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A-HUF-P-GEB

ELECTRICAL ENGINEERING

Paper II
(Conventional)
Time Allowed : Three Hours Maximum Marks : 200

INSTRUCTIONS
Please read each of the following instructions carefully

" before attempting the questions :

There are SEVEN questions in the paper.

Candidates are required to attempt FIVE questions in all.
Question no. 1 is compulsory.

Out of the remaining SIX questions, attempt any FOUR
questions.

The number of marks carried by a question/part is indicated .
against it. A
Unless otherwise mentioned, symbols and notations have their
usual standard meanings.

Assume suitable data, if necessary and indicate the same clearly.
Neat sketches are to be drawn to illustrate answers, wherever
required.

All parts and sub-parts of a question are to be aitempted together
in the answer book. _

Attempts of questions shall be counted in sequential order. Unless

1 struck off. attempt of a question shall be counted even if

attempted partly.
Answers must be written in ENGLISH only,

Any page or portion of the page left blank in the answer book
must be clearly struck off.
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(b)

A single-phase transformer has primary and
secondary windings on each limb of the core.
The cross-section of the magnetic core i 12 em?
and the length of the magnetic path is 50 cm.
mmhmarﬂnﬁvapwtydm
Thspmaryandaeeanﬂmﬂndhgshmm
and 1000 turns, respectively.
() If the primary winding is supplied with
current of 10 A, while the leeandary
g tad; calealath the
self-inductance L, of the primary
ding and the I inductance L,,
between the two coils.

is open-ci

(i) If the primary winding is de-energized,
while the lary winding is cted
to a source from which it draws 8 A,
leulate the self-ind Ly, of the
secondary winding and the mutoal
inductance L, between the two coils.

Draw the V-curve of a salient pole synchronous
motor operating at no-load. What do you mean
by normal 7 Explain physically why
the motor operates at leading power factor
under over-excitation,

4
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(d)

A dc shunt generator is developing rated

terminal voltage at some speed. Answer the

following with a brief explanation.

Will the generator build-up, if

(i)  the direction of rotation is reversed 7

(ii) in addition to the reversal of direction, the

idual magnetism is also 47

(iii) only the field winding terminals of the
original machine are interchanged 7

{iv) only the residual magnetism of the
original machine is reversed ?

(v) both the direction of rotation and feld
winding connections of the original
machine are reversed 7

A 3-phase, 4-pole slip ring induction machine is
connected to a 3-phase, 50 Hz supply. If the
rotor terminals are shorted, the machine runs
in dlockwise direction seen from one end. Now
the rotor terminals are opened and the machi
is made to run with the help of a prime mover.
‘What will be the frequency of the voltage across
the slip rings, if

() the machine is not running ?
(ii) the machine is rotating at a speed of
1500 rpm in clockwise direction ?
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(e)

(iii) the machine is rotating at a speed of
1450 rpm in anticlockwise direction ?

(iv) the machine is rotating at a speed of
1650 rpm in clockwise difection ?

What are the internal registers of 8259 ?
Explain each one of them.

Find the Q-point and the maximum
symmetrical V,, for the transistor amplifier
shown in the following figure. Show both de and
ac load lines. Assume standard design rules.

—o+10V

i

(g) What is the difference between PM and FM ?
Explain how FM can be generated using PM.
A-HUF-P-GEB 4

(h)

(i)

@

A gingle-phase fully controlled converter
feeding power to R-L load is triggered at a
firing angle of 120°. Draw output voltage,
output current and input source current
waveforms. Explain the flow of power in the

circuit.

A 240 V series motor takes 40 A when giving its
rated output at 1500 rpm. Its resistance is
0-3 Q. Find what resistance must be added to
obtain rated torque at (a) starting, and
(b) at 1000 rpm.

Om a short circuit test, a 12-pole, 3-phase, 50 Hz
induction motor with an equivalent standstill
rotor resistance equal to the stator resistance
took 250 A, and 100 kW. Find the starting
torque developed.
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(b)

A single-phase, 25 kVA, 2800/230 V, 50 Hz
distribution transformer has the following
characteristica :

Core loss at full voltage = 250 W
Copper loss at halfload = 300 W
() Determine the efficiency of the
transformer when it delivers rated load
current at 0-866 power factor lagging.
{ii) The transformer has the following (24-h)
load cycle :
%ﬁﬂ]mﬂfnr&humat&&powerﬁm

1

%ﬁdlloadfor&homatb‘&powertum:r

Full load for 4 hours at 0-9 power factor

An BOB5A system is configured using 7415373
data lateh, two 2732 EPROM, two 6116 RAM
and two 82556 PPIL The relevant control pins of

3 full load for 10 hours at 0-8 power factor

(c)

The peripheral devices are interfaced with the
processor using memory mapped /0. Draw a
neat connection diagram for interfacing these
chips to the system bus including Power-ON
E.E&ETglrmit. Use 741.8138 for decoding. Give
the naddresses of all memory chips and
ivheral devi
A three-phase, 50 Hz, completely transposed
transmission line has the following constants :
Resistance per mile per phase = 0-25 Q
Inductance per mile per phase = 2.0 mH
Capacitance per mile per phase = 0-014 uF
The transmission line is 60 miles long, and
line-to-line voltage at the receiving end is
182 kV. The load connected at the receiving end
is T0000 kW at 0-8 power factor lagging. Using
T-model of the line,

(i) Determine the current and the
line-to-line voltage at the sending end.

these chips are given below : (ii} Find the voltage regulation.
2732 A EPROM (4k>8) : a;_ & (iii) Caleulate the real and reactive power at
Ik e kS ) the sending end.
6116 RAM (2kx8) : OE, WE, CE
e (iv) Find the efficiency of the transmission
8255A PPI : RD, WR, CE, Al, A0, RESE1 Tite:
A-HUF-P-GEB 6 [Contd-HUF-P-GEB 7
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(d) Thnanﬁmacurmtnfmmuauuﬂmh
shwhnunlythawﬂwismt,bu‘til
inmms-%;\whm:hnmm
mndn!nhdbyauinghsmewmﬁndm

£ mn&lﬂuﬁonwwsmmm

3 (@ usmx,zaov,mphmwpn&a.som,

wye:

cted sy s generator has a

synchronous reactance of 15 Q/phase and
negligible stator The g tor is
mnededmaninﬁnitebmnfzmv,wm

@

(i)

(i)
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Determine the excitation voltage when
the machine is delivering rated kVA at
-8 power factor lagging.

The field excitation i8 increased by 20%
without changing the prime mover power
output. Find the armature current, power
factor and reactive power supplied by the
machine.

With the field excitation current as in
part (i), the input powerﬂmmthepwime
mover is increased very glowly. What is
the steady state limit ? Determine the
stator current, power factor and reactive
power.

(b) Discuss ﬂ:emipohrmnholnfasinsbphm
sinusoidal PWM inverter, Explain the effect of
modulation index and carrier frequency on
inverter performance. 10

(¢ Find R such that at dc, Vo, = 0 for the circuit
shown in the following figure. Also find Iogy
_mdlm,mmthaw,fo-wme:mo
for both transistors. 10

2
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(aJ

ib)

A three-phase, 25 hp, 230 V, 50 Hz, induction
motor draws 60 A from the source at 0-8&&
lagging power factor. The motor losses include
the following :
S-htoreopperlossl’
Mmehcmhml’
meerlml’
Rotational loss P,

(i)  Air-gap power P"

(i) Slips

(iii) Mechanical power developed
(iv) Output power

(v) Efficiency of the motor

=smw
-=450W

=1omw

-EODW

A 3-phase line, op at 33 kV
mmmammmﬁ'én
and 21 O respectively, is conneeted to the
generating “station busbars through a
3000 kVA step-up trama:l'ormr which has a
reactance of 5% Three alternators are
connected to the bus-bar; two alternators are of
10000 kVA with a reactance of 15% and the
third alternator is of 5000 kVA with a reactance
of 10%. Calculate the kVA at the short-circuit
{auhhatweenthephasesowurnnsh)atthe
high volt Is of the transformer, and
(ii)atthelondanduf:heu-anmmasinnhna,

It

a8 5

(e) methetﬂmﬁ;rehw%k_ofm
in

OP-AMP circuit shown in the following figure.

(d)

[Contd\-HUF-P-GEB 1

A inglehiga! miiratedl® diode " hridad
rectifier is used to charge a battery of V volts.
A small inductance L is connected in series
with the battery to limit the charging current.
The source voltage is V_ of frequency o. Draw
the output voltage, load current and inductor
voltage waveforms. Derive the expression for
charging current.
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B (&) For the power system shown in the following -
€ figure, the bus admittance matrix Y, is given 2 &naﬁummmm
i Mmﬂdum%m
30-j80 -20+jp0 -10+j30 Ris
Yy = |-20460 26-§75  -0B+ji5 A BOOMVA, 20kV, &hﬂs. four-pole
~10+80 -05+jl5  15-j45 synchronous M—@‘m to an
- .h -1 =
P, Q 1 Go6+j0Bpu 2 54 bus through @ purely inductive
eyl 154+jl0pu metwork The generator has an inertia constant
V, =105 +00 H = 60 M/MVA and s delivering power of
3 ! 0-10 +j0-30 pu ! :
1-0 pu to the infinite bus at steady state. The
Py=06pu - i
- maxim ; : -
PR : um power that can be delivered is 2+5 pu.
[Val = w ..\fnu]tmmﬁutmduggﬂmm
The per-unit bus voltages and power injections (; output power Lo sero:
are also given in the figure. ’
w
(i)  For each bus k, specify the bus type, and i (i) Find the angular acceleration.
determine which of the variables Vy, 8,
P, and thinputdahandwhil'hm .
i (i) Find the speed in rpm at the end of
(i) Assume an initial estimate of 15 cycles.
Vg = 1:0 £0°, and 8y = 0°, and calculate
the bus real and reactive power
mismatches to be used in the first (iii)  Find the change in angle & at the end of
tion of the Newton-Rapk power 15 eycles.
flow method.
(iii) Set up the linearized system of equations
that are solved at each iteration.
A-HUF-P-GEB 12 [ContHUF-P-GEB 13
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6. (a)

(b)
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A total load of 10000 kW at 33 kV and power
factor 0-8 lagging is delivered to a substation by
two 3-phase feeders connected in parallel. One

" of the cables has a resistance of 1-5 Q for each

ductor and a of 14 0 per phase
and delivers 6000 kW at a power factor of 0-75
lagging. Calculate the corresp
resistance and reactance of the second cable,

ling values of

An array of S-bit signed numbers (in 2's
complement) is stored in sequential memory
locations starting from SGNDNOS. The length
of the array is N (< 255). Draw a flow chart and
write an assembly language program (o count
positive non-zero numbers and store the result
in sequential memory location POS’. Include
the necessary remarks in the ALP.

[&UF—P‘GEB 15
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| |
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(d)  Define signal-to-noise ratio and noise figure of a

receiver. Derive an expression to calculate fidise
figure.
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7.
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(a)

(b)

Define m efficiency with reference to a
lat bly. Explain how
thnsﬁummhrﬁwﬂwﬂmmm
afgwﬂthV
Each of the three insulators forming a string
has a self-capacitance of C farads. The shunting
. of the cting metal-work of
each insulator iz 0-2 C to earth and 0+1 C to the
line. A guard ring increases the capacitance to
the line of the metal-work of the lowest
insulator to 0-3C. Calculate the string
efficiency of this arrangement (i) with the guard
ring, and (i) without the guard ring.

Discuss the operation of a Boost de-de converter
with relevant waveforms. Draw the ecirenit

(© A 220V, 7 hp de series motor is mechanically
coupled to a fan. It drawa - A and runs at
300 rpm when connected to rated supply. The
msmbﬂwﬁnhmmnlhﬁh

and field windings are 06 © and 04 0,
respectively. . Neglect armature reaction and
rotational losa,

(i) Determine the power delivered to the fan

(ii) ﬂmspeedistohemdnoadtoﬂﬂﬂrpmhy
inserting a resistance R, in the armat
circuit. Determine the value of this
:n:stmoeandthewwardaﬁvamdm&e

(d) AT flipflopand aD flip-flop are interconnected

as shown in the following figure, Draw a timing
diagram showing their operation through six
complete clock eyeles.  Assume QQ =00

ding i g the voitages across each initially.
element in both the operating modes. Derive
the expressions for

‘ Q
(i) Average output voltage, T " e ¢ Q>
i) Mini smpin for _ =

current, o R Z Q—
(iii) Output voltage ripple. CLK
[Con UF-P-GEB 7.
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