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ELECTRICAL ENGINEERING (PAPER-])

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 § 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 ooy & forg A @ B W dicear 3@ AT :

A
g0 { 1@ AR
MN—F— M (>

2Q

10V 2Q SV B
3Q

-

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

A
20 1Q 24
} (>)—
N/
20
10V 20 5V B
30

4L

n+2
(b) x[n]=n(%) un+2] # Z-¥I=R I1d Hi| Tgw Sfi@ann w1 Iga Hf)

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

used. 10

(c) T feu 7 wRuy @ # T, A T, WEA el T iR §) afF & § gl %
yed B =200 T Vg =688 mV ¥ TRER T, & Vo 1 HA @ 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 =200 and
Vge =688 mV. Find V5 of transistor T, :

+12Vo—e

)
[L/i

470 Q

T

}\1

_?Ec &

&

10

(d) T a0 HISe A (BCD) #ie A T gy Ahmmdt o Ifva w0 31 i | A, A,
A, Ay 0 & Zafd fFn mn #) sfwmd 8 W s Y iy gieefeua fifvie, e g

BCD #Ig wifen 3ir foweft 32 it fufd & HIGH sfim 1 ¥g IR dg== A

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) & Ry g oy & D, TF aewl SEIE @ R Fosit K dEfafy @ 9 () }) oW ¢,
R Fosl Ky @i o s | §eiE ) W Fieear 1 901 ¥4 @ifhd g 3R duifa w
Hf<m fRR-3aw diceal &1 7F 1@ AR

+

9V<

T >

L=10 mH 15‘1
toRGAeE T

R1=0'9 Q

Tc,=100 pF

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 :

+

ov(

SILIA >
L=10 mH ;‘1
K,
) Open at t,
R;=09 Q

C;=100 pF
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2. (@) AR B Faw aw @ frin Z 9@ & CMOS 2 (37 2Rt wam @ gv) % forg aiwy
HRE, HeH dAIfH, aifhe fug au1 femm T 38 YR <95 6

Z=03R A=13MMB=0R ey A T z=17

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 # weRia whdt f,6) M f£o00) F T [ fx) de T0 AR @ iR

Hfv -
fi(t)/

fa(t) 4
1

Cd

Cd

-

|
D

|
e

@(——-—

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

[ focax:
Si(t)4

7

falt) 4
1
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() F&l e T afwy & Seedr v, F TE I RN

4 kQ
o~ AAMA
y + 1kQ
v 2 kQ Ul 1 m%vx
12 mA(}) 5% - £
2 mA -SmA 5V
2mA
In the circuit given here, find the value of voltage v; :
4 kQ
AWV
; * 1kQ
2 kQ 151 1kQSv
12 mAQD 5 O By
-5 mA
2 mA SV
2 mA
10
3. (@) = Ry e Rusha amemd SR 3R ROCs % @0 999 G, il fim faftr weim aa
FT I HIfNY
4s” +8s+10
X(s)= .
(s+2)(s” +2s+59)
() ROC Re(s)<—-2 & &1™
(i) ROC Re(s)>-1 & ¥1¥
(i) ROC -2 <Re(s)<-1% @Y
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
(iii) With ROC -2 <Re(s)<-1 20
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(b) T T OPAMP uftwy i FRivIeht $it =aremn Hfvg| g7 9 deear waRkia @ g frg A @
B W ffa @ ®q miflEa hifsm)

e mn R, v, =V,, =33V, G =1uF, OPAMP ! ¥ WIfth YoM dieedl £12V R au1
Ri=R,=R3=R,=Rs=Rg =2k} :

I9gh wfeiel ¥ seaa warea I aif A o B w fafa dicear W@ 16 V @ ST @
frfa smafe 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, = VZ2 =33V, C, =1pF, the power supply voltage to OPAMPs is

Ry
WWA
. Ry
— MWWV ——— Cll—*
+I Ry |p R
1
- b0 A
Z
=4
- Z

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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© 9 Ry T iy F e F Ty d@fim @ffs wiem Fefae ok Geaged ao-an
fafey -

Y,

Do° } — Y,
D,° > Y2
o )73

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

Do } 37
:DH.

D,° 2
° Y3 10

4, (q) e Ru e ooy i@ § 9R idy R, A ifkan wife sw F fog faifa F@ k1 ab &
AR-IR JafF quged aRuy Tifga fifsie v sifteman wfw swwm & fog R, % WM & o
Hf) sfedy R, & wfte g A ot o AR @ aRoy, s ) sy R, A sftran wfe

TeH W @B
Ri=12Q /_\+\/2Vab - a
Ry=12 Q T
9vgi) R;34Q V, /EQL
3V l
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,
WM—g—E e
Ry=12Q T
+
ov(®) - R334 0Q l/;,b /ggL
' 'Y 20
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(i) T OPAMP % foit Faw s urr ok faw sifwde dicea #i winfia i) &
OPAMP 1 WiF1 d §¢ U Wfaeim yade wfay sifaa Hifve e @fd = 4 W @

& | g w1 wE A D)

(b)

(i) a=l weiia aw Fefa wfe wer aRey 3§ fria Seea aamism ww ik @ @ Rf
§ g 7 & siftrham wifts & Y o i

fRw 15va20v DC

o o

1 kQ

10 kQ

1 kQ

(T, ¥R T,, Si Zifvex %)

(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
10

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
& =

1 kQ
+ 1 kQ
12V
10 kQ | SRS
1 kQ Output
(o % . 4 . 4 0

(T and T, are Si transistors) 10
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(c) 2 Frasht i fF wedaraell 1 ITEM HA §T SR T O uRey e wefifa # 1 g@ ahoy gm

Teaifeéa Rl 310 hifse
|
e
! MUX
ht— s
|
: L
|
I |
| ey mecmam——
! MUX
IO ] S
|
|
|
L
S

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

function performed by this circuit :

PHKM-U-ETE/7

Jyfssad]
} MUX
h+— s
:
: L
|
L]
1T |
: MUX
b—r—_s
|
|
|
L
S
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5. (a)

(b)

()

@us—B / SECTION—B

TF THEIH GHdd a1 Haid J +y e d wa @ ) 7@ w1 foyg & R W
E =4%+3% 37 weiia 3| wfw g & H fefm) (R §, pg =4nx10~7 H/m,

1 -9
€ =—x10"7 F/m
0= 3em /m)

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

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

field I?I (Given, pg =4n %1077 H/m, ¢, =%x10_9 F/m)
n

T 200 kVA, 3300/600 V, 50 Hz, Thd ol GROMEE 6 Aftesaq s&ar 98% & @
T 9R &% 75% ¥R a1 $HT5 Witk oM R T Bt 71 AR &R0 whaemen 10% &, @ P ¥R
T 0-8 Y=l Wifth oNie W dceal fma @ hifs)

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.

T M TEE TE L-C ¥R g UR9Y § Guiia iyt dieedl Vot =0)=120V,
a1 1AM C =12 uF T W &l 9 L =48 pH R IR eI SH ¥ t=0s W 7
forn s, @t fefafea 3@ fifse

(i) a/ i %1 Rer 5=
(i) SIS H A T
B
Y ir
C—I—_Vc(t=0)

(%))

o~
Il
o

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=12uF 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

PHKM-U-ETE/7 10
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(d) Wew q@-waer IR fayeeH sai (fheedl) # T6 FM o3 &1 Y88 390 A & g &2
FrifSa forn < wshan 27 ®0 ffa S/N argura # I9eF qd-Yee g9 iR fayeem o9 aFt
H amgfa wfafsrnatt w fsfkk 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? 10

(e) TH YU EA 25 m T B| TR wEE Yfaen Z, =40 Q ® ¥R I8 2 MHz W FH
FA Bl ARA T IR Z; = (50 + j30) Q W THM Bt 8| I g W 1 9 u=08c ?
(& c=3x108 m/s ®), @ (i) W ik 3R (i) Faw wfesmen w7 Ay

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=3x108 m/s) on the line, determine

(i) the reflection coefficient and (ii) the input impedance. 10

6. (@) (i) TH AM WHa s(t) = A.[l + k,m(t)]cosRnf,t) om § wefifa o7 R g ) famy i
W GHA m(t) B TS G v, (t) A TH R ST " §

t t
s(t)E i Vli ) | fr o (dT=) vzg FgEFE > v4(t)
vy (t)=s2(t) v3(t)=Jva(t)

HA <RI 6 o eft 7l 6 TTT | ke mit) | < 13, 6391 8ok m(t) 37 -0 < f < oA €
? iR aw v [, > 20 B

An AM signal s(t) = A.[1 + 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) :

s(t v;(t) y vs(t)
ﬂ)—‘ Squarer > LEwpaRS > Square —>v3(t)
filter rooter

v, (t)=s2(t) v3(t)=Jva(t)

Assume that | k,m(t)| <1 for all t, the message signal m(t) is limited to the
interval -o < f <®, and the carrier frequency f. >2w. 10
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(i) TF GOl §8 FM Gaha o = grr fuifa @

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

39 HigiTd Hohd %1 ST (THY) A hITST | §6 TR0 % HAferehers 9 =IFad JH 1 37T
of) e ShITTT | 39 T T B WIIE AT HITST, Ffeh B <@ 0 <P <0-4 i@ 2|

w19 A Fhiol §g FM Gehd <1 fraa w1t 1 7, Smiglerd aress i <t 3fraa wifts & wiowa &
®q T IF it

A narrow band FM signal is approximately given as
s(t) = A, cos(2nf t) - BA, sin 2nf t)sin2nf,,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 O < <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 Weigshi (37red) o1 o i Welfigeht <ht aren i1 SamQ1 q6e foRan Sfran @, s
HIY | TH-gig T -gfa PWM dsl & STk i IR F4 & T Tt Tagn
amfaa i)

(i) T THA Fel AN - yduw ) DC-fah dieed Ve =400V T q@ gf
50 Hz | 991 Td 311 % &) ¥9@ G ) dicedt & r.m.s. A9 H FEfaRed w3
1 Hfr
(1) = @@ faan
(2) dreear Feds fau, si9 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 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° 10

PHKM-U-ETE/7 12
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(c) TF 50 hp, 440 V, 50 Hz, aRI-6aIfsa, Preren IRo1 At &1 SRfews 9a-3mgel, ui-9r
qA-H0 H 75% IR Alwad s-ml, Qui-9R se-mf w1 250% 2| FEfafaa 3@
Hife

(i) |du, fm ® se-aml siftepan @ @

(i) qUI-9R a3 T Ty

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 :

() Slip at which maximum torque occurs

(ii) Slip at full-load torque 10

7. (@) (i) T Bepen, wen-FEba e, s v@@ S0 o 2, F1 @ @ 9gEg fuiga i
Ficedl AT SRR FHIT | T Feean V,, 3R SR H107 o, 3 T sived frfa dieea &
fore wey oft gegm Hifsm)

(i) & ke pi-atn freifa e v au-waife, 415 v, 50 Hz o™ g1 S=iferd 81 98
fepsrl T 15 kW o TR a1 IR =t 9t =tan B | 3tfirehan dera frfa Seean &1 80% iwa
Foria Steedn wTe 1 ifesd | HIERE 07, 1R SRS rom.s. TH 3R e w1t 7o 1 wm
A Hifse| 9 <fife 5 Iueu eesf §)

() 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, 415 V, 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) Tewsu fop srftremam wifts, S Rer e, ﬁmmﬁrwma&rﬁa@maﬁaw
F THAT 8, IA9H & GY Fedl B

(i) T 11 kV, 3-%dl, TRI-HAING 2&-Jamafds 56 fRR dieedr 3R omgft & sdar ™
Toramefia 2, 318 Wtk TUNs W 250 A 31 B | A IoeH =t w1g1 T stren @ anfeh wem wm
300 A % &g ST, Tl w1tk Jorieh, Fote T 319 I3 ™ &l 7, 3R 4@ e.m. £, § wfowrd gfg
Rer w9 ye@ 9 yufafda e 7Ha g I i) s gfely 0-5 Q wfd wen d
eIt Wfa|ma 10 Q wfd e 21
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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 0-5 Q per phase and the
synchronous reactance is 10 Q per phase. 10

(€ 2<0,¢, =73 p, =18 T4 W TF HeAW A ATehal 3 8 3R 2>0 F g o =0 ?)
2>0 % fu R 47 B = 10cos(3 x108¢~15x) 3 2, 3w % 93 weRia 31 @M (3, 4, 0)
W t=08ns W WA ALY T AR A YN e g il fem mn g,
Po =4n x10'7H/m, €0 =§é-;x10'9 F/m :

z
5 A
E

Z=O/ 007 e £ 7 AR s /e

A medium has infinite conductivity for z<0, ¢, =7 and p, =18, and 6 =0 for
z > 0. The electric field for z >0 is given as E= 10cos(3 x 108t -15x) 2, as shown
below. Determine the surface charge density and surface current density at

location (3, 4, 0) at t = 08 ns. Given, po =41 x107H/m, € = % x10~° F/m :
T

V4

&)

Z'_“O///// LA L OLAL LA 10
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8. (a) ¥R fwmy fim & gwadt y+2z=1% & ik & 18, Peiq@isimamdy, =52
& 2%, p,, =7 % % R w2 6 B, =304, +1.04d, (1) }1 B, 3 H, w@ ®fw

T 70 @ 76, uy =4nx107"H/m :

In the figure given below, region 1 is the side of the plane Y+ z=1 containing
the origin and in this region, Ky, =S5. In region 2, My, =7. It is given that

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

'})qu

20

(b) EW GHA mit) A ufEw deE 20 kHz, WRF 20 W i 1fsan oam 8 R 3@ ww A
80dB&ﬁUH3ﬁ'{SnU‘)=-I%=O-5x10‘12 W /Hz ¥Ifth quish¥ Bcd & HaISTh ¥ad 1@ arel

T A A TR o 7% A w0 Fifa & oK wiges frla W #9-3-%9 50 dB SNR
Surisia e ? | Feafefaa wigem diem @7 w aifsa e it o S9a wRe e @ e

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

(iij) 0-6 HigeH YIH % |Y J=feld DSB AM

PHKM-U-ETE/7 15 [ P.T.O.
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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
(iti) Conventional DSB AM with modulation index 06 20

(c T % =9t ogER & eyl DC-DC uitads i faw dieed v, =20V, 9@ e
D =0-25 3R f&=A i 20 kHz ®1 Y L =150 uH 3R @@ C =240 pF R
3ia eEe U1 12 A ®) Frefafas @ $fifse -

() T # fir @ v S g
(i) fe=m S | Rt g8 Rraw wm

o
+ S ™ +
Vs L C=F ‘;‘ Vo

An ideal DC-DC converter as shown in the figure has an input voltage of
Vy, =20V, the duty ratio D =0-25 and the switching frequency is 20 kHz.
The inductance L =150 pH and capacitance C=240puF. 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 " +
L
Vs L C= g Vo
D
P - 10
* % K
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