C. S. (MAIN) EXAM, 2009

Sl.No. 9299 C-DTN-J-FFA

ELECTRICAL ENGINEERING

Paper—I
Time Allowed : Three Hours Maximum Marks : 300
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
prouvided 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 guestion from each Section.

The number of marks carried by each
question is indicated at the end of the
question.

Assume suitable data if considered necessary
and indicate the same clearly.

Symbols/ notations carry thetr usual
meanings, unless otherwise indicated.
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(@)

(b)

Section—A

(i) The current

(it)

(iii)

i(t) = 2t OZtL1l
==-2t+4 1<t<?2
=1 otherwise

is passed through a capacitor of
0-5 farad. Find the expression for
the voltage across the capacitor in
the time interval 1 <t <?2.

In the circuit given below, A and
B are mutually coupled coils.
Determine coefficient of coupling K
between them so that the circuit is
in resonarnce.

A B
10 — K—
—A\— Al L.
—j 20 Jj8 J10

Three identical i1mpedances of
54 -30° ohms are connected in star
to a 3-phase, 4-wire, 400 volts
cba system. Express the current in
phase ‘a’ in phasor form, assuming
Ve as a reference phasor.

For the circuit shown in the figure,
assume B = hgz =100.

(i)

Find if the silicon transistor is in
cut-off, saturation or in the active
region.
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"Us—=ch

1. (F) () 9@

i(t) = 2t 0<t<l1
=-2t+4 1<t<?2
=0 A=

0-5 ¥Us * U@ ¥ Al 21 Fd
IAUA 1<t<2 H "urE it Ficeal &
fou =a== 3@ 1)

(ii) = f&a afgy 4, A 3R B v gfma
Fusferl 21 aftgy & g =it feafa 3§ am
* foru 39% g gma-oE K s 1)

a /\/ It (0 (o
—-j20 j8 Jj10

(iii) 52 -30° ohms @& dF THFAHA
ufdgamenatt &1 3-%8, 4-dr, 400 ez
cba 9gfd & arR Hil A& FST T 21 V.
F! Fdw ¥R AFd qC HH @’ § 9@
s ®9 H =476 Hill

(@) o3 d RRam ofwy & f&¢ B = hpy =100 "
Al

(i) F1a = & afass g 3= 4, g A
71 gfsa &3 7 2

10
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(ii) Find v,. 5
-10V

3V

(c) (i) Explain differential compounding of
a d.c. machine. S

(ii) Which type of compounding is not
commonly used? Why? Explain
with relevant characteristics for a
motor and a generator. 10

(d) (i) Explain the mathematical expres-
sions for statistical average, mean,
variance and correlation coefficient
of a random variable. 6

(ii) Explain, using analytical expres-

sions, stationarity, time averages
and ergodicity. 9

2. (a) (i) Using Fourier transforms, find the
impulse response of the system
described by the equation

y(t) + 3y(t) = x(t) + 3x(t)

where x is an input and y is an
output. 10
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2. (&)

(ii) v, F1d H|

(i) d.c. wF =1 A9 sufymor = S 2,
T |

(ii) fora a® w1 ATfsor G 3aEe d qE
FTar? 7 "X IR whm & fog gwfies
AfaEoT F GHTd |

(i) T Fgfess =X & wifcghg 3igdq, [,
Tl AR HEEErg TUNe Yel & g
TioTd T SRl W THHT |

(ii) Tawifes =g=i=t il O 4 I=Ldr, wA
ftad 3R erfaurEar 9ei =1 guHd|

(i) EFR A=Al HT TINT e GHIEHO
y(t) + 3y(f) = x(t) + 3x(t)
g aftfa faesw Y smaft s sma =)
it #§ x I g 3R y i 3

10

10
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(ii) Using =z transforms, obtain the
convolution sum of two sequences,
yn) = x,(n) * x,(n), where

xin)={1 2 -1 0 3}
X5 (n) = u(n)—-un-3)

u(n) is a unit step sequence. 10
(b) The figure below shows a divide-by-N
counter.
() Find N. Assume initial value of
Qo =1, QO =0 and Q, =0. 10
(i) Repeat Part (i), if initially Q, =1,
Q=0 and Q, =1 10

l

Jr Oz Ji O Jp Qo
Ck l—>Ck ‘ Ck
J_EKQ Qs I Ky, O Ko O
(c) () A d.c. series motor is powered
by a d.c. chopper. The armature
resistance is R, =0-03 ohm and
the field resistance Ry =0-05 ohm.
The back e.m.f. constant of the
motor is K, =15-27 mV/A-rad/s.
The average armature current
I, =450 A. The armature current
is continuous and has negligible
ripple. If the duty cycle of the
chopper is 75%, determine—
1. the input power from the source;
2. the equivalent input resistance
of chopper drive;
3. the motor speed. 10
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(ii) zEI+all 6l HEE ¥ S ITHAT T GaoH 1S,
y(n) = x;(n) * x5 (n), T8 &L, &

xM)={2 -1 0 3}
X5 () = u(n) —u(n —3)
u(n) TH THF T JATFA 2
(@) T o= T & w N-zro-favwss sever)

(i) N 31d | 9fE qAF Qy =1, Q; =0

3R Q, =0 #I

(ii) W (i) 1 S, A} i = Qy =1,
Q, =0 3R Q, =1 %I

Jn 02

l

[

Ck

-—1K )
Clocie lL 2 O
[ = +

Jy
Ck
K,

(&)

o)

[

i

Jo
Ck
Ky

Q

Q

() () S d.c. Foft AT W TH d.c. IF=URET
g we & M R
R, =0-03ochm 2, 23R == uftdw
R; =0-05 ohm 2| @ = faqdh
fae @t @mo f® K, =15-27 mV/
A-rad/s 2| 3ftgd IH=L 9T I, =450 A
T | IATH= 910 Had & 3R 398 710y S 2
gfe sFauf =1 & 9% 75% 2, 91 ¥4

Tl

1. Hia & aF=ris i,
2. FURE AEH w1 ged =rim wfadiy;

3. #re & 91 |
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(11)

Give the circuit of a single-phase
half-bridge inverter. Draw the load
current waveform for a highly

inductive load. Explain the purpose
of the feedback diodes.

3. (a) Construct circuits using diodes which
exhibit terminal characteristics as
shown in Part (i) and Part (ii) of the
figure below. Assume diodes to be ideal.

_Vl

AT I A
N

/oo

/

(b) (Y

(it)

>V
Vi

/ -1

Part (i) Part (ii)

Explain the phenomenon of
hunting in a synchronous machine.

A 3-phase, star-connected
alternator is rated at 1600 kVA,
13:5 kV. The effective armature
resistance and synchronous
reactance are 1-5 ohms and
30 ohms per phase respectively.
Find the regulation for a load of
1280 kW at rated voltage and 0-8
lagging power factor.

(c) A plane wave in free space (z<0) is
incident normally on a large block of
material with ¢, =12, pn, =3 and o =0

C-DTN-J-FFA/40 8
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(ii) THA-s IFH-Ug Ydigsh &1 99T 3| I
e @i & foe o amn atTey @il |
gAY S @ WS wHE |

(%) SIS &1 990 =k 9T & 9 (§) R 9 (i) °
femm o 2fifae sfirawon = g a gfget
& AT HL | SIS T 3TEH q1F o |

AT In
I, /
~v, /
>V >V
/ Vi
-Il

- 2580

ST (i) 07T (ii)

(@) (i) gogswites HIE H Sem "I
THSATY |

(i) T  3-%s, aRI-gEaifsa Sffeetdet
1600 kVA, 13-5 kV 9 fauffa 21 e
A= gfalty 3R gegaiforss wfaara w9
1-5 ohms 9fd %5 9 30 ohms ufd %=
2| fuif@ aeear 1 0-8 & ggmft =ik
o 9T TH 1280 kW @8 & oo fFama
T L

(1) Yo AalEd H U "HaS 9l (z < 0) fEdt gard
F TFH =92 soih W Aferaaq safad gt R,
Safte, =12, u, =3 @AM o =02 3R N

10

20

10

10
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which occupies z=>0. If the incident
electric field is

E =30cos(wt-2ja, V/m
determine—
(i) the standing wave ratio;
(ii) the reflected magnetic field.

[hg =4m x1077 H / m]|

4. (a) (i) For the circuit shown below,
determine the numerical value of i,
using nodal analysis. 12

Aer
J\}Q

05Q |
< 056 & 1 538
2V KI)

1A

=

(it) For the network shown below, write
mesh equations in vector-matrix
form for the loop currents i; and i,.

L,
m (0=

I DT

1>

Assume mutual inductances
between coils L; & L3 and coils
L, & Lz as M3 and My,
respectively.
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At A 2 z20. AR wmfia faga &=
E =30cos(wt-2a, V/m g, @ Id H—

(i) STSTHT GO 39T
(ii) wafda g=hE a7
Mo =4n x10~7 H/m] 20

4. (%) (i) = fcEE ofwy & fow i «1 g=TEs 9=
AT favewor § 3ma +:1| 12

\7a

A~ N~
—>
e “g 0s0< 1e<”  Of2v
1A
av’®

(i) =2 fewm aitgu-set # i) 9 i, @ e
* foru are gt @1 afdsr-smegg w9 4
ford |

v(t)j() D . D <R

Fusferat L, @91 L, & &fig 3K L, =
Ly & @9 31 Wahed &AM M, a9l
M,y WM W 8
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(b)

(c)

(1)

(ii)

(i)

(i)

How are choppers classified, based
on direction of current and voltage?
Indicate with v, -i; diagrams.

For a step-down chopper, derive an
expression for peak-to-peak ripple
current in terms of supply voltage
V., output voltage V,, frequency of
operation and inductance.

An AM wave
15[1+0-4cos2n102¢]-cos2n10°¢

is to be detected by a linear diode
detector.

1. Find the time constant, T.

2. Find the wvalue of R, if the
capacitor used is 100 pF.

An FM signal defined as
x.(0) = A, cos[mct + kf ,[_:, m(t) dt]

is applied to a high-pass RC filter,

where RC <{:l for o representing the
()

FM frequency band. Show if an

envelope detector after the filter can

demodulate the FM signal.
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(@) (i) diced 3 9w d &G F nur W swaaiEl
H1 T F FaT 27 v, -i, IN@ 4@

feamd | 8

(ii) TF I=ErEit I=uEs #§  firee-a-fRmay
FHbET g+ fou === =+ ugrh geean
Ve, Tia aSeear v, warem smafa awn
THed o 9al H Yod i 12

(M () Tw AM an
15[1+0-4cos2n10°¢-cos2m10°¢
® TF W e dgEs @ agtaa e
ST 2
1. = oo © a6

2. R &1 "9 F1d i, Ife wAifa guiE
100 pF 2| 8

(ii) & FM Hehd, I

x.(t) = A, cos[mct + ka m(t) dtjl

4 uftwifia 8, #1 ©F 39 Agf-9ns RC
1

e @ o wiran B, sl RC <=, o
@

FM 31gia @vg 1 sdamar 81 |ad, 91 U
THed HgaH, fheet & =@, FM d%d &

famigfera =t @=ar 21 12
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S.

(@)

(b)

(c)

(1)

(i)

(iii)

Section—B

Sketch the function

f(n)=un+4)-uln)

and express it as a sum of shifted
unit impulses. u(n) is a unit step
sequence.

A series RC circuit with R=1Q,
C=1F 1S excited by input
r(t) = e 2tu(t). Obtain the expression
for voltage across the capacitance
in time domain, using the impulse
response of the system.

Determine Laplace transform of the
function f(t) shown below.

for
2 _______

P

Realize a half-adder circuit using only
NOR gates.

With a neat circuit diagram, explain the
operation of a 180° variable half-wave
rectifier along with its gate trigger
circuit.
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us—d

5. () (i) ®eA
fn) =u(n+4)-un)
& @=F s 3 38 WE=Rd
AT & WAIg I dE =H Hil u(n) THEF
o FgEE 2 5

(i) T =oft RC ufwy, fS@d R=1Q,
C =1F, 3= r(t) = e 2 u() & 3uf¥a 21
TUTTE! AT ATAfeRaT 1 I ek, T
% YR Ficedl & o4l I UHG ST 7 °TH

Exd 5
(iii) = TE™ wa= f(f) F1 ATerE 9=l 9d
i | S
| fot
L ;
a S HR R =

(@) Faa NOR T2 1 WEIT &F UF 319-I919
qitqey =t gTH | 15

(1) ww uftgy @ | S 180° =X HH-au
gfElgs & g9Ted 9 39& 2 R ufgy =
Ear ¥ guHd | 15

C-DTN-J-FFA/40 15 [ P.T.O.




6.

(d) (1

Define the following : 2x5=10

Skin depth ; Intrinsic impedance ;
Phase velocity ; Group velocity ;
Surface impedance.

(ii) In a medium

E =16e79%*sin@2 x10%t-2x)a, V/m

(@) (U
(i1)
15 V+

Determine the skin depth.

{EO L 107 F‘/m}

L 36n 5
A Bridge-T network is made up of
four capacitances, each having
a value of 1 farad. Determine y
parameters of this network,
assuming that this Bridge-T
network can be treated as parallel
interconnection of two two-port
networks. 12
For the network shown below,
determine R; which will receive
maximum pOoOwWer. 8
5Q + A~ Rp
N %
101, 1 Q
M
M10 A ;
10V
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(=) () = & ogftym g 2%5=10

T METs ; A wfamnwn; %W aAm;
9 I ; Hdg Widardn|

(ii) T& "iEFH A
E =16e 9%*sin2x10%t-2xa, V/m

= TEUE AT
_por?
[EO_ 367 F/m] 5
6. (F) (i) T g T IOY-Iad 97 GuIiEt =1 540 2,
WU H AE 1 FUs B 39 gigy-are &
y W=El H FEA B, TE§ HAHEG Y TR T8
ag T 9igg-sel §t S1-912 9y -l
UL =414 2| 12
(ii) T ofme-sa & Ry, om w sifyesan
wifss UTH BT 2, F1d HiL 8
I 5 + - Ry,
"
3 105 1Q
15v () @®10a N
N ) 10V
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(b)

(c)

(1)

An n-p-n silicon transistor is used
in a common-collector circuit as
shown in the figure below. The
circuit component values are
Vee =3-0V, R, =1K, R, =R, =5K.
If B =44, find the quiescent point.

# Vec=3-0V

R, 5K

L
Ry £ 5K 'ERe:lK

(i) Three identical cascaded stages

(1)

(i)

have an overall upper 3-dB
frequency of 20 kHz and a lower
3-dB frequency of 20 Hz. What are
fr and f, of each stage? Assume
non-interacting stages.

Explain how a separately excited
d.c. generator and a d.c. shunt
generator be operated below the
knee of its magnetization curve.

A series motor has an armature
resistance of 07 ohm and field
resistance of 0-3 ohm. It takes a
current of 15 A from a 200 V supply
and runs at 800 r.p.m. Find the

C-DTN-J-FFA/40 18
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(@) (i) o3 ¥ fTEd ger s gh-sadet 9iay
¥ % npn e e = 2
qfqy-3Egdl &% A F—

e B =44 2, @ W= g @ w) 12

TVCC=3-OV
Ry % 5K

L
R"!%SK 2!?;11(

(i) dF TwEEE @O SAFeds # awy SH9d
3-dB Igfa 20 kHz #it 2 R fa=eh
3-dB 3mgfd 20 Hz &t 31 & & Aa&

F fy R f wTOE? EENA A
A=fHITER "1 o | 8

(M) (i) T 9uFa: IJfsa d.c. s 3R T d.c.
viz Sif 1 F FTEEFT 9% F P24 F A=
yaterd T siran 8, gusnd| 10

(ii) T oft Hrex # ami=w gfalw 07 ohm 2
3R &7 ufads 0-3 ohm 21 98 15 A &l
g0 200V F YT | ddr g 3R
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(@)

(b)

(1)

(ii)

speed at which it will run, when
connected in series with a 5-ohm
resistance and taking the same
current at the same supply voltage.

Design a combinational logic circuit
which produces an output equal to
‘1’ if the input variables have more
1’s in the sequence than 0’s. The
output is zero otherwise. Design the
circuit for three wvariable inputs.
Draw the realization.

The waveforms shown in the figure

below are applied to—

1. positive edge-triggered SR
flip-flop;

2. master-slave SR flip-flop.

Draw the output waveforms in each
case.

Clock
a b c d e f g h i J
R
(i) Distinguish between voltage-

(i)

controlled power devices and
current-controlled power devices
with examples.

What are the characteristic features
of a GTO in relation to a thyristor?
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800 r.p.m.mﬂﬂm%!ﬁaﬂ 5 ohm
¥ uferdy ¥ Ty Aoft § ST STan 2 3R 98
I 3 sgEr ad uw, I OWEE 9,
g dieear oft It B, @ar 2, 99 IEHI
a1 feRa-t grfi? 10

7. (F) (i) T Ggw ak ey F feemsa =, s
1’ ¥F Fuer frig gem w2, Ik sw=riH
=0 F 3gFEA A 1’s, O’s A a1 | Al
2| sy fofa 3= B aftay =1 fewga d=
= atEl ¥ e =t geasfie @i 10

(i) Tz 1 fm® atredt &t = |7 s T
2:
1. 99 ®-TR SR feau-vwia
2. UHE-IHHTEA (master-slave) SR

g -w=ITg
W U 9 ° frin qureda S dil=| 10
Clock L
a b ¢ d e f g h i j

R
@) (i) deea-fafa wis gieat 3 gu-fEta
wifts gfteat & e Sameor I 9 WAl 6

(ii) oot ¥ way # GTO i sifirenaien
farghoamd == 87 8
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(iti) Distinguish between the minimum
current required to turn-on a
thyristor and the minimum current
to keep the thyristor in conduction.
Explain with reference to the static
characteristics of a thyristor.

(c) (1) Explain sensitivity, selectivity,
fidelity and tracking in super-
heterodyne receiver with relevant
diagram.

(i) What is tracking error in super-
heterodyne receiver? How is
receiver aligned to achieve three-
point tracking?

(iit) Bring out the SSB spectrum with
modulating signal

m(t) = cos2nt 1500t + cos2n3000t

and carrier is
c(t) = cos2nt1 5000t

8. (a) (i) A signal x(t) =1+cosl00nt is
sampled with sampling interval of
0-02 second. Can the original signal
be recovered from these samples?
(i1) Find z transform of the function

f)y=a” cos(?}u(n)

Sketch its RoC.
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(iii) A= Hl Fe] FH & fou AEGwES Had

U 9 93 @ 9ed 3 W@EH & fau
AEEEF FAdH U—3A I & HE W
Tand | ursfie & w@Afgs aAfiraaon & =
H Qu |

gageUen ANaEd d, §@d ARE 9,
ﬁ'ﬁ{aﬁm@
gufgar ; auieHaT ; agedar ; ITgadH |

) gaeedrsd Afvmdl # sgada g @ 37

d-fag a1gads ym = & oo erfymrd
F1 gASH FH HA 87
Higfera Hehd

m(t) = cos2n 1500t + cos2nt3000¢t

3R F1EF cft) = cos2n1 5000t & T &
SSB T#2H =414 |

Tsh @hd x(t) = 1 +cos100nt & wigelia
foram T 2, 0-02 d=ve & ufd=ga s=aue
Y| Fard, =1 ol Heha @l 39 Ufaewt 4 f
¥ 9T ST Ghdl Bl

(ii) = we= =1 z TA=R JE@ R :

P nn
fin)=a cos[ > )u[n}
3% RoC &1 @f\a s
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(b)

(c)

(iti) Determine Fourier transform of the

(1)

function f(f)=e 4!, Sketch its
magnitude spectrum. Assume a > 0.

A single-phase, 50 Hz, 1200/120 V
transformer gave the following
results of open-circuit test with
high-voltage winding open
circuited—applied voltage 120 V,
current 16 A, power input 400 W.
Find magnetizing and core-loss
components of no-load current.

(i) The power input to a 50 Hz, 4-pole

(i)

(ii)

induction motor running at
1442 r.p.m. is 60 kW. Find the total
mechanical power developed and
the rotor copper loss per phase, if
the total stator loss is 1 kW.

What is characteristic impedance
of a transmission line? Write
the expression of characteristic
impedance of lossless line and
distortionless line in terms of the
primary constants R, L, G, C of the
transmission line. What is the
relation between characteristic
impedance and input impedance of
a matched line?

Explain the use of quarter-wave
transformer for transmission line
matching.
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