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Futfa way : v a2 HIUHTT 3 : 250
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Question Paper Specific Instructions

Please read each of the following instructions carefully before attemptling

gquestions :

There are EIGHT questions divided in TWO SECTIONS and printed both in HINDI and
in ENGLISH.

Candidate has to attempt FIVE questions in all.

Questions no. 1 and 5 are compulsory and out of the remaining, THREE are to be
attempted choosing at least ONE guestion 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 poriion of the page left
blank in the Question-cum-Answer Booklet must be clearly struck off.
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TUE A
SECTION A

Ttk wafer vty (wffe) 3 o sivm ot & e =toms sgees $iftm |

Derive the expression of total average power in three-phase balanced
circuit. I0

o= 1(b) @ RmEm m st wem i) = S st 3 i |

2

flt)

fa 1(b)

Find the Laplace transform of the periodic function fit) shown in
Figure 1{2]:}}. 10

fit)

0 1 2 3 4 5 t
Figure 1(b)

(i) 9Bt 3R () sl #1 = w90 Sifs w@ gr 9w afey (e
39 ") & sftmey (feom) o som s =amy |

G F grEfet w1 At sfea g () v s dm oaae & | &

Q1. (a)
(b)
(c)

EGT-P-ELTE

wifed gr w0 (yee fi2) ol sy 20 kHa B, w0 sqoE 053, F
g G (fond) fen = o | 9f2 g Feie dieem wm 19 R,
it are et g g = gitmm s i |

(i) ~ Draw thyristor gate characteristics and state its application in
design of gate drive circuit.

(ii) A thyristor has a maximum average gate power dissipation limit
of 0-4 watts. It is triggered with pulsed gate current of frequency
20 kHz at a duty ratio of 0-5. If the gate cathode voltage drop is
1 volt, find permissible peak gate current magnitude. 10

2

DOMNNLOCADED FROM WAV | ASEXAMPORTAL. COv Courtesy :

UP.



https://iasexamportal.com
https://iasexamportal.com
https://iasexamportal.com
https://iasexamportal.com

DOMLOADED FROM WAV | ASEXAMPORTAL. CQOV
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=

fer 1(d)
For the op-amp circuit shown in Figure 1(d), determine the gain
A= ?;1 . Assume that all resistors are equal. 10

1

R R R
W —— AN P
R_%L %R
R = =
iy 1

1 +

Figure 1(d)

(e) U Foaeter fis Sor wiet i wEdA |w, 0-04 va (o) @i wie ww
6 m & | 9w AET % fom wme e wE wad we-ae po. (SR
wrd) Frefefis wedw fafimt & fom ofefem ifem
(i) e feaem (e feafEm)

(i) FeHEEE e

A squirrel cage induction motor has a starting current of six times the

full load current, at a slip of 0-04. Calculate the line current and
starting torque in p.u. (per unit) of full load values for the following
starting methods : 10
(i)  Direct switching

(ii)  Star-Delta starting

EGT-P-ELTE 3
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Q2. (a) T=fefEs 9% wdeor w1 NAND % 4 ofisfda 1w w5 NAND 7 #i
T = iy w5 o i
Z=(A+B)C+A(B+C)
Convert the following logic equation to NAND logic and draw the eircuit
using NAND gates : 20
Z={A+B)C+A(B+C)
(b) () US #9 &y G o famd afieee sfeEwm 2, = 70 0 ®
v godl wivann fes o9 115 - j80 Q B, F g0 = e
B | S W wesd 25 m ® |
fre=ferfige sma ifem
I. SWR (%= 39 Tfm)
I1. wfoshan U8 =qaad oe SeEme, Z)nax 8 Zmin
A low loss transmission line has characteristic impedance
Zg = T0 £ and is terminated by another impedance of 115 — j80 Q,
The wavelength on the line is 2-5 m.
Find : 10
I. SWR (Standing Wave Ratio)
II. Maximum and minimum line impedance, Z 1., and Z1min
() uh Foor wd fowh T 15 m ¥ 6 af oy @ oge vios H
e wftrmard e Zge = - 78 @ W Zog = j90 Q #, ot @
Ffierem wftmmn Z, vd @ fSns (IieE s ¢ %1 99 e
Wit |
If the input impedances of a short and open circuited
transmission line of length 1-6m are Zgp=-j780 and
Zop =j90 Q respectively, determine the characteristic impedance
Zg and propagation constant y of the line. 10
(c) U SSB ¥t 10 kW Wfts & w19 s (grafe) s § | 58 i (gratier)
®I UF "EE WA vighem oo, g 6 ot vfe oo & @, 30 s
? | I wie v 999 o & ol s if w9 wigem e 80% % |
An S5B transmitter transmits with 10 kW power. This transmitter is to
be replaced by a standard amplitude modulated signal with same total
power content. Determine the carrier power and each sideband power,
when the percentage modulation is 80%. 10
EGT-P-ELTE 4
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(b)
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F 50 KVA ufionfas (zrasie) € stfasm swmn 00% 9 9R (Fe &is)
vE T Wi unie (TEE ) W 97-4% # | Tl amen

(i) b AR (P SiE) @ 0-8 AfE U (p.f)
(i)  @men guf WE ud 0-9 WHE T (p.f)
w, gfrefem Fifan |

The maximum efficiency of a 50 KVA transformer is 87-4% and occurs at
90% of full load, at unity power factor. Calculate the efficiency at

(i) Full load at 0-8 power factor (p.f.)

(ii)  Half the full load at (-9 power factor (p.f.)

ol g wgar Hag wdes (set) & fermd sigwn § i 8§ amien
o fopf dieean e & w1 ® | 9A i femm smafn 50 Hz & ve wdios
uH RL WN & g0 @ & 9% % R =10 Q 0 L = 30 mH &, @
Freferfiga =1 w Femfen .

i) AW (=) 99 1 HAF

(i) W g =T wE

(iii) =L we § st um

(iv) Fnfn diees ooy @ daka @ SENEER SEE el % SR

T O A
(forarm 1.4, divean = 100 V 94 &)

A full bridge or H-bridge inverter has a switching sequence which
results in a square wave output voltage. Let the switching frequency be
50 Hz and inverter is supplying a RL load having R = 10 Q and
L = 30 mH. Determine :

(i) An expression for load current
(ii}  The power absorbed by load
(iii) The average current in the D.C. source

{iv) 'The area in output voltage waveform where antiparallel diodes
across switches conduct

(Assume Input D.C. voltage = 100 V)
5

20

20

Courtesy :

UPSC


https://iasexamportal.com
https://iasexamportal.com
https://iasexamportal.com
https://iasexamportal.com

DOMNLOADED FROM WAV | ASEXAMPORTAL. CQOV

(el

Q4. (a)

(b)
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o 3(c) # femm My gitww #, 8 Q whiys % W S v, 7@ Hif |

20 3 £
Ay Py

4g§ 3A v:gag 18¥

fa 30c)

In the circuit shown in Figure 3(c), find the voltage v, across the 8 Q

resistor.

29 3 &
VWA WAy

..H'gg 3A 'ﬁfugﬂﬂ i 15

Figure 3ic)

T U i U2 g 11-5 TR R 9 98 S o459 T % g 45% TR

A% Higlera fram @ § | gm0 12-5 o & ot & 9= 30w wy us sl

759 HEd a0 i wighia = & | g g W w1 wigew guwie wW
|

The antenna current of a transmitter is 11-5 amperes, when it is
modulated to a depth of 45% by an audio wave. The current enhances to
12-5 amperes on account of simultaneous modulation by another audio
gine wave. Find the modulation index of the second audio wave.

T 400 S 4. vz A i o 30 TEER § mtE Iud Puffe mw
120 rad/sec 57 & | s oY 10 @ w6 8% FEoi wRiw 250 Q ®
=re wfoy =1 9 Fefen o e i oftgy % doft () & FRw =
fore@t f s um faffE om & 150% & =8 =2 m oo a9 =
B | T 3 ek B He ge-smEy s i |

A 400 volts D.C. shunt motor draws 30 amperes while supplying the
rated load at a speed of 120 rad/sec. The armature resistance is 1-0 ochm
and the field winding resistance is 250 ohms. Determine the external
resistance that must be inserted in series with armature circuit so that,

the armature current should not exceed 150% of its rated value, when
the motor is plugged. Find the braking torque, at the instant of

plugging.
&
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) T dic) ¥ fmm o onEeeEs ofigy #©, 500 Hz FeR @0 At & 396

e & w51 5o 2, © Prywen wiren o % fo s e W @ | A
wifsre s afer @0 + 12V & §9 e B |

(i) waEds (iesfiemr) F o g gl @ (W 1) ) srEvewa =

HH 7 Hifa |
(i) iy friw deen o 6 vads (Teefterr) S99 =1 gl &, 94
wHifaw |
47 kQ
L
1 uF

400 £2

—pn— =
- 1>
ia'm Q

f=7 4ic)

The integrator circuit shown in Figure 4(c) is to be used to generate a
triangular waveform from a 500 Hz square wave connected to its input.
Suppose that the square wave alternates between + 12 V.

(i}  Find the minimum slew rate required for the amplifier.

(ii) PFind the maximum output voltage the amplifier can generate. 10
47T kO
| [ |
|
1 yF
400 £
|- WA ——I= =
+ ]
370 02
Figure 4ic)
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Q5. (a)
(b)
(c)
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wE B
SECTION B

% D {50 vy %1 S-R fem v i 7@ w1 =95 §F fom ofafdy Fifm |
gftgy s it |

Convert a I flip flop to function as an S-R flip flop. Draw the circuit.

tH =LAl 9 W s funus., 800 M. (rpm) T U
20 mWh 3951t weaa ofd 4= w2, 100 diee 8 |

fr=ferfias & fom ofm s.oonus. &1 v ek $ifo
(i)  To W e 3R 1000 ¥R 9.0, T4 (rpam.)
(ii) TEE 90 g9 24 mWb U9 900 3. 91.09. 91 (r.p.m.)

A D.C. generator has an armature e.m.f. of 100 volts, when the useful
flux per pole is 20 mWhb and the speed is 800 r.p.m.

Caleulate the generated e.m.f.
(i) with the same flux and a speed of 1000 r.p.m.
(ii)  with flux per pole of 24 mWhb and a speed of 900 r.p.m.

uF fAwen andan femwd o 6 v Breeen sqfem vt =@ g e T
& @ 8, 1 i smuwm . (roms.) Seea #1999 Sitm wg foig
diezal § "W qUTEd 1 faiws Sy | el s (w9 o) ft W
#ifem |

o2 9 fiu mu giEds d ger EeEar 220 V (ramas.) 50 Hz 9% 8 € 200V
TR 1 kW ¥g Yiaies 8, @ W Y Sived W W 570 399 it (TET
Fergre) a i |

Draw output voltage and current waveforms and determine r.m.s.
output voltage of a three-phase half-wave rectifier supplied by
three-phase balanced a.c. supply. Also determine the form factor.

If the supply voltage of the above converter is 220 V (r.m.s.) at 50 Hz
and the load is of 1 kW at 200 V, purely resistive, determine power
consumed by the load with given supply voltage.

8

10

10
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@ ) o i fam w snaria fewde wde T afed geEshE o
% fom =g +ifom |

) UF TR @ auie, e @ fEed 5 om? SR wR guEEm
3 mm 2, B S W A de 50 sin 10% VR | e =2 g, WG
70 fapamma am fwfem Sifan |

(i) Derive the Maxwell's equation for time varying magnetic field
based on Ampere's circuital law.

(i) A parallel plate capacitor with plate area of 5 cm® and plate
separation of 3 mm has a voltage of 50 sin 10% V applied to its
plates. Calculate the displacement current assuming € = 2 &, 10

(e) UaFE v 1 o w0k fase) f R a Wb F A G2 R A0 Q F

yiairas § wanfea g 3 ik |
31:.{1% %ma
400
—— a AR b
220V
guﬂa gﬁm}n
&7 5ie)

Using Thevenin's theorem, find the current through the 40 Q resistor

connected between terminals a and b in Figure H(e). 10
3kQ % 400 £2
40 Q
oy a A b
220V
1 kQ 26000
Figure 5(e)
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{a)

(b)

us Tty wieds (€t ddiwad) % w6 Lo feeer firfn deem
Ffis F9 w F fow w0 w2 e wew fen § fom fefn S
W (Fewet) 9w suie (Ffe) um % wimedt s ey A |
W whEE g w R R m e, g e s vw o %
od AF, W (Fewe) wm # AL, siE (fooe) v frin deeme
7 AV, 3w ¥ fomm

o : v =
C i (1-D) =~ L:._Mﬁt
8L(AV [V )£ (AL ) f

T2l femn gan = (3w@) # aw uw oife | B =g anfee D
FHrem Frfm Seem v, 2

A buck converter (D.C.-D.C. converter) has LC filter in the output to
reduce ripple in output voltage. For continuous conduction mode, draw
the waveforms of output voltage, inductor current and capacitor current.

If the converter is switched at frequency f, prove that minimum values
of ‘L’ and “C' for Aly, ripple in inductor current and AV, ripple in output

voltages are given by
C o =D 1% V,(1-D)

T BLGAV /v )2 T T AT
a o
Assume any data missing. D is duty cycle of switch and V,, is the average
output voltage.

e eb) # fRu mu afmw 4 in), B wwem Bfy = some w0 T
S w4 i,(t) = 10 sin 2t Amp 2 |

i (t)
20

i (1) -

06 F
T

fa7 6(b)
Find iyft) in the circuit shown in Figure 6(b) using Fourier transform
method when i (t) = 10 sin 2t Amp.

i (6)
280
i® (D 28
05 F
Figure 6(b)
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) P 6(c) # T T v drers Iftwy & fom @it (Feds) fim og wEem

smgfa s Hifa |
GﬂﬂlﬂupF
il *Vo
cc:lﬂDpF
I = Cy =10 pF

Determine the feedback fraction and the operating frequency for the

oscillator circuit shown in Figure 6(c). 10
Vee
gﬁnl G = AN Cg = 100 pF
\ {} *Va
Ce = 100 pF
[} - == Cg =10 pF
Ly=1uH _-]
v S =F Cy = 100 pF
Figure 6(c)
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Q7. (a)
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(i)

(1i)

TF e E &9 fie smm 100 vim f e omm § w9
sEgeifgs F waw @ w6 R 7a)i) # zwie gen 2 1 B, @

o= 7ma Fifdm |

ﬂ?ﬁ'ﬂIFlEIEi

1 mm

a7 Faki)

A travelling E field in the free space of amplitude 100 V/m strikes
a perfect dielectric as shown in Figure T(a)i). Determine the

value of E;.

Free space E ‘ E;

Ay
Dielectric
g, =20
=1

a=0

1 mm

Figure 7la)(i)

U THENE WHE q01 919 4 v w2 % w4, Gwmd o s g,
ATfars Gl B § | SIS ik wed faa-as ¥ st
o (3fER) 15 m e W § v wuw i o sy |

075 m T 9T AW B | Sunt wi

w1 Terd i A9 s o, (3R 9fiEw) ww Sifm

A uniform plane wave in air partially reflects from the surface of
a material whose properties are unknown. Measurements of the
electric field in front of the interface region yield a 1-5 m spacing
between maxima, with the first maximum occurring 0-75 m from
the interface. A standing wave ratio of 5 is measured. Determine

the intrinsic impedance 1, of the unknown material.

10
lEtFreeapa::e
» AT, N
FIE HOHE 5 WO TR
10
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(b) uE geaeE e (faseee #wEe) D R e W g w0 feane

=i, 5t Prffigs semw o e W ;
6,3,50,2,6,3,5,0,2,6, ...
gy fam =980 |
Design a synchronous counter using D flip flop that counts in the
following sequence :
6,3,50,26,3,5,02,6, ..
Draw the circuit. 20

(¢) UH 220 FeZ, 1500 r.p.m., 50 A 99 Ifam H, G # oF Fwen
frifig el 8w fFn 9 2 | st % wBE (F=E) ok whied
e ®m & & fomed wen St 230 9FF (rm.s) 50 Hz W & | Wi
Sfivign (SEEfem) ¥ 1200 r.p.m. T 97 F@-ag o R | 3 s
afeig 0-2 Q ®, 9 YREa® =1 s=Ge i (SEin ) §E it |
A 220 volts, 1500 r.p.m., 50 A separately excited D.C. motor is fed from a
three-phase fully controlled rectifier. The rectifier is supplied with a
balanced three-phase source with phase voltage of 230 volts (r.m.s.) at
50 Hz. Motor is holding an overhauling load at 1200 r.p.m. at full load

torque. Determine the firing angle of converter if armature resistance is
assumed to be 0-2 L, 10

Q8. (a) =IE MU wiww o 8(a) #, vit) = 311-12 sin 37Tt Fee ®
(i) Tl!_fﬂr T3=T¢'3.iiiﬁa‘_‘mm!ﬁﬁml
(i) V. wE Vg # w ofwe fifim |
(i) = g wifes v = ftwer Hif |
(iv) e =it T 3 e |

T
+ Id
pr .
@ vit) I,
g 0096 HE L,
fe 8(a)
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For the circuit shown in Figure 8(a), v(t) = 311:12 sin 377t volts :
(i)  Find the values of I, I, I3, I; and I5.

(ii)  Also compute Vi, and Vg .

(iii) Compute the power supplied by the source.
(iv) Find the line power factor. 20

4 0-096 H

e

73-3 uF
1,

Figure 8(a)

ﬂﬂ mmﬁﬁqﬂﬁiEm}ﬁﬁ’hﬁm%ﬁﬁ%ﬂﬁmﬁﬁl,viz,wsﬁ
v;, b TEi H e fifa |

Ry
R, e

E,q' o ¥y

& 8m)
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Caleulate the output voltage v, in terms of the input voltages v;,, vi,, Vi,

and v;, for the circuit shown in Figure 8(b). 20
Ry
Ry oy
Vij ——A—
Ry
¥ig ——-.M-A-—-»—‘—’\
R oV,
\l'ia Ni L"';/‘//
Rg
Vig e
jﬂﬂ
Figure 8(b)
(c) F wHE e (Fme 2F) vs.om. fin wu dieea wdteor g Bl fea
B
vit) = 12 cos (6 = 10% t + 5 sin 1250 t).
Fr=fafiga =1 @@ 3@ $faw .
(i) oE® AgH
(i) wigew s
(iii) wferRoe fome=
iv) &= er

(v) 10 Q wfua 5 wife &4
A single tone FM is represented by the voltage equation as

vit) = 12 cos (6 = 10% t + 5 sin 1250 t).
Determine : 10

(i) Carrier frequency

(i) Modulation frequency

(iii) Maximum deviation

(iv) Bandwidth

{(v) Power dissipated in a 10 Q resistance

EGT-P-ELTE 15
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