CIVIL SERVICES (MAIN)EXAM- 2023

TATazeRel Seiiadl (J9A-U=—1I)
Fruffa wwm : = 902 JAftrpan 31 : 250

Ty-UR Tt A srgewm
(W A & @ Fefafas FEw « Fwn s@uriEs gfew)
79 e WA & S < @vel A fywifom § qun R w@ eish 9 # e R
qhenel 9 Fa o 7= F IW A E
woq Fe 1 3R 5 sAfad § aur 9 v § A 70 @ve | F5-8-F9 T T g o TR 6 SW i)
% 7w /9 & fore e i 3u% @A fie o #)
T % I I Witk wew # for@ wR e, fome @@ ses yaw-w § e T R, ol gm mem w5 e

IPE TH-TE-IN (Fo o To) YR F yays W Fffe wm w fen s =ifew) wiitera mem % sfafes o=
et wream 3 @ g IR W A o5 T fei

afe IEvEF |, @ IgE Afhel H T Hifg au I Rl FHifm)
& a% 3fPfaa 9 8, F%a qU1 v=E y=foa AEE i § wgE #)

W1 ¥ I ) TOFT FAEER H R | gl e T A, @ 3 F I e i el 9R 98 W s @
T B TH-HE-I gfEe § @l BI8 T FIE UB 41 IS AW F WE ¥Y § FHE T A0

SKYC-B-ELTE

ELECTRICAL ENGINEERING (PAPER-II)

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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TUs—A / SECTION—A

1. (o) T3 8 o 38 iR o feam m ) =6 v sl (W) o) #1 wr-Tm 9=
0-8 B 3FfR c(t) § siftreram rawee w1 Hifg

K
u(t) (s+1)(s+2) —>c(t)

The figure shows a unity feedback system. The steady-state value of the
unit step response c(t) is 0-8. Determine the maximum overshoot in the
response c(t) :

K
u(t) (s+1)(s+2)

> c(1)

10

(b) T qiyy s F 2500 A, 1500 MVA, 33 kV, 3 sec, 3-%Fdl, 3ifaa qiuy e
%1 we fuifa frn mn R seh Fuifa smr gw, fese gw, @@em a0 @ ag-aaa
(wm) wra i)

A circuit breaker is rated as 2500 A, 1500 MVA, 33 kV, 3 sec, 3-phase, oil
circuit breaker. Determine its rated normal current, breaking current, making
current and short-time rating (current). 10

(c) Th %= G, Foreehl F-<er 15 kHz R, F1 fo Ho THo 1 37 FA g i s R
1024 Wl (levels) % @19 THEHH Fend & fa-2numll Fred wm i) =an sfmem =
(Fafrm &mafem ) fruifa fif) aft awafas sfoemm =0, = € @ 20% =@ 3, @
AR g fae < 3 Hifvig)

An audio signal, whose bandwidth is 15 kHz, is to be digitized using PCM.
Uniform quantization with 1024 levels and binary encoding are assumed.
Determine the minimum sampling rate. If the actual sampling rate is 20%
excess of the minimum rate, determine the minimum permissible bit rate. 10

(d) 8085 GER-TEItA (W) & Prafifas aiffs fdl i dfim =wen fifvw
(i) ANA M
(i) XRA M
(i) CMC
(iv) STC
(v) RRC
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Briefly explain the following logical instructions of 8085 microprocessor :

() ANA M

(i) XRA M

(ii) CMC

(iv) STC

(v) RRC 10

(e) & Ti-Fen (M-¥¥) 400 km @l GO @A H, TS (Feeded) B 5 m Y I T
araTg Bye & FH1 & FaUd W W@ T | T&F T F W 3 cm ?1 $6 400 km @
1 1 wfa Fen wiftar 6 o Fifsw)

In a three-phase 400 km long transmission line, the conductors are spaced at
the corners of an equilateral triangle of side 5 m. The diameter of each
conductor is 3 cm. Calculate the capacitance per phase of the 400 km long
conductor. 10

2. (a) T AW 9 F @ wrE fam § gt mn Ry
() T F O ga faguy (¥ de) F1 s a9
(i) s=0W K % 9H ¥41 &7
(i) He-T@ W & fog K &1 wE FaR |

K

B (s-1)(s2+4s+7)

> C(s)

s+4

The block diagram of a feedback system is shown in the figure.
(i) Sketch the complete root locus of the system.

(i) What is the value of K at s=07?

(i) Find the range of K for closed-loop stability.

K
Risl—, (s-1)(s2+45+7) *>Ld9)
s+4
20
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(b) Wil & &3 o HI % o uw A Ag w1 wEeE atE R dger wfe faRay qen
Hyrfar 3R & o 10 FA F fog g3 frefe

Draw the connection diagram of a Schering bridge to measure the capacitance
and dissipation factor. Write the balance equations and derive the formulae for
finding the capacitance and dissipation factor. 20

(c) 4 kHz Se-af¥a vfi= @%a F F=ia F0 & g w W e aigas s fmn w2
o fafidw 38 wr 3—
Wit & = AR W 10 T
g MY = 100 mV

T F 1 kHz & SAEHY Ghd & @19 S 71| e G F siteman smam fuifa St
arfer wavran AR 7 &) Aftrewan wifts 3 v, S B B e st ¥ denfa 6 s
TF|

A linear delta modulator is designed to transmit speech signal bandlimited to
4 kHz. The specifications are—

sampling rate = 10 times Nyquist rate
step size = 100 mV

The system is tested with 1 kHz sinusoidal signal. Determine the maximum
amplitude of the test signal so that slope overload does not occur. Calculate the
maximum power that can be transmitted without slope overload. 10

3. (@) Ry fam # wefifa @1 ¥ fog smrn wd Frfa wfiei @ fafaw) x, o x, sEen =
e S 6 fom & R R 3 ) Fraofiaen & Jeofrren site At

u = |
s+4 —>Y

e
x| s-1

Write the state and output equations for the system shown in the figure.
Choose state variables x; and x, as shown in the figure. Check the
controllability and observability of the system :

u t -5 [X
S+a —>Y

[y

1
Xy s=1 20
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(b) (i) TF U (VW) I EH FA 8] 8085 GEH-THINE (WEHNAE) TR I H FR
et Qi g T AR HaFeA AHAIRA § Il T R T qehAh F el
wE iy 9 fafaw)

Differentiate between full decoding and partial decoding techniques used
by 8085 microprocessor to decode an address. Give advantages and
disadvantages of each technique. 10

() 8085 G&H-HuIEE (HEHITEW) F o To To f¥w # IWM F@ g FE R
o o o HEAISAT F1 I Hurfed fran sman B, 3erer wika == Fifw)

Discuss with example how BCD number addition is performed using DAA
instruction of 8085 microprocessor. 10

() T 6600 V, 50 Hz, THa-HR, HHa-Ar=s1ied Hfaw % Frafifad zer & .
s &A™ = 1:6 cm
=8 = 5 km
3= F1 -l F™ = 32 cm
TS 6 gfeEsdal = 1-5x10'2 Q-m
e H o fgafiaa (whkfed) = 3-8

sraTer Wi, Gt Ud sreTers § sifvean g wivee s it

A 6600V, 50 Hz, single-core, lead-sheathed cable has the following data :

Conductor diameter = 1:6 cm

Length = 5 km

Internal diameter of the sheath = 32 cm
Resistivity of insulation = 1-5x10'? Q-m
Relative permittivity of insulation = 3-8

Calculate the insulation resistance, capacitance and the maximum electric
stress in the insulation. 10

4. (a) TR-3murd 9zl F w9 & FHEg s @ve §2 W fER Fifvw, e arsm (RE) s
e §

Py =m +m, +my
P2 =My +m3 +my
Pz =m +mg +my,
P4 =My +My +My

&l m, €W 3% T p, W S 3% ¥
(i) @ Fe F fog s Mew vd wriem ste AR v Hiftg)
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(i) e Fe o Rt 1 v o wwm ¥7 e it = wefta o s w27

(i) 4 10100100 YW §3 F2-¥= B, @ 98 7 q¢ o d=ewr & wwa-fae 32 1wt B,
HITd TG F2-9e8 14 Hif |

Consider a systematic linear block code with binary elements whose parity
check equations are

p] = ml + m2 + m3
p2 = m2 +m3 + my
p3 - ml + ma + m4
Py =My +My +My
where m; are message digits and p; are parity check digits.
(i) Find the generator matrix and parity check matrix for the code.

() How many errors can this code detect? How many errors can be
corrected?

(@) If 10100100 is the received code word, find the corresponding transmitted
code word assuming that single-bit error has been made during
transmission. 20

(b) T WU A F WS Frefefed §
A=D=1/5° B=88475°

(i) 5o RR 4 ez wd dezar aw wa A, 9 @ sfend R A 132 kv Seea
F WY TH 40 MW SR #1 0-8 T¥=al ¥tk o W Weld Fdl 2

(i) ¥R A e @ vfr P g A, 3R IF B w132 kv B Feed @ 30° w
Fe &

A transmission line has the following parameters :
A=D=1/5° B=88/L75°

(i) Determine the sending-end voltage and the voltage regulation if the line
supplies a load of 40 MW at 0-8 p.f. lagging with receiving-end voltage
132 kV.

(i) Find the power and power factor of the load if the voltages at the two ends
are 132 kV and with a phase difference of 30°. 20

(c) 8085 G&a-HHRE (AERHRE) A FHF (32) H= H1 Freifia F7 9 =9r sgew A
= $Hifs|

Explain four instructions which are used to control interrupt structure of
8085 microprocessor. 10
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@WUvs—B / SECTION—B

5. (@ = ¥ s aRed aee weffa @, fed R, =3MQ, R, =1MQ, C=1yF ®1 V() @
v, (t) F79: Faw dieea i fofa deea #)1 aga 3= sl W @ G g0 @ SA A
sfivran 1 dB # 31a Y :

PR
| T

Vi(t) R, VI(H
! l

The figure shows a compensator network, where R} =3 MQ, R, =1 MQ, C=1uF.
V;(t) and V, (f) are the input voltage and output voltage respectively. Determine
the attenuation in dB provided by this network at very high frequencies :
R,
VWA
T L -
Vi(t) Vol(t)

l ]

(b) T widus gl (R7 I9), e 19 e 22 R, 0 AEdE  Eid g9 (9R),
e Yo "ige, E =205x10°% kN/m? 8, w #=ga fen mn #) ©a e #i
sheré wd Hier W 3-5 cm 3 0-55 cm #1 12 kN &1 UF &g s ol S @) gt
fagfa wrh @1 arffa (i) sfdia 100 @ &, < fgfa wrdt % wfedia & aid Frerfer)

10

A resistive strain gauge, with a gauge factor 22, is cemented on a rectangular
steel bar with the elastic modulus, E =205 x10° lcN/m2. The width and
thickness of the steel bar is 3-5 cm and 0-55 cm respectively. An axial force of
12 kN is applied. If the nominal resistance of the strain gauge is 100 £,
determine the change in resistance of the strain gauge. 10

(c) & f-Fe, 50 Hz, 415 V @wié 250 kW W6, 0-8 Yw=al Wit & W WEH Fdl &
qrvduy it F TR GRI AR WIRe IO ) 0-9 WSl A% YU TR St aifea B AR
3 qvEuy wiitane # e #§ Srer @ A, @ it e i

A three-phase, 50 Hz, 415 V supply delivers 250 kW power at power factor of
0-8 lagging. The line power factor is desired to be improved to 0-9 lagging by

installing shunt capacitors. Calculate the capacitance if they are connected in
delta. 10
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(d) T&-snadt T A DfiE e Wi @ (o Teego Sfio o) WA W 5 helfazw vt s
# for | A gurfa fFn s ) A9 5 fow wha-avd wift @ 99 1077 W/Hz R
FEE (FA-FIete) difaes f3-smarld o o Fo, fmeh it et d%aw 29 1 MHz ?,
= 35 #§ forn mn R fe S, B, =2%1076 U R aem v de-der v shed
foe Ffe sl 3ma ifs)
Binary data is transmitted over additive white Gaussian noise (AWGN) channel
at a bit rate of S kilobits/sec. The single-sided power spectral density for the
channel is 1077 W/Hz. Non-coherent orthogonal binary FSK with higher
frequency signalling tone of 1 MHz is used. The bit energy, E, =2x107% U.
Determine the minimum required bandwidth and average bit error probability. 10

(e) T Bi-wan, A-Y I3 §, 30 MVA, 33/11 kv, faves & wm wfta whonfi fifm af
gt #F TWE CT 39T 500:5A Ud Vel A WE CT I 2000:5A B, @ ¥@ 3w
(Wiez), st ufonfim 6 fga g N 200% 0 o0 @ @ &, I o i o sawmm
(&fem) s Hifsr)

Consider a three-phase, A-Y connected, 30 MVA, 33/11 kV transformer with
differential relay protection. If the CT ratios are 500:5A on the primary side
and 2000:5A on the secondary side, compute the relay current setting for
faults drawing up to 200% of rated transformer current. 10

6. (@) () U&ufeddH A AE (SFEE) F A6 96 Frafaiaa €
T 1 c,{P_,ﬂ)=0-008szl +8 Py +380 (7T %93 ¥ft =wen)
S 2 1 Cy(Py,) =0-009 B +7 Pyp +430 (&9 ¥ ¥fd wver)

st < Hend &

120 MW < P,; <680 MW
60 MW < P, <550 MW

SE g T 650 MW R <l B 38a alieh ¥ WeH s Sl 8| E0 Hee 6 '
(8T8) I TG HAA Y, TAF TCH F ITAH I F1 B

A power system has two generators with the following cost curves :
Generator 1 : G (F,)=0-008 sz1 +8 P +380 (thousand rupees/hour)
Generator 2 : C;(Fy,) =0-009 P922 +7 Fyp +430 (thousand rupees/hour)

The generator limits are
120 MW < F;; <680 MW
60 MW < F ), <550 MW

A load demand of 650 MW is supplied by the generators in an optimal
manner. Determine the optimal generation of each generator, neglecting
losses in the transmission network. 10
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(i) T B8 gea = AR o d quta mn R, e v@s sEma i pou. TEm A S R

1 2 3
I T I '
j025  —j0-08
jO-15 jO-15

Gl 6l 58 vavaar Afe, Yo, I i)

A three-bus network is shown in the figure below, indicating the p.u.
impedance of each element :

1 2 3
i T I L I
Jj025 -j0-08
jo-15 JjO-15
Find the bus admittance matrix, Yy, of the network. 10

(b) (i) Fto o Yo TRI TWHIY # fifta w1 1 fafaw) 8085 gaw-wanfm it 37 =i % Fw
1 off 9ui Ffvg, s o Wo To @ WHIAW F 35T F S B

Write the steps involved in DMA data transfer. Also describe the functions
of 8085 pins which are used in DMA data transfer. 12

(i) 8085 1 TH GAH w1 v fiflw, St o v o () f siadgedt (FR=m)
! Tgdl § T I I Bl B

Write an 8085 assembly language program to read and complement the
contents of the flag register. 8

(c) vy R %1 98 wH a Sifse, fed & R fo3 3 safn mn @ wifea: semfia @ smo)
V; (t) e dieean @ fofa v, (t) 99TRaE % AR-9R dieedl 81 L =90 uH, C=120nF :

R L

Vi(t) c= VWl
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Find the value of R so that the system shown in the figure is critically damped.
V; (t) is the input voltage and output V, (t) is the voltage across the capacitance.
L =90uH, C=120nF :

R L

Vt(t) C== Va(t)

10

7. (a) % Ead WiEA dd, T @ gm ydiw-fE@ my, m, @ my % W9 09, 0-08 W
0-02 WfihaIatt % WY 51 Kl 2|

() T T-smurd oRedl wwer w1 eeha 52 e fit (0’ 3 e @ fle fif,
Toraeht wifepan atfteram A1) | 3fwa F2 @, Gdted 319U Ta Fied 5@l I1a Fif)

(i) 3@ aa % e e R-anud gem-aoft e g2 sfvecha Fifv o @ sriefcrm 52
¥ fore siea 2 e T Aifsi| frara g2 % fo wdte sguma @@ saa Ferfer |

A discrete memoryless source generates three independent message symbols
my, m, and mj with probabilities 0-9, 0-08 and 0-02 respectively.

(i) Design a binary variable length Huffman code. (Assign ‘0’ to the message
with highest probability). Determine the average code length, compression
ratio and coding efficiency.

(i) Design a binary first-order extension code for this source and find the
average code length for the designed code. Determine the compression
ratio and efficiency for the extended code. 20

(b) Fhade fe ae-smel wfieo 7 A #7389 wie w1 3w W g wien R, gfe
@ R @ F i | gem FIg) 6 yaen sfiase # ot smfea Hifg el
Yo 9 AETEH &E1 (SHE) F wEagds @Ry

What is the universal relay torque equation? Using this equation, derive the
impedance relay, reactance relay and mho relay characteristics. Also draw the
operating characteristic and indicate clearly the zones of operation and no
operation. 20
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(c) TF Thd-wanl faatw ABC, faa v A fit w R, = o wefifa fn 1 R AB W BC
el (§erE) A wianand e § S 3WE WH (0115 + j0-25) Q % e #) Wie P
sifem RR Fit Sreear & vr=an # ¥) 2l siftm R A Aeem 240 v R, @ g ez @ IqE
el o, dfem R & dedf #, w9 Hifve .

A B &
4 ! )
150 A 150 A

06 J¥=d1 ¥k U1k O-8 J¥=Ial VIfeh Torsh

A single-phase distributor ABC fed at A is shown in the figure below. The
impedances of the sections AB and BC are same and equal to (0-15 + j0-25) Q.
The power factors are lagging with respect to the voltage at the far end. If the
voltage at the far end is 240 V, then determine the supply voltage and its phase
angle with respect to the far end :

A B C
7 ! !
150 A 150 A
06 p.f. lagging 0-8 p.f. lagging 10
8. (@ FEUG(s)= 2 F |IY TF §HE [Han dF wefifa 7 R

s(s+1)(s+2)(s+3)
(i) G(s) = HfFwe gt 3@ TRy
(i) G(s)% gt 3TR@ i I § I gL T B e-o[d WA 1 Ffr
(iii) 7 1 G 9@ (AW 7REA) F@ s

G(s) > C(s)

R(s)

2

The figure shows a unity feedback system with G(s) = i
s(s+1)(s+2)(s+3)

(i) Sketch the approximate polar plot of G(s).

() Determine the closed-loop stability of the system using the pdlar plot
of G(s).

(iii) Determine the gain margin of the system.

G(s) —> C(s)

R(s)

20
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(b) A TR, % gfody wa9: 1Q w& 2 Q 8, & i-¥r fage %79: 200 mA w@ 250 mA

(c)

21 29 Ufell ¥ qug 1 20 A 7% qgR ¥ fore @i Re s aren vie sa Afig) g afifq
izl (o wradds i) =1 gam s | wirer T @ 3R R 3w @ wfey # e mn R
e $@ 9/ 15 A 98 W@ 21 3F1 Wiiedl & wrei (GfEm) #1 3 Fifm)

Two ammeters having resistances of 1Q and 2 Q respectively give full-scale
deflections with 200 mA and 250 mA respectively. Find the shunt to be
connected with these ammeters to extend their range to 20 A. The range
extended ammeters are connected in parallel and then placed in a circuit in
which a total current of 15 A is flowing. Find the readings of the ammeters.

3 forega-3curea F3, R @99 &mand F9e: 1500 MVA T@ 1000 MVA 2 3R 11 kV W
yeIferd €, 0.7 Q wiaama ufe el arel T Ffae g SradaimG (3Eaes) &1 SaddeH
F IWA YT foegd-3ced Fx A A9y w1 F1a Hifrg |

Two generating stations having short-circuit capacities of 1500 MVA and
1000 MVA respectively, and operating at 11 kV, are linked by an
interconnected cable having a reactance of 0-7 Q per phase. Determine the
short-circuit capacity of each station after interconnection.

Optional Province - optionalprovince.com

20

10

SKYC-B-ELTE/8 12 SB24—468



