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ELECTRICAL ENGINEERING (PAPER-I)

Time Allowed : Three Hours Maximum Marks : 25?\

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
guest.wn sha!l 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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TUE—A / SECTION—A

1. fa) R ooy F g A @ B W dvem 3w Hfw

A

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

A
20 | 10 24

n+2
/{) x[n]=n(%) u[n +2] F Z-8T=R F@ F| wg @i w1 ga HRe)

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

used.

7el R g ofoy i@ § 7, a0 T, WA el 9

g &) wfkr & # giell &
Nd B =200 T Vgz =688 mV ¥| ZRAR T, ¥ Vg F 7F I AT :

+12 Vo

470 Q

PHKM-U-ETE/7 2



In the circuit diagram given here, T} and T, are transistors with matched
characteristics. The transistor parameters in

active region are B =200 and
Vgg =688 mV. Find Vg of transistor T, :

+12 Vo—v¢
560 Q 470 Q

4 ’ T,

L

10

\/147 T A FE W (BCD) Fe A wF TRy il 7% Mya wo 31 R 4, 4,
_ A, Ay 9 A Saftaa e w0 1 At Ok W o da wRoy wReRm v, R Ay
BCD #ie sfeq 3k frdt 3R A ffa § HIGH v w0 ¥g IR dg=s a1

A Binary Coded Dccnnal (BCD) code is to be transmitted to a remote receiver.

Bits are arranged as A; A; A; A(. 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) mﬁqmmﬂm@mmt MR F=h K, deafy A =g (3F) ¥ @ @\ g

R P K, T e v }) duifa ¢ W e ;1 ot w9 TEifka i ik wuits w
FHfan fRr-s@en dicea 1 97 79 AR -

AT 1 ﬁl>|*\
L=10 mH

' D
N 1

; K]_ —L
9v_(> to RGN d T,-100 uF
R1=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

N

| LmtomH D,

9 V_C) K Open at ¢, :LC =100 pF
R=09 Q '

10
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2. (@) A3 BRI TN & v z 9@ w cMOs e (Br ZiRRR T T gT) F R ahay
m,mm,mmmmmmmmﬁa

Z=0WMR A=1B=0R o 5w R F z=19

Draw the circuit diagram, function table, logic symbol and switch model for a

CMOS gate (using six translstorl) with two inputs A and B and an output Z,
such that

Z=0if A=1and B=0, and Z =1 otherwise 20

(b) R fu e R wehfa W L) o ) F R [ fix) dx @ A @ s

Hfm .
Alt)4. ‘@
1. 2 8 ¢
Ht)a
1r
>t
oy
CESNS!

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

Alt)4 ‘@
L 2 s,
I
flt) A
1
l l l —> t
@ @ @ 20
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() e Ry whww F deem vy F AR I A

4 kQ
MWW
v M 1kQ
2kQ3y 1kQSv
12 mACT’) ;—’(‘) . _x
2mA -5 mA 5V
2 mA
In the circuit given here, find the value of voltage v, :
4 kQ
MWV
+ +
Uy 2 kQ U1 1 kO vx 1kQ
12 mA 30 - -
2 mA 10
3. (@) N R fivefa arem@ TR R ROCs ¥ 7ged T W, 1ifes fim faft wdim #a
T 3@ A | \
.y
X(s) = 4s +28s+10
: (s+2)(s* +2s+9)
() ROC Re(s)<—2 % 9™
(i) ROC Re(s)>-1 & ®1¥
(iii) ROC -2 <Re(s)<-1% 9™
Determine the time signal that corresponds to the following bilateral Laplace
transform and the ROCs given below by using the method of partial fractions :
2
X(s)= 4s“ +8s+10
(s+2)(s? +2s+5)
(i) With ROC Re(s) <-2
(i) With ROC Re(s)>-1
(iii) With ROC -2 <Re(s)<-1 20
PHKM-U-ETE/7 5 [ P.T.O.




(b) TR T OPAMP fwu ) risuneh ) wumen Hfg) @7 7 Aeem effa FQA §¢ g A aa
B W fria an = ity it

Ry, vz, =V;, =33V, ¢ =1uF, OPAMP # vam Wfts ama dveza +12 v &
Rl =R2 =R3 =R4 =R5 =R6 =2kﬂt H

c
+.I1 Ry |p Ry '——‘

z,

I9g gt § seema w&fea hifve @ifs A 3R B W friq diced W +6 V @ 1 @
frfa smgfe 500 Hz & W)

oA = R J a -
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, G =1pF, the power supply voltage to OPAMPs is
:t12V afld Rl =R2 =R3 =R4 =R5 =R6 =2 k.Q .

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 S00 Hz. 20

PHKM-U-ETE/7



(@ Ry M vy ¥ ameg ¥ o whw affs whem fefn o wger se-amo

fofee -

c * e
P } —h
Dl o—e : ?2

ﬁ-,}—rs

Find the logic equations for the outputs in the concise form and write the

corresponding truth table for the circuit given below :

27 } <Y
.Dlﬁ g : Y2

<>Y3

10

4. (@) T U T iy aﬁaﬁwuﬁﬂumaﬂaﬁmsﬁm%ﬁqﬁafﬂamtn ab®
AR-IR YafH7 FHged qfay awﬂﬁqaiﬁﬁmaﬂtm!ﬁ I ¥ foe R, % AW & TOR
Hifvg) sy R, # afe g8 H ff 7w Hfe 1w she, w1 afde R, B Al fw

WA W W@ |
Rl=12 Q . 2Vab

a
R,=12Q T |
9v<ﬁ> R;34Q Iab /%ﬁ
' b

3V

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 R3, when the circuit is delivering maximum power to load R; :

PHKM-U-ETE/7 7
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() T OPAMP & o 3w awm wm otk fdm aifede dieem w1 WMwifa Hfg &
OPAMP ! Wil T T T YW wavs qiay smiaa S e afd = -4 W D

% wmw w0 W e Ewm Ry

(b)

(ii) wwmwmmmwmmmmmmmm
# gt T, & Afteww v & N e D

fRw15v¥20VvDC
YN

1 kQ

(§ 3R T,, Si g ¥)

(i) Define input bias current and input offset voltage for an OPAMP. Using an
OPAMP, draw an inverting amplifier circuit with gain = -4 in such a way
that the effect of bias current is minimized. 10

(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
PR

1kQ
+ 1 kQ
12V
10 kQ L
1 kQ Output
F—é— + * 0

(T; and T, are Si transistors) 10
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(¢ 2 PR TR R TR F1 IR WA F T T v vhaw 9 vl 1 18 whoy go

freafea @ yra A -

A circuit using three 2-input multiplexers is shown below. Determine the

function performed by this circuit :

I ——]

} MUX,
12—:_— S

i |
I |
1—T—]

! MUX
) ] S

|

|

|

S So

PHKM-U-ETE/7
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WUE—B / SECTION—B

5. (@ & AW §Haw w1 fafa & 4y Rm & =@ @ 2 7@ w1 frga a0 fel e ow
E =4%+32 70 waRk ¥ wRw g am 7 Pefre) (R 4, o =4nx10~7 H/m,
1

€0 =——x107° F/m
° = 3on /m)
A uniform plane wave travels in vacuum along +y direction. The electric field

of the wave at some instant is given as E =4%+3%. Find the vector magnetic
- . 1
field H. (Given, pg =4nx10~7 H/m, g, =—x10"2 F/m
( Ko / Iy /m) 10
(b) TH 200 kVA, 3300/600 V, 50 Hz, Thal Hell YRR 61 ftehad e@ar 98% & @
T ¥R & 75% WR 7o 361 RGO R W B 21 AR awor wRemer 10% @, @ of SR
T4 0-8 yyaa Witk i R diezar Fama g $ifm)

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

() =WiT T SEE T L-C ¥R ¥gF wkuy ¥ w@uifa i yeemd e Vit =0)=120V,
qR@ H AH C=12uF Td Fhead M AA'L =48 pH R IR R SAN @ t=0s W &2
TF S, @ Fefafaa I@ FifR
(i) T i 1 frR 9=
(i) T F I T

1
N

o Li
inVc(t=0)

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)) Conduction time of the diode

10
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e

(d) W& @-yaer o fyee swdl (Feedl) B & FM @ %1 7ov o0 50 % R 52

(e)

PHKM-U-ETE/7 11

R R s g {7 7 Fofa S/N orqmm # S qd-waem oEe MR Rvaem o 2
# srgfn wRBrnel w vk 47

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? ° f

T I T 25 m TR 1 @R e e 2, =40 Q § 3t 7' 2 MHz W FH
FA ¥ AEH TF AR Z; = (50 + j30) Q W THH N ¥ IR % W 01 3 u = 0-8¢ 2
(&t c=3x10% m/s ), & (i) T % 3k (i) Fdw vRe 3@ SR

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 ¢c=3x10% m/s) on the line, determine
(i) the reflection coefficient and (i) the input impedance.

3 Lo A\ )
6. (@) () THAM THA s(t)= A.[1 + k,mit)]cos2nft) o # yeRifa o W argvgws ¥\ Rame %

T Ghd m(t) F Tes Fid vy(t) ¥ W fF 1 wwa #

Cd

t t
s(t) P v1£ ) ﬁ""‘%‘g{(m) Uzi )

ThES > us(t)

vy (t)=s2(t) v3(t)=Jv,(t)

A <A 16 ¢35 aft ot 3 o ke, mit) | < 13, TR 6¥%a m(t) I -0 < f < o R R
2t v s smfy £, > 20 R

An AM signal s(t) = A,[1 + k,m(t)]cos(2 ntf,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 vs(t) :

s(t) v1(t) | Low-pass v2f) | Square
—>—{ Squarer > filter > Tooter ——>vs3(t)
vy(t)=s%t) va(t)={uy(t)

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

10

10

10
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(i) % ghiof g FM Eha wvm B gro fRuife R

s(t) = A. cos(2nf,t) - A, sin 2nf,t)sin(2nf 1)
T HIGRTA Fha 1 A1 (TR) 710 iRy | 76 211a 3 Afteran @ =Fas 71 1 g9
W T SR | ¥ AT 1 B W ST iR, TR f FTE 0 < B <0-4 A @R

T w3 FM w30 i s it 1 o, stghr amees adn ) ofrea 1fte 3 wfewa %
1§ = i) |

A narrow band FM signal is approximately given as
s(t) = A, cos(2nf,t) -PA, sin 2nf, t)sin@nf,,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 <p <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. 10

(b) (i) PWM Wcfiushi (39K0) o1 o1 a1 Seftoent <l 3mdan w41 <9mer w6 TR <man &, =awen
| Th-yea w f-gda Pwmamﬁﬁmaﬁmm%mmmﬁ
IR i) /

(i) T THA Fen aren - whieF f DC-fF dwed Ve =400V @ 7@
50 Hz ?| & W@ M % A Yq@ T At dicedt $ r.m.s. ¥4 5 FafaRea yewl &
T Hifer :
(1) =i q@1 fawn
(2) dea FrefEw faw, 5@ o =20° ?

(i) 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. 10

(i) A single-phase, full-bridge inverter has DC-link voltage Vpo =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° 10

PHKM-U-ETE/7 12



(c T 50 hp, 440 V, 50 Hz, aR1-¥afm, fiwen Yo 9= 1 smow -3, v
- W 75% AR AfeRaw T, - wer-smt W 250% &1 Prefiea 7@
$ifm

(i) win, Rm w s@-amt aifomam B}
(i) TI-NR S-3g0 T adu
A 50 hp, 440V, 50 Hz, star-co;'mected, 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 10

7. (@) () = Pwen, san-Frata Reed, s $A 10 o R, F1 @< @ ggrng fifga ffa
Fieedn 0T TRRaT FIf | g dieear V,, 3R $EE 0 o % gne frad Frfa Seear &
T ey oft sgem Hifvm)

(i) T Fiswen oi-w Frafia Rest v arr-waifm, 415 V, 50 Hz Ye@ g1 G=1ferd 81 98
Rewt v 15 kW 3 fRR um R i difta e R | siftreram wya ffa dieear 1 80% sfaa
ﬁﬁaaﬁwmwm&a%lwﬁw AEA SR r.m.s. maﬁtﬁéwﬂf‘ﬁgunmmm
T1a | 7 <fifvrg B oo sed §)

eﬁ‘ 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 a. ' 10

(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. 10

(b) (i) TarseF siftram wifts, S Reg e, Mmﬁmmwﬁa@maﬁam
F FHA B, INSH F WY q@d B

() T 11 kV, 3-Fdl, TU-HGI0 i -veamafds s fRR dced iR eomEf % ww ) w®
firamefier 8, T8 T1ftF TUie W 250 A ¥ &) AR SR R W@ R ren & s wew wrw
300Awaam,awﬁﬁm,ﬁvmmﬁamm%,amme.m.f.iwﬁamqﬁah
Rt v19 WA 9 srafafda s 7Y gC T AR mR TRRAN 045 Q wRY wen A
eI gfemE 10 Q iy Fen R
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() Show that the maximum power that a synchronous generator can supply
when connected to constant voltage, constant frequency busbars
increases with the excitation.

(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.

(c z<O, e,=7ahtu,=1sa‘ﬁwqasmzzz§£lmm IR M z>0F R o =02
z>0 % T fgg &7 E =10cos(3x108¢-15x) 2 3, 31 6 3 wehfe 1 = @ 4, 0)

W t=08ns W Wig AQEY ¥ 3R W@ 9N W y@ R B mwn ¥,

- 1 -9
=4nx10"’H/m, €y =— x102. F/m :
o =7 /s 0 =36n ¥10 ¥,

i

{

>N

—
E

A medium has infinite conductivity for 2<0, €, =7 and p, =18, and ¢ =0 for
_) ~
z>0. The electric field for z> 0 is given as E = 10cos(3 x108¢-15x) 2, as shown

below. Determine the surface charge density and surface current density at

i} 1 N
location (3, 4, 0) at t = 0-8 ns. Given, p, =41 x10~'H/m, g, =3enx10 % F/m:

—>
E
J//

z
A

z=0 P PT7777777 IR &

PHKM-U-ETE/7 14
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5 @ ﬁmmﬁaimy”:l#@ﬁwmlﬁ’ﬁ‘“ﬁ%‘?mwaﬂurﬁs%l
a‘ﬁ2ﬁ,u,2=7t|mﬁmwtﬁssl=3.03x+1,oay(Tm§2mﬁzmml

e 7 & 5, o =4n X107 H/m :

.

o @ =_ VY
Mpy =5

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

§1 =304, +1-o&’y (T). Determine B, and H,. Given, po =4nx10"H/m :

20

(b) W T mit) N R e 20 kHz, TRE 20 W IR AfiFan 3mm 8 ¥ T wWW H
80dB&ﬂUH3ﬁISnm=%’-=o-5x10‘12 W/ Hz TIR% SOl T 3 G W @ T

T ¥d ¥ AR Tad 7% A FE Fifod @ 3R Aigaw Fria W FH-8-F9 50 dB SNR
INfa Fe ¥ ) Preafriaa aigem Qo 7 W Fifda IR wit ok S aide herd w Bvf?

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

(ifi) 0-6 HIgeH Yo&i® F WY Wafelm DSB AM

PHKM-U-ETE/7 15 [P.T.0.
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The message signal m(t) has g 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 8¢ dB attenuation and additive white nois¢

with power spectral density S, (f) = Mo _ 0-5x107'2 W/Hz and achieve an SNR
L 2

¥ R
at the modulator output of at least 50 dB. What is the required transmitter

power and channel bandwidth, if the modulation scheme emplo'yed is as
under? :

() DSB-SC AM
(i) SSB AM —
(@) Conventional DSB AM with modulation index 0-6 20

(c) ﬁiﬂﬂﬁqmwmnc-ncmﬁﬁamMVﬁzov,mﬁmm
D =025 iR fe& smafi 20 kHz §1 e L =150 uH o warfan C =240 uF %1
mmmmn.ﬁqﬁa@amm:

() 3 & frew ¥ R sitw aw
RS S A o g Rraw 1w

*.-_g ' - l +

v, L : CT ';T v,
An ideal DC-DC converter as shown in the figure has an input voltage of
Vs =20V, the duty ratio D =025 and the switching frequency is 20 kHz.

The inductance L =150 uH and capacitance C =240 uF. The average diode
current is 1-2 A. Determine the following :

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

e .
% K .

1

v, L

7

* Kk
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