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CRNA-S-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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1.

WUs—A / SECTION—A

(@) T S=-9m o= A9 fom J w&Ria 21 o= F fog sifean geamfs (sfaaR) 40% a0 firs

(b)

()

(@)

g 2 WS 81 J =1 kg-m? WA §Y A 91 B % HFT Y T0M1 ARG

A closed-loop system is shown in the figure below. The maximum overshoot for
the system is 40% and the peak time is 2 seconds. Calculate the values of A
and B. Consider J =1 kg-m2 :

Cls)

tn|»—-

o wefifa a3 & foq mfFe smore smfga i) Tfre fera THeve @M @ g
K & 98 W™ 3 $ifve, s foe o= fér 21 a@ ofifsie 5 K e R (amafas @it =
=) ®

Draw the Nyquist plot for the system shown below. Using Nyquist stability

criterion, determine the range of K for which the system is stable. Assume
K € R (set of real numbers) :

v
~

YEH-FEYH 8085  Toiw wwren 97w (Wefia wigfere) aen wfesm = (7-Rew) wwifed &
TC T AW b Waid I A TEeE 3 MHz W FFE ?, @ TF 398w & foie =
a1 Afirehan e HEtE w9 i e AR

Show an instruction cycle with possible machine cycles and clock cycles
(T-states) in it, for the microprocessor 8085. If the processor is working at
3 MHz, calculate the minimum and maximum possible execution time for an
instruction.

TF Fusell il faafa Furiar & HER 100 pF &1 1 Siigd 8 10 MHz R 37T
Torm <man R @1 gA: 16 pF & Wi % WY 3Eehl A emgiy W sgAfed fRen smn R
Fuscll i wHged faafa guiar qun /e & 7 At oA A

The distributed capacitance of a coil is resonated at 10 MHz with 100 pF in
parallel and is then again resonated at twice the frequency with 16 pF.
Calculate its equivalent distributed capacitance and the inductance of the coil.
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(e)

(@)

(b)

400 V W 28 A Hgfeld R YoM R @ & waia Bercfia yorelt # @ T afenrdt i aw
FUSA N AT FHell H IR F@H deedr FUSH F A AU AT bl b A= H FAIa T
STl B, 99 36 934 5 kW B| I} Scear Fveett i i qun i wenstt & g ser e, @
Fed RYB % foe @3 1 weq 31 hifsm) (uma gveeh aemag wdh ?)

In a symmetrical three-phase system supplying a balanced load of 28 A at
400 V, a wattmeter reading is 5 kW, when its current coil is connected in the
red phase and its voltage coil is connected between the neutral and red
phase. Determine the instrument reading for the phase sequence RYB, if the
voltage coil is connected between the blue and yellow phases. (The current coil
remains unchanged)

I o & 3 gtem el wefifa 1 o i 97 W I fifve, Fas g yomeft fér @
a1 3 98w <t feR-smen IR 5% AT R ¢

A unity feedback system is shown in the figure below. Determine the range of
o for which the system is stable and the steady-state error for unit step input
is less than 5% :

R(s) + s+a C(s)
s34+ (1+0)s2+(a-1)s+(1-0) -

N

ger-wags 8085 % forw i iy ¢ waem W weEE % YRS 1 I SHEAEY a1 AR FEneE
3 MHz W %1t 8, @ 36 T % HE-G04 § FEEH gR H 9 9901 w5 6t 701 Hif
(TRt & forw wfeent =t Y g ved & o aform A A g R) -

LXI SP, 5000 H

LXI D, OOF9 H

CALL SUBROUTINE 1
HLT

SUBROUTINE 1 : DCX D
MOV A, D
ORA E
JNZ SUBROUTINE 1
RET

10

20
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TR gl T
LXI 10
CALL 18
DCX D 6
MOV A, D 4
ORA E 4
JNZ 7/10 (Z=1 = 0 % fom)
RET 10

Explain each step of the assembly language program given below for
microprocessor 8085 and calculate the total time taken by the processor in its
execution if the processor is working at 3 MHz. (The number of clock cycles for
instructions is given in the table for reference) :

LXI SP, 5000 H

CRNA-S-ELTE/13

LXI D, OOF9 H
CALL SUBROUTINE 1
HLT
SUBROUTINE 1 : DCX D
MOV A, D
ORA E
JNZ SUBROUTINE 1
RET
Instruction Clock cycle
LXI 10
CALL 18
DCX D 6
MOV A, D 4
ORA E +
JNZ 7/10 (for Z=1 or 0)
RET 10
20
(¢ U& wfry fopfkn wrdt, fme iy 100 Q qon wAmdt o 2 R, @1 3ofier § 200 Q &
WR Wl" F w24 dice ¥ GO R T R} YIRYET Oie 200 GN/m? R
120 MN/m? ¥fted e & %o fifa aieear 3 2R et aRada ) mor i)
A resistance strain gauge having a resistance of 100 Q and gauge factor of 2 is
connected in series to a load resistance of 200 Q across 24 volts. The modulus
of elasticity is 200 GN/ m?. Calculate the change in output voltage due to the
applied stress of 120 MN/m2. 10




3.

(@ ()

(@)

H= Fo o ey AT 1 ASHES TRE TR ¥ 39 O 92l % AvfieH 3 T
U gfedy R, 91 TF o Ho WY o THo THo Hio Wi IS T B 3G Wialy
R, fvae agw 6 R, 8”1 A-B ¥ SR-UR @0 R S 9=-<q (6-31) T 2
7o Afierey Tl fafay) 8k A-B % 92 §¢ w@ ga ufwy it flfa § s @@
o 27

The figure below shows a schematic diagram of shunt ohmmeter. It
consists of a battery in series with an adjustable resistance R, and a d.c.
measuring PMMC ammeter. The unknown resistance R, to be measured
is connected across the terminals A-B. S is the off-on switch. Write down
its design equations. What are your observations when the terminals A-B
are shorted and open-circuited?

R J}’&’ I A

Im
E= Afdyen e R
(Basic x
meter) Rm

qui-dmr fade % anEieA % foag A % Aofsen # vl # AW gl Y R
fag (wftrera #), el WM W 100 Q @ifsa frn som, @ A sl s2d #
o o o 2 diee, i-AuMT 4T 2 mA qU 3RS Wi 20 Q 7H Hif)

Determine the value of the resistor in series with the battery to adjust the
full-scale deflection and the point (in %) of full scale at which 100 Q will
be marked on the scale. Consider the e.m.f. of internal battery as 2 volts,
full-scale current of 2 mA and an internal resistance of 20 Q.

(b) = wefifa yoreht w fa=m i

(ii)
(iti)

(iv)

0O 16 0 O 0
- |-1 -8 0 o|_ |o
X = X + u
4 8 1 15 1
0O O 3 -3 0
TG YOIl % 371g9A 91 sl §1d i)

g orelt Y Fsfig qun sifemfig faad s Hifse

weRfa fifve & EfHaw o Kk % W sme 97 &, Sty A famsd = - 5,
-3, - 4, - 4 T ETRAid S|

I AR K T1d HIG, S 3 gl & TUH H W HE Ol & AT 3w Al
AR wdl i FREafiE o ® g9 gen | wda A a1 B

10

10
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Consider the system

(1)
(i)
(iti)

(iv)

© )
(@

(i)
(@

(@)

)

(@)

0O 16 0 O 0

- |-1 -8 0 0 |_ (O

X = X'F u
4 8 1 15 1
0O O 3 -3 0

Find the eigenvalues of this system.
Find the controllable and uncontrollable modes of this system.

Show that there are an infinite number of feedback gains K that will
relocate the modes of the system to -5, - 3, — 4, — 4.

Find the unique matrix K that achieves these pole locations and prevents
initial conditions on the uncontrollable part of the system from ever
affecting the controllable part. 20

I 1 GT& T /RIS (3TH) FW H Wo To 3o &1 ITANT GHEY |

gen-ways 8085 # faftm sr=afte 8-fae aun 16-fae afdswil i it Fifvm sk =8
i 3 S 6 PA-+ 8-fae afssal gfia A faftm erRel 3 16-fae vosht i @
FH F T 8

Explain the use of MAR in interfacing the external memory to processor.

Name various 8-bit and 16-bit internal registers in microprocessor 8085
and also, indicate which 8-bit registers can be paired to act as 16-bit
register in several instructions. 10

YEH-gaus 8085 + faftm wwnis#i (3evem) #t wedt g mufwar % #n # gefiag
Fifre | TrE Al 7% 370 @ 9 9 (W) -g3eTsfia § 3R |9 w-gaeie §)

qugTsy 6 TRAP i @ (F7ast) stosmeaan (3RREY) 31 smsisen! @ Same1 #41 2

T T TASE WHH @S % EETeE 1 FT IR B

MVI A, OB H
SIM

List various interrupts in microprocessor 8085 in order of decreasing
priority. Specify which of these are edge-sensitive and which are level-
sensitive.

Explain why TRAP is having good noise immunity as compared to other
interrupts.
What will be the action of running the given assembly program segment?

MVI A, OB H
SIM 20
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(b) TgER B sy § Aewdd UG F UeH F AW A whug M@ A yeiRia ¥ Wger wfie
e qen srma TN Fvee & fore Ly, R, 3R Q % WAl i o e
The values of the components in the Maxwell bridge for balance condition are
shown below in the circuit diagram. Write the balance equation and calculate
the values of L, Ry and Q for the unknown sample coil :

ST AT FuSet

s (Unknown
*\, sample coil)

s
s
’

R, = 1K6

5VAC '\D
100 Hz

R4 = S500E

C3 =02 MF 20
(c) TaF % e gF F T A g AR Rl & Tl % d6a vare sora (Ree vl 7m%) %
I 3101 %o\ C(s) / R(s) 1 9H I HIRIG :
Determine the transfer function C(s)/R(s) for the signal flow graph of the
system shown below using Mason’s gain formula :
R(s) Gy(s) Ga(s) Gs(s) Gals) c(s)
10
-1
@Uis—B / SECTION—B
5. (@ R wha-wen G0 o gt R, fed W g 9w # 2 om Bew & 9
e T fed’ Ggw T d 4 cm B ¥ QA T10w B1 @ THA-Sen TR0 AR H Wb
Jd iﬁﬁl'q s
Determine the inductance of a single-phase transmission line consisting of
three conductors of 2 cm radii in the ‘go’ conductor and two conductors of
4 cm radii in the ‘return’ conductor as shown in the figure below :
j—6m—>
FOr « Oy
4 m 4 m
f-O» 5Ot
4m T e
l (Composite conductor)
___Qc B
HH ATH
(Composite conductor)
A 10
CRNA-S-ELTE/13 7
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(b) = o= % = B=fm (feaa) s fem w1 deaeg sia ot ™ 2 ffe west ¥

(c)

(@)

(e)

IFgAaT Td wiaend sft o & weffa fibg €1 0-9 wvwa e I W 60 MW #1 T WR
66 kV & I3 (FIRIA), & 60 kV W &9C W@ oM R, ¥ Fiswifya S smar 2
FeaIfereh A il TRy dieeal Fra HIY ;

The schematic diagram of a radial transmission system is shown in the figure
below. The ratings and reactances of various components are shown therein. A
load of 60 MW at 0-9 power factor lagging is tapped from 66 kV substation
which is to be maintained at 60 kV. Calculate the terminal voltage of the
synchronous generator :

11/220 kV 220/66 kV
g 60 kV
Ss | g j100 @ é
14 v, Y60 MW
100 MVA 100 MVA 0-9 W¥aT Itk oI
X=12% X=10% (pf lagging)

9 TF gy foaes & dud faem B @, @ qRuy fees § o ¥ wow da 2w
e w27 wwese) iy @ P dieedr, gy e ¥ 998 F SIR-9R Naa @ guia
% WG el deed & fag wh e ) (wm o B e w1 =ga gea @
9-Hufdhd R)

Explain how arc is initiated and sustained in a circuit breaker when the circuit
breaker contact separates. Also, derive an expression for the restriking voltage

in terms of system voltage, inductance and capacitance, across the circuit
breaker contacts. (Assume that the neutral of the system is solidly grounded)

weftia i 6w sramm wfeas (Fies) F a1y widwm IR F @t w5 7 o
%ZA%pi%Bm‘é’n,ﬁﬁAi, ial 9g FR B AW p,, Fifae wha (fewet) & smam &

id AqUd § Y S iR @1 W e o e s A, fifae @%a % gae (ceaeeia)
1 g = R
Show that, with a non-uniform quantizer, the mean square value of the

quantization error is approximately equal to 1-15 ZA,Z p;, where A; is the ith step
i

size and p; is the probability that the input signal amplitude lies within the ith

interval. Assume that the step size A; is small compared with the excursion of

the input signal.

g Hifs & o e @ve F2 & wms g & Fordt geage & wft alkwl =1 f&Em
M Tl @ U 9 Fagm U veng=y % fou omw B R

Prove that all vectors in the same coset have the same syndrome that is unique
to that coset in the standard array for any linear block code.
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6.

(@)

(b)

Th f-%ell, 50 Hz H<RY @ 400 km o= #) 38% Y91 R W dieea 220 kv 3
HE A F WA r =0-125Q/km, x=0-4 Q/km 791 y=2-8x10"° mho/km
g

() I R R um v e R dieea I i, w9 g o w RE AR T 9
e fory T aftommt w ot i)

(i) RO AT B SAferkan g s T A, Rl s /R w yE-aR e
230 kV ¥ 3fe 7 21|

(i) Afrha g AT IR I A, e T=-9R Aeed 250 kv A i T A

A three-phase, 50 Hz transmission line is 400 km long. The voltage at the
sending end is 220 kV. The line parameters are r =0-125Q/km, x =0-4 Q/km
and y=2-8x10"% mho/km.

() Find the sending-end current and receiving-end voltage when there is
no load on the line. Comment on the result.

(i) Find the maximum permissible line length if the receiving-end no-load
voltage is not to exceed 230 kV.

(i) Find the maximum permissible line frequency if the no-load voltage is not
to exceed 250 kV.

() 11 kV, 25 MVA % 3 -, am-waifa 99 G, ok G, aamim 8 § yaifera
&1 eI S % T, e T I IEH SR S jO- 09 pu, j0-05 pu
T jO-04 pu &1 T S % Rl w wF e A wrsee 4w ufed € 21 Aw-um pu d
T ETH Y R, % R-UR deed pu # 70 HR) 7 i f Faa wte G,
&1 Jgel, R, =1Q % Wferiue g s )

Two 11 kV, 25 MVA, three-phase, star-connected generators G, and G,
operate in parallel. The positive, negative and zero sequence reactances of
each generator are jO-09 pu, jO-05 pu and jO-04 pu respectively. A
single line to ground fault occurs at the terminals of one of the generators.
Find the fault current in pu. Also, find the voltage across the grounding
resistor R, in pu. Assume that the neutral of only generator G is
grounded through a resistor R, =1Q.

() 50 Hz, 11 kV & yHulHd Jga a1t U fi-hen goasmifers st &1 whiwm 4 /%
(ﬂm)%wwm—mmméwgm%lw-ﬁﬁw@ﬁﬁaﬁsﬁs
|E GuTRa 0- 02 uF fd % B wfeda = S¥fera fen <1 @ 21 wios-Rees %
HUS % AR-YR fFan dced], Aeushiiers e F maf o Aed F uon Rrm 0
GA:Yedl aieed! & eq i 3fga &t 3 Hifvg

A 50 Hz, 11 kV, three-phase synchronous generator with earthed neutral
has a reactance of 4 Q/phase and is connected to a busbar through a

20

10
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circuit breaker (CB). The capacitance to earth for the CB and generator is
0-02 uF per phase, and resistance may be ignored. Find the maximum
voltage across the contacts of the circuit breaker, frequency of the
transient oscillation and the average rate of rise of restriking voltage up to

the first peak of the oscillation.

() n T3 anfim Ae, FFeh gwmo wRswa @9F €9 | ¢ ®, % QOH GEUE H &Ha

Fifvme| IR Al ) TE FEE < A, O GHaT =1 B

Find the capacity of the cascade connection of n binary symmetric channels

with the same crossover probability e. What is the capacity when the number of

channels goes to infinity?

7. (a) ﬁﬁaﬁam%muﬁéqﬁaﬁkﬂ%mﬁmwmw%:

Hiegen-2
AqSTh

F/F

F/F F/F

g (x
N

N
g (x)

(i) G AgHEA 11011 ... 37 e Fea Frim Fuifa Hifse)

(i) F2F % e g2 99 A w1 o A §2 98 F =@ 11011 ... § @ HF SFPEA
i | aRomd fofa 6 g o) & wm frim @ At

The figure below shows the encoder for a rate r =%, constraint length k=4

convolutional code :

Modulo-2

adder

F/F F/F

Input

F/F

g\ (x)
4

4 Output
g? (x)

(i) Determine the encoder output produced by the message sequence

11011 ... ,

CRNA-S-ELTE/13 10
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(@)

(b) (1)

(i)

Also, construct the code tree for the encoder. Trace the path through the
tree that corresponds to the message 11011 ... . Compare the resulting
output with that determined in (i).

wifeh St frebr # wr g % @ FeEm 6 s % ar F w@ay 3 wwemn) R
g T ezl e womeh @ A s o s

Explain in brief about the necessity of automatic load frequency control in
the power generating system. Draw the schematic diagram of load
frequency and voltage control regulators.

200 MW Td 400 MW & &1 S SR 0 § wemferd &1 Y 9R A 7of 9R o s7%
e & fFurd sfirem w: 4% @ 6% §1 9r 7 gu ¥ sifufEs =
W 50 Hz W ¥=Iierd 814 8, 600 MW %1 YR 3% Wed 6 WaR fyafa 8?39 R
R "Ta FebE gt w0 2t e v f sifefess oo w1 @ ik )

Two generators rated 200 MW and 400 MW are operating in parallel. The
droop characteristics of their governors are 4% and 6% respectively from
no load to full load. Assuming that the governors are operating at 50 Hz at
no load, how would a load of 600 MW be shared between them? What
would be the corresponding system frequency at this load? Assume free
governor operation.

(c) THo dto fo Hlo GEenadl F fafir wRi, T B2 T JHER F R § 989 § gz

Explain in brief about different types of HVDC links, their advantages and
disadvantages.

8. (o) TwfaRad & 3w dfvw .

Answer the following :

Q)

(i)

" 30 Slo TWo o it F A srg wg-umr Wy o1 =ew foaRaw au1 @
e o5 RREd Hfv) amrE: w@ fg 75 % wEw b R gm TR R w5
S feRa S 87

Write the recommended expression for time-current relationship of
standard IDMT relay and draw its characteristic curve. Why is this type of
relay commonly used for protection of electrical machines?

B wem & q-uwd qR (31 wiee) Fd B wfE T F R oy sEEn B
mwwwmwmammmm%mm
EIRIEIDRCEEIH

Draw the circuit arrangements for connecting earth fault relay in 3¢
supply and explain its working for core balance current transformer as
well as for three CT system.

20

10

10

10

20
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(b)) THEE R H W R Gl T B-mud (ae) @ERowomell #OWW o Eehd
r(t) = stt) + nlt) 3, & s(t) R T § wefifa ¥ W () To sge Mo wWo R, Frww ufith
ot e o Woa

2Hz
A s(t)

>t

0 1 2 3
(i) sit)d ghfera s (Rheex) 1 smam wfafsen smfa Hifse)
(i) <& FRaw st) |, @ gafea oaF w1 fFria sRea i)
(ii) t=3 R gAfra o9 % Foin w @ @ fade (Sfew) I Hifw)
(iv) A 3R N, % ber % ®9 § 3f A mirwa 7 Hifsm)

The received signal in a binary communication system that employs antipodal
signals is r(t) = s(t) + n(t), where s{t) is shown in the figure below and nf(f) is

AWGN with power spectral density %0- HE- :
~ z
A s(t)
A
0 1 2 3 i

(i) Sketch the impulse response of the filter matched to s(t).
(i) Sketch the output of the matched filter when the input is sff).

(iii) Determine the variance of the noise at the output of the matched filter at
t=3.

(iv) Determine the probability of error as a function of A and Nj. 20
(¢ ¥ w8 W Aol § 1:0 pu % Ffema A TR TR gL 0-5 pu T Tfau@ I TH S A
wmfa wft g wh wonel ) fRr-srmen wfe @ g A sfFE R s deea
1-20 pu W q1 4= 99 H dieeal A 1:0 pu T @I ™I R
Find the steady-state power limit of a system consisting of a generator having
equivalent reactance of 0-5 pu, connected to an infinite bus through a series
reactance of 1:0 pu. The terminal voltage of the generator is held at 1-20 pu
and the voltage of the infinite bus at 1-0 pu. 10
* % K
12 SS23—492
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