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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.

CRNA-S-ELTE/13 1 [P.T.O.



1.

@us—A / SECTION—A

(@) T S=-qm o= A= o § weRfa R) o= % forg sifteram weamafs (sfaaR) 40% aun firs

(b)

(c)

(d)

T 2 §he ®1 J =1 kg-m? HFd §L A a1 B % WA 6 701 AR ;

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 l~:g-m2 :

R(s) +

Cls)

X

mf»—-a

N

= wefifa 7 ¥ fou mfre stere smfaa i) TRfre forar areve WM +@ ge
K & 98 W 3a #ifve, s fae o= fér @) 9@ ofifve % K e R (arafas st &
=) ®

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) :

1
s2+2s+2

v
<

s+l

Yeq-gays 8085 * foy Guren 47w (el wgfeet) aen ufesm =% (7-R2W) wwifed
T TH 3T T Weria hiferg| afk Fees 3 MHz W FH R, @ UF 3w & o =gaan
a1 iy 9 FEEE THE il A A

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.

T Fueel i fqafa g % §9ER 100 pF &1 §91fe Siiga §8 10 MHz W 3igATied
TP ST @ @1 9H: 16 pF & WU % Wiy 3@l A STgfi W g fRn s R
Fuscll i guged faaka wuTRan aun WEa & 7 ) ToE Hifg )

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)

(@)

400 V T 28 A Hgfeid MR oM R W& UF wAfa Prvefia wonelt # 5@ o afenrdt i uw
Fusell I AT Feal § R FEH dieedl FSe Pl g A1 AT Hell b d= H FAIoA f
ST R}, 99 36H 9B 5 kW R IR dcean el F1 i aun fiad wensdi & i1 e Sg, @
Fad RYB & e @3 %1 va 3ma i) (ym Fveeh gumaq & R)

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)

4= o § e g gAien el wefifa 21 o 9@ wm I i, Red fog yomef fEr @
a1 3 95 Fawm f fRr-esmm IR 5% aF D

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

N

(b) GER-TEYF 8085 & forw v fou 7 wASE w1 W & WAF U F GWIAEY a1 IR qHIHS

3 MHz W %1t 8, @ 30 W0 F FEi994 § G916 g W 9l 9901 99 Y oA A
(srgeett % fo ufeen =t A dem desd & fou wferem % & d 2) -

LXI SP, 5000 H

LXI D, OOFS H

CALL SUBROUTINE 1
HLT

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

10

20

CRNA-S-ELTE/13 3 [ B.T.O:



TV qfeaT 9%
LXI 10
CALL 18
DCX D 6
MOV A, D 4
ORA E 4
JNZ 7/10 (Z=1 A 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

LXI D,

O0F9 H

CALL SUBROUTINE 1

HLT

SUBROUTINE 1

: DCX D

MOV A, D

ORA E

JNZ SUBROUTINE 1
RET

Instruction

Clock cycle

LXI
CALL
DCX D
MOV A, D
ORA E
JNZ
RET

10
18
6
4
4
7/10 (for Z=1 or 0)
10

20

(c) & ufy fagfa ywardt, fme sfedis 100 Q qon wardt o 2 R, A Aofen 3§ 200Q %

WR Wi F w9 24 dice ¥ GAfE fR T ) yRmYEn Oie 200 GN/m? R

120 MN/m? wfteet @

% R il dieear & 81 e afads it o Hifs)

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/mz. Calculate the change in output voltage due to the
applied stress of 120 MN/m?2. 10

CRNA-S-ELTE/13




30

(@) ()

(i)

92 o # v grvEey A F QeEES AE TR #) EE O 9ol % A0l § O
R gy R, 9o U S Hio A dio THo wHo He Wiz 3 gu 1 orwma wiady
R,., Tae® w197 e R, B/ A-B ¥ SIR-IR @M B| S 9=-91q (3%-3411) Fooi 2
3G ey Tl faflay) R A-B % 92 3¢ W@ g Ry # ffa 7 see w0
Do 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?

Rl‘/%ﬁ I A

qoi-4nrn s & auEisA & g ¥ % Aofien § wfedy # 7@ qn oof e e
forg (wfowra ), sl ¥wm W 100 Q sifka frn smem, s i) el S=28 w5
30 =10 5o 2 diee, I-THAT T 2 mA 1 AT Wiy 20 Q 7H i)

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) = wefdfa yoreht w fomm Fifeg

(i)
(ii)
(iii)

(iv)

0 16 0 0O 0
=_|-1-80 0|_ |0
X =
4 8 118" 1|®
0 0 3 -3 0
39 YTl % g WH @ 91a i)

=g yorrelt Y Fraefig qun sifgeef faurd ga i)

weitfa ity % FfHaw af K % W@ swe 9 @9, st woet 6 st =1 - 5,
-3, — 4, - 4 T GRYifa F|

I AR K 19 HI, S 3 gal & WE F AW e Yol & Ao w h
R vl R siw ® weE Sen @ wde U 3@ R

10

10
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Consider the system

(%)
(i)
(i)

(iv)

(¢ ()
(i1)

(i)
(i)

(i)

(i)

0 16 0 0 0

= [<1 =8 0 ol|. |0

*“la 8 1 15|**|1|"
0 0 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

HAIYH I TR TG § FRYE (3H) FW § TWo To Ao 1 I9AN FWTFY)

em-gaas 8085 # fafvm a=aftr 8- qun 16-fae afdswit = iftra $Hife 3k ==
i 3fra Aifore f - 8-fae wfssrat g S faftm srRel 3 16-fre woft $it T
FE F gl 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

qEm-wqIaE 8085 F fafvm vt (Fevew) #1 wedt g ol % w0 # gefag
Fifvr | Tre AR £ 78 § ¥ 9r (o) -vdeia § o 9 w-ddeha §)

qugTRy 6 TRAP #i @ (F7aw) sowreran (FfEY) 3 smivenl @ same1 #4181

Rw T w9 vEE @R F FEeE w1 w0 STE am?

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) e ey # dewdw ¥g F UeH F AR A wRey M@ A wefiid ®) @R wfem
faftay qen a1 g ueeh & g L, R, 3R Q F wrt 4 o Aife
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 Ly, Ry and Q for the unknown sample coil :

Lo, (Unknown

>\, sample coil)

~
s,
#

R, = 1K6

SVAC
100 Hz ﬂ)
R4 = S500E
C3=02uF 20
(c) War ¥ @ g@ F T A g AR weRfa @ yoneh % H%a yare sa (Rme el 1) &
oY o S C(s) / R(s) F1 7H I/ HIR :
Determine the transfer function C(s)/R(s) for the signal flow graph of the
system shown below using Mason’s gain formula :
RS G;[s} X G?;{s} X G3is} B G4(:) Cls)
10
B
@vs—B / SECTION—B
5. (@ R fE Tt Cha-Fe GO0 @A S S R, R W g 9o 7 2 om B % @A
1ew @ ‘Red vy 9o § 4 om s % A T §) 9 @A-Fen 90 A F A
14 i
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 :
«—6m—>
T"'@“ G'G'T
4 m 4 m
t-0r w0t
4m T g
l (Composite conductor)
---Oc B
T AAH
(Composite conductor)
A 10
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(b) = o # w O=fa (fegd) d=o fem 1 deeg s i ™ 2 fifte we=t ¥

()

(d)

(e)

sigaah @ giqurd st fom & wefifa frg o 1 0-9 v Witk P W 60 MW #1 TE R
66 kV % 3I9F3 (WaRIH), F@ 60 kV W &= @@ s §, ¥ Frewfaa e s 3
qeasHIicre AA il Sy dieedl J1a I

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
3k 2E [
© | % E j100 Q % E H
14} Vo Y 60 MW
100 MVA 100 MVA 0-9 we=al Ifek o
X=12% X=10% (pf lagging)

w9 T TRy fagies # @ed faem @ @, o iy e d ok 4 oy @ @ @@
i wa R7 wwemsw) iy @ P dieedr, gy e ¥ 998 F SR-9R Naa e guia
% WRE [yadl dieea % g wh v Pt (i 5 R w1 ge gea A
y-Tufdhd 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 $if 76 @ e wfoeas (Fes) & @19 S 3 F o1 mE w1 wm amm
éZA?pi%awm,a‘sTAi,iafqam%wpi,ﬁﬁuﬁam(ﬁma)%mﬁi

{4l U § 91 S h i @1 W i 7 ue s A, fifie @ F gae (wee)
& ger | =F R
Show that, with a non-uniform quantizer, the mean square value of the

quantization error is approximately equal to % ZA? 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 #ifs 6 foredt Yaw @ve g2 & wrs aregr & Tt weage & wft wRyl =1 g
A B ? vd 9 fgm 3w weeg=a % fa e dan 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.

CRNA-S-ELTE/13 8

10

10

10

10




6.

(a)

(b)

Th f-%cll, 50 Hz €001 @159 400 km ot 81 3% Y9v1 R W Sezar 220 kv 2
R WA & Wi r =0-125Q/km, x=0-4Q/km 1 y=2-8x10"® mho/km
2l

(i) 9o R ® uw wE sfemd R w dieear s i, @ g o woRE wr T 8
s forg g giommt @ fegef i)

(i) ﬁwmﬁaﬁwa@am@maﬁﬁq,ﬁ@ﬂm&ﬂmm—wm
230 kV @ 31fs 7 @)

(itj) AfrFH AT A P A o, R E-9R deea 250 kV @ it T 8

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.

() 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 % 2 fi-wen, au-waifim sfm G, it G, wmiw #w § y=ife
®1 9 S % TR, O T Y 3R 9T R 009 pu, j0-05 pu
T jO-04 pu ¥ Th 9 F Rl W wh @A A wee AW wled A ¥1 -9 pu A
T s 9o R, % AR-IR deed pu # wa Fifg) wm i B Faa st G,
& g, R, =1Q % v g1 sufda

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 & yHuHd 2gat 9 U fi-Fen goasmifers st &1 whimm 4 Q/#e
(1) & aon 7% wiww- oo 10 @wam @ o1 gen ¥ wRw-fr @ wte A g ¥
g Fuar 0-02 uF wfd ¥ | ey =1 NAfra fen s wshar 21 shoy-fEes &
Hh % F-UR HfFan deear, et deq H S U e % v R 9%
Qe dieedl % g 41 i < 31 Fifv

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.

(c) n R wnfim A, Feh gmo Wiwa @9F €9 @ e ?, & QOFE GEEA H gHar 9

Hfsr | afe Tt H g wE A I, 9@ eHa = e

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) :n%ﬁaﬁatr=%aﬂwﬁa‘u?im§k=4%¥iaamgemwaﬁmnm%:

Hiee-2
T

(i) G gEE 11011 ... 37 Taa fea Frim Faffa Hifem)

(i) FF % e 52 99 K @ oft A g2 38 F W@ 11011 ... | @@ A AgiEd
$ifsrg | afomrdt ffm A gan () % ww Frim @ A

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

convolutional code :

gt (x)
v
A T
g2 (x)

Modulo-2
adder _7;
, g (x)
b
> F/F F/F F/F m
Input A Output
g2 (x)

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

LI01 T s
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(ii)

(b) ()

(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).

wifth st Frm & wr smaf % wa: frm 6 smawss F 9R #§ 9oy 3§ ) u)
g T deear o yoneht 1 s s st 7

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 T 400 MW & &1 S G %0 § weferd &1 Y 9R A 7of o) o s7%
sAfufRE % furd sfirsm Fmm: 4% @ 6% §1 7 T gy afufrEs = aw
W 50 Hz W y=Iferd 84 €, 600 MW &1 YR $7% 724 e war fafa 8?7 38 )
R wTa febr s #n dft? wm ohfs f sifufvdss g w1 @ ik 2

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) Tae dlo Lo Hio gEenaii % faftm yari, 376 v T JHER F aR § 94y § wHwmEy)

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

8. (a) Tm=fafaa % 3w difte .
Answer the following :

(i

(i)

A 3R Slo THo Ao Rl & fon srgw=r wvg-umn gy &1 =wswrs faflau awr saa
anefor a SREa Hifsrg | wmrE: w@i fagg 469 % wem % R 5 R 6 RS
s foran 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?

- wem & y-uud qR (3 wiez) fA B wE FA F R wRey sgeEn B
sfd HIfT a $R Fged u wRonfie 7 ar aRonfe T ¥ R s
Frfafy gagmge)

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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() TEdEA wHA H WM FA G TF R-ud (aH) FERoyonell W G
r(t) = slt) + n(t) 3, &l s(t) 2 Fm § weRia ¥ 3 () T s=ge Ao wo R, Fww ufw
WW&F—%:

2 Hz
A s(t)

o i

0 1 2 3
() sit) @ ghfeia oo (fheer) $it smam wfafen smfaa Hifsm)
(i) & FEaw s B, A gafea 9w w1 fFrfa smfga s
(i) t =3 Gfra o9 % Frig @ = fade (o) @ Hifw
(iv) A3 N, % b % w9 F R Fi mirwa y@ fifsw)

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

AWGN with power spectral density % f-l“i :
- z
A s(t)
A
0 1 2 3 £

(i) Sketch the impulse response of the filter matched to s{t).

(i) Sketch the output of the matched filter when the input is s(t).

(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

(c) oFd @@ W Aoft § 1-0 pu F ¥REma A B R T 0-5 pu T YuW I T I+ F
wfea =t g woweh i fRr-srEen whe @ @ fifw) sFE A s deea
120 pu W T 3= 9@ F dieeal B 1-0 pu W W@ T 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
*
12 SS23—492
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