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1. Attempt any five parts : (5x3=15)

(a) Find the cube root of z =1 + i and locate them in
the plane.

(b) Show tI =x2—y2j |
1at u(x, y) = x* - y2 is a harmonic function

in }
.1c whole complex plane, find its harmonic
Conjugate, v(x, y),

P.T.O.
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(¢) Evaluate

e3z d C l
< IZ-1=4.
fi( Zim) |

(d) If a complex function (z) is analytic in a domain

D and [f(z)| = Const. K in D, then show that f(z)
1s also constant in D.

(e) Show that the Laplace Transform of Dirac delta
function is 1, ie, L{§(t)} = 1

(f) If Laplace Transform of a function L{f(t)} = F(s),
show that

L{t"f(t)} = (=1)" F(s),
where F™ represents n-th derivative of F(s).

f S . ) .‘cr
(&) If Fourier Transform of f(x) is F(w), find Fourt

Transform of f(x) cos ax, where a ~ 0.

(h) Evaluate the following integrals

vvw-‘
3 §(t — 4) dt it rar
(1) / € ( ) hhan dhu. Co"ggnl. - ]‘

New Delhi-1Y

l\dll\""

(ii) /m sin 2t §(t — m/4) db.
0
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(a) Find all values of sin! 2. (5)

(b) Expand f(z) — e#*? in the Laurent series about
z = 2 and determine the region of convergence of

this series. Also classify the singularity. (6)

(c) Evaluate (4)

fczzigdz, where C':|z—2i| =4

Using Contour Integration, solve any two of the
followings : (7.5%2=15)

() / :1:4+1 i"~=hbandnu College Library
fvainall, New Delhi-19

4 a
(b)/o a2 4 sin® 0 @ a>0

cosz dx
(c) ‘/0 @+ )@ 1 ) a &b >0

) /°° sinzzz:d
d) J oz

P.T.O.
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. -_ Tourier Intecral representati |
P ,2 J::E—o‘ youeis = Oon Of Ihe
fgnciion (4)
0 z<0
f{'z = c 0<z<L3
0 z>3
Cind t ier Transf f the functi
(b) Find the Fourner ransform of the function (4)

-mx m >0 and

(7)

(c) Find Fourier sine transform of €

hence evaluate the integral

wSInwWT
F——_—"’" S dw.
= o @ — W

=snoananu.College L7 ary
3iKajl, Neaw Delhl-‘lg

5. (a) For a periodic function f(t) having periodicity T,

such that f(t+T) = f(t), show that the Laplac®

(7)

Transform is given by

T —st
Ly = oSO

(b) If “on A
a function is piece-wise continuous o%

and
nd is of exponential order for t>T e 8)
that (
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lim L{f(t)} = sli)rglo F(s) =0,

S$—00
and hence further show that

lim f(£) = lim sF(s)

t—0
where F(s) represents the Laplace Transform of

f(t).

6. (a) Plot the given function (5)

1 |z <2
f(m):{ 0 |agf|>2.

Finding its Fourier Transform, F(s), plot it.
(b) Solve the differential equation

- y"(t) + 4y(t) = 9t with initial condition y(0) = 0
and y'(0) = 7, o =
- L ibandhu.Céllege !+ -7y

Kalkaji, New BDelhi-19
7. (a) Show that the Dirac delta function can be

expressed as the derivative of Heaviside’s unit

step function. (5)

(b) For the Dirac delta function 8(x), prove that

6(2 — a?) = 2—|1—, B+ lal) + 3@~ la)] . (s)

P.T.O.
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f a continuous function f(t) 1s an even functiop
C : ) ,
(hat its Fourier Transform F() wil

(c) 1
then show

an ¢ function.
also be an even (5)

3. (a) Find the Fourier Transform of the function

f(x) = e~ o> 0

and hence show that

00 e—ikm T
. . —alz|
/_oo (a® + k?) k=2 (7)

(b) For a function

e?tg(t) t>0
h(t):{0 9(t) (>0

show that F{h(t)} = L{g(t)}. (3)

of
(5)

(c) For the equation z* — 3z2 + 1 = 0, find the sull

its roots.

Deshbandnu.College Llw
Kalkaii. New Delhl-19 *°

(1700)
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Attempt any five parts:

(a) If f = x", show that f is an eigen function of the

operator x(f;) Also find the eigenvalue.

P.T.O.
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(b) David Beckham takes a free-kick of a football of
mass 400 g. The curving ball moves with a velocity
of 170 km/hr while reaching the goalpost. Find the
deBroglic wavelength associated with the ball at
that time. Will this wavelength have any physical
significance for the goalkeeper facing the free-
kick?

(c) Can the following two functions be physically

acceptable solution of the Schrédinger wave

equation
cotbandinug, ,:.4

(1) (A/2) tan ( Sa'ka!l New Bolhi- ,,4

(i) (3/2C) sin (%),
where A and C are non-zero constants.

(d) A 60 pm X-ray is incident on a calcite crystal,
Find the wavelength of the X-rays scattered
through an angle of 30°, What is the largest shift

in wavelength that can be ¢xpected in this
experiment?

(e) Find the combined kinetic energy of an
and an antineutrino, when a free neutro
into proton, electron and antineutrip
m,_ = 1.008984 y, m, = 1.00759 y, m =
Ju=1.673 1027 ka

electron
n decays
0. Given
0.00055 u,

"
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(f) If #°U loses 0.1% of its mass on undergoing
fission, then how much energy is released when

1 Kg of 233U undergoes fission?

(g) Why stimulated emission is necessary for lasing
action? (5%3)

2. (a) The work function of potassium is 2.30 eV. UV
light of wavelength 3000 A and intensity 2Wm™ is

incident on the potassium surface.

(i) Determine the maximum kinetic energy of

the photo electrons.

(ii) If 40% of incident photons produce photo
electrons, how many electrons are emitted
per second if the area of the potassium

surface is 2 cmz‘DeShbaﬂth Céilege L!brar
raikaiji, New Belhi-19

(b) The energy of a free electron including its rest
mass energy is 10 MeV. Calculate the group

velocity and the phase velocity of the wave packet

associated with the motion of this electron.

(c) Deduce the Heisenberg’s uncertainty principle for

position and momentum from gamma ray

microscope thought experiment. (5+5+5)

P.T.O.
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3. (a) Explain why it is plausible to define probability

current density in quantum mechanics by the

following expression
J= (-ih/2m) (y* grad y — y grad y*)
The symbols have usual meaning.

(b) Name and explain an electron diffraction
experiment. Give the physical significance of this

experiment in relation to the wave particle duality.

Deshbandnu.College Lit )rarw (10+5)
nalkaji, New Bolhi-19__ -

4. (a) Explain nuclear binding energy and packing
fraction. Discuss graphically the variation of
average binding energy per nucleon with mass
number, A and hence explain nuclear stability and

phenomena of fusion and fission.

(b) Calculate the binding energy per nucleon of , Fe’t

in MeV using semi-empirical mass formula. leen
= 14.1 MeV, a, = 13,0 MeV, a, = 0.595 MeV,
= 19.0 MeV, a, = 33.5 MeV. (10+5)

5. A particle of mass m is confined ; in a field free region

between impenetrable walls at x=0 and x=L
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(2) Obtain an expression (o cnergy of
By of the particle,

(b) Obtain and draw (he [y
irst three no '
rmalized wa
' ve

functions.

(¢) Find the minimum energy of the particle with mass
9.1 x 107" kg for L=1 A, (5+5+5)

6. (a) Given the half life of 21%Po is 138 days, find
(1) the decay constant of Po.
(11) the activity of 1 g of Po.

(iii) how many decays per second occur when

the sample is one week old.

(b) What are the main differences among alpha, beta

and gamma decay?

(c) Name and explain which conservation laws seemed

to be violated in beta decay. How did Pauli resolve

these discrepancies? S (5+5+3)

Deshbandhu, Cdllege '

Kalkaji, New Belhl-1%
7. (a) What are the a’ssumptions made in liquid drop

model of atomic nucleus? How do as
e nuclear stability?

ymmetry and

pairing of the nucleons aftect th

P.T.O.
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(b) How arc decay constant, half-]ife and
N 1

life time of a radioactive nuclide relateq

another? Derive the equations Connecting

them,
- (10+5)

Deshbandnu,College Library

Kalkaii, New Dalll-19

Some Physical Constants

Planck constant, h = 6,626 x 10-34]g

h = 1,055 x 10-34]¢

Boltzmann constant, Ky =1.38 x 10723 JK-!

Mass of electron, m, =971 x

2a700) }
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, x5=135)
ttempt any five of the following: ©

. L s 00K.
(a) Find the conductivity of an intrinsic silicon at(3i ot
2/\{-s an g
Mobility of electrons Hy™ 1350 om*/V"S |
of holeg n, =480 cm?/V-s. Intrinsic ©

-3
_ IOIOCm .
of electrons and holes n;= [ p.T.O.

5 ady
PANRCIRRSEN SIS § M o

oncentrations



1397 2

(b) The output of the circuit given below ig Comnecteq | 1
to the dc voltmeter. What is the reading o, . :
(Assume ideal diode).

ﬂ

AVEER] Siﬂwt § Vo

-9

(¢) The transistor of the figure given below is specified
to have B in the fange 100 to 300. Find the value
of Ry that resultsg in saturation with an overdrive

factor of at leagt 10. Assume Vv, =0.2V and
Vee=0.7V.

laeshbandnu Cé’llege Ubrary
. New Belhj- 18 . -
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(d) Design a differentiator (o differentipg

C an input
signal that varies in frequency from 19

HZ to IKHZ,
using op-amp.

(e) Draw a circuit diagram of g 4-bit R-2R ladder
type DAC and calculate its Percentage resolution.

(f) Define slew rate and discuss why g high slew
rate of an Op-amp is desirable.

(g) Draw [-V characteristics of a Tunne] diode.

2. (a) A and B are two semiconductor materials. They

have a band gapof 1.1 eVand 1.9 eV respectively.
Which of thege can be used for LED production?
Support your answer by evaluating the wavelength
of radiations emitted on recombination of electron_s

and holes in the two cases. Planck’s constant
h=6.626x 10-3455

(b)

For the circuit given below determine the voltag}c]:
Across the diode and the current flowing throug

it, A : iode. — = Wloqe Thra
Ssume an ideal dio (mbﬂdh”' SOllegé Liora

Kalkaji, New Dolhi-19.-
T

Al L

I——

P.T.O.
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(c) Photodiodes and solar cells are both photovoltaic.
What is the difference between the two?

(d) Explain Zener breakdown and discuss the main

applications of Zener diode. (5,2,3,5)
Deshbandnu fuun‘—‘ :.: Mw@

Kalkail. New )« _
3. (a) For the circuit glven below draw the load line and

determine whether the transistor in the figure is in
the active region or saturation region. What
significant change will happen if the transistor is
replaced by the one with double the value of P
(Vee=10V, V. =0.7V and V.._=0.2V).

icc

g3k 3Ry ec"g;ko-

CEsat

(b) In the circuit given below, evaluate
(i) the operating point (Vp» I¢)

(i) mid frequency voltage gain
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(iii) mid fr
e
quency voltage ¢
aln Wh
en b
Ypass

ca
pacitor C; is rem
oved

(iv) mid
fre
quency voltage
galn wh
en C

~con
' nected parallel to R,

(5,10)

“eshbandt ’
i R ndnu,College Library
Lo . New Delhi-1¢ |
expression for the frequency of
(A% y 0
tained

4,

oscillati
ation
s and the condition for sus

oscillati
ations f
or phase shift oscillator constructed

USing BIT

age amplifiers

(b) A
cas
cade connection of twoO volt
below-

figure given

Al
an :

d A2 is shown in the
input resist

R, = A
L ].k
Q). The open loop gain Vo2

anc®

p.T.O.
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R,y and output resistance R, for A1l and A) o

as follows:
Al: AVO=10; RIN=10 kQ; R0=1kQ
A2: Ay=5; R\ =5 kQ; R,=200Q.

What is the overa]] voltage gain?

Vi E
n Al A2, Ry RS

(i) z a
1 a0d Z,) are pogp resistors.
(i) z
& :
1 ™ 2 resistor apq Z, is a capacitor.
(i) 7
is i
L *> @ capacitor and Z, is a resistor.




1397

Za

-.—c
Ny @ ] v

o
-t |
- e

1"

(¢) Draw the circuit diagram of a basic integrator.

(a)

(b)

(c)

Derive the expression for the output voltage.
Discuss the problems associated with it. Also draw
the circuit diagram of the practical integrator
circuit that can integrate in the desired frequency
range and rectify the problems associated with

the basic circuit. (2.6.7)

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

concentrations for silicon is n,= A.3x10%m™).

Calculate ripple factor and efficiency of a tull
wave rectifier. What is the PIV of a bridge

rectifier? Dasir‘smu\dnu,Co-!h%\gg SOTREY
Kaikan, New Dethi-18

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

The maximum output available from the op-amp 18

P.T.O.
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+12V & -12V and the slew rate of the Op-amyp iq
12V/ps. What is the maximum frequency of the
input signal that can be applied withoyt Causing

distortion in the output?

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

is applied to the non-inverting input terminal.
Qeshbémdﬁu.CGEf@ge Librar, Gif:3.)
natkail. New Defhi-ig

(1700)



