
Ttme Allowed 3 hours lvkmmum lv!arks 200 

Cancbdates should attempt any FIVE quesl!ons 

The number of marks earned by each quesl!on Js mcbcated at the end of the quesl!on 

Assume swtable data, Jjfound necessary andmcbcate the same clearly 

Values of the following cons!tmts may be used wherever necessary 

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

Free space permeab1hty = 4 "x 1 o-' Hemy/m 

Free space p erm1ttnnty = (1/36 JC) x 1 0-9 Farad/m, 

V elo a ty o fhght m free space = 3 x 1 08 m/sec 

Boltzmann constant= 1 38 x 10-23 Joule/K 

Planck's constant = 6 6 2 5 x 1 o-34 Joule sec 

(a) Show that the d!electnc loss m amedmm 1S proport10nal to the 1mag1nary part of the complex 
d!electnc constant 

(b) Define earner mob1hty Draw a graph showmg the vanahon of earner mob1hty 1n a 
senuconductor W!th mcreaS!ng temperature 

A 1 00 -ohm reSiStor 1 s to be made at room temperature m a rectangular S!hcon bar of 1 em m 
length and 1 mm' 1n cross-sechonal area by dopmg 1t appropnately W!th phosphorous atoms 
If the electron mob1hty m S!hcon at room temperahlre be 1350 cm'N sec, calculate the 
dopant denSity needed to aclueve tlus Neglect the mS!gmficant contnbuhon by the mtnnS!c 
earners 

" (c) A matenal has CJ = 10-' Siemens/meter and"= 3eo At what frequency (Hz) W!ll the 
displacement current equal the conduchon current? 

(a) Draw a neat sketch of the ternunal dram-current versus dram-voltage character!Shcs of ann­
channel enhancement mode MOSFET and explam the charactenshcs 

(b) Ind!cate whether the ~-value of a BJT mcreases or decreases W!th mcrease 1n the values of 
the folloWing parameters 

(1) base Width 

(11) mmonty earner hfehme m the base reg10n 

(111) temperahlre 

(1v) collector current 
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(v) collectorvoltage 

(c) In the c1rcmt shown m F1g 2 (c), what would be the m1rumum value of~ such that the 
tranSiStor 1S m saturahon ? Assume V CE "' = 0 2V 

Fig. l(<) 

(a) Determme the response of the system 

' ' y(n) = -y(n- 1)--y( n- 2)+ x(n) 

' ' to the mput Signal 

' x(n) = 5 (n )--J(n-1) 

' 
(b) Explam the cond1hon ofBIBO stab1hty of a system m the Z-domam 

A hnear hme-1nvan ant system 1S charactenzed by the system funchon 

3-4z-1 
H ( z) - -,-cci"c-cCCi" -~35z 1 +15z' 

Specify the reg10n of convergence (ROC) and detemune h(n), when 

(1) the system 1S stable 

(11) the system 1S causal 

(c) The 1m pulse response of a relaxed hnear hme-mvanant system 1S h(n) = an u(n) W!th Ia! < 1 
Determ1ne the value of the step response as n---+ ro 

" (a) A Signal generator Wlth temunal voltage v 10 sm (h 106 t) and mtemal reSiStance of 1 ohm 
1S supplymg power to a van able load Calculate 

(1) the max:tmum rms power that the generator can generate, 

(11) the max:tmum rms power that the generator can dehverto an external load, 

(111) the rms power that 1 t generates when dehvenng max:tmum power to the load 

(b) Fmd the current through the 5-olun reSiStor m the c1rcU1 t shown m F1g 4(b) 
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(c) State and explam the "SuperpoS!I!on Theorem" 

(a) The SWitch, S, Jn the c1rcU1t shown m F1g 5(a) 1S open for along l!me At t = 0, S, 1S closed 
connechng the voltage source to the c1rcU1t For t> 0, obtam the voltage v, across the 
capaator 

""" ) ' '" 
SV~ 

Fmd the transfer funchon 

order of the system? 

• 

..... 

""'1 
'"' $. 

r 
:u 

H(s)= V2(s) 
v; ( s) 

00 

" 

" r 1 ·QiJ'f • r ' 
L 

for the network shown m F1g 5(b) What 1S the 

(c) Obtam resonant frequency of the c1rcU1t shown1n F1g 5(c) G1ven L= 0 1 H, R1 = !OQ C = 
10~Fandl\,=2k0 

' 
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(a) Wnte down Maxwell's equahons for hme-varymg fields m both the differenhal and the 
mtegral forms Also wnte down the word statements of these equahons from the 
mathemahcal statements m the mtegral form 

(b) The electnc field of a plam wave 1S given by 

if~ 10 cos (1 091+ 30z) )'vim 

where Y 1S the umt vector along the y-direchon 

Deternune 

(i) the magnehc field, H 

(11) the phase velocity, Vp 

(111) dielectnc constant, q, of the medmm when~= ~0 

(c) A transm!SS!on !me has a charactenshc impedance of 500 and 1S termmated by a load 
impedance of (75 - J 50)0 Calculate 

(i) thereflechon coeffiaent 

(11) the standmg-wave ratio 

(a) Explam, usmg a heat block schemahc, why delay hnes are used m the verhcal deflechon 
circuit of a cathode ray oscilloscope (CRO) Name at least two types of delay hnes used in a 
CRO 

(b) What 1S the difference between accuracy and preciSion of a measunng inshument? Define 
senS!hVily of a vol hneter 

When a volhneter!S connected across e1ther of the two 100 kO reSistors m Fig 7(b), it shows 
a readmg of 90 V when it should have shown 1 0 0 V Explam clearly why th!S 1S happ erung 

Also calculate the mtemal reSiStance of the volhneter b emg used 

+ ,.,, 
..,, 

"'' 
''I· '7(b) 

(c) The output of an LVDT 1S connected to a 5 V voltmeter through an amplifier havmg an 
amphficahon factor of 250 An output of 2 mV appears across the termmals of the LVDT 
when the core, moves through a diStance of 0 5 nun Calculate the senS!hmty of the LVDT 
and that of the whole set up The nulhvoltmeter scale has 100 dimS!ons The scale can be 
read to y, of a d!mS!on Calculate the resoluhon of the mshument m nun 
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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 

Permeability 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 

(a) Arrange the follow10g AiD converters 10 order of 10creas10g speed of operahon 

(i) SuccesSive approX!mahon 

(11) Dual-slope 

(111) F1ash 

(iv) Single-slope 

An 8-bit succesSive approX!mahon type AiD converter uses a clock frequency of 1 MHz 
Calculate the convers10n hme of the converter 

Why 1S a dual-slope AiD converter preferred 10 a d!g~tal volhneter? 

(b) The circU!t shown Simulates the relahon VO = -2fj- 3V2 Determ10e the value of R 

• 

(c) A parhally filled truth table of a sequence generator (3 D flip-flops 10 cascade) 1S g~ven 

below Complete the table and find the sequence generated 
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(d) A certam D/A converter has the lowest and highest values of resiStances 1 kO and 8 kQ 
respechvely If the bit length of the converter iS increased by 2, what would be the number of 
addihonal reSiStors and their values? Draw a neat circU!t of the converter What 1S the 
drawback of such a converter? 

(e) A umty feedback system has a forward Loop transfer funchon 

k 
G(s)~ 3 (s+l) (s+4) 

Deternune 

(i) the range of k for closed-Loop system stability, 

(11) the frequency of osallahons when the system 1S margmally stable 

(f) The bit rate m the 1st level CCIT mulhplexer output 1S 2 048 Mbps It contams 30 voice 
samples of8-bit each sampled at Nyqmstrate of8 kHz Calculate the control bits per frame 
Iftlns S!gnal!S transm!lted usmg 16-QAM, calculate the baud rate 

(g) For a standard voice band commumcahon channel, the S1gnal-to-n01se raho 1S 30 dB and 
transmiSSion bandWidth 1S 3kHz What W!ll be the Shannon hnut for mformahon in bits/s? 
(Given 3 32log10a= log2a) 

What 1S the eqU!valent n01se temperature if the cascaded system 1S held at an enmronmental 
temperature of290K? 

(h) Draw the velocity field charactenshcs of ann-type GaAs Gunn d!ode and show the reg10n of 
negative d!fferenh al mobih ty An n -type GaAs Gunn d!o de has the folloWing parameters 

Thershold field E, = 3 kV/cm 

Apphed field E = 3 4 kV/cm 

Demcelength L= 12 ~m 
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Dopmg concentral!on no= 1 x 104 cm-3 

Operahng frequency f= 12 GHz 

Determme 

(i) the electron dnft velocity 

(11) negal!ve electron velocity 

(i) A slotted !me 1S tenrunated by different types of microwave load 

,,, 

Draw the voltage standing wave setup W!tlnn rectangular waveguide when it 1S tenrunated by 
the folloWing types of load 

(i) shorted load (11) Matched load 

Hence determme the value of VSWR of shorted 1 oad and matched 1 oad 

In a shorted !me measurement at 10 GHz, VSWRis found to be 15 and the charactenshc 
impedance of the gU1de 1S 50 0 

What W!ll be the magrutude of reflect10n co effia en!? 

,,, Ifx = 111 101 andy= 101 110 (both m bmary), calculate x + y and 

,_ ') by 2's complement method ,_' 
(11) Calculate the exact number of compansons (i e, execuhon of condit10nal statement) 

reqU1red for sorhng an array of n elements by bubble sort 

SECTION A 
(a) "Mmimum 3 idenhcal RC high-pass sect10ns connected m cascade are reqU1red m a phase­

slnft oscillator" Jushfy One such phase-slnft osallator 1S shown below Why 1S R of one 
sech on connected to mrtual ground mstead of actual ground? 

' ' • 

Determme the value of Rt 

What should be the next lngher number of high-pass sechons connected m cascade? Draw the 
correspondmg arcuit of the o sallator Component values are not reqU1red 

(b) Give pm numbers for the 'Tngger' and 'Threshold' of the hmer 555 

In the circU1t shown, assume V0 = 1 2 V and 0 as p osS!ble outputs for V0 
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•• 
. ·'. v,, ~ • "• 

'± '' sss s 

~ ' .. 
Draw the waveforms for the voltages V0 and V, 

Determme the frequency of V0 waveform and the duty- cycle 

(a) A synchronous counter uses JK f11p-flops and giVes outputs (Q2 Q1 Q,) m the sequence 000, 
010, 101, 110 and resets to 000 from all unused states Determme the J1 and K1 mputs to the 
Q1 f11p-flop 

(b) S1mphfy the log1c funchon 

f(A,B,C,D)~ ff+ AC'+ ABC+ ABCD+ ABCD 

Draw the corresp ondmg lo g1 c c!rcUlt 

(c) Draw the c!rcUlt of a 2 -mput X -OR gate usmg CMOS tranS!stors and explam 1ts opera!! on 

(a) A system 1S represented by the S1 gnal flow graph as shown m the figure The vanable T 1S the 
torque and E 1S the error Determme-

(1) the overall transfer fun chon, 1fh= 5, k, = 1 and k, = 5 

(11) the senS!I!V!ty of the system to changes mk, for OJ=O 

• • ' ' ' ' <.(.1-J ' (;\) ' • • • 

(b) A closed-loop system 1S represented by 

d 2c de 
dt 2 +48di=144e 

where, e = r- 0 5c 1S the actuahng SJgnal Fmd the value of the dampmg raho, damped and 
undamped frequency of osc1llahons Draw the block d1agram of the system 

(c) A system employmg a proporhonal and an error-rate con trollS shownm the figure Detemune-

(1) the error-rate factork,, so that the dampmgraho 1S 0 5, 

(11) the settling hme, max:1mum overshoot and steady-state error for urut ramp mput 
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(a) In the arcmt shown, the two tranS!Stors are matched Fmd an express10n for I 1m terms of IC1 
~de 

Assume VBE = 0 6 V and ~to be very large, calculate h and I, 

Calculate I01 , when~= 20 

• mw 

.. t;-, < 

" w .. ., 
, 
,, 

" w 

(b) DeSign a Simple log1c C1rcu1t such that the output 1S when the bmery number ABCD 1S 
greater than 0 11 0 

(c) (c) For the system shownm the figure, obtam the values of k and a, to sahsfy, M, = 1 04 
and "'' = 11 55 rad!sec 

~~] 
.~ 

(11) A umty feedback system has an open-loop transfer fun chon 

G(s)= !O(s+l) 
s(s+2)(s+5) 

Detemune the steady-state error for r(t) = 3 + lOt 

SECnON B 
(a) AnSI fiber has NA = 0 173 and supports 400 modes at a wavelength of 1 3 ~u Calculate 1ts 

core area To what value 1ts core area should be reduced so that1t 1S smgle-mode fiber at A?. 
1 3 ~? 

(b) For a 100 km FO hnk, fibers Wlth 10 km urut lengths and havmg attenuahon loss of 0 4 
dB!km are used Connector wh1ch 1S used between two urut lengths 1S havmg 1 dB loss If the 
rece1ver senS1hv1ty 1S 10 nW/Mbps, calculate the max:tmum b1trate so that only one repeater 
1S used m the hnk Assume one connector loss at fiber rece1ver couphng Power launched 
onto the fiber 1S 0 dBm 
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(c) ConSider a rectangular RF pulse of durahon T giVen as 

¢(t)~cos2trJ;t OS:ts:T 

~ 0 elsewhere 

Draw the pulse for ( = 5/T If the pulse energy" 10-3 Joules, find the dural!on of the pulse 
Show that the 1mpulse response of a filter matched to th!S ¢(t) 1S same as q,(t) 

(a) Explam the foll owmg parameters used to charactenze a d1recl!onal coupler 

(1) Couphng coeffic1ent 

(11) D1rechmty 

(111) Isolat10n 

What W!ll be the value of d!reci!V! ty and !Solahon for an 1 deal d1rect10nal coupler? 

An X-band d1rechonal coupler has a couphng coeffiaent of 10 dB What W!ll be the output 
powerm the mam branch 1fthe mput power 1S 20 mW? 

(b) Draw the block d!agram for m1crowave setup for measunng the frequency of an X-band 
m1crowave Signal employmg slotted !me techmque Wnte the procedural steps 1ncludmg 
menhon of any formula to be followed for measurement What 1S the altemahve techmque for 
m1crowave frequency measurement? 

(a) What are the 1mportant elements mvolved 1n a m1cro processor based system for the 
measurement and morutonng of a temperature of ahqmd contamed 1n a furnace? Draw the 
block d!agram for tills setup (wlnch should mclude blocks hke transducer, actuator, etc) and 
explam the sal1ent features of each of 1ts blocks 

(b) For an 8085 microprocessor-

(!) wnte an mstruchon to 1 eft sh1ft 16 -b1 t data stored m 1 6-b1t reg1 ster p a1r 

(11) what should generally be the first mshuchon for an assembly language program 
conta1rung CALL mshuchon(s) ? What 1S 1ts S!grufi cance ? 

(111) an assembly language pro gram 1S g1ven below 

MVl A, B5H 

MVI B, OEH 

XRI 69 H 

ADDB 

ANI 9BH 

CPI9FH 

STA3010H 

HCT 

What 1S the status of 'cany' and 'zero' flags after the execuh on of the pro gram? 
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(a) A source emits seven symbols x~, x2, , x7 W!th probabihhes 0 35, 0 3, 0 2, 0 1, 0 04, 
0 005, 0 005 respechvely Give Huffman cedmg for these symbols and calculate average bits 
of mformahon and average bma!)' d!gits of mformahon per symbol 

(b) Examme whether the folloWing modes propagate mS!de an a1r-filled rectangular waveguide 
of dimenSion 7 21 em x 3 40 em operahng at 5 GHz 

TE0~,TMu and TE30 

Find out the velocity ofTEw mode ofpropagahon WavegU!de can be treated as a !ugh-pass 
filter at nucrowave frequency Jush fy 

(c) What should be the mirumum number ofmstruchons by wluch one can achieve all posSible 
operat10ns in a high-level progranumng language hke PASCAUC ? Menhon them W!th one 
example each 

******* 
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