
Ttme Allowed 3 hours MaXimum Marks 200 

Cancbdates should attempt any FIVE quesl!ons 

Assume swtable data, Jjfound necessary, andmcbcate them clearly 

Values ofthefollowmgconstants may be used wherever necessary 

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

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

Free space p erm1thm ty = (1/3 6 ") x 1 0-9 Faradlm 

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

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

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

(a) Draw sketches 1llustrahng a (1 00) plane, a (11 0) plane, and a (111) plane 1n a cub1c urut cell 
How many eqmvalent (1 00) planes are there m a cub1c crystal ? A mater1al has a face-centred 
cub1c shucture W!th an 1oruc radms of 1 06 A Calculate the mterplanar separahon for (111) 
planes 

(b) Explam the phenomenon of sup erconduchv1ty Bn efly explam 1ts sal1ent feahlres, mecharu sm 
and apphcahons 

The penphety of a copper d!sk 50 em m rad!us and 10 mm 1n tluckness 1S mamtamed at a 
potenhal of 50 V A thm rod 1 em m radms 1S soldered to the d!Sk at 1ts centre (at nght angles 
to the plane of the d!Sk) and mamtamed at apotenhal of 49 V If the reS!Shmty of copper 1S 
1 7 x 1 0-B Om, calculate the current through the d!sk 

" (c) W1th the help of band d1agrams, properly labelled, d!scuss bnefl y an 1deal1zed metal to p-typ e 
seffi!conductor contact, both for a rechfymg and an ohm1c contact Why do some seffi!­
conductmg sp eamens form a rechfymg contact regard! ess of the metal used? 

(a) Explam Hall effect 

Ann-type germaruum sample 1S 2 mm Wlde and 0 2 mm th1ck A current of 10 mA!S passed 
through the sample (x-d!rechon) and a field of 0 1 weberim' 1S d!rected perpend!cularto the 
current flow(z-d!rechon) The developed Hall voltage 1S -1 0 m V Calculate the Hall constant 
and the number of el ectrons/m3 

(b) By draWing smtable d1agrams, explam the construchonal details and workmg of a S!hcon 
controlled rechfier (SCR) 

An a c voltage v=240 sm 314 t 1S apphed to an SCR If the SCR has a forward breakdown 
voltage of 1 80 V, find the hme dunng wluch the S CR remams off 
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(c) What 1S an mtegrated arcmt (!C)? DiScuss the relahve advantages and d!sadvantages of!Cs 
over diScrete assembly How wdl you make a monohtluc IC ? 

(a) Usmg Laplace transforms, find the current, i1(t) that enters the network, given below, when 
the SW!tch 1S closed at t=O W!th zero ituhal current m the mductor Numencal values of the 
circuit elements are as shown 

i,(l)----i> ··-
"' '" 

'" "' 
0.5H 

(b) The sW!tch S 1S kept open unhl steady state 1S reached by the network shown below At t = 0, 
S 1S closed 

What 1S the voltage across mductor, v1 at t=O ? Also find i(t) 

(c) Three small spheres each canymg a charge q are placed on the circumference of a circle of 
rad!us r to form an eqmlateral In angle Fmd the electnc field and the potenhal at the centre of 
the circle 

(a) SyntheSize the folloWing impedance funchon m Foster- I and Causer- I forms 

(b) In the arcuit shown below, W!th the capacitor imhally uncharged, the sW!tch S 1S opened for 
a long hme and 1S then closed at t =to Calculate the output voltage V0 at t =to, at 25 m sec 
and at t = ro A1 so sketch the correspondmg tranSient 
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(c) State and prove Thevemn's theorem Determme Thevemn's eqmvalent c1rcmt wh1ch may be 
used to represent the network shown below at termmals CD 

12 \' 

(a) Two 1denhcal parallel plate capac1tors are cotmected to a battery, as shown below, W!th a 
sW!tch S closed The sW!tch 1S now opened and the free space between the plates of the 
capaators 1s filled W!th a d1electnc of d!electnc coeffic1ent, K = 2 Fmd the rat1o of the total 
electrostahc energy stored m both capac1tors before and after the mtroduchon of the 
d!electnc 

L_J _ ___j 

(b) A lossless transm1ss10n !me W1th air d1electnc 1S 12 m long What 1S the !me length m 
wavelengths and what 1 s the value of phase constant, ~ at 1 5 M Hz ? 

(c) By mahng use of necessary equahons, estabhsh that the energy stored m a plate 
electromagnehc w<Ne 1S equally dnn ded between the electnc and magnehc fields 

(a) What do you mean by 'hme-base' m a cathode ray osc11loscope (CRO) ? Explam the 
operat10n of a c1rcU1 t sU!tabl e for the general! on of l!me-base voltage 

The deflechon senS1hv1ty of a CRO 1S 0 02 mmN If an unknown voltage 1S apphed to the 
honzontal plates, the spot sh1fts 4 0 mm honzontall y Fmd the value of the unknown voltage 

" (b) Define a transducer G1ve three examples of transducers mvolvmg d1fferent pnnc1ples of 
act10n A strain gauge has a gam factor of 4 Iftlns strain gauge 1S attached to a metal bar that 
stretches from 25 em to 25 2 em, calculate the percentage change m 1ts reSiStance If the 
unstrained value of reSiStance 1S 12 0 0, what would be 1ts value after stram 1S apph ed? 

(c) You are g1ven a 0- 1m A meterW!th an 1ntemal reS! stance of 50 How would you extend 
1tsrangeto lOrnA? 
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(a) A S!hcon abrupt p-n JUnchon at 300 K has acceptor denSity, N, = 1018 cm-3 and donor 
denSity, Nd= 10 15 cm-3 If the mtnnS!c concentrahon, N, = 15 x 1010 cm-3, calculate the 
bU1lt-m voltage, V, Denve the relat10ns used 

(b) Explam the d!Shngmslung features of astable, mono stable and biStable multnnbrator and g1ve 
the operahonal deta1ls of any one of them 

(c) A d1pole ante!Ula havmg a length of 10 em and carry1ng a current of 2 A at an angular 
frequency of 1010 ra1hans per second, rad!ates mto free space Calculate the electnc field 
mtenS!ty at a &stance of 20 km from the ante!Ula where the conduchon field 1S neghg1ble 
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Ttme Allowed 3 hours lvkmmwn lv!arks 200 

Cancbdates should attempt Quesl!onNo IwhJch Js compulsory and FOUR more quesl!ons takmg 

TWO each from Secl!on 'A' and Secl!on 'B' 

Assume swtable data, Jjreqwred 

Some useful constants are given below: 

Electron charge 

Electron mass 

Planck's constant 

Veloaty ofhght 

Umversal constant of gra~l!tahon 

Mass of earth 

Radms of earth 

Permeab1hty ofvaccum 

Perm1thm ty of vaccum 

e = 1 6 x 10-19 Coulomb 

M=91x10-31 kg 

h=6625x10-34 J-s 

C=3 x 10 8 m/s 

G = 6 668 x 10-11 m31kg-s' 

M=5997x1024 kg 

R=6,378km 

~o=4JCx10-7 Him 

eo=10-9/36JCF/m 

(a) ConSider S!h con npn tranS!Stors for the followmg c1rcu1t .. , 

' "' LOOO 

If Vm 1S + 1 V, what 1S the value of Vout? If Vn 1S changed to +3 V, what 1S the value ofvout? 
What 1S the output voltage compliance (maX!mum voltage range that the output can swmg 
when the mput 1S vaned) of the c1rcu1t? 

3+2+3 

(b) What 1s the class-D op erahon of power amphfi er ? Draw the arcmt d1agram of tranS! stonzed 
class-D amphfier and explam 1ts workmg 

2+3+3 
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(c) Determme the don't care combmahons m the folloWing Boolean express10n BE+BDE, 
wlnch 1S a S!mphfied vers10n of express10n 
- -------
ABE+ BCDE + BCDE + ABDE + BCDE 

(d) DeSign a log~c circuit that has mputs A, B and C whose output 'Y' W!ll be HIGH only when a 
m8Jonty ofthemputs 1S HIGH 

(e) The folloWing expenmental results were obtamed from an open-loop frequency test for an 
automahc control system 

OJ rad/sec ' ' 0 c w 
G<o coo "c u en w 
Phase angle -134 -143 -152 -167 -180 

P1 ot the locus of the loop transfer funchon and measure the gam and phase margm 

2+3+3 

(f) Explam how frequency modulahon may be obtamed from a phase modulator 
Diagrammahcally compare the amphtude modulahon, frequency modulahon and phase 
modulahon m respect of change m amphtude, frequency and phase when the earner 1S 
modulated W!th a step funchon 

(e) ,,, D!Shngmsh between oph cal honzon and rad! o honzon 

(11) In a rad!o hnk, the repeater spacmg 1S 40 km Assunung idenhcal ante!Ula heights for 
the rep eater stah on~ compute the el eval!on of the antenna from the groU!ld plane 

(h) Gmded wavelength of a rectangular wavegmde (1 D 2 28 6 em x 1 0 1 6 em) 1S 4 4 2 em When 
the waveguide 1S short-circm ted, find the d! stance between two consecuhve voltage mimmum 
poS!hons of stand!ng wave pattern so formed Obtam the operahng frequency of the 
microwave source 

(i) A reflex klystron 1S to be amphtude modulated only Descnbe, W!th neat diagrams and 
JUstifical!on, the method of such modul ah on 

6) What are the funct10ns of the folloWing pms of 8 0 85 nucroprocessor? 

(i) READY (u) ALE (111) HOLD (iv) TRAP 

SECnONA 
(a) ConSider the folloWing circmt 
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1" 

' ., .. ~ ,_. '· ,__ 
'• ' 

1: 
··~ 

• 
" •• '"' •• 

~m l"' ·~, .. ~ 
-

The tranS!stors have~= 100 Detenrune mput d1fferenhal reSiStance Rw, overall voltage gam 
vo/v, and the worst case common mode reJecl!on raho 1f the two collector reSiStances are 
accurate to W!llnn ± 1% 

5+5+5 

(b) Draw the arcmt d! agram of a Colp!tt' s o sc11l ator uSJng tranS!stor Denve an express10n for 1ts 
frequency of o sallahons Deduce the startmg conch hon for tlus osc11lator 

5+5+5 

(a) DeSign a log1c a rem! for detechng equahty of two 2 -b1t bmaty numbers 

(b) W1th a neat block d!agram, explam the operahon of 8-b1t succesSive approX!mal!on ADC 
What 1s the max~ mum convers10n hme for tlus type ofADC ? 

(c) DeSign a 4-b!t bmaty UP I DOWN npple counter With a control for UP/DOWN counhng 

(a) A three term controller 1S descnbed by the equal! on 

e, (t) = 20 [e(t) +_1_ r e(t )dt + Tr de(t)l 
T, o dt 

where e(t) =system error 

Bc(t) = controller output 

T, =reset hme 

Td=denvahvehme 

Tius 1S used to control a process With transfer funchon 

" G(s)= !Os2 +80+800 

uruty feedback 1S used 

(1) If mtegral achon 1S not employed, find the denvahve hme reqmred to make the 
closed-loop dampmg raho umty 

(11) Ifth!S value of denvahve hme 1s mamtamed, detenmne the m1rumum value of reset 
hme that can be used Without mstab1hty anS!ng 
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(b) ConSider the folloWing control system 

( ,, 

' ' --"~i·;·;-;,;,.;;-;'iil--r---"' ~ (~+2)(s-O 5) 

(1) Sketch the root locus d!agram for 0 < K < ro 

(11) Determme the value o K that g~ves the system charactenshc equal! on a damp1ng raho 
ofO 5 

ConSider the folloWing c1rcmt assume 1deal op amps 0 1 and 0, 

lie, 1 Kll 

--

·HOV 

·~ .., 

•'"'"" 

1 0+5 

If the load reSiStance 1S 500 0 what 1s the load voltage? If the load reSiStance 1S reduced to 
zero what 1S the load current? ,_, 

(b) Usmg an 8038 IC waveform generator, deSign a pulse generator to produce a poS!hve pulse 
With pulse Width of 100 !lllcro seconds and a pulse repehhon of 1 KHz The output amphtude 
1S to be approXImately 10 V 

(c) A phase 1 ead compensator has a transfer funchon 

( ,, 

Determme the maX!mum value of the phase lead and the frequency at wh1ch 11 occurs Sketch 
the Bode d!agram for tlus network 

3+3+4 

SEI:nON B 
State and explam what 1S meant by G!T ral!o of a satelhte ground stahon md!cahng 1ts 
S!gruficance m satelhte commurucahon How these components of the ral!o are generated m 
the systems ? State the methods of 1mprovmg the rat1o 

(b) G1ve the deta1ls of Ga1n/Loss budget of the up-lmk and down-hnk of the satelhte system, 
md!cahng all the system parameters controlling the budget 
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(c) In a satelhte earth stahon, the lngh power nNA dehvers an output Signal of 600 W at 12 
GHz The feeder !me cotmected to the parabohc d!sh antenna consumes a power of 2 0 dB 
The gam of the d!Sh antenna With respect to an 1Sentrop1c antenna 1S 55 dB Compute the 
EIRP With reference to 1 KW 

(a) Draw a neat sketch of the OJ-~ plot of a rectangular wavegU!de for 1ts donunant mode and 
show how phase veloc1ty and group veloaty may be obtamed from tlns curve 

(b) A rectangular hollow metal wavegU!de has mtemal d!menS!ons as 2 286 em and 1 016 em 
F1nd 

(1) Frequency range for smgle mode op erat10n 

(11) Decay rates for next lngher order modes hke TE,» and TM1,1 at 9 00 GHz 

(a) D!Shngu!Sh between 

(1) H1gh Level Language and Low Level Language 

(11) Macro-Progranumng and M1cro-Progranumng 

(111) Maclnne Cycle and Inshuchon Cycle 

(1v) Hardware Intenupts and Software Intenupts 

(v) Memoty mapped I/0 and I/O mapped I/0 

(b) Ahst often mteger numbers (both even and odd) are stored m amemoty Wnte an assembly 
language program of 8 08 5 to separate EVEN and ODD numbers and store them separately 

(a) In arad!o broadcast transm!lter, the earner S!gnal!S S1nuso1dal With amphtude of3 volt and 
frequency of 15KHz The earner S!gtlal!S modulated by a square wave that does not have 
any de component, yet does have peak-to-peak am ph tude of 2 0 volt and frequency of 2 KHz 
Wnte down the mathemah cal express10ns of the earner Signal, the mo dulahng S1 gnal and the 
modulated Signal Neatly plot those waveforms as a funchon of hme Obtam the plots m 
frequency domam as well 

(c) Perfect matclnng at all three ports of a rec1procal, loss-less 3-port JUnchon 1S 
1mposS1ble to aclneve Do you agree ? Just1fy your conunent 

(11) Obtam the scattenng matnx of a loss-less transm!SS!on !me With prop agahng constant 
~ and length L 

(c) The contents of some memoty lo cahons of an 8 0 85 nu cropro cess or system are shown below 
What Will be the contents of H- L Pa1r after the execuh on of the pro gram g!Ven below 

LHLD 

MoV 

CNX 

3000H 

C,M 

H 
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MoV D, M 

WAX D 

MoV C,A 

'NX D 

Will< D 

MoV H,A 

Memory address Mmtory contents 
(He.:) (Hex) 

3000 " 
30 0 1 " 
3002 cc 

3003 " 
******* 
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