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Some useful data:

Electron charge: 1.6 x 107 Coulomb

Free space permeability: 41 x 107 Him
Free space permittiwity: 8 85 pFim
Velocity of light in free spaces: 3 % 10° m/fs
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The parameters of a certan transistor are o= 0.99 and [pgg = 100 04, while [z =20 p& The
transistor, connected i CE configuration, 12 in amplifring mode. Find Iego , Ie and Ig. All
symhols carry their usnal meamngs.

Uniform charge densities 2 Cim® and —2pCim® exist in x-v planes, infinite in extent and
located & =3 m and z=19 m respectively. The region 3 =2 = 19 1z a dielectric of relative
permithwity 9.0, Determine the displacement density, the electric field and polansation
vectors in the space between the planes.

The voltage v and charge q on a certain non-linear capacitor are related as g = kv’ where ks
a constant. Deterrmine the energy stored in the capacitor and express it (1) in terms of g and k
and (1) in terms of v and k.

Eepresent a half sinusoidal pulse git) = zin m, 0 =t = 1 by an expression involving sine
waves and step functions, and using this representation, wnte the Laplace transform of the
given pulse.

Find the power loss in the 10 ohin resistor in the crowt of Fig 1 ().

S LIPA s

{1) Determine the admittance parameters of the network of Fig 1 () and draw its n-
equivalent cirouit.

e g
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Fig il
In an open-circuited loss line of length L, show that the ratio of the output voltage to the input
voltage 15 maximum when
sinh 2ee L, A

sn 285 &
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where o and B are respectively the atteruation and phase-shift constants of the line.
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{h) A piezo-electric transducer of 1.5 cm® area and 0.11 cm thickness and having a 2 pC/N
sensitivity 15 connected to a charge amplifier {an 1deal operational amplifier) hawving a 20 pF
feedback capacitor. Calculate the peak-to-peak swing of the amplifier output voltage when
die transducer 15 subjected to a force of 0.017 sin 1000 t Newton.

2. (a) Synthesize two different R-C networlks of the Caver type for the following impedance
function

[5+2:l|[5+4:l
|[5+1:I|[s+3:l

)] In the circwt of Fig 2 (b), mutual inductance exists between the two coils, the coupling
coefficient being k; Find the walue of L 1f the power loss in R iz egual to 32 W, Also
cal culate the power loss 1f the terminals of one of the coils are interchanged,

0 talang 's'in sec

R
’ |
* 180 e ;
200 van () B B sa
- - | Fig 2 b .
3. {a) A 50 mé sinusoidal current source with a 10 k) source resistance supplies power to a tank
circuit which has L = 105 mH and © = 105 nF. The self-resistance of the coil 15 100 02

Calculate the

{1) resonance frequency (n Hz). (1) Q of the coul at the resonance frequency (111) bandwidth
ofthe entire circuit (iv) voltage across the coal, and {v) current through the capacitor.

The voltage and current are to be deterrmined at the resonance frequency.

{h} For a paralel plane wavegude, infinite in extent and a spacing of 20 cm hetween the plates
cal culate the

(1) phase velocity for TEM mode at all wawelengths (1) cutoff wawvelength for dominant TE
tnode (111) phase velocity for dominant mode at 50% of cutoff wavelength, and (iw) the
reflection angle for the sbowe frequency of operation.

4. (a) A& geries R-L-C cronit with no initial energy 1z connected across a 50 V d-c supply att =10
Civen B = 100 €3, L =2H and C = 200 pF, find the current 1(t) in the circwt Calculate the
wvalue of current for t= 120 ms and also the voltages across B, Lid C and energy stored in L
and C, all fort= 120 ms.

)] 4 woltage source of 10 V, 50 0 internal resistance and 3 x 107 radisec frequency supplies
power to a lossless transmission line of | ki length, of 100 03 charactenstic impedance (pure
resstance) and having a 200 £ termination. Calculate the power supplied to the 200 Cs load
and the transmission line. Consider the phase velocity to be equal to that in free space.

5. (4] Denve an expression for the radiation pattern of a linear array of five 1sotropic antennas
spaced half a wavelength apart, carrving currents in the ratio 1:2:2:2:1 and with progressive
phase shift of 180°. Determine the directions of nulls. Also calculate the pattern values for
30°, 45°% a0%, 75° and 90° and show 1t by an approzimate sketch.

{h} 1) Derive an expression for the capantance per umt length of a coaxial cable. The outer
radius of inner conductor 15 1 and the inner radius of outer conductor 15 .

{11) In a given case if =41, what will be the radius within which 75% of the total energy
will be stored?
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é. {a) A plane electromagnetic wave travelling in the +z direction in free space {z < 0) 12 normally
incident on a good conductor (z = 0), the interface being at = =0. The electric field just prior
to the interface is 2.0 in 37 10° t ¥ mVim. Determine the magnetic field component inside the

conductor, given that the conductivity of the conductor 15 61.7 MOYm while the permeahility
1z equal to that ofthe free space. Show all steps clearly.

(k) Give the drcouit configuration of the Wien bndge for the measurement of frequency
indicating the adjustahle elements and the positions of the source and detector. Drive the
balance condition. Also explain the balancing procedure and typical practical arrangements,
how the frequency is determmuned and the problems, 1f any assoc ated with the bridge

7. {a) In the measurement of a non-electrical quantity, the transducer and the associated amplifier
produce an output woltage in the 8 to 10 W range, the highest significant frequency
component being 100 Hz. Itis to be converted into digital form with a resolution of hetter
than 0.01%%. Find the

1) minimum sampling rate (1) minitoum number of hits (1) analogue walue of the least
significant bit (1v) aperture time requirement (v) dynatmic range of the ADC in decibels, and
{wi) ruts value of quantisation noise.

(b} In the circut of Fig 7(b), the vaue of the inductance 15 s0 chosen that when 1t 15 tuned wath a
4 wF capacitor, it resonates at 250 Hz. Determine the current 1(t), voltages across the diode
{Vp), inductor (V1) and capacitor (V) and also the energy stored in the inductor (W) and
the capacitor (We). All the above values are to be found and tsbulated in four wertical
columns for t=0, 2, 4, 6 ms. The battery supply of 5 wolts 13 switched on att=0. Assume the
diode and the voltage source to beideal and that there 1z no tnitial stored energy in C and L.

hﬁh - o+
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The circuit shown represents a low-pass d.c. coupled amplifier. Assuming an 1deal OPAME,
find (1) the high frequency 3-dB pownt £, (4) the low frequency gan, A= vl

What 15 the advantage of using Gray code? Enumerate the steps required for the conversion
of binary number into its Gray code equivalent Conwert the hinary number 1001011 to Gray
code.

Determine the gain margin and phase margin for the system in which
1
[jcu + 1)3

Sketch the desirable range of location of the poles of the transfer function of a systermn if the
system’s damping ratio 1s to lie hetween 04 and 0.6 and itz natwal frequency 1s to lie
hetween 3 and 5 radisec,

GH (ja)=

Derive an expression for the massmum phase-lead which can be provided by the foll owing
network.

e
R

The equation of and amplitide modulated waveis given as

L =

V= 1[IEI[1+ 0.2 t:l:us(E;rrxlﬂ3r):|cns|[2;rxlﬂﬁr)

Find all frequencies present and their respective amplitudes: 4lso determine the walue of
todulation index.

For a binary symmetric channel, the error probability F{0) = P{1) = p and errors are
statistically independent. Show that the channel capacity 13

C=s[l+plogp+(1-p)log(l-F)
where s 13 the signalling speed.

Calculate the wvalue of the minimum detectable power in a radar recetver iF its noise figure 12
12 dB and its handwidth iz 2.5 MHz. Assume the antenna noise temperature to be 300° K.

A pulse compression radar transmits an encoded pulse having a frequency chirp from 330
IHz to 1010 MHz centered around | GHz. What should be the range resolution capability of
this radar?

Foral cm x 2 cm rectangular wavegumde, caloulate the foll owang
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{1) Group velocity and phase velocity (1) Cut-off frequency (1) Charactenstic impedance
{1%) Possthle modes of propagation. Assume § =10 GHe.

SECTIGN &

{Aitempt ary twe gquestions. )

2. (a) Draw the crouit of a Wien Bridge Oscillator using a single operational amplifier. Detive the
condition for sustaned oscllatons. State how: (1) a continuous variation of frequency 1s
achieved, (11} a change 1n frequency range 12 achieved; and (111) the amplitude of oscillations
15 stabilized.

(k) A square wave whose peak to peak value is 1 V extends £ 0.5 V with respect to ground. The
hafperiod 15 0.1 sec. This woltage is impressed upon an RC differenti ator with time constant
0.2 sec. What are steady state masimum and minimum values of output voltage?

3. (a) Draw the crowt of transistorized cascode amplifier and determine its h-parameters in termns
of those of the component transistors. What are the special advantages of this configuration
{b) Why 15 1t desirable to incorporate current linuting drocuitty in a voltage regulator? Draw
the circuit of atypical series pass regul ator with built-in overload current limiting feature and
describe its functioning,

4. (&) What are the advantages of dual-slope AD converter? Give a schematic diagram of such a
converter and explain its operation with the help of tming waveforms. How can this
conwverter be made direct reading®

(b} Draw K-maps for the functions

o= AE+ BD+ ABC and Fg= AB+ BD and hence derive the K-maps for the functions f; =
£ . f|3 and f=£,.+ f|3
Simplify the maps for f) and £ and give the resulting expressions in sumn of products form.

5. (4] Desgn a hinary half adder using only basic gates. Llake a full adder using two half adders
and any other basic gates. Write down Boolean functions for the half adder and express the

Boolean function for the full adder in terms of those of the half adder and any other basic
logic operations.

(b} Determnine the state diagram and state table for a ingle input single output circuit which
detects a 01 sequence. The sequence sets Z = 1, which 1z reset only by a 00 input sequence.
For al other cases, Z= 0. Design the circuit using SE flip flops.

SECTION B
{Attempt ary two questions)

é. {a) Sketch the root-locus of aumty feedback system with an open-loop transfer function
k

G[s) B |:5'|[5+ 2:][5+ 4)]

For what range of k wall the system have damped oscillatory response” What 15 the highest
value of kthat can be used before continuous osallations occur?

{h} Consider the third order position control system with welooty feedback shown helow.
Determine the walue of k so that the dominant poles of the transfer function of the clozed lop
system have a damping ratio of 0.5, What will he the response of the system to a unit step
input for thiz walue of kv
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7. {a) Draw the block diagram of the Armstrong FM systern and explain the generation of FIM
signals. Why is it called indirect method and what are itz advantages 7

(b} What 15 the function of the synchronising circwits in a TV receiver 7 Draw and explain the
working of a synch separator arcuit with the help of waveforms. How are honzontal and
vertical synch pulses separated?

8. (&) Two radars hawve the same peak power of 100 KW, One has a pulse width of 2|0 secs and off

period of 500 p secs. The second one has a pulse wadth of 4 secs and off period 0f 400 W secs
Which 1z better suited for long range reception ? Explain vour answer clearly.

(b} Define and explain the terms: Self information, Entropy and Mutual information.

A code 1z composed of dots and dashes. Assume that the dash is 3 times as long as the dot
and has one-third the probability of ocourrence. Calculate

1) the information in a dot and that in a dash; (11) the average information in the dot-dash
code; and (111) the average rate of information transmission, assuming that a dot lasts
10 m secs and the same time interval 15 allowed hetween symhbols.

a, (a) Draw a neat diagram of a two cawity Elystron Show all woltages with proper polanties
Explain the phenomenon of bunching wath the help of the Applegate diagram.

{b) A two cavity Klystron amplifier has the followang parameters:
Vo d. c. acceleration voltage = 1000 %
f frequency of operation = 3 GHz
Grid gap spacing in either cavity = 1 mm
Spacng hetween two cavities = 4 ot
Find the

(1) Gap transit angle, (11) Bearn coupling coefficient (1) Input gap woltage W to give
tazimum output voltage V; and the (1v) Bunching parameter.
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