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INETRUCTIONS
Cardichates should attempt any FIVE questions.

Assume sigtable data, ifmecessary, and indicate them clearly.
Values of the following constants may b e used wherever necessary.
Electronic charge = — 1.6 x 107 Coulomb.
Free space permeability =4 1% 107 Henry/m.
Free space permittivity = (1/36 1) x 107 Farad/m;
Velocity oflight in free space = 3 x 10° m/sec.
Boltzmann constant = 1.38 x 107 JoulefK.

03

Plancle's constant = 6 626 x 1 Joule zec.
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Derive the equation of a cylindncal capacitor in terms of the radit of core sheet and length. In

the circuit given in the above figure find the potential difference hetween 4 and C and B and
. under steady state conditions.

]

15

)] Inintrinsic Ga As, the electron and hole mohilities are 0.85 and 0.04 m*/V-5 respectively and
corresponding effective masses are 0.068 mo and 0.5 mo respectively, where mo 15 the rest
mass of an electron. If the energy gap of Ga Az at 300° K iz 1.43 eV, calculate the intrinsic

carrier concentration and conductivity. mo 9.11 x 107 gm.
15
(c) Derive the Clausius-Mossoth relation hetween atomic polarizsability & dielectric constant for
a dielectric materal.
1a
2. {aj  Sketch the wariation of the density of states function, Fermi Dirac probability distribution

function and electron and hole concentration for n-type alicon where Ny = 10Ycc. and N, =
10%/c.c. Write down the condition for charge newtrality in a compensated semiconductor at T
=300° K.
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In an n-type semiconductor at T = 300” K, the electron concentration varies linearly from 2 x
10% to 5 % 107 per c.c. over a distance of 1.5 mm and the diffusion current density is 360
Afcm®. Find the mobility of electrons.

15

i) Discuss the constructional features of athyristor. Discuss how the two transistor equivalent of
a thynstor can be used to explan the turn-ON switclung, Mention why a controlled rectifier

cannot he fabncated using Germanium.

GATE |
CONTROL
CIRCYIT

The thyrstor shown in the above figure has a holding current of 100 mA and a latching
current of 250 ma. If the forward woltage drop across the thyristor from the instant of
commencement of gate pulse 1s zero, then find the minitum walue of gate pulse duration
necessary to ensure turn-CH.

15

() Draw and explain the drain and transfer characteristics of a p-channel enhancement type
LIOSFET. What 15 meant by threshold voltage ? Discuss three different ways by which the
threshold voltage can be reduced.

10

3. {a) Determine the convolution of the following par of signals by means of the z-transform

5 ()= (114)" (1), 7 ()= 1+eﬂu(m)_

()

.

1 2 ¥ 4

Express the signal of the above figure 1n terms of standard signals and hence deterrmine the
Laplace transform of the signal in the figure State the properties of Laplace transforms used
in thiz process.

15

() State and prove time shifting property of Founler Transforms.
1a
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Denve the Thevenin equivalent circuit as seen from the terrmnal-par (4 B, for the network
shown in the above figure. Hence compute the current ip(t) and power Pr in the 4 ohm

resistance.
15
i
S
2-part ? R,
matwork ¥
™
In the networl shown in the above figure, the impedance matnz of 2-pott 15 given as:
=2 1
[E]= s+l s+l
| f
s+l s+l
with Rg=20and Ry =100
Determine the zero-state response va to auntt step input.
15
{c) Draw an onented graph whose node-to-hranch inc dence matnx &, 1s given by
[t 1 -10 0o 0 0 0 0 0O 0O 0]
o oo o0 -1 -11 oo o 0 0
-1 0o 0o o 0o 0 0o =11 0o 0
A,=f0 0 1 1 1 0o o0 0o 0 o 0 0
oo o o0 0 0 =11 oo o 1
o -1 o0 -1 0 1 o -1 1 n -11a
0o 000 0 0 0 0 0 0 -11 -1
and ohtan fundamental circuit (he-set) matnzx for this graph.
5, (a) A uniform transmission line has constants R = 24 % 107 chms/m, G =21 x 107 ohms/m, L

= 1.5 % 107° Henry/m and C = 1.4 x 107 Faradsim. Find the characteristic impedance of the
transmission line at a frequency of 14 kHe

15
(b)
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What 15 tneant by the term cavity resonator? Wiite the expression for the resonant wavelength
of a TE mode Sketch the electric and magnetic field configurations in square wave cawity
resonator with TE1 mode. Show also the wvanation of Ey and Hz field components across the
centre line of the cawity.

15

(c) Find the wavelength and phase velocity for propagation through copper ot a frequency of 50
MHz if n =47 x 107 Henrv/m and o = conductivity = 5.8 x 10° mho/m.

10

. (a) A unity ratio d.c. Wheatstone bridge network has two matched resistive transducers working
in push pull fashion and malang two of the arms. Show that the bridge unbalance voltage 15
twice that of the bridze using only one transducer.

15
{h} Draw the schematic diagram of a successive approz:mation ADC. Explan its working.

15
(c) A resistive strain gauge with a gauge factor 2 15 fastened to a steel bar subject to a stress of

1050 kgfom®. The modulus of elasticity of steel is 2.1 » 10° ko/om®. Cd culate the change in
the resistance (AR) of the stran gauge element due to the applied stress.

10

7. {a) What are vericap capacitors ¥ How does it vary with applied woltage? Determine the
transition capacitance of a diffused junction vericap diode at reverse potential of 4.2 WV, 1F Cap
= &0 pF and V=07V

15
i) Derive the equation for gauge factor of aresistive strain gange in terms of Poisson ratio.
15

{c) An alloyed junchion 15 formed by melting a pellet ofindium on to an n-type 51 of conductivity
200 (Chn)™. If the conductivity of the alloved regrown region is 3.6 x 10* (Qm)™ and
intring ¢ carrier concentration of 81 iz 15 x 10"%m’. determine the built in voltage at 27°C.
The mobility of electrons and holes are 0.135 and 0.048 m?/ V-3 respectively.

10
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Time Allowead: 3 hours Maimm Maris - 200
: Candidates should attempt Cugstion No. fwldch is compuisory

and FOUR mare quastions taling TWO each fram Section ‘A’ and Section ‘B’

Assume suitable data, ifraguirad

Some useful constants are given helow :

Electron charge ce=16x 107 Coulomb

Electrof rnass ' M=91%10" kg

Planck’s constant ‘h=6625 x 107 s

Velooty oflight c=3x%10% mfs

Universal constant of gravitation G =6.668 x 107 m’fkg-s*

Iiass of earth M =35997x 10" kg

Radiuz of earth R=6378 km

Fermeability of vaccum ‘ho=41x 107 Hm

Fermittivity of waccum gy = 107361 Fim.

1 (4] For the circuits shown in Fig 1 and Fig 2, sketch and explain the output waveforms. Assume

the diodes to be 1deal.

PR F
Fig. ) Fig. 2

(b} What do vou understand by thermal resistance of a BIT? Explan its significance. To ensure
thermal stability of a BIT, it is necessary that Vem < 1/2 Vee Justify by drawing the load line 2
and the constant power curves of the BJT. i

{c) Use the K-map to simplify the expression
x= ABC+ BC + 4B

i
3 i

(d) An analog voltage signal whose highest significant frequency 15 1 kHz 15 to he digitally
encoded with aresolution of 0.01 percent covering the voltage range 0-10 V. To avoid loss of £
information, detertine — 5
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{1) the minimum sampling rate,
fi)  the minimum mumber of hits in the digital code,
fi1)  the analog value of the least sigm ficant hit;
fiv)  therm.s walue of the quantization noise;
() the aperture time required for the A/D converter;
(wi)  the dynamic range ofthe &'D converter in dB.
Suggest a suitable method of A/D conversion with reason.
a

{e) State and explain the terms ‘gan margin’ and ‘phase margin’. With neat sketches, explan
how wou can obtain gan margin and phase margin from Nygquist diagram and Bode plot.

8

(f) 4 25 m long centre-fed wertical dipole has a half power point E field of 2 mVim at 1 km
distance Calculate the transmitted power and the corresponding H field at 600 kHz. &lso find
the radiation efficiency, 1 its loss resistance 12 1.5 ohms.

i

=y An optical fiber cable has a core of 145 refractive index and 10 pum diameter, with a
fracional index difference of 0.3%. Deternune the numencal aperture, permissible
wavelengths for single-mode and multi-mode operations, acceptance and cnitical angles.

i

(h) An amplifier has a notse figure of 4 dB, abandwidth of 500 kHz and an input resistance of 50
02 Calculate the input stgnal voltage needed to wield an output SME = 1 when the amplifier 1z
connected to a signal source of 50 £ & 290 K.

{1) A memory system contains a cache, a main memory and a virtua memory. The access time
of the cache 15 5 nz and it has an 80 percent hit rate. The access time of the man memory 13
100 ng and it has a 995 percent kit rate. The access time of the wirtual memory 15 10 ms
What 15 the average access timne of the hierarchy ?

a8
i) How 12 subtract on done by AL using -
(1) one’s complement;
fu)  two’s complement?
Mustrate wath examples.
4+4
SECTION A&
2. (&) The amplifier given 1n Fig. 3 uses an OPAMP. Assume itz input impedance to he infinity,
output impedance to be zero and fnite differential gain 4, = L
(n-72)
{1) Obtan the expression for the feedback gain, 4,, = i—n
:
{11) Calculate & p 1f 4 — e
1a
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Fig. 3
(b} Determine the input power, output power and efficency resulting in a class-B push-pull
amplifier providing a signal of 20 V peakto a 16 Q2 load, using a single supply of Vee= 30V
1a
() Explain the principle of operaton of the short-circut ovetload protection circuit shown in

Fig 4. Find the limiting current Iz and the current that will flow under the short- circuit
condition in the load. Assume 1 = 0.

Assuming Dy and Do to be stlicon diodes wath Vo =V =0.7voltand Ty to be a silicon

transistor having Ve = 0.7 V, calculate the walues of Is and maxzimum load current | 1f
Fe= 1010, Wi= 15 woltz and Bz = 100 £2

1a
L
Ry
3. {a) What two types of input does a clocked FF have ? Explain. What 1z meant by edge-
triggering? Define set-up time and hold-time for aclocked FF.
10

{h} A flip-flop 15 shown in Fig. 5. Explain its operation and construct a truth tahle to characterize
itz performance.

1a
K
s
Cw
De—a ﬁ
3
Fig %
{c) Draw a crouit of CMOS NOR gate and explain 1ts complete operation.

1a
4. {a) Find the walue of gain k for the feedback control system shown in Fig 6, such that the system

will he Underdamped and wall respond with 16% owvershoot.
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Fig. 6
Then calculate the following parameters ofthe system:

15
(1) Undamped natural frequency, oy,
{11) Damping ratio,
(1) Time required to reach the first masmmuom or peak, T

fiv)  Time required for the transent to reach wathin 2% of the steady-state valug 1g,
settling time, T.

() Damped natural frequency, mg.

)] Using the root-locus technique, discuss the stability of unity feedback first-order and second-
order control systems of gain k.

14
5 {a) Draw the asymptotic Bode diagram for
107 (5 + 20}
G[sj= i
4 2105+ 2000
and determine the value of G{j1000).
10

{b)  What are the effects of negative woltage senes feedback on the charactenistics of an
amplifier? Denve an expression for input resistance of such an amplifier wath feedback 1n
terms ofinput resistance without feedback and feedbhack factor.

12

(c) For the hias circuit shown in Fig. 7, determine the walue of Eg to vield an operating point at
Ip=5mé Assume Pe=60, Veg=0.7TV, Re=50001 Eg=100 and —Vee=—6V.

) *

Fig.7

What 15 one advantage and one lirmitation of this type of biasing?

SECTIONEB
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fi. {a) An FSK system transmits binary data at the rate of 25 x 10° bits per second. During the
course of transmission, white Gaussian noise of zero mean and power spectral density 107"
watt per hertz 12 added to the signal. In the ahsence of noise, the amplitnde of the received
sihusoidal wave for digit 1 or 015 | microvolt Determine the average probability of symbol
errot, assurming coherent detection.

o exp (-1 |
[You may use the approxmation a7, [u) ET].
i
15
(k) Determine the internal noise power (B, of a microwave amplifier operating wath a handwidth
of 500 MHz and a specified noise figure of 2.5 dB.
5
() Why is companding used in PCM transmission ¥ Discuss the two common compatnding laws
and explain how they are used with analog and digital companding.
1a
7. {a) A uniform linear array of 16 elements has a quarter wavelength spacing between successive

elements and a progressive phase difference of a Determine its normalized array factor, half-
power hearn width, directivity, actual walues of first and second side-lobe levels in dB, if o=
—00° What happens to these resultz if =07

15

(b} A 2-cavity Klystron operates at 4G Hz, wath a beam voltage of 200V, beam current of 20 md
and a cavity gap spacing of 15 mm each Find the beam coupling coefficents, depth of
velocity modulation, masimum and minimum velocities of electrons leawing the input gap,
and the input gap voltage at masirmum output condition, for a drift spacing of 3 mm. What
are reentrant cavities 7 Sketch and explain their sigm ficances.

15

8. {a) Calculate the received electric field strength of a troposphenc wave at 50 lan distance, 1f the
feld strength of the directly transmitted wave 15 0.1 Viom at 500 MHz. The transmithing and
receiving antennaheights are 100 m and 20 m respectivel v,

Derive the relations used. What approzimations can he used here 7

15

(k) A relay satellite at 40000 km height, has an antenna of 30 om diameter, for an uplink
frequency of 6 GHz transmitted from an earth station paraboloid of 20 m diameter. If hoth
antennas and the ground transmitter power 1z 10 KW, estimate (in dB) the power received at
the satellite receiver, path loss and EIRP for earth stahon. Denve the formulaused.

What 15the stignificance of G/T ratio for earth station ?
14

a. {a) A system 15 desgned to momitor the temperature of a furnace and uses 2085 A
microprocessor. Temperature readings are recorded in 16 bits and stored in memory locations
starting at 2360 H. The high order byte 1s stored first and the low order hyte 12 stored in the
next consecubive tmemory location However, the high order byte of all the temperature
readings 15 constant. Write an assembly language program to transfer low order readings to
consecutive memory locations starbing at 380 H and discard the high order bytes,

1a
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(b} A system has 43-bit virtual addresses, 36-bit physical addresses and 128 MEB of man
memory. If the system uses 4096-hyte pages, how many wirtual and physical pages can the
address space suppott ¥ How many page frames of main memory are there?

10

(c) Which simple data structure you may use for representing a directed graph ¥ What 19 it called
and how it worlks ? Show that the number of edges in a unidirectional fully nin-1) connected

nl[n—l)

directed graph with n nodes 1z —-—

F+H3+4

¥ ok ok ok ok ¥ ¥
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