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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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Wue—A / SECTION—A

1. (a) Teu 7q oftey & forg A ©@ B W diceal 9 iR :

A 2A
2Q 1Q
$ ()
p e
2Q
10V 2Q 5V B
3Q

=+

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

A
20 | 10 24

WMAA—3— () —
2Q
20 5V B
% ;

: ; 10

() x[n] =n(%}n+2u[n +2] F1 Z-¥qR 9 Hife) wgw s @ 3ga i)

10V

I—0—

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

used. 10

(¢ &l feu 7y oftwy i@ & 7; w7, WM ifvasml T zifws §) wfer dn d gl %
YN B =200 T Vg; =688 mV §| TRER T, % Vo 1 A @ 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, :

+12Vo—¢e *
560 Q 470 Q

T T

e ’ 10

(d) T 9T F13e W (BCD) Hie A 0 gy A o Iva w0 ¥ B | A5 4,
A, Ay F8 | waftya fen w0 #) sfemd 8 w o Y aiy wRefea i, el 4
BCD #ig wfeq 3k fmft 3R A fufa & HIGH wfm & ¥g IR dg== &

A Binary Coded Decimal (BCD) code is to be transmitted to a remote receiver.
Bits are arranged as A3 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) Tl few g ufwy & D, % smed sEE @ R Fsi K, dwfafy | 91 (3F) R s@ ¢,
R Fout K, @ @ e s ) guifa ¢ W Aieear #1 @ ¥4 W@ifha g R duia w
Ifm fRR-3=wn dicear 1 9F 19 T

1210 mH
+
tﬂwgm% Tc,=100 uF
Ry=09 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 :

SILIA : >
L=10mH ° '511
+
K, A1
’ V_C) Openatly  T¢ =100 P
Rl =09 Q

. 10
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2. (a) AR B3 FRaw am o= frin Z 9 w6 CMOS 2 (37 ZifRet W@ +@ §0) % fog ahoy
AR@, HA AT, difehe fog qun e T 39 YR 9 6

Z=03R A=1MB=0d s B § 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

() A3 fg m fm ¥ wefifa WAt £() M f£o0) F R [ flx) dx T A @ sfam
Hifsr -
Alt)4 @

Ca

folt) 4
1

@(—

Lo
9 9

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

[ fooax:
Alt)4 1@
. —
L(t) 4
1
I T 1
SHSHS!
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() ¥&l R e giwy § S v F AA I HRC

4 kQ
+—AWW\-
’ # 1kQ
v 2 kQ Ul 1 m%vx
12 mA 50 - i
2 mA -5 mA 5V
2 mA
In the circuit given here, find the value of voltage v, :
4 kQ
AN ——+-
* +
V.
12 mA(%) 55 - = @
2 mA -5 mA 5V
2 mA
- 4 10
3. (@) R Ry Rusfa aremm SR @R ROCs % iged @9d Haha, it i faft waim #@
T I AN
__4s® +8s+10
(s+2)(s? +2s+5)
(i) ROC Re(s)<-2 & ®H¥
(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)
() 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 wftay i Friwch $i =aren Hifvg| w@ 3 deem TeRfa F@ g frg A @
B W fria a1 w9 amflaa Hif)

e ®, v, =V, =33V, G =1uF, OPAMP %! %eW Wifth Yo/ dieeal +12V & aun
R, =R, =R;=R,=Rs =Rz =2kQ ¥ :

||]|

I9ge el § seea wearfaa i @i A ik B ® frfa dieear W@ +6 V @ SQ @
frfa smafa 500 Hz & sy

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; =1pF, the power supply voltage to OPAMPs is

|1||

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 7 afuy ¥ ey F oy w@fim @ffs @i fefag @R deges ao-arof

o | p
Dy D 3

IN—

3?3

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

i

b

ch +

— —%
o _\ -
DB J o Yl
4
D,—* ) Y
° Y, 10
4., (o) 7 Ru e Ry et@ #§ wR Ry R, F fuwan wft swmw ¥ o fuffa F@1 81 ab &
AR-IR FaA guged ahuy fga i i siftmas ot oo & fog R, & WM i A
i) wfedy R, # vl g $ ot o A 5@ sfey, swoafde R, R st witE
WH @A
Ri=12Q 2V,
My 0
Ry=12Q
9 V(ﬁ R334 Q Vy /§2
R
) 3V l 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;=12Q
VWW—ose
Ry=12Q
9V
3V
i 20

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



(b)

(i) T OPAMP % foig faw amaw um iR fRw sifwde dieear &1 wfonfya i) w
OPAMP 1 WAl % §¢ T Sfaeim yad® sfuy smfaa Hife fedh o = 4 W@ @

& amm g w1 wE e D)
(i) I=l wafdfa e Frafia i wem aRuy § fofa deea qoriem ww o vl @ Rk

# g 7, & sftram wifts & A o i -
R 15v& 20V DC
i
470 Q
1 kQ 7
+
L
+ 1 kQ £
12V T, 07 Q
10 kQ -  S—
1 kO foafa
O

llll—o

(T, 3R T, Si gz §)

(i) Define input bias current and input offset voltage for an OPAMP. Using an
10

OPAMP, draw an inverting amplifier circuit with gain = -4 in such a way
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 20V DC
A by

1kQ
+ 1 kQ
12V :
10 kQ e
1kQ Output
(T; and T, are Si transistors)
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(©) 2 fas @ 9 wediaed 1 IEm FA QAN T 0 9oy AR veltfa ¥ @ aioy gm

Frenfea & 3@ Hifs

T T T }

fy——i |
! MUX 2 |

12—:—- S l
} L MUX |—12
| S |
! MUX Zi ,

b—T—1_8 I
! I
: |
[ (E—— ___|__.___._.__________'

S S

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

|

o a— |

, MUX % |

12_:___ S !
: L MUX —:—Z

S |

- !

| MUX z ,

b—+—1 s i

|

' I

| |

o e | ________________

S1 So 10
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5. (a)

(b)

(c)

@Uus—B / SECTION—B

TF THEAH dHaE ail et § 4y o # wa @ ) @ @ faeq & TR ew w

E =4%+32 300 Weitfa 3| wfew g &3 H ) (R 2, pg =4n %1077 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

field H. (Given, po =4nx10~7 H/m, €, =%x10_9 F/m)
T

TF 200 kVA, 3300/600 V, 50 Hz, THa el qionfm it Aftepan s 98% B w
T R F 75% SR qU1 $H1E Witk sk W W Bt ¥ A2 gwor wfoenen 10% A, @ f R
T 0-8 yvEd Wit e W dieean A 3@ Hifsm)

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 MY TEE TE L-C ¥R I UR9Y § waiiEa il 3 dieedl Vot =0)=120V,
T &1 9H C =12 uF Td Wohed 1 9F L =48 pHRI IR R S ¥ t=0s W o
e sy, @ Fr=fafaa @ i .

(i) e i % e wm
(i) SIS &1 AT GG

CT:“VC(:=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

(ii) Conduction time of the diode

PHKM-U-ETE/7 10
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(d) Waw gd-waem iR faweem ool (fexll) #1 & FM @@ &1 ¥e9H 39 70 & forg

(e)

(@)

e o s whar 7 @ fofa S/N g § S99R @ -YeeH o9 iR fayeen oaw aHl
# gt wfafrastt w fsfk 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?

Th 90 A 25 m @A R) g el s 2, =40Q R iR 98 2 MHz W FH
Fdl B AE T WR Z; = (50 + j30) Q W U Bl ¥ I A W T AT u=0-8¢ ¥
(&t c=3x108 m/s ?), @ (i) Wadd unis 3R (i) Faw sfoenan 3@ Hifvw)

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 H%a s(t) = A [l + k,m(t)]cos(2nf,t) o & wafifa o W 1oy B feamge &
W Wha m(t) B e Bl v,y (t) F ww B S e @

t t
s(t) e ”1£] e 9 (Tr) ”2£} FiasE > vs(t)
v (t)=s2(t valEr=ialt)

wA < o ¢ 3 avfi el o fo | e, mit) | < 1R, S0 636a m(t) 370 -0 < f < o & @@
? 3R s sl £, > 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;(f) :

vq(t) Unh(t
ﬂ_ Squarer > Len e 29 g o —> 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 —o < f <, and the carrier frequency f, >2w.

10

10

10
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(b)

(i) T Ghl € FM ha @ T g fuifa 2 -

(i)

(@)

(@)

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

7] Tigfea Hahd 1 SATE] (e ) F1d I | 36 ATl 3 Afeehad 9 =[Fad HH 1 3T
oft ST AIRTT | 38 19Ta 1 B F WA TG ST, Efh B A 0 < f <0-4 AHHG R

Q19 & Gehivl g FM @ha 1 3fraa wifts &1 7, smiglera amess ot 1 3fraa w1t & gfoera &
w9 § =g HIfs)

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 wdigs! (3=2d) &1 o o wdigeht <t sen <01 same1 gEe fFn sman R, <wen
HIY| -y @ -gda PWM doiEl § SR F IR A F T T W
asmfaa s

TH THd Hell Al Pi-fs wdivs F DC-fFF deedt Vpe =400V W@ @ g
50 Hz ®| 9 T 31 % 2 Yg@ Gl I Seedl & r.m.s. 9F B Ffaiea yeon #
1 HfY

(1) =t @@ faen

(2) areear Fede faun, S« o =20° R

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 o =20°

PHKM-U-ETE/7 12

10

10

10



(c) TH 50 hp, 440V, 50 Hz, d0-84if5d, Beren o1 fiet #1 e aa-3mgl, qui-wur
TA-AT H 75% 3R Aferhan ae-l, i-9R Se-ame F 250% 8| Fefafaa 1@
Hifse

(i) wdv, o w s@-ampl aftean B @

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

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 :

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

7. (@ (i) & Bewen, son-fata Resd, s saw |1 o 2, #1 @@= @ gy g i
el qUTEY SRR FIT | A5 dreeal V,, 3R S S0 o, % W9E 37ed ffd areear &
o wey oft sgem i)

(i) v Freren gof-atn Frifia R ws a-gai@, 415 V, 50 Hz Y™ g1 G=ifed 81 98
Tt 15 kW % f@Rr um 9r ! diftya st # | srfiemam @wa ffa Seear 61 80% 3hwd
Toria Siezan ITH S A1fed R | BT B, AR S rom.s. TH R Faw w1tk 1on 1 am
3 e = i 6 sy et £

(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, 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.

(b) (i) TeaEme F srfteran wfe, S fRer diee, ﬁsnmgﬁwmwﬁa@wmaﬁam
F gHAT 8, ISH F WY qdl 2|

(i) TF 11 kV, 3-Fal, qRI-Haa Zal-geamafas 5@ fer dicedr 3iR smafi & sgan w
Toramefiar 2, 3% WIfeh UIs W 250 A 3@ B | A 3o 1 w1g1 & s @ @fe wew uw
300 A 7% &g ST, q w1tk 7orieh, e W 31a 93 % a1 8, SRR e.m.f. # wfawa gfa
Rer wiw wem 3 sfafda sam wma ge 9@ Hifw) smi=R wfwdg 0-5 Q wfa Fen
Feadies wfeama 10 Q wfd e R

10

10

10
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(c)

(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, =7 AR p, =18 T W T Mo A Terkadl 3 ¢ M 2>0 F Lo =07
z>0 % R fgg &7 E =10cos(3x108t -15x) 2 3, 31 5 9= weRfa 21 M (3, 4, 0)
W t=08ns W HE AW Ui R Faw UW W@ I howl Rem omm R,
i =4mx10~7H/m, €, =$x10*9 F/m :

2=0 7777777

A medium has infinite conductivity for z<0, ¢, =7 and p, =18, and 6 =0 for
2z > 0. The electric field for z > 0 is given as E =10cos(3 ><108t—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, pg =4n x10_7H/m, €= %— x107? F/m:
T

zZ

s

Z=0///////////////////

PHKM-U-ETE/7 14
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8. (@) = feum fm d naet y+2=1% & 3k &9 18, Peiq@tsiRmamdipy, =52
& 2%, p,, =78 % R R 5 B, =304, +1.0d,(T) }1 B, 3 H, 7@ Hifw

e o 2 T, Bo =4nx107"H/m :

z
N

BN

@ Bp=7

(@] @ = >Y
Kp=5

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

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

=

20

(b) €W kA mit) H wfEw e 20 kHz, wfF 20 W 3 sfmam @ 8 2| 3@ Wy A
BOdBwﬂvmahtsnm=%=o-5x10‘l2 W/Hz Wfth quisw vcd % G5 vad @ ol

T 7 A TR Tiaed % Ifa Fen aifsa ® o) wige® frfa ™ #9-3-%W 50 dB SNR
Srisia e R | Freafafaa aigem dem 87 w aifsa s wite oiv 39a s e = ai?

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

(iij) 0-6 HigeH YI%i® & €Y Wafeld DSB AM

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



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) = % =0-5x%10"'?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 ¥ zwit siIger & eyl DC-DC wRads i faw deea v, =20V, 3wl sgam@
D =025 ¥R f&=q i 20 kHz ®1 3Fa L =150 uH 3R "ol C =240 pF R
Iaa sEe 9w 1-2 A #) Frafafes @ i

(i) W= # firer | firer Shfa g
(i) fE=w S & erdl g8 R am

An ideal DC-DC converter as shown in the figure has an input voltage of
Vi, =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

s ] K +
L
Vs L cC= g Vo
D
- - 10
* %k
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