7. Use the following definition for the Fourier Cosine transform of f(x}):
z o
Ff(x)) = J; f f (x)cos(kx)dx
0
8 The definition of convolution of two functions f(x) and g{x) for Fourier transform is:
1 m
(r+ 9@ == FoIe-y

9. Some useful Fourier and Laplace Transforms are given at the end.

pP.T.0.
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(1. Atempt any five parts. All parts carry equal marks. (5x3=15)
a) Ohbtain the rectangular form of the ellipse fz + 3| ¢ |z - 31 =10,
b} Find the principal branch of i*.
) Without evaluating the integral, show that |J;. ﬁ-';l = ITE. where I' is the arc of circle

jzf = 3 from z = 3 to 2z = Ji lying in the ﬁmlquﬂﬁrmt.
d)  Given, Laplace Transform, L(Jo(t))=7uwy, find the Laplace Tramsform,

Lle=f,(bt)).

e) Find Inverse Laplace Transform of :

1) Find the Fourier Transform of cos(ax) in terms of Dirsc-delta functions.
£} If g(x)= f(bx+a) and Fik) is the Fourier transform of f(x). determine the
Fourier transform of g(x).

h) Solve the integral [(sinx) 8[(x — 2)(x — 4)] dx

Section - A
Q2
@) Using de-Moivre’s theorem prove that:
cos(48) = Bros*(#) — Bros(@) + 1

and hence show that

cos E- = {2 X ""I!) i .2

4

b} Prove:
-t 8 T+l
coth™'z = z in (—) 7

=1

a) Prove that the function u(x,¥) = 2x(1 —¥) is harmonic. Find its conjugate function
vix, ¥) such that f(2) = u + iv is analytic. 7
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b} Evaluate the following integrals using Cauchy's Integral Formulae where C: 2] =3

= alt
T G el ¢ )
E e
—— i 4 4
ey
Q4.
a) Use Residue lhﬂm:_m to evaluate any one integral of the tollowing: 9

. s x?
bh Eeere

IT] .:II' ﬂﬂ 2 -
. —_— - = £ opt
3 j’"‘ @+ hcosl + csing a'>b ¢

(b).Expand the function f(z) = ————— in a Laurent series valid for

{2-1H2~-7)
Ll<|z] <2
ii. Jx=1]>1 3,3
Section - B
5
a) Find the Fouricr ransform of

_f(1=x*) x| =1
flx) = 0, lx} > 1 '

b} Verify the Convolution theorem (Fourier transform) for the functions

fix)=gx) =% .
b,
a) If Lﬂplﬂﬂ& transform of ﬂ'|:| is ..I:(S} then prove that Laplace transform of Ll.'tﬂ &%
j':; £ (1 )du. Use this result to evaluate Laplace transform of !'ir:{ﬂ_ .

b) Taking the Laplace Transform of f(t) = ["X™ g0 gow thar f(t) =Zet for

1357
L= 0, T
Q7.
a) A particle moves along a line so that its displacement x from a fixed point O at any time ¢
is given by x"'(t) + 4x'(t) + Sx(t) = 80. Initial conditions are x(0) = x'(0) = 0. Using
Laplace Transform, find its displacement at any time t > 0, B
P.T.
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b} Prove that
- L _ YEn —|x] -2
" :(ET:;I?:;J_'-T;'[EE e m|] 7

Some useful Laplace Transforms:

Lisin{at)) = ,?-Tugz'ﬁefﬂ > 0,5 # tia
L{ms[ur.}]l = ﬁ,ﬁe{s} >0,5# tia
Lle™) = ﬁ, Re(s) > a

£(t1) =20 potsi>a

ga=l

Useful Fourier Transform:

Useful Inverse Fourier Transform:

a
also, Fllaglk)+ bh(k)] = aF ' [gk)] + bF-1[h(k)]

(¢t and b are constants)

Useful Integral:

J-_mm E—-ru.:i- bx dy = E&E.l"[ﬂ-ﬂ]J;r_; ca=U bcan be :Flll['EI}f il'l'l-ﬂgil'lﬂ.l'}' also,

{20y
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|, Answer any Tive of the following : (3=5=13) {gh Pefine the terms microstate and macrostate of a

(a) Two moles of a perfect monoatomic gas; initially
kept in & cylinder at STP, are made to expand
until its volume is doubled. Show the process on
& P-Y dingram if it is carried out (i) adiabatically,
(i1} isobarically, (i1i) 1sothermally,

ib) Two idenl gases at initial pressure Poand volume

V, are made to expand adiabatically to a final
volume equal te four times the onginal volume. If
the values of y for these gases are |67 and 1.40,

respectively, compare their final pressures:

{c) A reversible heat engine converts one sixth of the
heat input into work, When the temperature of
the zink iz reduced by 62°C, its efficiency i
doubled. Calculate the temperatures of the source
1s well a5 the sink.

(d} Establish the expression for work done during an
adiabatic process,

{e) Mame the three transport phenomena in @ gas
What role is played by molecular collisions in these
phienamena’

{f} Show that the ratio of the adiabatic and isothermal
clasticities For any substance s equal to the ratio
of their specific heats at constant pressure and
volume;

thermodynamic system.

{n) Explain reversible, irreversible and quasistatic
processes with the help of examples, {6l

(b} On the basis of the first law of thermodynamics,
establish the expression for C,— C, lor a perfect
£as. (3}

() The temperature of 5 g of air is raised by 1°C at
constant volume. Caleulate the incresse in ity
internal energy in Youles, (Given €, = 0,172 cal
g! %Cland 1 cal = 4.181) (4}

{u) Explain Carnot’s cycle with the help of a diagram,
Derive the expression for the efficiency of a
Carmot engine, {10}

(b} Calculate the change in entropy when | kg water
at 27°C is converied into superheated steam al
200°C wnder constant atmospheric pressure.
Specific heat capacity of liguid water is 4180 ]/
kp/K; temperature dependence of specific heat
capacity of steam is given by the relation (1670 +
.49 Ty Vkg/K at T Kelvin, Take Iatent heat of
steam ag 23 % 107 Jkg (51

(a) State the law of equipartition of energy and apply
it to derive the specific heat of monoatomic,
dintomic and linear tristomic gases. (8}

PITQ:
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(b) Derive ithe expression for the cpefficient of
viscasity on the basis of kinetic theory of gases.
What are the factors on which viscosity depends?

(5.2}

5. {n) Explain the distribution of energy of a black body
at different temperatures by drawing the graphs.
Discuss the laws which explain the energy
spectrum. {3,3)

ib) Two large closely spaced concentric black body
spheres are maintained at temperatures of 400K
and 600K respectively. The space between the
two spheres 15 evacuated. Caleulate the net rale

of cnergy transfer between the two spheres.
(3)

fi. Describe the Joule-Thomson porous-plug experiment
gnd discuss the results. Hence obtain the expression
for Joule-Thomson coefficient. What is temperature
of inversion? (7:5.3)

7. (a) Derive an expression for thermodyvnamic probability
and the most probable distribution function for a
system obeying Bose-Einstein statistics. {100}

{b) Derive the expression 5 = k logW where symbols
have their usual meanings. (5}

(1000)
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frequendy.
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2.

Y (b) What are beats? Writean expression for the
l‘rcqu:nc:,- of heaty,

(&) Compare {he intensity patiern obtained by Young's
double shit interference experiment und Fraunhofer
diffraction due 10 5 double slit,

td) Write two differences between travelling and
STAtionnrY waves.

() Distinguish between Fizeay and Haidinger Fringes?
Give examples.

(f) Distingulsh between Fraunhofer and Fresie)'s class
of diffraction,

{2} Calculate the change m intensity level when the
lnlensity of sound increases 100 times its original
intensity,

(u} What do you understand by Lissajous figures?
(3)

(b} Find the resultans of two perpendicular simple
harmonie motions whose amplitude are fs-the-ratio
1:2 and the phase difference is 90°, (12)

SRl )2
t-’w—'_"ur‘.su_wi_ih Boadh o b ol

- N - .
..FJ\..,.'{['I-—JH:.I d‘-"d' e 1

5778 3

(FT)

(a) What are normal modes af vibration in 4 stretclied
string?Discuss the posaible modes of vibration af
& stretched string of finire length fixed a1 both
ends. (8

(b) What do yau mesdn by wave veloeity and group
velociiy? Derive the relation between them in a
dispersive medium, 7}

{#) Explain how sound waves are produced. What do
You understand by intensity and loudness of sound?
(7

tb) How does a noise is diffarent from musieal aptes?
Discuss in detail how musical seales are rade?

(8)

ta) Explain the phenomenon of interference of light
dute 1o thin films and find the condition for muximg
nnd minima, {10

{b) An ol film (H=1.47) of thickness t=0.12 BT Teats
on-a poal of waler [f light sirikes the film at an
angle of 60°, what is the wavelength reflected in
the first order? {5)

P.T.O.
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& (a) Describe the canstruction and working af
Michelson s interferomeser. Explain how it 15 used
to determing wavelength of monochromatic light.

(10

(b} When the movahle mirror of Michelson
interferometer s moved through 06854 mm, a
shiftof 220 fringes 15 observed. Find the
wavelength of light used. (%)

7. {a) Explain with theory, Fresnel type of diffraction
due to straight edge. (M

{b) Explain the theary of plane transmission grating.
How it can be used to find the wavelength of
light? (2)

8 {a) What do you mean by plane pﬂ!nnscd light? What
are-the various ways 1D produce {t? (7

(h) Describe how onc Can produce and detect
circularly-polarised and cllipucally-polarised light
with the help of Nicol prism and gquorter-wave
nlate, {8)

(3000)
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(b1'A particle of mass m s aitached 1o p point by "
inverse squire law. Find the Hamiltonian and
g k=

canonicsl momentum.

{¢) In an inértial frame S, photen emited from the r_"j' my
light source at prigin geis reflected by the mirror i
(4=6=24)
normal to x—uxis: 1 the mirror s pliced at x =7
units, draw the world lings of mirror, emitted photon ! 3. (a) State Hamilton's principle. Derive Lagrange's

and that of reficsted photon. equation of mation from Hamilton's principle for a

1 conservilive system. (2T
(d) At what speed does a clock moves if it runs al a

rate which iz one-half of the rate of o clock al (b) A pirticle of mass m moves in o central force

2
rest? field of potential V. Find its Hamiltonian and

3 . . . Hamillon's equations of motion. 4.4
(¢} Differentiate between laminar flow and streamling

flow, Give examples.

3. (a1 Consider a spring pendulum: 4 simple pendulum in

: =cr <
(D' Consider tys masstaim, = Zm) enm, = which massless string is replaced by a massless

connected by hese spriage With Spring Consinnts spring (unstretched lengeh 1, spring canstant k),

a5 shown in the figure below. Find the kinetic
energy (T) and potential energy (V) matrices for

the sysiem. {46=24)

The bob of ma&s m oscillates in o vertical plane

about its equilibrium position. 17 the instantansoeus

PTF.O
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Attempt FIYE guestions in all,

All guestions carry equal marks.

Cuestion No. 1 5 compulsory,

Scientific (non-programmable) caleulators are sllowed.

Answer any five of the following questions: (5x3=15)

{a) Write the requirements of FM detector circuit.

(b} Prove that in amplitude modulation, maximum average power transmitted by un antenna

is 1.5 times the carrier power

(£} What iz lat top sampling” What is the advantage of using such sampled signals?

L 8



IS8

4756 2 P

(d) How would you use an AND gate to obtain PAM?

() What nre the advantages of PCM over PAMY

(h What is the frequency spectrum? Explain the frequency spectrum for an amplitude

modulated (AM) wave.

() What do you mean by o Satellite Tru_m.-ipnnd:r'?

(hy Explain the basic <tructure of 0 cellular system.

(1) Pefine the Term gSB in amplitude modulation. Explain any method for generation of
single side hand (558 signal using suitable hlock diagram. Derive an expression for

power saved n ransmission of 5SB signal over DSE-SC signal. (%

{b) Explam gmplitude demaodulation using diode detector. What are the types of distortions

which can oeeur 1o ihe detection of AM signal using diode detector?: (7

() Define frequency modulation and derive mathematical expression for frequency Modulated
wiave. Derive expression for phase modulated wave from {requency modulated wave.

(10}

(b) A carrier wave of 1 MHz frequentcy and amplitude of 3 V is frequency modulated by
4 sinusoidal modulating signal frequency of SO0 Hz and peak amplitude of 1 V The
frequency deviation is | kHz. 1f the peak level of the modulating wWave form is changed
1o 5V and the modulating frequency -« changed to 2 kilz, wrile the expression for the

modulated wave in both the cases. (7

=
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4. (a) What are the advantages of pulse modulation over snalog modulation Explam in details

PAM, PWM and PPM signals by using appropriate wave forms, (&)

(b} State sampling theorem. An analog signal is expressed by the eguation

x{t) = Fcos{50nt) + B sin(300xt) — 4cos (100wt)

Calculate the Nyquist rate and sampling frequency for this signal, (7

5.  (a) Draw the block diagram of the PCM generator and properly explain the function of each
block. What is the role of regenerative repesters in the PCM transmission path,

(10

(b} What is the difference between PSK and BPSK Sketch ASK waveform for the sequence
[ 1001101 10. (5)

6. (a) Briefly explain the concept of Frequency reuse in the cellular system. Explain the uplink

and downlink models of saellite communication system with the help of & block diagram.

Also, explain the down conversion achieved by the transponder. {10}
(b) What e SIM and IME] numbers in mobile network systems? {5}
7. (a) Explain CDMA, FDMA and TDMA systems in detail. ()

P.T.O.
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(b} Explain the structyse ol & mobile phone handset. Discyss the concepts of 2G. 3G and
4G systems.

)

{s00)
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Attempt FIVE questions in all.
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4,  Question No. 1 15 compulsory

&, Scientific (non-programmable} caloulatore are allowed

1. Answer any five of the following questions: {5=3=15)

(a) Represent the data stream 11001011 in all of the following line encoding schemes:

(i) Polar NRZ

(1) Bipolar BZ

{iii) Manchester

P.T.0).

=i
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L)

(b) Draw the AM wave, if a carrier wave is given by y, =5 xcos(6 x 10°) and
amplitudemodulated basc-band signal is given by v, = 3 x cos(100t)

{¢) Determine the number of channels per cluster and the total channel capacity for a
cellular phone area comprised of 10 clusters with 7 cells in each cluster and 10 channels

in each cell

{d) Calculate the amount of power transmitted (in percentage) for an ideal AM wave if

the carrier and one side band are completely suppressed.

(¢} Write the advantages of single side-band (55B) over double side-band (DSB) transmission

of an AM wave.
(F) What are the dilTerent ways to increase the capacity of a cell in cellular network.

{(g) Differentiate between PAM, PWM and PPM by drawing suitable wave-forms.

{a) Explain the working of an emitter modulator for the generation of amplitude modulation
using @ suitable circuit diagram. Write the usc of various components in the circuit.

()

(b) Discuss the phasing method of single side band (SSB) signal generation using suitable
block diagram. A SSB generator has a 2 MHz carrier input and a modulating signal
input of | kHz. Calculate the centre frequency, a filter must have to pass the lower side
band (LSB) (%)

(a) With the help of a block diagram explain Global System for Mobile Communication,
Describe in detail about different components and the interfaces between them.
(M
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Cand

(b} Explain the concept of cell sectoring and cell splitting with the help of approprialc
block diagram. (8)

4. () What is the nced of digital transmission? Explain the three basic operations performed
in Pulse Code Modulation (PCM). Explain the advantages and disadvantages of POM.
(10}

{b) Explain the function of regenerative repeaters with the help of a block diagram. What
do you mean by Binary Phase Shifi Keying (BPSK)? (5)
3. (&) Explain the gencration of FM wave using VCO. Write the advantages of FM over AM

modulation techniques. {7}

(b} Discuss the mathematical analysis of AM wave using frequency spectrum, A 30 MHz
carrier signal with a voltage of 6 V amplitude is modulated by a sine wave of 10 kHz

with o voltage of 3V, Draw the frequency spectrum of AM wave. (8)

6. (a) What are the Ground station and Earth stations? Give a block diagram of the Earth

Station explaining the working of each section, {10
(b) In a satellite communic ation system, free space conditions may be assumed. The Satellite

is at a height of 36,000km ghove carth, the frequency used is 4000MHz, the transmitting

antenna gain 15 15dB and the receiving antenna gain is 45dB. Calculate

(t) The free space transmission loss and

(i) The received power when the transmitted power is 200W, (5)

P.T.Q.
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7. (a) What do you mean by Multiplexing? What is Time Division Muluplexing (TDM)? How
is it different from Frequency Division Multiplexing (FDM)? {7)

{b) What is the advantage of Flat Top Sampling over Natural Sampling? With suitable
block/circuil diagram explain the generation of PAM signal. (8)

(ooo)
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E=20 m exp i{wt-fiz) a, Volt/
=W, exp iocBe) o, Tosn

Here s, and a, are unit vectors in the x and y
directions. Find @ and M, if the wavelength is

hE6m. “)

(3)

_ t Sinsma darive an expen
physical significance of cach term. Whit is the o ooy &, a8 expini B




medium yet the energy flow through the surface.

into the second medivm is zero.

. (b) An electromagnetic wave whose eleetric field i

ium having & < 3k, here the wave is nof
reflected back from the interface. Determine theh
Saile ST skvelisiio:

6. {(a) Starting from Maxwell’s equations, obtain the eiges
value equation for wave propagation through
optical pianar wavegide for TE mode. Write i1
é!blﬁﬁqﬁ. wwmmm ®




gt

-

i 2t l_"' Y
‘Eal*
e

§ -y
"
. (5) A plate of 0.10 mm {hickness is used ¥
retardation plhate. For whal ‘wavelength [n th
w;ﬂlﬂ!ﬂl (400nm — «Gﬂﬂnﬁi wﬂlh act as (1]
guarter wave plate and (ii) half wave plate. For

55 (5
caleite mg = 1.5443 and B, = 1.5533.

Groan: | 4g = BA3 2 10 Fendti
c=3x 10f mis

m, = %11% 10 kg
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J

AT
(b} Define the Mobility, Drift velocity, and conductivity
of a semiconductor,

te] Derive the relationship betwien displacement
vector [, polarization vector P, and eleciric Teld
intensity E through diagram,

(d) Give one experimental evidence that led to the
phenomenon of Superconductivity,

(e} Differentisie between conductors, semiconductors;
and insulators on the hasis of energy level
dingram.

(f] What js the difference between Ferroelectricity
and Piezoelectricity?

M

g) Caleulnte the Fhafl coefficient of sodium based
on the free electron model. Given that sodium
has BCC structure nnd the side of the cube i=

4.284

(a) What is the reciprocal lattice 1o FOC lattice?
(4

(b) Show the fallowing - (122}, (LLE) €200), and [101]
in y simple cubic lattice. (4)

_k83 3

(c} What is the difference hetween Atomic and
Geometrical structure factors? Derive the relation
for the intensity of the diffracied beams. (T

(a) Find the expression for the dispersion relation of
a monoatomic lattice. Blow is it different from
that of a continuous string? N

(b} Miscuss Fhhil effect and derive the formula for the
Hall'coefficient. (41
4

{c} Explain how the messurement of the Hall
eoeflicient helps one to determine the mobility of
electrons in meials. 4)

{u) Discuss the Kronig-Penny model for the
motion of electrons in a periodic potential.
Show from E-K graph thai the materinls can he
classified into conductors, insulators, and
semiconductors, i1

(b) Define the effective mass of an electran. Give its
physical significance, (5

{(a} Obtain the Lorentr refation for the local eleciric
field at an atom. Outline the difference hetween

E, Maxwell's field, and By . the Lorentz fiald.
{10)

~T.0.
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{b) Differentiate between Normal and Anomalous
dispersion. (5}

(a) What is ferromagnetism? Describe ¢lassical
Weiss’s theory of ferromagnetism and give the
significance of Curie's temperature. (100}

(b) A paramagnetic salt contains 10°* jonsim® with
magnetic moment of one Bohr magneton, Calculate
the paramagnetic susceptibility and the
magnetization produced in a uniform magnetic field
of 10° A/m at room temperature. {5)

{a) Describe the signilicance of critical temperature,
critical magnetic Tield and critical current for
superconductors. (16

(b} Write short notes (i) Hard superconductors (ii)
High temperature superconduoctors, (5}

(500)
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2. Attempit five questions in all.
3. Question No. 1 is compulsory,
4. Al questions carry equal marks.

%
3. Non- programmable Scientific caleulators are allowed, i
I Atntempt any five of the following: @

(a) Draw a phase space for o nncr&:mmnmictﬂm;al lincar harmonic mmﬂlturm
mhaving total energy E = p?/2m + m‘::‘j! Calculate the total number of
microstates available to it, if the energy of a harmonic oscillator les between 0 and £.

!

{b) Discusswhether law of equipartition of energy can he applied to lﬁe 0

oF Nt
P— | —————— —_— -
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{1} classical harmonic oscillators

(i) gas consisting of free particles moving non- relativ istically

(i) nucleons in & nuelens,

(€) Assume a system of N bosons, cach of mass m,

of length £ at temperature T = 0 K. The energy
=mh*(8ml2), where p=

15 confined to a one-dimensional box
levels of the system yre Ziven by £

l, 2,... and #is Planck’s constant. Find the total energy of the
system in terms of N, L, and &,

(d) Plot the variation of specific

heat with temperature for idea] Bose-Einstein gas and
explaim its behavior in the 5

trongly degenerate and classical Tegions. -

» with one electron per atom at room lemperature, the number density

n=3.86=10"m °. Find the nature of the degeneracy of the system under consideration.

(F) A cubical cavity of side 1m is filled with black body r_ndfiaﬂum ﬂalﬁnlnh—ﬂmnnmhnr of
mdependent standing waves with wavelengths in the range 8.0 mwar and 9.0 e,

{g) Caleulate the normal radiation pressure generated by an incmdm_s;m:-MHlﬂﬂH’al
a distance of 1m (3x3=15)

2. (a) Uslng the partition function of classical ideal monoatomic gas consist of N indistinguishable
particles at fixed lemperature Tin volume V2 { A, VIi={ P’fﬁ'ﬁ'ﬁlﬁhﬁ"fﬁ“]‘”"’:

Derive the Sackur-Tetrode relation

assuming N>>1. Show that the entropy given by
the Sackur- Tetrode equBLion is an

exlensive parameter,
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{b) A partition divides a box into two chambers | and 2, cach of volume ¥ Aszsume that
chamber 1 and 2 chamber contain the same ideal gas consisting of 2Nparticlesand &
particles respectively attemperature £, Using the Sackur-Tetrode relation, caleulate the
entrapy of mixing after the partition is removed and the contents are allowed to mix 10
reach at equilibtium ( Assume that the lemperature remeain constant throughout the process),

(8.7

3. (a) Consider an isolated paramagnetic salt consisting of dipoles of magnetic moment ulocated
in an external magnetic ficld 8 Out of these N dipoles, n dipoles are parallel o 8 and
rest are anti-parallel. Show that the total tncrgy £, the entropy § and the absolute

temperature T of the system are given respectively as

(1) E=(N-2n) ug
{iijS:-Hka_[::a'n (x) + (1= x)in{1— x 1], where x =n /N
() 1/T" = [Kg/2 pB] In (n (N —n))

(b} A system consists of 12 identical butdistinguishable particles which CAN oceupy non-
degenerate energy levels. Initially, the system is in the microstate which is defined by
(6,3.2,1) particles in the energy levels (0,2, 32, 51

(i) Calculate the number of microsiates and entropy of the system in its initial state.

(i) If a small amount of energy Is added to the ahove-mentioned system such that only
one particle 1s raised from the ground level (2ero encrey) to first excited bevel ( £ ),
calculate the number of microstates available in this final microstate. Hence. find the
chunge of entropy when system undergoes from initial to fina] stale, (%, 7)

4. {a) Consider a complelely degenerate non-relativistic gas of ﬂd‘d‘h‘pns_ in3 -dimensions.
Obtain the expressions for dveruge energy per particle, Fermi velocity and Fermi pressure,

PiTa0.
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(b} Consider the model of a white dwarf star: a sphere consisting of helium gas of mass
M = 10% kg at & density of p= 10" kg m™" and temperature T of the order of 10"K.
Using these data, ind the nature of electron gas inside a white doart star, (Given: mass

of proton = 10777 kg, mass of ¢lectron = 167 kg) (8. 7}

§ (1) Prove that for photon gas, internal energy (L) and (§) entropy at given temperature
T are related by the following relation: TS =4U03.

(by How does Bose-Einstein condensation explain the superfluid properties of liquid 45!

(10.5)

6. (a) A blackbody cavity at temperature 1118 filled with Ny, N, Ny, .. oscillators having
energies 0, v, 2hv, ....respectively. Caleulate the otal number of escillators and
determine average energy of the oscillators. If Planck’s constant tends to zero, what

would be the effect on the average energy of the oscillators?

{b) Calculate the average encrgy af & Planck oscillator. vibrating with frequency 3 1

H= a1 2000 K. Compare it with a classical oscillator, (10.5)

Consfanis;

ky = 138)x 1079IK"

( ‘Ldu.f_J
.71 WL

m, = %11 X 10" % kg
h= 6626%X 1077 s
c = 3% 10F ms™?

g = 567 % 107 ISR

(2000)



