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Instructions for Candidates :
(a) Write your Roll No. on the top immediately
on receipt of this question paper.
(b) Attempt five questions in all.
(c) Question No.1 is compulsory.
(d) All questions carry equal marks.

(e) Attempt two questions from Section - A
and B each.

1. Attempt any five questions :

5x3=15
(@) Find (1 + i)® .

(b) Given a complex number z, represent
geometrically iz in the Argand plane.

4-3z
Evaluate £ ' i
(c) (i)(z—l)(z-—z)dz : if C is the circle

3
lz|—5-

P.T.O.
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(d) Locate and name all the singular points of

sinvz
JE .

the function (in finite z - plane)

(¢) If F(a)is the Fourier Transform of f(x), then

find the Fourier Transform of f(x)sin a x,
where, a is any positive number.

(f) Show that derivative of unit step function is
a Dirac Delta function.

(g) If the Laplace Transform of f(t) is F(s), then
show that the Laplace Transform of

]F(u)du is ls)

S

1]

(h) Find the Laplace Transform of function
f(t) = (sin t - cos t)2.
Section - A

(a) Construct an analytic function f (z) = u + iv,
whose u (x, y) = x2-y? -y. 8

(b) Using De Moivre’s theorem, verify that
c0s50 = 16c0s°0-20c0s’0 + Scosh, and

S0 _ 1 6056 - 12c05%0 + 1 7
sind
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# - ) . .
3. (a) Expand f(z) = S_3 a Laurent’s series valid

for the given regions : 8
(i) |zl <3, (i) [z] >3

(b) Evaluate 95 dz, where C is circle

+l)
|z| =2and t > 0. o

4. Using the method of contour integration prove
any two of the following : 7.5%2=15

2
X

(@) _‘[, (x2 +‘3i)(x2 + 4)

-
5

k- de

_2zp’
=, 0<p<l
(b) '{[1—2pcos€+p 1-p’

Iﬂ{dx———

Section - B
S. (a) Find the Fourier Integral of the function : 8

f(x):e"“, when x > 0, k > 0 and f (%) = f ()
Hence deduce that

Tcos:m T o .
H=—€ " I X
2 ]
o 1+u 2

3 P.T.O.
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(b) Find the Fourier Transform of Gaussian
function. -

6. (a) Using Laplace Transforms, solve the
following set of simultaneous differential

equations :
- d .
—di—y:e’, & x=sint
dt dt
given that x(0) =1 and y(0) = 0. 8

. . -1 ]
(b) Find L “.\‘;-#az)(sz+bz)_

-

a’ #h’ 7

7. (a) If f(t) = t" and g(t) = tb, where a and b are
integers, then using the Convolution
Theorem for Laplace Transform, prove that :

8

(el BL
(a+b+1)!

(b) Prove that the Fourier transform of an even
function is even. 7

al 2.1 00
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Instructions for Candidates :

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

(b) Attempt five questions in all.

(c) Question No.1 is compulsory.

(d) All questions carry equal marks.

(e) Non programmable calculators allowed.

1. Attempt any five of the following : 5x3=15

(a) Which of the following wave functions are
physically acceptable ? Justify your answer.

(1) cosx
(i1) sec x.
(b) Calculate the de-Broglie wavelength of an

. _ 3
electron moving with velocity -S"c, where 'c'

is the velocity of the light in vacuum.

P,
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(c)

(b)

An electron has the speed of 600 ms~! with

an accuracy of 0.005%. Calculate the

minimum uncertainty i .
location. y in determining its

Prov_e that the group velocity i
particle velocity for a.fres Igyall‘t?i(fl?:l.ne B T

Calculate the permitted ener

electron in a one dimension
wide.

A certain radioactive material has a half
life of 20 days. What is th t
and mean life of this elemgnc%egay ——

ggée%gi.ne the ratio of nuclear radii of '}C

What is Compton Effect ? Derive an
expression for the Compton shift. If # and
@ are the angles of scattering of photon and
electron respectively in the Compton Effect,

then show that :

E) 6
cotp=|1+ - [tan—
mC 2

where 'E' is the energy of the incident photon
and 'm,' is the rest mass of the electron. 10

Obtain the time-independent Schrédinger
equation satisfied by the monochromatic

levels of an
box 0.1 nm

i
plane wave in 1-D, ¥ (X, t) = Aexp (E (px-Et)),

where 'A' is constant, 'p' is the momentum
and 'E' is the energy of the particle. 5

2

3.

(a)

(b)

(b)

2265

Describe the Davisson-Germer experiment.
How did this experiment verify the de-Broglie
hypothesis ? s

Determine the frequency of the light needed
to produce electrons of kinetic energy 3eV
from illumination of Li Surface. (Given work
function of Li is 2.93 €V.) 5

Illustrate uncertainty principle using Gamma
Ray Microscope thought experiment. 3
Consider a particle of mass 'm’ and energy
'E' approaching a potential barrier of height
'V, and width L. Assuming E < Vo, obtain
an expression for the Transmission
Coefficient (T). Prove that in the limit kL >> 1, where

i 2m(V,—E)

E ; the Transmission
Coefficient is given by the expression
T 16E 1_£ o2 0
V, Vs :

Prove that the de-Broglie wavelength of a
particle of rest mass 'm, and kinetic
hc
energy 'E,' is \/Ek(Ek +2mncz) , where 'c' is

the velocity of the light in vacuum. 5

3 P.T.CO.
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5. (a)
(b)
()

6. (a)
(b)

(9

7. (a)

Discuss the Liquid Drop Model of the nucleys
and derive the semi empirical mass formula.

10
Tritium (?H ) has a half -life of 12.5 years
against ff-decay. What fraction of a sample

of tritium (; H ) will remain undecayed after
25 years. 2.5

Calculate the binding energy of o -
particle in MeV.

(Given mass of proton (mp) = 1.007276
amu, mass of neutron (mn) = 1.008665
amu and mass of ¢-particle

(m,) = 4.001506 amu) 2.5 |
Explain the f-decay process in the context
of prediction of neutrino. 6
State differences between nuclear fusion
and nuclear fission. 4
Explain the origin of solar energy. S
Explain the terms : 6

(1) Spontaneous emission
(1) Stimulated emission
(1ii) Metastable states

(b) Explain the phenomenon of optical

Pumping and population inversion. 4

(¢) Draw Nz graph. Explain why the stable

nuclei have more number of neutrons
than protons ? 5

4 2,100
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Instructions for Candidates :

On receipt of this quest
(b) Attempt any five questions in all.
(c) Questio_n NO.1lis Compulsory.

(d) All parts of a question

should preferable
by attempted together.

1. Attempt any five of the following :

3x5=15
(a) Draw the output characteristics of a

photodiode and label Important parameters.

P.T.O.



2266

(b)

(c)

(d)

(e)

()

Mention some advant

| ages of Schottky b arrier
diode over the p-n Junction diode.
D ; 3

escribe briefly CMRR and Slew rate for an
op-amp.
Draw the circuit and describe the working
of a log amplifier.
Draw the energy band diagram for insulator,
conductor and semiconductor. How does
doping affect the Fermi energy level of a
semiconductor ?
For a pnp transistor, the current

amplification factor () is 100. What is the
value of o? If I_,, = 10 pA, what is the

collector current (I.) for an emitter current

(I) of 2 mA ?

2266

(g) An RC coupled amplifier has a voltage gain
g

of 150 in the frequency range of 500 Hz to

50 kHz. On either side of these frequencies,
the gain falls such that it is reduced by 3dB
at 100 Hz and 100 kHz. Calculate gain in dB

at cut of frequencies and also draw a plot of

frequency response.

(a) Show that the depletion width for a step
junction pn diode in equilibrium condition

is given as :

EL(N;+AQ)
q Na Nd

W= [2&

where symbols have their usual meaning.

10
3 P.T.O.
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(b) The reverse saturation current at 3
Pn junction Ge diode is 5 A Find
to be applied across the junction
forward current of 50 mA. Give
ideality factor for the Ge diode is

00K of g
the Voltage
to obtaip a
n that the

1, value of
Boltzmann constant is 1.38 x 1023 /K and

qis 1.6 x 109 C. 5

(a) Explain the working of a full wave bridge
rectifier using suitable diagramrs and obtajn
the expressions for (i) ripple factor and (i1)
rectification efficiency. How (his rectifier

circuit is advantagecus over the centre tap

full wave rectifier ? 10

In a Zener diode voltage regulator circuit,
the source series resistance, R =20Q Zener
voltage V. = 18V and load resistance R =200%2.
How load current is related to the values of
current flowing through zener diode ? If
source voltage V_is varied from 20V to 30V,

find the maximum and minimum current

flowing through the zener diode. 5

4

4-

()

2266

Draw the circuit for a transistor- gmpl‘:)f.ier
in CE configuration using voltage divider 1a3
circuit and derive the exXpressions fpr I_an

Vv .. Explain the origin of phase dlffere_nce
bg%ween the input and output voltag_es in a
transistor amplifier in CE configuration. "
A pnp transistor having a DC current gain
of 100 in CE configuration is to be biased
at] = SmA and V. = 3.8 V. The collector
load has a resistance of 500Q. If V_ =-10V

and V. = - 0.3 V. Calculate the values of
R; and R, for the figure given below S

P.T.O.
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S. (a)
(b)

6. (a)

Using the h-parameter equivalent circuit g,
a transistor amplifier in CE configuratiop
flerive the expressions for voltage gain anc;
Input impedance, 10

Explain negative and positive feedback
using block diagrams ? Discuss the effect
of negative feedback on the input
impedance of the amplifier. 5

Draw the circuit of an Op-amp as a non
inverting summing amplifier for three
voltage input signals (V,, V, and V,) and
obtain an expression for the output voltage.
Mention the conditions under which the
circuit will work as an averaging amplifier.

10

(b) Write an expression for the closed loop

voltage gain of Op-amp 741 configurcd in
non-inverting mode. What would be the
output of this circuit if it has a gain «f 10
for a dc input signal of

(i) +1V and

(ii) + 2.5V ? (V_= 15 volts). S

6

7.

(a) Explain the workin

(b)

2266

g of a Hartley oscillator
and write the expression for its frequency of
oscillation. Determine the value of involved

capacitor for obtaining f, = 100 kHz using

inductors of equal inductance of 10 mH.
10

In a R-2R binary ladder based D/A
convertor input reference voltage of + 10
V is applied. Find the equivalent analog
output voltage for the following digital input
states (i) 1001 and (ii) 1011. What should
be the value of full scale analog output
voltage for the 8-bit D/A converter ?

5

2,100
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Attempt Five questions in all.
Question No. 1 is compulsory.

Use of non-prograinmable scientific calculator is allowed

Q1. Attempt any Five from the following:
(a) State three essential conditions for obtaining sustained interference pattern.

(b) Give any two important differences between Haidinger fringes and Fizeau fringes.
(¢) Define visibility of fringes. Show graphically how visibility decreases with

increasing path difference.
(d) Define coherence length t-r a source of light. How coherence length helps in

designing an interference experiment?

(e) With the help of suitable diagrams show the difference between the Young’s
double slit interference pattern and two slit diffraction pattern.

(f) Write at least two essentia; conditions for recording a hologram? Can we have

coloured holograms?
(g) Define resolving power ¢ an optical instrument. How does it varies with

increasing the wavelength of light used?
‘ (3%5)

Q2. (a) Explain Fermat’s princip.e of least time and hence derive laws of refraction
(s :
(2,5)

(b) What are Cardinal point? Determine various cardinal points for a thick lens,
(2,6)

Q3. (a) With the help of proper diagram, describe Llyod’s mirror experiment for
obtaining interference fringes. How this experiment can be used to determine th
refractiye index of a thin transperent sheet? = . s, 5) e
(b) In Fresnel biprism experiment, an interference pattern is obtained u;in li

of wavelength 600nm on a screen kept at a distance of 1,2m. If the separation b gn‘:ght
5" magimum and 7" minimum is 3mm; calculate the Separation between the iirtflel}
sources, ' 5) ¥
Q4 (a) Bxplain how Michelson interferometer car: be used for

(i) determining the wavelzngth of light used, and

(ii) finding the difference between two closely spaced wavelengths of the same

Source, (5’ 5)



of thickness 5x107 mm is introduced in the path of
L =

(b Whien s ATSPEER. e fichelson interference experiment, the central fringe

3 ring beams in M ! _ nee
ﬁ“_%oi thaeplgzifn o:iginally occupied by 30 h fringe. 1f the wavelength is 600nm. fing
shitts 10

)
the refractive index of the sheet.

Q5 (a) What are Fresnel’s half-period zomnes? Explain the theory that leads to

ili ' ight? 3,4
, ion of rectilinear propagation of light o ) -
f;)p }i\?ﬁgf r;soa Zone plate? Obtain an expression for multiple 10(41'[ of zone plate.
Compare it with a convex lens. 2,51

Q6. (a) What are Fresnel Integrals? How these integrals are used in forming Cornu’s

spiral? o , , _ 3,4)
(b) Using Cornu’s spiral, explain qualitatively the diffraction due to straight edge.
®)
Q7. (a) Obtain an expression for the intensity distribution of Fraunhofer diffraction
due to N-slits. (10)
(b) What do you understand by dispersive power of diffraction grating? Obtain the
expression for it. ‘ (5)
Q8. (a) What are temporal and spatial coherence? Explain them. S)
(b) What is holography? Give necessary theory of recording and reconstruction of a

hologram.

(3.7)
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