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structions for Candidates

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

Attempt five questions in all.
Question number 1 is compulsory.

Symbols have their usual meaning.

Answer any five of the following : (5%3=135)

(a) Calculate the de Broglie wavelength of an electron
accelerated through a potential difference of 100V and
IMV.

(b) Determine the activity of 1 g of (,U?® if its half life is
4.5 x 10%.

P.T.O.
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(c) The maximum energy of photoelectrons from Alyy,:

is 2.3 eV for radiation of 200 nm and 0.9¢

radiation of 258 nm. Calculate the Planck’
and the work function of Aluminium.

H
eV f‘

S C()n ta]

(d) Write two special characteristics of the light emij,
from a laser. Distinguish between spontaneous ennSQ

and stimulated emission.

(e) Why do we associate a wave packet and pq
monochromatic de-Broglie wave with a particle?

(f) Which of the following are eigen functions of 13
operator d?/dx?? Give the eigen values wh;
appropriate, (i) cos x, (ii) 7%, (iii) sin2x.

(g) How does the uncertainty principle rule out the possibi
of electron being present inside the nucleus ?

(a) What is Compton scattering ? What'is the origin
presence of the unmodified line at all scattering angle
Obtain the expression for change in wavelength

AN = -—h-(l—cosd))
m,c
where symbols have their usual meaning. (2

(b) In a Compton scattering experiment, X-ray
wavelength 0.24 nm is scattered at an angle 60° rela!

to the incident beam. Find the wavelength of scalte
X-ray. (
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821
(¢) Given a dispersion relation

S 1 2 O°w
w(k)=w(k,)+(k-k - o=k )| 57
( ) ( 0) ( 0)( ok ]‘\:kﬂ 2( ko) (5](2 jkzk

show that a Gaussian wave packet

. = ;_73 kox ,-Xx*/20t
\p()\.O) = ,, e“e
a

spreads as it propagates in time. : (5)

(a) State Heisenberg uncertainty principle for measurement
of position and momentum. Using Gamma ray
microscope thought experiment proposed by Heisenberg,

obtain an expression for the uncertainty relation.
(2,5)

(b) Show that the uncertainty principle can be expressed 1n
the form AEAt 2 h/2, where AE 1s the uncertainty in

the energy and At is the uncertainty in time. (3)

(c) An electron of energy 200¢€V 1s passed through a
circular hole of radius 10~% cm. What is the uncertainty

introduced in the angle of emergence ? (5)

(a) What differences will you observe on the screen of a

two-slit experiment if you use (i) photons from a

monochromatic source, (ii) electrons from an electron

gun, and (iii) bullets from a machine gun? Interpret the

results. (4)

P.T.O.
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(b) The wave function for a particle movi
n
positive X- -direction is given as  alon

w(x,t)=A exp( (%’5—%))

Using this derive expressions for momentum and ;
I

energy operators in one dimension. (

(c) Normalize the wave function given below to find

constant ‘A’ for the Gaussian wavepacket given

4

v(x)=A exp(— = ]exp(ikx) given that

T 2.2 _ |
—J:Cexp(—oc X )dx —\/;

5. (a) Consider a particle of mass m and energy E
approaching, from the left, a one-dimensional poten

step given by

V() =V, for x>0

= 0 for x<0;
Show that the reflection coefficient is equal to 1. Expl

how penetration into classically forbidden region 1’
d find

in conflict with Classical Mechanics an
(5,

expression for penetration depth.
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(b) Estimate the penetration distance Ax for a small dust

particle of radius r = 106 m and density p = 10* kg/m3.

moving at very low velocity v = 102 m/sec, if the particle

impinges on a potential step of height equal to twice jts
kinetic energy in the region left of the step. (2)

(c) A particle of mass m is confined within a one-dimensional

field-free region between two perfectly elastic and
impenetrable walls at x=0 and x = a. Obtain the energy

eigenvalues and normalized eigenfunctions for the
particle. (3)

(a) Discuss the nature of nuclear force. Plot the N-Z graph

for stable nuclei. Why do stable nuclei usually have

more neutrons than protons ? (3.1.1)

(b) A sample of the isotope !3!I, which has a half-life of

8.04 days, has an activity of 5 mCi at the time of
shipment. Upon receipt of the *'I in a medical
laboratory, its activity is 4.2 mCi. How much time has
elapsed between the two measurements ? Calculate the
mean life of sample. (4.1)

(c) Calculate binding energy per nucleon for (i) B' with

mass number 10.0161 a.m.u. (ii) 1s51*” with mass number
28.9857 a.m.u. Using this calculation find which atom
1s more stable. Given that mass of proton is 1.0081
a.m.u. and mass of neutron is 1.0089 a.m.u. (4.1)

P.T.O.
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7.

(c) What makes large nuclel (A>210) un

(a) Define mean life and half life of a radioactive sypg,, !
Derive expressions for mean life and half life inStan
terl

of radioactive constant.
(2

)

S
(b) A nuclear reactor of 20% efficiency and an outpy

700 MW uses ,,U?3* as fuel. Each fission reaction g,
200 MeV of energy. Calculate (i) the number of urap;
atoms undergoing fission per day (i1) mass of urapj,
consumed by the reactor per day. Given that Avogady .

number is 6.023x10%. (3

)

stable ? Why

they tend to stabilize by the emission of a-partic [
(1

rather than protons ?
(
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Name of the Course . B.Sc. (Hons) Physics

Semester .\
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(Write your Roll No. on the top immediately on receipt of this question paper.)
Attempt five questions in all.

Quesfion No. 1 is compulsory.

Non-programmable calculators are allowed.

1. Attempt any ﬁvé of the following :
(@) Draw the energy band diagram of an unbiased p-n
Junction diode with appropriate labels.
(b)  Differentiate between Zener breakdown and Avalaﬁche

breakdown in a p-n junction diode.

P.T.O.




©)

(d)

(e)

@)

(h)

.

The energy gap of the semiconducting Materiy
of
]

LED is 1.37 eV. What is the wavelengt (¢ the o ;
Mity
Y

light ?

Draw the output characteristics of a transisto, in
C

mode and identify the active, cut-off and Satury
O

regions.

Distinguish between Class A and Class B amplifiers Wit

the hep of load line and Q point.

Explain the Barkhausen’s criterion for sustaing

oscillation.

What is the difference between differential and commo

mode inputs for an Op-amp ?

For a 4-bit binary R-2R ladder D/A converter the inpul

levels are 0 = 0V and 1 = + 10V.

Find the outiaut voltage caused by :

)
(i1)
(iii)

0011

1001 and

111, 5371



(3 ) 2822

(a) Obtain an expression for the barrier width of a p-n

junction diode, assuming a sfep junction.

(b)) In a Ge sample a donor type impurity is added to the
extent of 1 atom per 108 Ge atoms. Find the
concentration of electrons and holes in the sample.

Given N, = 2.5 x 1013 electrons/cm® and number of

Ge atoms is 4.41 x 1022 per cm’.

(@) Explain the working of a center-tap full wave rectifier
using suitable diagram and obtain the expressions
for :

() ripple factor and
(if) rectification efficiency.
(b) Find the current through the Zener diode in the

following circuit when load resistance R is :

() 30 kQ

P.TO.
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(@) What ar¢ the factors that affect the bias stabiliy

ge divider bias ciry

a transistor 7 Compare the ‘‘volta

with the “fixed bias circuit” with respect to

stability. Explain how the self-biasing resistor improy

the stability.

(h)  Obtain the general expression for stability factor S

a common-emitter configuration. I

Explain the working of RC coupled amplifier and give ¢

frequency response. How does the gain change at low, 1

and high frequencies ? Derive the expressions for the ¢

in the mid .and high frequency regions. "



(a)

(b)

(a)

(b)

(5) 2822

Draw the circuit diagram of an RC phase shift oscillator

using transistor and state the conditions for sustained

oscillations. Derive an expression for its frequency.

In a Colpitt’s oscillator C; = 0.1 pF, C, = 0.01 pF and
L = 50 mH, find the frequency of oséillation. 10,5
Draw the circuit of an op-amp as an integrator and
find an expression for its output. Draw the output
waveform when the input to the integrator is’a square
wave.

What would be the output of an op-amp in the inverting
mode if input resistance is 1 kQ and feedback resistance
is () 2 kQ and (i) 20 kQ for a dc'input signal of

L5V 2 (Vg = £ 14 V). | 105
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(Write your-Roll No. on the 10p inmnediately on veceipt of this question paper. )

‘ Question No. 1 is compulsory.
Attempt three questions from each section.
. Attempt any five questions : 5x1=5

(@) Describe the Fortran statement IMPLICIT REAL (¢-2),
() - Draw the flowchart to find the inverse of a real number.
i () Name with syntax, :théffﬂlogical operators in Fortran,

PT.0O.
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—a

(3

911,
Write the syhmx of two Nested 10y loops iy, Fortean Cive an
example, 5
Write a Fortran program tq drranpe 4 fiat of 1 Mumbey, in
ascending order, 5

SECT]ON B

Write the Syntax of any five latey, cnvnronmcnv 5
Write the output of the fo\lowm{, Latex ¢oqq , 5.
\beyn{cquatmn}

\1 rac{a\sm(

T eintrao gy )
cnd{cqu‘ation}' i A
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Explain how one can use

( 4 ) Thi

SECTION C

S.1

t
Un

L3
i

Write the gnuplot statements to plot fifth Colury,
: S L g

apainst its third column with linetype 5 ang lin
" A ¢

Na
51,

Describe the use of gnuplot statements -

“set key”.
Write gnuplot statement to make 3D plot of x? + . Se

v

R N
N X

you'change the viewing angles of this plot ? Di

TICEO R N : .
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§. No. of Question Paper : 2918
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Maximum Marks : 50

Y] ? (Write vour Roll No. on the top immediately on receipt of s ipzestion pape;‘.)

Attempt any five questions in all.

Question No. 1 is conﬁpulsory.

Attempt any five of the following : ZXS

(@) What are the different parameters that can be measured
using» a Q-meter ?

() What is the sig;n'ﬁcance of mean value and how do

you estimate the error in the mean value ?

(¢)  What is the difference between an oscillator and a signal

generator ?

P.T.O.
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(a)

()

(a)

(6)

N

Y

what is the role of phosphor op CRO SC"een
9

Why is the CRO a very good device t, Meagyy, Vol
| ta

compared to an ordinary analog V°|tmeter )

What is overload protection in g digital MUltimey,

What are Lissajous figures ? On What facio, doeg

shape of the figure depend 2

Clearly distinguish between Systematic errorg, rang

€rrors and logarithmic errors with e€xamples,

What do you mean by loading effect of an instrument



“(a)

(b)

(a)

(b)

(o)

2918

(a)

(b)

©)

(@)

(b)

( 3 ) . 2918

Give the functioning and block diagram of a CRO. 7

. What is the sweep time in CRO ? 3

Explain the principle of operation of a Wheatstone Bridge

for measurement purposes. 4

Name few variants of Wheatstone Bridge along with

their differences. 3

Explain the usage of headphone as null detector. 3

Explain atechnique to measure frequency response of

an audio amplifier. 5

Explain a technique to test a diode using a DMM. 3

What do you mean by -3dB cutoff frequency ? 2

Why is it more suitable to measure time period than

frequency in a frequency counter ? 3

Draw the block diagram and explain the working of a

digital multimeter. 7
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. No. of Question Paper : 2750

Inique Paper Code o 32225415 GC-4

lame of the Paper Thermal Physics and Statistical Physics

ame of the Course  : Generic Elective : Physics

emester . \Y

uration : 3 Hours Maximum Marks : 78

T'rite your Roll No. on the 1op immediately on receipt of this question paper
Attempt any five questions.
Question No. 1 is compulsory.

All questions carry equal marks,

Attempt any five of the following :

(a)

source and gives 546 K 1o the sink, calculate the

temperature of the source and sink.

PT.0,



(b)

()

(d)

(e)

(/)

( 2 ) ﬂ
275,

Calculate the chan‘gc in cntropy when | gram atom Solig
mercury at its melting point is raised to g tc'"pefﬂture
ot‘dQ"C. Given f‘or mercury, melting point = 39°C, laten
heat of‘ fusion = 3 (,dl/gll'l mean specific heal - 0.0335 2
cal/gm- K and one &,ram alom of mercury = 200 gy,
A motor car tyre has. a pressure of 2 atm at 4 room
lempen:ature of 27°C.. lf the tyre 'suddenly bursts, fing
the final temperature considering the process to be
adiabatic.

Arrange.lthe root mean square sp.eeds of H, He, H,0
molecules in"ascendi"hg.()r.der at room temperature and
for He molecule, arrztné.e the root mean square velocity,
most probable velecity ahd_ average velocity in
ascending order at r'oem temperature. "
Is “glass gt' 'hb.,t m.illt” an i.s'olate.d system ? Justify your
answer.

Consrder that a system consnstmg of N number of
molecules initially, m a volume V and at temperature T,

pressure P is dlsmtegrated mto two systems Wthh of

all 'the system propertles \M” change and which will

remain un'changed ?



)

(@)

(b)

(b)

(a)
(b)

(a)

()

( 3 ) 2750

Define entropy and then relate it to second law of
thermodynamics.

Using the first law of thermodynamics, establish :

2
CP-CV=R[1+RT"V+ ......... }

for a van der Waals® gas, where the symbols have their
usual meaning, ‘ 9
Compute the work done by a perfect gas for a quasi-
static adiabatic expansion.‘ 6
Show the equivalence of Kelvin Plgnck and Clausius
statements for second law of thermodynamics, 8
Verify Carnot theorem. Is the refrigerator at home a
Carnot éngine ? 7
Establish the Maxwell’s relations of thermodynamics. 8
Using'Maxwell’s relation, derive Clau.sius Clapeyron
equation and interpret the " results, 43
What do you understand by transport phenomena in
gases. Verify that x = nC,, where s con‘ducti\'/ity
and M represents viscosity. | 36
Derive Maxwell’s velocity distribution law in terms of

energy of the molecules, 6

P.T.O.



s

ain the spectral distribution of Black R
(@) Explain .B0dy radiatior
with proper graphical representation, |

6
() Derive Planck’s law of radiation ang hence &
l\le

Rayleigh Jean’s law and Wein’s [aw from

(@)  Obtain the expression for thermodynamic Probabiiy, ang

J
the most probable distribution function for j Syster

obeymg Fermi-Dirac statistics. 10[

()  Find the number of microstates for a system of tw ¢

particles and three quantum states if the system obeys
L

M—B B-E and F-D StatlSthS : 5
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Roll No.

;. No. of Question Paper : 872
nique Paper Code 222601 G
ame of the Paper :  Electromagnetic Theory [PHHT-619]

ame of the Course . B.Sc. (Hons.) Physics

uration : 3 Hours | ’Maximum Marks : 75

Vrite your Roll No. on the top immediately on receipt of this question paper.)
Attempt five questions in all.

All questions carry equal marks.

Question No. 1is compulsdry.

Answer any five of the following : 5%3=15

(@)  What is meant by gauge invariance of Maxwell’s

equations ?

* PTO.



a core of refractive index | 5

) An optical fibre has ‘ ‘"k‘]{1

cladding of refractive index \/2 - Calculate the "ICCCP“an
fJ G

anele and the numerical aperture of the fibre,

-

() Calculate the reflection coefficient at normal incige,
¢
for a plane c.m. wave incident on very good Condugty,

(non-magnetic) {rom vacuum.

> « 105 Hz, o = 8 x 10% mho/m)

(Take, /= 2
() If a parallel polarized e.m. wave is incient from air opg,
distilled water with @, = 1 and €, = 81, find the Brewst
angle 0.
(¢)  Show that R and T are both equal at normal incidénce

on the interface between two dielectrics (both

non-magnetic) it the ratio of their refractive indices is
3+2,2.

(i Calenlate the minimum thickness of a calcite plate thal

would convert a plane polarized light of wavelength

S Q( - : o oy » Peneda ; . :
3890 A into circularly polarized light.

~

(Given, (,, = 1 732 'nd = [.414)

k,").




( 3 ) 872
() A radio wave of frequency 20 MHz is incident on the

ionosphere at an angle of 60” and is completely reflected.

What is the plasma frequency of the reflecting layer ?

(h)  Can perfectly static fields possess momentum and angular

momentum ?

(@)  Show that Maxwell’s equations can be expressed as
two coupled second order partial differential equations
in terms of scalar and vector potentials. How does the

above equations get simplified using Coulomb gauge for

potentials ? 84

()  Given, V=—(x + c) Volt and X = y[[ + (x/c)]fc Wb/m,

-.} __.>
where ¢ = 1/ /o€, . Find B and E . 3

()  State Poynting’s theorem. Prove that :

b v - JIEREEY

e

E a\} dg - “g%f”({‘"nh + -
\ ) 4

Interpret each term in the above equat.on. 2,73

PT.0O.



(b)) Derive equation of continuity using Maxw
| Y

equations.

4 (@) Prove that e.m. waves travel with the VelOCity of
. i.
1

in vacuum. Also, prove that intrinsic impedanc
¢

vacuum is equal to 120 m £2.

(6)  An e.m. wave travels in the medium (U,

= ]) Withg 6
electric field :

R .
E = 4sin (271: x107¢ - 0.8x)2 V/m

" Find :

()  magnitude of the velocity of the wave, and

X . . y ﬂ
(%) magnetic field H. )

@

Starti |
ring from the Maxwell’s equations in conductin

mediu '
m, show that in good conductor the magnetic fiel

7
lags behind the ¢

lectric field by 45° and obtain the raf

of their amplitudes,



()

(@)

)

C)

( 5 ) 872

For an e.m. wave propagating through a conducting
medium with w. = 1, €, = 9 and intrinsic impedance

40m £ 1.43° Q, magnetic field is :

H = 22 00sx (2 x 103 - 2x) A/
= e cos{2 x 10°¢ - x)y m.
. : ——)
Find the electric field, E . 3

A plane e.m. wave travelling in a dielectric medium

(1, €;) is incident on another infinitely large dielectric

'(uz, €,) at an angle 6, with the normal to the boundary.

It the polarization of the incident wave is perpendicular

to the plane of incidencé, determine the reflection and

transmission coefficients. 12

A ray of light is incident normally from air (u, =1,
€, = 1)to glass (u, = 1, €, = 2.25). Calculatg the percentage

of the reflected light. | 3

Show that in an electrically anisotropic dielectric medium
the permittivity tensor is a symmetric tensor. 4

P.TO.
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waves in anisotropic dielectric
Satjg

The plan® &
(b)
th(
elation 8
-5 -
- I 2 —
kx(kXEJﬂ‘o“’ D=0
Prove that
2 2 cos?
costy, | cos” Vo 3
L5t a2
v -y v " L

where, V 18 the phase€ velocity of the wave, y,, Vy an

-

y; are the angles which the wave vector k makes wit

~ the pripcipal axes and v; = /K1, V2 T o/ Ky ant

vy = c/\/f; , K being the dielectric constant along i

jth direction. 7

(¢)  The polarized light beam is given by !

-

E = [40cos(cot - kz)fc + 40sin (O)Z - kz)f)] Vim

Determine its state of polarization (with orientation) G

ghen v

beam passes normally through half-wave plate,

T

an expression for the emerging beam.



—

he Consider a plane e.m. wave guided along the z-axis by a
planar dielectric wave guide bounded by the planes x = —d/2

and x = d/2. The refractive index profile is :

n; [x|<d/2

n(x) =
ny; [x|>d/2

such that n? = n(x) = n(-x).

| (@)  Starting from the Maxwell’s equations (consider the medium
to be non-magnetic), prove that for TE modes, the field

distribution is given by :

(Ce B x>d/2

Ey(x)zJAcos(ax)+ Bsi'n(orx); [x|<d/2

DeP: x<-d/2

242,212 |
where, a® = kn? — k% and B2 = 42 - kZn? such that

2,2 2 2.2
k0n2 <k <k0n,.

Al = '
S0, kg = €y is the free Space wave number and

k is known as the propagation constant. 10

P.T.O.
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872 .

e eige | i
g nvalue equation assoc;
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ed wigy tth

e that th

o Py

symmetric TE mode is given by :

yany= V6 "1

where Y — o
\ 5 LR
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Roli No.

S. No. of Question Paper : 873
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ame of the Paper . Statistical Physics [PHHT-620|

ame of the Course : B.Sc. (Hons.) Physics

emester Y |

uration : 3 Hours Maximum Marks : 75
Write your Roll No. on the top immediately on receipt of this question paper.)
Attempt five questions in all.
Question No. 1 is compulsory.
All questions carry equal marks.
Symbols have their usual meanings.

Answer any five of the following : 5x3=15

(@) Explain the significance of partition function in statistical

thermodynamics.

PTO.



( 2 )

-

(b) Calculate the wavelength correspoy dip l

.cion from the Sun’s surfa
emission C¢ at 4

5000 K. (b = 2898 pm K)

(¢)  Discuss the limitations of law of ®quipartit,
of

Under what conditions do the B‘)Se'Eint
Steip

Fermi-Dirac distribution approach the MaxW"”-Bq% 3.

distribution.

() Give the equilibrium temperatures of two sysen,,

temperature +300 K and -300 K in thermal contac

()  Write two properties of photons which make th

different from other bosons.

®)  The Fermi energy for metal A is 3.15 eV. Find 5™

for metal B given that the free electron densiy n®

B is nine times that in metal A.

h ' theott*
() What are the basic assumptions of planck’s 0

Black body radiation ?



v

(@)

(b)

(@)

(b)

( 3 ) 873

Explain the meaning of thermodynamic probability. How
does thermodynamic probability ditfer from conventional
definition of probability ? 3
Establish the relation between entropy and thermodynamic

probability and show that the constant occurring in the

relation is the Boitzmann’s constant. 1.5

Prove that the single particle partition function for an ideal

monoatomic gas enclosed in a cube (volume V, maintained

at temperature T) is given by :

21tkaT 32
Zg = pE \Y

where, m is the mass of each particle of gas and A is the

Pianck’s constant. 4

Assuming that this gas consists of N identical and
indistinguishable particles, prove that the expression for

the entropy (S) of this gas is given by :
’ 5 ZS
S=Niy| = +In—=
"[2 ) NJ

and hence show that this expression resolves Gibbs’

paradox. 74
P.T.O.



(@)

(b)

(©)

(@)

)

( 4 ) '

State and prove Kirchhoff's law fo Black n
Y raq.
) - m"'ﬁti“n
‘Discuss one of its applications, |
|‘3‘|
Derive the expression for pressure eXerteq
radiation.
Show thermodynamically that When the rad;
latl()n
enclosed in an enclosure are adlabatlcally
EXpange

TVI3 is a constant.

Using this eXPpression, deduce the Rayleugh-.ieén’s law o

energy dlstnbutmn



()

(b)

()

(a)

« 5 ) 873

Show that number of microstates associated with a given

macrostate for B-L7 statistics is given by :

where. n, represents the number of particles in the energy

level €, having degeneracy y,. 4

Using Stirling’s approximation and maximizing S = k; In(W).
subject to the constraints that total energy E and total
number of particles N are constant, show that B-E

distribution function is given by :

.
" = QB
where. o and B are Lagrange- multipliers. 8

Show that chemical potential of a boson gas is

(U8 ]

negative,

Obtain the expressions for E"'o' the Fermi energy at
T =0 K and P, the zero-point pressure of electron
gas, 52

P.T.O.



»

(h)  Prove that the average kinetic energy per particle of Ferm;

-

gas at T - 0 K is given by 5. P
3 Jni
(E) = ZE, . 6
\ / 5 l,,
) Nar
(¢) Why (’E> in part (b) is not zero ? 3%“

(¢) ~ Show that the matter in white dwarf stars behave like 2€m
strongly degenerate relativistic electron gas. dur:

: . . . . Wri
(h) What is Bose-Einstein condensation ? Derive an

expression for the temperature at which this phenomenor

oy

occurs. 7
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Attempt Five questions in all.
Question No. 1 is compulsory.

Use of calculator is allowed.
Do any five : 3%3=15
(@)  Differentiate between covalent and van der Waal bond
with examples.
(b)  Show that the volume of a unit cell in the direct lattice

Is reciprocal of the volume of a unit cell in the reciprocal
lattice.

(©)  Show that the number of norma! modes of vibrat.ion

in ‘a linear monatomic lattice of finite length is equal
o the number of mobile atoms,

P.TO.



(d)

(¢)

(h)

(a)

(b)

( 2 ) '

}

‘o the erved temperature depeng,

What is the observ e .
T

lattice heat capacity In solids

Applying Hund’s rule, find magnetic nature of Crs.
Mn'. (Atomic No. of Cr = 24, Mn = 25

Why is dielectric constant of water 81 at zerq freqy,

and 1.8 at optical frequencies ?

Explain Meissner effect in superconductors. Whgy i
magnitude of magnetic susceptibility f,

superconductor ?

Why does the conductivity of a metal decrease w
that of a semiconductor increase with rise

temperature ?

Prove that the reciprocal lattice vector Gy
perpendicular to the crystal planes (Ak/) and that t
interplanar spacing is

y 2n
)Gy |
Deduce the Bragg's law from the diffractic

condition 2K. G + G2 = ¢, Show that its geometri

nierpretation leads to the concept of the Brillouin zo™

in crystals.



(c)

(a)

(b)

(a)

(b)
©)

(@)

(6)

( 3 ) %

The Bragg angle reflection from the (111) planes in face
centered cubic Aluminum is 19.2° for an X-ray
wavelength of 1.54 Angstrom. Compute the cube edge
of the unit cell. [Given sin(19.2°) = 0.329]. 4
What are the phonéns 7 Describe qualitatively
the characteristics of acoustical and optical phonons
with reference to dispersion curve of linear diatomic
lattice. 5
Derive an expression for the lattice heat capacity of a
solid following Einstein’s model. Discussi the assumption
and -prediction of this model and compare it with
experimental observations. 10
Derive an expression for the electronic polarizability in
a sinusoidally varying electric field. 6
Distinguish between normal and anomalous dispersion. 4

Derive Clausius-Mossotti relation for molar

polarizability. 5

What is the origin of the permaneﬁt magnetic moment

for an atom or ion ? How does magnetic moment arise

in Iron group of solids ? 4

Find an expression for diamagnetic suscéptibility.using
Langevin's theory. Calculate the molar diamagnetic

susceptibility for atomic hydrogen.

[Given : mean square distance of electron from the

nucleus (2) = 16
() =084 x 19 cm?) 7

P.T.O.



(©)

(a)

(b)
(c)
(a)

(b)

( 4 ) 874

State the assumptions of Weiss theory of
ferromagnetism. How does a ferromagnetic substance
differ from a paramagnetic substance ? 4
Derive the Law of Mass Action governing the
relative concentrations of electrons and holes in a
semiconductor. 8
Explain qualitatively the Hall effect in Semiconductors. 4
State Bloch’s theorem. 3
Compare the variation of entropy and specific heat with

temperature for a superconductor with that of a normal

conductor ? 4

Give an account of the mechanism proposed by

Bardeen, Cooper and Schrieffer for formation of

superconducting state. What were the main

achievements of BCS theory ? 6

Explain the terms : 5

() London Penetration depth

(i) Coherence length,

Uniq

Nam

Nam
Sem¢
Dura

(Write
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Attempt five questions in all.

Question No. 1 is compulsory.

All questions carry equal marks.

Symbols have their usual meanings.

. Answer any five of the following : 5x3=15

. (@)  What are the spin (integer/half-integer) and charge of the

nucleus : 13N 2

P.T.O.



(b)

(@)

8

(7)

(@)

7 .

Which nucleus would you expect to be more stape - f
L

or 8Li ? Give reason.

Tritium ($H ) has a half life of 12.5 years against beta dec,

What fraction of a sample of tritium will remain undecay,

after 25 years ?

Find the density of '2C nucleus.

Mention any three conservation laws which govern g,
3

nuclear reactions.,

Why free neutron does not decay into an electron an

~ a positron ?

Define atomic mass unit (amu) and show that energ

equivalence of 1 amu is 931.5 MeV.
List two failures ‘of Liquid drop model.
Prove that nuclear density is independent of mas

/
\
‘

number.



( 3 ) 875

L 0

(h)

(¢)

(a)

(b)

(a)

(6)

Find the energy needed to remove a neutron from the

M H » 42 Yy
nucleus of the calcium isotope 5iCa . 5

[Given : m( 3‘2,(‘6) 41.958622u, m( 3(')(‘33 ) = 40.962278u,

m( ln) - 1.008665u]

) . 20
Find the Binding Energy per nucleon in {jNe. 5

(Given : m(|H ) = 1.007825u, m( 20Ne ) = 19.992439u]

Derive the Coulomb energy term and asymmetry energy

term of semi-empirical binding energy formula. 55

Derive a formula for the atomic number of most stable

isobar of given mass number A. , 5

Show that mean (or average) lifetime of a radioactive

sample is given by 1 = -7]: s

Radioactive material A (decay constant A,) decays into

materj
RIS (decay constant XB) which is also radioactive.

P.T.O.



C 4 ) M/-,,

Prove that the amount of material B remaining afier iy,

¢t is given by :

B —
Apg = A

where, N, = N, and Ny = 0 at / 0. I
(@) Consider a slab of some material whose area is A, thickneg

is x and it contains n atoms per unit volume. If N particleg

incident normally on the slab’s face of area A, then prove

that number of surviving particles is given by :

—nox
’ N Noe

where o is the cross-section of nucleus. 5

(b)) A fast moving particle a (rest mass m, and kinetic energy
K ) strikes a stationary target nucleus X (rest mass m,)
to produce a light nucleus b (rest mass m, and kinetic

energy K;) and the heavy nucleus Y (rest mass m, ant



kinetic energy Ky) moving at angles 6, and 0y, respectively
with respect to the original direction of particle a.
Prove that the Q-value of this reaction (a + X = Y + b)
is given by :

K

a

10

6. (@) What is the working principle of a Betatron ? Derive the

Betatron condition. v 2,5

(b)  Calculate the average energy gained per turn by an electron

in a Betatron. - 5

§ () A cyclotron with a radius of 1 m has a magnetic field of

e

s
z‘ﬁ.’#
2 ol

2 Tesla. Determine the maximum energy of the accelerated

proton,

DTN



()

(a)

)

( 6 ) 875

The working of radiation detectors is based upon thre
main properties of the particles and rays emitted in nucleay

interactions. Name them. 3

Explain the principle, construction and working of a GM

counter. 233

An electron and a proton with the same energy E approach
a step potential barrier whose height U is greater than E.

Which one of them has the greater probability of

transmission ? Give reason. 2.

Find the energy of each of the gamma-ray photons

produced in the decay of a neutral pion at rest. Why must

their ehergies be the same ? 21
[Given : Rest mass of neutral pion = 135 MeV/c?]

What are antiparticles 9 What happens when electron

and positron annihilate ?

22



c 7 ) 875
Determine whether four conservation principles (component
I; of Isotopic spin, Spin, Strangeness number, Baryon

number) are preserved or violated in the following

reactions :
() A 5 ot +
Gy mt+pon+p+n +nl 44
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tructions for Candidates:

Write your Roll No. on the top immediately on receipt of
this question paper.
Attempt any five questions in all, including Q. No. 1 which

is compulsory.

Attempt any five of the following: (5x3=159)

(a) A charge ‘q’ moving initially with velocity 3 k m/s

enters a region with electric field, E =10 ai

A

V/m and magnetic field, B = 207 + 100 k Tesla.
For what value of o will the Lorentz force on the
charge be zero.

S Ea% A
Tg‘-’-‘"

P.T.O.



1888 2 5
(b) What is the physical significance of divergence(

vector field? E

(c) Five thousand lines of a electric force enter in 3 ¢
region and three thousand lines emerge from it,
the total charge in coulomb within the region.

(d) A conductor of circular Cross section of radiy,
carries a current of uniform current density “I”.)
the magnetic field at distance r > a., from the ¢
of the conductor.

(e) Is the electric field induced due to a changing may,
flux a conservative field or not? Explain.

(f) Write the equation of continuity and explaj,
physical significance.

(g) Distinguish between self and mutual inductance,

(h) What is the relation between E ,P and D wher
symbols have their usual meaning.

2. (a) Find a unit vector normal to the surface xz2 + x
z - 1, at the point (I, -3, 2).

(b) Find ﬁ (In r)

(¢) Evaluate the surface integral, (}C_j'; 77 ds for a sphe-
S

surface § of radius ‘a’ having its centre at the of



388

(a)

(b)

(2)

(b)

()

(a)

prove that the energy stored per unit volume of the

1
electric field is S E*, (5)
Eight identical charges of ‘q’ coulomb each are placed
at corners of a cube of side length ‘a’. Find the electric
potential energy of this system of charges. (5)

State and prove the Gauss's theorem in electrostatics
for spherical surface (2,3)

Find the electric potential, inside and outside a
spherical shell of radius R, which carries a uniform
charge Q. Set the reference point at infinity. (5)

A dielectric completely fills the space between the

plates of a parallel plate capacitor. Show that the
induced charge varies with the dielectric as:

4'=q[1‘1] (5)
k

Find out the capacitance of a cylindrical capacitor of
two coaxial, cylindrical metallic shells A and B of
radii ‘a’ and ‘p’ respectively and length ‘/’. Assume

‘q’.is the charge on the inner cylinder A and outer
Cylinder B is grounded. (5)

S ' )
tate Biot-Savart's 1aw and find an expression for the
magnetic fj
gn.et1c field (B) at the centre of a square of side ‘a’,
carrying a steady current ‘I’. (2,4)

P16



j
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,|h|"\
‘ or square loop placed
(1)  Find out the force on o square p“ : as g,
in Figure, near an infinite straight wire. Both the |

N ! ‘1 N
and wire carry a steady current ‘I°, G,
13
T
]‘ Nan
l Ts
s e s

(¢) Distinguish between diamagnetic, paramagnetic Nan
“IQ .n\ v » " S" ' ‘
ferromagnetic material -

Dur:
Show that for two interacting coils, M < < \/LTL

. (Writ
where the symbols have their usu

al meaning., |

(b) State Ampere's circuital law in

magnetostatics, :
obtain its differential form.

(¢) Prove that: Curl B = j+ jd

(b)  Write the Maxwell's Cquations for vacuum, D¢

tion§ ‘and find the velocity of th{y

(’:1

electromagnctic equa

waves in free Space.

(30
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Attempt any Five questions in all.

Question No. | is compulsory.

Attempt any five questions :

5x3=15
(@)  Why are Stack Pointer and Program Counter 16-bit
registers ?
o (®  Define Instruction cycle, T-states and machine cycle.
t ; : : : '
5(6) leferenltla-te between microprocessor and microcontroller
4 with the help of block diagrams.
e : ,
Y () Whatis the major difference between 805 I, 8052 and 8031
(f ~ Microcontrollers 2

( P.T.O.
30



b

W

(¢)

(g)

(h)

©)

(a)

)

What is the function of Accumulator 7

-
[N ]
e

Describe the role of *Clock’ i mi
Cro
i | frecuc Procesgy,
the crystai frequency required for 4 :
" 8085

operate at 1.1 MHz. g

Define register bank in 8051 microconyy. I
Ofler

List the four operations commonly perform
¢d by
I

Microprocessor.

Explain the function of the following :

(H READY

(i), HOLD.

Draw labeled Pin Out diagram of 8035 microproces

Explain the Bus structure of 8085 with the help

diagram.

.. . e 985 mi
Discuss the classification of instructions in 8

. hl
size and function wilh

processor according to word

help of one example each.

) deSCfiber
Define Subroutine. Explain 1S use. Also g

.

yroutin
instructions used to generatc a subro |

processor.



(@)

(0)

(@)

(h)

(c)

(a)

(b)

( 3 ) 22

What is ‘interrupt’ in microprocessor ? List them in order
of their priority in 8085 microprocessor. Differentiate
between hardware and software interrupts. Also
differentiate between maskable and non-maskable

interrupts in 8085 microprocessor.

Explain PSW register in 8051 with the help of its bit
diagram. Show status of CY, AC and P flags afier addition

of 38H and 2F H in the following instructions :
MOV A, # 38 H

ADD A, # 02F H. 8,7
Draw pin out diagram of 8051 microcontroller.

Define a loop in 8051. Briefly expiain how loop action is
performed in 8051 with the help of instructions. Also

differentiate between LJIMP and SJMP instructions.

Briefly explain RAM memory space allocation in 8051

microcontroller. 6,0,3

 Discuss addressing modes in 8051 microcontrdller in detail.

Explain each mode with at least one example.

Write a program to add two 16-bit numbers. The numbers

are 3CE7H and 3B8DH. Place the sum in R7 and R6. R6

should have lower byte, 10.5

P.T.O.



(@)

(h)

(c)

Q)

(b)

( 4 ) 294)

Explain bit addressability feature of 8051 in brief,
Write a program to perform the following :

() Keep monitoring the P1.2 bit until jt becomes

high

() when P2 becomes high write value 45H ¢,
port

(ifi)  sends 3 high to low (H- to -L) pulse to P23.
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Attempt Five questions in all.
Question Number 1 is compulsory.
Avempt any five parts from the following :

(a) If two simple harmonic motions having angular frequen-
cies 440 radian/sec and 396 radian/sec are superimposed,
calculate the time period of beats and the number of

beats produced.

(b) Explain the physical characteristics that determine

quality, pitch and loudness of a musical sound.



2)

(2
Distinguish between Fresnel and Fraunhofer class .
diffraction.
(d) Explain why the reverberation time Is larger for an empy,
hall than for a crowded hall.
(¢) Give the statements of Huygen's principle of

propagation of wave front.
(/)i Why do thin films appear coloured in white light 2
(8) Why are Newton’s rings circular ?
(h)  How is a zone plate different from a covex lens 2 5x3=]5

(@)  Trace graphically or analytically the motion of a particle
which is subjected to two perpendicular simple harmonic
motions of equal frequencies, different amplitudes and

having a phase difference of :

(i) a = 79

(b) Derive the eXpression for total energy contained in @

simple harmonic motion. 10+5=15



()

. (@

(b)

(a)

(®)

(a)

(6)

edge.

(3) 2943
Explain the formation of standing waves on a stretched
string.

A string 50 cm long is stretched by a load 25 kg and

has a mass of 1.44 gm. Find the frequency of the second

harmonic. 10+5=15

What do you understand by electromagnetic waves ?

Show that electromagnetic waves are transverse in nature.

If intensity is increased by a factor of 20, then how

many decibel is the sound level increased ? 10+5=15

Show that in Young’s double slit experiment, the fringe

width is directly proportional to the wavelength of light.

In case of Newton’s ring experiment, calculate the
diameter of ninth bright ring having radius of curvature

of plano convex lens 10 cm and wavelength of light A

= 40 nm. 10+5=15

A zone plate has focal length of 50 cm at a wavelength

of 6000 A. What will be its focal length at a wavelength

of 5000 A ?

Explain with the help of diagram the intensity

distribution due to Fresnel diffraction at a straight
4+11=15
P.TO.



(4) 2’)4'

© ) Give the necessary theory to derive expression for

intensity distribution pattern in a plane transmiss;,,
prating.

(b)) A grating ol width 2 inches is ruled with 15000 lines

| per inch. Find the smallest wavelength separation thy

can be resolved in second order at a mean wavelength

of 5000 A, 123

8 (@) Give the difference between Haidinger fringes and Fizeauy
fringes.

(6)  Explain how Michelson’s interferometer can be used to

determine the wavelength of monochromatic light ?

(¢)  Prove that the diameters of dark Newton’s rings are

proportional to the Square roots of natural numbers in

reflected mode for normal incidence, 3,6,6
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Attempt any two parts from each question. All questions
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1. (a) A particle of mass m oscillates in a line with
natural period 2x/n. If an applied periodic force

F cospt now acts in the line so that the particle is
instantaneously at rest at zero time at a distance d
from the centre of oscillation, prove that the
displacement of the particle at a subsequent time ¢
is:

d cos (nt)+F[cos (pt)—cos (nt)})/(n2—p*)m 8

(b) Two light rings can slide on a rough horizontal
rod. The rings are connected by a light in-
extensible string of length a, to the mid point of
which is attached a weight w. Show that the
greatest distance between the rings, consistent
- with the equlhbnum of the system is:

PTO.
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51 e 2

T‘iﬁ_
1+u?’
where u is the coefficient of friction bet“’een
cither ring and the rod. :
(c) Find the mass centre of a cubical box with pq lig

the sides and bottom being made of the same thixi
material. 3

2. (a) Derive an expression for radial and transvery,
components of velocity and acceleration of ]
particle moving along a plane curve. 3

(b) Mud is thrown off from the tyre of a wheel (radiy,

a) of a car travelling at a speed v, where v2>ga.
Neglecting the resistance of the air, show that p,

2 )
mud can rise higher than a height a+§é+§iz
y

above the ground. 8
(c) A simple pendulum of mass m and length g js
hanging in equilibrium. At time t=0, a smal
horizontal disturbing force X comes into
operation and continues to act varying with time

according to the formula X=mb sin2pt where

p*=g/a. Find a formula giving the position of the
pendulum at any time. 8

3. (a) How many vertices and how many edges do K,
have? For which value of m and n is K., , regular’
. o 7




(b)
)

4. (a)

(b)

©)

3 51
Find the adjacency matrix for C,,. 7
Let G be a.graph with v vertices and e edges. Let
M be the maximum degree of the vertices of G

and let m be the minimum degree of the vertices
of G.

Show that:

1) 2epz=m

() 2ey<m. 7
Show that every connected graph with n vertices
has at least (n—1) edges. 7
How many paths of length four are there from a
to e in the graph G? Identify all the paths. 7
a | € .

d ” —_— N\,
What is the Konigsberg Bridge Problem? Write

the graphical representation of this problem. Is it
possible to cross all seven bridges in a continuous

path without recrossing any bridge? Justify your
answer. . 7

PTO.



J

5. (a) Prove thdt an undirected graph is a tree jf ﬂnq[
only if there is a unique simple path between an
two of its vertices. T,
(b) Use Prim’s Algorithm to find a mmxmu.m $pan. 9
ning tree for the weighted graph. Also find to, J

51 4

weight. T .

a 5 b 4 ¢ |

//// 6
2 3/,,// 5 . 3 N
//1 7 1 \
d /\ e £ S¢
6 g 4

: i Ins
g p h 5 1 (ALE

; 1.

(c) Use Huffman coding to encode their symbols with
given frequencies A : 0-10, B : 025, C : 0-05, D:
0-15, E: 0-30, F: 0-07, G : 0-08. What is the 2.

average number of bits required to encode the

3.
symbol?

7172
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this question paper.
Attempt Five questions in all.

Question No. 1 is compulsory. Attempt four questions from
the rest of the paper.

Use of non-programmable scientific calculator is allowed.

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

(a) What is Lenz’s law ?

P.T.O.
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¥

(b) When does magnetic forces do no work on 3 m,
point charge ?
(c) How Maxwell modified Ampere’s Law ?

(d) What is the difference petween circular and ellip,
polarisation ?

(e) Why do the electric field lines never Cross ? Exp|,

, 1
(f) For the electrostatic potential V = -r-+2 deter

-) . .
whether E is rotational or irrotational.

(g) What is the critical damping resistance in a balli;
Galvanometer ?
(h) A magnetic vector potential A is given by 3x’ 7 +y (

Obtain B, the magnetic field at the point (1,3,5,).

2. (a) State and prove Gauss’s theorem of electrostatics {0
spherical surface. CE ¢:

(b) Find the electric field inside a sphere which carrit

clnlarge density proportional to the distance from the of
given by p = k r, for some constant k



2 : .

() Two infinite parallel planes carry equal but opposite

uniform charge densities + g, Find the electric fielq in
the three regions shown.

(4)

o -

(a) A thin spherical shell of radius R carries a uniform
charge density. Find the expression of electric field at a
point lying inside and outside this spherical shell. Use

these values to calculate the electric potential at an

arbitrary point inside and outside the shell. (7+3)

(b) Find the electric-energy associated with an electric field

for a uniformly charged solid sphere of total charge Q
and radius R.

(5)

(2) State the Biot Savart Law. Using the Biot Savart Law

find the magnetic field at a distance a due to long

Straight wire carrying a current I along the positive
y-axis.,

(7)



122 4 | ,

(b) A circular loop of radius r = 2 cm Carrigg
: . ' 8{
current, I = 16 A in anti-clockwise dlreCtion
magnetic field will be observed at the cente, Of.
loop.

(c) The magnetic field in a region is given by B =3;

: {
Tesla. Calculate the magnetic flux across tp, sty
each of area 2m? in

(i) x -y plane
(i) y—z plane

(iii) z-x plane.

4
5. (a) List the various torques that act on the coil of mo

coil galvanometer. Using them write the equati

motion of the coil. Under what conditions does it §

“ballistic’ behaviour. (2+2+3

(b) Using Ampere’s Circuital Law find the magnetic
(i) inside and (ii) outside a very long solenoid, consis
of n closely wound turnsg per unit length on a cylind

radius R and carrying a current ;.

(c) The first and the eleventh throw of g balli

galvanometer are 20 cm apgd 16 cm respecti*

C
alculate the va]ye of the logarithmic decrement.



I 5

)

he
uc .

it ? Find the self inductance of a

number of turns per unit

(7)

: If in
pefine € ‘
a) geometfy of the circu

solenoid"of radius R and 1

length.

-2 (5)
(b) Prove that curl E =__a_t_,

(c) A 50 mH coil carries a current of 2A. Find the energy

stored in the magnetic field. (3)

(2) Obtain the wave equation for electric and magnetic field

vectors in free space and show that electromagnetic

waves are transverse in nature. (7)

(b) Write Maxwell’s equations for electromagnetic field

in integral form and explain their physical meaning. (8)

(2) Derive the boundary conditions for the D B E and H

: | ’ | s Ly

lelds using Maxwell’s cquations at the interface between
E . (8)
() Deduce B

re ’

F o wster’s law op the basis of Fresnel’s
5 Quationg and ex

reﬂCCtion. ncept of polarisation by

(7)
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Physical Constants .
e, = 8.85 X 10-12 C?/Nm?
B, = 4m x 10°7 Wb/Am
c =3 x 10% m/s

e=16x 1019 C
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. B.Sc. (Physical Sciences)

Semester - VI

puration : 3 Hours

|

Maximum Marks - 75

Instructions for Candidates

1.

Write your Roll No. on the to

p immediately on receipt of
this question paper.

Attempt any five questions.

All questiong carry equal marks.

(a)

What is 5 Reciprocal Lattice ? Mention its importance .
Sketch any one unit cel] of

a simple cubic lattice and
draw the planes :

(122), (111), (201). (10)
(

b) Derive al expression for interplanar spacing for a family

of paralle] Planes (hkj). (3)

P.T.O.



LN

y Detine the polavizability of the atomg nd
Y \C\ % Rl " X 0
. \ A \ . . N N
Oneain the Clausius Mossottirelation be‘\veen p\'g
ST i - 0
oMty and dielectric constant of a soljq. (2‘
LYY ,\0‘\ '1 3 "- y N .
N Deseride powder method of X-ray diffractjq,
AN
Y Diseuss the formation of allowed and forbidden o
\\ o AEEANAY ib
Nands on the basis of Kronig Penny mode]. .
D Detfine the effective mass of an electrop and give
phvaical significance.,
< (3 Distinguish the superconducting state from the o,
state of a metal. %
2} What is Meissner effect ? Obtain an expression for ;.
London penetration depth of magnetic field for
superconductor (3,
3. (2) What is B decay ? Explain with full reaction. 2/
(®) Polonium - 212 emits g a-particle of 8.776 M
coergy. Calculate the disintegration energy or enct
available in the reaction. ;
{c)

(4

Distinguish between Duclear fission and nucl®

&

fusion.



f 3

¥

P

what are the salient features of nuclear forces w. r. t.
(¢ neir range and strength. (10)

\ | Write the following reactions by putting appropriate

()
pa

rticles on the arrows.

P> oTh™ > gPa™ > U™ o oTh™ > gRa™
(5)

b (o) Enumerate five conservation laws obeyed in nuclear

reactions in particle physics. (10)

(b) What do you understand by mass defect and binding
energy ? (5)

(2) Classify various types of elementary particles in

reference to their lepton numbers and spin. (10)

(b) Define Baryons. What is Baryon number of nucleons

1 ?
and pions ? (5)
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Roll No.

o of Question Paper - 360

S.

urperCode @ 222201 | G
Nameofthe Paper . Mathematical Physics-11 |

name of the Course . B.Sc. (Hons.) Physics

Semester 1

Duration : 3 Hours Maximum Marks : 7§

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

N

Attempt five questions in all.
Question No. 1 is compulsory.
Do any five questions : 5x3=I15

(@) Determine the order, degree and linearity of the

differential equation :

P.T.O.



N

, b
() By calculating the Wronskian of the fun |
Cti() '
Ny N

’

+3, check whether the functions are linegy|
y

epend

3

or independent. b
(c)‘ Solve :

dy
2~ (LF ) 1+ )

if no) = 1.

(@)  Find the extreme value of the integral -

‘ I=fx2. {(y’)z +2y% + y}dx /

X1

()

Defin i ' ‘
€ generalized momenta for n-particle system ax

find its time derivative,



’ ( 3 ) 30

value of (m, m,) for fixed value of reduced

© Maximize the
mass p where -
1 1 1
—_ = — 4 —
U ml mz ’
, Solve the differential equations : . 6.9
dy |
=+ = 3 -
(@) I x xy3

0 OF + W) + P+ 2t - ady = 0

3 Solve the differential equations : 6,9

d%y

@ —5 -»y-=

| g y = ¢ »cosx

. d?y d

b —=+ 3——3—’ = '
P il 9x?
Given that :

»0) = 0 and »'(0) = 1.

P.T.O.



(b)

()

( 4 ) l

b
Use the method of undetermined coefficiep,
S()]V'\
the differential equation :
d’y ,dy
4 + = +
2l dx 4y = x* + cos 2x.
Solve for ‘y’ 7
o d2y dy (log (x))2
X—=+3qx—+y=—.
dx? dx
Solve the differential equation using method of variatig

of parameters :

d2

2 @y = cosec ax.

Fi
ind the value of Yy and z from the following couple

differential equations -
v ) 7”

dy

——

dx +4y=2+e"

dz

—

dx "7 =y 4 g,



b).

(a)

860

perive the Euler-Lagrange’s €quation for ,

function fx, . V).

Prove that the shortest path between two points in a

plane is the straight line joining the points. 8,7

Using the Lagrange’s method of undetermined multiplier,
find out the largest product of x, y and = when they

are constrained by the relation :
2+ + 2=

Find the shortest distance between the origin and the

curve defined by the equation : 8,7
5¢2 + 57 + 6xy = 8.

A simple pendulum of mass ‘m’ ‘and length ‘I is
executing simple harmonic motion. Write down the

Lagrangian and hence determine the time period of small

oscillations,

P.T.O.



racket and show

(b) Definc Poisson B

]+ [X Y]Z

@ X YZ] = Y[X. Z

@ lpp HI = pj
iy [qp Pl = O

Here H is the Hamiltonian.

that
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Roll No.

NO of Question Paper 861
§. N

nigue paper Code 222202 G
Name of the Paper : Oscillations and Waves

Name of the Course . B.Sc. (Hons.) Physics

Semester . |

Duration : 3 Hours Maximum Marks : 75

(Write your Roll No. on the top immediately on receipt of this question paper.)
Attempt five questions in all.
Q. No. 1is compulséry.
Non-programmable calculators are allowed,

L Attempt any five of the following : & &

(@ A wave of frequency 20 Hz, has velocity 120 m/sec.

How far'apart are two points whose displacements are

60 degree out of phase,

P.TO.



¥
(b)) An object of mass | g is hung from a Spring and
S¢t
b
oscillatory motion. At 7-= 0 the displacemen; jg 437
R,

and the ‘acceleration is —1.75 cm/secZ. Fing the gy,
l‘[n
{

constant.

cjﬁ‘)/ Distinguish between particle velocity and waye velocity

Write an expression for maximum particle velocity.

(d)  Show that two superimposed waves of same freqUenc).
and amplitude travelling in the same direction cannot gi\,el

rise to a standing wave.

(e) A string of length 0.4 m has a mass of 0.16 gm. If the
tension in the string is 70 N, what are the three lowest

frequencies it produces when plucked ?

f)) Write the equation of displacement of a plane progressive
wave,
P
/(6 Write two differences between stationary and progressive

waves. 5x3=13 :‘



X2

s

(@)

(a)

(b)

‘
( 3 ) |

861

Draw Lissajous figure for the combined motjop of th
e

following :

x = cos(200) and y = cog(eyy + n/4). 6

A uniform string of force constant and mass m is loade
with mass M. Find the period of vertical oécillation of the

system, if m is not negligible as Compared to M. ¢

N harmonic oscillations, all of same amplitude and

frequency and with equal successive initial phase

- difference are super posed. Find the amplitude and

phase of resultant motion. 10

A load of mass 0.5 kg hangs from a string of force
constant 10 N/m. The mass is pulled down 0.05 m from

its equilibrium position and then released. Find :

) The distance between two widely separated

positions of the masses.

(i) How long does it take to traverse that distance ? 5

P.TO.



4.. (a) A mechanical harmonic oscillatg, h

m
stiffness constant ‘K’ js subjecteq to « .. \

VlScOus

. dam
. . P!
force that is proportional to ijts velocit h
: With
c

lcier
of damping force ‘p’. The oscillator jg driy
' en by

F(¢), such that :

F(©) = F, cos ot

In steady state, the displacement of the 0scillator

|
f

given by :
Y = A cos ¢

Show that, in steady state,. the time averaged iny
‘ol g
power equals the time averaged power dissipated thro*

friction.

| | | son”
(6) . What are the hajf power points for the power

curve for a driven oscillator ?



e,

861

@ Two equal masses ‘m’ are connecteq by three identica|

massless springs of spring constant k. The free ends of

the springs are rigidly fixeq. Find the frequencies

and configurations of the two normg] modes if the

- masses oscillate along the line Joining the centres of the

‘masses. . 10

(b)  Prove that the principle of superposition holds only for

linear homogeneous differential equations. 5

6 (a) ,_yat is the difference between group velocity and

phase velocity ?. . . -5

(b)  Set up the differential equation for damped harmonic

N

oscillator and solve it for the case of underdamped

oscillations. . i

P.TO.



( 6 ) '

& n

(@)  For one-dimensional plain wave in a fluig <h
at t,
¢

—_—

excess pressure p is given by p = ~k(dy
dx )’ Wherekis ]

-the volume elasticity of the fluid and Y = i it
r X0 s g
¢

he!
displacement.
§
Y
() Derive a formula for velocity of tran
1ty SVerse waves iy , M
string. | e

]

@
(=
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. .N e Code . 22220
’ifl"a paper Physics-C-III (Electricity and
e H’“e of 19 Magnetism)
8 | pe Course B.Sc. (Hons.) Physics
6 0
' ﬁn ;I
a #“gstﬁf
y .3 Hours Maximum Marks : 75
rat10®
)

Write YOUr Roll No. on the top immediately on receipt of
{his question paper.

Attempt five question in all.

Question No. 1 is compulsory.

All questions carry equal marks.

Attempt any five of the following:

() The electrostatic potential is given by V=(3x2yz3-y+2).
Find the magnitude of electric field intensity at point
3,2, 1)

Q}Prove that the electrostatic energy of a capcitor C

U1 XT te tevmes Tawr (1LY M2




g

(c) Show that P = gi(¢,, -1 )E, where g, is cor
intensity and P is polarization Vectq,, g

(d) How will the magnetic field intensity at the .
1|

s 1f the X

S of thec 3,

a circular coil carrying current change

through the coil is doubled and radiy
halved?

(¢} Define the term hysteresis and draw {,

€ hyy
curves for soft iron and steel.

{
(f) Evaluate the root mean Square value of the

foll,
time varying voltage

V= 3+ 4 Sinot + 4 Cosot.

(28) What should be the valye of R in the following pe

so that it could absorb maximum power from f
V source:




y

By using Ga
( field intensit
4 sphere of radius R. (10,5)

uss' law, find the expression for the electric

y at 2 point inside the uniformly charged

soli

gtate Biot- _gavart law. Derive an expression for
d e magnetic flux density inside a long solenoid and show
that the magnetlc flux density at ends is half of that in

the middle of the solenoid.

() A particle having charge 3x10” C is moving with a
velocity v = (2 i +3 j) m/s in an elecrtic field
E = (3i +6j+2k) V/m and a magnetic field B = (2i+3))
tesla. Find the magnitude and direction of the Lorentz
force acting on this charged particle. (10,5)

4, (af State Faraday's and Lenz's law of electromagnetic
induction. S,tarting from integeral form of Faraday’s
law derive its differential form.

(b) A coil of wire of certain radius has 600 turns and a
self-inductance of 50 mH. What will be the self-

inductance of a second similar coil with 500 turns?

(10,5)

(9)/Wr1te Ampere’s c1rcu1ta1 law in magnetstatics in integral

firm and hence derive its differential form. How
Maxwell modified Ampere’s circuital law to make it
consistent with the continuity equation?

P.T.O.



4 - 'y

862 |

(b) Derive the relation g = L, (1 + %), where y i magnet.
susceptibility of material and other symbolg haye thel-(
I

usual meanings. (Lo,

(a) Describe an A.C. cuircuit containing induCtor[
capacitance C and resistor R in series. Obty;
expressions for instantaneous current and impedanct
Derive condition for resonance and obtain eXpress;;

0.

for resonance frequency.

(b) Calculate average power in a'given ac circuit containj,
R, I and C and hence define power factor. (10;

7. fa) State and prove Thevenin’s theorem.

&
J

(b) Obtain Norton's equivalent circuit for the giv
network. Calculate the current that will flow through
load impedance of 18 Q connected between A and|
(Take the internal impedance of the emf source to!

!
Zero) (8,
L
T e U T
e T et A “A
% (R

v, 3 & 17 X
kf it 3!

: : 1}’ 4]
ﬁp’ (el Tl _5!‘ e J:
RO

7.

i i

< 9 1 thaliaee o I

“5"'?“;{ -Vi‘fxg S;"J&x

SR w’}gﬁ i
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R
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alyyy X

L1 s N
270 V o .

% RV




tains 4 printed pages)

estion paper con ’
e (LTI
of Ques\'\on paper 863
222204 )

paper Code

Digital Electronics
Name of the Paper Digl

qe. of the Course B.Sc. (Hons.) Physics ;
Na

gemester

/

puration © v Hours Max\mum Marks : 75

(Write your Roll No. on the top immedliatel)' on receipt of this qufestion paper.)
Atterﬁpt all five questions.
I Attempt any five of the fo\\owing . 5><3=-\5
(@) Draw g logic circuit for ;he equat'\oﬁ /
*Y = ABC + ABC.
(b)  Obtain 2-input' OR gate using ,NAN‘D; gates only. -

\

(¢)  Define output offset voltage of an Op-Amp. How is thié

voltage reduced to zéro in -54\C- ?

P.TO.



(d)

(©)

&)

(a)

(b)

\ 4

—~
[}
N

%
is race-around condition eliminagey i
How is race-aro n J.k
flip-flop ?

Subtract binary equivalent of (=27),4 from that of (68)|
‘ (

using 2's complement method in 8-bit arithmetic.

How many flip-flops would be required for MO,

counter ?

What is the difference between decoder and multiplexer |

Draw'the' labeled block diagram of a CRO. EXplain hoy

a CRO can be used to m.eashre :
() Frequency of a signal

(i))  Phase difference between two signals.



(b) |

( 3 ) 863

gimplify F = (0, 2, 3. 6,7+ d(8, 10, 11, 13) using a

K-map and-draw its logic circuit using only NAND-NAND

gates.

what is a multiplexer (MUX) ? Draw a logic circuit for

an $-input multiplexer and explain its working.

Or

Draw a logic circuit for a decimal to binary encoder and explain

its functioning. ‘ , : AZNAL

(a)

Draw the circuit for a basic op amp integrato‘r. Find an

| expression for its output. Draw the outplit waveform if the

input to this circuit is a square wave.

Derive an expression for the closed loop gain of a

non-inverting amplifier using feedback concept.

Or

Design an, Op-Amp circuit to yield : -

BEAY +V,+V ,
~ b .
Vo --{ — c}- T47%

P.T.O.

.

i«



( 4 ) |
X{!

aw a circuit for @ controlled parallel-in para|
I ) dara \e\
. ),

. 4-bit and explain its functioning

shift register for

. decade counter and explaiy

Explain with an appropnale logic circuit diagram the worki
adder-subtractor: T

a 4-bit 2°S complement
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i quEStiOn paper contains 4 printed pages]
tYouf Roll No. T setcecvscncccernanansans

g No of Q. Paper : 1827 GC-4

miaue paper Code :32221201

Jme of the Course : B.Sc.(Hons.) Physics

Nam
Semester

. of the Paper Electricity and Magnetism
< II

rime : 3 Hours Maximum Marks : 75

pstructions for Candidates :

1.

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

(b) Attempt any FIVE questions in all.
Question NO.1 is compulsory.

(c) All questions carry equal marks.
(d) Non-programmable calculators allowed.

Attempt any five of the following : 3x5=15

(a) Can the following be a possible
electrostatic field ?

—_—

E=-K [y?ﬁ +(2xy +2°)3 + 2yzz |

(b) Explain the principle of ‘Method of
Electrical Images’. With reference to a
earthed conducting plane.

(c) Calculate the potential difference between
two points which are situated at a distance
1m and 2m from the source of electric field
whose strength as a function of distance
®, from the source is E = 3/x" NC™ along
positive x-axis. -

P.T.O.



N

1827

(d) Prove that yB = 0 and explajp itg
significance.
(e) Define magnetic susceptibility and re]

. ative
permeability. Obtain the relation betweer,
them.

(f) Find the frequency qf resonance
parallel resonant circuit.

(g) Define the terms hysteresis, rete
and coercivity.

of a
ntivity

2. (a) State and prove Gauss’s flux thegrem in
electrostatics. Show that div. E=-—

(b) A long cylinder carries a charge
that is proportional to the distan

the axis : p=KS, for some constant
the electric field inside the cylind

(c) Find the total ener

c -
(gensity
ce from
K. Find
er.

gy stored in the
surrounding of a conducting sphere of
) radius R carrying charge q. 9x3=15
3

- (a)A cylindrical capacitor is made
~  coaxially a metallic ¢
Inside an earthed hol

by placing
ylinder of radius ‘a’

] low metallic cylinder
of larger radius b’ If Vis the length of the

cylinflrical Capacitor determine the
Capacitance of the

(b) D

9+10=15



1827

(a) what is a dielectric ? Define 5, E and P.
b Establish the relation D =80E+ P.

if a dielectric is introduced between the
plates of a parallel plate capacitor, show
that the induced charge varies with the
dielectric as: @’= q (1-1/k), where k is the
dielectric constant.

(o)

(c) Show that polarization of a dielectric
medium gives rise to a volume charge

density p, and surface charge density o,,.
5x3=15

5. (a) Starting from Biot-Savart’s law, show that
curl B=p,J and hence show that 6

<§)§3~l = ol

(b) Find an expression for the magnetic field

at the centre of a circular current loop.
' 4

(c) Using Ampere circuital law find the
magnetic induction due to a long current
carrying solenoid at a point inside and
outside it. | 5

3 P.T.C.



N

1827

6. (a) Show that the area of B-H cyrye
the energy dissipated per unit
during each magnetizing cycle.

(b) State and prove the ‘reciproci

in case of mutual inductance
coils. :

denotes
VOluIne

ty thGOrem,

(c) State the Faraday’s ]aws of
electromagnetic induction, Derive the
differential and integral forms of the
Faraday’s law. O%X3=15

7. (a) Derive an €xpression for quality factor in
terms of band width for a series LCR
circuit. 5

(b) State and prove Maximum power theorem

for a DC network. 6

below 4
R, R,
“‘W—.W
40 ’ ]_Q
B,=28v RQ?E(Load) Bzi‘-?V
| 2Q
I N
4

2000
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Mﬂo- of Q- Paper : 1828 GC-4
. : 32221202

(i of the Course : B.Sc.(Hons.) Physics

7
sz;e of the Paper : Waves and Optics
gemester H
gt 3 Hours Maximum Marks : 75

( ﬂstructions for Candidates :

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

(b) Attempt any Five questions in all.
c) Question NO.1 is compulsory.

@

| Attempt any five of the following :

@) A uniform rod of length L is nailed to a
post, so that two thirds of its length is
below the post. Find the period of small

oscillation of the rod.

(b) A person normally weighing 60 kg stands
on a platform which is oscillating up and
down with an amplitude of 10 cm. If a

weighing machine on the platform gives

person’s weight against time, what will
be the minimum and maximum readings

‘shown by it ?



S
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1828

(c) Find the average and beat freque
the combined motion of the follox:,li;y fr% |
sin (107t) + cos (117t + T /4) 8
(d) A ball suspended by a threaq 2m g, .
- deflected through an angle of 2 de gre?g iy
then released. Assuming the Subseqy
motion to be simple harmonic; Oalculzrtlt
the velocity of ball when it passes througﬁ |
the mean position. |

(e) Distinguish between Fresne] andi;
Fraunhoffer diffraction. |

(f) Write two points of differences between
convex lens and zone plate.

(8) In a grating, if width of slit (b) is equal tod
(the grating element), show that the

diffraction pattern corresponds to a slit of
width 2b. 3x5=15

2. (a) Construct Lissajous figure for the following:

Xx=Acos (12 T t); y=A cos (6nt+1/4) .

(b) A uniform string of length L and lineal
density p js stretched with tension

Derive an expression for the total energy

of vibrating string in the n* mod¢°
Vibration, 9

2




, (8

g

)

- (a)

(b)

. (a)

1828

perive the differentia] e

. quatlon Of mot.
for the longitudinal vipy et

ations of ajr.

| 6
Obtain the frequencies of the normal mode
of a pipe of length L open at both ends.

4
A wave group is formed by superposition of

two harmonic waves of equal amplitude but
slightly different frequencies travelling in
the same direction in a dispersive medium.
Obtain the expressions for group and phase
velocity. : S
Explain the formation of fringes in case of

a wedge-shaped thin film. Derive the
expression for fringe width. 2,5

Distinguish between Fizeau’s and
Hadinger’s fringes. 04
The orange Krypton line of wavelength 6058 A

has a coherence length of ~ 20 cm.

calculate the line width and spectral
purity. | ) 4

Describe a Fabry Perot Interfrerometer and
obtain the intensity distribution function
in transmitted light. 3,7

3 | P.T.O.



(b) Give

6. (2

(b) A cif

7. (a) Discuss the

(b) For light

nciple -of optical reversibility

the pri
elations.
S)

d derive gtoke’s T
expression for intene:

for Fraunhoffer diffractiOSIF
Also give the coﬂdition‘:lcln
s for

an

Oobtain an
distribution

case of N slits.
maximas and minimas. .
,2

cular aperture of radius 0.01 cr ;
is

placed in front of a convex lens of §
h 25 cm and illuminated by a parzﬁai
e

m of light of wavelength 5x10-
e radius of the first dark rfrfln
| g.

S

. properties of Cornu’s spi
Explain tbe Fresnel’ diffraction patte:rpilgal'
to a stralght edge using Cornu’s spirule
Draw the intensity pattern for the Sam: |
of wavel h ° "
| . velength 6x10 cm a
gaglus of first half period zone equalntg
it.s bcrrin,h a zone Plate brings rays to focus at
ghtest point. Find the focal length of

bea
Calculate th

equivalent lens. 3

c)] W i
(c) What is a phase reversal zone plate ? 2
2000




Attempt four questions fro
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Mechanics

GE : Physics for Honours

11

Maximum Marks : 75

mmediately on receipt of this question paper.)
Attempt five questions in all.

Question No. 1 is compulsory.

m the rest of the paper.

{ any five of the following :
;+0.8}'+clA(. Calculate the value

of ¢ and also the cosine of ;the angle which the vector

makes with x-axis.

Solve the following differential equation :

Does the centre of mass of solid body necessarily lie

within the body ? Give examples.

P.TO.




S v <« )
. 2

article of mass m, position p

12 4 8

(d) For a p
J and

g 675 calculate its angular momentum aboyt "
= .
, Ongin.

hat is Hooke’s law ? Sketch labelled tr
Cs

W
e
(e) SStryj,

diagram-
) The length of a rod is 10 meters in refere
4 fice fram,
'« its length
A. What IS its length as seen by ap ObServer.

reference frame B, when reference frame B pqg - |

of 08¢ relative to reference frame A,

The maximum and minimum distances of g comet f
, on

®
the sun are 8 X 1012 metre and 1.6 x g2

‘ Metre

respectively. If its velocity when nearest to the gy, .

60 metres/sec, what is the velocity when farthest 2 sy

2 (a) If the vectors ( i + 2}‘+4/2) and (5}) represent the twg

sides of a triangle, find a vector perpendicular to the

plane of the triangle.

(b) Obtain expressions for the velocity and acceleration of

a particle moving at constant speed in circular orbit of

constant radius r.



’ (3 ) 2451

o

physical significance of the following differential

X 4 wix=0
equatiO“~ = =0. Also find its general

DisCUSS

~

solutiOﬂ- 366

Define linear momentum of a moving particle. Derive an

expression for the total momentum of a system of
particles. Show that if the total linear momentum of
system of particles is conserved the centre of mass is

either moving Wwith a constant velocity or is at rest.

gtate and prove Work Energy theorem.

Force acting on 2 particle is given by
E=(2xy+2z)}+ X +2xzk - Calculate the work done
on a particle in moving it from position
0, 1,2) to (5 6, 8) 663
A bomb of mass 4M explodes il.1 flight at a time when
its velocity is 5;'+‘4—}’m/sec. It splits into two
fragments of ma.sses M and 3M and the smaller mass
M is observed to fly with a velocity 10}+ 100 m/sec
after the explosion. Calculate the velocity of larger

fragment of mass 3M just after the explosion.

P.T.O.



— ( 4 )

®) Deduce equation of motion of rocket ang
‘ ne

2451

glect'
i |
gravity, find the Instantaneous velocity of | Ny

— A ~ ~ N < rocket'
(¢) Given that r = X +yj+zk and F _ -

Plane.474

My

5 (@) State Kepler’s laws of planetary Motion, |
. - Deriy,
expressions for the velocity and time Period of , sate
Cllite

in circular orbits.

(b)  What are central forces ? Give rwo €Xamples. Shq,, tha
a

in central force field :

(/) the angular momentum is conserved;
(i) areal velocity is constant.

18

What is simple harmonic motion ? Explain the following

physical quantities associated with simple harmonic

motion :

() Time Period
&il) Frequency
~(iii) Amplitude

() Phase,



’ ( 5 ) 2451

us1

(b)

)

ghow that for a harmonic oscillator, mechanical energy

remains constant and it is proportional to the square
of the amplitude.
[n Simple Harmonic Motion when the displacement is

one half of the amplitude, what fractions of the total

energy are kinetic and potential ? 6,54
Find the work done in stretching the wire.

Define modulus of rigidity and Poisson’s ratio. Deduce

an expression for couple in twisting a cylinder by an

angle ©. 5,10

Obtain formula for relativistic addition of velocities.

We observe two galaxies A and B moving in opposite
directions with speeds 0.5¢ and 0.4c respectively. What

is the 'velocity of B as seen from galaxy A.

Explain the concept of time dilation in relativity. What

is proper interval of time ? Deduce an expression for

time dilation. 6,3,6

5 800
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Attempt five questions in all,

taking at least one question from each Section,

Section A
L Detemine the identity element for the binary operation,
@0)* {c. d) = (aq, e + g)
(b)

Is the set th -1, -} a §roup under multiplication 9



¥

Y|
n a set of vectors, U = {(q, p, |
Give

c)iqu<
(©

\c}.

) le
termine whether U forms a Subspace of R3
Dete

Or n()“ .
Find the basis and dimension of solutig, Spacw
@

f the system of homogeneous linear equay ons .
o
x+4y +2- =

2x + y + 5z = .

3+3+4+5 i

«@

@ It is given that {q, B. ¥} is a set of linear

independent \)ectors. Determine whether the vecto

@ -2B o+ B+, B-vare linearly inaependeﬂl“

linearly dependent.

(b)

»

T(x-y,z)¥(x+zy-3- dx - 5y + 62)

iS a linear transformation.



| ( 3 ) 867

Let T be a linear transformation, T : R? — R3, such that,
(c’) )

() [x+:2)
Tiy|=|x~-=Z
\ = ) L < )

Find the matrix representation of T, with respect to the

basis, {¢|, €,. €3}, where,

(1) (0) (0)

il
o

0,e"= l 9e3

7}
€

A0) \0) 1)
5+5+5
Section B

b (a) | Show that all the eigen values of a unitary matrix have

unit magnitude.

(®)  Assuming that A, | — A, | — A™! are all non-singular

matrices, show that :
d-At+ Ayl =1

P.T.O.
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Show that any /wo eigen vectors corresponding

(©)

wo distinct eigen values of a Hermitian matrix 4,

orthogonal. 51818

(@) Determine the eigen values and eigen vectors of the

matrix,

() Diagonalize the matrix,

cos®  -sin0

sin@ cos0
5+10

(@) Solve the coupled differential equations, using the

matrix method :

dx .
a - e by
&

a " -w

The initial conditions are, x(0) = 0; 2

-
I

d’,,.(,




v

Using Cayley-Hamilton theorem, for the matrix,

3 ]
A= ,
2 2
determine A~ ~ 1045
Section C

Consider a uniform flexible chain hanging from a support under
the action of gravity. At time ¢ = 0, the chain is given an }arbitrary
displacement, y(x, 0) = Yo(x) and is released from rest. Establish
the wave equation for th‘-is system, and solve it to detenﬁine the
displacement y(x, f) at a latel: time ¢. Here, x is the verticat distance
measured from the free end of the chain and y(;c, t) is the

isplacement in the transverse direction. | 5+10
Solve the one-dimensional wave equation :
 0<x<L

P.TO.



The initial conditions are,

g_/ff if 0<x<L/2
L
ux, 0) = 1.
K-y ifL/2<x<L
L \
Al
|, _ o '

Derive the one-dimensional heat conduction equation, given b

ou , 0%u
.

o ox?

Find the temperature in a laterally insulated bar of length L;

whose ends are-kept at 0°C, assuming the initial temperatureﬁf

given by :

if =
k 5> <x<L

e

E if 0<x<L/2
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Attempt five questions in all.
Question No. 1 is compulsory.

Use of Non-programmable scientific calculator is allowed.
| . Answer any five o‘f the following : 5x3=15
(@) Wrifé down two c_:onditions for observing a sustained
interference pattern.
(p) Show that HWhen light is reflected from a denser

surface, a phase change of m is introduced in the

reflected ray.

™" T™ s 'y
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(¢)  What is the total number of lines a grating muyg,
have in order just to separate the sodium d"“blet

(A, = 5890 A and A, = 5896 A) in the secong

order ?

(@  What are the requirements for recording a hologram 9
Give at least two.

(¢) Two coherent beams of wavelength 5000 A reaching
a point would individually produce intensities 1.44 ang
4.00 units. If they reach there together, the intensity

is 3.04 units. Calculate the lowest phase difference with
which the beams reach that point.

(0  The observed visibility is 0.3 with the two light beams
having intensities in the ratio 1 : 9. Find the degree
of coherence.

(8) What is the radius of the first half-period zone in 2

zone plate behaving like a convex lens of focal lengt!

70 cm for light of wavelength 7000 A ?

—

w
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Y4

b

0

((l)

(@)

(h)

Using Fermat's principle, establish the law of

reflection.
Derive expressions for the equivalent focal length and
the positions of principal points and focal points of

a coaxial system of two thin lenses separated by a finite

distance. : 6,2,2
Plot the principal points and focal points for a

hemisperical glass lens of radius 10 cm and refractive

index 1.5 placed in‘air. 5
What are coherent sources ? 2
Derive an expression for the resultant intensity of the
interference pattern when two coherent beams of light
(intensities 1, and 1, having phase difference ¢) are
superposed. Find the visibility. of fringes if :

0 1, =1 |

@) 1, =21, 722

P.T.O.



W

(c)

(@)

(b)

(a)

()

~ incident light.

R X

What will be the resultant intensity when the SOurce,
of intensities |, and I, are incoherent 2 :
Calculate the path difference between two consecutiye
reflected rays in a wedge shaped film (formed by two
plane surfaces inclined at an angle 6) and Prove tha
the fringe width B is given by :

A

2tan 9\/p2 - sinz‘i

where, [ is the refractive index of the film,

B:

‘I’ is the

angle of incidence and ‘A’ is the wavelength of the

14

What do you mean by localised and non-localised

fringes ? Give one example of each. 4

Prove that the diameters of Newton’s dark rings are

proportional to the square roots of natural numbers in

reflected mode for normal incidence, 7

Explain how Michelson’s interferometer can be used to

determine : 44
() the Wavelength of monochromatic light

(i) the refractive index of thin transparent film.
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Plane waves of wavelength A impinge normally on a

@

double-slit arrangement (two slits each of width a.
separated by an opaque. space of width b), prove that
intensity at any point P on screen (parallel to the plane
containing double slits) due to Fraunhofer diffraction
is given by :

sin B

- 2
I =4I, 7 cos” y

where, B = %a sin 6, y = -;%(a + b) sin 6, 0 is |
the angle of diffraction and 1 is the intensity at
centre on tvhe screen. Show the intensity pattern
graphically. | 83
(b) Prove that:in the limit a — 0, the above equation can
be‘reduced te the equation fof the intensity distribution
in Young’s double slit experiment. | 2
(©)  Prove that in the limit b — 0, the above equation can
be reduced to the equation for the intensity distribution

for a single-slit of width 24, | 2

PTO.



N

( o6 ) | 863
(@)  Derive Fresnel’s integrals. Calculate the value of intcnsity
by an unobstructed wavefront. 62
(b) Using Cornu’s spiral, explain the Fresnel diffraction |
pattern due to a straight edge. 7
(@) What are half period zones ? Discuss Fresnel’s

diffraction due to a circular aperture in terms of half

period zones. 2,10

() A zone plate has focal length of 50 cm at a wavelength

of 6000 A. What will be its focal length at a wavelength

of 5000 A ? 3
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Attempt as per directions.
Section A

Do any two questions.

. (a) State and prove M, -Test for uniform convergence of

a sequence of functions.

(b) Show that :

3 5

tan~'(x) = x - %— + ES— L for xe[-11]

and hence -deduce that :

1
i ; 6/2+6

P.T.O.

b
I S SR TR T vl € ] B A O/ B
; e e ()
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(a) Show that the sequence =/ > where

ny
—— X € R
l+n"x"

Ja(¥) =

is not uniformly convergent on R,

(b)) Show that if a series Z J, converges uniformly ¢,
fin an interval [a, b] and its terms /,, are continuoyg

at a point x, in the interval (a, ), then the sum functiop

f is also continuous at x. 64+

(@) Prove that if a power series
2 anxn,
is such that a, # 0, for all » and

lim (fz"_ﬂ_) — _]_
n—e | a R~

n

then 2 a x" is convergent for |x| < R and divergent

n-1

X

for | x| > R. Show that series 2 is convergent
_ n=l1

nZ.
for all xe(~1,1). Also check the convergence of this

series at x = =+1.
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: 1129

r

gtate Weierstrass M-Test for uniform convergence of
| e 0

series of functions. Show that the series :

. X
; n(1+nx*)

is uniformly convergent on R. 6446
2

Section 11

Do any three parts :

(g Show that the integral :

22 sin” x
dx
[

is convergent ifn<m+L

(b) Test the convergence of :

jw e dx.

0

() Prove that the Gamma function :

J‘ xm—l e—x dx

0

is convergent if 7 > 0.

pTO.

MY VA J \IJ} o ’*"ﬁ'-'—"z“s"_'”_- at Z::U.

- -
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(¢h  Test the convergence of :

(¢)  Show that :

J-(u log (1 + ax) e =

l 2y 4o -
D T Elog, (I+a°)tan™" a_ 555,55

Section 111

Do any one part :

(@) Find a formula for the probability distribution of the

total number of heads obtained in four tosses of a

balanced coinf

() If X has the probability density :

‘ ke * for x>0
f(x)= i

0 elsewhere

find 4, the distribution function of the‘random variables

X and use it to evaluate :

P(0.5 < X < 1) -
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Do

b
W

()

any three parts .

Find the moment generating function of the random

variable whose probability density is given by :

e ! for x>0

0 elsewhere

f(x)= {

and use it to find an expression for p .

If the joint probability density of two random variables

X and Y is given by :
x+y for0<x<l, 0<y<l

f, =1 "
0 elsewhere

Find the joint distribution function of these two random

variables.
Find the probabilities that a random variable

having the standard normal distribution will take on a
value :
() less than 1.72;

(i) between 1.30 and 1.75.

P.TO.
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(@) Let X and Y be two random variables with Variay
Ce

o2 and o) respectively and r is the Coefficie
~ : nt

of correlation between them. If U = X + Ky ang

V =X + (6/0)Y, find the value of K so that ang

V are uncorrelated. 5,555

Do any three parts :

(@) The means of two single large samples of 1000

and 2000 members are 67.5 inches and 68 inches
respectively. Can the samples be regarded as drawn from !

the same population of standard deviation 2.5
inches ?

(b)) A random sample of 10 boys had the following 1.Q’S

70, 120, 110, 101, 88, 83, 95, 98, 107, 100. Do thes¢

data support the assumption of a population mean L.Q

of 100 ?

(th0s at 9 d.f. = 2.262)
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Two random samples of sizes 8 and 10, drawn from

(¢
the two normal populations are characterized as
follows :

—

Population Sum of squares of deviations from their

respective means

l 844
Il 102.6

Can they be regarded as drawn from the two normal

populations with the same variance ?
(Fy o5 for 7 and 9 d.f. = 3.29)

(@ The theory predicts the proportion of beans in the four
groups A, B, C and D should be 9 : 3 : 3 : 1. In
an experiment among 1600 beans, the numbers in the

four groups were 882, 313, 287 and 118. Does the

experimental result support the theory ?

(%3, for 3 d.f. = 7.815) 55,55

|
b 7 , 500
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All questions carry equal marks.
Question No. 1 is coﬁpulsory.
Attempt 2 questions from Section A
and 2 questions from Section B.
Use of scientific calculators is allowed.
| Attempt any five questions : 5x3=15

(@) Determine the solutions of the equation =* = 1 where

- is a complex number. Represent the solutions

graphically.
P.T.O.
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(©)

(d)

(e)

Iy

(<)

2820'

Locate the name the singularities in the
Nite

of the function : Naan
f(2) = li—;z—;l)%)
Evaluate :
%5322:26 e

over a circle C in the counterclockwise direction . |
)

described by |z]|=m.
Find the real part of (/).

Show that x3(x) =0, where 8(x) is the Dirac gy, |

-

function.

If F(w) is the Fourier transform of f{r), then prove t

the Fourier transform of :

flat) -_-lF(ﬁ)
a

a
where a is a constant.

Determine the Laplace transform of :

f(t) =sin® 2t .



(3) | 2820

O

jt(’"'” sin t dt
0

using Laplace transform.
Section A
Aempt any fwo questions from this section.
) (@ Verify Cauchy’s theorem for the function :
flz)=22° +32-17,
if C is a square with vertices at -1+i,1+1:.
(h)  Using De Moivre’s theorem. prove that : 105

cos 30 =4 cos3 0 — 3cosH

sin30 =3sin® —4sin’0

5 (a) Expand :
|

z
(z-1)(2-2)

f(2) =

in a Laurent’s series valid for the given regions :
) 1<|g<2
(@) |z -1 >1

. PTO.




(b) Evaluate :

1 COS T2 '
dz
2m E'; 2% -1 6.

around a square with vertices at +i, 24,
. log

Using the method of contour integration prove any
two
of

the following :
Tarny
‘ T d«_ _n
(@) 51+ £ 3
j-‘ d6 =
() 01+sin29‘ \/§
¢ cos 3x nfe? e
(©) f 2, .2 d":§ = " a .
o (1+x%)(x" +4) 3 6
)
7 A

Section B

Attempt any swo questions from this section.

(¢) Determine the Fourier transform of the function f1):

fit)=1-¢>for|t| <1
= 0 otherwise

Hence evaluate

oo : - _ . ‘ t

ftcost : sint G __z_dt
0 4

el

) r Four

(b) State and prove the convolution theorem fo ’

2820

transforms.



y (5)

in = | for -1 < ¢ < |;

2820
Given

U
= (0 otherwise

Express f(1) as a Fourier integral and hence evaiuate -

o0

jsin wcos ot
0

do) -

Yy

§) State the convolution theorem for Laplace transform. Use

this theorem to evaluate the inverse Laplace transform

of : 87
1 e
s? (s* +1)

F(s) =

(o) Using Laplace transform, solve the following set of -

simuitaneous differential equations :

dx(t) .

e — L3 t =O

a TI=0 |
%&Q—x(tho given x(0) = 1; y(0)=0-

®)  Determine the Laplace transform of a periodic function

fit) with period T. 105

€ | 1,800
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Q3.

b)

Write your Roll No. on the top immediately on receipt of this question paper.
Attempt five questions in all.

Atleast one question from each section.

SECTION A
Prove that ‘tanh n(l:i)‘ =1 3)
Find all the roots of (1 +2)% = (1 - Z)S 3)
Derive the necessary and sufficient condition fora complex ﬁin'ctiori f(2) =
u(x,y) + i v(x,y) to be analytic. 9)
Evaluate
o2
£ -————(Z T dz (5)

Find the principal value of In(v3 -.'1) 4)
Evaluate (6)

§ dz

’ C (z - a)n n - 2,3,4‘ Tes wae an
Where z=a is inside the simple closed curve C.
Fi : __ Cosec h

ind the residue of f(z) = _%ﬂsﬁ_i at z=0. ®)

B A . .
xpand f(z) -3 nalaurent series valid for |z| < 3and |z| >3

(6)



¢) Locate and name all the singularitics of the function (4)
(z+3)
f(z) =
(22— 1)

Q4. Using Contour Integration, evaluate any two of the following

_cos38
a) fO (S 4cos6)

D

x4+1

©COS27T X
A J,

x (71/217]'&)
x4+4

SECTION B
Qs.

a) Find the Fourier transform of
f)=e M —w<t<ow,a>0 (5)

b) Using Convolution theorem, find the inverse Fourier transform of
1

, - (@
124+7iw—w?
¢) Provethatx § (x) = 0. 3)

Q6.
a) Verify convolution theorem for the function f (t) = g(t) = e~t’, (5)

b) If F(w) is the Fourier transform of the function f (t), then find Fourier
transform of f " (t).

(5)
c) Show that ©)
i(x)
6‘ = -
wW=-=
SECTION C
Q7.
a) Using Laplace transform, prove that f * cos t2 dt == JE 8
2
b) Find the Laplace transform of I, L (75
Q8.
a) A resistance R in series with | i
curent 1 15 g o inductance L is connected with e.m.f. E(t), The



If the switch is connected at =0 and disconnected at ==a. find the current | i
terms of 1. *(8)

b) Using Corr olution theorem of Laplace transform, find (7)

Lnl{(sz - 1)3(52 + 4)}
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Atempt any five questions in all. Question No. 1 i compulsory.
Non programmable caleulators are allowed.

Q.1 Attempt any five of the following

(3) Draw the I-V characteristics of a photodiode. s ‘

(b) Silicon at 1 = 300 K is doped with impurity concentrations of Ng = 5 10" em™ and Ny =2 %
10" em™. Determine the resistivity of the material.

(c) Draw the mput and output characteristics of n-p-n common emi
(d) Define CMRR of operational Amplifier. '
(¢) Draw the energy band diagram of an unbiased p-n junction diode with appropriate labels.
(f) Obtain a relation between the current gains o. and p ofa BJT.

(g) What is meant by drift and diffusion currents in doped semiconductors”? . o
(h) What is meant by PIV rating of a p-n junction diode? What will be the PIV of diodes in (i)

centre tapped full wave and ( i) bridge full wave rectifiers, if the output of both is 12V.

tter Lransistor.

Q.2 (a) Explain the concept ol potential energy barrier.

(b) Derive the Volt Ampere equation for a p-n junction diode.

(¢) For an abrupt pn 7;;unction in a Ge doped semiconductor with donor and acceptor
concentrations of Ng=10" m™ and N; = 102 m™. Calculate the potential barrier.

Given that N; =2x 10" m>. T =300 K and k=138 x 107 JK.
2,10,3

Q.3 (va') Explam. the working of a half wave rectifier using suitable diagrams and obtain the
expressions for (i) ripple factor and (ii) rectification efficiency.
(b) A zener diode (with zener voltage = 1 it i

ge = 10 V) is operated with source voltage of 20 V and 2

series current limiting resistance 1 kQ. Find g i I
ARy B ind the current through the zener diode when R is (i) 10

11,4
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Re=3KE Ry = TRQ: B~ 75V, - =24 V and v, . 0.7
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m
. . Ul
il actor (S 51 Fhevenin's .
. ression for the stability {actor (5) using S Cquiy . )
conhiguration, o ¢ anoespression for the st ks 9 Valey,
Cireuit.
':y’li'(.)

Q. 5 (a) Usine "hY parameters, obtain expressions for current gam. voltage g
and outpyy Impedance for transistor in CF configuration.

<

ain, inpyt impﬁdancn

(b) For a 4-pj, binary R-2R ladder Dia converter the inpyt levels are 0=0V

and 1= 4 v, Fing
the outpyy voltage caused by (1) 0011 (if) 1001 and (c)1111.
12,3




{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }


{ "type": "Document", "isBackSide": false }

