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ELECTRICAL ENGINEERING 

Paper-11 

I Time Allowed Three Hours I I Maximum Marks 300 I 

INSTRUCTIONS 

Each question is printed both in Hindi and in English. 

Answers must be written in the medium specified in the 
Admission Certificate issued to you, which must be stated 

clearly on the cover of the answer-book in the space 

provided for the purpose. No marks will be given for the 

answers written in a medium other than that specified in 
the Admission Certificate. 

Candidates should attempt Question Nos. 1 and 5, which 
are compulsory, and any three of the remaining questions 
selecting at least one question from each Section 

All questions carry equal marks. 

Marks assigned to each part of the question are indicated at 

the end of the respective part. 

Ass:.Lrne suitable data, if considered necessary and indicate 
the same clearly. 

Symbols/ notations carry usual meanings, unless otherwise 
indicated. 

Important Note : Whenever a question is being attempted, 
all its parts/ sub-parts must be attempted contiguously. This 
means that before mov1:ng on to the next question to be 
attempted, candidates must finish attempting all parts/ 
sub-parts of the previous question attempted. This is to be 

strictly followed. 

Pages left blank in the answer-book are to be clearly struck 
out in ink. Any answers that follow pages left blank may not 

be given credit. 
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Section-A 

1. (a) IdentifY the correctness of the following 
statements. JustifY your answers 

(b) 

(i) The root locus gives idea about 
system's tra!'lsient behaviour. 3 

(ii) For an inherently stable second-
order system, all the coefficients of 
characteristic equation are of the 
same sign. 4 

(iii) A critically damped system has 
sustained oscillations. 3 

{i) ln 8085 microprocessor, what iS 
the advantage of multiplexing the 
address bus with a data bus? 

(ii) Write an assembly level program of 
8085 microprocessor to exchange 
the contents of DE register pan 
with that of HL register pair, using 

5 

only PUSH-POP instructions. 5 

(c) {i) The transfer function of a thermo-
couple relating output voltage to 
temperature is given by 

0·625x!0-4 V 

s+0·125 'C 

Put the transfer function m 
standard format and find the values 
of characterising parameters of the 
thennocou ple. 
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1. ("'fi) f-1"'1R1f&o omi\ oF\ ｾ＠ 3&rf.lm ｾ＠ 1 

31'8 :M\ q;j ｾ＠ .n ｾ＠ . 

(i) ｾ＠ ｾｾＬ＠ ｾ＠ it ｾｐＱＧｦ＾ｬｦｦｬＧｦ＾＠ ｾ＠ oF\ 
ｾｴｯｬｾｬ＠ 3 

(ii) 1('-li ｾ＠ ｾ＠ fuft'l 'fiW: ｩｴｾ＠ it fu". 
31f'1c'll"Jf0rq; ａｾｬＧｦｩＨｏｉ＠ it "A>fl ｾ＠ Bl1R 

ｾｩｴｩＡｈＱ＠ 4 

(iii) 1('-li ｾ＠ ｾ＠ ｾ＠ i\ 31fcml ｾ＠ im 
ｾｉ＠ 3 

(13) (i) 8085 ａｬＮｬｦ＾ｬＡ［ｬｾｭ＠ i\, '«<T qu <it ｾ＠ qu 

i\ ｾ＠ <!i1 '-F!T i'1T"! ｾＷ＠ 5 

(ii) ｾ＠ ＼［ｔｯｾＭｾ＠ (PUSH-POP) ｾ＠ '!i1 

>f'iTrT ｾ＠ ｾ＠ 8085 ａｬＮｬｦ＾ｬｾｬｾａ｜＠ it fu". 
DE ｾ＠ ｾ＠ it f.rt%<i\ '!i1 HL ｾ＠

ｾ＠ it f.rt%<i\ i\ ｾ＠ it fu"Q, 1('-li ｾ＠

«f( >it!:rr11 ｾｉ＠ 5 

(lJ) (i) ＨＱＱｱｾＧＨﾣＨＱ＠ 'r'l it ｾ＠ 'RR, ;;f) f.'rf<r 
ｾ＠ it ｾｴＡ＠ <it <W! i\ fum<rr ｾＬ＠ <it 
f.n=l ｾ＠ i\ 01l"ffi Wn OIT(1l ｾ＠ • 

0·625xl0-4 V 

s+0·125 oc 

ｾ＠ 'RR <it llHi!i ｾ＠ i\ ｾ＠ ｾ＠
(f4] ｾ＠ 'r'l it 31f'1c'll"Jf0rq; ｾ＠ it l1T'i\ 

＼ｩ｜ｾｾＱ＠
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Determine the thermocouple output 
voltage at t ｾ＠ 8 s, when the thermo-
couple kept at ambient temperature 
of 20 'C at t ｾ＠ 0 sis taken to a water 
bath kept at 80 'C. ＳＫＴｾＷ＠

(ii) Comment upon 1inearity' and 
'sensitivity' of thermistors m 
comparison to thermocouples. 2 

(iii) Why is 'lead wire compensation' not 
required for thermistors? 1 

(d) (i) What is the impedance of the ideal 
load connected to an HVAC trans-
mission line? 

(ii) What is the nature of the load of an 
HV AC transmission line by itself, 
capacitive or inductive? 

(iii) Which electrical quantity measures 
the magnitude of electrical load 
in a system? What IS generally 
the nature of the load current, 
capacitive or inductive, m the 

2 

2 

power system? 2 

(iv) Under which condition IS the 
receiving-end voltage higher than 
the sending-end voltage in a trans-
mission line? Explain with the help 
of a phasor diagram. 4 

{e) Describe the essential features of 
protective relay. 10 
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t ｾ＠ 8 s 'l1: ｾ＠ "T'l oR f.'rrfll ｾ＠ lffi! 

ｾＬ＠ ＢｾＧＡ＠ ＼ｬｩｙｾＧＨＡ｣ｴ＠ "T"f <i\, filil t ｾ＠ 0 s 'l1: 

ｾ＠ (jjq 20 oc i\ nm lJ'lT t ｾ＠ 80 oc it; 
OfC1 ¥ i\ <'\ "'T'll "lf(jj ｾ＠ I 3+ Ｔｾ＠ 7 

(ii) ｾ＠ oA ｾＧ＠ om 'Wt-mn' oA 

ｾ＠ "T"f it WR1 'l1: fi;o.Juf\ ｾｉ＠ 2 

(iii) ｾ＠ it; ｾ＠ ﾷｾ＠ (IT( ｾＧ＠ oR 

:>11i1WMI 'f'it 'ltf -&<f\ ｾ＿＠ 1 

(<l) (i) HV AC ｾＮ＠ ｾ＠ it ｾ＠ ｾ＠ ills <it 
ｾ＠ 'l1: 'f'll ｾｭ＠ -&<ft ｾ＿＠ 2 

(ii) HV AC ｾ＠ ｾ＠ it; m it; ills 'liT ｾ＠

*m i\m t mfurr 'liT 'lT ｾ＠ 'liJ? 2 

(iii) fif;ffi <i':! i\ ｾ＠ ills oR lll>T <it 'lJ1f.l it; 

ｾ＠ ｾ＠ -m ｾ＠ nro 'liT >r<i'm iRrr ｾ＿＠
'ITfffi <i':! i\ =, ills mn 'liT ｾ＠ *m i\m 
t mfurr 'liT 'lT ｾ＠ 'liT? 2 

(iv) ｾ＠ ｾ＠ ｾ＠ i\ ｾ＠ ｾ＠ i\ m 1m 
oA ｾＬ＠ m 1m oA ｾｩｴ＠ 31fuq; 

-&<ft ｾ＿＠ ｾ＠ ｾ＠ 311& oR BOl'«lT it CI.JT&IT 

ｾｉ＠ 4 
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If) (i) A binary PCM system uses a 
uniform quantizer and an 8-bit 
binary encoder. If the bit rate is 
100 Mbfs, what 1s the maximum 
bandwidth for which the system 
operates satisfactorily? Determine 
the output signal to quantization 
ratio when full-load sinusoidal 
modulating wave of frequency 
I MHz is applied to the input. 5 

(ii) A discrete memoryless source is 
described by the alphabet 
ｘｾｻｸ Ｑ Ｌｸ Ｒ Ｌ＠ ···,x8 } and the corre-
sponding probability vector 

ｐｾｻＰﾷＲＬ＠ 0·12, 0·06, 0·15, 0·07, 0·1, 0·13, 017} 

Design a Huffman code for this 
source; find L, the average code-
word length for the Huffman code; 
and determine the efficiency of 
ｩｬｩ･ｯｯｾＮ＠ 5 

2. (a) For the control system, shown in the 
following figure, determine the steady-
state error for a unit step input in terms 
of K and K 1, where ｅ｛ｳＩｾｒＨｳＩＭｃ｛ｳＩＮ＠
Determine the value of K 1, when steady-
state error is zero 20 

R(s) 
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("i) (i) 1% "fu-:mo.nt\ PCM ci> ＼ｊＺｩｨ｜ＱｾＱＧＱ＠ ｾ＠ <r>n 

8-foR "fu -:mo.nt\ 'F'l 'liT ｾ＠ 'li"((1T % I 'fR 

foR <::"( 100 Mb/s %, Oil <i> ｾ＠ ｾ＠
ｾ＠ ｾ＠ ｾ＠ 31f'-l'!i(!11 ｾ＠ - ＼ｾｭ＠ %? 
"fil 1 MHz ｾ＠ oli\ ｾ＠ -'ffi ＢＢＧｉﾫｊＺｩｾ＠

ｾ＠ <WT f.rir.n 'R wft tit, Oil f.rt>l W\;cr 

'liT 'lil"'lif>(UI B ｾｾｾｉ＠ 5 

(ii) 1% ｾ＠ ｾＭＭＮｦｵＡ＠ m-er, 318R 

X={x 1, x 2 , ··, x 8 } (I'll ｾ＠

ｾｬｦＴｩｨｩＢｬｬ＠ ｾ＠

?={0·2, 0·12, 0·06, 0·15, 0·07, 0·1, 0·13, 0·17} 

if arm "ihn %1 

ｾｭＭｯｾｾｾＧｪｪ＿ＺＧｬｩｬｾｾｬ＠

ｾＧｆｾｾ＠ 31'rw! Ｇｆｾｯｬｩ｜ｾ＠ I 
ｾｾｉ＠ 'jj?: ofi1 "1\l(!T ｾｾｉ＠ 5 

2. ("if>) oftit ｾ＠ TDJ; m ｾ＠ f.riluT <i> 11, ｾ＠ '!<: f.rir.n 
ｾ＠ ｾＮ＠ K o'll K 1 ｾ＠ ｾ＠ i\, ｾ＠ w.mr ffi_ 
ｾ＠ ｾＮ＠ ｾ＠ E (s) = R(s)- C(s) %I "fil 

ｾ＠ w.mr ffi_ 'iF tit, Oil K 1 'liT l1R ｾ＠

ｾ＠ ' 20 

R(s) 
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(b) A three-phase, 66 kV 1 11 kV transformer 
is connected in star 1 delta. The trans-
former 1s protected by Merz-Price 
circulating current system. Protecting 
current transformers on the low-voltage 
side have a ratio of 250 I 5. Find the 
ratio of the current transformer on the 
high-voltage side. 20 

(c) For 8085 microprocessor, explain the 
CALL instruction, showing the details of 
main memory and stack. 20 

3. (a) (i) Draw power triangles showing the 
three types of power and their units 
for-

( 1) inductive loads; 

(2) capacitive loads. 10 

(ii) A single-phase, 240 V a.c. voltage 
is applied to a series circuit whose 
impedance is 10L60° Q. Find R, X, P 
and Q, and also the power factor of 
the circuit. 10 

(b) The equivalent model of a piezoelectrical 
crystal is shown below : 

(i) Derive the transfer function relating 
output voltage (V

0
) to input 

displacement (x, ). Arrange it in 
standard form and identify the 

F-DTN-M-FMFB/ 12 8 
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(&) ｾ＠ <IR-<m'!T, 66 kV I 11 kV qf(UIIiitl (IT()/ 
ｾ＠ i\ ｾｾｉ＠ qf(UIIIi'l> ｬｩＧｩｦＭｾ＠ ｾ＠ 'f.lTU 

cf:l i\ ｾＱｊＨｬ＠ ｾｉ＠ wm 'f.lTD qf(UIIIi'l> 'if; 

ｦＮＧｮＺ［ＡＭｾ＠ ｾＧｬｩｔｾ＠ 250/5 tmrr ｾｉ＠ 'f.lTD 

qf\OIIIi'l> 'liT ｾＭｾ＠ ｾ＠ i\ ｾ＠ liTO 

ｾｉ＠ 20 

(lJ) ｾ＠ ｾ＠ (f<!1 "*" 'liT ｾ＠ ｾ＠ Sl( 8085 

ｾＱＤｩＧｴ＾ｬＡ＼ｩｩＱ＼ｈ＠ ｩｦ［ｾ＠ ｃａｌｌｾ＠ 'liT <l1lh ｾｉ＠ 20 

3. (iii) (i) <fR "5rifiT( if; 'l1fui C!"'T ::Hif; ll"R'!i ｾ＠ Sl( 

'l1fui ｦＡｾ＠ 'fi't f.11•=1 f<:1 fuJ d 'if; ｾ＠ ｾ＠ : 1 0 

(1) ｭｾ＠

(2) ｭｬｴｮｾ＠

(ii) ｾ＠ ｾＭ＼ｭＧＡｔＬ＠ 240 v ｾ＠ = ｾ＠
ｾｩｬｵｦ｜ｾｩＡｾＪｴｾＥＬｾ＠

ｾ＠ 10L60o Q ｾｉ＠ R, X, P (f<!1 Q liTO 

ｾｾｾＧｬｩｬＧｬＡｦｵｩｾｭｾＱ＠ 1o 

(&) ""'- ｾ＠ ｾ＠ 'liT ｾ＠ ¥'< ｾ＠ -;fRt furr:rr 
lJ'lT ｾ＠ : 

(i) f.\Ttil ｾ＠ (V0 ) 'liT f.iim W"'T'R (x;) 

il ｾ＠ ｾ＠ Sl( '-"4 1'{1(01 '!i<'R ｾ＠

ｾｉ＠ ｾ＠ l1T'f'!i ""1 ij ｾ＠ ｾ＠ 'l 
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expression for characterising para-
meters. The charge developed in 
piezoelectric crystal is related to xi 

by a constant kq. 10 

(ii) "Piezoelectric transducers cannot 
be used to measure static 
displacement." Comment upon the 
statement. State the reason based 
on the transfer function derived in 
Part (i). 2 

(iii) If the lower range of frequency 
for displacement measurement is 
5 kHz with 5% inaccuracy, what is 
the lower range of frequency for 
2% inaccuracy? 8 

(c) (i) Explain ASK, FSK and PSK 
modulation schemes used for 
transmitting the data. Draw clearly 
the block diagram for coherent 
detection and non-coherent detec-
tion of FSK modulation scheme. 10 

(ii) A (6, 3) systematic linear block 
code encodes the information 
sequence X= (x" x 2 , x 3 ) into code 
word C = (c1, c2 , c3 , c4 , c5 , c6 ) such 
that c4 is a parity check on c1 and 
c2 , to make the overall parity even, 
i.e., c1 ® c2 ® c4 = 0. Similarly c5 is 
a parity check on c2 and c3 , and c 6 
is a parity check on c1 and c3 . 

( 1) Determine the generator matrix 
of this code. 

F-DTN-M-FMFB/12 10 
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ｾＧＱ＼ＧＱＱｾ＠ ｾ＠ if; -,m; >m! ｾｉ＠

＼ＺＡＧＡＭｾ＠ ｾ＠ i! = ｾ＠ X; B 1l;'fi 

ｾ＠ kq "[IU ｷＺ＼ｲｦＮＧｴﾫｾ＠ ｾｉ＠ 10 

(ii) Ｂ＼ＺＡＧＡＭｾ＠ ＴｒｩｯｦｴｾＱ＠ '"' ｾ＠ ｾ＠ if; 

11J11'l ifi fu1< 'ltf m WIT Ｂｾｾ＠ """" u · 
ｾ＠ 'f;'<R 'R WGuft ｾ＠ I iffiU1 'fit 1WT (i) 

i! ｾ＠ ｾ＠ 'l><'R if; 3lTm1: 'R <='11! 

ｾｉ＠ 2 

(iii) <lR 5% ｾ＠ if; fu1< ｾ＠ 11J11'l if; 

• 'l>T f.rq 'Rffi 5kHz til, 0<1 2% 

ｾ＠ if; fu1< • '"' f.rq 'Rffi ｾ＠ i\Tn? 8 

('1) (i) ｾ＠ if; t<fuT if; fu1< ｾ＠ ASK, FSK 

({>.IT PSK ｾ＠ ｾ｡ｩｴ＠ 'fit <='11! ｾｉ＠

FSK ｾ＠ ｾ＠ if; fu1< ｾ＠ 01R ｾ＠
mrnm 01R ifi fu1< <='11! ｾ＠ 3009 ｾ＠ 1 1 o 

(ii) 1l;'li (6, 3) ｗ＼ｾ｀Ｎｲｯ＠ ｾ＠ ｾ＠ "'fits, ｾ＠

ｾ＠ X= (x1, x 2 , x 3 ) 'lit "'fits mG 

C = (c1, c2 , c3, c4 , c5, c6 ) i! ｾＭｾ＠
ｾ＠ >l'liR ｾ＠ ｾ＠ fif; c 4 , c1 ({>.IT c2 <lit 
WlR"dl 01R ｾ＠ forni\ WlfrT WlR"dl Bl! til 
ｾ＠ c1 63 c2 63 c4 = 0. ｾ＠ >l'liR c5 , c2 

({>.IT c 3 <lit WlR"dl 01R ｾ＠ ｾ＠ c6 , c1 ({>.IT 

c 3 <lit WlR"dl 01R ｾ＠ I 

(1) ｾＢＧｦｩｴｳＧｬ＾Ａｏｒｱ［ﾷｾｾｬ＠

F-DTN-M-FMFB/ 12 11 [ P.T.O. 
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(2) Find the parity check matrix for 
this code. 

(3) Using the parity check matrix, 
determine the minimum 
distance of this code. 

(4) How many errors of this code 
are capable of correcting? 10 

4. (a) (i) Under which different conditions a 
generator or a number of generators 
together may lose synchronism or 
fall out of step in an inter-
connected power system? Explain 
in brief. 10 

(ii) Relating the torque angle and 
the rotor angular displacement 
(electrical) of a synchronous 
generator, derive the 'swing 
equation' taking into consideration 
the inertia constant of the machine. 
Make suitable assumptions. 10 

(b) For an 8085 microprocessor, write an 
assembly level program to transfer the 
contents of the stack pointer register 
to the output ports A0 and A1. Write 
comments with selected instructions. 20 

(c) (i) Some control systems have more 
than one inputs applied at different 
points in the system. How do we 
find the response of such systems, 
using block diagram algebra? 
Illustrate your answer with the help 
of a simple example. 10 

F-DTN-M-FMFB/12 12 
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(2) ｾ＠ -,m ｩｩｩｾ＠ WlH(f[ ｾ＠ ｾ＠ mll 

ｾｉ＠

(3) WlH(f[ ｾ＠ ｾ＠ 'liT ｾ＠ q;f<\ S1( ｾ＠

ｱ［ｧ｣ＩｾｾｾＱ＠

(4) ｾｱ［ｧ｣Ｉｦ＼ｍｒｴｾＭｭｩ｜ｴｒｩｬｩｾｾ＿＠ 10 

4. ("<!i) (i) f'!;;r ｾ＠ ｾ＠ i\ 1% ｾ＠ ＳＱｾ＠

ｾ＠ 'liT B'lJI ｾ＠ tFi 'li I f0<1io I -@ ｾ＠ ｾ＠ <IT 

-il \16\'lklf.Omr ｾ＠ <i'l i\ ＱＥＭｾ＠ it 31WT it 
ｾｾＷＢ｜ｬｾｩ｜ｾｾＱ＠ 10 

(ii) "!J"!IfR iii ｾ＠ ｾ＠ <i\ t2lR i\ ｾ＠ S1( 

｜ｩ＼Ｂｾ＠ 'Iii <1 '1 ｾ＠ iii ｾ＠ 'fiiur (f'IT 00 
"i\uft<l ｾ＠ ＨｾＩ＠ i\ w<Pl ｾ＠ iii 
ｾ＠ ﾷｾ＠ ｜ＱｾｩＧｦｩＨｕｉＧ＠ <i\ ｾ＠ ｾｉ＠

ｾ＠ ｾ＠ l!R t'ftfu: I 10 

(<9) 1% 8085 ｾｬＤ＼ｩＩｾＱ＿ｬ｜ＱＨ＠ iii ｾＮ＠ "*" '["f''i ｾ＠

iii ｾ＠ <i\ f.'trfil ｾ＠ A 0 <1211 A 1 1.11: <'f "'f.t iii 
ｾＬ＠ 1% ｾ＠ «R Ji'r!wl ｾｉ＠ ｾ＠

ｾｭｦｵＺｱｵｦｴｾｾ＠ 20 

(1J) (iJ ｾ＠ f.l<i:luT -&;il i\ 1% it 31fqq; f.mr, <i'l iii 
W'ffi ｾ＠ 1.11: ｾ＠ itiT ｾｉ＠ ｾ＠ ｾ＠

<ifl"' >I fOld 'liT ｾ＠ q;f<\ S1( ｾ＠ <f;i\ c€) 

ｾ＠ Wl ｾ＠ mll q;f<\ ｾ＿＠ 1% B"l'IT{UT 

ｾ＠ ｾ＠ S1( 31'f.l Trl\ <i\ ｾ＠ ｾｉ＠ 1 0 
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(ii) For the block diagram representation 
of the figure shown below, determine 
the system characteristic equation. 
Is the system represented by this 
block diagram stable? 10 

Section-B 

5. (a) (i) What are the limitations of Routh, 
Hurwitz and continued fraction 
stability criteria when used for 
determining system stability? What 
is Nyquist analysis? Where is this 
technique used? 6 

(ii) Why are integral and derivative 
controllers not used in practice? 4 

(b) Can the 8085 microprocessor be 
interrupted before completion of 
existing Interrupt Service Subroutine 
(ISS)? Justify your answer. 10 

(c) (i) Draw the basic circuit of an analog 
series ohmmeter to measure an 
unknown resistance Rx. 

(ii) If the standard resistance and 
meter resistance add up to 20 kQ, 

and the battery is of 2·0 V, 
determine the instrument indication, 

3 

when Rx =0 Q. 2 
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!iiJ Ｍ［ｾｆｴ＠ ｾ＠ '11< m il O!IUi ｾ＠ 31fu9 ｾ＠ ｾＮ＠
<i";( ｾｾ＠ ｜ｩｾＧｬｩＧｦ＾Ｈｏｉ＠ ｾ＠ｾｉ＠ 'f'!T ｾ＠

ｾ＠ 31fu9 J;J(T O!IUi is! <"lT'f\ i? 1 0 

R(s) 

5. (<i>) (i} is! "<'1>1 ｾ＠ Jml q;f.t ｾ＠ ｾ＠ =· ｾ＠
om "(i(j(j :;W ｾ＠ f.lwiT <f;\ 'f'!T m.mi: 
i? ｾ＠ ｒｩｾｍｾＢｉ＠ 'f'!T i? ｾ＠ ｾ＠ "<'1>1 

ｾ＠ "i'f>ii fii;,n "'T<lT i 7 6 

(ii) ｾ＠ om ｾ＠ f.'l<iffi "<'1>1 ｾ＠ il 'l'i1 
ｾ＠ ｾ＠ "1>\i\ i? 4 

(19) 'f'!T fimt 8085 ａｉｾｓＡｍｩｩＧｬｭ＠ 'li\ ｾ＠ OIT"ll *'rr 

ｾ＠ (ISS) ｾｾｩｦＮ｜＠ B ｾ＠ <nfu<l fil;>n on 

W!>(fl i? 31"f.l 'N\ ｾ＠ ｾ＠ 'li\ ｾｉ＠ 1 0 

('1) (i) fimt ｾ＠ "S!fun'-l R X 'li\ ｾ＠ q;f.t ｾ＠ ｾ＠

'<'"" ｾ＠ iiMt 3ilAAIYi'f> "<'1>1 '@ ｾ＠

ｾｉ＠ 3 

(ii) 'If!: l1T'l"i'f> "S!fun'-l om llNi'f> "S!fun'-l ｾ＠ ｾ＠

"i'l 20 kQ 3fT\ ｾ＠ 2-ov "<'1>1 m. (1'1 

:Ni'f>(Ol "<'1>1 ｾ＠ ｾ＠ ｾＮ＠ ｾ＠ Rx ｾ＠ 0 Q. 2 
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(iii) What would be the resistance 
value marked for 0·5 FSD (full-scale 
deflection)? 2 

(iv) What component should be 
connected and in which way to take 
care of falling battery voltage? 1 

(v) When each time ohmmeter is used, 
what adjustment is recommended 
for accurate measurement? 

(d) (i) Define an electrical power grid m 

2 

one sentence. How is it achieved? 2 

(ii) Write four main advantages of the 
electrical power grid system. 2 

(iii) What is the purpose of installing a 
'reactor' at a suitable location on a 
long high-voltage a.c. transmission 
line? 2 

(iv) Write the full form of FACTS. 2 

(v) What are the advantages of 
'reactive power control' installed 
on the transmission lines? 2 

(e) What is circuit breaker rating? Explain 
the rated making capacity of a circuit 
breaker. ＵＫＵｾＱＰ＠
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('I) 

{iii} 0·5 1('lio ｾｯ＠ t\o ('r'f-'!1% fc!<'Jq) 

ｾ＠ i.l; ｾ＠ JriW'-l q;r lJR '1'11 ti\rrr? 2 

(iv) fimft ｾ＠ ｾ＠ ｾ＠ i.l; f.r<i:!uT i.l; ｾ＠

"!i'R-m 'Wf; ｾ＠ "ll<! wn ｾ＿＠ 1 

(v) ｾ＠ "iffi ＢｾＧＡ＠ Ｚ､Ｑｾ＠ ｾ＠ 1qih wltrT it<rr t (f<f 

<1211'4 l1l'<'! i.f; ｾ＠ fR:l ａｾｬｾｨＧｬ＠ <lit ｾ＠
<lit ｯｭｾ｜＠ ｾ＿＠ 2 

(i) 1l:ih 'lT'I'I i'\ ｾ＠ m m 'lil ｾ＠
ｾｉ＠ -.it ｾ＠ "!m! WIT ""'T((l ｾ＿＠ 2 

(ii) ｾ＠ m m cf::! i.l; "'R ｾ＠ ffi'1 '1'11 %7 2 

(iii) M ｾ＠ ＢｊｕｬＭｾ＠ ｾ＠ '-lRT ｾ＠

ｾ＠ i.l; 1l:ih ｾ＠ ｾ＠ "' ﾷｾｲ［Ｌｑｩ､ｩｨＧ＠ wTR 
q;r '1'11 ｾ＠ it<rr ｾ＿＠ 2 

(iv) 1('l>o ｾｯ＠ mo ilo ｾｯ＠ (FACTS) 'l>T 'r'f <"'! 

ｾｉ＠ 2 

(v) ｾｾＧﾫｾｗｉＺｾｾﾷｾ＠

m ｾＬ＠ i.l; '1'11 ffi'1 %? 2 

(::s-) ｾ＠ ｾ＠ f.t>.ffi '1'11 it<rr ｾ＿＠ M ＧｬｦｴｱＧｾ＠

ｾ＠ <lit f.'lmft! f.r<lfuT &11id1 q;r '1'11 31'4 ｾ＿＠
5+5=10 
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(f) (i) A convolutional encoder is given in 
the figure below 

Output 

(1) Find the impulse response of 
the encoder. 

(2) Find the output code word if 
the input sequence is all 1 's 
(111111 ... ). 5 

(ii) Determine the channel capacity of 
band-limited waveform AWGN 
channel with an input power 
constraint. 

6. (a) (i) What are the basic elements of a 
static relay? Describe the function 

5 

of each element. 12 

(ii) What are the advantages of static 
overcurrent relays over the electro-
magnetic form? 8 

(b) Draw a block schematic of an 8255-
programmable parallel I J 0 device, 
showing all elements and control word 
format. For mode 0 (simple input and 
output), determine the addresses of its 
ports and of the control register. Write 
a control word in the control register, 
when port A =output, port C u = output, 
port B =input and port CL = input. 20 
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('"') (i) ;fFt ｾ＠ Till; f,;;j ｾ＠ 1% ｾ＠ 'F- ｾ＠ "it 
WIT '1'11 ｾＺ＠

(1) ＧｆＭｾｯｬｩＧｴ＠ ｾ＠ ｾＧｬＧｬｬ＠ ｾＷ＠

(2) "l:lfu f.iiro ｾ＠ <1'ft 1 ｾ＠ (111111· .. ), 

"" f.rfq- ｾ＠ '<1«: 'l'lT ｾ＿＠ 5 

(ii) *s ｾ＠ ＼ｗＡＭｾ＠ AWGN ｾＮ＠ furil 
1l:'li f.iiro '!Tfu; ｾ＠ ｾＬ＠ oli't ｾ＠ ｾ＠

ｾｾｉ＠ 5 

6. (O!i) (i) 1l:'li ｾ＠ jlj\ if; "@ ｾ＠ 'l'lT ｾ＿＠ ｾ＠

ｾ＠ if; 'l>l'f 'fi1 quf;r ｾｉ＠ 12 

(ii) ｾ＠ :;:lfmnu jlj\ o1i't ｾＧｩＡＺｃｴＡｫｬ＼ＭｨＧｩｾ＠ <"l o1i't 

'lil!\ll 'l'lT <'!T'l ｾ＿＠ 8 

(>3) 1l:'li 8255-JiiJwft ^ＺＱｾＱＧＱｩｩｬＨ＠ 1/0 ｾ＠ q;] ｾ＠

ｾ＠ :m't& ｾＮ＠ furil <1'ft ｾ＠ om ｾ＠

'<1«: m fuiD<n '1'11 m I l1'ts 0 (Blm>:UT f.iiro 
om f.rm) if; fu11,, 3Wli ｾｯｭｾｾ＠
'fi1 '1ill ｾ＠ ｾ＠ I "101 iif(<li A = f.rm, iif(<li 

c u = f.rm, iif(<li B = f.iiro om iif(<li c L = f.iiro 
m, ＢＢｾｾｩｬＱｬＺＧｬｩｾＧｗＺｾｉ＠ 20 

F-DTN-M-FMFB/12 19 I P.T.O. 

www.examrace.com

Get Printed Study Notes for UPSC Exam - https://iasexamportal.com/notes

https://iasexamportal.com/study-kit
https://iasexamportal.com/ebook


{c) For the block diagram shown in the 
figure below, find the overall transfer 
function of the system. Verify the same, 

7. (a} 

using signal-flow graph analysis 20 

C(s) 

{i) Draw the circuit diagram for a single 
line to ground fault on an unloaded 
Y-connected generator with its 
neutral grounded through reactance. 
Also draw the connection for three 
symmetrical component sequence 
networks for this case showing the 
currents and voltages. 10 

{ii) A synchronous generator rated at 
100 MVA, 20 kV has ｘＢｾ＠ X 2 = 20% 
and X 0 = 5%. Its neutral is 
grounded through a reactor of 
0 · 32 Q. The generator is operating 
at rated voltage without load and 
is disconnected from the system 
when a single phase to ground 
fault occurs at its terminals. Find 
the sub-transient current m the 
faulted phase. 10 

(b) {i) Draw the neat sketch of OS! model. 
What is the significance of data link 
layer? Explain the flow-control and 
error-control mechanism. 10 
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l 

(TJ) -;fFt ｾ＠ '1'\ ｾ＠ ｾ＠ ｾ＠ fuv_, <i;! ｾ＠ BC!fTJ 

"'q 1'<1(0 I 'l>&l 'fi1 Wi! ｾ＠ I 00-ｾ＠ Jl14i 

fcpJjQOI 'li1 Jl"'l1TJ 'lifc\ ｾ＠ｾ＠ ef1Jirq(1 ｾ＠ ' 20 

7. ("ili) (i) "\% fiRT 'IT( q]C'f1 ｙＭｾ＠ ｾＮ＠ ｾ＠

ｾ＠ ｾ＠ B ｾ＠ ｾ＠ (['Ill firW\ "\% 

ｾ＠ B 't-i\q tit, ｾ＠ fuv. Ｇｩｦｴｱ＾ｾ＠ ｾ＠

ｾ＠ 1 mu (['Ill ｾ＠ '!i1 fu9Ti\ ｾ＠ｾ＠
wmr ｾ＠ Rv. -.ioi'T-1 '!i1 ｾＮ＠ flmil <lR 

ｾｾＳＱﾥＧｬｾｴｮｬ＠ 10 

(ii) "\% (jrl<"hlffl<"h ｾ＠ i\, ｾ＠ f.\@: 

100MVA, 20kV t ｘＢｾｘ Ｒ ｾＲＰＥ＠

o'-1! X o ｾ＠ 5% t I ｾ＠ ｾ＠ '-% 0 · 32 Q 

ｾ＠ ｾ＠ '[[U ｾ＠ ｾｉ＠ ｾ＠ f.\@: 

ｾ＠ '11: fiR! 'IT( ｾ＠ 1RT<'R '!0>: WI ｾ＠ o'-1! 

'Jf'! ｾ＠ ｾ＠ <n: ＱＺＨＧＰＰＭｾ＠ B '1.-i\q i\<11 
t 'lj) <i;! B ｾ＠ tit "'T"(1j ｾ＠ I i\q ｾ＠

ｾ＠ i\ ;jq-31rl<"hlfct<"h mu wa ｾｾ＠ 10 

(13) {i) "\% OS! ｾ＠ 'li1 ｾ＠ ｾ＠ ｾｉ＠

ｾ＠ _q;tt '11:"(1 'li1 'f!lT ｾ＠ ｾＷ＠ ｾＭ ｾ＠

o'-1! ｾＭ ｾ＠ Wnfi.l'foq 'fi1 <'ll'!' ｾ＠ I 1 0 
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(ii) Compute the CRC-4 character for 
the following message, using a 
modified divisor constant of 10011 : 

1100 0110 1011 01 

(c) The a.c. bridge circuit shown below 
is used to measure the excitation 
frequency of the source and the 
resistance Rx connected in arm CD 
of the bridge. Arm AB is parallel 
combination of R1 and ｾＬ＠ arm BC is 
fixed resistor R2 , arm AD is serial 
combination of R4 and C

4 

v ｾ＠s 

(i) Find the expression for the 

10 

unknown resistance R x at balance. 5 

(ii) Find the expression for unknown 
excitation frequency (w) at balance. 5 

(iii) If R1 = 200 Q, C1 = 1 J.IF, R2 = 400 Q, 

_S_ = 0. 5 and R4 = 2, find the value 
c4 Rl 
of Rx in kQ and frequency of 
excitation in kHz. 
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l 

(ii) -;ftit ｾ＠ ｾ＠ if; fuv.. mi\Wo ｾ＠
ｾ＠ 10011 ＢＧｩｔｾｾｾＮ＠ CRC-4 

31&11: <lit lJ1lRl ｾ＠ ' 1 0 

1100 0110 1011 01 

(TJ) :ftit fuswn TJ'!T a. c. ｾ＠ qftq>j '% 1iRI <lit ｾ＠
• (I'll Jffimoq R X • oil ｾ＠ <lit 'F1 CD i\ 
"¥.1 ｾＬ＠ if; llT'8 if; fuv_ ｾ＠ itoJ ｾ＠ I 'F! AB, 

R1 0'11 ｾ＠ "'iT B""'lT'01: ｾ＠ ｾ［＠ 'F! BC i\ 00 
lffimoq R2 t 'F! AD, R4 0'11 C4 "'iT JiMt 
ｾｾＧ＠

B 

v -' 

(i) R X if; fuv.. oil ;mno Jffimoq t '% ｾ＠

= ｾＮ＠ ""' ｾ＠ 'Rl -m 1 5 

(ii) ｾ＠ <lit ｾ＠ i\ ［ｭｮ＼ｾ＠ ｾ＠ • (m) 

if; fuv_ ｾ＠ 1l1l! ｾｉ＠ 5 

(iii) ｾ＠ R1 = 200 Q, ｾ＠ = 111F, 

R2 = 400 Q, _S_ = 0 · 5 0'11 R4 = 2 ｾＮ＠
c4 R1 

(10! R X "'iT l!R kQ i\ (I'll ｾ＠ • 

ｫｈｺｩ｜ｾｾＱ＠ 10 
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8. (a) What is the importance of testing of a 
circuit breaker? Explain different tests 
carried out to prove the ability of a 
circuit breaker. 8+ 12=20 

(b) (i) Bring out the salient points of 
relation between OM and DPCM. 
Draw the block diagram of delta 
modulator and demodulator. 8 

(c) 

(iij Find the capacity of an additive 
white Gaussian noise channel with 
a bandwidth I MHz, power 10 W 
and noise power spectral density 

No= 10-9 W/Hz 
2 

(iii) Explain cyclic codes. 

The circuit given below is 
three ideal operational 
(op-amp) : 

© 

R 

@ Rl 

Rg 

@ Rl 

R 

-
@ 

made by 
amplifiers 

R2 

{i) Identify the name of the circuit. 
Comment upon its CMRR in 

6 

6 

® 

comparison to op-amp. 2 
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0 

so ("q;) ｾ＠ ｾ＠ it W"ii"T OfiT <l'-lT ｾ＠ ｾ＿＠ 1('l> 

ｾｾ＼ｬｩｴｾｦｵＺＦｱ［ｦＮｴｩｴｾｾｾ＠

v2 

ｾ＠ 'lt\&11'il q?( <'11! ｾｉ＠ 8+ ＱＲｾＲＰ＠

(19) {i) DM (!'lT DPCM it ｾ＠ ｾ＠ it ｾ＠
:);&! ｾＺ､｜＠ OfiT :$g ｾｉ＠ ｾ＠ ｾ＠

il'-ll ｒｴｾｔﾧｃＢｩｩｬ＾＠ OfiT ｾ＠ 31it19 ｾｉ＠ 8 

(ii) 1(il> ｾ＠ Wo Tfrnft \<'! ｾＮ＠ ｾ＠ ｾ＠

ｾ＠ 1 MHz, m 10 W il'-ll \<'! '!Tfu; 

ｾ＠ ｾ＠ No ｾ＠ 10-9 WjHz ｾＮ＠ <lit 
' 2 

l\-l11ill i!1i1 ｾ＠ I 6 

(iii) ｾ＠ 'liTi\ q?( <'11! ｾｉ＠ 6 

('l) <fR ｾ＠ ｾ＠ｾ＠ (op-amp) -;rrn f.rtifu 
ｾｾｗｮＧｔＧｉｔｾＧ＠

R 

@ Rt 

Rg 

@ Rt 

R2 
R 

-
+ @ 

(i) -.n ｾ＠ it "'IT'! '!?t ｾ＠ ｾｉ＠ ｾ＠

CMRR <lit op -amp il WR1 1R Ro:rufi 

® 

ｾｉ＠ 2 
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(ii) Find the expressions for voltages at 
points@,@,@,@ and @. 10 

(iii) If V1 = 5 v and V2 = 5 · 05 v and 
Ve (voltage at point @) is 5 V, find 

the ratio of ..!!._ and R2 , when 
R9 R1 

overall gain is divided in the ratio of 
10 : 1 between first and second 
stage of the circuit. 
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(ii) ｾ＠ 'lfttl'-l ｩｴｾ＠ @, @, @, @ n'-ll @ 

o€1 ｾ＠ it fu1I. ｾ＠ >Ill! <t\fu: I 10 

(iii) ｾ＠ 'lfttl'-l it fu1I. ｾ＠ V1 = 5 v (f'-lT 

v2 = 5. 05 v 3i'n: ve Ｈｾ＠ @ 1:[\ ｾＩ＠

5 V it, (['! ｾ＠ .B._ (f'-lT R2 ｾ＠
R9 R1 

<t\fu:, ＢｾＧＡ＠ w:r!>T ｾ＠ 'lfttl'-l it = (f'-lT 

fufP:r '10 i\ 10 : 1 it ｾ＠ i\ fcrmm % 1 s 

*** 
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F-DTN-M-FMFB 

ｾＭｭｦＭＱＱ＠

ｾ＠ Jff.f fRI Jit< Jii'rCi(t "iRf if 'flT ｾｉ＠

!ff.il ｾ＠ JU< -mt - if fff& orR •• ｾ＠ qt& J7T'(if; JfflT-'T51 

if fWIT Tf'Jf ｾＮ＠ Jit< w - iN Pl!! qt& JU<-ｾ＠ ｾ＠ ']&-'PI 'R 

:;jfrnrr f.jfifu f'H'( 'R fWIT """' .I >fflr- 'T5I 'R ｾ＠ l/T!Z/11 ｾ＠

3f!iiftm 3Pr fitifr rrf!2rl1 if fff& Til.( JU< 'R 'litf Ji'f; #f fiRil I 
Jff.f "fi&lf 1 Jit< 5 ｾ＠ g I 'l7ift !ff.il if ft ｾ＠ &US ft "fii''-ft- "fiT! 

ｾ＠ Jff.f ｾ＠ frn'f{f rfl;r !ff.il ｾ＠ JU< ｾｉ＠

<nfl !ff.il ｾ＠ Ji'f; WfR g I 
!ff.il ｾ＠ ｾ＠ 'fT1T ｾ＠ fi'rr; ｾ＠ Ji'f;, ｾ＠ 'Wif ｾ＠ Jirr if ｾ＠ Til.( g I 
'lR ｾ＠ tiT, <it ｾ＠ ｾ＠ iN 'q<R ｾ＠ (f?.[f '3'f'ii f.jfifu 

ｾｉ＠

ｾ＠ Jit< -RinrRf ｾ＠ ｾ＠ mf g, ""l if'n 3PNf 'f 'fiOf Tf'Jf 1ft I 
Fcdtv f.tfu : 'IT! ｾ＠ ｾ＠ f'f; ""l 'lit fitifr Jff.f iN JU< it <-8 if, (f<f 

3<1 Jff.f ｾ＠ <nfl 'Wif /:Jrr- 'Wif ｾ＠ JU< m2T -m'-T if I WiN aM 'IT! ｾ＠ f't 
:writ Jff.f iN JU< ｾ＠ ｾ＠ ffrr; oWr <rifr ft '1! fum Jff.f ｾ＠ l'r'lit 
'Wif /:Jrr- 'Wif ｾ＠ JU< frliTfl 1ft ;;mfl W <mf iN ｾ＠ ft 3fJ'Wf ｾｉ＠
JU<-ｾ＠ if &Ti'ft ｾ＠ ｾ＠ '[if 'fit PITt/ ft Pl!! <Pl ft 'fiTZ ｾｉ＠ &T<'ft 
W ｾ＠ '[if ｾ＠ 'fR fff& ｾ＠ Trrif ｾ＠ Ji'f; 'f ｾ＠ ｾ＠ itm 1ft fi'FiifT ｾｉ＠

Note : English version of the Instructions is printed 
on the front cover of this question paper. 

www.examrace.com

Get Printed Study Notes for UPSC Exam - https://iasexamportal.com/notes

https://iasexamportal.com/study-kit
https://iasexamportal.com/ebook

