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INSTRUCTIONS

Candidates should attempt SIX questions, selecting
TWO questions from Part - A, ONE from Part- B,
- ONE from Part— C and TWO from Part - D.

The number of marks carried by each question

| ’ is indicated at the end of the question.
. 28 Answers must be written only in ENGLISH.
. Assume suitable data, if necessary, and indicate

the same clearly.

Unless otherwise indicated, symbols and
notations have their usual meanings.

A detachable graph sheet and semi-log graph sheet
are attached to this question paper for your use.
Fasten them securely to your answer-book(s).

Important note : All parts and sub-parts of a question
" are to be attempted contiguously in
the answer book. That is, all parts
and sub-parts of a question being
attempted must be completed before
attempting the next question.

Any pages left blank in the answer-book must be clearly
struck out. Answers that follow pages left blank may
not be given credit.




Part- A

1. (a) Define intrinsic wave impedance for a medium
and derive the equation for intrinsic impedance
for a lossy dielectric. medium (consider. E =0,

E,=0,E,=EjeV) 12

(b) A.spherical volume density is given by,

2
p=po[ _2_2} (r<a)
=0; (v >a)

(i) Calculate the total charge Q.

(i1) Find E everywhere for 0 <y <gand
Y >a. 10

(c) Starting from Maxwell’s equation

-
VxE=-22 sndvxH= 7492
dt dt

- —
Show that V-B=0and V-D=p, 10
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2. @ ry + + T _C(s)

5(s+2)

A system is described in the above figure. -

()

(i1)

(iiv)

In the absence of derivative feedback
(i.e. d =0) determine the damping ratio
(6), natural frequency (w,) and the
steady state error resulting from a unit-
ramp input.

Determine the derivative feedback
constant (d) of which will increase the
damping ratio of the system to 0-8. What
is the steady state error to unit-ramp
input with this setting of the derivative
feedback constant.

By changing the forward gain of the
amplifier, the steady state error of the
system with derivative ‘feedback to
unit-ramp input is reduced to same value
as in part (i) while the damping ratio is
maintained at 0.8. Determine the value
of Amplifier gain K, and the derivative
feedback constant. You may use higher
gain K, in place of 10 (as given in the
open loop transfer-function). Or you may
use an additional amplifier of gain K,
between the two summing points without
changing the value of 10 as given in the
system. 12
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(b) (i) The characteristic equation -of a system
is given by

s(s=1) (s> +4s +20) + K(s + 1) = 0. .-

Find the range of K for which the system
is stable. 5

(i)

Obtain % from the signal flow graph Q

shown in the above figure using Mason’s
Gain Formula. 5

: _ K
(c) Given G(s)H(s)= GrDEId)’ sketch the

root locus of the system.

(1) Determine the value of K for which the
system is at the verge of instability.

~ .

(ii) For the damping ratio (5) 0-34, deter-
mine the value of X and the gain margin

(GM). 10
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. 3. (a) A state variable description of a system is
given by the matrix equation : 12

X =

[—11 _02] X+ [(IJ r@), Y=[1 1]X

Find :

(D
(i1)
(iii)

(iv)

(b) )

(i1)

Y(s)
R(s)

the transfer function

the eigen values of the system
the state transition matrix

prove the non-uniqueness of state
variables in general

Derive the expression for ¢(¢) (i.e. the
output) for a second order system
subject to a unit step input. S

Derive the expressions for generalised
error series and also the generalised
error coefficients for unity feedback
system., 5
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(c) Sketch the complete Bode Plot of the unity
feedback system whose open loop frequency

’ function G(jw) = — . 19 ; |
‘ joO-ljo+1)(0-05/0+1)

(i) Determine the Gain Margin and Phase -.

Margin.

(ii) Find the open loop gain K for a Gain
Margin of 20 db. 10

Part - B

e

4. (a) Differentiate between intrinsic and extrinsic
semiconductors. Explain doping: 12

|8
(b) The resistivity of pure germanium at room
temperature is 0-47 ohm-m. Find out the carrier
density of germanium at room temperature for
the electron mobility of 0-42 m?/volt-sec and

hole mobility of 0-20 m?/volt-sec. (electron
charge e = 1-6 x 10-19C) 8

(c) Give and explain the temperature classification

of solid insulating materials. Name at least two
materials in each class. 16
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" 5, (a) Discuss classification of Magnetic materials.
List properties of ferromagnetic materials. In a
- certain region, i = 4-6 uyand B=10 e’ Ez;.

Calculate the values (i) %,,, (ii) H and (iti) M.
12

(%)

(b) (1) Prove with the help of electrons flow that
r W = VI, where W is the power in watts,
’ V voltage in volts and I current in
amperes, in case of conductor materials.
\

(i) Find the mean velocity of electron flow

| in a conductor having a cross-sectional
| * area of 2-1x10% m2 when a current
’ of 20 amperes flows through it. Assume
- that there are 8-5 x 1028 electrons/m? of
the material. Charge on an electron is
1-6 x 1071% coulombs. 12

(c) What is “magnetoresistance effect” ? Calculate

the current produced in a small germanium

plate of area 1 cm? and of thickness 0-3 mm

when a potential difference of 2 V is applied

across the faces. Given : concentration of

free electrons in germanium is 2 x 10!%/m?

and mobilities of electrons and holes are

‘ 0-36 m2/V-s and 0-17 m2/V-s respectively.
12
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Part - C

6. (a) Three single phase loads can be connected in
either star or in delta to form three-phase load.

~ Which of these connections results in higher
current when connected to a three-phase

supply ? During the measurement of power by
two-wattmeter method, the total input power

to a 3-phase 440-V motor running at a power

factor of 0-8 was found to be 25 kW. Find the

readings of the two wattmeters. 12
(b)
> a
I 4
0V—— 158 '3
2¢ 20
BRI . AWINGAN
- 15
[ =YYV

Using star-delta transformation, find the cur-
rents I, 12 and 13 for the above circuit. All the
resistances are in ohm. 12
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For the above circuit, determine the voltage
across 3 ohm resistor applying Thevenin’s
theorem. State the maximum- power theorem
for an ac circuit. 12

680

18Q2

2

140V 1 200

6 Q2

T S0V i

For the above circuit the switch has been in
position 1 for a long time. (i) Find the
indicated currents, (ii) Find the indicated
currents and voltage immediately after the

switch has been thrown to position 2, 12
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(b) Define bandwidth in a series RLC circuit.
Show that bandwidth increases with the
increase in the value of resistance. The voltage
applied to a series RLC.circuit is 8:5 V. The
quality factor of the coil is 50 and the value
of the capacitor is 320 pF. The resonance
frequency of the circuit is 175 KHz. Find the
value of the inductance, current flowing in the
circuit during resonance and voltage across the
capacitor under resonance. Draw phasor
diagram. 12

()

Obtain z-parameters of a two-port network in
terms ABCD parameters. Obtain z-parameters
for the circuit shown in the above figure. 12

Part-D
8. (a) (i) Explain, with a histogram, the normal
distribution of errors. 4

(i1) What is probable error and what is its
significance ? 4

(iii) Explain units, system of units, standard
and standard for absolute ampere. 4
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(b) Draw the phasor diagram for a two wattmeter
method_ of measuring power in a 3 phase
balanced star connected load and derive equa-
tions to show that the phase angle of the load

‘ ¢=tan_1\/§—L —PZ)
15

where P, and P, are wattmeter readings. 10

(c) What are normal mode and common mode
signals ? How are -they reduced ? 10

9. (a) Explain the principle of operation and
construction details of a Resistance Tempera-
ture device (RTD). 12

(b) Draw a sketch of a varable reluctance
accelerometer ‘and explain its working. 10

(¢) Draw a circuit diagram of De Sauty Bridge
for the measurement of capacitance and obtain
an expression for the unknown capacitance.
What are the defects of this bridge ? 10

10. (a) In a non-magnetic medium

E'=4sin (27x10"1~0-8x)d, V/m. Find

(i) €, M and (ii) The time-average power
carried by the wave. 10
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(b) Discuss the force exerted on a current element

-—) -
due to a magnetic field B in another current
¢lement. 12 -

-

(c). A dielectric material contains 2 x 10! polar
molecules/m3, each of dipole moment.
1-8 x 10~27 C/m> Assuming that all the dipoles
are aligned in the direction of the electric field

o 5 -
E=10°d, V/m, find P and ¢,. 10
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