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> Attempt five questions in all.

3. Question Noo Lis compulsory.

4 Answer any four of the remaining six questions.

. Attempt all parts of this question:

(a) The static chargedisiribdlion produces a radial

' clectric field E’._-—r—-—f where A and b gre
constants. Calculate and plot the charge density
distribution.. What is' the total char;,c Q’ (3)



740 - p)

»

(b) Determmc if the vector ficld A = 25(; 4+ 1)sin¢

S+ s(z + 1) cosgb ¢ + s%sin ¢ 2 corresponds to
an electrostatic field or a magnctid field. (3)

(¢) A square coil of side 60. cm rotates nhout the x -

axis at ¢ = 60 1 rad/s in a field B = 0.8k Wh/m.

Find the induced voltage. - (3)

(d) For the -givcn network, find the value of R for

maximum power to'R, and determine the maximum

power to R,
Qn

\

R, 4N
I@% 5A R, A0 g |

E =24V (3

Lo A

(¢) In a one-dimensional device the charge density is

p= .p—-Ifr‘Oﬂtx—Oale 0at x = x_

by solving the Poisson’s equation find the clectric
y s

: (3)
potential V. ‘
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f Jisplacement current

A , , . ~ancept
(1) .\ho'\\ how the cont® of current by taking lrw

explains the cominml)'

' R
lel-plate capacitor. (3)

example of a paral
N\

(1)

(8) Define’ Hysteresis loss?

tatribut nsity is
< a) For a Spherlcal charge distribution, 1.he de y

gwcn by

N Xt O
- 'P_{& f r>R

Determine the electric field E and the potential V
for (n)'x" 2 ;R.(b).r < R. | (7)

(b) An infinite uniform surface current K . 61 /\/m

flows ovcr the X- y plane and a long straight wire
(.arrylm__ 2 Stcady current Lis locateg

'1\0ng X-aX18
at 72 '='4 m. D(.lummc ] nDd

. | s direction il
B o= 0 at (0,0,1.5) m,

, (7)
3, (a) A y,r('nindcd metal Shcm l
A | ‘ 8 l’l“&cd in e 7= 0
plane, while a poin Qhurm . =
'u

Qi locaqeq at 0, 0, 1),

P.T.O.
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(b)- A certain co-axl

tube of inner r

* \

Find the force agting Of 2 Point Charge -

Q placed

(0.0 ) o

ial cab}c COHSIS[\ |
Of a COp
per wire

surrounded by

of radius a C(mcenmc COpper

adius ¢. The SPaCc betwnen them is
partially filled (from b out to C) with & material of
dielectric constant k. Find lhe.capnci(nncc per (mit

length of this cable?

(a) A sphere of radius R filled Wi‘tb 'm'atefiél of

dielectric constant k, have a 5maI1 conccntrlc
spherical cavity of radius a. A frcc pomt charge .

q is placed at e center. Find, the pol'\ruatlon'

(7

vVee
eetor Prand boupg charges 0, and Py
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(b) Determinc the qu

.5
alit)" factor and bandwidth for

. L 4
the response curve with peak current of 200 mA

at its resonant frequency of 28 KHz. For

capacitance C = 101.5 nF, dcte‘rmine the

1
. inductance L of the inductor, resistange R of the

resistor and applied voltage for the series resonant

circuit. / (7)

Y

(a) Two coaxial solenoids egch carrying current I, but

n nppositc' directions. The inner solenoid of radius
a has N, turns per unit length and the outer of
radius b has N, turns per unit length. Find B in
v cach of the .thrcc;‘ regions: (i) inside the inner

solenoid, (ii) between them and (iii) outside the

outer solenoid.,

(7)

' o P.T.O.
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(b) (on\ldet a lmu. .md thin wire of radius o and

made of g m.\gnctw material with susupnlnlu/

X It the total current I is (lowing in the wire

such a way thatVthe volume current density

I=kr'Z (where k is a constant, r is the distance
from the axis), find H, M, dnd B In thc tcg,llm

inside and outside the wire. (7)

(a) Show that the potential of a magnetized object is

givex.l by

r

A—-—f e “’55 L s

where J, and K, are the bound volume current

throughout the material and bound surfuce current

respectively, f“i:rt?}uﬂﬁnoc between the souree
point and the #€1d point, , (7)

(b) An infinite straight wire carries a current s

placed to the left of a rcctangul(n loop ol wire

with width W and length I, as shown in the hl.,kllL

\
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loop and the direction of

mduced emf in the |
p e varying curren
the induced cyrrent for @ UMe varying * 1
| o poSitive constants
(O ¥ a+ Dbt wherea and b are |7()hll.lyg constanty,

-

";"‘L-z—-—- \U’.——-—"
Y — .
-, ! ﬂ
[ b— o
-\

(a) A sphere of radius' R carries a charge densily
ry\ ¢ . . \

1 e o= A \ . - o

p(r) = fé(l n)’ where k is a con.sllant. Find the

cncr'gy of the configuration, | (7

(b) Obtain the Thevenin equivalent circuit of the given
circuit as shown In the figure. Draw (he Norton
equivalent of the Thevenin cquivaleny circuit,

1]

P.T.0O.
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(2500)
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' InStruétiions for Candidates

1 . Write your Roll No. on the top immediately on receipt
of-this question paper. -
2. ‘Answer any six questions.

Sl | Use of calculator is allowed.

1. ',(a) Why AG is used more compared to AA to express
- the condition of spontaneity of the reaction?
(2)

(b) Give reason why reversible processes are ideal
“processes & cannot be carried out in practice. L

(2)

PUT.O,
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(¢) How cqll”lbrium constant K

o p 18 a dimcnsionlcss
ql“lhl.\"

(2)

(d) Why i is necessary 1o ygxq standard SOlutiom in
standard flasks insteaq of a beakery (2)

(¢) Explain Q 1s a pat) function

and not 4 state
function. | T

(2)

) Predict whether the followip
intensive or extensive :

mass, enthalpy, mole frac_tion, boili'ng,pc')i.nt, entmpy ,

(28

(a) A 25 g mass of ice at 273_K is addcd‘to_lsozg of

743

3,

8 variables are

liquid water at 360K at constant P. What 1s thei |

final state of the system? Calculate ‘AS. for the

process. Given AH, (H,0) = 6.0095 kJ m'ql“"," |
C, (1,0, 1) = 75.29 JK-! mol-! & T, (H,0,5) =

273 K. R L (4,)“.

(b) Derjve thc‘relation X D (4)"

( 2 VJ ( or
a8 ), 0’; Jv

(€) Show ntropy is a state function & dS is

an - exge differential using first law of

lhcrmodynumicx ; o (4.5)
. ' 1

(
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3. (a) Prove the Kirchhoff s relations: : 4)

(1) AI‘IZ'— Alll el Acp(’rz - Tl)

(i) AU,- 48U, = AC(T,=T))

(b) Calculate the enthalpy change for the following

reactions :
() C2H4(g) + Cl,(g) = C\:2H4C1z(g)

(ii) C,H(g) + 2Cl,(g) — C,H,Cl,(g) + 2HCI(g)

©
Given B.E. (C-C) = 348 kJ mol™
B.E. (C=C) = 610 kJ mol"'
B.E. (C-H) = 413 kJ mol"!
B.E. (CI-Cl) = 242 kJ mol™'
B.E. (C-Cl) = 328 kJ mol™
B.E. (H-Cl) = 432 kJ mol™ (4)

(¢) Define enthalpy of neutralization. Enthalpy of
neutralization of HCl by NaOH is 257.32 kJ mol™!
and by NH,OH is -51. 34 kJ mol. CalCU1ate the
enthalpy of dissociation of NH,OH. (4.5)

P.T.O.
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4,

4
(a)

Prove thcrmodynamic equation of state !
6 .

("H) *p=T Ep-.

V )y oT

(b) For an ideal gas ¢

(4)

pm = (5/2 R). Calculate the

change jn °ntropy when 3 moles of gas is heated

from 300k to 600K 4

(i) constant pressure

(ii) constant volume

(4)
(¢) Show that ;

(1) ( V) =0 for an ideg] gas.

(i) C,~Cv=R for ONe mole of an jdegq gas
(4.5)
(2) Derive Gibbs — Helmholtz equation,

AG AH

— =204

T T

Where I is the constant of integration, (4)
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(b) Starting from the fundamental cxpressions of first
and second laws of thermodynamics derive the

following relations :
- (i) dA = -SdT - pdV

(i) dG = -SdT + Vdp (4)

(c) Dérive Gibbé Duhem equation and prove:

Z“d ipm =0 (4.5)

6. (a) fi) Show that the pressure for a gas obeying

: RV

V2

| ]
~

, " is a state function. | (

(ii) Prove that:
() .

(b) In the following reactions, mvolvm;, change in

numbcr of mol, what will be the cffect of increase

[
Ca—

P.T.0.
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|

6

in pressure from external source on tj equilibric
| Quilibrium

of the reactions :

N,0,(s) = 2NO,(g)

250,(s) + 0,(g) > 2 S0,(8) IR (‘4)

(¢) 1 moh of an ideal gas at 300K expands
lwthumally and reversible from an mmal volume
ol 2 litres to a final volume of 20 lxtres Calculate
. W, AU, AH, AS and 4G, (4.5)

(a) The boiling point of chloroform was-,ra'ised by
0.325K when 5.141 x 10- kg of anthracene was
dissolved in 3.5 x 102 kg ofchloroform Calculatc' -

the molm mass of solute,

K, = 3.9 K kg mol !, @

(b) van’t Hoff factor, i, for aqueous solution of both
NaCl and CH,;COOH dcpends on the concentratlon
of the bO]Uthll Explain, PR (4) o

(¢) At 480K and a total pressure of 1. atmos_p\hére, a
mixture consisting of nitrogen and h)'dfbgen in the
mole ratio of 1:3 contains 16% am'm'onia at

cquilibrium. Calculate K for the reactxon

@S



(b)

7

o) What 1s the Osmotic pressure at 25°C when 72.5

ml of a solution containing 4.25 grams of

clectrolyte CaCl, (molar mass = 111 g/mol) is

prepared? (4)
g

How much heat (in kJ) is needed to convert 100.0

grams of ice at =10°C to steam at 115°C?

(4)
) Prove that:
(i) TVY-! = constant
(1) PVY = constant (4.5)

How many grams of non-electrolyte sucrose
‘molar mass = 342 g/mole) must be added to
450 g of water (molar mass = 18.0 g/mole) to
change its vapour pressuré of 745 mm Hg at

100°C? (4)

State the third law of thermodynamics. Write

the expressions for the change b entropy per

mole of a substance undergoing cach of the
v~up0rizution and

()

phase transitions = fusion,

sublimation.

P.T.0.
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(¢) Explain :
| '-*«\"\‘(i)"Criteria for spontaneity and _eqll“ib_"iL

(ii) Le Chatelier’s principle. B
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1. Write your Roll No. on the top immediately on receipt
of this question paper.

2. Answer any five questions in all.

3. Q. No. 1 is compulsory.

1. Attempt any five questions. Each question carries 3

marks. (3x5=15)

(a) State and explain principle of superposition.

P.T.O.
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(unmﬂ forks A and B

(M fwe

) l() r()d e : , v
eriment produce [ igsajous figures. It is found

are used in an optical

N

(hat the seqUENCe of figures repeats every 10

<cconds: when fork A is Joaded with a little wax,

(he sequence of the figures is found to repeat

y 20 seconds. If the frequency of fork B is

egver

400 Hz, determine the frequency of fork A.

(c) A parallel beam of light of wavelength 5890 A is

‘ncident on a glass plate (p=1.5) such that angle

of refraction into plate is 60°. Find the smallest

thickness of the plate which will make it dark by

reflection.

(d) What is the highest order of spectrum which may

be seen with monochromatic light of wavelength

600 nm by means of diffraction grating with 5000

(¢) | .
l —x - . ~ . ~
plain Rilylcigh’q criterton of just resolution ot

twg g . .
“Pectral fines of same intensities gving suitable

.‘slly \
Clrye
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(f) Distinguish between Spatial and Temporal

Coherence.

(g) How does Fraunhofer single slit diffraction pattern

compare with Fresne] single slit diffraction

pattern?

(h) In a biprism experiment, at a certain position of
the eyepiece, the fringe width obtained is 0.2 mm.
When the eyepiece is moved away by 50 cm, the
fringe width becomes 0.3 mm. If the distance
between two virtual sources is 0.3 cm, find the

wavelength of the light used.

2. (a) What are beats? What are the necessary conditions

to obtain them?

(b) Two vibrations along the same line are described

by the equations

x,(t) = 0.05 cos (8nt)

P.T.O.
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(0 0.03 cos (107tt)

v and x : -

where X, and x, are I meters and t is in seconds.
Derive the €quation of the resultant vibration
obtained by SUPerimpoging the given oscillations

and hence find the beat perjod.

(¢c) Six simple harmonic oscillations each of same
frequency and amplitude are superposed. The
phase difference ¢ between any two consecutive
oscillations is constant. If the resultant amplitude
of the superposition is zero, what is the phase

difference ¢? (3+7+5)

3. (a) What are stationary waves? Write it’s any two

characteristics.

(b) Derive the equation that describes a standing wave

and its normal modes on a string of length L fixed

rigidly at ends.



.

N
o
‘N

4.

(c) The equation ol a Mationgy ve 18
ary wave I

R < X
V=0 Q .
\ (COs\Sm 60t

N
J

Find the (1) equationg ¢ the waves constituting
the stationary wayeg (ii) wavelength and
frequencies of these Waves (iii) distance between

successive nodes. (3+7+5)

(a) Why two independent sources of light of same
wavelength cannot show interference? Explain

briefly.

(b) Give the theory of formation of fringes in a wedge-

shaped film and hence derive an expression for

the path difference and fringe width

(c) Name the four characteristics of a coherent beam
of light. Discuss gtoke’s treatment for reflection

and refraction. (3+7+5)

P.T.O.
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-~

(a) Obtain Airy’s formula for transmitted light in a

pabry Perot interferometer.,

(b) Show that the fringes gbtained with Fabry Perot
interferomete€r are sharper than those obtained in

Michelson’s interferometer.

(c) In a Newton’s rings experiment the diameter of
the 10™ dark ring in the reflected system changes
from 1.4 cm to 1.27 cm when a liquid is introduced
between the lens and glass plate. Calculate the

refractive index of the liquid. (7+5+3)

6. (a) Obtain an expression for intensity distribution in
Fraunhofer double slit diffraction pattern and

hence discuss the formation of maxima and

minima.

(b) How does the intensity distribution in the above

pattern differ from that in the Fraunhofer
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diffraction pattery duce 4, a single slit? Ilustrate

with diagrams.

(¢) What 1s the Phenomengn of Missing Orders in

Fraunhofer double slit diffraction?

Find the order of missing spectra in a double
shit diffraction pattern where the slit width is
0.16 mm and they are separated by 0.8 mm.
the screen is placed 170 ¢m away from the

slits. (7+5+3)

(a) What is a zone plate and how 1is it

constructed?

(b) Give the theory of a zone plate and show that it

has multiple foci.

(¢) Compare the similarity and dissimilarity between

a4 convex lens and a zone plate. Calculate the
C

PT.0o,
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adius of the TSt ang oo ot period elemeny

on a zone Plate behayin, jike 4 convex lens of

focal length 50 cm. Given A =5000A°

(3+7+5)
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(if)

(i)

(iv)

2

, € Proew
List thre ploc‘-sscs

|
| 1 through whicl ity
OSC they, | .
Pho(ons 1)) tnergy (lm'lng their thitcrctiog

with matter,

In Compton SCalleripg experiment, if ()¢
photon has a w

IHLithHl.
avelength of (). 2nm and D :o000;

calculate the a“Nwhxch the xeuoxlud cleuron

ears. .
app ’

In a Frank-Hertz experiment, an elt.c:tmn of .
energy 5.6eV passes through mexcury vapouxs‘ |
and emerges with an energy 0.7eV. What is the -

minimum wavelength of photons exmttui by
mercury atoms? _ ,

v ' :
"

Dcﬁne linear stopping power. What are us lypxcal |
units? | S

Distinguish between KERMA and 'CEM{\_’.V

What is.the main reason for the diffdrgpee in

biologic effects caused by neutrons and plu.‘n'o'ns?f -

List three nuclear techniques used i ‘crime
detection. (Sx3=15)

Explain terms mass defect and binding cunergy.
ey
Caleulate the binding energy per nucleon ol [e



e
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(i), Discuss the'inter

/

AR (1)

/3/ h

o

e masses are mCHE 40026051, =1.007825u
p ! ' P
and m = I 008665, (7)

laplam the kinematies of Nuclear reactions.

(3)

Blue light shines on the meta] surface and causes
photoemission of electrons, If a stopping potentinl
of 2.6V is required to completely prevent

clectrons from reaching the collector, determin€

‘he maximum kinetic energy of the electrons.

Express your answcr in units of joules and
(9)

clectron volts.

Derive an expression for threshold wavelength

(6)

for pair production.

.

action of neutrons with matter
function of a moderator in a

! (9)

and cxpl.nin the

nuclear reactor.

. Leplain the termg mass stopping power, range

i)

and strageling. (6)

]
J

and how can it be used as g

|
ation: (7)

Vit os 1tonization

means of measuring radi
'

P.T.0O,
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(i) Briefly disﬁ;‘(gworking of noutron e

6. () Briefly discuyss (o

CClory

(%)

¢ concept and working

principly
Ot‘PrOPONional counters. (7)
1]
(i) Explain the working principle of thermy-
Iuminescent dosimetry
S

(%)

7. () Givea brief

account of Accelerator driven Sl

critical System (ADS) for wasic management
™ : (§)

(if) Briefly discygg application of nuclear (o

chniques
in MRI and the fi |

gld of crime detectipn,

(7)
8. Write short noteg on any three of (he followimg
fa) Nuclear Spin
(b) Solid State Detectors , '

() Annual Limit of Intake (ALD)

and Derjve Air
Concentratjon (DAC)

i . f
(d) Cherenkov radiation . |
(e) I“Ferllational Commission op Radiological
Protection

(5.5.8)

(200)
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Instructions for Candidates

Write your Roll No. on the top immediately on receipt

of this question paper.

Question No. 1 is compulsory.

Attempt any four questions from the remaining five

questions.

Non-programmable calculators are allowed.

Attempt any five of the following : (3x5=15)

(a) Find the conductivity of an intrinsic silicon at 300K.
Mobility of electrons H, = 1350em*V-s and that

=480 cm?/V-s. Intrinsic concentrations

of holes n
P s .= 1.5x100¢my-3

of electrons and hole

P.T.O.




2
1397

b) The output of the CirCUit gian bdow i
ume ideal diode)

(

Connected

ng on it
(AsS

v;:usiﬂ“’t ; Vo

—

(c) The transistor of the figure given below is specified
to have P in the range 100 to 300. Find the value
of R, that results in saturation with an overdrive
factor of at least 10. Assume Vg = 0.2V and

Ve =0.7V.

Ve 10V

Re= 1 kKL

Ves=5v

W\
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(d) Design a differentiator o {ifferentiate an input
signal that varies in frequency from 10Hz to IKHZ,

using op-amp.

(e) Draw a circuit diagram of 5 4-bit R-2R ladder

type DAC and calculate its percentage resolution.

(f) Define slew rate and discuss why a high slew

rate of an op-amp is desirable.

(g) Draw I-V characteristics of a Tunnel diode.

2. (a) A and B are two semiconductor materials. They
have a band gap of 1.1 eV and 1.9 eV respectively.
Which of these can be used for LED production?
Support your answer by evaluating the wavelength
of radiations emitted on recombination of electrons
and holes in the two cases. Planck’s constant
h=6.626 x 10-*4J s.

(b) For the circuit given below determine the voltage
across the diode and the current flowing through

it. Assume an ideal diode.

xft

P.T.O.
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. ~des and s -
(©) Phctodl“de' d solar cells are both photovoltaic.

what is the difference between the two?

(d) Explain Zener breakdown and discuss the main

3 (a) For the circult given below, draw the load line and
Jetermine W hether the transistor in the figure is in
the active T€gION or saturation region. What
sigmificant change will happen if the transistor is
replaced by the one with double the value of B
(V =10V, Vi =07V and V., =0.2V).

Yee

q3 k& Rg Rkl

F: 50
v =02V
c€ sat

|

(b) In the Circuit gjven below evaluate -

(1) the operating point (Vee 1)

(1) mig frequency voltage gain

]
H
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(i) mid frequency voltage gain when bypass

capacitor C, ig p
apacitor C is removed

(iv) mid frequency voltage gain when C is

connected paralle] to R,

€3

(5,10)

4. (a) Derive an expression for the frequency of
oscillations and the condition for sustained

oscillations for phase shift oscillator constructed

using BJT.

(b) A cascade connection of two voltage amplifiers

Al and A2 is shown in the figure given below.

R, =1k<Q. The open loop gain A, | input resistance

P.T.O.



6

1397

wn

NN and output resistance Ry for Al and A2 are
as follows:
W A1 R=10kQ: R =1kQ
A2: ,‘-\\‘-0:5? R=5kQ; R, =200Q.
what is the overall voltage gain?
Vin e .?Ev,
(10,5)

(a) The differential voltage gain and the common mode
voltage gain of an operational amplifier are 100
dB and 2dB respectively. Calculate its CMRR.
Why is it desirable to have high CMRR for an op-

amp?

(b) Draw the frequency response of the gain for the

circuit given below when:
() Z, and Z, are both resistors.
(i) Z, is a resistor and Z, is a capacitor.

(i) Z, is a capacitor and Z, is a resistor.
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S ‘l:— \:l—:_

(c) Draw the circuit diagram of a basic integrator.
Derive the expression for the output voltage.
Discuss the problems associated with it. Also draw
the circuit diagram of the practical integrator

circuit that can integrate in the desired frequency

range and rectify the problems associated with

the basic circuit. (2,6,7)

6. (a) A silicon sample is doped with 107 As atoms/
cm?. What is the equilibrium hole concentration p,,
at 300K? (The intrinsic electron and hole

concentrations for silicon is n;=1.5x10'%m™).

(b) Calculate ripple factor and efficiency of a full

wave rectifier. What is the PIV of a bridge

rectifier?

(c) An op-amp is used as a zero-crossing detector.

The maximum output available from the op-amp is

P.T.O.
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1oy & <12V and the slew rate of the op-amp is

2V/ps. What is the maximum frequency of the

input signal that can be applied without causing
distortion in the output?

(d) What will be the output of a comparator circuit if
(he inverting input terminal of the op-amp is
connected to the ground and a sinusoidal voltage
is applied to the non-inverting input terminal.

(3,7,3,2)

(1700)
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Attempt five questions in all. Question No. 1 is compglsory.
1. Attempt any five parts: (5X3=15)

a. Find the complex solution of the equation e¥ =1 + 4.

b. Verify that the function u(z,y) = 23 — 3zy? — 5y is harmonic in the entire complex.
plane. Find the harmonic conjugate of u(z,y).

¢. Evaluate ¢,z dz, where C is a circle defined by z = cost, y =sint, 0 < ¢ < 2r.
d. Expand the function I
f(2) = D)
in a Laurent series valid for the annular domain 1 < |2].
e. Prove that I'(1/2) = +/x, using Laplace Transforms.
f. Find the Fourier Transform of sin§ in terms of Dirac delta function.

8. Find Fourier sine trausform of f(z) = ¢=m=,

h. Prove that a §(z) = —d(=z).

2. (a) Find the singularities of following functions ' (8)
. Ssiny/z . In(z + 37)
(i) \/E (n) """“'-————22 .
(b) Evaluate (7)

ezt :
}im dz  where t>0 and C: |z| =3,



3 (a) Expand

(7)
1
= ———D for 1<|z| <2,
(b) Find the indicated roots of the given complex number (-2,/3 _ 2)1/4, (8)
4 (a) Let f(z) be analytic iy » region /t bounded by two simple closed Curves 'y and C,
and also on €} and C2 (C, lies within C\), prove that (7)
f(z)dz= ¢ f(2) dz,
(o)1 C2

where C, and C, both traversed in the positive sense relative to their interiors.

(b) Evaluate the line integral (8)
24
2z +iy +1) dz
1-i

along (i) z =t + 1 anq Y =2t% - 1; (i) the straight line joining 1 — § ang 2+

5. Using Contour Integration, solve any two of the followings: (7.56X2=15)
00 2 2m 4
. (b —
(a) /_w @+ )Z+d) @ ®) /0 5+4smp ¥
*® cos 3z * sinmz
d: . (d d
© /o @@+ D)@ +4) @ /o z
6 (a) State and prove the Convolution theorem for Laplace Transform. (8)
(b) Evaluate the integral using Laplace transform (7)
0 o=t _ -4t
E e 4
0 t

7 (a) Plot the given function f (t) with period p and find its Laplace transform (10)

kt |
f(t) = ry where k = constant and 0 < ¢ < p.

(b) Obtain the Fourier transform of the derivative of function f(z)

» Where f(z) -0
as z — £o0.

(5)



8 (a) Solve for f(z) from the Fourier cosine transform (8)

[
0

(b) A piece-wise continuoys function in every finite interval and absolutely integrable
on the z- axis, is given as 7

flz) = /U " [A(w)coswz + B(w) sinwzdz)

where L
Aw) == ‘/: ) f(v) coswrdy

B(w) = %/_‘: f(v)sinwvdv.

Obtain the Complex Fourier Integral for f(a).
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Unique Paper Code C 032221602
Name of _'lh.c.'l"npcr oo Dcparlmcnl oki' I’h)’SiCS &
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[nstructions for Candidates

! \anp your Roll No. on the top immediate lv on receipt

of Ihl\ question paper..

i /\llcmpl any four questions in all.

-

All questions carry cqual marks,

8 N'()n-pmgrammablc Scientific calculators are allowed.
. (a) Given a system ol 5 weakly: IMicracting

. [} X
distinguishable particles which can occupy any of
(he three cenergy levels ol energy 0, ¢, ang 2

' - vogystem be
Let the total energy ol the sy ¢ Se, Werite

P.T.0.
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(b)

. . . et O Q ()ll(!l ~
all POSSible macrostates and their corresp

s ol (his
Mumber of microstates. Find the entropy ©

System.

: s . S [P yISCS
COns:der equal amount of two identical ideal gi

nt
at the sap temperature T but at differe

Pressure P, and P, in two different container:

|
volume V| and V, respectively which are joinee

by the Partition. Starting with Sackur-Tctrode
relation, prove (hat 1f gases are allowed to mix

each other by removing the partition betwecn them,

the change in (he entropy is given by :

AS = Nk 1In (P, +P)*/ (4P P

where N denotes the number of atoms 1n cach

container. Assume that the temperature remain

the same after mixing of the ideal gases.

The partition function, Z (V. T), for some physical

system is given as:
LY
Z(V,T) = exp[(87° k' V T%) / (45 Ky
\ -

Where the symbols have their usua] meanine .

Calculate the internal energy and pressure [o; such

System. (6.75,6.6)
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-

3

. TN N L '~;7IC
Consider an isolated system of N (hslmguihh‘l

il o - v
partictes. Each particle can occupy only one of 1Y

.‘ . . . . ) P . )‘
energy levels of energy ¢ and ¢ (where €, = 2
Particles are distributed in such a way (hat n, purtxclu
“resides in energy level e, and n yarticles are present
resides in energy P | particles are |

in level of energy €,. (Assume N s very large and

N'= n +n,)

(a) Iind the entropy-and cnergy of (his system.

Show ‘that entropy of such system is maximum

when n2 = N/2.

(b) I'ind the maximum and minimum value of the

entropy.

(¢) Obtain the general expression ol temperature for
the above mentioned isolated system and explaim
how is it possible to attam negative temperature

mn i, ‘ (6.75.6.6)

(a) Consider a spherical enclosure whose wall are
moving outward with speed v (v << ¢) and are
I‘L‘l'f‘eﬁ.tl)' - reflecting. Suppose  that | an
clectromagnetic wave of wavelength 7 incident at

amangle 0 to the normal on the wall. Show (hat

P.T.O.
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.
—

change ”\c

Juring adialy,

4

\\“\l"lc‘\};”\ after one retlection
(\tl oy § N ~
L expansion of blackbody radiation

IN \* \ 2 \ )\,\)

cosl),

(where ¢ s velocity of light)

obtam the value of Wiep® s constant hy using the

Planck™s radiation formula.

A radiating cavity has the maximum of- L[\ lddl wing

POWCT per unit arca at (A,)
I max

= 74 pm at
temperature T\, Now the temperature ol the cav iy
is changed to T, such that total power radiated
per unit arca by the cavity is 81 limes higher
than its previous value. Calculate l.l.\,c-.w:ivclcnglh
(Ay), . where the maximunmy cmiﬂioh of radiation

occeur. o : . ‘(().7'5,(),(;)‘

At what temperature woul-d' you cxp'cc'l‘ il trappcd _
gas of hydrogen atoms with peak dumty 1.8 =
10" atoms/em? to show the signs+of Bosu l*m\tun |

Condensation.
(Given my, = 1.66 x 10 %7 kg)

Hothe pumber density of bosons become § timey
Gf gy previous value, find the change in the

Condengation temperature,
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(h) Consider a photon gas encloseq i
The photons are in cquilibrium at“ & Volyme V-
The average number of l)llmmns inleml)erawrc T
given as N =y VETE Obtain the valu.qulllbrlum Ib.

¢ of constant®

w. pand y.

. ) oY YOO - s
() Plot th'c pressure of strongly dege | ns
" ) nerate boso
with temperature. Show explicitly the T < T nd
e | eT<Tcd
> C 1
[ > Tc regions in the graph. Compare it with

classical gas.
b | (6.75.6:0)

< () Calculate the internal energy possessed by the non-

celativistic and strongly degenerate (T<Tr)

cJectrons moving in 3-dimensions.

(h) Derive an expression for fermi velocity of
clectrons at T = 0 K and hence show that the de
Broglic wavelength associated with the clectrons

is given by
M = 2 (75/3“)1”

where n is the qumber density (N/V) of the

clectron gas.
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Cal
(c) Prove jons

© that for system consisting of ferm

temperatum T (T << Tp), the PIObﬂbllllV tha!
ant

filled State Al lying abovc Fermi level 18 the

[OW
as the Probability of an empty state AE lying b¢

the Fern.“ lCVC], (() 75 0. 0)

Useful constants and Integrals :
h=06.6x102]Js

ky, = 1.38 x 10 2 J/K

B
c=3 x 10% m/s

[\
7 x¥(ex=1)dx = 2.404

(2100)
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Your Roll NO..ceeeeeneecee
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Unique Paper Code 1 42221201

Name of the Paper . Electricity, Magnetism and
EMT

Name of the Course : B.Sc. (Prog.) — CBCS

Semester o 11

Duration : 3 Hours Maximum Marks : 75

Instructions for Candidates

1.  Write your Roll No. on the top immediately on receipt

of this question paper.

2. Attempt Five questions in all.

3. Question No. 11s compulsory. Attempt four questions

from rest of the paper.

4. All questions carry equal marks.

1. Answer any five of the following : (5%x3=15)

(a) Determine the constant a so that the vector

< a ~ A
V=(x+3y) i+(y—2z)j+(x+az)k

1s solenoidal.
P.T.O.
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9

2

(b) Prove that electrostatic field is conservative in

naturc.

(c) Assuming the earth be a spherical conductor of

radius 6400km. Calculate its capacitance.

(d) Explain the physical significance of V.B=0.
What type of vector is B?

(¢) Differentiate  between diamagnetic and
paramagnetic materials (mention any two points).

Give one example of each.

(f) A current of 2A flowing through a coil is cut-off
completely in 0.2 sec. Calculate the e.m.f. induced

in the coil if it has a self-induction of 0.06 H.

(g) What is Displacement current?

(a) Show that the vector field \; :(Xzﬂ"xyl)i*()’l*‘xz)’)j

is conservative and find the scalar potential @
5 o
such that field V =V ®. 9)

(b) Find the unit vector normal to the surface

x2 — 8y’ + z? = 0 at the point (8, 1, 4). (6)
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3.

3
L ctric
(a) What is dipole moment? Show that the ele ‘
"] . ' . ig twWl
field due to a dipole at a point on its axis 15 twice
distance

as strong as that at a point at the same
along the perpendicular axis.

(8)

qcitance of a

(b) Derive an expression for the cap
and outer

cylindrical capacitor with inner radius &

radius b assuming the length of the capacitor

[>>D. (7)

(a) Using Ampere’s circuital law, find the magnetic
field due to a current, 1 carrying long

cylindrical wire of radius R at a point distant T

from the axis of the cylindrical wire for r>R and

r<R. (8)

(b) Define magnetic susceptibility and magnetic
permeability and hence derive the relation

w+ p0 (1+x). (7)

(a) Explain the phenomenon of self-inductance. Obtain
the expression for self - inductance of a long
straight solenoid having N turns per unit length

V.
and volume (8)

(b) A solenoid having an air core and 12 cm long has
120 turns and its area of cross-section is 6 cm?
Find the self-inductance of the solenoid. o

P.T.O.
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770
ve wave equations i ,
] perive Wi 1 ons mvolving eleclromagnetic

6.
" o
elds E and H in free space. Show that in free

§pace; the electromagnetic waves travel with the
speed of light. (8)

(b) Show that electromagnetic waves are transverse
in nature and also establish the relationship between

electric and magnetic field of the electromagnetic

(7)

wave.

7 Write short notes on (any two) : (15)
(i) Magnetic vector potential
(i) Maxwell’s equations

(ii1) Gauss law 1n electrostatics

Physical Constants :

& = 8.854 x 10-12¢2/Nm?
ho =4m X 10~7 Wh/Am
€=16x10"19¢

C=3X108m/s

(1000)
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your Roll NO.ccoeemeeeenes
Sr. No. of Question Paper : 1622 A
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Duration : 3.5 Hours Maximum Marks : 75

Instructions for Candidates

1. Write your Roll No. on the top immediately on receipt

of this question paper.
2. Attempt five questions in all.

3. Question no. 1 1s compulsory.

1. Attempt any FIVE parts from the following :

(a) The time period of tuning fork is Z_;E and it

produces 4 beats/second, when sounded with
another fork. Calculate the frequency of the

second fork.

P.T.O.
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278"
(b) If the phase velocity is given by, V, :(—pfj

(Here, S and p are constant), then derive the

relation between group velocity and phase velocity.

(c) Give three differences between travelling waves

and stationary waves.

(d) Explain why the reverberation time is larger for

an empty hall than for a crowded hall.

(e) What do you understand by wave front? Name

one experiment each, which is based on division

of wave front.

(f) Why do thin films appear colored in white light?

(g) How many orders will be visible if the wavelength
of incident radiation is 4800 A and the number of

lines on a diffraction grating is 2500 per inch.
(5x3=15)

2. (a) What are Lissajous Figures? For the cases
mentioned below, give the graphical as well as

analytical representation of the Lissajous Figures
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(Y

(with direction) (o1 the motion of @ particle which
is subjected to two pcrpcndiclllar simple harmonic
motions given by

X =3 cos (o)

y = 2 cos Qut + a), where & = 0

(b) Prove that the principle of superposition holds only

for linear homogenous differential equation.
(10+5=15)

(a) Explain the formation of standing waves on a

stretched string.

(b) For a stationary wave, the displacement (in cm) is

given by,

y= 4sin(ﬂjcos(96m)
15
What is the distance between a node and the next
anti-node? (10+5=15)
(a) What do you mean by Fresnel’s ha|f period zones?

What are the radii of zoneg of , zone plate?

(b) Explain with the help of g diagram,

distribution duc 10 diffy

the intensity
action at a straight

edge. (7+8=15)

P.T.O.
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5. (a) State the principle of reversibility of light.
Determine the Stokes’ relation for reflection of

light from an optically denser medium.

(b) Discuss the theory of interference due to two slits

and find the expression for fringe width.
(5+10=15)

6. (a) Derive the expression for intensity distribution in

case of Fraunhofer diffraction due to single slit.

(b) Show that the relative intensities of the successive

maxim are in the ratio of,

2V (2

7. (a) Show that electromagnetic waves are transverse

in nature.

(b) Explain any two methods of polarizing an un-

polarized beam of light. (9+6=15)

(3200)
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Your Roll NO

Sr. No. of Question Paper : 167 A
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Instructions for Candidates

~ Write'your Roll No. on the top immediately on reeeipt

ol this question paper.

7. Answer five questions in all.
3. Question No. 11s compulsory.
do Al questions carry cquul marks.

s »‘Nun"pr()gnmmmblc seientilic calculator is allowed.

(345)

1. Attempt an'y five

(a) Mention the Jattic® type and bases 1IN CsCl
. . ram-
structure with diagrd

P.1T.0.
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(h) ()hlilln th’ ) . _ N \g'jliL'é) NHLAE
Hler indices of a planc
prinitts

an mtere
SPls g a/2, b/2 and 3¢ along the ,

axes of , oo nedal
B e Simple cubijc unit cell. Draw &
dragram q¢ the pl
anc
Determi - Gihration
(c) ine the number of normal modes of "’lm‘m(.)
th mn

in a lin . .
car Mono-atomic lattice of finite leng

first Brilloyip, Z0ne

(d) Describe 1oy lemperature bchavior of [instern >

theory of specific heat of solids.

¥
(¢) Caleulate the Hall Coefficient when number o
holes in a semiconductor is 102 m . Given thal

1.6 ¥ 10" %oulomb.

€

(f) Distinguish between dia, para and ferro-magnetic

materials on the basis of magnetic susceptibility,

(g) Discuss the variation of polarizability with

frequency.

(h) Differentiate a superconductor with a perfect

conductor.

(a) Mention thc names of seven crystal sysiemy

C
three dimensions with fourteen Bravais lattices
included jn them: Mention the unit (¢

- cach system.
characteristics 0! cach sy (10)
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(h)

()

) . ‘ -' . ]L
‘I'he dispersion relation for tl

perpendicular to (he eryst

3.

I'or a bee JlllliCL, (]L[leln
¢

action angle
for | order. diffractioy

. . . (220
Nimum from the (220)

sct of planes with intcrp]qn 013 A with

the diftr

| A spacing 1.
monochromatic X- I

AYS of 1.790 A.

(5)

avelength

I)nsuxss the lmporldngc of Feciprocal lattice space

m undcrstdndmg the Structure of

a crystal. — (5)

Prove ’lh‘ut. the reciprocy] lattice vector éhkl s
Stal plane (hk1) of a cubic

crystal and that the interplanar spacing d,, 1s given
- K =

as

A dircet lattice has the lollowing primitive

N N a =2+, b =
translation vectors: a =200+ ), p = 2(j + k),
N

¢ = 2(k + i). Find out the reciprocal lattice veetors

and type of lattice. y (5)2

. vibrationg] modes of

‘ I sses m and. N <
diatomic lincar lattice having ma M(m < M)

IS

P.T.0O
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1
4¢.2a(“— ) . 4a?
M (u *m';(nzKa—-()

(he symbols haye |

1ere e 1rc
wi teir usual meanings.

Ain CXPICSSione ¢
Obt S for acoustical and optical

(a)

ves Draw the g
urves. | disporc
cl ISpersion curves. (4.2)

~enlain its behavigre (he | ‘ |
(b) Expl ors obscrved in acoustical and

optical branches whey,
(i) m becomes equal 1o M.
(i) m reduces (o zcljo'. |
(iii) M increases to infinity. - - (2.2.2)

(c) Determine the smallest possible wavelength

allowed by this diatomic lattice in the first Brillouin

zone. L (D)

5. (a) Dusulbu qualxl‘mvdy 1hu l*lnslcm S thwn ol
specific heat of solids. DCSLllbL s sh()ltuomln”s

(3.2)

(b) Deseribe how Deby¢ improved . th Finstem:s

‘mvuly Dx.hw N (hun\ ol
(0)

th()l'Y? leCUhh (l\,lﬂllt

specific heal
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O

()

(a)

(h)

5

e Debve temperature for A]“'Hir 418 K
wm 1s 4l

Caleulate the frequency of (e highest p()gg‘ihlc
lest poss

Latice vibration in Aluminum, (2)

-

Describe in detatl n- lype and p- type

<emiconductors. (6)

) Define conductivity and mobility. Obtain

cxpressions for conductivity and mobility for a

highly doped n-type semiconductor. (6)

What will be the mobility .ol ¢lectrons in Cu if it
has 9x102% valence electrons per cubic meter and

its conductivity is 6x107 ohm 'meter™'? (3)

Describe Langevin theory of paramagnetism and
hence, obtain expression of magnetic susceptibility.
(10)

Assuming the existence of Weiss molecular

(icld, obtamn modificd ‘expression ol magnetic
xusccplihilily for a paramagnetic substance.

(5)

. . . Ve lectrie (e .

Obtain an expression for the local clectric ficld at

an atom in o diclectric medn. (8)

P.T.0,
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6

(b) Explai
A~ dln
M(_:Ng
ssne e, )
cnner elfect 10 supch(nxductﬂfH-
("

(C) For a g;
glVC[
‘ qP .
SpeEcl Y g .
men of & supcrcondmlm: L
[ 4% 10° A/m I

and 13 K.

and g2

W hat will
{

critic
Al ields
. al-e

A/&) I
€
Speetively for 14K

the crit
MNtic: .

=

(1500)
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