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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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WUvE—A / SECTION—A

1. (a) fu oy & a5 A W@ B W dieea g Hifvg -

a 2A
2Q 1Q
2 ()
L%
2Q
10V 2Q 5V B
3Q
=
Find the voltage on points A and B of the given circuit :
A
20 | 10 24
VWA VWA -
2Q
0V 2Q S5V B
3Q
. 10
<
1 n+2
() xIn] =n(§) un+2] F Z-¥URR @ HIQ) WY sfh@@on w1 g Him|
n+2
Determine the Z-transform of x[n]= n[a) un+2). Specify the properties
10

used.

(c) &l few o oftwy i@ # 1) A T, wAE sifvaeml T gt #) wher &w d ifvet %
yEd B =200 T Vg =688 mV §| TR T, F Vo H 7H F1d HIT :

+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 =200 and

Vge =688 mV. Find V. of transistor T, :
+12 Vo—ye

560 Q

3

470 Q

__‘-_-l;c ®

10

(d) T =T F3e W (BCD) e A & gy A 7% Ifva w0 ¥ B A A, A,
A, Ay F9 # =aftya e mn R o SR W o T aiy aiefera fife, R g

BCD #ig wfeq 3ir fft 3R & fufa & HIGH wfm #1 #g IR wg== &

A Binary Coded Decimal (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) wEl g Mg gfty & D, wF ey TEE R R FeS K defafy @ =i () R) oW W ¢,
R Foit K, & @ o s ) guifa ¢ W dieean # @ w9 W@ifka Fifvg s guia w

Ffm fRR-3Ewn dicear 1 4F 19 HiT :

L= 10 mH
+
tomqw%
R=09 Q

Tc;=100 uF

In the circuit given here, D, is an ideal diode and key K, is ON for a long period
of time. Now at time f;,, key K, is opened. Draw the voltage waveform on

capacitor C; and find the final steady-state voltage on the capacitor :

T ' >
L=10mH E
+
K
9 VC) ! Openatt, T
R;=09 Q
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2. (a) AR B3 Faw an ws frin Zz 9@ o6 CMOS 2 (37 ZifRet wam +@ §0) % fog aiwy
@, Fem aife, aifhs fug aun fesm T 3@ y#R sy

Z=03R A=1MB=0R s R § 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 20

(b) R R m fm F weffa @ f(0) M L0 F R [ fx) de T AR @ i
$ifa -

HA
Alt) ,@

Cal

folt) 4
1

@(—

e b
SNe)

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

[[foeax :
AH(t)4 ;@
T —
L(t) 4
1
I T 1
SHSHS!

20
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(¢ & ey e ufwy F dieea v, F WE @ HNC

4 kQ
—VW\-
; + 1 kQ
12 mA 5 - @© ¥
2 mA -SmA 5V
2 mA
In the circuit given here, find the value of voltage v, :
4 kQ
MW—9-
59 +
V.
12 mA(%) 55 - 2 @
2 mA -5 mA 5V
2 mA
10
3. (@) R Ry Rusha aremm SRR @R ROCs & igeq @94 Haha, i fim faft wam =@
B¢ A Hife
4s? +8s+10
X(s)= =
(s+2)(s“ +2s+9)
(i) ROC Re(s)<-2 & ®Y
(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
(iij) With ROC -2 <Re(s)<-1 20
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(b) & T OPAMP wfty i Friwwmch $i saren Hifvg| @@ 3 deem aRfa @ ge frg A @
B frfa @ w1 smifEa Hifw)

e &, v, =V, =33V, G =1uF, OPAMP %! %W Wifth YoM dieedl +12V & a1
Ry=R,=R;=R,=Rs =R, =2kQ ¥ :

||]|

g vt # seaa wwarfaa Fifv i A ot B W fifa dieear W 16 V & I aon
frla smafa 500 Hz & s

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

Given that, Vz, =Vz, =33V, G =1yF, 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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(¢ & Ry T afuy ¥ e F v @ offs e fefag @R aeges ao-arof

o | -
Dye } s

>

b

Y,

"?3

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

U

ch *

>

Do B
)

ch + 3

4. (a) o fow e uiy sit@ & wR R R, F it wifte s & fog Puffa s 21 ab &
AN-IR Y guged afay sflaa i v sifiman wift s & fog R, F WM 6t o
fife| sy R, # wfte gm A off o Hifte s aftey, wwoafy R, N sifteran wfe
Yo W@ R

-

o

10

Ri=12 Q 2V,
Wn—y— 3>
Ry=12Q

a
ov(®) R;34Q }b ,%’RL
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 R;, when the circuit is delivering maximum power to load R, :

Ri=12Q 2V,p

5 20
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(i) @ OPAMP % foq faw smm um v faw ez dieear 1 whwfia hifve)
OPAMP %1 8P &4 §¢ 0% Wfaam Yads aRuy smfaa Aifvm freh afd = -4 W @

% amw g #:1 wE =EeE A

(b)

(i) ¥l waiia Was Fafa wie yer wRoy % frfa Seea waEsm wa ok =8 @ &
# g 7y # sAftrmam wf & 6t e i

AT 15v& 20V DC

o

1 kQ

(=
(¥
1<+

10 kQ | S—

1 kQ

(g 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 20V DC
Pl
1 kQ
+ 1 kQ
12V
10 kQ L
1kQ Output
o— J=_ » . O
10

(T; and T, are Si transistors)
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(c) 2 fas @ 9 wed<iaed 1 IEM FA SR T 0 Ry i yela R @ afoy gm

freofea =Rl 310 Fifsw -

. T TTT T !

E—— |
, MUX % |

bt s |
: - MUX —:—Z
| S '
l MUX Z ,

b—+—— s |
! l
! |
! |
Lol ___| ________________

S1 So

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

|
——] |
, MUX “ !

| L MUX |—1—2
S |
. !
! MUX z, ,
b——1 s i
* l
| |
| |
e | ________________

S S 10
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@Us—B / SECTION—B

5. (a) T THETH dqel a0l fatd § 4y R d 9@ @ ?) @@ w1 faeg dm e v w
E =4%+32 300 Weitfa 3| ufew g &3 H frafm) (R 2, pg =4nx10~7 H/m,
1 -9
gg =——x107" F/m
R /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
i |
field H. (Given, pp =41 %10~ H/m, €5 =—x10"° F/m
( Ho / ° = 36m /m) 10
(b) TH 200 kVA, 3300/600 V, 50 Hz, Tha Hell IRontE H ifteran 2@ 98% & @

T 9R F 75% WR a1 THIE Wik ok W YW A ¥ Al &7 wfvwnean 10% A, @ @ IR
Td 0-8 gy Wifth N W dieean e ma i)

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) 3T T AR WE L-C YR W% ke H |uiia 6 geerd dieed Vo(t=0)=120V,
gt H A C=12uF U@ Wha F A L =48 pHR | IR BN S ¥ t=0s W
o s, < Fr=fofaa 3@ A -

(i) g i F1 e 9\
(i) SHTE &1 AeH G

cTch (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=12puF and
inductance L =48 pH. If switch Sis closed at t =0 s, then find the following :

(i) Peak value of current i

(i) Conduction time of the diode

10
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(d) Waw gd-yaem iR faveem ool (fFeell) 1 & FM @@ &1 Y294 39 0 & forg 2

(e)

6. (a)

Frifsa T s wehen 27 0 fefa S/N gua #§ 399 Gd-Yeaor o9 iR faveer g9 aFl
#i smgfy wfafrmst w sk 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?

T I A 25 m T B g el wfeme 2, =40Q ® iR 98 2 MHz W FH
FAl B ARA T WK Z; = (50 + j30) Q W FHE Bl B AR @EA W 1 A u =0-8¢ B
(& c=3x108 m/s ?), @ (i) Wada Ui 3R (i) FEw wfoenan 3@ fifvw)

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 = 0-8¢ (with c=3x108 m/s) on the line, determine

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

(i) T AM Ha s(t) = A[l + k,m(t)]cos2nf,t) o & wafdfa @ W 1oy B feame 5
T Wha m(t) B e Bl v, (t) F ww B W e @

s(t) i 210 | ey e (v | 220 e

Cd e

_)‘Us(”

vy (t)=s2(t) v3(t)=Juy(t)

" < o6 ¢ 3 avfi ol 6 fo | e, mit) | < 12, e €3a m(t) 370 -0 < f < o Hifid
? 3R aEE dgf £, > 20 R

An AM signal s(t) = A [l + k,m(t)]cos(2nf 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) :

vy (t) t)
S—)—(ﬂ Squarer l> LA P Uzi Sqse —> U3(t)
filter rooter
vy (t)=s2(t) va(t)=Ju,(t)

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

(i) T GHY dg FM wha @ fi= g fuifa #

(1)

(@)

(i)

s(t) = A, cos(2nf,t) - BA, sin (2nf t)sin2nf,, 1)

T8 WG T 1 A () T HI | §6 101 5 AR F = AH F1 I
oft 7 I | 39 AT 1 B3 WA ATeiEA I, Safh B H-RE 0 < B <0-4 HHifHa 2|

41y € gl dg FM a1 3iea wits o1 7F, siwigier amess av i 3iwa i & Sfawd &
¥ § = i

A narrow band FM signal is approximately given as
s(t) = A, cos(2nf,t) - BA, sin (2nf t)sin(2nf 1)

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 <f <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 wdigsi (3920) &1 o a1 wdigsht 6t e 01 sare1 q6e B s R, =ren
Fife | wH-gda @ -gda PWM doEl § SR F IR FA 6 T T W
amfEa $ifg)

TF THA HeAl Gl - g | DC-fo dieedt Vg =400V W& @ @
50 Hz ®| 9&1 T 311 % < yg@ G4l I deeal % r.m.s. §F H Fefafea yeaon §
T Hf

(1) = @ famn

(2) dreea o fau, §9 o =20° ®

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 Vo =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 o =20°

PHKM-U-ETE/7 12
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(c) & 50 hp, 440V, 50 Hz, d-83ifsa, Been o Miet #1 e aa-smgl, qoi-9r
ERE F 75% AR Aferhan -], Qf-9R g@-e w1 250% 2 FEfafad I
Hfer -

(i) adn, fom w s@-2ml sifwan B #

(ii) qOI-9R qA-ATY T H

A 50 hp, 440 V, 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 10

7. (@) (i) & Tewen, sen-fata ek, Ses oaw v o @, 1 @@= @ gy g fefa
aegdl TOTeY SRR FHIT | AT dteeal V,, 3R F1E 101 o, % G 3q frfa deea
o wey oft sgegw i)

(i) T Frspen poi-wn Frafia s ws aw-waifs@, 415 v, 50 Hz ve@ g/ d=iferd 81 98
el w15 kW % fRr um 9 ! diftya st B | stfieram g ffa Sezar 61 80% afvwad
Toria Siezan WTH 1 A1TSd & | BT B0, 15 91 F r.m.s. T R & w1fth 7ons 1 am
3 $ifse| 7= i & v smed #)

(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. 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) Teame F stfteran wifw, < for dieean, fer snafv swam w w9ifm v geasfas sitE wem
FX THA1 8, IA9F & 919 =gl Bl

(i) TF 11 kV, 3-Fcll, qU-HAIa Zal-geamafas 5@ fer dieed ik smafi & a@an w
Toramefia 2, 318 Wifth uns W 250 A 3@ B | AR 3 1 w1g1 T smen @ @fe wew uw
300 A % &g ST, a wifth orieh, e W 31a 93 % a1 8, SRR e.m.f. # wfawa gfa
Rer w9 e 7 ofafda 2@ 7a ge 91 i) =R wfdg 0-5 Q wfa wen a=n
gt wfeamd 10 Q wfd wen R
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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.

(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 0-5 Q per phase and the
synchronous reactance is 10 Q per phase.

(€ z<0,e,=73Mp, =18 T W T A1eAq il Teishal 37 & I z>0 F Y 6 =0 B
z>0 % e frgq &9 E =10cos3x 108t -15x) 2 3, 3 f 912 weffa }1 @M (3, 4,0)
W t=08ns W UAE AEW T IR TAE UW TG WA Higl o mm g,

. 2 =1 %1070 .

ho =4nx10""H/m, ¢, 361txlO F/m :

Z=0 Vi i i il i i

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(3x108t-15x) 2, as shown
below. Determine the surface charge density and surface current density at

location (3, 4, 0) at t = 0-8 ns. Given, o =41 x10~7H/m, e = 5;_ x10™° F/m :
¥/

z
s
E
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8. (a) = fum fm d woaet y+2=1% @ 3t &9 1t PedigmtsiRmamdipy, =52
2%, p,, =7 7 R mn } 5 B, =304, +10d,(T) }1 B, 3t H, 7@ Hifw

e mn 2 f¥, Bo =4nx107"H/m :

zZ
A

£

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

-2 — — = =2 = . -7
B, =3-0a, +1-0a, (T). Determine B, and H,. Given, uo =4nx10"H/m :

N

=Y

20

(b) ¥ kA mit) N wfEw e 20 kHz, ufF 20 W 3 s ™ 8 2| W Wy A
BOdBaﬂﬂﬂaﬂtsn(ﬂ=%=0-5x10‘12 W/Hz WIfth quis¥ vcd % G ¥3d &

T 7 A R Tiaed % A Fen aifsa ® o) wiges frfa W #9-3-%W 50 dB SNR
Surfsia # | Frafafaa wigas e 81 w aifsa 3fm wie o S9a oie S = aie

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

(iij) 0-6 HigHH YIHi® &% WY Wafeld DSB AM

PHKM-U-ETE/7 15 [P.T.O.

Optional Province - optionalprovince.com



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) = % =0-5%107'2 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 06 20

() T ¥ zwft siIgEr & eyl DC-DC wiads i faw deea v, =20V, 3w sga@
D =025 ¥ f&=m smaf 20 kHz %1 Y L =150 uH 3R Gaifar € =240 pF R
sfwa e uw 1-2 A ?)1 F=fafea @ fifvw .

(i) T # firer ¥ e il g
(i) fe=T S | el g8 e ww

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
(i) Peak current through the switch S

& 8 KT +
L
Vs L C= 2 Yo
D
- - 10
* %
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