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Ttme Allowed 3 hours MaXJmwn Marks 200 

Cancbdates should attempt any FIVE questions 

Assume swtable data, Jjfound necessary and Incbcate them clearly 

Values of the following consttmts may be used wherever Necessary: 

Electromc charge=- 1 6 x 1 o-" Coulomb 

Free space p ermeab1h ty = 4 " x 1 o-' Hemy/m 

Free space p ertlllthm ty = (1/3 6 JC) x 1 0-9 Farad!m, 

V elo c1ty of hght m free space 3 x 1 08 m/sec 

Boltzmann constant 1 38 x 1 o-" Joule/K 

Planck's constant = 6 62 6 x 1 o-34 Joule sec 

(a) For a d!electnc, estabhsh an express10n for the relahonsh1p between the polanzabd1ty and 
p enmth mty How does tlus relahon 1 ead to Clausms- M osoth equal! on ? 

(b) What are superconductors ? Explam the MeiSsner effect Show that perfect d1amagnehsm and 
zero reS!Sh mty are two mdep en dent properties of the sup erconduchng state 

" (c) A S1 wafer" doped With 1015 phosphorus atoms cm-3 Fmd the earner concentrahon and 
Fermi level at room temperahlre (300' K), assume N, = 2 8 x 10 19/cm3 at 300 K Explam the 
concept of Fermi level 

(a) A bipolar tranS!Stor has two Junchons either one of which may be forward or reverse-biased 
Therefore, we have four modes of operat10ns -normal, cut-of£ saturat10n and mverse reg10n 
With the help of Ebers-Moll equahons model the tranS!stor arcmt W!th a smgle Set of 
equat10ns descnbmg these fourreg10ns 

(b) When a current 1S passed through a seffi!conductor and a magnehc field 1S apphed at nght 
angles to the direchon of the current flow, il 1S observed that an electnc field 1S mduced m a 
direchon mutually perpendicular to the magnetic field and the flow of current Name tlns 
phenomenon and calculate the vol !age developed 

(c) It 1S deS!fed to operate the JFET shownm fig below at VGs = -1 0 V, VDs = 4 0 V and IDs= 1 
mA Determ1ne the value RD and Rs 
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(a) Determme the F ouner transform of the Signal shown m the followmg fig 

• 
' 

., 
' ' ' '. 
' ' ' ' • . ' . ' • ' ' (b) F1nd the F ouner transform of the hal f-smus01d giVen below .. , 

(c) Determme the Z transform of the Signal 

x(n) = cl'u(n) = r:l' n?. 0 

=0 n:O:O 

(a) In the c!rcUlt shown below, usmg the superpoS!hon theorem, determme the currents m the 
vanous reSistors and the voltage source 

• • 
•o 

• ' •• ,. •• • • t 
. 

(b) Prove that Norton's theorem 1S dual of the Thevemn' s theorem U smg Theverun' s theorem, m 
the network shown bel ow, find the magrutude of the current m the reSiStor Rg 
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(c) DeSign a delay !me usmg T-sechons With charactenst1c 1mpedance Ro = 600 0, total delay 

hmeofl 5~sandnsehmeof04~s 

(a) DiScuss the theoty of electromagnehc wave propagahon along a rectangular wave gmde and 
o btam the cond1hons for the prop agahon of wave 

(b) Explam Poynhng' s vector and establ!sh the relahon 

where the quanhh es have the1r usual meanmgs 

(c) A transm!SS!on !me has a senes mductance ofO 56 mH and acapaatance ofO 1 ~Fperkm If 
the losses due to conductor reSiStance and msulahon leakage are negl!g1ble, calculate the 
charactenshc 1mpedance and phase veloc1ty 

(a) Descnbe Anderson's bndge for measunng low reSiStance What are 1ts advantage over 
Maxwell's bndge used for the same purpose? 

(b) A copper -constantan thermo couple was found to have lmear cal1b erah on between 0 to 4 OO'C, 
With emf at max:tmum temperature (reference JU!lci!On at O'C) equal to 20 68 mV Detenrune 

(1) The correchon wlnch must be made to the md1cated emf 1f the cold JUnchon 
temperature 1S 25'C 

(11) If the md!cated emf 1S 8 92 mV m the thermocouple c1rcU1t, detenmne the temperature 
of the hot JU!lci!On 

(c) A freshman student of electncal engmeenng wanted to cal1brate a power meter He recorded 
the current floWing through a reSLStor (value marked as 0 0105 0), as 30 4A Lateran, a 
second year student diScovered that the ammeter readmg taken by the freshman was lower by 
1 2% and the value marked on the reSLStor was 0 3% lower F1nd the hue value of the power 
as a percentage of the power calculated by the freshman 

(a) Establ!sh the cond!hon of populahon mvemon m LASERS How would you JUshfy the 
presence of negahve exponent 1n the express10n? 

(b) What 1S a thenrustor? Descnbe 1ts workmg and 1ts 1mportant charactenshcs 
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(c) The 1nlnnS1c reS!Shmty of Germamum at room temperahlre 1S 0 47 0-cm The electron and 
hole mob1hhes at room temperature are 0 39 and 0 19 m'N-s respechvely Calculate the 
denS! ty of electrons 1n the 1nlnnS1c senuconductor Also calculate the dnft veloc1h es of these 
charge earners for a fie! d of 1 0 kV/m 
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Ttme Allowed 3 hours lvkmmum lv!arks 200 

Cancbdates should attempt Quesl!onNo 1 winch Js compulsory and FOUR 

more quesl!ons takmg TWO each from Sec !ion 'A' and &ctwn 'B' 

Assume swtable data, Jjreqwred 

Some useful constants are givm bdow : 

Electron charge 

Electron mass 

Planck's constant 

Veloaty ofhght 

Umversal constant of gra~l!tahon 

Mass of earth 

Radms of earth 

Permeab1hty ofvaccum 

Per011thm ty of vaccum 

e = 1 6 x 10-19 Coulomb 

M=91x10-31 kg 

h=6625x10-34 J-s 

c=3x108 m/s 

G = 6 668 x 10-11 m3ikg-s' 

M=5997x1024 kg 

R=6,378km 

~o=4JCx10-7 Him 

eo=10-9/36JCF/m 

( ,, Determme the voltage gam 
Vc A, = ....Q. for the amphfier arcmt shown below V, 1s the mput 
Vc 

voltage between the gate termmal and ground Neglect all capaatances 

" 
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(b) F1nd the gatos of the OP-AMP c1rcu1t for the two states of the 'gam-select' mput The 
b1lateral sW!tch m the ON state has neghg~ble reSiStance 
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(c) The 1mpulse response of a hnear l!me-mvanant (LTI) system 1S g(t) Detenrune the cond1hon 
on bounded-output (BIBO) stable Wl th zero 1m hal cond1hons 

(d) An HF transmitter used m bmaty commurucahon system has apeak power hm1ted to 1 kW 
The power loss m the channel 1S 6 0 dB and the n01se power at the rece1ver mput 1S 1 o-< watts 
F1nd P, for non-coherent ASK and coherent PSK SJgnalhng schemes Assume max~mum 
S!gnalhng rate and eqmpro bable message b1ts 

(e) A smgle mode step mdex fibre With a core refract1ve mdex of 1 49 has a cnhcal bendmg 
radius of 10 4 mm when 11lu!lllnated With hght at a wavelength of 1 3 m1crons If the cutoff 
wavelength of the fibre 1S 1 15 tll1 crons, calculate 1ts relal!ve refrachve mdex d1fference 

(f) The earner frequency of an uphnk 1S 6 GHz The transtlllthng earth stahon EIRP!S 80 dBW 
The satellite rece1ver 1S -8 dB/K and the transm!SS!on losses are 0 6 dB Determme the CNR 
at the satellite recet ver mput for an earth stah on -to-satelh te diStance of 3 5,8 60 km 

(g) What 1S the measured frequency on a wave-gUide s1 otted !me 1f the &stance between adJacent 
m1ruma 1S 1 27 em and the Width d1mens10n of the wave-gUl de 1S 2 2 8 6 em? 

(h) Spec1fy the regiSter contents and the flag status as the folloWing mshuchons are executed 
Also md!cate the output at PORT 0 

A 

00 

lmhal Contents 

MVI A, F2H 

MVI B, 7AH 

ADDB 

OUT PORT 0 

HCT 

z CY 

c 

(1) Two 1denhcal S!hcon tranSistors W!th 

~=50, VBE= 0 7V atT= 25'C 

V cc = 20 7 V, R1 = 10 kO and Rc = 5 kO are used 1n the c1rcU1t shown 

(1) F1ndthecurrents IB,.,IB,,Ia,.,Ic, atT=25'C 
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(2) Findlc, atT=175'Cwhen~=98andVBE=022V 

r'~ 
Fe, 

'· " .,_l,_ ...,.r" • '· \•; _______, 
~ 

j.. I~, 

"'Q, A"""'" r., - ,,, 

6) Draw the Simplest posSible logic diagram that implements the output of the log1c diagram 
shown below 

SECnONA 
(a) Explam the operahon of the Circuit shown below What type of Signal does it produce ? 

Deternune the frequency of the output Signal How can we change the frequency of the Signal 
to 10kHZ? 

' ~h 
.!!. 0·022 )!F 

• • "K OPAMPI • ., ... OPM\IP2 
MK 

v, 

,,. .. 
(b) The base Width of a germaru urn pnp tranSiStor 1S 5 nucrons At room temperature and for a de 

enutter current of 2 rnA, deternune 

(•) enu Iter reSiStance (u) alpha cutoff frequency 

(111) enutterdiffus10n capacitance, and 

(iv) thebasetranS!thme 

Given for germanmm 

Dp=47cm2/s 
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( ,, (•) 

I\,= 99 cm2/s 

~ = 3800 crn'N-s 

~ = 1800 crn'N-s 

ConSider aD f11p-flop that tnggers only on poS!hve gomg tranSJhons Wnte 1ts truth 
table and draw the output at Q for giVen D-mput and clock waveforms as shown 

(11) How can aD f11p-flop be 1mplemented usmg aJK f11p-flop? 

(b) ConSider the c1rcu!l shown Iruhally all the f11p-flop outputs X, Y and Z are m the 0 state 
before the clock pulses are apphed Determme and sketch the waveforms at Z, Y, X and W 
for e1ght cycles of the clock mput 

' 

' 

' •3 
' 

w 

(a) Construct a S1 gnal flow graph for the followmg equahons and evaluate y s/y1 

y, = a,,y, + ""Y' 
Y< = a,,y, + a,,y, + a.,,y, 

y,=a,,y,+a,,y, 

(b) The charactenst1c equahon of a closed loop control system 1S 

s3 + 3Ks' + (K+2)s + 4 = 0 

F1nd the range of K for wlnch the system 1S stable Show all steps clearly 

(a) Construct a 4-mput mulhplexer usmg four 3-mput AND gates, an OR-gate and three 
mverters Show the mput, output, select lmes, and wnte a table showmg the outputs for 
vanous selectmputs 

(b) ConSider amechamcal system as shown Wnte the force equahons and draw a fully labelled 
state d1agram 
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(c) An amphfier Wlth an open loop voltage gam of 500 del1vers 10 W of output power at 5% 
second harmomc d!Storl!on when the mput S!gtlal!S 5 mV If 20dB negahve voltage 1S to 
remam 10 W, determme 

(1) the reqmred mput Signal strength, and 

(11) the percent second harmoruc d!storl!on 

SECTION B 
(a) The transnuthng antenna beam Width of a geosynchronous satelhte (35860 km from the 

surface of the earth) " 0 1' Assunung a c1rcular spot coverage, determme the area of the spot 
11lummated by the antenna on the earth's surface 

(b) Define Fresnel Zone and denve an express10n for the first Fresnel Zone radms A m1crowave 
rad!o-hnk operahng at 8 GHz covers a diStance of80 km Determme the nud path clearance 
needed to coma de Wlth the first Fresnel Zone 

(a) A nNT operates on a beam current = SOmA, beam voltage = 2 89 kV, charactenshc 
1mpedance of the hehx = 6 0 0, C1rcmt length 40, frequency 9 GHz Determme 

(1) the gam parameter, 

(11) the output power gam m dB, 

(111) the four propagahon constants, and 

(1v) the wave equahons for all modes 1n exponenhal form 

(b) The1mpedancematnxofacertamlumpedelementnetwork1S [z0 J=[~ !] Detenrune1ts 

scattenng matnx State the propert1es of the scattenng matnx both m word statement and m 
mathemahcal form 

(a) Wnte a program to count from 0 to 20H W!th a delay of 100 ms between each count After 
the count 20H, the counter should reset 1tself and repeat the sequence Use regiSter pa1r DE as 
a delay regiSter Show your calculat10ns to setup 100 ms delay The clock penod!S 3255 ns 

" (b) Wnte mstruchons to clear the CY flag, to load a number FFH m regiSter C and to add 01 to 
(C) If otherw:1se d!splay the contents of reg1 ster C 

(a) Compare TD M and FD M techmques (at least 8 p 01nts, m the form of a table) 

(b) Calculate the ga1n of an X-band open ended rectangular wave-gu1de rad!ator at a frequency of 
9 GHz Thewave-gU!de d1menS1ons are 0 9" x 0 4" 
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(c) (c) What 1S the d!fference between cycle steahng DMA and mterleaved DMA? What 1S 
meant by block transfer DMA? 

(11) A transtllltter 1S sendmg ASCII-Coded data to a recetver With an Odd-Panty b1t 
Show the actual codes when the transtllltter 1S sendmg the message 'HELLO' 

) 
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