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ELECTRICAL ENGINEERING 

Paper-I 

[Time Allowed: Three Hours J [Maximum Marks : JooJ 

INSTRUCTIONS 

Each question is printed both in Hindi and in English. 

Answers must be wrillen in the medium ;pecified in the Admission Certificate issued to 

you, which must be slated clearly on the cover of the answer-book in the ;pace provided 

for the purpose. No marks will be given for the answers wrillen in a medium other than 

that :.pecijied in the Admission Certificate. 

Candidates should al/empl Question Nos. 1 and 5 which are compulsory, and any 

three of the remaining questions selecting a/leas/ one question from each Section. 

The number of marks carried by each question is indicated a/ the end of the question. 

Assume suitable data if considered necessary and indicate the same clearly 

Symbols/Notations carry their usual meanings, unless otherwise indicated. 

2 Graph sheets are a /I ached Ia this question-paper for appropriate use. These are to be 

carefully detached and then securely a/lached to the answer-book. 

Important : Whenever a Question is being attempted, all its parts/sub-parts must 

be attempted contiguously. This means that before moving on to the next Question 

to be attempted, candidates must finish attempting all parts/sub-parts of the previous 

Question attempted. This is to be strictly followed. 

Pages left blank in the answer-book are to be clearly struck out in ink Any answers 

thatfollow pages left blank may not be given credit. 
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SECTION-A 

I. (a) Determine the transmission matrix for the circuit shown and explain why open circuit 

impedance parameters can not be defined for this circuit. 12 

;, z ;, 
ｾ＠ ｾ＠

+ • D • c 

v, v, 

(b) Using duality property show that the Fourier transform of [ 
1 
+ /

2 
7t t J IS equal to 

er u(-f) where u(t) is the unit step. 

(c) A continuous time signal is given by 

x(t) = A cos (8000 7tt) cos (2000 1tt) 

12 

The signal is sampled with a sample period of 3xi0--4 seconds. Can we recover the 

signal from the sampled version using an appropriate low pass filter ? 12 

(d) A loss less transmission line having a length of I 00 metre is terminated by a resistive 

load of 200 ohms. It is fed by a generator of voltage L0° volts and has impedance 

I 00 ohms. If characteristic impedance of the line is 300 ohms, calculate the transmission 

loss and return loss in decibels. 12 

(e) Assuming ideal op-amps, determine the expression for the input impedance of the 

given circuit and a simple passive equivalent of the circuit looking into terminal CD. 
12 

2 
0 
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<.015--:Jf 

I. (3!) ｾ＠ 1"fC': ｾ＠ <F fc1c( iM"uT ｾ＠ >m! ｾ＠ I fllTZ ｾ＠ ｾ＠ ｾ＠ 'lftl:!q <F fc1c( ｾ＠

'lftl:!q ｾｕｔ＠ ｾ＠ qi') 'fl.iT "'ftf ＢＧｬｦｴｾ＠ ｾ＠ "11 ｾ＠ ｾ＠ I 12 

,, 
------7 

+ • 
v, 

tmrr ｾ＠ ｾ＠ u(t) ｾ＠ 'R ｾ＠ 1 

(H) 1:('1' B<f<l 'fil<:f ｾ＠ ｾ＠ ｾ＠ : 

z 

CJ 

x(t) ｾ＠ A cos (8000 1tt) cos (2000 7tl) 

'z 
<C-----

• + 

v, 

12 

ｾ＠ qi'\ 9 Fd illl '1 'liT<'! 3 x 1 o4 ｾ＠ it 9 Fd illl f.1 <1 ｾ＠ 1J1!T ｾ＠ 1 'fllT P< 1:('1' ｾ＠

f.1 ｾＧＱ＠ q "9i fi'l;c;n 'fil '1!im m ｾ＠ ｾ＠ qi') 9 Fd illl f.1 <1 ｾ＠ it ｾｾ＠ 'fil: ｾ＠ -g ? 

12 

(') 1:('1' m <1Wf it I 00 m ('[<ft ｾＬ＠ 1:('1' 200 Q <F lJfuir !ft "''T' it 'llfi'l<l s{ g I ｾ＠
1:('1' "ff.nr it, ｾ＠ ｾ＠ L0° <ffioc crm ｾｭ＠ 100 n g, g'1fur ｾ＠ 1J1!T ｾ＠ 1 

ｾ＠ <1Wf <tt ＳＡｦＧＺｲｦｦｩｾ＠ ｾｭ＠ 300 n g <I'! iJ1SfUT trrf.'r crm 9R'I•11•1"1 trrf.'r <tt JTUT'lf 

ｾｩ｜ｾＱ＠ 12 

('fi) ｾ＠ ｯｗｬ｜Ｍｾ＠ <tt 'fi<'1AT m ｾＮ＠ ｾ＠ 1"fC': 'lftl:!q <F fc1c( ａｾ＠ ｾｭ＠ 'fil ｾ＠ cgcY·'i 

ｾ＠ crm ｾ＠ CD qi'\ ｾ＠ ｾ＠ ｾ＠ 'fil 1:('1' <1m ｾ＠ 1<-lllll'i 1l1'<l ｾ＠ 1 

------7 
(i)--___1----1 

+ 

3 
0 
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2. (a) Show that there can be no value of RL in the circuit given in Fig. that will make it 

resonant. 20 

40 

jJO ohm -j5 

Fig. 

(b) A system consists of two blocks connected in cascade. The first block has impulse 

response hi (t) = 2u(t). The second block is shown below : 
L 

Input 
R 

Output 

Find the impulse response of the overall system using the relation 

h(t) = hi (t) • hzCt). 20 

(c) Determine the output current of the Widlar current source; given that± V = ± 15 volts, 

lc = l o-i 4 amp., p = 200, VT = 25 mV. 20 
() 

-V 
4 
0 

+V 
----,---

39 kn 
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2 . (31') 1W ｾ＠ fit; ｾ＠ Tf1:l; fu?r it RL 'liT ｾ＠ 'If\ 1 <t> I {I c'1 <t> lJT1' 'fift g i:i\1 'lft'121 'fiT ｾ＠ 1Tift 
<r11 ｾ＠ 1 20 

4Q 

j 10 ohm T-j5 

ｾ＠

('f) -c;<t> ｾ＠ it Gl ｾ＠ <ft"qT'ft ｾ＠ -€t ｾ＠ g I ｾ＠ ｾ＠ qfr ｾ＠ ｾｦｩｬ［ｭ＠ g 
h

1
(t) = 2u(t) ｾ＠ ｾ＠ ｾ＠ ｾ＠ Tf!!T g 

L 

R 

ｾ＠ ｾ＠ ｾ＠ｾ＠ ｾｦｩｬ［ｭＬ＠ <ioiu h(t) = h
1
(tJ • h

2
(t) 'liT 1JI.ITrr ｾ＠ ｾﾷ＠ >lT'<l ｾ＠ 1 

20 

ＨｾＩ＠ ｾ＠ urn W<! qfr f.rrf'1' urn Ｂｉｄ＼ｾ＠ ｾ［＠ ｾ＠ g . 
± V = ± 15 <i'rrc, Ic = 10-14 amp., j3 = 200, V

1
. = 25 mY. 

·o 

5 kQ 

-V 

5 
0 

j v 

39 kQ 

o, 

20 
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3. (a) (i) Find Y and Z parameters for the following circuit : 

1
1 

2 Q 

+ ｾＭＺ＾ＭＧＭ＼Ｋ＠ - ).--..,---...AJ' AA\AJ'----{-------,_ + ·v, 

v, 

I 

(ii) State Tellcgen's theorem for network analysis. 20 

(b) A particular lossless material 

wave is propagating in the a 
y 

has J.l = 4 and E = 9. A I 0 MHz uniform plane 
r r 

P(0·6, 0·6, 0·6) at t = 60 ns. 

Determine :-

(i) p, /.., vp and 11 

(ii) E(t) 

(iii) H(t). 

direction with E = 400 V/m and E E = 0 at 
Xo Yo Zo 

20 

(c) Figure shows a sinusoidal oscillator. By an appropriate analysis, determine the condition 

of oscillation and frequency of oscillation in terms of circuit elements assuming ideal 

op-amps. 20 

c, c2 
R, 

6 (Contd.) 
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2Q 
+ ;r;c----l>---<+ ＭＧ＾ＭＭｾＭＭＧｬｶ＼ＧＯａＮａｶｬＧＭＭＭＭＭｾ＠ + 

20 

('f) 1:('!> ｾ＠ ｾ＠ ｾ＠ w2f <f; ｾ＠ f1 = 4 om E = 9 ｾ＠ I 1:('!> I 0 MHz ｾ＠ <r<'1l a 
r r y 

fWT i1' ｾ＠ 'liT<ft ｾ＠ ulif E = 400 V /m 11m E = E = 0 ｾ＠ P(0·6, 0 6, 0·6) 
Xo Yo Zo 

'IT ＢｾＧＡ＠ t = 60 ns. 

>m! ｾ＠ -

(i) [3. /.., v p 11m T] 

(ii) E(t) 

(iii) H(t) 20 

ＨｾＩ＠ m 1:('!> ..,.qlqlf';lq ｾ＠ 'fit wfaT ｾ＠ I 3Tmf op-amps ｾ＠ 'li<"1'lT ｾ＠ ｾＮ＠ 1:('!> 

ｾ＠ fihfl•l"l -rnT ｾ＠ ｾ＠ <f; w i1' ｾ＠ ｉｦｾ＠ 11m ｾ＠ ｾ＠ >mr 

ｾｉ＠ 20 

- . 
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4. (a) The block diagram of a discrete time LTI system is given below : 

x(n) 
ＭＭＭＭｩ＾ｩＫ｜ＭＭＭＭＭＭＭＭＭＭＭＭｾ＠

-1/3 

1/6 

Determine the transfer function H(z). 20 

(b) A 50 ohm lossless line connects a matched signal of I 00 kHz to a load of I 00 ohm. 

Load power is 100 mW. Estimate : 

(i) Voltage reflection coefficient of load. 

(ii) VSWR of the load. 

(iii) 

(iv) 

Position of first V . and V mm max 

Impedance at V . and V and values of V and V .. 
mm max max mm 

Define the terms Attenuation loss, Reflection loss, Transmission loss, Return loss 

and Insertion loss. 20 

(c) Explain the operation of the given circuit by sketching relevant waveforms assuming 

that positive and negative saturation levels of output voltage of the op-amp comparator 

are + V and-V respectively and are not equal. Determine an expression for the 
sat 1 sat2 

frequency of the generated output voltage. 20 

R 

8 
0 
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x(n) 
ＭｾＫｬＭＭＭＭＭＭＭＭＭＭＮＭＭＭＭＭＭＰ＠

-1/3 

+ ｾ＠
y(n) 

¥qh1 <"I tm1'f H(z) "ID<r ｾ＠ 1 20 

(<r) 1:(9' 50 Q <t\T t\lf.l ＼ｾ､＠ ｾ＠ I 00 kHz <f; ｾ＠ m 9i't I 00 Q <f; \'its it ｾ＠ ｾ＠ I 

\'its 11m: 100 mW ｾｉ＠ ｾ＠ ｾ＠

(i) \'its 'fiT q'kcdl ｾＧＱ＠ ｾ＠

(ii) \'its 'fiT ｯｦｴｾｾ＠ 3fR 

(iii) '.lW'f v . aih v <t\T ff'1ft'r 
mm max 

( i v) V Cf?.TT V <t\T l!fi1orrmif Cf?.TT V Cf?.TT V . <f; >lT'l I 
mm max max mm 

rRl' ｾＧＱ＠ !fffu, ｾＧＱ＠ nf.r, ｾ＠ nf.r, ｾｆ､ｬｬｩｦｬ＠ 11f.r Cf?.TT ｾＧＱ＠ 11f.r <F) 

ＧＡｉｴｾｾｾ＠ 20 

｣ｾ＾＠ ｾ＠ 1TC( 'lftqq <f; ｾ＠ ｾ＠ m ｾ＠ <Ft ｾ＠ ｾ＠ ｾ＠ ｾｾ＠

1:ft\ ｾ＠ m ｾ＠ fil; op-amps 1<1f.l ?I <FT f.1sji, q'kcdl 'fiT ＡＺ｛ｾ＠ Cf?.TT ?ll 0 llc'19i ｾ＠

il>'m • + V Cf?.TT - V ｾ＠ Cf?.TT i't ｾ＠ 'llft ｾ＠ I ｾ＠ f.1sji, q'k c d I <t\T 3lT'Ifu <f; 
sat 1 sat2 c.. 

ｾ＠ 1:(9' aiurq; mqr ｾ＠ I 20 
R 

c 

I 
9 
0 
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SECTION-B 

5. (a) Show how a D flip-flop can be converted to SR flip-flop. 

(b) Convert decimal 65,535 to its hexadecimal and binary. 

12 

12 

(c) A 2-pole full pitch concentrated coil of n turns is placed in the stator of an electric 

machine in two slots diagonally opposite to each other. A permanent magnet 2-pole 

rotor is rotating at N rpm producing a flux per pole ｾ＠ with its flux density sinusoidally 

varying in space in the airgap. At time I = 0 rotor field axis is in line with the stator 

coil axis. Write an expression for the flux linking the stator coil as a function of time. 

Derive from this expression the r.m.s. value of the voltage induced in the stator coil. 

Draw the waveform of flux linkage and voltage generated. Write expression for frequency 

of voltage in terms of speed. 12 

(d) Draw the simplified circuit diagram for a voltage step-up DC-converter and show that 

when duty cycle is zero, the output of DC-converter is equal to source voltage whereas 

DC voltage is infinity if the duty cycle is unity. 12 

(e) Evaluate whether the following function given by expression 

= l 0 for x<2 
fx(x) = i8 (3+2x) for 2:>x:>4 

= 0 for x>4 

is a probability density function (PDF). 12 

6. (a) Indicate how many flip-flops are required to construct each of the following counters: 

(i) mod-3 

(ii) mod 6 

(iii) mod-9. 20 

(b) Two winding 10 kVA, 500/50 V transformer is converted to an auto-transformer to 

obtain the rating of : 

(i) 550150 V, 

(ii) 500/550 V, and 

(iii) 500/450 v. 
Compute the kVA rating of auto transformer for the above connections, VA transferred 

conductivity and magnetically. 20 

(c) (i) Consider a superhet receiver with fLo = fe + f!F' f1F = 455 kHz, fc = 2 MHz. 

The RF amplifier is preceded by a first order RLC band pass filter with 

f = 2 MHz and B = 0·5 MHz. Assume the JF-BPF is nearly ideal and mixer has 
0 

unity gain. What is the minimum spurious frequency input rejection ratio in dB ? 

10 
0 
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＼Ｎ＼ｮＭｾ＠

5. ( 3!) 1:[!'; fh91 ｾｾ＠ ｾ＠ -r:;q; ｄＭｾＭ 'ffiP:r 'liT ｾ＠ S R ｾ＠ -'ffiP:r i1' 'IGfff ;;rr B'fi{f[ ｾ＠ ? 12 

('!) ＼［ｾＱＧＱ＼ＧＱＧＱ＠ 65,535 'liT ｾ＠ ｉｓｴＧｬｳｾｬｩＧｦ＾Ｂｩ＠ i'f -qf'tq<f"f ｾｉ＠ 12 

Ｈ＼ｾＩ＠ -r:;q; ｾ＠ ｾ＠ ｾ＠ -Rn i'l', ciT M i1' ;;it f<l<!;uf ¥'! i1' -r:;q; ¢ ｾ＠ ｾ＠ ｾＮ＠ ｣ｩｔＭｾ＠

-rrrf 3itrnC'r ｗｉ｜Ｇｾ＠ ｾ＠ ｾ＠ n-tsFA!lT ffqn qfr ｾ＠ ｾ＠ 1 -r:;q; "m<fr ｾ＠ 2-gC! -Dn 
N rpm tn: ｾＢＡ＠ 'fi«!T §;3!T ｾ＠ gC! -r:;q; ｾ＠ 'ffi'rn ｾ＠ 'fi«!T ｾ＠ 3Th: ｾ＠ 'ffi'rn "f'ff'f 

<rnJ; 3itrnC'r i1' ｾｉｬｬ＠ q ＼ｾ＾Ｂｉｬｬ＠ ¥'! i1' ｾ＠ 'F«!T ｾ＠ 1 tl'f!! t = o tn: -Dn ;ff?! 3!lR. -R n 
ｾ＠ 3!lR qfr ncrr i1' ｾ＠ 1 'ffi'rn ;;it -Rn t'S(ft it tl'f!! ｾ＠ 1f1ff"f it ¥f ｾＮ＠ ｾ＠ ｾ＠

-r:;q; C1:[;;rq; fuf@.; I ｾ＠ C1:[;;rq; it -Rn 't'S(ft i1' ｾ＠ rms <ffioC<IT 'liT <':);cY·1 ｾｉ＠

'ffi'ru ｾ＠ ¥fC! <1211 ｾ＠ q"kcctl 'l'T m ¥'! ｾｉ＠ oi'kcctl ｾ＠ ｾ＠ ｾ＠ <m'l ｾ＠ 1:fGT 
i'f -r:;q; C1:[;;rq; fuf@.; I I 2 

(«) -r:;q; Jnl'filfl ofi<-C:ctl ｾ＠ !:fRT qfl:qRf'l ｾ＠ ｾ＠ <il\('llfct ｾ＠ ｾ＠ <1211 1:[!'; ｦｨＹＱｾｑＬ＠

ｾ＠ "!'! ｾ＠ ｾ＠ tiTct-r ｾ＠ ｾ＠ !:fRT q fl:q Rf" q;] f.1TP:1 mer q1 '""" ct 1 ｾ＠ 'fU'Il: iict-r ｾ＠
ｾ＠ ｾ＠ !:fRT, ql<"cctl ｾ＠ ｾ＠ ｩｴｾ＠ tn:, 3A'<l it "!Tift ｾ＠ 1 12 

('P) 1:[!'; I); ("ll i"' 1 ｾ＠ ｾ＠ F1 ｾＱ＠ FA fifl a 1f1ff"! ;;it Cllffi tiTct1 ｾ＠ : 

= lo x<2 ｾｦｵＭＱＺＨ＠
fx(x) = /8 (3+2x) 2S:xS:4 ｾｦｵＭＱＺＨ＠

= 0 x>4 ｾｦｵＭＱＺＨ＠

-r:;q; 9 I fZl "' ct I ｾｆＱＰＧＡ＠ 1fi('["f ( GT t\ 1J.'Il ) ｾ＠ I 

6. (3!) ｾ＠ ｾ＠ F1 ｾＱ＠ FA Rfla ｾ＠ 1'ffitr'l ｾ＠ f.1'lfuT ｾ＠ ｾ＠ ｾ＠ ｾＭＧｦｦｩｐＺｲ＠ ｾ＠ ｾ＠ ? 

(i) 1:(11 3iT t'r- 3 

(ii) 1:('13iTtl 6 

12 

(iii) 1:(11 3iT t'r-9. 20 

('!) ciT t'S(ft q]ffi 10 kVA, 500/50 V qfl:ollf"i'1 'liT -r:;q; ｾＺ＠ qfl:ollf"i'l it B'Offb\1 f'r><n "ffilT 

ｾＮ＠ f.'ruh W<! m ｾ＠ ｾ＠

(i) 550/50 v q;] 

(ii) 500/550 v 'l'T, <f21T 

(iii) 500/450 V 'l'T I 

ｾ＠ ｾＺ＠ qfl:UIIf"i'l <f<irAT ｾ＠ ｾＮ＠

kVA f.'ruh qfr TJUT11 ｾｉ＠

(tr) (i) -r:;q; ｾ｣［＠ ｾ＠ ｾ＠

fLo = fe + flF' 

qfl:ollf"id VA ill(1'ficq <1211 'j,kl'ficq ｾ＠ 3!TUR tn:, 

20 

f1F = 455 kHz, fe = 2 MHz ｾ＠ I 

RF 1l'C!U'!i" ｾ＠ ｾ＠ -r:;q; '\!qll' '!i'tfZ 'l'T ｾ＠ 'lT{i!i ｾ＠ ｾ＠ f = 2 MHz ＼ｦｾｔｉ＠
0 

B = 0·5 MHz ｾ＠ 1 'lT1' ｾ＠ IF-BPF WT'<f11 31mf ｾ＠ <1211 fiilQ<!i qfr ｾ＠ ｾ＠

ｾｉ＠ "'l'f<f'1 3!ql0·flll ｾ＠ ｾ＠ qfl:c!lffi1 3!1,'!Td', dB i'f ｾ＠ tiTrrJ ? 

II 
0 
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(ii) If the above receiver has a LO with a second harmonic whose voltage level is half 

that of the fundamental component, determine what input frequencies will be 

accepted and at what power level in dB as compared to the correct input. 20 

7. (a) What would be the binary address for a memory system having a capacity of 1024 bits. 

For the above memory system, what is the decimal address for the binary address 

l 0 II 00110 l ? What is the address in hexadecimal ? 20 

(b) (i) Explain with diagram the soft starting of induction motor to start from zero 

speed to rated speed. Briefly compare with a star-delta starter used for the same 

purpose. 

(ii) A 3-phase, 4-pole 50 Hz induction motor is controlled by a variable frequency 

inverter that maintains the ratio of voltage to frequency across the motor constant. 

Torque-speed curve in stable region is a straight line. It has a maximum torque of 

2 p.u. and slip speed at maximum torque at all frequency is constant at 150 rpm. 

Draw a family of Torque speed characteristics (on a graph paper) at 10, 20, 30, 40 

& 50 Hz with usual assumptions. It is driving a load whose torque is directly 

proportional to speed giving rated torque at 50 Hz. Graphically calculate speeds 

at all the above frequencies. 20 

(c) (i) In an FM system, when the audio frequency (AF) is 500 Hz and AF voltage is 

2·4 V, the deviation is 4·8 kHz. If the AF voltage is now increased to 7·2 V, what 

is the new deviation ? If the AF voltage is raised to I 0 V while AF is dropped to 

200 Hz, what is the deviation ? Evaluate modulation index in each case. 

(ii) If x(t) = cos 200 1tt, determine AM transmission bandwidth B1 and 

average transmitted power S
1 

for the AM modulated signal assuming A c = I 0 and 

f! (modulation index) = 0·6. 

What will be the values of BT and S
1 

in the case of DSB transmission ? 20 

8. (a) A d.c. shunt motor is driving a constant torque load. If the voltage across the motor is 

halved explain how the armature current and speed would be changed. 20 

(b) A II kV de source having internal resistance of I ohm supplies 600 A to a 5 kV, 

3 phase, 6-pulse 50 Hz inverter. Compute the : 

(i) reactive power absorbed by the inverter, 

(ii) effective value of the ac line current, 

(iii) the required firing angle, 

(iv) de voltage generated by the inverter, and 

(v) de current carried by each SCR. 

12 
0 

20 
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(ii) 1:fRi ｾｦｦｩ＠ ｾ＠ it LO ｾ＠ a!11 ｾ＠ ｾ＠ wr1f.'r<n. ｾ＠ ｯＡｬｾ｣Ｚ｣ｴｲ＠ ｾＭ "!:'" 
'<TC'fi 'l>T 31TUT ｾＧ＠ -mr f.'ritvr if(T "Wf'11 it >fRl ｾ＠ ｾＢＧ＠ <It ｒｾ＠ ＳＡｬｾｦｵ＼ｉｔ＠ ffi<f>Tlf 
i\lfi a!11 dB it fil><r 1l1f'ffl ｾ＠ 11{ 7 2 o 

7. (3!) oo ｾ＠ <i?! <F ｾ＠ ｾ＠ !lfl'!(!] 1 o24 f.fc- it ｦｴｩｾ＠ '1<lT 'fin t?rm 7 

ｾ＠ ｾ＠ <i?! <!; ｾ＠ ｦｴｩｾ＠ '1<lT I 0 II 00 II 0 1 <!; fi:r:( <; ｾ＠ 1 11 <1 q '1<lT 'fl!f g 7 ｾｲｩＧｐ＠

it 'fin 'lC!T .n-m 7 2 0 

ＨＢｾＩ＠ (i > Tn:ul; >i'tn <F ｾ＠ "'i'!T<1" B- ;ruq(t R!:!h "'i'!T<1" <l'f' ｾ＠ ｾ＠ fqfu q;r m ｾｉｔｄ＠
12'fiSC ｾ＠ I "J"<fi 9iT1f <f; ｾ＠ ｾ＠ ｾ＠ Ｍｾ＠ ｾｩｬｬ＠ <1'1i B" ¥'1f Ｇｴ＾ｾ＠ I 

(ii) 1:!,'1' 3 '1><11, 4 ｾ＠ ｪｲｾ＠ >i'\n 'fiT 1:!,'1' ｾ＠ ｾ＠ ｾ＠ IITD R<ffi:!ct fif;m lTID 

g ufr ｾ＠ it ｾｃ＼Ａｔ＠ <f; • 3fT1lC! ｾ＠ fW< ｾ＠ W\1T g I ;c"Wft ｾ＿ｉ＠ If ｯｦＨＱｬＧｾｵｦﾭ

"'i'!TC'I "'" 1:.,"1' m\1 Tlm g I. ｾ＠ ｾＧＡ＠ ｾ＠ 2 p.u. g a!11 3!ftr<f>cF! Ｍｾ＠

11{ ｾ＠ (f,fi ｾ＠ 11{ l1'fuT "'i'!T<1" ISO rpm 11{ ｦｦｾ＠ ｾ＠ ｾ＠ I (1:!,'1' lll'li i'rn: 11{) 

Ｍｾ＠ ｾｦＭＧＱＱ＼ＭＡ＠ ｾｾ＠ 'f>l 10, 20, 30, 40 <l!11 50 Hz .>il <r\ t!T11T"'l 

'lii"!'1Tm '!it ＢＧｬｬＧｬｾ＠ ｾ＠ ｾ＠ 1 "!!l" 1:!,'1' ffis '!it <r<1T m g ｾ＠ Ｇｬｩｬｬｾｵｦ＠ "llct <F 
<fim l1"'ll1,'l1Cf\ g <l!11 R!:!h ｾ＠ 50 Hz 11{ ihrr g I 1Jl'W! <i"'1 B- -zqtn; ,,fi 
311'/:ff14l 11{ "'i'!TC'I if(T JTUT'fT ｾｉ＠ 20 

(<1) (i) 00 FM <i?! it, "Gf'l '>Tar ｾ＠ (AF) 500 Hz g a!11 AF oif<;caT 2·4 V, ｾＢＡ＠

4· 8 kHz i\crr g I 1:fRi AF ｾ＠ 'fiT ｾ＠ 7 · 2 V "'lil: Rm "'T'l, <r"' 'f!lT ｾ＠

ｾ＠ i\aT g I 1:fRi AF ｾ＠ 'fiT ｾ＠ 10 V "'lil: Rm "'Tll ｾ＠ AF ｾ＠

200 Hz <l'f' "EfC lJ{ it, <r"' ｾＢ＠ 'fin g 7 ｾｦｦｩｲＧｬ＠ ｾｭ＠ ｾ＠ Gm it 'fin 

i\crr g, ｾＢＡ＠ ｾｉ＠

(ii) 1:fRi x(t) = cos 200 1tl, <r"' AM 1111,1?1<1 ｾ＠ <!; ｾ＠ AM ｾ＠ ｾＭｧ＠ -

BT a!11 ｾ＠ (fi!lfl:CI 1l1f'ffl ST 'ffiCf ｾｉ＠ "'lT'l ｾ＠ Ac = 10 a!11 fl (11'i1,ffir'l 

'fil'lii'li) = 0·6. 

D SB <fi'muT <!; ｾ＠ B T a!11 ST <!; "'lT'l 'fin mit 7 2 0 

8. (3!) 1:!,'1' ｾ｣＠ um 31i<:'1'1 >i'ln oo ｾ＠ ffis '!it <r<1T m it 1 1:fRi >i'tn 'f(T ｾ＠

wili "'hl: <fi "fT'l <r"' 12'T'Z ｾ＠ f'l> 3f[if<n: um ｾ＠ iiT(1 it 'fin qftq--(f" itlTT 7 2 o 
ＨＢｾＩ＠ 1:!,'1' 11 kV ｾ｣＠ um Wa ｾ＠ ｾ＠ ma-Du 1 Q g 00 5 kV, <fi'l '1><11, 6 m, 

50 Hz ｾ＠ 'fiT 600 A '\fiiT'f "'lil:(!T g I lJ1lT'lT ｾ＠

( i) ｾ＠ IITD 31 <Hil f'1 <1 ｾ＠ fd >mft 1ilfffi, 

( i i) ｾ＠ c41 q <ff \1Wf um 'l>T y"'T'ft "'!T'l. 

(iii) ｾ＠ "'fff'f <WT. 

(iv) ｾ＠ IITD ｾＢＡ＠ ｾ＠ um ｾＮ＠ a!11 

(v) ｾ＠ SCR it ｾ＠ it-if 'ff<'lT ｾｵｭ＠ I 
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(c) (i) A commercial FM radio station alternates between music and talk show/call in 

formats. The broadcasted CD music is band limited to 15 kHz based on convention. 

Assuming D (deviation ｲ｡ｴｩｯＩｾ＠ 5 is used for both music and voice, what percentage 

of the available transmission bandwidth is used during the talk show if we take 

W ｾ＠ 5 kHz for voice signals ? 

(ii) An AM system with envelope detection has (S/N)
0 

ｾ＠ 30 dB under full load 

tone modulation condition with W = 8 kHz. If all bandwidths arc increased 

accordingly, while other parameters are held fixed, what is the largest usuable 

value of W ? 20 
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(H) (i) ｾ＠ ｣ｾｉＴＱｒＺＹｩ＠ FM ｻｦｩｬｱＧｪ＼ｦ［ＮｾＬ＠ <'i1fRr <f211 <m!f vTr, 'fiTC'! .,.., 'li'fifi) if f'19i<"4ct: 'llictT 

ｾ＠ I ｾ＠ mit ｾ＠ ｾ＠ <'i1fRr 15 kHz ｾ＠ <f9i mf'rct ｾＮ＠ ｾ＠ <f; 3!1"HR D (m-m 
311%f) = 5 ｾ＠ f't;m "'TctT ｾ＠ o)-;fr <'i1fRr <f21! ｾ＠ <f; fffQ,, ｾ＠ ｾ＠ ｾ＠ <f; fffQ, 
W = 5 kHz f1 <f'f, <miT vi'r <f; m,., "9"T'<! itl5fOT ｾｳ＠ ｾ＠ 'fiT 'f<IT 1Jfcrrrct ｾ＠ l't;m 
"'T <f9ictT ｾ＠ ? 

(ii) ｾ＠ ａｍｾＮ＠ ;;j·qi<1'Jq fgZ'fW'f <f; ｭｾＬ＠ 'fiT (S/N)
0 

= 30 dB ｾ＠ ｾ＠ ');'f 'lll:" it"! 
Ｃｩｾｦｬｭ＠ ff21fil W = 8 kHz ｾ＠ I ｾ＠ ｾ＠ 3!:!;"HR "H>fl ｾ＠ ｾ＠ <[?;T if\ ｾＮ＠ ｾ＠
3F'[ ｾ＠ f.1!rct -ni1 1]1:( ｾＧ＠ (fOf w 'fiT ｾ＠ ｾ＠ '11'1 'flJf ｾ＠ ? 20 

15 
0 

www.examrace.com

Get Printed Study Notes for UPSC Exam - https://iasexamportal.com/notes

https://iasexamportal.com/study-kit
https://iasexamportal.com/ebook


Serial No. [ 
'-----__.J 

ｾＭＧｮｬｦＭＱ＠

ｾ＠

ｾ＠ )[1l'1 ｾ＠ Jih: Jiir;it rfr;it it W'Tf fr I 

[ F-DTN-M-FMFA) 

'JV'ir <I> '3"ff( 3-ift lfTUI'1 it fi1i1 orf.t ｾ＠ ｾ＠ ｾ＠ 3fT'l'i> lim-rm it fi'f>qr lTliT fr, 3ih: 

w lfTUI'1 'PT ｾ＠ ｾ＠ '3"ff(- ｾ＠ "' T?J-T" rr< 3lf.r>n f.1fcfr;c ｾ＠ rr< fi'f>qr 'ifT'fT 

• 1 lim-rm rr< dfiTtf€it1 lfTUI'1 <I> 3/RIRw 3Rl fit>@ lfTUI'1 it fi1i1 m; '3"ff( rr< m 
:i<n -m fi:rffi'r 1 

)[1l'1 ｾ＠ 1 Jih: 5 3ff.rcrrlf t I 'IT'fft 'JV'ir it it ｾ＠ 1ATIS it 'PT-it- 'PT ｾ＠ )[1l'1 ｾ＠

ｾ＠ <fA" llVrfr <f> '3"ff( ｾｉ＠

ｾ＠ )[1l'1 <f> ffrr!; f.'rw 3i'fi )[1l'1 <f> 3irr it ｾ＠ '1lf t I 

lff<f 3WWFfi it, fiT ｾ＠ :if<t;i'f 'PT 'fflPf ｾ＠ rre;rr ｾ＠ f.1fcfr;c ｾ＠ I 

ＡｬｦｦｴＧｦ＾Ｏｾ＠ ｾ＠ JTeif it 'l?l'ffl fr: 3RlP1T f.1fcfr;c fr I 

efT 1JTCfi Wlz !!"lim ｾ＠ w W?"f- rm <I> me;r iffrr'1 t 1 ｾ＠ mw 4l ｾｊｱ［＠ )[1l'i-rm it 3TfrlT 'fi7: 

ft 3ih: ｾ＠ ｭｷＴｬｾｊｱ［＠ ＧＳＢｦｦＨＭｾ＠ it <ifu ｾ＠ 1 

'1'6 1tfiilN'Ii ｾ＠ ｾ＠ ｾ＠ ｾ＠ ｾ＠ ｾ＠ 'liT '3W ｾ＠ W liT, a'f "3<1 ｾ＠ ｾ＠ ｾ＠ \lTliT 1-3'1-\lllir 
ｾ＠ '3W ｾＭｾ＠ ｾ＠ I ｾ＠ ｾ＠ <nr ｾ＠ ｾ＠ 3l'1ffi ｾ＠ 'liT '3W ftRoA ｾ＠ fu1!: arrit ｾ＠
ｾ＠ ｾ＠ fum ｾ＠ ｾ＠ ｾ＠ \lllirf-311-ri ｾ＠ '3W ｾ＠ liT ｾｉ＠ W <mr 'liT ｾ＠ ｾ＠

31j*i( 0 1 ｾｾ＠

'3"ff( jl'?i7"'' it .-mtt ｾ＠ ｾ＠ '["it' <tit "fliT!r it ｾ＠ ｾ＠ it ifl7Z ｾ＠ 1 .-mtt rr/ ｾ＠ '["01. ＼ｾ＾＠

ｾ＠ W ｾ＠ ｾ＠ <f> 3f'f> '1 ｾ＠ urflr. ftm it "fT'fit1T fr I 

Note : English version of the Instructions is printed on the front cover of this question paper. 
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