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ELECTRICAL ENGINEERING (PAPER-I)

Time Allowed : Three Hours Maximum Marks : 250

QUESTION PAPER SPECIFIC INSTRUCTIONS

(Please read each of the following instructions carefully before attempting questions)

There are EIGHT questions divided in two Sections and printed both in HINDI and in
ENGLISH.

Candidate has to attempt FIVE questions in all.

Question Nos. 1 and 5 are compulsory and out of the remaining, THREE are to be attempted
choosing at least ONE question from each Section.

The number of marks carried by a question/part is indicated against it.

Answers must be written in the medium authorized in the Admission Certificate which
must be stated clearly on the cover of this Question-cum-Answer (QCA) Booklet in the
space provided. No marks will be given for answers written in a medium other than the
authorized one.

Assume suitable data, if considered necessary and indicate the same clearly.

Unless otherwise mentioned, symbols and notations carry their usual standard meanings.
Attempts of questions shall be counted in sequential order. Unless struck off, attempt of a
question shall be counted even if attempted partly. Any page or portion of the page left blank
in the Question-cum-Answer Booklet must be clearly struck off.
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@us—A |/ SECTION—A

1. (a) fiu 7w ufmy & forg A @@ B W Sieea 3 Hifvw :

A
20 1 1@ 2A
MIN—3— M

2Q

3Q

-

Find the voltage on points A and B of the given circuit :

A
20 1 e PN
VWA VWA )
2Q
10V 2Q S5V B
3Q
. b 10
L

() xIn] =n(%)n+2u[n+2] F1 Z-FY-R F1d T TgH A@gon w1 3ga hiv |

n+2
Determine the Z-transform of x[n]=n(%) u[n+2]. Specify the properties

used. 10

(c) T feu 7 aRuy @ # 7; 9 T, WM e T iR §) |fR & 1 gifred %
YA B =200 T Vgp =688 mV &1 TRRR T, & Vg H AH F1d HINT

+12Vo—¢e ¢
560 Q 470 Q
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In the circuit diagram given here, T} and T, are transistors with matched
characteristics. The transistor parameters in active region are B =200 and
Ve =688 mV. Find V5 of transistor T, :
+12Vo—y *
560 Q 470 Q

T T

o ' 1

(d) T T HISs WA (BCD) i #1 T gy ifamd o Ifva & 31 fet #4145 A,
A, Ay 8 & Zafa o mn ) sifandt 8r w uw Y@ wRuy wRefRa fifve, fed 4
BCD %8 wife 3R fredt gfe it fufe # HIGH wfa +0 *g IR 5=+ a1

A Binary Coded Decimal (BCD) code is to be transmitted to a remote receiver.
Bits are arranged as A; A, A, Ay. Design a circuit at the receiving end which
has an error detector to check the legal BCD code and produce a HIGH for any
error condition. 10

(e) & g Mg qfwy § D, wF amed TwEIE R IR F K, defafy & = (1) ®) o W ¢,
W o K, @ e s R) wuifa ¢ W dieedr s @@ €9 W@ifhd Hifvig i duifa w
Hf<m feR-sEen dicear &1 WF g AR :

T - >
L=10 mH lg;
9 V+<> = WA T
k. ORENT T =100 pF
Rl=0'9 Q

In the circuit given here, D, is an ideal diode and key K, is ON for a long period
of time. Now at time t,, key K, is opened. Draw the voltage waveform on
capacitor C; and find the final steady-state voltage on the capacitor :

TS - >
L=10mH lf,i
+
K
9 VC =
b, ) Openaf % C,=100 uF
R1=0'9 Q

10
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2. (a) AR B3 Faw qn w% fri Z 9t w6 CMOS 2 (S% iRt Wi 1 §Y) % fg aftay
ARG, b e, qibs fg o fEH T @ TR s

Z=03R A=13RB=0R A AR § z=19

Draw the circuit diagram, function table, logic symbol and switch model for a
CMOS gate (using six transistors) with two inputs A and B and an output Z,
such that

Z=0if A=1and B=0, and Z =1 otherwise

(b) R Ry R ¥ wefia @ £ ) R fo(0) F R [ f(x) dx T AR aifaw

Hifv -
Si(t)

Cd
S
@

rd

flt)4
1

@(—

b
@ Q

For the signals fj(t) and f,(t) shown in the figures below, find and sketch

[*fooax:
Alt)

rd
S
@

rd

falt) 4
1
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(c F& o T ufmy ¥ Seed v, FIH I@ AT

4 kQ
ANW—9
; + 1kQ
2 kQ 151 1kQSv
12 ma(}) ;—’(‘) . g C'D
2 mA -5 mA 5V
2 mA
In the circuit given here, find the value of voltage v,
4 kQ
MW
M * 1kQ
v, 2kR3H 1 m%vx
12 mA() =3 - @ -
2 mA -5 mA 5V
2 mA
10
3. (@) R Ry Rusfa aram@ SRR AR ROCs % Jged w94 Haha, 1R fim faft wam
T I R
4s2 +8s+10
X(s)= 5
(s+2)(s” +2s+59)
() ROC Re(s)<-2 & |
(i) ROC Re(s)>-1 & ®¥
(i) ROC -2 <Re(s)<-1% @™
Determine the time signal that corresponds to the following bilateral Laplace
transform and the ROCs given below by using the method of partial fractions :
__4s*+8s+10
(s+2)(s? +2s+5)
(i) With ROC Re(s) < -2
(i) With ROC Re(s)>-1
(i) With ROC -2 <Re(s)<-1 20
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(b) T T OPAMP uftqy i FHEwueh hit =me Hifg| w7 3 e YeRkia F:a g forg A aan
B frfa @ ®v smfaa Hif)

e m &, v, =V, =33V, G =1uF, OPAMP %! ¥¥ Hfth Yo dicedl £12V & U1
Ri=R,=R3=R;=R;=Rg=2kQ%:

W Dot =

VW - ek
E

-4

39 Wl § aeaa wea Hive aif A iR B W fria diceal W@ +6 V & ¢ au
frfa smgfa 500 Hz 2 =)

Explain the working of the given OPAMP circuit. Draw the output waveforms at
points A and B showing the time and voltage.

Given that, V; =V, =33V, C, =1uF, the power supply voltage to OPAMPs is

Suggest to replace suitable resistances so that the output voltages at A and B
are having swing of +6 V and the output frequency is fixed to 500 Hz. 20
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(© R fRu T afoy F emeege ¥ fou w@fim aifds wiwm Fefag sl degea wo-anef
fofa -

Do>—t } ° Y,
Dyo— > Y2

- Y,
Find the logic equations for the outputs in the concise form and write the
corresponding truth table for the circuit given below :

Doo—1 } o7,
Dl =" : Y2
3

4, (q) we Ru e ooy i@ § 9R wfdy R, A Afteran wifte swrw F foe Feifa w0 81 ab &
AR-IR Yaf{e goged ahuy amfaa fifvi i siftman wifw s & fog R, & W i omn
Hife| sy R, # wfe g A ot A Hifg w@ aRoy, W afRe R, W s wfh
TeH W @R

10

R=12Q ~2Vap

. 2Vep  a

S 2

Ry=12 Q T
Vab

ov(®) R334 Q
|

37,

3V

U=

b

In the circuit diagram given here, load resistance R; is to be set for maximum
power transfer. Draw Thevenin equivalent circuit across ab and calculate the
value of R; for maximum power transfer. Also calculate the power loss in
resistance R;, when the circuit is delivering maximum power to load R :

R,=12 Q 2V
}/V\N‘ ° Aab-

ov(®) e - R;34Q

' 20
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(b)) (i) T OPAMP & fou faaw sgw umr 3iR faw siiwde dicear 1 wRwifta Hivm)
OPAMP %1 TN %4 §¢ T Wfaam yad® afwy smfea i e afr = -4 W

% | g/ 1 y9E Haw @)

(i) a=l weiia eaw Fefa wie wer afey 3§ fria Seea aamism ww ik =@ @ Rf
F g 7; & wiftreeem wifte & A Tomn Hifve

Ry 15v@ 20V DC

o- o

1 kQ

10 kQ

(, ¥R T,, iz ¥)

(i) Define input bias current and input offset voltage for an OPAMP. Using an
OPAMP, draw an inverting amplifier circuit with gain
that the effect of bias current is minimized.

(i) In the linear regulated power supply circuit shown here, calculate the.
output voltage adjustment range and maximum power dissipation in

transistor 7} in worst case :

Input 15V to 20 VDC
& =

-4 in such a way

1 kQ
+ 1 kQ
12V
10 kQ
1 kQ
C_;_. <

(I, and T, are Si transistors)
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(c) 2 Fas ot A wedaadl F1 3T FA Y TR T U uRey R yefifa ¥ @ ufwy g

Trenfea 1 3@ hifv -
y - T ’,
IS_:_ |
, MUX “ |
12—-:——‘ S }
I |
: MUX +—12
I S :
ol |
! MUX Z; ,
b—r—1_S8 !
|
! I
|
I N I - ___1
S1 S

A circuit using three 2-input multiplexers is shown below. Determine the
function performed by this circuit :

|
13—:'—‘ |
! MUX Z |
Iz—}—~ S :
|

: . MUX —r——2Z2

I, S :
17 |
| MUX A |
o e Y- :
' !
| |
[ |_____._________.___'

S1 S 10
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@us—B / SECTION—B

5. (@) TF THENH THAA q@l faEfd § 4y fom # v @ R} q@n w1 fe & BeR wm W
E =4%+32 30 Weitta 3| afw g & H frefm) (R 2, pg =4nx10~7 H/m,

1 -9
€g =——x10"7 F/m
0 =3en /m)

A uniform plane wave travels in vacuum along +y direction. The electric field

=
of the wave at some instant is given as E =4x +32. Find the vector magnetic

> X 1 =
field H. (Given, py =4nx10~ H/m, &y =——x10"° F/m
( Ho / ° " 36n o 10

(b)) TEH 200 kVA, 3300/600 V, 50 Hz, Thal el GRonia it Aferran s&rar 98% 2 w

0 MR &% 75% WR Q1 $H1E Wit o0 R TW e 21 AR g0 wfaenean 10% &, @ TR
T 0-8 YvEdl Wifth olie W diced fama ga iR

The maximum efficiency of a 200 kVA, 3300/600 V, 50 Hz, single-phase
transformer is 98% and occurs at 75% full load and unity power factor. If the
leakage impedance is 10%, find the voltage regulation at full load and power
factor 0-8 lagging. 10

(c) =TT T SEIE & L-C WR W% 9RuY § Gaiid i JRAT dieedt Vot =0)=120V,
T &1 §H C =12 uF Td Whed I 9H L =48 pH R IR eI SH ¥ t =0s W 7
o s, @ frafafaa 3@ A

(i) 97 i %1 R 7\

(ii) SHEIS 1 AT TG
S

—o$ (i
£20 Ié
Gl

—I—_VC(t =0)

1
N

A diode circuit with an L-C load is shown in the figure, with the capacitor
having an initial voltage V (t=0)=120V, capacitance C=12pF and
inductance L =48 pH. If switch Sis closed att =0 s, then find the following :

(i) Peak value of current i

(i) Conduction time of the diode

t=0
L
i

CTch(t=0)

10
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(d) e g@-yaer MR fayeer sasi (fheedl) F T FM @ %1 T8 390 i & g &2

(e)

6. (a)

Tt fen s ke 7 @ frfa S/N g # 39 qd-YeeH g9 iR fayeem g9 <At
$ gl wfafrmstt = feft 27

How can linear pre-emphasis and de-emphasis filters be employed to improve
the performance of an FM system? Is the improvement in output SNR

dependent on both the frequency responses of the pre-emphasis filter and the
de-emphasis filter?

TF J90 AR 25 m A R SEh nafes wfemen Z, =40 Q ® 3R 98 2 MHz R &H
FA B A TH IR Z; = (50 + j30) Q W THW Bl 8| AR AEH | 1 A u = 08¢ B
(S8 c=3x108 m/s ?), @ (i) W= s MR () Faw gfvenn @ Aifvw)

A transmission line is 25 m long. It has characteristic impedance Z, =40 Q
and operates at 2 MHz. The line is terminated with a load of Z; =(50 + j30) Q.
If the wave velocity is u = 0-8c (with ¢ =3x10% m/s) on the line, determine

(i) the reflection coefficient and (i) the input impedance.

(i) TH AM Hd s(t) = A[L + k,m(t)]cos2nf,t) @ § wafifa 47 W gy ) ey
W Hha m(t) B Figern Fofd v,y (t) ¥ v Be s g ®

t t
sitl [ e |18 ﬁme) ool TR RN
vy (t)=s2(t) v3(t)=Juy(t)

A <RI 6 o Tefi 71 6 TTT |k, mit) | < 1, 691 Eoha m(t) 3R —0 < f < 0@ €
2 3R T1Es N@ﬁ fe>2m 2l

An AM signal s(t) = A.[1 + k,m(t)]cos(2 nf,t) is applied to the system shown
in the figure. Show that the message signal m(t) can be obtained from the
square-rooter output v;(t) :

t v;(t) y Uy(t)
s(_)>_ Squarer > ik i > Square —>v3(t)
filter rooter
v, (t)=s2(t) v3(t)=Jva(t)

Assume that | k,m(t)| <1 for all ¢, the message signal m(t) is limited to the
interval -0 < f <®, and the carrier frequency f, >2o.

10

10

10
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(b)

(i) T Gl dg FM Tha @ = g faffa @

()

(i)

()

(@)

s(t) = A, cos(2nf, t) -BA. sin (2nf t)sin(2nf,, 1)

39 HigfeTd Hehd 1 STMERYT (T F1 HITT | $60 a0 % Afehad o =Fad JH i 3FgaTd
oft e ST | 39 ST 1 B 3 T TG HIRTY, el B AR 0 < B <0-4 HHifa B

w1y € Gehivl Sg FM @eha i 3iera w1t &1 7, saiglera amess ain <t 3fraa wifte o wfowra &
Fq H FE hHife

A narrow band FM signal is approximately given as
s(t) = A, cos(2nf t) -BA. sin (2nf t)sin(2nf,,t)

Determine the envelope of this modulated signal. Also determine the ratio
of the maximum to the minimum value of this envelope. Plot this ratio
versus B, with B restricted to the interval 0 <8 <0-4.

Also determine the average power of the narrow band FM signal, expressed
as a percentage of the average power of the unmodulated carrier wave.

PWM Ydiuehi (3=rédl) o ol ot wefiushi Y e =i <9a1 q6e fohen Sran ®, e
HINY | TH-gg T F-gfa PWM dafist # 3t ) ISR A % I Gt Wagd
amfEa Hifsm)

Th THA Hell Al -5 wdw H DC-fad dieedr Ve =400V T W AR
50 Hz %1 4l T 1 % < 9@ S I Aeedt & r.m.s. 7 H Ffaad o 3
@ AT

(1) =i @ faen

(2) dreear Fredism e, si9 o =20° 2

Explain why PWM inverters are preferred over square wave inverters.
Further, draw the harmonic spectrum to highlight the differences in
unipolar and bipolar PWM techniques.

A single-phase, full-bridge inverter has DC-link voltage Vpc =400V, and
the fundamental frequency of 50 Hz. Find the r.m.s. value of the voltages
of the fundamental and next two prominent harmonics for the following
cases :

(1) Square wave mode
(2) Voltage cancellation mode with a =20°

PHKM-U-ETE/7 12
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(c) TF 50 hp, 440 V, 50 Hz, dr1-8aIwd, Bekell IO At &1 RS aa1-31mgl, -8R
FA-IATN H 75% R ATwan aa-ml, qui-9R F&-3ml w1 250% 1 Freafafea I
HifvT :

(i) "du, fm ® se-amel sifepas @ @
(i) qUI-9R -0 T |y

A 50 hp, 440V, 50 Hz, star-connected, three-phase induction motor has a
starting torque of 75% and maximum torque of 250% of the full-load torque.
Find the following :

(i) Slip at which maximum torque occurs
(i) Slip at full-load torque

7. (@) (i) T Frepen, Fen-Fafa fesd, s vre :0 o R, F1 @ @ guaEy fufga
el T SRR FIR | AT Feear V,;, 3R FEE B0 o, 3% qie shad frfa Seea
fore gy o sgeqw iy

(i) T Preren poi-an Frafa ezt v qr-vaifs@, 415 vV, 50 Hz Y@ g1 §91ferd 1 97
TRt t 15 kW % fRR a1 SR ) it star B | iftrran dera fefa dieedn 1 80% sied
i Szt wTe T Fifesd § | IEE 07, A1 SR rom.s. 7H IR S a1t o & am
3 Hifse| 7= e fF 3w stest §)

(i) Draw the neat and properly labelled output voltage waveform of a
three-phase, phase-controlled rectifier having firing angle o. Also derive
the relationship for average output voltage in terms of line voltage V;; and
firing angle o.

(i) A three-phase full-wave controlled rectifier is being operated from a
star-connected, 415V, 50 Hz supply. This rectifier is feeding a constant
current load of 15 kW. It is required to obtain an average output voltage of
80% of maximum possible output voltage. Find the firing angle, r.m.s.
value of line current and input power factor. Assume devices are ideal.

(b) (i) Tearse T srftrmam wifth, S Rer dieea, ﬁenwﬁwmw&a@mmwﬁam
FTHAT B, INH F HIY TEd B

(i) T 11 kV, 3-Fdl, aRI-GA15a E-gadfad s fRR dieear R Agit % s8&R W
foramefic R, 39S Wt TUrs W 250 A 31 R AR e 1 9@t e S ® @1f wew uw
300 A 7% §¢ ST, T Wfth 7[oTieh, 578 W 31a 73 %™ a1 8, IR ING e.m.f. & wfaera gig =i
Rer 99 e 3 ufEfda s AFd g 9@ Hifeg) =R wfod™ 0-5 Q wfd Fen
e wfeama 10 Q wfd wen #)

10

10

10
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(i) Show that the maximum power that a synchronous generator can supply
when connected to constant voltage, constant frequency busbars
increases with the excitation. 10

(i) An 11 kV, 3-phase, star-connected turbo-alternator delivers 250 A at
unity power factor when running on constant voltage and frequency
busbars. If the excitation is increased so that the delivered current rises to
300 A, find the power factor at which now machine works and percentage
increase in the induced e.m.f., assuming a constant steam supply and
unchanged efficiency. The armature resistance is 05 Q per phase and the
synchronous reactance is 10 Q per phase. 10

(c 2z<0,e, =73 p, =18 B W TF AAN Y el 3 ¢ 3R z2>0 % Y 6 =0 2\
z>o%mﬁgaaa§=10cos(3x108t'—15x)2%,%mﬁsqﬁmﬁh%lm@,%@
W t=08ns W HAE @AW Td 3N TR UN T« F@ hwl fEm mn R,
Po =47 x10'7H/m, €o =$x10’9 F/m :

N

-
E

z=0= S P P G P G 4

A medium has infinite conductivity for z<0, ¢, =7 and p, =18, and ¢ =0 for
z > 0. The electric field for z > 0 is given as E= 10cos(3 x 108t—15x)2'z, as shown
below. Determine the surface charge density and surface current density at

location (3, 4, 0) at t = 0-8 ns. Given, pg =4n x10’7H/m, €= % x107° F/m:
|

Nl
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8. (a) ﬁﬁqmﬁaﬁmy+z=1ﬁnwaﬁt%a1%,%1@1@%@138%3?1;1,1:5%!
& 2%, u,, =7 7 R R 5 B, =304, +1.0d, (1) }1 B, 3 H, 7@ Hifw)

T T @ %, py =4nx107H/m :

z
A

B

©) Kp=T7

o 0 =V
Hpy =S

In the figure given below, region 1 is the side of the plane y+z=1 containing
the origin and in this region, Ky, =5. In region 2, Ky, =7. It is given that

= - - n = => . -7
B, =3-0a, +1-0a, (T). Determine B, and H,. Given, po =4nx10""H/m :

VA

A
"
@ “'r2= 7

o 0 =_ Y

20
p’r1= 5

(b) G FWHA mit) h Uz DN 20 kHz, WRE 20 W i ifmran smam 8 ¥ 39 ww
80dB&ﬁUH3ﬁISnU')=%=O-5x10'12 W /Hz Ifth qUisH B & HaISih Y9d & arel

T A A R a7 A FE difsa @ iR wigas frla W #A-3-99 50 dB SNR
Iqifsia Fen B )1 Frfafeaa sigem dism 80 w sifea e wife ok S9a wRe el = ai?

(i) DSB-SC AM
(i) SSB AM

(iii) 0-6 HigeH Yahi® & WY Y=ferd DSB AM

PHKM-U-ETE/7 15 [ P.T:0.



The message signal m(t) has a bandwidth of 20 kHz, a power of 20 W and a
maximum amplitude of 8. It is desired to transmit this message through a
channel to the destination with 80 dB attenuation and additive white noise

with power spectral density S,, (f) = % =0-5x10712 W/Hz and achieve an SNR

at the modulator output of at least 50 dB. What is the required transmitter
power and channel bandwidth, if the modulation scheme employed is as
under?

(i) DSB-SC AM
(i) SSB AM
(iii) Conventional DSB AM with modulation index 0'6 20

(¢ T3 @ swiy sgER w&F e DC-DC wiads @ faw deear v, =20V, I9afar 3gue
D =0-25 3R f&=m i 20 kHz ®1 e L =150 uH 3R "l C =240 pF ?1
frga g U1 12 A R Fr=faRas @ fifse -

(i) & ¥ vt @ frer e g
(@) Fa= S & ol g8 R um

W
+ S v +
VS L C=x ‘:1 Vo

An ideal DC-DC converter as shown in the figure has an input voltage of
Vy, =20V, the duty ratio D =025 and the switching frequency is 20 kHz.
The inductance L =150 uH and capacitance C =240 puF. The average diode
current is 1-2 A. Determine the following :

(i) Peak-peak ripple current of the inductor
(i) Peak current through the switch S

P . 11
+ S N +
L
Vs L C=F g Vo
D
- - 10
* % *
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