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MCQ 4.32

In a transformer, zero voltage regulation at full load is
(A) not possible

(B) possible at unity power factor load

(C) possible at leading power factor load

(D) possible at lagging power factor load

MCQ 4.33

The dc motor, which can provide zero speed regulation at full load
without any controller is

(A) series (B) shunt
(C) cumulative compound (D) differential compound
MCQ 4.34

The electromagnetic torque 7. of a drive and its connected load
torque Tj, are as shown below. Out of the operating points A, B, C
and D, the stable ones are
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MCQ 4.35

A three-phase synchronous motor connected to ac mains is running
at full load and unity power factor. If its shaft load is reduced by half,
with field current held constant, its new power factor will be

(A) unity
(B) leading
(C) lagging
(D)

D) dependent on machine parameters

MCQ 4.36

A 100 kVA, 415 V(line), star-connected synchronous machine
generates rated open circuit voltage of 415 V at a field current
of 15 A. The short circuit armature current at a field current of
10 A is equal to the rated armature current. The per unit saturated
synchronous reactance is

(A) 1.731 (B) 1.5
(C) 0.666 (D) 0.577
MCQ 4.37

A single-phase, 50 kVA, 250 V/500 V two winding transformer has an
efficiency of 95% at full load, unity power factor. If it is re-configured
as a 500 V/750 V auto-transformer, its efficiency at its new rated
load at unity power factor will be

(A) 95.752% (B) 97.851%
(C) 98.276% (D) 99.241%
MCQ 4.38

A three-phase, three-stack, variable reluctance step motor has 20
poles on each rotor and stator stack. The step angle of this step

motor is
(A) 3° (B) 6°
(C) 9° (D) 18°
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circuit test, core losses are obtained
(B) In an open circuit test, current is drawn at high power factor
(C) In a short circuit test, current is drawn at zero power factor

(D) In an open circuit test, current is drawn at low power factor

MCQ 4.44

For a single phase capacitor start induction motor which of the
following statements is valid ?

(A) The capacitor is used for power factor improvement

(B) The direction of rotation can be changed by reversing the main
winding terminals

(C) The direction of rotation cannot be changed

(D) The direction of rotation can be changed by interchanging the
supply terminals

MCQ 4.45

In a DC machine, which of the following statements is true ?

(A) Compensating winding is used for neutralizing armature reaction
while interpole winding is used for producing residual flux

(B) Compensating winding is used for neutralizing armature reaction
while interpole winding is used for improving commutation

(C) Compensating winding is used for improving commutation while
interpole winding is used for neutralizing armature reaction

(D) Compensation winding is used for improving commutation while
interpole winding is used for producing residual flux

YEAR 2006 TWO MARKS

MCQ 4.46

A 220 V DC machine supplies 20 A at 200 V as a generator. The
armature resistance is 0.2 ohm. If the machine is now operated as
a motor at same terminal voltage and current but with the flux
increased by 10%, the ratio of motor speed to generator speed is

(A) 0.87 (B) 0.95

(C) 0.96 (D) 1.06
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A synchronous generator is feeding a zero power factor (lagging) load
at rated current. The armature reaction is

(A) magnetizing (B) demagnetizing
(C) cross-magnetizing (D) ineffective
MCQ 4.48

Two transformers are to be operated in parallel such that they
share load in proportion to their kVA ratings. The rating of the first
transformer is 500 kVA ratings. The rating of the first transformer
is 500 kVA and its pu leakage impedance is 0.05 pu. If the rating of
second transformer is 250 kVA, its pu leakage impedance is

(A) 0.20 (B) 0.10
(C) 0.05 (D) 0.025
MCQ 4.49

The speed of a 4-pole induction motor is controlled by varying the
supply frequency while maintaining the ratio of supply voltage to
supply frequency (V/f) constant. At rated frequency of 50 Hz and
rated voltage of 400 V its speed is 1440 rpm. Find the speed at 30 Hz,
if the load torque is constant

(A) 882 rpm (B) 864 rpm
(C) 840 rpm (D) 828 rpm
McCQ 4.50

A 3-phase, 4-pole, 400 V 50 Hz , star connected induction motor has
following circuit parameters

n=1.007r =050 X =X>=120Q, X, =350

The starting torque when the motor is started direct-on-line is (use
approximate equivalent circuit model)

(A) 63.6 Nm (B) 74.3 Nm
(C) 190.8 Nm (D) 222.9 Nm
McCQ 4.51

A 3-phase, 10 kW, 400 V, 4-pole, 50Hz, star connected induction
motor draws 20 A on full load. Its no load and blocked rotor test data
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The fifth harmonic component of phase emf(in volts), for a three
phase star connection is

(A) 0 (B) 269
(C) 281 (D) 808

Statement for Linked Answer Questions 56 and 57.

A 300 kVA transformer has 95% efficiency at full load 0.8 p.f. lagging
and 96% efficiency at half load, unity p.f.

MCQ 4.56

The iron loss (P) and copper loss (F,) in kW, under full load operation
are

(A) P.=4.12, P, = 8.51 (B) P.=6.59, P, =9.21

(C) P.= 851, P = 4.12 (D) P.=12.72, P, = 3.07

MCQ 4.57

What is the maximum efficiency (in %) at unity p.f. load ?

(A) 95.1 (B) 96.2

(C) 96.4 (D) 98.1

YEAR 2005 ONE MARK
MCQ 4.58

The equivalent circuit of a transformer has leakage reactances Xj, X'
and magnetizing reactance X);. Their magnitudes satisfy

(A) Xi >> X'y >> Xy (B) X1 << X'y << Xy
(C) X1%X2>>XM (D) X1zX‘2<<XM
McCQ 4.59

Which three-phase connection can be used in a transformer to introduce
a phase difference of 30° between its output and corresponding input
line voltages
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(A) Star-Star (B) Star-Delta
(C) Delta-Delta (D) Delta-Zigzag
MCQ 4.60

On the torque/speed curve of the induction motor shown in the figure
four points of operation are marked as W, X, Y and Z. Which one of
them represents the operation at a slip greater than 1 7

Torque
A

X

4=

(A) W (B) X
€)Y (D) Z
McCQ 4.61

For an induction motor, operation at a slip s, the ration of gross
power output to air gap power is equal to

(A) (1-9)° (B) (1—s)
(C) V(1 =9 (D) (1—V's)

YEAR 2005 TWO MARKS

MCQ 4.62

Two magnetic poles revolve around a stationary armature carrying
two coil (a — ¢, — &) as shown in the figure. Consider the instant
when the poles are in a position as shown. Identify the correct
statement regarding the polarity of the induced emf at this instant in
coil sides ¢ and ¢.
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MCQ 4.65

In relation to DC machines, match the following and choose the
correct combination

List-I List-II
Performance Variables Proportional to

P. Armature emf (E) . Flux(¢), speed (w) and

armature current (I,)

—

Q. Developed torque (T) 2. ¢ and w only

R. Developed power (P) 3. ¢ and I, only
4. I, and w only
5. I, only

Codes:

P Q R

(A) 3 3 1

(B) 2 5 4

() 3 5 4

(D) 2 3 1

MCQ 4.66

Under no load condition, if the applied voltage to an induction motor
is reduced from the rated voltage to half the rated value,

(A) the speed decreases and the stator current increases

(B) both the speed and the stator current decreases

(C) the speed and the stator current remain practically constant
(D)

D) there is negligible change in the speed but the stator current
decreases

MCQ 4.67

A three-phase cage induction motor is started by direct-on-line
(DOL) switching at the rated voltage. If the starting current drawn is
6 times the full load current, and the full load slip is 4%, then ratio of
the starting developed torque to the full load torque is approximately

equal to
(A) 0.24 (B) 1.44
(C) 2.40 (D) 6.00
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McQ 4.71

The power(or torque) angle is close to

(A) 13.9° (B) 18.3°

(C) 24.6° (D) 33.0°

YEAR 2004 ONE MARK
MCQ 4.72

A 500 kVA, 3-phase transformer has iron losses of 300 W and full load
copper losses of 600 W. The percentage load at which the transformer
is expected to have maximum efficiency is

(A) 50.0% (B) 70.7%
(C) 141.4% (D) 200.0%
MCQ 4.73

For a given stepper motor, the following torque has the highest
numerical value

(A) Detent torque (B) Pull-in torque

(C) Pull-out torque (D) Holding torque

McCQ 4.74

The following motor definitely has a permanent magnet rotor
(A) DC commutator motor (B) Brushless dc motor
(C) Stepper motor (D) Reluctance motor
MCQ 4.75

The type of single-phase induction motor having the highest power
factor at full load is

(A) shaded pole type (B) split-phase type
(C) capacitor-start type (D) capacitor-run type
MCQ 4.76

The direction of rotation of a 3-phase induction motor is clockwise
when it is supplied with 3-phase sinusoidal voltage having phase
sequence A-B-C. For counter clockwise rotation of the motor, the
phase sequence of the power supply should be
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(C) A-C-B (D) B-C-A or C-A-B
MCQ 4.77

For a linear electromagnetic circuit, the following statement is true
(A) Field energy is equal to the co-energy

(B) Field energy is greater than the co-energy

(C) Field energy is lesser than the co-energy
(D)

D) Co-energy is zero

YEAR 2004 TWO MARKS

MCQ 4.78

The synchronous speed for the seventh space harmonic mmf wave of
a 3-phase, 8-pole, 50 Hz induction machine is

(A) 107.14 rpm in forward direction

B

(B) 107.14 rpm in reverse direction
(C) 5250 rpm in forward direction
(D)

D) 5250 rpm in reverse direction

McCQ 4.79

A rotating electrical machine its self-inductances of both the stator
and the rotor windings, independent of the rotor position will be
definitely not develop

(A) starting torque (B) synchronizing torque
(C) hysteresis torque (D) reluctance torque
MCQ 4.80

The armature resistance of a permanent magnet dc motor is 0.8 (2.
At no load, the motor draws 1.5 A from a supply voltage of 25 V and
runs at 1500 rpm. The efficiency of the motor while it is operating
on load at 1500 rpm drawing a current of 3.5 A from the same source

will be
(A) 48.0% (B) 57.1%
(C) 59.2% (D) 88.8%
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they are paralleled. Under this condition, the synchronizing current
per phase will be

(A) 16.98 A (B) 29.41 A
(C) 33.96 A (D) 58.82 A
McQ 4.85

A 400 V, 15 kW, 4-pole, 50Hz, Y-connected induction motor has full
load slip of 4%. The output torque of the machine at full load is

(A) 1.66 Nm (B) 95.50 Nm
(C) 99.47 Nm (D) 624.73 Nm
McQ 4.86

For a 1.8°, 2-phase bipolar stepper motor, the stepping rate is
100 steps/second. The rotational speed of the motor in rpm is

(A) 15 (B) 30
(C) 60 (D) 90
MCQ 4.87

A 8-pole, DC generator has a simplex wave-wound armature containing
32 coils of 6 turns each. Its flux per pole is 0.06 Wbh. The machine is
running at 250 rpm. The induced armature voltage is

(A) 96 V (B) 192 V
(C) 384 V (D) 768 V
MCQ 4.88

A 400 V, 50 kVA, 0.8 p.f. leading A-connected, 50 Hz synchronous
machine has a synchronous reactance of 2 {2 and negligible armature
resistance. The friction and windage losses are 2 kW and the core loss
is 0.8 kW. The shaft is supplying 9 kW load at a power factor of 0.8
leading. The line current drawn is

(A) 12.29 A (B) 16.24 A
(C) 21.29 A (D) 36.88 A
McQ 4.89

A 500 MW, 3-phase, Y-connected synchronous generator has a rated
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voltage of 21.5 kV at 0.85 p.f. The line current when operating at full
load rated conditions will be

(A) 13.43 KA (B) 15.79 kA

(C) 23.25 kA (D) 27.36 kA

YEAR 2003 ONE MARK
MCQ 4.90

A simple phase transformer has a maximum efficiency of 90% at full
load and unity power factor. Efficiency at half load at the same power

factor is

(A) 86.7% (B) 88.26%
(C) 88.9% (D) 87.8%
McCQ 4.91

Group-I lists different applications and Group-II lists the motors
for these applications. Match the application with the most suitable
motor and choose the right combination among the choices given

thereafter

Group-I Group-I1
P. Food mixer . Permanent magnet dc motor
Q. Cassette tape recorder . Single-phase induction motor
R. Domestic water pump . Universal motor
S. Escalator . Three-phase induction motor

. DC series motor

[ G L B N N

. Stepper motor

Codes:

(A) 3 4 5
(B) 1 2 4
() 3 1 2 4
(D) 3 2 1 4
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A stand alone engine driven synchronous generator is feeding a partly
inductive load. A capacitor is now connected across the load to
completely nullify the inductive current. For this operating condition.

(A) the field current and fuel input have to be reduced
(B) the field current and fuel input have to be increased

(C) the field current has to be increased and fuel input left
unaltered

(D) the field current has to be reduced and fuel input left unaltered

MCQ 4.93

Curves X and Y in figure denote open circuit and full-load zero power
factor(zpf) characteristics of a synchronous generator. Q is a point on
the zpf characteristics at 1.0 p.u. voltage. The vertical distance PQ in
figure gives the voltage drop across

1.0F——/-—~ Q

Field Clurrent>

(A) Synchronous reactance (B) Magnetizing reactance
(C) Potier reactance (D) Leakage reactance
MCQ 4.94

No-load test on a 3-phase induction motor was conducted at different
supply voltage and a plot of input power versus voltage was drawn.
This curve was extrapolated to intersect the y-axis. The intersection
point yields

(A) Core loss (B) Stator copper loss

(C) Stray load loss (D) Friction and windage loss
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MCQ 4.95

Figure shows an ideal single-phase transformer. The primary and
secondary coils are wound on the core as shown. Turns ratio N, /Ny = 2
.The correct phasors of voltages Fi, F», currents L, I, and core flux ®
are as shown in

EN
\
[ ' o 1 i
=
=
e e ol
Eq \
‘NN
=

L,
A B
(A) I (B)
E
) L
(€)oo= (D)
v E,
L,
MCQ 4.96

To conduct load test on a dc shunt motor, it is coupled to a generator
which is identical to the motor. The field of the generator is also
connected to the same supply source as the motor. The armature of
generator is connected to a load resistance. The armature resistance is
0.02 p.u. Armature reaction and mechanical losses can be neglected.
With rated voltage across the motor, the load resistance across the
generator is adjusted to obtain rated armature current in both motor
and generator. The p.u value of this load resistance is

(A) 1.0 (B) 0.98
(C) 0.96 (D) 0.94
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torque. Select the correct set corresponding to the mmf axes as shown

in figure.
Stator Stator Rotor Rotor Torque
Surface Surface Surface surface is

ABC forms CDA forms| abc forms | cda forms

(A) North Pole | South Pole | North Pole | South Pole |Clockwise
(B) South Pole | North Pole [ North Pole |South Pole |Counter

Clockwise
(C) North Pole |South Pole | South Pole | North Pole | Counter

Clockwise
(D) South Pole | North Pole | South Pole | North Pole Clockwise

MCQ 4.101

A 4-pole, 3-phase, double-layer winding is housed in a 36-slot stator
for an ac machine with 60° phase spread. Coil span is 7 short pitches.
Number of slots in which top and bottom layers belong to different

phases is

(A) 24 (B) 18
(C) 12 (D)0
MCQ 4.102

A 3-phase induction motor is driving a constant torque load at rated
voltage and frequency. If both voltage and frequency are halved,
following statements relate to the new condition if stator resistance,
leakage reactance and core loss are ignored

1. The difference between synchronous speed and actual speed remains
same

2. The airgap flux remains same

3. The stator current remains same

4. The p.u. slip remains same

Among the above, current statements are

(A) All (B) 1,2 and 3

(C) 2, 3 and 4 (D) 1 and 4
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MCQ 4.103

A single-phase induction motor with only the main winding excited
would exhibit the following response at synchronous speed

(A) Rotor current is zero

(B) Rotor current is non-zero and is at slip frequency
(C) Forward and backward rotaling fields are equal
(D)

D) Forward rotating field is more than the backward rotating field

MCQ 4.104

A dc series motor driving and electric train faces a constant power
load. It is running at rated speed and rated voltage. If the speed
has to be brought down to 0.25 p.u. the supply voltage has to be
approximately brought down to

(A) 0.75 p.u (B) 0.5 p.u

(C) 0.25 p.u (D) 0.125 p.u

YEAR 2002 ONE MARK
MCQ 4.105

If a 400 V, 50 Hz, star connected, 3-phase squirrel cage induction
motor is operated from a 400 V, 75 Hz supply, the torque that the
motor can now provide while drawing rated current from the supply

(A) reduces
B) increases

(B)
(C) remains the same
(D)

D) increases or reduces depending upon the rotor resistance

MCQ 4.106

A dc series motor fed from rated supply voltage is over-loaded and its
magnetic circuit is saturated. The torque-speed characteristic of this
motor will be approximately represented by which curve of figure ?
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Speed A
D B

C

Torque=
(A) Curve A (B) Curve B
(C) Curve C (D) Curve D
McCQ 4.107

A 1 kVA, 230 V/100 V, single phase, 50 Hz transformer having
negligible winding resistance and leakage inductance is operating
under saturation, while 250 V, 50 Hz sinusoidal supply is connected
to the high voltage winding. A resistive load is connected to the
low voltage winding which draws rated current. Which one of the
following quantities will not be sinusoidal ?

(A) Voltage induced across the low voltage winding
(B) Core flux

(C) Load current

(D) Current drawn from the source

MCQ 4.108

A 400V /200V /200 V, 50 Hz three winding transformer is connected
as shown in figure. The reading of the voltmeter, V', will be

400 V
50 Hz

EIO

| 400:200:200

(A)oVv (B) 400 V
(C) 600 V (D) 800 V

YEAR 2002 TWO MARK

MCQ 4.109

A 200V, 2000 rpm, 10 A, separately excited dc motor has an armature
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A single phase 6300 kVA, 50 Hz, 3300 V/ 400 V distribution
transformer is connected between two 50 Hz supply systems, A and
B as shown in figure. The transformer has 12 and 99 turns in the low
and high voltage windings respectively. The magnetizing reactance
of the transformer referred to the high voltage side is 500 €). The
leakage reactance of the high and low voltage windings are 1.0 2 and
0.012 Q) respectively. Neglect the winding resistance and core losses
of the transformer. The Thevenin voltage of system A is 3300 V while
that of system B is 400 V. The short circuit reactance of system A
and B are 0.5 and 0.010 €2 respectively. If no power is transferred
between A and B, so that the two system voltages are in phase, find
the magnetizing ampere turns of the transformer.

0.5 Q 0.01 O
A YY"\ NN B
[ ] L]
3300V, 9 3 g <~ 400 V
50 Hz 50 Hz
MCQ 4.114*

A 440 V, 50 Hz, 6 pole, 960 rpm star connected induction machine
has the following per phase parameters referred to the stator :
R,=06Q,R. =03Q,X,=1Q

The magnetizing reactance is very high and is neglected. The machine
is connected to the 440 V, 50 Hz supply and a certain mechanical
load is coupled to it. It is found that the magnitude of the stator
current is equal to the rated current of the machine but the machine
is running at a speed higher than its rated speed. Find the speed at
which the machine is running. Also find the torque developed by the
machine.

MCQ 4.115

A 415 V, 2-pole, 3-phase, 50 Hz, star connected, non-salient pole
synchronous motor has synchronous reactance of 2 {2 per phase and
negligible stator resistance. At a particular field excitation, it draws
20 A at unity power factor from a 415 V, 3-phase, 50 Hz supply.
The mechanical load on the motor is now increased till the stator
current is equal to 50 A. The field excitation remains unchanged.
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Determine :
(a) the per phase open circuit voltage Ej,

(b) the developed power for the new operating condition and
corresponding power factor.

YEAR 2001 ONE MARK

MCQ 4.116

The core flux of a practical transformer with a resistive load
(A) is strictly constant with load changes

(B) increases linearly with load

(C) increases as the square root of the load

(D) decreases with increased load

MCQ 4.117

X5, X'y and X", are steady state d-axis synchronous reactance,
transient d-axis reactance and sub-transient d-axis reactance of a
synchronous machine respectively. Which of the following statements
is true ?

(A) Xd>X,d>X”d (B) X”d>X,d>Xd
(C) X,d > X”d > X, (D) X, > X”d > X,d
MCQ 4.118

A 50 Hz balanced three-phase, Y-connected supply is connected to a
balanced three-phase Y-connected load. If the instantaneous phase-a
of the supply voltage is Vcos (wt) and the phase-a of the load current
is Icos(wt— ¢), the instantaneous three-phase power is

(A) a constant with a magnitude of VIcosd
(B) a constant with a magnitude of (3/2) VIcosd

(C) time-varying with an average value of (3/2) VIcosd and a
frequency of 100 Hz

(D) time-varying with an average value of VIcos¢ and a frequency of
50 Hz

MCQ 4.119

In the protection of transformers, harmonic restraint is used to guard
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(A) magnetizing inrush current  (B) unbalanced operation

(C) lightning (D) switching over-voltages

MCQ 4.120

In case of an armature controlled separately excited dc motor drive
with closed-loop speed control, an inner current loop is useful because
it

A) limits the speed of the motor to a safe value

B
C

D) reduces the steady state speed error

helps in improving the drive energy efficiency

(A)
(B)
(C) limits the peak current of the motor to the permissible value
(D)

YEAR 2001 TWO MARK

MCQ 4.121

An electric motor with “constant output power” will have a
torque-speed characteristics in the form of a

(A) straight line through the origin

(B) straight line parallel to the speed axis
(C) circle about the origin

(D) rectangular hyperbola

McaQ 4.122*

An ideal transformer has a linear B/H characteristic with a finite
slope and a turns ratio of 1 : 1. The primary of the transformer is
energized with an ideal current source, producing the signal i as
shown in figure. Sketch the shape (neglecting the scale factor ) of the
following signals, labeling the time axis clearly

A

1

(e=)
B
[\
Ny
.
D,
<
[0%)
NV
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(a) the core flux ¢,. with the secondary of the transformer open
(b) the open-circuited secondary terminal voltage (1)

(c) the short-circuited secondary current i,(¢), and
(

d) the core flux ¢, with the secondary of the transformer short-
circuited

McaQ 4.123*

In a dc motor running at 2000 rpm, the hysteresis and eddy current
losses are 500 W and 200 W respectively. If the flux remains constant,
calculate the speed at which the total iron losses are halved.

McaQ 4.124*

A dc series motor is rated 230 V, 1000 rpm, 80 A (refer to figure).
The series field resistance is 0.11 2, and the armature resistance is
0.14 Q. If the flux at an armature current of 20 A is 0.4 times of that
under rated condition, calculate the speed at this reduced armature
current of 20 A.

MCQ 4.125%*

A 50 kW synchronous motor is tested by driving it by another motor.
When the excitation is not switched on, the driving motor takes
800 W. When the armature is short-circuited and the rated armature
current of 10 A is passed through it, the driving motor requires
2500 W. On open-circuiting the armature with rated excitation, the
driving motor takes 1800 W. Calculate the efficiency of the synchronous
motor at 50% load. Neglect the losses in the driving motor.

McaQ 4.126*

Two identical synchronous generators, each of 100 MVA | are working
in parallel supplying 100 MVA at 0.8 lagging p.f. at rated voltage.
Initially the machines are sharing load equally. If the field current
of first generator is reduced by 5% and of the second generator
increased by 5%, find the sharing of load (MW and MVAR) between
the generators.

Assume X, = X, = 0.8 p.u, no field saturation and rated voltage
across load. Reasonable approximations may be made.

ook sfokok ok ok ok ok
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SOL 4.4

SOL 4.5

Given no-load speed N, = 1500 rpm

V., =200 V,T=5 Nm, N = 1400 rpm
emf at no load

Ey =V, =200 V
Nopg =N b

N, B,

E, (%)Eb = 100 200 = 186.67 v

R 186.67 X 60 ; _
ST = B(lfe) = oS 400 =
I, =3.926 A

“V =E+I1R,

_ Vi—Ey, 200 —186.67
R(), - [a - 3‘926 — 3.4 Q

Hence (B) is correct option.

SOL 4.6
T = 2.5 Nm at 1400 rpm
than V=7
... T — Eb]b

w

55 _ 186.6 X I, x 60

21 X 1400
I, =1.963 A
V =L+ 1R,
= 186.6 +1.963 x 3.4
=193.34 V

Hence (B) is correct option.
SOL 4.7

Given field excitation of = 20 A

Armature current = 400 A
Short circuit and terminal voltage = 200 V

On open circuit, load current = 200 A
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So, Internal resistance = % =50

Internal vol. drop =5 X 200
= 1000 V
Hence (D) is correct option.

SOL 4.8

Given single-phase iron core transformer has both the vertical arms
of cross section area 20 cm?, and both the horizontal arms of cross

section are 10 cm?

So, Inductance = NfBA (proportional to cross section area)

When cross section became half, inductance became half.
Hence (C) is correct option.
SOL 4.9

Given 3-phase squirrel cage induction motor.

4 7T

Torque

At point A if speed 1, Torque 1
speed |, Torque |

So A is stable.

At point B if speed T Load torque |

So B is un-stable.

Hence (A) is corerct option.

SOL 4.10

SOL 4.11

Peak voltage across A and B with S open is

Vv :m%:mx (slope of I—t)
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><10*3><[ 10 —820\/

o 5x107°]

Hence (D) is correct option.

SOL 4.12

SOL 4.13

Wave formVyw

! ! ! ! L owi
0 10.2% 10.47 10.6m (0.8% T

Hence (A) is correct option.

SOL 4.14

When both S1 and S2 open, star connection consists 3" harmonics in
line current due to hysteresis A saturation.
Hence (B) is correct option.

SOL 4.15

Since S2 closed and S1 open, so it will be open delta connection and
output will be sinusoidal at fundamental frequency.
Hence (A) is correct option.

SOL 4.16
Ao o(C
° °
Coil 1 H Colil 2
Bo oD
N; = 4000
Ny, = 6000
I =25 A

V =400 V, f=50 Hz
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fraction and windage losses = 1050 W NOTES

Core losses = 1200 W = 1.2 kW

So,
Input power in stator = V3 % 400 x 50 x 0.8
= 27.71 kW
Air gap power = 27.71 —1.5—1.2
= 25.01 kW
Hence (C) is correct option.
SOL 4.24
: do
Induced emf in secondary=— NQ%

During -0 <t <1

_ do _
E =— GOO)E =—12V
E, and E, are in opposition
EQ - 2E1 - 24 V

During time 1 < t < 2

d
d—dt):O,then E=FE=0

During 2 < t < 2.5
_ dd _
B =—(100)% =—24 V
Then
E,=—0-48V
Hence (A) is correct option.

SOL 4.25

Given 400 V, 50 Hz, 4-Pole, 1400 rpm star connected squirrel cage
induction motor.

R=100Q,X,=X,=150

So,
for max. torque slip
_ R,
S”L N Xsm + X’T?Tl
for starting torque S,, = 1
Then
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Xem + X,Tm — R,’I"
2nf, L+ 0.21f, L', =1
Frequency at max. torque

P
" 2n(Ly+ L)
- X _ 15
f 2 x50 21 X 50
r 15
L =953050
=15 15 =%
"TI5 15 3
50 © 50
fn =16.7 Hz
In const V/f control method
Vi _ 400 _
fi 50
-.0‘;2.:8
So '
Va=hp X8
=16.7 X 8
Vo =1333V

Hence (B) is correct option.

SOL 4.26

Given 3-¢, 440 V, 50 Hz, 4-Pole slip ring motor
Motor is coupled to 220 V

N = 1410 rpm, W; = 1800 W, W, = 200 W
So,
_ 1207
P

_ 120 x 50
N 4

Relative speed = 1500 — 1410
= 90 rpm in the direction of rotation.

N,

= 1500 rpm

Hence (A) is correct option.

SOL 4.27

Neglecting losses of both machines

Slip(s) = N N
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_ 1500 — 1410

=" {500 — V06

total power input to induction motor is
P, = 1800 — 200 = 1600 W
Output power of induction motor
Pout - (1 - S>Pin
= (1—10.06)1600

= 1504 W
Losses are neglected so dc generator input power = output power
= 1504 W
So,
FR = 1504

_ /1504 _
I = 0 = 12.26 A

Hence (C) is correct option.

SOL 4.28

Given: V =240 V, dc shunt motor
I =15 A
Rated load at a speed = 80 rad/s
Armature Resistance = 0.5 €2
Field winding Resistance = 80 2

So,
E =240—-12 x 0.5
E =234
Vplugging =V+E
= 240+ 234
=474V

Hence (D) is correct option.

SOL 4.29

External Resistance to be added in the armature circuit to limit the
armature current to 125%.

So I =12 x 1.25 = 474

Ra + Rexternal =31.6
Rexternal - 3 1 . 1 Q

Hence (A) is correct option.
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SOL 4.30

A synchronous motor is connected to an infinite bus at 1.0 p.u.
voltage and 0.6 p.u. current at unity power factor. Reactance is 1.0
p.u. and resistance is negligible.

So,
V =120° p.u.
I, =0.6£0° p.u.
Zi =R, +jX;=0+71=1£90° p.u.
V =E£0+1,Z,=120°—-0.6£0° x 1£90°
EZb =1.1662£ — 30.96° p.u.
Excitation voltage = 1.17 p.u.
Load angle (8) = 30.96°(lagging)

Hence (D) is correct option.

SOL 4.31

SOL 4.32

In transformer zero voltage regulation at full load gives leading power
factor.

Hence (C) is correct option.

SOL 4.33

Speed-armature current characteristic of a dc motor is shown as
following

Speed“ Differential

N.L. speed f—=a=———<<z-——-
Shunt

Series Cummulative

The shunt motor provides speed regulation at full load without any
controller.

Hence (B) is correct option.
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So W+ W, =2.631
Reconfigured as a 500 V /750 V auto-transformer
200 A
300 A
750 V.
500 V

auto-transformer efficiency

150
'~ 150 + 2.631

= 98.276%
Hence (C) is corret option.

SOL 4.38

Given 3-¢, 3-stack
Variable reluctance step motor has 20-poles

_ 360 _ .o
Step angle = 20 = 6

Hence (B) is correct option.

SOL 4.39

Given a 3-¢ squirrel cage induction motor starting torque is 150%
and maximum torque 300%

So
TStart - 15 TFL
ﬂIIaX =3 TFL
Then
T ar 1
ﬁ =3 (1)
TStart 2Smax vee (2)

ﬂnax - ;Samax + 12

from equation (1) and (2)
20max 1

S +1 2
S — 4Smax+1 =0
So
Sax = 26.786%
Hence (D) is correct option.



SOL 4.40

Given 3-¢ squirrel cage induction motor has a starting current of

seven the full load current and full load slip is 5%

]St - 7IF1
SFI - 5%

2
%§::<§§) X fzx St
1.5 = (7)* x ¥ X 0.05

x = 78.252%

Hence (C) is correct option.

SOL 4.41

Star delta starter is used to start this induction motor

So

Tse _ 1 (s
=3 % (7%) X Sn
N R
=3 X 77 % 0.05
Tse _
TF1_0'816

Hence (B) is correct option.

SOL 4.42

Given starting torque is 0.5 p.u.

So,
Ty _ (LY
7 =(75) x Sn
2
0.5 = G?) % 0.05

Per unit starting current
ISC J— 0'5 J—
T = v 0.05 = 3.16 A

Hence (C) is correct option.

SOL 4.43

In transformer, in open circuit test, current is drawn at low power
factor but in short circuit test current drawn at high power factor.

Hence (D) is correct option.
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SOL 4.44

A single-phase capacitor start induction motor. It has cage rotor and
its stator has two windings.

], Se
Main B /=
o vV Winding =G
X)I )
R, X,
Auxilliary
Winding

The two windings are displaced 90° in space. The direction of rotation
can be changed by reversing the main winding terminals.

Hence (B) is correct option.

SOL 4.45

In DC motor, compensating winding is used for neutralizing armature
reactance while interpole winding is used for improving commutation.
Interpoles generate voltage necessary to neutralize the e.m.f of self
induction in the armature coils undergoing commutation. Interpoles
have a polarity opposite to that of main pole in the direction of
rotation of armature.

Hence (B) is correct option.

SOL 4.46

Given: A 230 V, DC machine, 20 A at 200 V as a generator.
R, =029
The machine operated as a motor at same terminal voltage and
current, flux increased by 10%
So for generator

E,=V+1,R,
= 200420 x 0.2

E, =204 volt

for motor E,, = V—1,R,
=200 —20 x 0.2

E, =196 volt
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Ef] _ N(l d)!/
So By =Ny <
204 _ N, 1
196 ~— N, 1.1
N, 196

N, T20ax 11 087

Hence (A) is correct option.

SOL 4.47

A synchronous generator is feeding a zero power factor(lagging) load
at rated current then the armature reaction is demagnetizing.
Hence (B) is correct option.

SOL 4.48

Given the rating of first transformer is 500 kVA
Per unit leakage impedance is 0.05 p.u.

Rating of second transformer is 250 kVA

So,
actual impedance
base impedance

Per unit impedance =
and,

. . 1
Per unit leakage impedance « KVA

Then
500 kVA x 0.05 =250 kVA X z

=380 % 0.05 = 0.1 pu.

Hence (B) is correct option.

SOL 4.49

Given speed of a 4-pole induction motor is controlled by varying the
supply frequency when the ratio of supply voltage and frequency is
constant.

f=050Hz, V=400 V, N = 1440 rpm

So V o« f
i_f
|
_ 30 _
V2—4OO><50—240V

Page 211

NOTES



Chap 4
ELECTRICAL MACHINES

RNONES I, = 4.8932

Load (%) = 42932 = 67.83 %

Hence (A) is correct option.

SOL 4.53

Given P=14, f=50 Hz
Slots = 48, each coil has 10 turns
Short pitched by an angle(a) to 36° electrical
Flux per pole = 0.05 Wb
So,
E, = 4.44 6T, Ky

_ 48 _
Slot/Pole/ph = Txg—4

Slot /Pole = 4748 =12

_ 180 _ 4ro
Slot angle = 19 = 15

K, _ sin(4x 15/2)
7 4sin(15/2)
= 0.957
K, = cos%

= cos18° = 0.951
In double layer wdg
No. of coil = No of slots

No. of turns/ph = M = 160
Then
E,, =4.44 x 0.025 x 50 X 0.957 x 0.951 x 160
E,, =808 V
E, =3 x 808

E;, = 1400 V (approximate)
Hence (C) is correct option.

SOL 4.54

line to line induced voltage, so in 2 phase winding
Slot/ pole/ph = 6
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Tp}l T - 240

_ 180 x4 ko
Slot angle = 8 = 15

_ sin6 x (15/2)

Ka = 6sin (15/2)

K, = 0.903

K, = cos<326> —0.951

B, = 4.44 x 0.025 x 50 x 240 x 0.951 x 0.903
E,, =1143

Hence (A) is correct option.

SOL 4.55

Fifth harmonic component of phase emf

So

Angle = % =36°

the phase emf of fifth harmonic is zero.
Hence (A) is correct option.

SOL 4.56

Given that:

A 300 kVA transformer

Efficiency at full load is 95% and 0.8 p.f. lagging
96% efficiency at half load and unity power factor
So

For I*' condition for full load

- kVA x 0.8
B = 1VA % 08+ Wt W (1)

Second unity power factor half load

o kVA x 0.5
9% = 1A % 05+ W. i W +(2)

So
Weu+ W; = 12.63
0.25W,.,+0.96 W, = 6.25
Then
W, =851, W, = 4.118
Hence (C) is correct option.
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SOL 4.57

_ X x p.f. Xx kVA
X X kVA+ W+ W, x X°

Efficiency ()

So
. 4.118
X = 851 = 0.6956
Wb = 0.6956 x 1 x 300
0.6956 X 300 + 4.118 + 8.51 x (0.6956)>
N = 96.20%

Hence (B) is correct option.

SOL 4.58

The leakage reactances X;, and X, are equal and magnetizing
reactance X, is higher than X, and X’

X = X)) << X,
Hence (D) is correct option.

SOL 4.59

Three phase star delta connection of transformer induces a phase
difference of 30° between output and input line voltage.
Hence (B) is correct option.

SOL 4.60
Given torque/speed curve of the induction motor

Torque

A

X
-

0 7 3\/szed

When the speed of the motor is in forward direction then slip varies
from 0 to 1 but when speed of motor is in reverse direction or negative
then slip is greater then 1. So at point W slip is greater than 1.
Hence (A) is correct option.

SOL 4.61

For an induction motor the ratio of gross power output to air-gap is
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the rated voltage on open to the rated armature current.
Hence (C) is correct option.

SOL 4.65
In DC motor
_ zZ
E = PN¢< A)
or
E = K¢w,
So

Armature emf E depends upon ¢ and w only.
and torque developed depends upon
_ PZ¢l,
T = 2mA
So, torque(T') is depends of ¢ and I, and developed power(P) is
depend of flux ¢, speed w and armature current I,.
Hence (D) is correct option.

SOL 4.66

Given a three-phase cage induction motor is started by direct on line
switching at rated voltage. The starting current drawn is 6 time the
full load current.

Full load slip = 4%

So
Ts\ _ (Isey
(7:) = (1) > 5
= (6)* x 0.04 = 1.44
Hence (B) is correct option.
SOL 4.67

Given single-phase induction motor driving a fan load, the resistance
rotor is high

So
Eb — V_ IuRa (1)
Pmech - EaIa
_ Pme(:h
T= (2)

From equation (1) and (2) the high resistance of rotor then the motor
achieves quick acceleration and torque of starting is increase.
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SOL 4.68

Given V/f control of induction motor, the maximum developed
torque remains same
we have,

E = 444K, 6T,
If the stator voltage drop is neglected the terminal voltage F;. To
avoid saturation and to minimize losses motor is operated at rated
airgap flux by varying terminal voltage with frequency. So as to
maintain (V/f ) ratio constant at the rated value, the magnetic flux is
maintained almost constant at the rated value which keeps maximum
torque constant.
Hence (A) is correct option.

SOL 4.69

Given
P = 1000 kVA, 6.6 kV
Reactance = 20 €2 and neglecting the armature resistance at full load
and unity power factor
So
P=V3VI,

1000
=—F———=8747 A
v3 X 6.6

So,

IX =8747 x 20 =1.75 kV

B = (%)2+ (1.75)?

6.5 \?
Eph, — \/(ﬁ) + (175)2
E, =42kV

E;, = \/ngh *." Star connection
E, =1.732 x 4.2
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Hence (B) is correct option.

SOL 4.70

Torque angle o, = tan1<1)§*’>

a

o, = tan1<

V'3 % 1.75
6.6

o, = 24.6°
Hence (C) is correct option.

SOL 4.71

Given that
transformer rating is 500 kVA
Iron losses = 300 W
full load copper losses = 600 W
maximum efficiency condition

W, = X*W.

_
600
V1/2
0.707
efficiency% = 0.707 x 100

=70.7%
Hence (B) is correct option.

S0,

SOL 4.72

Stepper motor is rotated in steps, when the supply is connected then
the torque is produced in it. The higher value of torque is pull out
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—(3.5)?x 0.8 =98 W NOTES
Total losses = No load losses + iron losses
=35.749.8 =455 W
Total power P = VI

P =25 x 35

P =875W

. . __output
Efficiency = mput

__ total power — losses
N total power

_ 87.5—45.5 _
= 75 x 100 = 48.0%

Hence (A) is correct option.

SOL 4.80
Given that 50 kVA, 3300/230 V, 1-¢ transform

1
V,=3300 V

Vi = 3300 V
Vour = 3300 + 230 = 3530 V
Output current I, and output voltage 230 V

So
50 x 10®
L = 930 = 2174 A
When the output voltage is V,,; then kVA rating of auto transformer
will be

I, = 3530 x 217.4
=767.42 kVA
Hence (D) is correct option.

SOL 4.81

Given that 100 kVA, 11000/400 V, Delta-star distribution transformer
resistance is 0.02 pu and reactance is 0.07 pu
So
pu impedance Z,, = 0.02 + 50.07
Base impedance referred to primary
Page 223



Chap 4
ELECTRICAL MACHINES

Bee TV L /3T 100 x 10°
3

The phase impedance referred to primary
Zovimars = Zon X D
= (0.02 + 50.07) (3630)
= T72.6 + j254.1
Hence (D) is correct option.

SOL 4.82

Given that
230 V, 50 Hz, 4-Pole, capacitor-start induction motor

I S

‘ R
Main R~
%%OH\; Winding =G
XI\T :
R’ X,

Auxilliary
Winding

Zp = R+ X
=6.0+74.0 Q
Zy = Ra+ Xy
=8.0+ 6.0 2
Phase angle of main winding
21, =2 —7,

=—Z(6+44)
=—Z£33.7°
So angle of the auxiliary winding when the capacitor is in series.
_ 6) - 1
21y = 4(8—1—]6)—|—jw0
_ 6) —
= 2 (8+56) -

o = LIA— AIm

6 1
(8“00> — (- 33.7)‘

So

90 =— tan !

Page 224



1 _
So
O — 1 _ 1
18 X 2nf 18 X 2 x 3.14 X 50
= 176.8 pF

Hence (A) is corerct option.

SOL 4.83

Given that the armature has per phase synchronous

1.7 Q and two alternator is connected in parallel

So,

3300 V£ l 3200 V

both alternator voltage are in phase
So,
3300
Eyp ===
VS
3200
Ep =274
SV

Synchronizing current or circulating current
To+ T

Reactance of both alternator are same

So

_ Ei— Eyy

Ts1+ Tso
_ 1 /3300 — 3200
o \/§< 1.7+1.7 )
=16.98 A

Hence (A) is correct option.

SOL 4.84

Given V =400 V,15 kW power and P = 4
f =50 Hz, Full load slip (S) = 4%
So

Chap 4
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NOTES
ow=2nf

reactance of
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- (LF) COS d)Q + Pi(Pu) + P{:

where L.F. is the load fator.
At full load, load factor is

_ /B _
LE =[5 =1

cosd, = 1 at unity power factor

_1x1
S0, 90%_1+2Pi

P, =0.0555 MVA

At half load, load factor is

LE=%=25
So,
705 % 0.0555?& >(<0.15)2’+ 0.0555 < 100
N = 87.8%

Hence (D) is correct option.

SOL 4.90

In food mixer the universal motor is used and in cassette tap recorder
permanent magnet DC motor is used. The Domestic water pump
used the single and three phase induction motor and escalator used
the three phase induction motor.

Hence (C) is correct option.

SOL 4.91

Given a engine drive synchronous generator is feeding a partly
inductive load. A capacitor is connected across the load to completely
nullify the inductive current. Then the motor field current has to be
reduced and fuel input left unaltered.

Hence (D) is correct option.
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V, =100 V NOTES
so current in secondary winding

1 — Vi _ 200

> R 10

.[2 - 20 A
The current in third winding when the capacitor is connected
SO

_ Vs 100 _ .

Ii=—5x =—p5=0
When the secondary winding current I, is referred to primary side
ie I,
So

L _N,_2

L N 4

L=%=104

and winding third current I, is referred to Primary side i.e I;. I; flows
to opposite to [

So
LNy _ 1
—L N 4
I =— 410
So total current in primary winding is
L=I+1
=10—410 A

Hence (D) is correct option.

SOL 4.98

Given that:

P Stator winding current is dc, rotor winding current is ac

QQ Stator winding current is ac, rotor winding current is dc

R Stator winding current is ac, rotor winding current is ac

S Stator has salient pole and rotor has commutator

T Rotor has salient pole and slip rings and stator is cylindrical
U Both stator and rotor have poly-phase windings

So
DC motor/machines:
The stator winding is connected to dc supply and rotor winding
flows ac current. Stator is made of salient pole and Commutator is
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connected to the rotor so rotor winding is supply ac power.

Induction machines:
In induction motor the ac supply is connected to stator winding and
rotor and stator are made of poly-phase windings.

Synchronous machines:

In this type machines the stator is connected to ac supply but rotor
winding is excited by dc supply. The rotor is made of both salient
pole and slip rings and stator is made of cylindrical.

Hence (A) is correct option.

SOL 4.99

Given that

F, is the peak value of stator mmf axis. F, is the peak value of
rotor mmf axis. The rotor mmf lags stator mmf by space angle
0. The direction of torque acting on the rotor is clockwise or counter
clockwise.

When the opposite pole is produced in same half portion of stator
and rotor then the rotor moves. So portion of stator is north-pole in
ABC and rotor abc is produced south pole as well as portion surface
CDA is produced south pole and the rotor cda is produced North
pole.

The torque direction of the rotor is clock wise and torque at surface
is in counter clockwise direction.

Hence (C) is correct option.

SOL 4.100

Given that:

A 4-pole, 3-¢, double layer winding has 36 slots stator with 60° phase
spread, coil span is 7 short pitched

S0,

slot
pole

36 _ g

!
Slot/pole/phase = 3

Pole pitch =

S0,
3-slots in one phase, if it is chorded by 2 slots then
Out of 3 = 2 have different phase



Out of 36 = 24 have different phase.
Hence (A) is correct option.

SOL 4.101

Given that:

3-¢ induction motor is driving a constant load torque at rated voltage
and frequency. Voltage and frequency are halved and stator resistance,
leakage reactance and core losses are ignored.

Then the motor synchronous speed and actual speed difference are

same.
_ 120f

N, =3

The leakage reactance are ignored then the air gap flux remains same
and the stator resistance are ignored then the stator current remain
same.

Hence (B) is correct option.

SOL 4.102

Given that:

1-¢ induction motor main winding excited then the rotating field of
motor changes, the forward rotating field of motor is greater then the
back ward rotating field.

Hence (D) is correct option.

SOL 4.103

Given that:
A dc series motor driving a constant power load running at rated
speed and rated voltage. It’s speed brought down 0.25 pu. Then
Emf equation of dc series motor

E =V—(R,+ R,)

R,+R, =R

S0, E=V—-IR
= KoN
_ B

then N = Ko

In series motor dod
_V—-IR

S0, N = Vodi

At constant power load
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Ex I =Tx W= Const (1)
T = Kol = KI? (2)
If W is decreased then torque increases to maintain power constant.
T o« J?
W =1 then T=4

So current is increased 2 time and voltage brought down to 0.5 pu.
Hence (B) is correct option.

SOL 4.104

Given 400 V, 50 Hz, Y-connected, 3-¢ squirrel cage induction motor
operated from 400 V, 75 Hz supply. Than Torque is decreased.
Machine is rated at 400 V, 50 Hz

and it is operated from 400 V, 75 Hz

S0, speed of Motor will increase as N = % = N « f

and we know Torque in induction motor

=i 1o

W, N

If speed increases, torque decreases.
Hence (A) is correct option.

SOL 4.105

Motor is overloaded, and magnetic circuit is saturated. Than Torque
speed characteristics become linear at saturated region.
as shown in figure

A

Speed A

D B
C

Torque=

actual torque-speed characteristics is given by curve B.
Hence (B) is correct option.

SOL 4.106

Giventhat transformer rating 1k VA ,230V /100V, 1-$,50Hz,operated at
250 V, 50 Hz at high voltage winding and resistive load at low voltage
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now equivalent circuit referred to high voltage side is as NOTES

050 10 X, X

2
Xy = (?3) % 0.012 = 0.8167
2
X, = (‘fg) % 0.01 = 0.68
vy = (?g) % 400 = 3300 V
now magnetizing current
;o 3300 N 3300
" = 05+1.0+500 " 0.8167 + 0.68 & 500
= 13.1605 Amp

magnetizing ampere turns

Ar = 13.1605 X 99 = 1302.84 Ampereturns
SOL 4.113*

Equivalent circuit of induction motor referred to stator side

062 03Q 1Q

R
V =440/43V D o 03
s 004

N 120f _ 120 x 50

s P G = 1000 rpm
. N,— N, 1000 —960 _
slip = N = 1000 = 0.04
Current I = 7 y
\/<RS+ §°) + (X X2
440

= 532 = 30.447 Amp
/§\/(0.6+m) +(141)°

Torque T, = %I%(g)

s
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T =3 X0 o (30.447)% x 03

7 2w x 1000 0.04
= 199.18 N-m
If it will work as generator than slip will be negative
S — N9 — Ne
_ 1000 — N,
—04="000
N, = 1040 rpm
SOL 4.114*

Given

415 V, 2-Pole, 3-¢, 50 Hz, Y-connected synchronous motor
X, =2 () per phase =20 A at 4 PF

Mechanical load is increased till =50 A

Than

(a) Per phase open circuit voltage Fy =7

(b) Developed power = ?

In first case the UPF phasor diagram is being drawn as

IX,
V. E,

from phasor diagram EX=V3+1 X &

- (%)2 +20° x 2

= 24291V
now I, is increased than load angle and power factor angle is also
increased as (E, = constant)
Than (I, X X,)* = Ei+ V?* —2E; V,cos b

(50 x 2)* = (242.91)2+<@>2— 2 5 24291 o 415058

V3 V3

(242.91)2+ (239.6)2 — (100)2
2 %X 242.91 x 239.6

cosd =0.914 = § = 23.90°

080 =

Power P, = %smf)
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_ 242.912>< 239.6 ;11 93 9

= 11789.87

P, = Vicos = 11789.87
239.6 X 50cosf = 11789.87
cos = 9841
Power developed = 3(P— I’R)
= 3(11789.87 — 50% X 2)
= 35369.61 W

SOL 4.115

We know that in case of practical transformer with resistive load, the
core flux is strictly constant with variation of load.
Hence (A) is correct option.

SOL 4.116

In synchronous machine it is known that
X, > Xu> X7,
where X, = steady state d-axis reactance
X', = transient d-axis reactance
X", = sub-transient d-axis reactance
Hence (A) is correct option.

SOL 4.117

50 Hz, balanced 3-¢, Y-connected supply is given to Y-load
instantaneous phase-a of supply is Vcoswt and load current is
Icos (wt — @) then 3-¢ instantaneous power = ?
P = sum of individual power of all phases
= VL+ VoL+ V3
= Veoswi[Icos(wt — ¢)]+ Veos(wt —120°) Icos (wt — ¢ — 120°)

+ Veos(wt+ 120°7) Icos (wt+ 120° — o)

_ %[%s(mt — ) + cosd + cos (2wt — 240° — ¢) + cos &
+cos (2wt + 240° — & + cos d)]

or P = %[COS(QLOt — &) + 3cosd + cos (2wt — ¢) cos 240°

—sin (2wt — ¢)sin 240° + cos (2wt — &) cos240° + sin (2wt — ¢) sin 240° |
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SOL 4.125%

Given
Two identical Generator each of 100 MVA in parallel
P =100 MW at, p.f. = 0.8 lagging
Equal load sharing at initial.
If I;1 = reduced by 5% and I;, = increased by 5%
Then load sharing of generator = 7
X, =X,=0.8 Pu

0.8 pu 0.8 pu
I:I Load
A B
I I
Case I

Load sharing of each generator equal i.e 50 MW at 0.8 p.f. lagging
i.e 40 MW and 30 MVAR
V =1=1Pu
Back emf of generators
Ey = FEp = V+ IX;sind
=1+1Xx0.8x0.6=1.48 Pu
Case I1
Now in first generator field in decreased by 5% i.e
Esp =0.95(E4) =0.95 x 1.48 = 1.40 Pu
And in second generator field is increased by 5% i.e
Ep =1.05, Ep =1.05 X 1.48 = 1.554 Pu
In this case I, and I, are being given by as

L=t = 0846 Pu
I =150 =d = 1154 pu
SO
P, =1 x0.846 = 0.846 Pu
Py =1 x 1.154 =1.154 Pu
Load sharing in MW by generator 1 = 0.846 x 40 = 33.84 MW
by generator 2 = 1.154 X 40 = 46.16 MW
MVAR load sharing by generator 1 = 0.846 X 30 = 25.38 MVAR
MVAR load sharing by generator 2 = 1.154 X 30 = 34.62 MVAR

sooksfokok ok ok ok ok
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POWER SYSTEMS
YEAR 2010 ONE MARK
mMcQ 5.1

Power is transferred from system A to system B by an HVDC link
as shown in the figure. If the voltage Vig and Vip are as indicated in
figure, and I > 0, then

POWE> flow
AC - Aﬁ f\r\r\r\_l\/\/\,_;_hr\r\r\(“j | AC
system A— K Vie Ven ¥ — system B
] v v |
D
Rectifier Inverter

(A) Vi < 0, Viep < O,VAB > Vep
(B) Vas > 0,Vep > 0,Van < Vi
(C) Vg > O,VCD > O,VAB > VCD

(D) Vag > O,VCD <0

McCQ 5.2

Consider a step voltage of magnitude 1 pu travelling along a lossless
transmission line that terminates in a reactor. The voltage magnitude
across the reactor at the instant travelling wave reaches the reactor is
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(A) 0.1875 A (B) 0.2 A NOTES
(C) 0.375 A (D) 60 kA
McCQ 5.6

The zero-sequence circuit of the three phase transformer shown in
the figure is

R-
r
Eb
Y- y

(A) Ro—MNYY"__or (B) Ro—YYN_» o—or
G G

(C) R:‘_’iij o—orT (D) Ro—o Eiii:r
G G

McaQ 5.7

A 50 Hz synchronous generator is initially connected to a long lossless
transmission line which is open circuited at the receiving end. With
the field voltage held constant, the generator is disconnected from
the transmission line. Which of the following may be said about the
steady state terminal voltage and field current of the generator 7

c | Long Transmission Line |
3¢ | |Receiving

end

(A) The magnitude of terminal voltage decreases, and the field current
does not change.

(B) The magnitude of terminal voltage increases, and the field current
does not change.
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(C) The magnitude of terminal voltage increases, and the field current
increases

(D) The magnitude of terminal voltage does not change and the field
current decreases.

McCQ 5.8

Consider a three-phase, 50 Hz, 11 kV distribution system. Each of the
conductors is suspended by an insulator string having two identical
porcelain insulators. The self capacitance of the insulator is 5 times
the shunt capacitance between the link and the ground, as shown in
the figures. The voltages across the two insulators are

7.

f50 =
L
'1_50 i]

Conductor

(A) e,=3.7T4kV,e, = 2.61kV  (B) e, = 3.46 kV, e, = 2.89 kV
(C) € = 6.0 kV, €y = 4.23 kV (D) € = 5.5 kV, €y = 5.5 kV

McQ 5.9

Consider a three-core, three-phase, 50 Hz, 11 kV cable whose
conductors are denoted as R,Y and B in the figure. The inter-
phase capacitance(C;) between each line conductor and the sheath is
0.4 uF . The per-phase charging current is

Outer sheath

(A)2.0A (B) 2.4 A
(C) 2.7 A (D) 3.5 A
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40.27 J0.42 40.27

H0.21 j0.21
(C)

G, G,

1.3 042 0.3
j0.21 j0.21

(D)

G, G,
YEAR 2009
McaQ 5.11

Out of the following plant categories
(1) Nuclear

(ii) Run-of-river

(iii) Pump Storage

(iv) Diesel

The base load power plant are

(A) (i) and (ii) (B) (i) and (iii)
(D) (i), (iii) and (iv)

(C) (i), (ii) and (iv)

MCQ 5.12

ONE MARK

For a fixed value of complex power flow in a transmission line having
a sending end voltage V', the real loss will be proportional to

(A)V (B) V2
(©) o (D) 3
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McQ 5.13

For the Y-bus matrix of a 4-bus system given in per unit, the buses
having shunt elements are

-5 2 25 0
12 —1025 4
Bus=Jla5 25 —9 4
0 4 4 -8
(A) 3 and 4 (B) 2 and 3
(C) 1 and 2 (D) 1,2 and 4

McQ 5.14

Match the items in List-I (To) with the items in the List-II (Use) and
select the correct answer using the codes given below the lists.

List-I List-I1
a. improve power factor shunt reactor
b. reduce the current ripples shunt capacitor

c. increase the power flow in line series capacitor

= W=

d. reduce the Ferranti effect series reactor

(A) a-2b-3,c—-4,d-1
(B) a-2b-4c—3d-1
(C) a-4,b-3,c—>1,d-2

(D) a—-4b-1,c-3,d-2

McQ 5.15

Match the items in List-I (Type of transmission line) with the items
in List-II (Type of distance relay preferred) and select the correct
answer using the codes given below the lists.
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line XY has positive sequence impedance of 7 2 and zero sequence NOTES

impedance of 7, (2

X Y

O s O

An ‘a’ phase to ground fault with zero fault impedance occurs at the

centre of the transmission line. Bus voltage at X and line current
from X to F for the phase ‘a’, are given by V, Volts and I, amperes,
respectively. Then, the impedance measured by the ground distance
relay located at the terminal X of line XY will be given by

(A) (Z1/2) Q (B) (ZO/Q) Q
(C) (Zo+ Z4) /282 (D) (%/[a) 0
McQ 5.19

An extra high voltage transmission line of length 300 km can
be approximate by a lossless line having propagation constant
B = 0.00127 radians per km. Then the percentage ratio of line length
to wavelength will be given by

(A) 24.24 % (B) 12.12 %
(C) 19.05 % (D) 6.06 %
McaQ 5.20

A-3-phase transmission line is shown in figure :

AV,—— -
I

. AV, —— -
I,

AV, -
I

Voltage drop across the transmission line is given by the following

equation :
AV, Zs Lo I\ 1L
AV =Zn Zs Zp| 1
AV, o Lo Zs || 1.

Page 253
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Shunt capacitance of the line can be neglect. If the has positive
sequence impedance of 152 and zero sequence impedance of 482,
then the wvalues of Z; and Z,, will be

(A) Z,=31.5Q; Z, = 16.59Q

(B) Z, =262, =110

(C) Z,=16.59; Z, = 31.5Q

(D) Z, =11Q; Z, = 26 Q

YEAR 2008 TWO MARKS
McCQ 5.21

Voltages phasors at the two terminals of a transmission line of length
70 km have a magnitude of 1.0 per unit but are 180 degree out of
phase. Assuming that the maximum load current in the line is 1/5™

of minimum 3-phase fault current. Which one of the following

transmission line protection schemes will not pick up for this condition

?

(A) Distance protection using ohm relay with zoen-1 set to 80% of
the line impedance.

(B) Directional over current protection set to pick up at 1.25 times
the maximum load current

(C) Pilot relaying system with directional comparison scheme

(D) Pilot relaying system with segregated phase comparison scheme

McCQ 5.22

A loss less transmission line having Surge Impedance Loading (SIL)
of 2280 MW is provided with a uniformly distributed series capacitive
compensation of 30%. Then, SIL of the compensated transmission
line will be

(A) 1835 MW (B) 2280 MW
(C) 2725 MW (D) 3257 MW
McCQ 5.23

A loss less power system has to serve a load of 250 MW. There are
tow generation (G; and G») in the system with cost curves i and C;
respectively defined as follows ;
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2+j0

Distribution company’s policy requires radial system operation with
minimum loss. This can be achieved by opening of the branch

(A) @ (B) e
(C) e (D) e

Data for Q.26 and Q.27 are given below. Solve the problems
and choose the correct answers.

v, X Y v,

sl IX s2

Given that: V= Vio=1+ j0p.u;

The positive sequence impedance are

Za = Zs = 0.001 + j0.01 p.u and Z;, = 0.006 + j0.06 p.u

3-phase Base MVA = 100

voltage base = 400 kV(Line to Line)

Nominal system frequency= 50 Hz.

The reference voltage for phase ‘a’ is defined as V(&) = V,,cos (wt).

A symmetrical three phase fault occurs at centre of the line, i.e. point
‘F’ at time ‘t,’. The positive sequence impedance from source S; to
point ‘F’ equals 0.004 + j0.04 p.u. The wave form corresponding to
phase ‘a’ fault current from bus X reveals that decaying d.c. offset
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current is negative and in magnitude at its maximum initial value, NOTES

Assume that the negative sequence impedances are equal to postive
sequence impedance and the zero sequence impedances are three
times positive sequence impedances.

McCQ 5.26

The instant (%) of the fault will be

(A) 4.682 ms (B) 9.667 ms
(C) 14.667 ms (D) 19.667 ms
McCQ 5.27

The rms value of the component of fault current (I;) will be

(A) 3.59 kA (B) 5.07 kA
(C) 7.18 kA (D) 10.15 kA
Mca 5.28

Instead of the three phase fault, if a single line to ground fault occurs
on phase ‘a’ at point ‘F’ with zero fault impedance, then the rms of
the ac component of fault current (L) for phase ‘a’ will be

(A) 4.97 p.u (B) 7.0 p.u

(C) 14.93 p.u (D) 29.85 p.u

YEAR 2007 ONE MARK
McaQ 5.29

Consider the transformer connections in a part of a power system
shown in the figure. The nature of transformer connections and phase
shifts are indicated for all but one transformer

Which of the following connections, and the corresponding phase
shift 6, should be used for the transformer between A and B ?
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shown in the figure. Which of the following statements is true in the NOTES

steady state :

P,

e,

KK

Region 1 HVDC link Region 2

AC line

—

P

ac

(A) Both regions need not have the same frequency

(B) The total power flow between the regions (P..+ Fi.) can be
changed by controlled the HDVC converters alone

(C) The power sharing between the ac line and the HVDC link can
be changed by controlling the HDVC converters alone.

(D) The directions of power flow in the HVDC link (P,.) cannot be
reversed

MCQ 5.32

Considered a bundled conductor of an overhead line consisting of
three identical sub-conductors placed at the corners of an equilateral
triangle as shown in the figure. If we neglect the charges on the other
phase conductor and ground, and assume that spacing between sub-
conductors is much larger than their radius, the maximum electric
field intensity is experienced at

Q

7 ®
W
(A) Point X (B) Point Y
(C) Point Z (D) Point W

Page 259
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YEAR 2007 TWO MARKS

McaQ 5.33

The figure below shows a three phase self-commutated voltage
source converter connected to a power system. The converter’s dc
bus capacitor is marked as C' in the figure. The circuit in initially
operating in steady state with 6 = 0 and the capacitor dc voltage is
equal to Vjp. You may neglect all losses and harmonics. What action
should be taken to increase the capacitor dc voltage slowly to a new
steady state value.

f Three phase
C' voltage source

converter E/8

EZ0

A) Make 6 positive and maintain it at a positive value

(A)
(B) Make 6 positive and return it to its original value
(C) Make 6 negative and maintain it at a negative value
(D)

D) Make ¢ negative and return it to its original value

MCQ 5.34

The total reactance and total suspectance of a lossless overhead
EHV line, operating at 50 Hz, are given by 0.045 pu and 1.2 pu
respectively. If the velocity of wave propagation is 3 X 10° km/s, then
the approximate length of the line is

(A) 122 km (B) 172 km
(C) 222 km (D) 272 km
McCQ 5.35

Consider the protection system shown in the figure below. The circuit
breakers numbered from 1 to 7 are of identical type. A single line to
ground fault with zero fault impedance occurs at the midpoint of
the line (at point F), but circuit breaker 4 fails to operate (‘“‘Stuck
breaker’). If the relays are coordinated correctly, a valid sequence of
circuit breaker operation is
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X 1.0£0
X 0.1 pu mm
T
1.026 x 7
9
i One line trips
130° l

Y

(A) 0.87 (B) 0.74
(C) 0.67 (D) 0.54
MCQ 5.38

Suppose we define a sequence transformation between ‘“a-b-¢’’ and
“p-n-0”’ variables as follows :

k 11 1{fh

21
fl=Fk|o® a 1||f| where a = /3 and k and is a constant
f a o 1||f

V, 0.5 0 0% V. Ta
Now, if it is given that : |V,|=| 0 0.5 0 ||| and [V;|= Z |5
then, V, 0 0 2.0]l% V. I
1.0 0.5 0.75 1.0 0.5 0.5
(A) Z=|(0.75 1.0 0.5 (B) Z=10.5 1.0 0.5
0.5 0.75 1.0 0.5 0.5 1.0
1.0 0.75 0.5 ) 1.0 —-0.5 —-0.5
(C) Z= 3K 0.5 1.0 0.75 (D) Z:% —0.5 1.0 —-0.5
0.75 0.5 1.0 —0.5 —-0.5 1.0
McCQ 5.39

Consider the two power systems shown in figure A below, which
are initially not interconnected, and are operating in steady state
at the same frequency. Separate load flow solutions are computed
individually of the two systems, corresponding to this scenario. The
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bus voltage phasors so obtain are indicated on figure A. NOTES

These two isolated systems are now interconnected by a short
transmission line as shown in figure B, and it is found that

A=PR=0=Q=0.

1.02/-5°
1.02£02

1.0£-20°
1.0220°

r

o

X Y
1.02210° 1.02/15°

Fig A

P17Ql P27Q2
—>

—>

B pp gy

Fig B

The bus voltage phase angular difference between generator bus X
and generator bus Y after interconnection is

(A) 10° (B) 25°
(C) —30° (D) 30°
McCQ 5.40

A 230 V (Phase), 50 Hz, three-phase, 4-wire, system has a phase
sequence ABC. A unity power-factor load of 4 kW is connected
between phase A and neutral N. It is desired to achieve zero neutral
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A) number of turns of restraining and operating coil NOTES

(A)

(B) operating coil current and restraining coil current
(C) fault current and operating coil current
(D)

D) fault current and restraining coil current

McCQ 5.45

An HVDC link consist of rectifier, inverter transmission line and
other equipments. Which one of the following is true for this link 7

(A) The transmission line produces/ supplies reactive power

(B) The rectifier consumes reactive power and the inverter supplies
reactive power from/ to the respective connected AC systems

(C) Rectifier supplies reactive power and the inverted consumers
reactive power to/ from the respective connected AC systems

(D) Both the converters (rectifier and inverter) consume reactive
power from the respective connected AC systems

YEAR 2006 TWO MARKS

McCQ 5.46
The A, B, C', D constants of a 220 kV line are :

A=D=09421°, B=1304£73°, C=0.001£90°

If the sending end voltage of the line for a given load delivered at
nominal voltage is 240 kV, the % voltage regulation of the line is

(A) 5 (B) 9
(C) 16 (D) 21
McCQ 5.47

A single phase transmission line and a telephone line are both
symmetrically strung one below the other, in horizontal configurations,
on a common tower, The shortest and longest distances between the
phase and telephone conductors are 2.5 m and 3 m respectively.

The voltage (volt/km) induced in the telephone circuit, due to 50 Hz
current of 100 amps in the power circuit is

(A) 4.81 (B) 3.56

(C) 2.29 (D) 1.27
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MCQ 5.48

Three identical star connected resistors of 1.0 pu are connected to
an unbalanced 3-phase supply. The load neutral is isolated. The
symmetrical components of the line voltages in pu. are: V; = XZ6, ,
Va, = YZ0,. If all the pu calculations are with the respective base
values, the phase to neutral sequence voltages are

(A) Vo, = XZ (014 30°), V= Y (6, — 30°)

(B) Vip, = X£ (6, —30°), Vi, = YZ (624 30°%)

(Q) Vi = —— X2 (61— 30°), Vi, = —L— Y2 (6, — 30°)

J/3 V3
(D) Vi, = %Xl (61— 60°), Vi, = % YZ (6, - 60°)
MCQ 5.49

A generator is connected through a 20 MVA, 13.8 /138 kV step down
transformer, to a transmission line. At the receiving end of the line
a load is supplied through a step down transformer of 10 MVA,
138/69 kV rating. A 0.72 pu. load, evaluated on load side transformer
ratings as base values , is supplied from the above system. For system
base values of 10 MVA and 69 kV in load circuit, the value of the
load (in per unit) in generator will be

(A) 36 (B) 1.44
(C) 0.72 (D) 0.18
McaQ 5.50

The Gauss Seidel load flow method has following disadvantages.

Tick the incorrect statement.

(A) Unreliable convergence

(B) Slow convergence

(C) Choice of slack bus affects convergence
(D)

D) A good initial guess for voltages is essential for convergence

Data for Q. 51 and Q.52 are given below. Solve the problems
and choose the correct answers.
A generator feeds power to an infinite bus through a double circuit

transmission line. A 3-phase fault occurs at the middle point of one of
the lines. The infinite bus voltage is 1 pu, the transient internal voltage
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High Voltage DC (HVDC) transmission is mainly used for
(A) bulk power transmission over very long distances
(C) inter-connecting two systems with same nominal frequency
(C) eliminating reactive power requirement in the operation
(D)

D) minimizing harmonics at the converter stations

YEAR 2005 TWO MARKS

McaQ 5.60
The parameters of a transposed overhead transmission line are given

as :

Self reactance Xg = 0.4Q2/km and Mutual reactance X, = 0.1Q2/km
The positive sequence reactance X; and zero sequence reactance Xj,
respectively in /km are

(A) 0.3, 0.2 (B) 0.5, 0.2
(C) 0.5, 0.6 (D) 0.3, 0.6
McCQ 5.61

At an industrial sub-station with a 4 MW load, a capacitor of
2 MVAR is installed to maintain the load power factor at 0.97 lagging.
If the capacitor goes out of service, the load power factor becomes

(A) 0.85 (B) 1.00
(C) 0.80 lag (D) 0.90 lag
MCQ 5.62

The network shown in the given figure has impedances in p.u. as
indicated. The diagonal element Y3, of the bus admittance matrix

Ysus of the network is

Page 269
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of the system is 6.25 p.u. If one of the double-circuit is tripped, then NOTES

resulting steady state stability power limit in p.u. will be

°© 0.9
COam) 7

(A) 12.5 p.u. (B) 3.125 p.u.
(C) 10.0 p.u. (D) 5.0 p.u.

Data for Q.66 and Q.67 are given below. Solve the problems
and choose the correct answers

At a 220 kV substation of a power system, it is given that the three-
phase fault level is 4000 MVA and single-line to ground fault level is
5000 MVA Neglecting the resistance and the shunt suspectances of
the system.

McCQ 5.66

The positive sequence driving point reactance at the bus is

(A) 2.5 Q (B) 4.033 ©

(C) 5.5 Q (D) 12.1 Q

MCQ 5.67

The zero sequence driving point reactance at the bus is

(A) 2.2 Q (B) 4.84 Q

(C) 18.18 2 (D) 22.72 Q

YEAR 2004 ONE MARK
MCQ 5.68

Total instantaneous power supplied by a 3-phase ac supply to a

balanced R-L load is
(A) zero

(B) constant

(C) pulsating with zero average
(D)

D) pulsating with the non-zero average
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McCQ 5.69

The rated voltage of a 3-phase power system is given as

(A) rms phase voltage (B) peak phase voltage
(C) rms line to line voltage (D) peak line to line voltage
McCQ 5.70

The phase sequences of the 3-phase system shown in figure is

R

Y é

(A) RYB (B) RBY
(C) BRY (D) YBR
McaQ 5.71

In the thermal power plants, the pressure in the working fluid cycle
is developed by

(A) condenser (B) super heater
(C) feed water pump (D) turbine
McCQ 5.72

For harnessing low variable waterheads, the suitable hydraulic turbine
with high percentage of reaction and runner adjustable vanes is

(A) Kaplan (B) Francis
(C) Pelton (D) Impeller
McaQ 5.73

The transmission line distance protection relay having the property
of being inherently directional is

(A) impedance relay (B) MHO relay
(C) OHM relay (D) reactance relay
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MCQ 5.78

A new generator having F,=14430° pu. [equivalent to
(1.212 4 70.70) pu] and synchronous reactance 'Xs' of 1.0 pu on the
system base, is to be connected to a bus having voltage V;, in the
existing power system. This existing power system can be represented
by Thevenin’s voltage Ey = 0.920° pu in series with Thevenin’s
impedance Zj, = 0.25£90° pu. The magnitude of the bus voltage V;
of the system in pu will be

(A) 0.990 (B) 0.973
(C) 0.963 (D) 0.900
McQ 5.79

A 3-phase generator rated at 110 MVA, 11 kV is connected through
circuit breakers to a transformer . The generator is having direct axis
sub-transient reactance X"; = 19%, transient reactance X'; = 26%
and synchronous reactance =130%. The generator is operating at no
load and rated voltage when a three phase short circuit fault occurs
between the breakers and the transformer . The magnitude of initial
symmetrical rms current in the breakers will be

(A) 4.44 kA (B) 22.20 kA
(C) 30.39 kA (D) 38.45 kA
McCaQ 5.80

A 3-phase transmission line supplies A-connected load Z. The
conductor ‘¢’ of the line develops an open circuit fault as shown in
figure. The currents in the lines are as shown on the diagram. The
+ve sequence current component in line ‘a’ will be

I, =10£0°
a

Ib =10£180°

I, =0
C
(A) 5.782 — 30° (B) 5.78290°
(C) 6.33290° (D) 10.00£ — 30°
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McCaQ 5.81 REEe

A 500 MVA, 50 Hz, 3-phase turbo-generator produces power at
22 kV. Generator is Y-connected and its neutral is solidly grounded.
It sequence reactances are X; = X, =0.15 pu and X,= 0.05 pu.lt
is operating at rated voltage and disconnected from the rest of the
system (no load). The magnitude of the sub-transient line current for
single line to ground fault at the generator terminal in pu will be

(A) 2.851 (B) 3.333
(C) 6.667 (D) 8.553
MCQ 5.82

A 50 Hz, 4-pole, 500 MVA, 22 kV turbo-generator is delivering
rated megavolt-amperes at 0.8 power factor. Suddenly a fault occurs
reducing in electric power output by 40%. Neglect losses and assume
constant power input to the shaft. The accelerating torque in the
generator in MNm at the time of fault will be

(A) 1.528 (B) 1.018
(C) 0.848 (D) 0.509
McaQ 5.83

A hydraulic turbine having rated speed of 250 rpm is connected to
a synchronous generator. In order to produce power at 50 Hz, the
number of poles required in the generator are

(A) 6 (B) 12

(C) 16 (D) 24

YEAR 2003 ONE MARK
McQ 5.84

Bundled conductors are mainly used in high voltage overhead
transmission lines to

(A) reduces transmission line losses

(B) increase mechanical strength of the line
(C) reduce corona
(D)

D) reduce sag
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(B) energizing of the trip circuit and the arc extinction on an opening
operation

(C) initiation of short circuit and the parting of primary arc
contacts

(D) energizing of the trip circuit and the parting of primary arc
contacts

YEAR 2003 TWO MARKS

McCQ 5.89

The ABCD parameters of a 3-phase overhead transmission line are
A=D=0.920°,B=200290°Q and C=0.95x10°290"S. At no-
load condition a shunt inductive, reactor is connected at the receiving
end of the line to limit the receiving-end voltage to be equal to the
sending-end voltage. The ohmic value of the reactor is

(A) o (B) 2000 Q
(C) 105.26 2 (D) 1052.6 €
McCQ 5.90

A surge of 20 kV magnitude travels along a lossless cable towards
its junction with two identical lossless overhead transmission lines.
The inductance and the capacitance of the cable are 0.4 mH and
0.5 puF per km. The inductance and capacitance of the overhead
transmission lines are 1.5 mH and 0.015 puF per km. The magnitude
of the voltage at the junction due to surge is

(A) 36.72 kV (B) 18.36 kV
(C) 6.07 kV (D) 33.93 kV
McCQ 5.91

A dc distribution system is shown in figure with load current as
marked. The two ends of the feeder are fed by voltage sources such
that Vp— Vp =3 V. The value of the voltage Vp for a minimum
voltage of 220 V at any point along the feeder is
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01Q R015QS 029

10 A 20 A 30 A 15 A

(A) 225.89 V (B) 222.89 V
(C) 220.0 V (D) 228.58 V
McaQ 5.92

A 3-phase 11 kV generator feeds power to a constant power unity
power factor load of 100 MW through a 3-phase transmission line.
The line-to line voltage at the terminals of the machine is maintained
constant at 11 kV. The per unit positive sequence impedance of the
line based on 100 MVA and 11 kV is j0.2. The line to line voltage
at the load terminals is measured to be less than 11 kV. The total
reactive power to be injected at the terminals of the load to increase
the line-to-line voltage at the load terminals to 11 kV is

(A) 100 MVAR (B) 10.1 MVAR
(C) —100 MVAR (D) —10.1 MVAR
MCQ 5.93

The bus impedance matrix of a 4-bus power system is given by

70.3435 j0.2860 0.2723 j0.2277
70.2860 70.3408 j0.2586 70.2414
Zos =170.2723 0.2586 j0.2791 70.2209
70.2277 j0.2414 j0.2209 70.2791

A branch having an impedance of j0.2Q) is connected between
bus 2 and the reference. Then the values of Zy new and Zog new of the
bus impedance matrix of the modified network are respectively

(A) j0.5408 © and 70.4586
(B) /0.1260 Q and j0.0956 €
(C) j0.5408  and 70.0956 €
(D) j0.1260 Q and j0.1630
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List-I List-I1

P. Distance relay 1. Transformers

Q. Under frequency relay 2.  Turbines

R. Differential relay 3. DBusbars

S. Buchholz relay 4. Shunt capacitors
5. Alternators
6. Transmission lines

Codes:

McCQ 5.97

A generator delivers power of 1.0 p.u. to an infinite bus through a
purely reactive network. The maximum power that could be delivered
by the generator is 2.0 p.u. A three-phase fault occurs at the terminals
of the generator which reduces the generator output to zero. The
fault is cleared after ¢. second. The original network is then restored.
The maximum swing of the rotor angle is found to be ya.x = 110
electrical degree. Then the rotor angle in electrical degrees at t = . is

(A) 55 (B) 70
(C) 69.14 (D) 72.4
McCQ 5.98

A three-phase alternator generating unbalanced voltages is connected
to an unbalanced load through a 3-phase transmission line as shown
in figure. The neutral of the alternator and the star point of the
load are solidly grounded. The phase voltages of the alternator are
E,=10£0°V, E=10£-90°V, E.=10£120°V. The positive-
sequence component of the load current is
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iL,0Q  jloQ

(A) 1.310£ — 107" A (B) 0.3322 — 120° A
(C) 0.9962 —120° A (D) 3.510Z — 81° A
Mca 5.99

A balanced delta connected load of (8 + j6) 2 per phase is connected
to a 400 V, 50 Hz, 3-phase supply lines. If the input power factor is to
be improved to 0.9 by connecting a bank of star connected capacitor
the required kVAR of the of the bank is

(A) 42.7 (B) 10.2

(C) 28.8 (D) 38.4

YEAR 2002 ONE MARK
McQ 5.100

Consider a power system with three identical generators. The
transmission losses are negligible. One generator(G1l) has a speed
governor which maintains its speed constant at the rated value, while
the other generators(G2 and G3) have governors with a droop of 5%.
If the load of the system is increased, then in steady state.

(A) generation of G2 and G3 is increased equally while generation of
G1 is unchanged.

(B) generation of G1 alone is increased while generation of G2 and
G3 is unchanged.

(C) generation of G1, G2 and G3 is increased equally.

(D) generally of G1, G2 and G3 1is increased in the ratio
0.5 :0.25 : 0.25.
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on this system. While entering the network data, the tie-line data
(connectivity and parameters) is inadvertently left out. If the load
flow program is run with this incomplete data

(A) The load-flow will converge only if the slack bus is specified in
area 1

(B) The load-flow will converge only if the slack bus is specified in
area 2

(C) The load-flow will converge if the slack bus is specified in either
area 1 or area 2

(D) The load-flow will not converge if only one slack is specified.

MCQ 5.104

A transmission line has a total series reactance of 0.2 pu. Reactive
power compensation is applied at the midpoint of the line and it is
controlled such that the midpoint voltage of the transmission line is
always maintained at 0.98 pu. If voltage at both ends of the line are
maintained at 1.0 pu, then the steady state power transfer limit of
the transmission line is

(A) 9.8 pu (B) 4.9 pu
(C) 19.6 pu (D) 5 pu
MCQ 5.105

A generator is connected to a transformer which feeds another
transformer through a short feeder (see figure). The zero sequence
impedance values expressed in pu on a common base and are indicated
in figure. The Thevenin equivalent zero sequence impedance at point

(A) 0.8+ 0.6
(C) 0.75+ j0.25

(B) 0.75 + 0.22
(D) 1.5+ j0.25
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McaQ 5.106*

A long lossless transmission line has a unity power factor(UPF) load
at the receiving end and an ac voltage source at the sending end. The
parameters of the transmission line are as follows :

Characteristic impedance Z.=400€2, propagation constant
8=1.2x 10"* rad/km, and the length /= 100 km. The equation
relating sending and receiving end questions is

Vi = Vicos(Bl) + jZ.sin(B1) Ir

Compute the maximum power that can be transferred to the UPF
load at the receiving end if ‘VS =230 kV

OTransmission Line |
~ >
v, JUPF Load
Vs

McaQ 5.107*

Two transposed 3-phase lines run parallel to each other. The equation
describing the voltage drop in both lines is given below.

[AV,] [0.15 0.05 0.05 0.04 0.04 0.04| .|
AVy 0.05 0.15 0.05 0.04 0.04 0.04( I
AV, 10.05 0.05 0.15 0.04 0.04 0.04| 1.
AV, 7[0.04 0.04 0.04 0.15 0.05 0.05| L2
A Vi 0.04 0.04 0.04 0.05 0.15 0.05|f L
AV, 0.04 0.04 0.04 0.05 0.05 0.15( I

|
<

Compute the self and mutual zero sequence impedance of this system
i.e. compute Zyi1, Zo12, Zoo1, Zoeo in the following equations.

AV = Zouln + Zoiz 1o
A Vo = Zoo Lon + Zoza I

Where A Vi, A Vi, Iy, Iy are the zero sequence voltage drops and
currents for the two lines respectively.

McaQ 5.108*

A synchronous generator is to be connected to an infinite bus through
a transmission line of reactance X = 0.2 pu, as shown in figure. The
generator data is as follows :

=01 pu, E"=1.0 pu, H=5 MJ/MVA | mechanical power
P, =0.0 pu, wg =271 X 50 rad/s. All quantities are expressed on a
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Consider the model shown in figure of a transmission line with a
series capacitor at its mid-point. The maximum voltage on the line
is at the location

0.1 pu 0.1 pu
]Zl T L ” Py m

T —750.15 pu I=1 pu
175 = 1pu40° PF:l

O+—|—>0 'y

(A) P, (B) P,
(C) P (D) P
MCQ 5.116

A power system has two synchronous generators. The Governor-
turbine characteristics corresponding to the generators are

P =50(50 — ), P, =100(51 — f)

where f denotes the system frequency in Hz, and P, and P, are,
respectively, the power outputs (in MW) of turbines 1 and 2. Assuming
the generators and transmission network to be lossless, the system
frequency for a total load of 400 MW is

(A) 47.5 Hz (B) 48.0 Hz
(C) 48.5 Hz (D) 49.0 Hz
McQ 5.117*

A 132 kV transmission line AB is connected to a cable BC. The
characteristic impedances of the overhead line and the cable are
400 © and 80 €2 respectively. Assume that these are purely resistively.
Assume that these are purely resistive. A 250 kV switching surge
travels from A to B.

(a) Calculate the value of this voltage surge when it first reaches C

(b) Calculate the value of the reflected component of this surge when
the first reflection reaches A.

(c) Calculate the surge current in the cable BC.
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50 MW = Py = 500 MW

A load demand of 600 MW is supplied by the generators in an optimal
manner. Neglecting losses in the transmission network, determine the
optimal generation of each generator.

>Rk sk ookook ok kok >k kok
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SOL 5.1

Given that,
I >0
Vap > 0 since it is Rectifier O/P
Vep > 0 since it is Inverter 1/P
" I> 0 so Vig> Vep, Than current will flow in given direction.

Hence (C) is correct option.

SOL 5.2
Given step voltage travel along lossless transmission line.
1pu"]— A

Reactor

"." Voltage wave terminated at reactor as.

1
+
—>

Reactor

By Applying KVL

V+ V=0
VL:—V
Vi =—1 pu

Hence (A) is correct option.

SOL 5.3

Given two buses connected by an Impedance of (0 + j5) 2
The Bus ‘1’ voltage is 100 £30° V and Bus ‘2’ voltage is 100£0° V

We have to calculate real and reactive power supply by bus ‘1’
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11
(60)
V3 AL 6 346KV

“=6C+50 /3 11

0=ty b

= 2.89 kV
Hence (B) is correct option.

SOL 5.9
Given
3-d, 50 Hz, 11 kV cable

Charging current I per phase =
Capacitance Per Phase C' = 3C,+ ()
C =3x02404=1pF
w =27nf= 314

Changing current Ip = XL(‘ = V(wC)

_ 11 x 10°

V3
=2 Amp
Hence (A) is correct option.

X 314 x1x10°°

SOL 5.10

Generator G; and G,
XGl — XGQ - Xold X

New MV A % < Old kV )2

Old MVA New kV
B 200 _ (25
= 0.9 X oo X <ﬁ> — j0.18

200 25\ _
Same as Xy = 0.12 X 90 X <%> = 50.27

2
Xy = j0.12 x 200 o <25> — j0.27

90 %25
220
X = 150 — .62
L X 220y2 =P

The Impedance diagram is being given by as
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Hence (B) is correct option.

SOL 5.11

SOL 5.12

We know complex power

So

S =P+ jQ = VI(cosd + jsino)
= VIe*
_ S
Ve®
Real Power loss = PR
S\ SR 1
Py :(Ve.i¢> RB="5 X1z

PLO(L

VQ

Hence (C) is correct option.

SOL 5.13

Y. matrix of Y-Bus system are given as

-5 2 25 0
|2 -1025 0
Yo =Jlo5 25 —9 4
0 4 4 -8

.. R

6]20

We have to find out the buses having shunt element

We know

Here

Y11 Y2 Vs Vs

Yo1 Y22 Y23 You
YBus -

Ys1 Yz2 Y3z Yz

Y Ya2 Y43 Yau

Yii = Yo+ Y2t Y3+ Yuu=—19j
Yoz = Yoo + Yo1 + Yoz + You =— 107

= Constant
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Ysz = Yso+ Ysit Yso+ Yz =—9J NOTES

Yo = Yao+ Y1+ Yoo+ Y3 =—8J
Yiz = Y1 =— Y12 = 2J
Yis = Ys1 =— Y13 = 2.5
Yie = Yn=—Yuu =10y
Yoz = Ys2 =— Yoz = 2.5
You = Yo =— Yau = 4j
So
Yo =Y — Y2 — Y3 — Yu=—957+ 25+ 2.5+ 0j=—0.5)
Yoo = Yoo — Y12 — Yo3 — You =— 10j+ 27+ 2.5+ 4j=— 1.5
Yso = Yss— Ys1 — Y2 — Ysa =— 97+ 2.55+2.57+45=0
Yo = Ysu— Ys1— Yoo — Y3 =— 87— 0+4+474+45=0
Admittance diagram is being made by as

From figure. it is cleared that branch (1) & (2) behaves like shunt
element.

Hence (C) is correct option.

SOL 5.14

We know that

e Shunt Capacitors are used for improving power factor.

Series Reactors are used to reduce the current ripples.
e For increasing the power flow in line we use series capacitor.
e Shunt reactors are used to reduce the Ferranti effect.

Hence (B) is correct option.
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SOL 5.15

We know that for different type of transmission line different type of
distance relays are used which are as follows.
Short Transmission line -Ohm reactance used
Medium Transmission Line -Reactance relay is used
Long Transmission line -Mho relay is used
Hence (C) is correct option.

SOL 5.16

Given that three generators are feeding a load of 100 MW. For
increased load power demand, Generator having better regulation
share More power, so Generator -1 will share More power than
Generator -2.

Hence (C) is correct option.

SOL 5.17

Given Synchronous generator of 500 MW, 21 kV, 50 Hz, 3-¢, 2-pole
P.F = 0.9, Moment of inertia M = 27.5 x 10 kg-m?

Inertia constant H =7
P 500 MW

Generator rating in MVA G= = = 555.56 MVA
cos @ 0.9
N:120><f:120><50:300011)1][l
pole 2
1 Ly 2nNY
Stored K.E = 5 Mo’ = 2M< 3 )
1 s _ /27 X 3000
=5 X 27.5 x 10° X (760 )MJ
= 1357.07 MJ
: _ Stored K.E
Inertia constant (H) = Rating of Generator (MVA)
_ 1357.07
H = 55556
= 2.44 sec

Hence (A) is correct option.

SOL 5.18

Given for X to F section of phase ‘a’
V,-Phase voltage and I,-phase current.
Impedance measured by ground distance,
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SOL 5.23

Given P+ Pay = 250 MW (1)
CI(PGl) — PGl + 0.055PG12
C5(Pa2) = 3Pgy+ 0.03P3

and

from equation (2)

dC
ips = 1+0.11P ..(3a)
dC.
and dPG22 =34+ 0.06PFP ...(3b)
Since the system is loss-less
dC, _ dG,
Therefore dPe; — Py
So from equations (3a) and (3b)
We have 0.11Pz; — 0.06Py, = 2 ..(4)
Now solving equation (1) and (4), we get
PG1 - 100 MW
Py, =150 MW

Hence (C) is correct option.

SOL 5.24

After connecting both the generators in parallel and scheduled to
supply 0.5 Pu of power results the increase in the current.

.. Critical clearing time will reduced from 0.28 s but will not be less
than 0.14 s for transient stability purpose.

Hence (B) is correct option.

SOL 5.25

Given that the each section has equal impedance.
Let it be R or Z, then by using the formula
line losses = Y, 'R
On removing (e); losses = (1)’R+ (1 +2)’R+ (1+2+5)°R
=R+9R+64R ="T4R

Similarly,
On removing e;losses = 5°R+ (5+2)°R+ (5+2+1)°R
= 138R
lossess on removing e; = (1)°’R+ (2)°R+ (5 +2)*R
=1R+4R+49R
= bH4R



on removing e, lossless = (2)°R+ (2+1)°R+5°R
=4R+9R+ 25R
=38R
So, minimum losses are gained by removing e, branch.

Hence (D) is correct option.

SOL 5.26

Given
V(t) = V,,cos(wt)

For symmetrical 3 — ¢ fault, current after the fault

i(t) = Ae @Dt 4 V2V,

cos (Wt —
Z ( )

At the instant of fault i.e ¢ = t;, the total current i(¢) =0

S0 = Ae BB @“/’” cos (wy) — )

Ao B/D V2V,

cos (wty — o)

|Z|
Maximum value of the dc offset current
Ae BB — @Vm cos (wty — o)
For this to be negative max.
(why—a) =0
or by = %
and Z = 0.004 + 50.04

J = ‘ A ‘ Z o= 0.0401995 £ 84.29°
a = 84.29°0r 1.471 rad.

From equation (1)

ty = L4 300468 sec

"7 (27 x 50)
ty = 4.682 ms

Hence (A) is correct option.

SOL 5.27

Chap 5
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NOTES

Since the fault ‘F’ is at mid point of the system, therefore impedance

seen is same from both sides.
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7=0.004-+70.04
1.0£0°

F
1.0£0°

Z/2

F
7=0.004+0.04

7

5 = 0.0201 £ 84.29°

Z(Positive sequence) =5 = 0.0201/84.29°

also Zy = Zy = Z, (for 3-¢ fault)

. Z0°
s gy (pu) =120 =

120°
Z; 0.0201 £84.29°
So magnitude| I; o) = 49.8
. 100
S Fault current [ =49.8 X ——————
! V3 % 400

= 7.18 kKA
Hence (C) is correct option.

SOL 5.28

If fault is LG in phase ‘a’

I,
° Lo
A,
[ )
A,
[ )
4
L
_Z _ °
7 = 5= 0.0201 £84.29
7y = 7, = 0.0201 £84.29°
and 7y = 37, = 0.0603 £84.29°
Then

Ia/g - ]al - ]a2 - -[aO

I+ 7+ Z
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1.0 9,05 pu NOTES
(0.0201 + 0.0201 + 0.0603) _ " P

Fault Current I; = I, = 31, = 29.85 pu

and I, =

100
V'3 % 400

So Fault current I; = 29.85 X

=497 kA
Hence (A) is correct option.

SOL 5.29

".* Equal Phase shift of point A & B with respect to source from both
bus paths.

So the type of transformer Y-Y with angle 0°.

Hence (A) is correct option.

SOL 5.30

Given incremental cost curve

} Incremental cost Rs/MWhr *  Incremental cost Rs/MWhr
800 .
650 i
600 . ! :
450 . ! i |
200 MW 400 MW P 150 MW 400 MW P
Generator A Generator B

P,+ Pz =700 MW
For optimum generator Py =7, Pp=7"
".* From curve, maximum incremental cost for generator A
= 600 at 450 MW
and maximum incremental cost for generator B
= 800 at 400 MW
minimum incremental cost for generator B
= 650 at 150 MW

".* Maximim incremental cost of generation A is less than the minimum
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To increase capacitive dc voltage slowly to a new steady state value
first we have to make § =— ve than we have to reach its original
value.

Hence (D) is correct option.

SOL 5.34
Given that
e _ 045
Reactance of line= 0.045 pu = L = 97 % 5O
e 11
Suspectance of Line= 1.2 pu = (= 9 50 X 1.9

Velocity of wave propagation = 3 x 10> Km/sec
Length of line [ =7
We know velocity of wave propagation

ve— L
v LC

l: VXv LC

[ =3 x10°

45 1 1
o X 50 X 2m x 50 < 1.2

[ =185 Km
Hence (B) is correct option.

SOL 5.35

Due to the fault ‘F’ at the mid point and the failure of
circuit-breaker ‘4’ the sequence of circuit-breaker operation will be
5,6,7,3,1,2 (as given in options)

(due to the fault in the particular zone, relay of that particular zone
must operate first to break the circuit, then the back-up protection
applied if any failure occurs.)

Hence (C) is correct option.

SOL 5.36

= —
w
. ?.

1
V3

R = [V:m %n V;n] - 0
1

=], ©
o
QQ\
S

>

5
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By solving we get

VooV V.o
R =" (4, — 4,) + =2 (4. — 4,) + —~ (9, — 1
R =3(VI) . where =) _ [ anq v, = v
v 73
Hence (A) is correct option.
SOL 5.37
A
P P,
b,
P,
1300
55—
(Load Angle)
Here P, = power before the tripping of one ckt

P, - Power after tripping of one ckt

_EV .

P = X sin 6

Since P = %
PQInax — %7 here? [X2 = (01 + X) (pu)]

To find maximum value of X for which system does not loose
synchronism

P, = P,, (shown in above figure)

%Sin 62 — -Pm
2

as P,=1pu, F=1.0pu,V=1.0pu

1.0 X 1.0

X, sinl30” =1
= X, =0.77
= (0.1+ X) =0.77
= X =0.67

Hence (C) is correct option.



SOL 5.38
Given that
Jo Jo
where, Phase component Fr=|f|, sequence component Fs=|f,
Je Jo
1 11
and A=l ol
a o 1
Ve = KAV (2)
Ip = KAI;
and Vs = 7' [I4] (3)
05 0 0
where Z' =10 05 0
0 0 2.0
We have to find out 7 if Vp = ZIp ..(4)
From equation (2) and (3)
Vp - KAZ, [Is]
(AT
Ve = KAZ <7>1p
Ve = AZ' A7, ..(5)
1 11
A=l ol
a o 1
1 AdjA
ST
1 a o
AdjA =1 o «
111
_1
Al=3
. 1 a o
-1 _ 1 2
A = 3 1 o «
111
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Generator feeded to three loads of 4 MW each at 50 Hz.
Now one load Permanently tripped

S f =48 Hz
If additional load of 3.5 MW is connected than f=7

".* Change in Frequency w.r.t to power is given as

Af = drop out frequency
o rated power

X Change in power

_ 5 _

=15 X 3.5 =1.16%

_ 50

=1.16 X 100 = 0.58 Hz

System frequency is = 50 — 0.58
= 49.42 Hz

Hence (A) is correct option.

SOL 5.42

With the help of physical length of line, we can recognize line as
short, medium and long line.

Hence (B) is correct option.

SOL 5.43

For capacitor bank switching vacuum circuit breaker is best suited in
view of cost and effectiveness.

Hence (A) is correct option.

SOL 5.44

Ratio of operating coil current to restraining coil current is known as
bias in biased differential relay.

Hence (B) is correct option.

SOL 5.45

HVDC links consist of rectifier, inverter, transmission lines etc, where
rectifier consumes reactive power from connected AC system and the
inverter supplies power to connected AC system.

Hence (B) is correct option.
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SOL 5.46 RNONES

Given ABCD constant of 220 kV line
A=D=0.94210°, B=130£730°, C=0.001£900°, Vs = 240 kV
% voltage regulation is being given as

_ ( VR) No Load — ( VR) Full load
VR = Fallload) < 10

At noload Iz =0
(VR) NL — VS/A7 (VR) Fullload — 220 kV

240

240 99
%V.R. = % % 100
%V.R. =16

Hence (C) is correct option.

SOL 5.47

SOL 5.48

Given that,
Van = X206, Vyo = YZ6,, Phase to neutral sequence volt= ?
First we draw phasor of positive sequence and negative sequence.

Vst Vo
) VABI
V(“Al
VANI

VAN?

VBNI VAB2

VBCl VBNZ
Positive sequence Negative sequence

From figure we conclude that postive sequence line voltage leads
phase voltage by 30°

Vani = XZ£6,—30°

Vine =4 26,4+ 30°
Hence (B) is correct option.

SOL 5.49

For system base value 10 MVA, 69 kV, Load in pu(Ze,) = ?

. (MVA) old k\/vnew >
Znew = o X (MVA)new x <kv01d>
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_ 20 _ /69 \2
Zoew = 0.72 X g X (m>

= 36 pu
Hence (A) is correct option.

SOL 5.50

Unreliable convergence is the main disadvantage of gauss seidel load
flow method.
Hence (A) is correct option.

SOL 5.51

Generator feeds power to infinite bus through double circuit line 3-¢
fault at middle of line.
Infinite bus voltage(V) = 1 pu

Transient internal voltage of generator(E)= 1.1 pu
Equivalent transfer admittance during fault = 0.8 pu = 1/X
delivering power(Ps) = 1.0 pu
Perior to fault rotor Power angle 6 = 30°, f= 50 Hz
Initial accelerating power(P,)=?

P, = Py— P,58ind

BV e
=1 XsmBO
_ 4 laix1_1
=108 X2
= 0.56 pu

Hence (C) is correct option.

SOL 5.52

If initial acceleration power = X pu
Initial acceleration = ?
Inertia constant = 7

o = P X(pw) XS 180 x 50 x X x S
M ~ "SH/180F Sx S
o = 1800X deg /sec”

: _ 1
Inertia const. = 18

= 0.056
Hence (B) is correct option.
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The post fault voltage at bus 1 and 3 are.
Pre fault voltage.

Vi 120°
VBus - {/2 = 1400
Vs 120°

At bus 2 solid fault occurs Z(f) =0, r=2

Fault current I; = 7 Iﬁ_ 7. 7 V—2|— Z
. f 22 f
_ 1207 s
2y = g =4
Y L) ®

()
= @

(f) = Vi°(0) = Z, 1(f), V;° = Prefault voltage
() = Vi® = Zinl; =120° — j0.08(— j4) = 1 — 0.32
Vi(f) = 0.68 pu
Va(f) = Va® = Znl; = 120° — j0.16 (— j4) = 1 — 0.64
V3(f) = 0.36 pu
Hence (D) is correct option.

= =

SOL 5.54

SOL 5.55

Rating of A-connected capacitor bank for unity p.f.

real power P, = Scosd = 12V/3 x 0.8 = 16.627 kW

reactive power (), = Ssind = 12v/3 x 0.6 = 12.47 kW

For setting of unity p.f. we have to set capacitor bank equal to reactive
power = 12.47 kW

Hence (D) is correct option.

SOL 5.56

Given that pu parameters of 500 MVA machine are as following
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Parameters of transposed overhead transmission line
Xs =04Q/km, X,,=0.1Q/km
+ve sequence reactance X; =7
Zero sequence reactance X, = 7
We know for transposed overhead transmission line.
+ve sequence component X; = Xg— X,
=0.4-0.1=0.3Q/km
Zero sequence component X, = Xg+ 2X,,
=0.4+2(0.1) = 0.6 2/km
Hence (D) is correct option.

SOL 5.61

Industrial substation of 4 MW load = P;
Qc = 2MVAR for load p.f. = 0.97 lagging
If capacitor goes out of service than load p.f. =7

cosd = 0.97

tand = tan(cos™'0.97) = 0.25
Q—Qc _

P, =0.25

Q=2 _ 95> Q, = 3MVAR

1
o = tan1<?L> - tan1<%> — 36°
L

cosd = cos36° = 0.8 lagging
Hence (C) is correct option.

SOL 5.62

Yoo =7
L =W+ (Vi- WY,
=0.05Vi—j10(Vi— Vo) == 79.95V; + 710V,
L= (Vo= Vi) Yo+ (Va— Vi) Yog
=10V — 9.9V, — 0.1V
Yoo =Y+ Y+ Y
=—79.95-79.9-0.15
=—419.95

Hence (D) is correct option.
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SOL 5.63

F = a+ bP,+ cP! Rs/hour
Fy, = a+ bP,+ 2¢P; Rs/hour
For most economical operation
P+ P, =300 MW then P, P, =7
We know for most economical operation

OFR _0F
or, JdP
2CP1+b :4:CP2+Z)

from eq (1) and (2)
P =200MW, P, =100 MW
Hence (C) is correct option.

SOL 5.64
k hat ABCD Y = A BV,
We know that parameters .I=lc pllL
_n _ 5L
b= I, V2=o, €= Va L=0
Vi
In figure :%: ZL
1 X Z 2
Z+ Zy 2
or Jy = %
=L —40s—45°
0.025 245°

Hence (B) is correct option.

SOL 5.65

Given

1.0 PHC?O.RSV ) . @
SRR —
G Tr-1 1.0 pu

Steady state stability Power Limit = 6.25 pu
If one of double circuit is tripped than



Steady state stability power limit = 7

Pmlz%g/: 1 X 1X =6.25
0.12—1—7
SR S 6.25
0.12+0.5X :

= X =0.008 pu
If one of double circuit tripped than

P _FV 1 x1 1
™ oX T 0124+ X 0.12+0.08

Hence (D) is correct option.

SOL 5.66

Given data
Substation Level = 220 kV
3-¢ fault level = 4000 MVA
LG fault level = 5000 MVA

Positive sequence reactance:
4000
V'3 % 220

Xy =V /Iy

Fault current I; =

220
J3 220 x 220

4000~ 4000
V'3 x 220

=12.1Q

Hence (D) is correct option.

SOL 5.67

Zero sequence Reactance Xy =7

5000
"7 V3 % 220
](1,1 = ]{,2 = ](1,0 — Q — &

3 3/3 x 220

Chap 5
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220
.
Xt Kot Xo = 0= 00
220 X 3v/3
X+ X+ X, :%:29.049

X =X=12.1Q
Xo =29.04 -12.1 - 12.1

=4.84Q

Hence (B) is correct option.

SOL 5.68

Instantaneous power supplied by 3-¢ ac supply to a balanced R-L
load.

P =V ,+ V.I,+ V.1
= (Vysinwt) I,sin (wt — &) + V,,sin (wt — 120°) [,,sin (wt — 120° — @)

+ Vusin (wt — 240°) [,,sin (wt — 240° — ¢)
= VI[cosd — cos (2wt — &) + cos b — cos (2wt — 240 — &) + cos b
— cos (2wt + 240 — ¢)]

P =3Vicosd (1)
equation (1) implies that total instantaneous power is being
constant.

Hence (B) is correct option.

SOL 5.69

In 3-¢& Power system, the rated voltage is being given by RMS value
of line to line voltage.
Hence (C) is correct option.

SOL 5.70

In this figure the sequence is being given as RBY
Hence (B) is correct option.
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Given data
Lightening stroke discharge impulse current of 7= 10 kA
Transmission line voltage = 400 kV
Impedance of line Z = 250 2
Magnitude of transient over-voltage = 7
The impulse current will be equally divided in both directions since
there is equal distribution on both sides.
Then magnitude of transient over-voltage is
V =17/2
=10 10° x 250

= 1250 x 10° V
= 1250 kV
Hence (A) is correct option.

SOL 5.77

The A, B, C,D parameters of line
A =D=0.9362£0.98"
B =142.276.4°
C =(—5.18+7914)10°Q
At receiving end P = 50 MW, V; = 220 kV
p.f = 0.9 lagging

Vs =7
Power at receiving end is being given by as follows
gy VAR ADE
R = cos(B—0) — cos(f—
| B] | B]
Vs | X 220 2
= ’5142005(76.4° —0) — %cos 75.6°
*+ Vscos (76.4 — ) = 2025442 1+ 0,936 % 220 x 0.2486
= 32.27+51.19

Vscos (76.4 — ) = 83.46

Same as Qr = Prtand
= Pptan(cos™'¢) = 50tan (cos™'0.9)
=24.21 MW
Vs | V| [A|Vaf

Qr = B sin (3 —0) — B sin (3 — «)

Page 318



Chap 5
POWER SYSTEMS

Vs | x 220 2 NOTES
— ‘Smsin(76.4° _5) — 0930 122@20) $in 75.6°
(24.21) 5% +0.936 X 220 X 0.9685 = | Vs |sin (76.4° — 8)...(2)

from equation (1) & (2)
Vs = (215)" + (83.46)

‘Vg‘ = v 53190.5716
= 230.63 kV
Hence (C) is correct option.

SOL 5.78

A new generator of £, =1.4230° pu
X5 = 1.0 pu, connected to bus of V; Volt
Existing Power system represented by thevenin’s equivalent as
Eyw=0920° Z;, =0.25290°, V,=7"

7,=0.24/90° X,(1.0pu)

nmM 7\ nn

O O

From the circuit given
I — E,— Ey
Zn+ Xs
_1.4230°-09£0° _ 1.212+457-0.9
N 7(1.25) N 7(1.25)
0312447
= j(1.25)
Vi=E,— IXs
= 1.212 + j7 — (0.56 — 0.24967) (41)
= 1.212 — 0.2496 + (0.7 — 0.56)
— 0.9624 + j0.14
Vi, =0.972£8.3°
Hence (B) is correct option.

= 0.56 — 0.24967

SOL 5.79

Given that
3-¢ Generator rated at 110 MVA, 11 kV
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Sub transient line current = ?

I, E 1

Now sub transient Line current I, = 31,

I, = 3(— 2.857))

Hence (D) is correct option.

SOL 5.82

Given: 50 Hz, 4-Pole, 500 MVA, 22 kV generator

p.f. = 0.8 lagging
Fault occurs which reduces output by 40%.
Accelerating torque = 7
Power = 500 X 0.8 =400 MW
After fault, Power =400 x 0.6 = 240 MW

TP =T, Xw
P,
T, =*e
w
Where
w = 2’.‘Tfmechanical
2
,ﬁnechanical - félectrical X F
2
== ,ﬁ:lectri(zal X Z

P, =400 — 240 = 160 MW

T - 160
¢ 2Xmx50/2
T, = 1.018 MN

Hence (B) is correct option.

SOL 5.83
Turbine rate speed N =250 rpm
To produce power at f =50 Hz.
No. of Poles pP=7
- N =120
SN = P f
_ 120, _ 120 x 50 _
P=NT="950 —%
P =24 Poles

Hence (D) is correct option.

= Tt 0I5+ 015005~ 0355 — 287

Chap 5
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from eq(1), 0.5 = %sin(& — &)
= 61_ 62 — Sln1<282><605>

Hence (C) is correct option

SOL 5.88

Time period between energization of trip circuit and the arc extinction
on an opening operation is known as the interrupting time of Circuit
breaker.

Hence (B) is correct option.

SOL 5.89

Given that ABCD parameters of line as
A=D=0.920°, B=200290", C=0.95%x102290°S.
at no-load condition,
Receiving end voltage ( Vz) = sending end voltage (V)
ohmic value of reactor = 7

We know Vs = AVyz + By
Vs = Vi
VR :AVR+BIR
VR(]_—A) :B[R
Ve _ B
Iy 1-A
_200£90°
1-09£0°
Ve = 2000290°
R

The ohmic value of reactor = 2000 €2
Hence (B) is correct option.

SOL 5.90

Surge impedance of cable
Z = /%; L =04 mH/km, C=0.5pF/km

0.4 x 10°*
=V o5 x 100 B
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surge impedance of overhead transmission line

Ty = Zy= /%; L =15 mm/km, C = 0.015uF /km

1.5 x 10°°
Zy= Ty = | 222X 31623
T 0.015 x 10°°

Now the magnitude of voltage at junction due to surge is being given
by as

;2 X VX Z o
V ==z 7 V=20 kV

_2x 20 x 10° x 316.23
- 316 + 28.284

= 36.72 kV
Hence (A) is correct option.

SOL 5.91

Let that current in line is I amp than

from figure current in line section PR is (I — 10) amp
current in line section RS is (I — 10 — 20) = (I — 30) amp
current in SQ Section is (I — 30 — 30) = (I — 60) amp
Given that Vp and Vj, are such that

VP— VQ :SV

by applying KVL through whole line
Vp— Vo = (I—10)0.1+ (I—30)0.15+4 (I—60) x 0.2

= 3 =0451-17.5

_20.5 _
I = 045 = 45.55 amp

Now the line drop is being given as
= (I—10)0.1+ (I—30)0.15+ (I—60)0.2
= (33.55)0.1 + (15.55)0.15 + (14.45) 0.2
=8.58 V
The value of Vp for minimum voltage of 220 V at any feeder is
= 220 + Line voltage
= 220 + 8.58
= 228.58 V
Hence (D) is correct option.
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Given Load Power = 100 MW
Vo=V, =11 kV

Impedance of line 7, = Iw
= %&11)2 = j0.2420
We know P, = W
X
100 x 10° = 11X 108};4%1 X 10° . o
W = sind

6 =sin '(0.2) = 11.537°
Reactive Power is being given by

Vs | Ve Vil
:Tcosé—T
11 x 10° x 11 x 10° . 11 x 10%?
= 0.242 cos (11537°) — 0.242 )
6
= 12000 feos (11.537°) — 1]
—_10.1 MVAR

Hence (D) is correct option.

SOL 5.93

Given the bus Impedance Matrix of a 4-bus Power System
70.3435 70.2860 40.2723 j0.2277
70.2860 70.3408 j0.2586 50.2414
bus =140.2723 50.2586  j0.2791 50.2209
10.2277 0.2414 j0.2209 70.2791

Now a branch os j0.2 Q) is connected between bus 2 and reference
Zij
N R

nj

1
Loy = Znow = 727

New element 7, = j0.2 () is connected in jth and reference bus
j=2,n=4so
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1 Ly

m Z23 [Z21 Z22 Z23 Z24]
Z24

10.2860

) 10.3408

= [7(0.3108) & 0.2]| 0.2586 [40.2860 j0.3408 j0.2586 j0.2414] ...(1)

70.2414

Given that we are required to change only Zs, Zs;
7(0.3408)°

So in equation (1) Z,QQ = m = j02147
, (0.3408) (0.2586 .
Ly =\ 0.531(()8 ) — 0.16296

Zoy(New) = Zon(ou) — £ 20 = 70.3408 — j0.2147 = 50.1260
Zoz(New) = Zoz(o1) — 24 23 = 70.2586 — j0.16296 = j0.0956
Hence (B) is correct option.

SOL 5.94

Total zero sequence impedance, +ve sequence impedance and — ve
sequence impedances

Zo = (Z) tine + (Z0) Generator = J0.04 + 0.3 = j0.34 pu

Zy = (Z1) tine + (Z1) Generator = J0.1 4 70.1 = j0.2 pu

Zo = (Z5) Line + (Z5) Generator = J0.1 + 0.1 = 0.2 pu

Z, = 70.05 pu
for L-G fault
I, = L,
T o+ 2+ 2+ 37,
B 0.1
=02+ 02+ 03471015
=—71.12pu
6
I — generator MVA 20 x 10 = 1750 Amp

~ V3generatorkV. V3 x 6.6 x 10°

Fault current
Iy = (3L) I
= 3(—j1.12) (1750) =— 75897.6 Amp
Neutral Voltage
Vi, =1;72,
and Zy = Zp X
Page 326



Chap 5
POWER SYSTEMS

NOTES P =2
P(J - RnaxSin 60 =1
60 — 300

Omax = 110° (given)
Now from equation (1)

25in30° (110 — 30) 15~ = 2[cosd, — cos 110°]

180 —
0.5 x S0 _ (056, + 0.342

180
cosd, = 0.698 — 0.342
6. = 69.138°

Hence (C) is correct option.

SOL 5.98
"." Both sides are granted
E, _10£0° an®
So, I, = 7 35— =524 -90
E, 10Z —90° o
Ib_7_T 3.334 — 180
E. 10£120° 0
I. = 7 =5 = =2.5230
1

We know I, —g[I +aly+ o’ 1)

where o = 12120° = o = 12£240°

Iy = §[52 —90° + 3332 (—180° +120°) + 2.5.2 (240° + 30°)]
Iy =554 —90° +3.332 — 60° +2.52270°]
=3[~ 5j+ 1.665 — 2.883 — 2.5
= 3[1.665 — j10.383]
— 357 —80.89°

Hence (D) is correct option.

SOL 5.99

Given data
A balanced delta connected load = 8 4 65 = 2
Vo =400 volt
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Improved Power Factor cosd, = 0.9 NOTES

&1 = tan"'(6/8) = 36.85°
by = cos '(0.9) = 25.84°

V400 400 o .
I'=7=846j=10236.86° — 204 —36.86

I =32- 724
Since Power factor is Improved by connecting a Y-connected capacitor
bank like as

R 1
> I(:_L >

X

Phasor diagram is being given by as follows

In figure oa = I’ cos by = Icos Py
I" cos25.84° = 32
I” X 0.9 =32
I’ = 35.55
ac = 24 Amp. (ac = Isindy)

ab = I’ sin b, = 35.555in25.84°
ab = 15.49 Amp
I. =bc=ac—ab =24 —15.49 = 8.51 Amp

. _ 33X VI
KVAR of Capacitor bank = o000

_ 3 x 400 x 8.51
N 1000

=10.2 KVAR

Hence (B) is correct option.
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Given that Xg= 0.2 pu
Mid point voltage of transmission line = 0.98 pu
Vs =Ve=1
Steady state power transfer limit

Vs Vg 1.1 . o
P = g(SRsmB:Oﬁsm% =5 pu

Hence (D) is correct option.

SOL 5.105

We have to find out the thevenin’s equivalent zero sequence impedance
Zy at point B.The zero sequence network of system can be drawn as
follows

0.03j 3x0.25 0.1 0.055 0.07j

3x0.25

Refrence

equivalent zero sequence impedance is being given as follows
Zy = 0.1+ 0.055+ 0.07j+ (3 x 0.25)
Zy = 0.75 + 50.22

Hence (B) is correct option.

SOL 5.106*

Given data :
Zc =400 (Characteristics Impedance)
3 =1.2 X 107 rad/km (Propagation constant)
[ =100 km (length of line)
Prox =7 If V5=230 kV
Vs = Vicos(Bl) + jZcsin (B1) I
" Vs = AVy+ Bl
A = cosfl
= cos(1.2 X 107° x 100) = 0.9928 £0°
B = jZcsin (Bl)
= 400sin (1.2 x 10"* x 100) = j47.88
=47.88290°
Ve =230 kV, /=100 km
Since it is a short line, so Vs = V; = 230 kV
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again we know for transmission line the equation

(P = Po)’ +(Q — Qu) = P/ (1)
Where Py ==V cos (8 — a) MW
Qo =— AgRZ sin (3 — o) MW

_ Vs Vr
P, = =5t MVA

and maximum power transferred is being given by as

R'm = ‘ Pf' -P70

_ VsVir _ 230 x 230
B 4788

P, =1104.84 MVA

P,

AV

Py =—=5 cos (B — a) MW
0.9928 x (230)2 o
=— 1783 X cos(90° —0)
pm - O MW
So maximum Power transferred
Prm = Pr‘_‘PH)‘
=1104.84 MW
SOL 5.107*

Given: two transposed 3-¢ line run parallel to each other.
The equation for voltage drop in both side are given as

[AV, 0.15 0.05 0.05 0.04 0.04 0.04] L,
AVy 0.05 0.15 0.05 0.04 0.04 0.04(
AVy 10.05 0.05 0.15 0.04 0.04 0.04| I+
AV,| = 70.04 0.04 0.04 0.15 0.05 0.05( I,
AV 0.04 0.04 0.04 0.05 0.15 0.05|[ Iy
AV, 0.04 0.04 0.04 0.05 0.05 0.15|[ >

We have to compute self and mutual zero sequence impedance of the
system i.e. Zyi1, Zoi2, Zoo1, Zoo2 in the following equation.

AV = Zyido + Zooi Lo

A Voo = ZoorIoy + Zio Ios
We know that +ve, —ve and zero sequence Impedance can be
calculated as respectively.
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% = 104.72cosd + &
t
.8 =0 (given)
_dd
Wt
FOI‘ (winit) max — <§_6>
dd _
<E>max when cosd =1

dd

(Winit) max = <%> = 104.72 rad/sec

SOL 5.109

A lossless radial transmission line with surge impedance loading has

flat voltage profile and unity power factor at all points along it.

Hence (C) is correct option.

SOL 5.110

Given that 3-¢ transformer, 20 MVA, 220 kV(Y) - 33 kV(A)

X, = leakage Reactance = 12%
X = reffered to L'V in each phase =7

B (LV side voltage)®
X' =3 X 5[VA Rating
B (33kV)?
X =3 X 20 MVA x 0.12
=19.6 ()

Hence (B) is correct option.

SOL 5.111

Given 75 MVA, 10 kV synchronous generator
X; =0.4pu
We have to find out (X;),.e. at 100 MVA, 11 kV

(Xd) new — (Xd) old X (11:\\/{ >01d i X (11\\/[/[\\/;:)new
( )IleVV ( )Old
(X)) new = 0.4 X G?)Q X % = 0.44 pu

Hence (D) is correct option.
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SOL 5.112 el

Given Y-alternator: 440 V, 50 Hz
Per phase X, = 102, Capacitive Load current I =20 A
For zero voltage regulation load p.f =7
Let Load Z = R+ jX
".* Zero voltage regulation is given so
Ern— IX,— I(R+jX) =0

440 _ 90 (j10) — 20 (R + jX) = 0
V3
separating real and imaginary part of equation (1)
440
20R =2
J/3
22
R — 22
V3
440
and 200X +10) ===
( ) 73
_ 22 4)_A468
V3 V3
X ,(4.68/V3 468
-t o () ()
an“p an < 22/@ ) b
and power factor cos = COS(tan‘1 4é628>
cosf = 0.82

Hence (A) is correct option.

SOL 5.113

Given 240 V, 1-¢ AC source, Load Impedance Z = 10£60° 2
Capacitor is in parallel with load and supplies 1250 VAR
The real power P by source =7

Lk
I+1.

240 V<~> Z| |Load =—=C

from figure current through load I,= 1+ I
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We have to draw reactance diagram for given Yg,s matrix

6 2 25 0
|2 1025 4
You =Jlos 25 —9 4
0 4 4 -8

" It is 4 X 4 matrix (admittance matrix) as

Yin Y2 Y13 Yua
Y21 Y22 Y23 You
ys ys2 Yss Y

Yu Ya2 Ya3 Yau

YBus

Here diagonal elements
Y = Yo+ Y2+ Y3+ yu =— 67
Yoo = Yoo+ Yo + Yoz + yoa =— 107
Yszs = Yo+ Y1+ Yo+ Yz =—97
Yaur = Yao+ Y+ Yao + Y3 =—9jJ
and diagonal elements
Yi2 = Yo =— Y2 = 2]
Yis = Ys1 =— Y13 = 2.5
Yiu=Yn=— Yu =07
Yoz = Ys2 =— Yoz = 2.5
Your = Yoo =— You = 4]
Ysa=Ysu=4j

—_

from equation (1) Yo = Yuu— Y2 — Y13 — Yu

o =—6j+2j+2.5j4+05=—1.5j
Same as from equation (2)

Y20 = Y22 — Y21 — Y23 — You

Yoo =— 107+ 2j+2.55+4j=— 1.5

from equation (3) Y30 = Y33 — Y31 — Ys2 — Y34
s =— 95+ 2.5j+ 2.5j+ 45 = 0
from equation (4) Yao = Yaa — Ya1 — Ya2 — Ya3

Now we have to draw the reactance diagram as follows
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+ Pmaxlll (COS 6max — COS 6cr) - 0

Pm(6max - 60) - Pmaxllcos 60 + Pmaxlllcos 6ma.x

= =
cos 6(17 Pmaxlll - Pmaxll
~ 1(2.41 —0.52) — 0.5co0s(0.52) + 1.5cos (2.41)
- 1.5—-0.5
cos o, = 0.35
8 = cos '0.35
=1.21 rad
SOL 5.120%

Given: L - G fault on unloaded generator
Zy=70.15, Z; = j0.25, Z, = 50.25 pu, Z, = j0.05 pu

varcfault =1 pu
If - 7
— _ 3‘/})1'efault
fault Current I; = 31, = 75 2+ 2, ¥ 37
_ 3x1
(70.25 + j0.25 + j0.15) + 3(5.05)
3 .
Iy = +5~-=—3.75
/= 0.807 J

Sequence network is being drawn as follows
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Given power system has two generator
Generator - 1; C; = 0.006 P&, + 8 Po; + 350
Generator - 2; C, = 0.009PG; + 7Pg, + 400
Generator Limits are 100 MW < P;; < 6560 MW
50 MW < Py, < 500 MW
Po1+ Py = 600 MW, Pqy, Pgo = 7 For optimal generation
We know for optimal Generation

0C, _ 0G0

0 Pe — 3 Py (1)
00 _

0P 0.012P; + 8

00, _

0 P 0.018FPy+ 7

from equation (1)
0.012P51+8 = 0.018FP.+ 7
0.012P, — 0.018 Pgy =— 1 (2)
Py + Pey = 600 (3)
From equation (2)
0.012Pg; — 0.018 (600 — Pyy) =— 1

= 0.03P;, = 9.8
N Pei = 326.67 MW
Pes = 600 — Py, = 600 — 326.67
= 273.33 MW
Skoskoskoskoskeosk skoskoskoskosk
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CONTROL SYSTEMS
YEAR 2010 TWO MARKS
McQ 6.1

The frequency response of

1
G(s) = s(s+1)(s+2)

plotted in the complex G (jw) plane (for 0 < w < ) is

Alm A Tm
73‘/4 . | w=0
OV / o® i
j:o —3>4 Re
A I Am
: "
w=0
(C) = O
w=0

~1/6 ~1/6
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ATm NOTES

—1.42 Re

w

w=0

A) always stable

(A)

(B) marginally stable

(C) un-stable with one pole on the RH s-plane
(D)

D) un-stable with two poles on the RH s-plane

MCQ 6.6

The first two rows of Routh’s tabulation of a third order equation are
as follows.

$ 22

$ 44
This means there are
(A) Two roots at s =% j and one root in right half s-plane
(B) Two roots at s =+ 52 and one root in left half s-plane
(C) Two roots at s =% j2 and one root in right half s-plane
(D)

D) Two roots at s =+ j and one root in left half s-plane

McCQ 6.7

The asymptotic approximation of the log-magnitude v/s frequency
plot of a system containing only real poles and zeros is shown. Its
transfer function is

—60 dB/dec

—40 dB/dec

> wrad/s

0.1 2 5 25
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(A) - (Sﬂ;é? 25) B) 2 (iof(;gi:f )25)

(©) 3(31202()8&?25) (®) 82(884(: (2$><+s5+) 25)

YEAR 2009 e
MCQ 6.8

The unit-step response of a unity feed back system with open loop
transfer function G(s) = K/((s+1)(s+2)) is shown in the figure.

The value of K is

—_

2 )
Z 0.75 /
205 /
~0.25

0 T D 3 4

Time(s)

(A) 0.5 (B) 2
(C) 4 (D) 6
MCQ 6.9

The open loop transfer function of a unity feed back system is given
by G(s) = (¢”"*) /s. The gain margin of the is system is

(A) 11.95 dB (B) 17.67 dB

(C) 21.33 dB (D) 23.9 dB

Common Data for Question 10 and 11 :

A system is described by the following state and output equations

D) (1) 4+ 2a(§) + 2u(
dxéft) =— 22,(8) + u(t)
y(t) = x()
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NOTES (A) 0 (B) 0.5
(€)1 (D) 2
MCQ 6.14

The transfer functions of two compensators are given below :

_10(s+1)  ~ _ s+10
G= (s+10)° 02_10(3+1)

Which one of the following statements is correct 7

(A) (i is lead compensator and (; is a lag compensator
(B) (i is a lag compensator and (; is a lead compensator
(C) Both (i and C; are lead compensator

(D) Both (i and C are lag compensator

MCQ 6.15

The asymptotic Bode magnitude plot of a minimum phase transfer
function is shown in the figure :

N —40dB/decades
G(jw)
(dB)
2 20dB /decad
- ecades
0 L i
0.1 \ w(rad/sec)V
log scale
—20
\OdB /decade
This transfer function has
(A) Three poles and one zero (B) Two poles and one zero
(C) Two poles and two zero (D) One pole and two zeros

MCQ 6.16
Figure shows a feedback system where K > 0

K
s(s + 3)(s +10)
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The range of K for which the system is stable will be given by NOTES
(A) 0< K< 30 (B) 0 < K< 39

(C) 0 < K< 390 (D) K > 390

MCQ 6.17

The transfer function of a system is given as

100
s’ + 205+ 100

The system is
(A) An over damped system (B) An under damped system
(C) A critically damped system (D) An unstable system

Statement for Linked Answer Question 18 and 19.

The state space equation of a system is described by
X = AX+ Bu,Y = CX where X is state vector, u is input, Y is
output and

a=lp Sfp=|ile=ua

0 -2 1
MCQ 6.18
The transfer function G(s) of this system will be
(A) i B) 55
A FEr) ©) S42)
McCQ 6.19

A unity feedback is provided to the above system G(s) to make it a
closed loop system as shown in figure.

r(?) (E ;) G(s) y(t)‘

For a unit step input r(t), the steady state error in the input will be
(A) O (B) 1
(C) 2 (D) oo
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(C) X=cs+c,Y=(bis+b)/(8+as+a),Z=1
D) X=cas+c,Y=1/(5+ams+a),Z= bs+ b

McCQ 6.25

Consider the feedback system shown below which is subjected to a
unit step input. The system is stable and has following parameters
K,=4,K,=10,w =500 and £ = 0.7.The steady state value of Z is

(,02

s* + 2805 + ©°

Data for Q.26 and Q.27 are given below. Solve the problems
and choose the correct answers.

R-~L-C circuit shown in figure
R=10Q L=1mH

It

C=10 pF

MCQ 6.26

For a step-input e;, the overshoot in the output e, will be
(A) 0, since the system is not under damped

(B) 5%

(C) 16 % (D) 48 %
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(A) (1) only

(C) all, except (3)

McCQ 6.30

The Bode magnitude plot H(jw) =

| H(jw)|dB
A

(A) a0t

20]

l\.’J
o

i

t-20

{40

Page 354

(B) all, except (1)

(D) (1) and (2) only

10%(1 + jw)
(10 + jw) (100 + jw)?

| H(jw)|dB
A

(B) 140

N

1T 0 T 3

20

{40

| H(jw)|dB

(D) 740

+—20

\/

log(w)

{40
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MCQ 6.31 NOEES

A closed-loop system has the characteristic function
(s —4)(s+ 1)+ K(s—1) = 0. Its root locus plot against K is

Jw Jw
| \

\
\
A
\

-9 1|41 +2 o -2 1141 +2 o

Jw

2 -1 | +1 42 O

YEAR 2005 ONE MARK

MCQ 6.32

A system with zero initial conditions has the closed loop transfer
function.

$+4
T(5) = 7T (s 1)

The system output is zero at the frequency

(A) 0.5 rad/sec (B) 1 rad/sec

(C) 2 rad/sec (D) 4 rad/sec
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RNONES McCQ 6.33

Figure shows the root locus plot (location of poles not given) of a
third order system whose open loop transfer function is

A
Im
2431
V3
32 1 NI 2 3  Re
/31
—2/31
K K
A) & B
(4) s (B) 52(s+1)
K K
C) ——— D) — &
© s(s°+1) (D) s(s"—1)
MCQ 6.34

The gain margin of a unity feed back control system with the open
loop transfer function

G(s) = @ is
s
(A) 0 (B)
V2
(C) V2 (D)
YEAR 2005 TWO MARKS
McCQ 6.35
A unity feedback system, having an open loop gain
K(1-y)
H(s) =—F———~
G(S) (8) (1 + S) ’

becomes stable when

(A) |K|>1 (B) K>1

(C)|K|<1 (D) K<—-1
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MCQ 6.39

The state transition matrix

Wl ) ®) |, “iigﬂ
© |, §<ia_‘z'ﬂ ), (t‘le’ﬂ
McCQ 6.40

The state transition equation

W x =[] ) X0 =55 |

© x| o x|

YEAR 2004 ONE MARK
McCQ 6.41

The Nyquist plot of loop transfer function G(s) H(s) of a closed loop
control system passes through the point (—1,70) in the G(s)H(s)
plane. The phase margin of the system is

(A) 0° (B) 45°
(C) 90° (D) 180°
MCQ 6.42

Consider the function,

_ S
Flo) = s(8+35+2)

where F(s) is the Laplace transform of the of the function f(¢). The
initial value of f(t) is equal to

(A) 5 B) 3
(©) 3 (D) 0
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MCQ 6.43 REEe

For a tachometer, if 0(%) is the rotor displacement in radians, e(?) is
the output voltage and K; is the tachometer constant in V/rad/sec,

then the transfer function, E(s) will be

Q(s)
(A) K (B) Ki /s
(C) Kis (D) K
YEAR 2004 TWO MARKS

MCQ 6.44

For the equation, s® — 45+ s+ 6 = 0 the number of roots in the left
half of s-plane will be

(A) Zero (B) One
(C) Two (D) Three
McCQ 6.45
For the block diagram shown in figure, the transfer function ]C%YEZ)) is
equal to
R(s) |1 T C(s)
o

2 2

s s

2
C S + S + 1 D 1
() £EsEL o) 5L

MCQ 6.46

The state variable description of a linear autonomous system is,
X = AX where X is the two dimensional state vector and A is the

system matrix given by A =

2
9 Ol. The roots of the characteristic
equation are

(A) —2 and +2 (B) —72 and + 2

(C) —2 and —2 (D) +2 and +2
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(A) 0.141 (B) 0.441 NOTES
(C) 0.841 (D) 1.141

YEAR 2003 ONE MARK

McCQ 6.51

A control system is defined by the following mathematical relationship

&z | gdr |5, 191 _ o2
o T Hsr=12(1- ")

The response of the system as t — oo is

(A) z=6 (B) z=2
(C)z=24 (D) z=-2
MCQ 6.52

A lead compensator used for a closed loop controller has the following
transfer function

K(1+4%)
(T+3)

For such a lead compensator

(A) a<b B)b<a
(C) a> Kb (D) a < Kb
MCQ 6.53

2
A second order system starts with an initial condition of l J without

any external input. The state transition matrix for thé system is

-2t
0
given by [e e_tl. The state of the system at the end of 1 second is

given by 0
0.271 0.135
1.100 0.368
0.271 0.135
(©) [0.736] (D) [1.100]

Page 361



Chap 6

CONTROL SYSTEMS

NOTES

Page 362

YEAR 2003 TWO MARKS

MCQ 6.54

A control system with certain excitation is governed by the following
mathematical equation

Fr dde 1, _ 4 -5t

e +2 It +18x =10+ 5e "+ 2e
The natural time constant of the response of the system are
(A) 2 sec and 5 sec (B) 3 sec and 6 sec
(C) 4 sec and 5 sec (D) 1/3 sec and 1/6 sec
McCQ 6.55

The block diagram shown in figure gives a unity feedback closed loop
control system. The steady state error in the response of the above
system to unit step input is

u(t) 3 15 | yt)

s+15 s+1 B}
(A) 25% (B) 0.75 %
(C) 6% (D) 33%
MCQ 6.56

The roots of the closed loop characteristic equation of the system
shown above (Q-5.55)

u(t) 3 15 y(t)

s +15 s+1 -
(A) —1 and —15 (B) 6 and 10
(C) —4 and —15 (D)—6 and —10
McQ 6.57

The following equation defines a separately excited dc motor in the
form of a differential equation
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(A) 4.9°, 0.97 dB (B) 5.7°, 3 dB
(C) 4.9°, 3 dB (D) 5.7°, 0.97 dB
McCQ 6.60

The block diagram of a control system is shown in figure. The transfer
function G(s) = Y(s)/U(s) of the system is

[9]
L]
[ or 15 Jor Y(s)
Integrator Integrator
] (2]
(A) PRy (B) PR
18(1 + 19 )(1 + §) 27(1 + E)(l + g)
(©) Ry (D) FR—
271+ 55)(+ ) 7o)t ts)
YEAR 2002 ONE MARK

MCQ 6.61

The state transition matrix for the system X = AX with initial state
X (0) is

A) (sI—A)"!

B) " X(0)

C) Laplace inverse of [(s]— A)]

D) Laplace inverse of [(sI— A)™ X (0)]

o~ o~ o~

YEAR 2002 TWO MARKS
MCQ 6.62

. 23 1
For the system X = 05 X+ ol® which of the following statements

is true 7
(A) The system is controllable but unstable

(B) The system is uncontrollable and unstable
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(C) The system is controllable and stable NOTES

(D) The system is uncontrollable and stable

MCQ 6.63
A unity feedback system has an open loop transfer function,

G(s) = % The root locus plot is

(a) B)
© )

Jw
; 0

The transfer function of the system described by

(D

MCQ 6.64

&y dy _du

s + = dt + 2u
with » as input and y as output is

2) (s+1)

Ay 5 F B
) (s + ) B) (s + )

2 2s
C D) —48
© (8 + s) (D) (8 + 3)
MCQ 6.65

For the system

) 20 1
X = 0 4}X+ 1% Y:[4 O]X,
with « as unit impulse and with zero initial state, the output y,
becomes
(A) 2¢€* (B) 4¢*
(C) 2¢€" (D) 4¢"
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MCQ 6.66

The eigen values of the system represented by

0100
. 0010
X:0001Xare
0001
(A)0,0,0,0 (B)1,1,1,1
(C)0,0,0, —1 (D) 1,0,0,0

MCQ 6.67*

A single input single output system with y as output and v as input,
is described by
dy
dr

du

I —3u

+2 10y =59

for an input u(¢) with zero initial conditions the above system produces
the same output as with no input and with initial conditions

dy(0~ _
input wu(t) is
1 1 -
(A) £6(1) — o 99" u(t) (B) £8(t) — o e u(t
(®) —% e By (t) (D) None of these
MCQ 6.68*

A system is described by the following differential equation

d dy —t

the state variables are given as z; = y and 2, = <Z‘? — y> ¢', the state

varibale representation of the system is

(2] |1 e(n 1

W) 1 1= o el T o2
& (1 1z [1

B) 15,1 = o 1ffa| T [o[
-ii'l— ]_ €_t I 1

@ 2] =lo <) o]0

(D) none of these
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Common Data Question Q.69-71%*. NOTES

The open loop transfer function of a unity feedback system is given
by

_ 25+
Gls) = s(s+2)(s+10)

MCQ 6.69
Angles of asymptotes are
(A) 60°,120°,300° (B) 60°,180°,300°
(C) 90°,270°,360° (D) 90°,180°,270°
McCQ 6.70
Intercepts of asymptotes at the real axis is
(A) 6 B) -4
(C) —4 (D) -8
McCQ 6.71
Break away points are
(A) —1.056, —3.471 (B) —2.112, — 6.9433
(C) —1.056, — 6.9433 (D) 1.056, — 6.9433
YEAR 2001 ONE MARK
McCQ 6.72

The polar plot of a type-1, 3-pole, open-loop system is shown in
Figure The closed-loop system is

A
GH-plane

w=00

—1.42 Re

(A) always stable

(B) marginally stable
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Common Data Question Q.75-78%*. NOTES

A unity feedback system has an open-loop transfer function of

10000
G(s)=—"—
) s(s+10)*

MCQ 6.75

Determine the magnitude of G(jw) in dB at an angular frequency of
w = 20 rad/sec.

(A)1dB (B) 0 dB
(C) —2 dB (D) 10 dB
MCQ 6.76

The phase margin in degrees is

(A) 90° (B) 36.86°
(C) —36.86° (D) —90°
MCQ 6.77

The gain margin in dB is

(A) 13.97 dB (B) 6.02 dB
(C) —13.97 dB (D) None of these
MCQ 6.78

The system is

(A) Stable (B) Un-stable
(C) Marginally stable (D) can not determined
McQ 6.79*

For the given characteristic equation
$+ 8+ Ks+K =0

The root locus of the system as K varies from zero to infinity is
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I
I
(A) !
I
I
I
I
I
I
05 K=0
9 -1 K=0 ©
l
I
I
I
I
I
I
|
I
K=o00
Jw
K—ooA
(€)
K=0
>0 ¥
—9 -1 K=0 ©
K=o00
\ 4

Page 370
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(D) none of these
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SOLUTION NOTES
SOL 6.1
Given G(s) = s(s+ 1%(8—1— 2)
‘ 1
G(jw) = Jw (jw + 1) (jw + 2)
16i9)] =~

wv W+ 1V w2+ 4
Z G(jw) =—90° — tan ' (w) — tan” " (w/2)
In nyquist plot

=—270°
Intersection at real axis
. 1
G(w) = —~ -
") = T (T 2)
_ 1
Jw (= W+ Bw +2)
1 —3W — jw(2 — W)
= 2 . 5 X 2 . 2
—BwHw2-—w) —3w—jw(2-w)
_ 30— jw(2 - W)
W (2 - W)’
— 3w’ (2 — o)

T o' C2-w)? 9w WP (2— )2
At real axis
Im [G(jw)] =0
w(2—uw)
9w + W (2 — W)
2—w=0= w=+2 rad/sec
At w=+2 rad /sec, magnitude response is

G () = L
o2 T /2 24 12 4 4

Hence (A) is correct option.

So, =0

[ o

_1
=5 <
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Stability :
Eigen value of the system are calculated as
‘ A—NI ‘ =0
—-12] [NO
A= :[ 0 2]‘[0 xl
—1-X 2
:[ 0 2- xl
‘A—)J‘ =(—1-XN)(2-XN)—-2x0=0
= ANyhe =—1,2
Since eigen values of the system are of opposite signs, so it is
unstable
Controllability :
-1 2 0
t=lo o
2
]
[0 2
[B: AB] = 1 2]
[B:AB] # 0

So it is controllable.
Hence (C) is correct option.

SOL 6.3

Given characteristic equation
s(s+1)(s+3)+K(s+2)=0; K>0
s(£+4s+3)+ K(s+2) =0
§+48+ (3+ K)s+2K =0
From Routh’s tabulation method

$ 1 3+ K
s 4 2K
s 4(3+K)—2K(1)_12+2K>0

1 !
s 2K

There is no sign change in the first column of routh table, so no root
is lying in right half of s-plane.
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Here N =-—2 (.. encirclement is in clockwise direction)
P =0 (.. system is stable)
So, Z=0-—(—2)
Z = 2, System is unstable with 2-poles on RH of s-plane.
Hence (D) is correct option.

SOL 6.6
Given Routh’s tabulation.
s 2 2
§ 4 4
s 0 0
So the auxiliary equation is given by,
4 +4 =0
§=—1
s==%j

From table we have characteristic equation as
288 +25+45+4 =0
§+5+2542 :O
s(£+1)+2(8+1) =
(s+2)(s+1) =
s=—2,s=17j
Hence (D) is correct option.

SOL 6.7

Since initial slope of the bode plot is —40 dB/decade, so no. of poles
at origin is 2.
Transfer function can be written in following steps:
1. Slope changes from —40 dB/dec. to —60 dB/dec. at w; = 2 rad/
sec., so at w; there is a pole in the transfer function.
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2. Slope changes from — 60 dB/dec to —40 dB/dec at w, = 5 rad/sec.,
so at this frequency there is a zero lying in the system function.
3. The slope changes from —40 dB/dec to —60 dB/dec at w; =25
rad/sec, so there is a pole in the system at this frequency.
Transfer function
K(s+5)
s (s+2)(s+ 25)

T(s) =

Constant term can be obtained as.
T(_]U)) ‘atw:O.l - 80

K(5)
S 80 = 20log———
o °810.1)? x 50
K = 1000
therefore, the transfer function is
1000 (s+ 5)
T =
() s (s+2)(s+ 25)

Hence (B) is correct option.

SOL 6.8

From the figure we can see that steady state error for given system is
ess =1 —0.75=10.25

Steady state error for unity feed back system is given by
[ sR(s)

€ss = lim 1+G(s)]

s(il)(
L D6+

= lim

50

(unit step input)

So, €y — o5— — 0.25

Hence (D) is correct option.
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Open loop transfer function of the figure is given by,

—0.1s
G(s) =¢

S

e*jO.lw

G (jw) =

Phase cross over frequency can be calculated as,
£ G(jw,) =—180°
(—0 1w, X 180) 90° =— 180°

Jw

0.1w, x 1807 _ gp°
90° X w
0.1w, 180°
w, = 15.7 rad/sec
So the gain margin (dB = 20lo
g gin (dB) g<‘G(M ‘>
= 20log| 7
<15.7>
= 20log15.7
=23.9dB
Hence (D) is correct option.
SOL 6.10
Given system equations
da (t
00— 30 (0) + 2 (8) + 2u()
dxy (t
o) o () + u(
y(t) = (1)

Taking Laplace transform on both sides of equations.
sXi(s) =—3Xi(s) + Xa(s) +2U(s)
(s+3)Xi(s) = Xa(s) +2U(s)
Similarly
sX5(s) =—2X5(s) + U(s)
(s4+2)Xa(s) = Ul(s)
From equation (1) & (2)

(s+3) Xu(s) = 28 L 200(9)
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SOL 6.17

Given transfer function is

B 100
H(s) = 27505 1 100

Characteristic equation of the system is given by
s"+ 205+ 100 =0
wp = 100 = w, = 10 rad/sec.
26w, =20

20
or E=g5510-1

(£ = 1) so system is critically damped.
Hence (C) is correct option.

SOL 6.18

State space equation of the system is given by,
X = AX + Bu
Y =CX
Taking Laplace transform on both sides of the equations.

sX(s) = AX( s)+ BU(s)
(sI—A)X(s) = BU(s)
X(s) = (sI A)'BU(s)
Y (s) = CX(s)
So Y(s)=C(sI—A)" 1BU(S)
_Y(s) _
TF = = OlsT = 4)
s 0
(sI—4) :[0 sl [0 —2] [o s—|—2l
(sI— A)il - 3(5%1—2)[8—52 il
1 1
B s s(s+2)
- 1
O 512
Transfer function
1 1
G(s)=C[sI- A]"'B = [1 0 [ l [1 O] 8+2
5—|— (s+2)
o 1
-~ s(s+2)
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Hence (D) is correct option. NOTES

SOL 6.19

Steady state error is given by,

ey = lim ‘SR(S)]
T s 14+ G(s) H(s)
Here R(s) = L[r(t)] :% (Unit step input)
1
=Gty

H(s) =1 (Unity feed back)

1
(s)
SO, € — lim|——4%——

s=0 1+ ]_

:llz% s(s+2)+1

Hence (A) is correct option.

SOL 6.20

For input u, the system is (u, = 0)

w (8 — 1)

(s—1)
+2) (s—1)
H,(s) = (s —
1(8) 1+(s—1) 1 (s+3)
(s+2)(s—1)
Poles of the system is lying at s =— 3 (negative s-plane) so this is

stable.

For input u, the system is (u; = 0)
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SOL 6.22 el

Let response of the un-compensated system is

HUC<3) = S( 900

s+1)(s+9)
Response of compensated system.
_ 900
Ho() =551y (57 9) G ()

Where G¢(s) = Response of compensator

Given that gain-crossover frequency of compensated system is same
as phase crossover frequency of un-compensated system

So,
(wg) compensated — (wp) uncompensated
—180° = £ Hyc(jw,)
—180° =—90° — tan ' (w,) — tan’l(%)
w
wp+-q-
90° = tan | — %
_ %
9
2
_ Y _
9 = 0
w, = 3 rad/sec.
So,

(Wy) compensatea = 3 Tad/sec.
At this frequency phase margin of compensated system is
Opy = 180° + £ He(jw,)
45° = 180° — 90° — tan " (w,) — tan~"(w,/9) + £ Ge (jw,)
45° =180° — 90° —tan™'(3) — tan™"(1/3) + £ Ge(jw,)

o o 1 3 + % .
45° = 90° — tan™ | —5 |+ Z Ge(jw,)
1- 3<§>
45° =90° — 90° 4+ Z Gc(jw,)
£ Ge(jw,) = 45°
The gain cross over frequency of compensated system is lower than
un-compensated system, so we may use lag-lead compensator.

At gain cross over frequency gain of compensated system is unity
S0.

‘ Hc (]wg) ‘ =1
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NOTES 900‘ GC (ng) ‘ X
W/ R +1/ W 4+81
- 3v9+1v9+81
(Geljiog) | = = g™
_3x30_ 1
900 10

in dB | Ge(w,) | = 20 10g<%>

=—20 dB (attenuation)

Hence (D) is correct option.

SOL 6.23

Characteristic equation for the given system,
K(s+3) 0
(s+8)°
(s+8)*+ K(s+3) =0
§4 (16 + K)s+ (64+3K) =0

1+

By applying Routh’s criteria.

s 1 64+ 3K
s 16 + K 0
£ 64 + 3K

For system to be oscillatory
16+K=0= K=-16
Auxiliary equation A(s) = s+ (64 +3K) =0
= §+64+3x (—16) =0
§+64—48 =0
§=—16 = jw=4j
w = 4 rad/sec

Hence (B) is correct option.

SOL 6.24

From the given block diagram we can obtain signal flow graph of the
system.Transfer function from the signal flow graph is written as
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Hence (A) is correct option.
System response of the given circuit can be obtained as.

1
H(s) = eo($) <Cs>

ei(s) (Bt Ls+(}s>

B 1
H() =7 e T Ros+ 1
(zc)
H<8) ~ 5 R 1
STLST Lo

Characteristic equation is given by,

2, R 1
S‘l‘fS‘l‘m—O

Here natural frequency w, = \/11;70
ZEwn = s

L
Damping ratio € = i«/ LC

S

I
| B g
=~

Here
¢ - 10 /1x 107° _
2V 10 x 10°°

So peak overshoot is given by

0.5 (under damped)

_“E
% peak overshoot = i-¢ X 100

—n X 0.5
= e /-5 X 100 = 16%
Hence (C) is correct option.
SOL 6.26

Hence () is correct option.

SOL 6.27

In standard form for a characterstic equation give as
St a, 18"+ Fas+a =0
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Closed loop transfer function of the given system is,
2
T(s) — s+4
&) =G DG+
T(ju) = UL+
) = G D (ju+ )
If system output is zero
T(j) [4-v] 0
W - " - —
TN = 1T ge + 9]
4—w =0
W =4

= w = 2 rad/sec
Hence (C) is correct option.

SOL 6.31

From the given plot we can see that centroid C(point of intersection)
where asymptotes intersect on real axis) is 0
So for option (a)

K
G -
(s) &
Centroid — 2. Poles — > Zeros _ 0—0 _ 0
n—m 3—-0

Hence (A) is correct option.

SOL 6.32

Open loop transfer function is.

s+1
G(s) = ( 2 )

s

. i 1
Gljw) = 2+ 2

(Jw) — 2

Phase crossover frequency can be calculated as.
Z G(jw,) =—180°
tan'(w,) =— 180°

w, =0
Gain margin of the system is.
1 1
GM=—Fr— =—F—7—
Gw)| /R +1
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Hence (A) is correct option.

G.M = =0

SOL 6.33

Characteristic equation for the given system
1+ G(s)H(s) =0

1—s
P

(1+s)+K(1-5) =0
s(I-K)+(1+K) =0
For the system to be stable, coefficient of characteristic equation

should be of same sign.
1-K>0,K+1>0

K<1,K>-1
-1<K<1
\K\<1

Hence (C) is correct option.

SOL 6.34

In the given block diagram

s+2

Steady state error is given as
ess = lim sE(s)

520

E(s) = R(s)— Y(s)
Y(s) can be written as

V() =[{R(5) = Y}~ RO3)| 59

Page 390



Chap 6

CONTROL SYSTEMS

NOTES

Page 392

Phase margin of the system is given as

Opy = 60° = 180" + £ G(ng) H(ng)
Where w, = gain cross over frequency = 1 rad/sec
So,

60° = 180° + tan_1<0'3[6(6w9>

—90° — tan"'(w,)

=90° + tan%%) — tan"'(1)

=90° —45° + tan_1<0'§’(§6>
5o tan1<0.§(§6>
0.366

K = tan 15

_ 0.366 _
K = 09267 = 1.366

Hence (C) is correct option.

SOL 6.37

Given state equation.

. 0 1
X(t) = [0 _3lX(t)+

o s}l

State transition matrix is given by,

o) =L1(s[—A)
st al=[5 [0 )

s —1
10 s+ 3

1
u(t)

Here

sI= A" = 3573 )[833 il
1

s(s+3)
1

(s+3)

b(t) = L(sI—A)7]

s(s
r 1
s
0
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Hence (A) is correct option.

SOL 6.38

State transition equation is given by
X(s) =P(s) X(0)+ ®(s) BU(s)

Here ®(s) — state transition matrix

11
s s(s+3
®(s) = 0 1 )
(s+3)
X (0) — initial condition
—1
x0) | 4|
B__l
)
11 11
s s(s+3)|[—1] |s (s+3)s|1]1
(s+3) s+3
1 3 1
| s s(s+3) s
043 .
5+3
1 _
|
_ 35—3 " 32‘
5+3 _0
SO
| s+3
X(‘S)_ 3
s+ 3

Taking inverse Laplace transform, we get state transition equation
as,

X() = It ;\

Hence (C) is correct option.
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SOL 6.42 REEe

Given characteristic equation,
§—4584+54+6 =0
Applying Routh’s method,

s 1 1

§ —4 6

st —4—-6 0
1 =2.5

& 6

There are two sign changes in the first column, so no. of right half
poles is 2.

No. of roots in left half of s-plane = (3 — 2)
1

Hence (B) is correct option.

SOL 6.43

Block diagram of the system is given as.

TR ]

R(s) < < C(s)

R(s) R(s)

Y

® | =
@ [—=

From the figure we can see that

O(s) = [R(s)}g + R(S)E + R(s)
C(s) = R<s)[§+§+ 1]

Cls) _1+s+5s
R(s) s

Hence (B) is correct option.
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Characteristic equation is given by,
‘ sI— A ‘ =0

wr-a =l - o

s —2
(sI—A) :[_2 Sl

‘s[—A‘ =s—4
=0
S,8 =12

Hence (A) is correct option

SOL 6.45

For the given system, characteristic equation can be written as,

S(Sliz)(1+sP) ~0

s(s+2)+K(1+sP)=0
§+35(2+KP)+ K =0
From the equation.
w, =K =5 rad/sec (given)

1+

So, K=25

and 26w, =2+ KP
2X07x5=2425P

or P =02

so K=25, P =0.2

Hence (D) is correct option.

SOL 6.46

Unit - impulse response of the system is given as,
c(t) =12.5¢ “sin8t, t = 0
So transfer function of the system.

Hs) = L] = (7607 (5

100
H —
(8) = > T2+ 100
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Transfer function of lead compensator is given by.

K(1+2
H(s) = <Sa>
(1 - 5)
HGis) = K e j@
1 +]<3)

So, phase response of the compensator is.

o) = (3] ()

w_ W
= tan | 40| = tan"! 7@)(1)— )
14 o ab+ W’
ab
0, should be positive for phase lead compensation
S[w(b—a
SO, eh,(b.)) = tan ! a§)_+_w2) >0
b>a

Hence (A) is correct option

SOL 6.51

Since there is no external input, so state is given by

X(t) = o (1) X(0)
¢ (t) —state transition matrix

X [0] —initial condition

So z(t) = 60/ Of]lgl

At t =1, state of the system

262 0.271
(), =961 = |1.100

Hence (A) is correct option.

Chap 6
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o(s)
. S
S0 e =l 15
GTr15)(s+1)
_ 15 _15
~15+45 — 60

e, :% % 100 = 25%

Hence (A) is correct option.

SOL 6.54

Characteristic equation is given by
1+ G(s)H(s) =0
Here H(s) =1 (unity feedback)

609 -1 25

3 15 \ _
So. 1+ (53 15 (54 1) =0

(s+15)(s+1)+45 =0
§4 165460 =0
(s+6)(s+10) =0
s =—6, —10
Hence (C) is correct option.

SOL 6.55

Given equation can be written as,
d’w _ Bdo K’ K
PTER T e WAL

Here state variables are defined as,

dw _
dat — ™M
W = Iy

So state equation is
B K K

h=—Ju-prntprV
.1.72 = E =
In matrix form
o| |-B/J —K?/LJ|n] [K/LJ
.| = V.,
T 1 0 Lo 0
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;li _ Pld’fl+ QV,
dt
So matrix P is
~B/J —K*/LJ
1 0

Hence (A) is correct option.

SOL 6.56

Characteristic equation of the system is given by

1+ GH =0
K
1 _
T ICE

s(s+2)(s+4)+K =0
$$+65+8s+K =0
Applying routh’s criteria for stability

s 1 8
s° 6 K
st K— 48

6
s" K

System becomes unstable if KE B_) > K=48

Hence (C) is correct option.

SOL 6.57

The maximum error between the exact and asymptotic plot occurs
at corner frequency.
Here exact gain(dB) at w = 0.5a is given by

2
gain(dB)|  =20log K —20log,/1+ %

241/2
= 20log K — 20 log[l +(0.52a)]
a

= 20log K — 0.96
Gain(dB) calculated from asymptotic plot at w = 0.5a is
= 20log K

Error in gain (dB) = 20log K — (20log K —0.96) dB = 0.96 dB
Similarly exact phase angle at w = 0.5a is.
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O e S GTEREAT

_ Ofs)iin)
()57 m) )

2
~ (543)(s+12) + 18
2
s+ 155+ 54
2
(s4+9)(s+6)
_ 1

o
Hence (B) is correct option.

SOL 6.59

Given state equation is,

X=AX
Taking laplace transform on both sides of the equation,

sX(s) — X(0) = AX(s)

(sI—A)X(s) = X(0)

X(s) = (s[— A)"'X(0)
= P (s) X(0)

Where ¢ (1) = L '[®(s)] = L '[(sI — A)']is defined as state transition
matrix
Hence (C) is correct option.

SOL 6.60
State equation of the system is given as,
% 2 3’X 1
=lo 5| T |o]®
2 3] [1]
Here A= 05l B= 0
Check for controllability:
4 2 3][1 [2]
B =10 50| =0

12
U:[B:AB]:[O Ol
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Matrix U is singular, so the system is uncontrollable.
Check for Stability:
Characteristic equation of the system is obtained as,

‘sI—A‘ =0
s 0 23
(sI—A) :lo sl_lo 5]
s—2 —3
:l 0 s—5l
(sI—A|=(5s-2)(s=5) =0
§=2,8=5

There are two R.H.S Poles in the system so it is unstable.
Hence (B) is correct option.

SOL 6.61

Given open loop transfer function,

K noofpoles =2

G(S) =2

$ no of zeroes = 0
For plotting root locus:
(1) Poles lie at s,5 =0
(2) So the root loci starts (K = 0) from s =0 and s = 0
(3) As there is no open-loop zero, root loci terminates (K = 0) at
infinity.
(4) Angle of asymptotes is given by

(2q+1)180° " _
n—m

So the two asymptotes are at an angle of

(2 X 0+1)180°

(i) 5 90°
G @ 142—1)180 _970°

(5) The asymptotes intersect on real axis at a point given by

> Poles — Y zeros (0 —0
Tr = = :0
n—m 2

(6) Break away points

1+5 =0
S

K=-5
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(sI—A)™"' =
1
|G-
0
Y(s) (s—
So, U(s) ~ [4 0]
Y(s) _
0(s) ~ 4 0
Y(s) 4
U(s)  (s—2)
Here input is unit impulse so U(s) = 1 and output
_ 4
Y9 =(—g

Taking inverse laplace transfer we get output

y(t) =

4€2t

Hence (A) is correct option.

SOL 6.64

Given state equation

X =

Here A=

Eigen value can be obtained as

A—=NXN| =

(A=X\]) =

=N=N=N=)
= _= O O

===}
=0 O

0
1
0
0
0
1
0
000
a
0
[0 1 0 0]
0010
0001

o o o ¥
o o ¥ o
o ¥ o o
> o o o

0001
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-Xx 1 0 0
0 =X\ 1 0
0 0 —Xx 1

0 0 0 1-X

A=\ | = N(1-=X) =0
or >\1, >\2, >\3—0 >\4 =1
Hence (D) is correct option.

SOL 6.65

Input-output relationship is given as

d’ y dy du
at Tra dt

+ 10y = 5= — 3u

Taking laplace transform on both sides with zero initial condition.
s Y(s) +2sY(s) +10Y(s) = 5sU(s) — 3U(s)
(8 +25+10) Y(s) = (s —3) U(s)
(5s—3)
tput V() = — 22 </
Outpu (8) = & 25+ 10)

With no input and with given initial conditions, output is obtained
as

Ul(s)

d’y
df

Taking laplace transform (with initial conditions)
[ Y (s) — 5y(0) — 9/ (0)] +2[sY () — y(0)] + 10¥(5) = 0
Given that 3'(0) =—4, y(0) =1
[Y(s)—s—(—4)]+2(s—1)+10Y(s) =0
Y(s)[&+2s+10] = (s—2)
— 2)
Y(s) = 502
(8) = (#1254 10)
Output in both cases are same so
(55 —3) (s—2)
_ ST () =\ )
125110 V¥ = Fx 254 10)

dy

+250 410y =0
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I =—5[35"+245+22] =0

51,8 —=— 1.056, —6.9433
Hence (C) is correct option.

SOL 6.70

Hence () is correct option.

SOL 6.71
Given state equation

. -3 1

X = 0 —2 X

. -3 1
Or X:AX,WhereA:[O _2l

Taking Laplace transform on both sides.
sX(s) — X(0) = AX(s)
X(s)(sI—A) = X(0)

X(s) = (sI— A)"'X(0)

Steady state value of X is given by

Tys = 115% sX (s)

—hms sI—A)" X(0)

oY

{7

0 s+2
e 1 s+2 1
(sI— A )_(5—1—3)(5—1—2)[ 0 s+3
1 1
| (54+3) (s+2)(s+3)
=1, 1
(s+2)
So the steady state value
1 1
10
Tss — lim s (5+3) (8+2)1(8+3) I l
s—0 0 —10
(s+2)
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20 x 5 x 102

Magnitude in dB = 20logi| G(520)|
= 20logy1
=0dB

Hence (B) is correct option.

Since |G(jw)|=1 at w =20 rad/sec, So this is the gain cross-over
frequency

w, = 20 rad/sec
Phase margin  ¢py = 180° + £ G (jw,)

. 20w
Z =—90° —tan '|———2
G (jw,) 90 an” | o "
. S 20 X 20
;=180 — 90° — tan~![—=2 X 2V
br 1700 — (20)2]

=—36.86"

Hence (C) is correct option.

SOL 6.74

To calculate the gain margin, first we have to obtain phase cross over
frequency (w,).
At phase cross over frequency

£ G(jw,) =—180°

_ 20w
o o t 1 Ebetns 2 — 1 o
90 an 100 — Wi 80
_ 20w,
tan ' |——"—| =90°
1100 - W2
100 —w} =0 = w, = 10 rad/sec.
. .. 1
Gain margin in dB = 201o T
g gl()(G(jwp))
, . 10*
G =[G (410)| =
|Gl [=[ G (10)] 10./(100 — 100)2 + 400 (10)*
10 X 2 x 107

GM =20 logm <é>

=—13.97 dB

Hence (C) is correct option.
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Since gain margin and phase margin are negative, so the system is
unstable.
Hence (B) is correct option.

SOL 6.76

Given characteristic equation
S+8+Ks+K =0

14 Kgs+21) _ 0
4+ s
K(s+1)
1+—5—-==0
- s (s+2)
so open loop transfer function is
K(s+1)
G(s) =——-2
(8) 82(S+ 1)

root-locus is obtained in following steps:

1. Root-loci starts(K =0) at s=0, s=0 and s =— 2

2. There is one zero at s=—1, so one of root-loci terminates at
s =—1 and other two terminates at infinity

3. No. of poles n = 3, no of zeros ,m =1

4. Break - Away points

dK
ds =

Asymptotes meets on real axis at a point C'
c— Y. poles — >, zeros

(0+0-2)—(—1)

= T ——05

Hence (C) is correct option.

KKRskok sk kR Rk ok
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CHAPTER

Electrical & Electronic Measurements

YEAR 2010 ONE MARK

McQ 7.1

A wattmeter is connected as shown in figure. The wattmeter reads.

A) Zero always

B) Total power consumed by Z; and Z,
C)
)

D) Power consumed by Z,

(
(
(C) Power consumed by 7
(

McaQ 7.2

An ammeter has a current range of 0-5 A, and its internal resistance
is 0.2 Q. In order to change the range to 0-25 A, we need to add a
resistance of

(A) 0.8 Q in series with the meter
(B) 1.0 € in series with the meter
(C) 0.04 € in parallel with the meter
(D) 0.05 © in parallel with the meter
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McQ 7.3

As shown in the figure, a negative feedback system has an amplifier
of gain 100 with +10% tolerance in the forward path, and an
attenuator of value 9/100 in the feedback path. The overall system
gain is approximately :

G0 10—

R
100
(A) 10 + 1% (B) 10 + 2%
(C) 10 = 5% (D) 10 + 10%
YEAR 2010 TWO MARKS

McQ 7.4

The Maxwell’s bridge shown in the figure is at balance. The parameters
of the inductive coil are.

(A) R= RyRy/Ri, L= CiRyR;
(B) L= RyR;/Ry, R = C,RyR;
(C) R= Ry/RyRs, L =1/(C,R:Rs)
(D) L= Ry/RyRs, R =1/ (CyRyRy)

YEAR 2009 ONE MARK

McQ 7.5

The pressure coil of a dynamometer type wattmeter is
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NOTES an rms-reading meter will read
20 10
A) = B) ==
W7 s
(C) 20v/3 (D) 10v/3
YEAR 2008 ONE MARK
McQ 7.9

Two 8-bit ADCs, one of single slope integrating type and other of
successive approximate type, take Tj and Tp times to convert 5 V
analog input signal to equivalent digital output. If the input analog
signal is reduced to 2.5 V, the approximate time taken by the two
ADCs will respectively, be

(A) T, Ty (B) Tu/2, Ty
(C) T4, Tu /2 (D) T4/2, T /2

YEAR 2008 TWO MARKS
MCcQ 7.10

Two sinusoidal signals p(w,t) = Asinwit and q(unt) are applied to X
and Y inputs of a dual channel CRO. The Lissajous figure displayed
on the screen shown below :

The signal g(w,t) will be represented as

AY

(A) g(wat) = Asinunt, ws = 2wy
(B) q(unt) = Asinwst, wy = w; /2
(C) q(unt) = Acoswat, wsr = 2w
(D) q(wat) = Acoswat, ws = wy /2
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The ac bridge shown in the figure is used to measure the impedance
Z.

0.398 uF
500 2
Oscillator 300 ©2
® ®
15.91 mH
7z
300

If the bridge is balanced for oscillator frequency f= 2 kHz, then the
impedance Z will be

(A) (260 + j0) Q2 (B) (0+ j200) 2

(C) (260 — j200) 2 (D) (260 + 200) Q

YEAR 2007 ONE MARK
McQ 7.12

The probes of a non-isolated, two channel oscillocope are clipped to
points A, B and C in the circuit of the adjacent figure. V;, is a square
wave of a suitable low frequency. The display on Ch; and Ch, are as
shown on the right. Then the “Signal” and “Ground” probes S G
and Sy, Gy of Ch; and Ch; respectively are connected to points :

D ﬂ ﬂ ﬂ C) I - - GND,,
|

(A) A, B, C, A (B) A, B, C, B

(C) C, B, A, B (D) B, A, B, C
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YEAR 2007 TWO MARKS

mMcQ 7.13

A bridge circuit is shown in the figure below. Which one of the
sequence given below is most suitable for balancing the bridge 7

(A) First adjust R4, and then adjust R,
(B) First adjust Ry, and then adjust Rj
(C) First adjust R, and then adjust Ry
(D) First adjust Ry, and then adjust R,

YEAR 2006 ONE MARK

McQ 7.14

The time/div and voltage/div axes of an oscilloscope have been
erased. A student connects a 1 kHz, 5 V p-p square wave calibration
pulse to channel-1 of the scope and observes the screen to be as shown
in the upper trace of the figure. An unknown signal is connected to
channel-2(lower trace) of the scope. It the time/div and V/div on
both channels are the same, the amplitude (p-p) and period of the
unknown signal are respectively
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(A) 5V, 1 ms (B) 5V, 2ms NOTES
(C) 7.5V, 2 ms (D) 10 V, 1 ms
McQ 7.15

A sampling wattmeter (that computes power from simultaneously
sampled values of voltage and current) is used to measure the average
power of a load. The peak to peak voltage of the square wave is 10 V
and the current is a triangular wave of 5 A p-p as shown in the figure.
The period is 20 ms. The reading in W will be

! 1

N N,
VRN

(A)OW (B) 25 W

(C) 50 W (D) 100 W

YEAR 2006 TWO MARKS
MCQ 7.16

A current of —8 + 6v/2 (sinwt + 30°) A is passed through three meters.
They are a centre zero PMMC meter, a true rms meter and a moving
iron instrument. The respective reading (in A) will be

(A) 8,6, 10 (B) 8, 6, 8
(C) —8,10,10 (D) —8,2,2
McQ 7.17

A variable w is related to three other variables z,y,z as w= zy/z.
The variables are measured with meters of accuracy £0.5% reading,
+1% of full scale value and +1.5% reading. The actual readings of
the three meters are 80, 20 and 50 with 100 being the full scale value
for all three. The maximum uncertainty in the measurement of w

will be
(A) £0.5% rdg (B) £5.5% rdg
(C) £6.7 rdg (D) £7.0 rdg
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McaQ 7.23

The simultaneous application of signals () and y(?) to the horizontal
and vertical plates, respectively, of an oscilloscope, produces a vertical
figure-of-8 display. If P and Q are constants and z(¢) = Psin (4¢+ 30°)
, then y(t) is equal to

(A) Qsin (4¢ — 30°) (B) Qsin (2t + 157)
(C) Qsin(8t+ 60°) (D) Qsin(4t+ 30°)
McCQ 7.24

A DC ammeter has a resistance of 0.1 €2 and its current range is 0-100
A. If the range is to be extended to 0-500 A, then meter required the
following shunt resistance

(A) 0.010 © (B) 0.011 Q
(C) 0.025 Q (D) 1.0 ©
MCQ 7.25

The set-up in the figure is used to measure resistance R .The ammeter
and voltmeter resistances are 0.012 and 2000 2, respectively. Their
readings are 2 A and 180 V, respectively, giving a measured resistances
of 90 €2 The percentage error in the measurement is

o

R
N
VWV )

O,

(A) 2.25% (B) 2.35%
(C) 4.5% (D) 4.71%

McCQ 7.26

A 1000 V DC supply has two 1-core cables as its positive and negative
leads : their insulation resistances to earth are 4 M) and 6 M2,
respectively, as shown in the figure. A voltmeter with resistance 50
k{2 is used to measure the insulation of the cable. When connected
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between the positive core and earth, then voltmeter reads

o

1000 V——

4 MQ 6 MQ
A AAY AAAY

—()—

(A)8V (B) 16 V
(C) 24V (D) 40 V

McaQ 7.27

Two wattmeters, which are connected to measure the total power
on a three-phase system supplying a balanced load, read 10.5 kW
and —2.5 kW, respectively. The total power and the power factor,
respectively, are

(A) 13.0 kW, 0.334 (B) 13.0 kW, 0.684

(C) 8.0 kW, 0.52 (D) 8.0 kW, 0.334

YEAR 2004 ONE MARK
MCQ 7.28

A dc potentiometer is designed to measure up to about 2 V with a
slide wire of 800 mm. A standard cell of emf 1.18 V obtains balance
at 600 mm. A test cell is seen to obtain balance at 680 mm. The emf
of the test cell is

(A) 1.00 V (B) 1.34 V
(C) 1.50 V (D) 1.70 V
McQ 7.29

The circuit in figure is used to measure the power consumed by the
load. The current coil and the voltage coil of the wattmeter have 0.02
2 and 100012 resistances respectively. The measured power compared
to the load power will be
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0.029 90 A NOTES

4 pf
1000 200 V| Load

(A) 0.4 % less (B) 0.2% less
(C) 0.2% more (D) 0.4% more
McaQ 7.30

A galvanometer with a full scale current of 10 mA has a resistance
of 1000 Q. The multiplying power (the ratio of measured current to
galvanometer current) of 100 €2 shunt with this galvanometer is

(A) 110 (B) 100

(C) 11 (D) 10

YEAR 2004 TWO MARKS
McQ 7.31

A CRO probe has an impedance of 500 k2 in parallel with a capacitance
of 10 pF. The probe is used to measure the voltage between P and Q
as shown in figure. The measured voltage will be

100 k2
To CRO
10 V rms (—9 100 kQ through
100 kHz probe
(A) 3.53V (B) 437V
(C) 454V (D) 5.00 V
MCQ 7.32

A moving coil of a meter has 100 turns, and a length and depth of 10
mm and 20 mm respectively. It is positioned in a uniform radial flux
density of 200 mT. The coil carries a current of 50 mA. The torque
on the coil is
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(A) 200 uNm (B) 100 uNm
(C) 2 uNm (D) 1 uNm
McQ 7.33

A dc A-h meter is rated for 15 A, 250 V. The meter constant is 14.4
A-sec/rev. The meter constant at rated voltage may be expressed as

(A) 3750 rev/kWh (B) 3600 rev/kWh
(C) 1000 rev/kWh (D) 960 rev/kWh
McaQ 7.34

A moving iron ammeter produces a full scale torque of 240 uNm with
a deflection of 120° at a current of 10 A . The rate of change of self
induction (pH/radian) of the instrument at full scale is

(A) 2.0 pH/radian (B) 4.8 pH/radian
(C) 12.0 pH/radian (D) 114.6 pH/radian
McQ 7.35

A single-phase load is connected between R and Y terminals of a 415
V, symmetrical, 3-phase, 4-wire system with phase sequence RYB. A
wattmeter is connected in the system as shown in figure. The power
factor of the load is 0.8 lagging. The wattmeter will read

R 2 Anen s
\

% [Z:l 100 W

0.8 pf lag
Y
B
N
(A) —795 W (B) —597 W
(C) +597 W (D) +795 W
McCQ 7.36

A 50 Hz, bar primary CT has a secondary with 500 turns. The
secondary supplies 5 A current into a purely resistive burden of 1 2
. The magnetizing ampere-turns is 200. The phase angle between the
primary and second current is
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YEAR 2003 TWO MARKS

McQ 7.41

The simplified block diagram of a 10-bit A /D converter of dual slope
integrator type is shown in figure. The 10-bit counter at the output
is clocked by a 1 MHz clock. Assuming negligible timing overhead for
the control logic, the maximum frequency of the analog signal that
can be converted using this A/D converter is approximately

_k Integrator, 10-bit  |—=o Digital
Comparator Counter [—vo 181ta
And control logic Clock 0 / P
1 MHz
(A) 2 kHz (B) 1 kHz
(C) 500 Hz (D) 250 Hz
McCQ 7.42

The items in Group-I represent the various types of measurements
to be made with a reasonable accuracy using a suitable bridge. The
items in Group-II represent the various bridges available for this
purpose. Select the correct choice of the item in Group-II for the
corresponding item in Group-I from the following

List-I List-IT
P. Resistance in the milli- 1. Wheatstone Bridge
ohm range
Q. Low values of Capacitance 2. Kelvin Double Bridge
R. Comparison of resistance 3. Schering Bridge

which are nearly equal
S. Inductance of a coil with 4. Wien’s Bridge
a large time-constant
5. Hay’s Bridge

6. Carey-Foster Bridge
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Codes : RNONES
(A) P=2, Q=3, R=6, S=5
(B) P=2, Q=6, R=4, S=5
(C) P=2, Q=3, R=5, S=4
(D) P=1, Q=3, R=2, S=6

McQ 7.43

A rectifier type ac voltmeter of a series resistance R, an ideal full-
wave rectifier bridge and a PMMC instrument as shown in figure.
The internal. resistance of the instrument is 100 €2 and a full scale
deflection is produced by a dc current of 1 mA. The value of R,
required to obtain full scale deflection with an ac voltage of 100 V
(rms) applied to the input terminals is

iammet
illiammeter
10 V a.c. C"‘)

I/P
(A) 63.56 Q (B) 69.93 Q
(C) 89.93 Q (D) 141.3 kQ
MCQ 7.44

A wattmeter reads 400 W when its current coil is connected in the
R-phase and its pressure coil is connected between this phase and
the neutral of a symmetrical 3-phase system supplying a balanced
star connected 0.8 p.f. inductive load. This phase sequence is RYB.
What will be the reading of this wattmeter if its pressure coil alone
is reconnected between the B and Y phases, all other connections
remaining as before ?

(A) 400.0 (B) 519.6

(C) 300.0 (D) 692.8
Page 429



Chap 7

Electrical & Electronic
Measurements

NOTES

Page 430

MCQ 7.45

The inductance of a certain moving-iron ammeter is expressed as
L=10+30— (6?/4) uH, where 0 is the deflection in radians from
the zero position. The control spring torque is 25 x 10 Nm /radian.
The deflection of the pointer in radian when the meter carries a
current of 5 A, is

(A) 2.4 (B) 2.0
(C) 1.2 (D) 1.0
MCQ 7.46

A 500A/5A, 50 Hz transformer has a bar primary. The secondary
burden is a pure resistance of 1 € and it draws a current of 5 A. If
the magnetic core requires 250 AT for magnetization, the percentage
ratio error is

(A) 10.56 (B) —10.56
(C) 11.80 (D) —11.80
McQ 7.47

The voltage-flux adjustment of a certain 1-phase 220 V induction
watt-hour meter is altered so that the phase angle between the
applied voltage and the flux due to it is 85°(instead of 90°). The
errors introduced in the reading of this meter when the current is 5 A
at power factor of unity and 0.5 lagging are respectively

(A) 3.8 mW, 77.4 mW (B) —3.8 mW, —77.4 mW
(C) —4.2 W, —85.1 W (D) 4.2 W, 85.1 W
MCQ 7.48

Group-II represents the figures obtained on a CRO screen when the
voltage signals Vy = Vy,sinwt and V;, = V,,sin(wt + @) are given to
its X and Y plates respectively and ® is changed. Choose the correct
value of ® from Group-I to match with the corresponding figure of
Group-II.
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Group-I Group-II NOTES

Q. ¢=m/2

4
0
M.
g

R. m<® < 3m/2

S. & = 371/2

5 —C 1T . ¢ (\’\=
T

Codes :

(A) P=1, Q=3, R=6, S=5
(B) P=2, Q=6, R=4, S=5
(C) P=2, Q=3, R=5, S=4
(D) P=1, Q=5, R=6, S=4

YEAR 2002 ONE MARK

McQ 7.49

Two in-phase, 50 Hz sinusoidal waveforms of unit amplitude are
fed into channel-1 and channel-2 respectively of an oscilloscope.
Assuming that the voltage scale, time scale and other settings are
exactly the same for both the channels, what would be observed if
the oscilloscope is operated in X-Y mode ?

(A) A circle of unit radius
(B) An ellipse

(C) A parabola

(D)

D) A straight line inclined at 45° with respect to the x-axis.
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(A) 20.0 (B) 22.22 NOTES
(C) 25.0 (D) 50.0
McaQ 7.54

Resistance R; and R, have, respectively, nominal values of 10 {2 and
5€, and tolerance of 5% and * 10%. The range of values for the
parallel combination of R; and R, is

(A) 3.077 Q to 3.636 Q
(B) 2.805 Q to 3.371 Q
(C) 3.237 Q to 3.678 Q
(D) 3.192 © to 3.435 Q

K3k sk oKk ok kR >k kok
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SOLUTIONS

SOL 7.1

Since potential coil is applied across Z, as shown below

Q)
U
Potential Coil
<l
L]

Wattmeter read power consumed by Z,
Hence (D) is correct option.

SOL 7.2

Given that full scale current is 5 A

4,=3 A @
- ——MW—Z
I,=25 A R,=020 =

=20 A R,

Current in shunt I” = I — I

=25-5
=20 A
20 X Ry, =5 x 0.2
_ 1
Rsh — m
=.059
Hence (D) is correct option.
SOL 7.3
Overall gain of the system is
= Lg = 10 (zero error)
1+ 100<ﬁ>
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_ RyRy
. = Ry
similarly,
ML — RoRsR
L — R2 Rf; 04

Hence (A) is correct option.

SOL 7.5

Since Potential coil is connected across the load terminal, so it should
be highly resistive, so that all the voltage appears across load.
Hence (B) is correct option.

SOL 7.6

A circle is produced when there is a 90° phase difference between
vertical and horizontal inputs.
Hence (D) is correct option.

SOL 7.7

Wattmeter reading P = Vpeloe
Vee = Voltage across potential coil.
Ioc = Current in current coil.

Vee = Ve = 4004 —120°

_ o, _400£120° _ o
-[CC — ]a,c — 100 =47 120
Power P =400£ —120° x 42120°
= 1600 £ 240°
o 1
= 1600 X 9
= 800 Watt

Hence (C) is correct option.

SOL 7.8
Average value of a triangular wave V,, = ‘gm
Vi
rms value V,,, = =2
V3
Given that Vi = % =10V
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v
So Vims = —7==+v3V,=10v3 V
V3

Hence (D) is correct option.

SOL 7.9

Conversion time does not depend on input voltage so it remains same
for both type of ADCs.
Hence (A) is correct option.

SOL 7.10

f __ meeting points of horizontal tangents

Frequency ratio

fx meeting points of vertical tangents
K _2
Ko
=5 ()
2
Wy = U.)l/2

Since the Lissajous figures are ellipse, so there is a phase difference of
90° exists between vertical and horizontal inputs.
So q(wt) = Acosuwt, wr = w/2

Hence (D) is correct option.

SOL 7.11

Impedance of different branches is given as
Zap =500 Q

1
T —
PET i 2m X 2 X 10° x 0.398 uF

~ (— 2005+ 300) Q2

+ 300 ©
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Zap = j X 27 X 2 X 10° X 15.91 mH + 300

~ (2005 + 300) ©

To balance the bridge
ZapZep = ZapZLpe
500Z = (20054 300) (— 2007 + 300)
500Z = 130000
Z = (260 + 40) Q
Hence (A) is correct option.

SOL 7.12

Since both the waveform appeared across resistor and inductor are
same so the common point is B. Signal Probe S; is connecte with A,
S, is connected with C and both the grount probes G; and G, are
connected with common point B.

Hence (B) is correct option.

SOL 7.13

To balance the bridge
(Ri+ jX1) (Ryi— jX,) = RaRs
(RiRs+ X, Xy) +j(XiRy— R Xy) = Ry Ry
comparing real and imaginary parts on both sides of equations
RiR,+ Xi X4 = RyR; (1)

X R
X\R,— R, X, :Oﬁi:ﬁ -(2)
from eq(l) and (2) it is clear that for balancing the bridge first
balance R, and then R,.

Hence (A) is correct option.

SOL 7.14

From the Calibration pulse we can obtain

t

Voltage 5

Division (AV) = 2 25V
Time _1lms 1

Division< ) = 4 T g thsec

So amplitude (p-p) of unknown signal is
VWw.p=AV X5
=25X5=75HYV
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Time period T =A T X 8 NOTES
_1 _
=7 X 8 =2 ms

Hence (C) is correct option.

SOL 7.15

Reading of wattmeter (Power) in the circuit
P, = % ! "VIdt = Common are between V — I

0 | t

Al

N N,
/Y\

total common area = 0 (Positive and negative area are equal)
So P,=0
Hence (A) is correct option.

SOL 7.16

PMMC instrument reads only dc value so
Ipviie =—8 A
rms meter reads rms value so

— /64 + 36

=10 A
Moving iron instrument also reads rms value of current So
[MI =10 mA

Reading are (IPI\'H\'IC,me [MI) = (— 8 A, 10 A, 10 A)
Hence (C) is correct option.
SOL 7.17

Given that w = %

logw = logz+ logy — log 2
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Q-meter works on the principle of series resonance.

L R

At resonance Vo = V;,

and [ = %
wlL 1
Quality factor Q = R = LCR
" RxI " E_FE

Thus, we can obtain Q

Hence (C) is correct option.

SOL 7.21

PMMC instruments reads DC value only so it reads 2 V.
Option (A) is correct option.

SOL 7.22
: , Vs
Resolution of n-bit DAC = o
_ 35V
So 14 mov = o 1
on_1—__ 3D -
14 x 107"
2" —1 =250
2" = 251
n = 8 bit

Hence (B) is correct option.

SOL 7.23

We can obtain the frequency ratio as following
Page 441



Chap 7
Electrical & Electronic
Measurements

NOTES

f __ meeting points of horizontal tangents

fx meeting points of vertical tangents
K _2

Koo 4

f=g5k

There should exist a phase difference(15°) also to produce exact
figure of-8.

Hence (B) is correct option.

SOL 7.24

The configuration is shown below

It is given that [,, = 100 A
Range is to be extended to 0 — 500 A,
I =500 A
So,
L,R, =(I—1,) Ry
100 x 0.1 = (500 — 100) Ry,

_ 100 X 0.1
R =""400

=0.025 Q2

Hence (C) is correct option.
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Total power P = P+ P,

=10.5—-2.5
=8 kW
Power factor = cos0
Where
_ -1 P2 - P1
0 = tan «/§<PZ+P1>]
= tanfl[«/g X _Tl?)]
=—"70.43°

Power factor = cos = 0.334
Hence (D) is correct option.

SOL 7.28(check)

for the dc potentiometer F « [

Lo _ L
SO, E2 = 12
)
Eg == E‘1 7
2
_ 680
=134V

Hence (B) is correct option.

SOL 7.29

Let the actual voltage and current are I; and V; respectively, then

I 0020 QQA

ST

Vi 1000 Q 200 V| Load

i |

Current in CC is 20 A

_ 1000
20 = &(1900 4. 0.02)

I, =20.0004 A =20 A
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200 = V;— .02 x 20 NOTES
= 200.40

Power measured P,, = VI, = 20(200.40)
= 4008 W
Load power P, =20 x 200 = 4000 W

% Change = P,— P, _ 4008 — 4000 % 100

P 4000

= 0.2% more
Hence (C) is correct option.

SOL 7.30

We have to obtain n = %
1

I Ry
1000 ©
R,
——NVW————
L 1000
L _ Ry _ 100 _ 1
L, R, 1000 10
_[1 + 12 — ]
Il + 10]1 - I
].].]1 — ]
_ I _
n=7= 11
Hence (C) is correct option.
SOL 7.31
In the following configuration
100 k2
MV * >
10 V rms (—9 100 ng X/ 500 k2
100 kHz
1 1

¢ x = L _
rectance - Ae = 0 T 9% x 100 X 10° x 10 x 10
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For moving iron ameter full scale torque is given by

o = LpdL

“T27 d
240 x 10°° = 3 (10)* 4k

Change in inductance

dL

B =48 pH/radian

Hence (B) is correct option

SOL 7.35

In the figure
Vey = 415230°

415 °
Vay = —= 2120
w3

Current in current coil

IC — VRY

A
415 230° .. power factor = 0.8

~100£36.87° cosd = 0.8 = ¢ = 36.87°
=4.154 —6.87

Power = VI*

= 4/%5 £120° X 4.15£6.87°
= 994.3 £126.87°
Reading of wattmeter
P =994.3(cos 126.870)
— 994.3(— 0.60)
=—0597T W
Hence (B) is correct option.

SOL 7.36

For small values of phase angle
I

7= nd, ¢ — Phase angle (radians)
s

n — turns ratio
Magnetizing ampere-turns= 200
So primary current Ip = 200 X 1 = 200 amp

Turns ratio n = 500
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Secondary current Iy =5 amp

So @ — 5006
. _ (180 200
o (in degrees) —< - )(5 ™ 500>
~ 4.58°

Hence (A) is correct option.

SOL 7.37

Voltage appeared at secondary winding
Es =15 x Z;,
=5X1
=5 Volts

Voltage induced is given by
Es =/ 2xfNo, & — flux
5=+2 x3.14 X 50 X 500 X &
6 = L A
V2 % 3.14 x 25 x 10°
=45 x 10°° wb
Hence (B) is correct option.

SOL 7.38

In PMCC instruments, as temperature increases the coil resistance
increases. Swamp resistors are connected in series with the moving
coil to provide temperature compensation. Swamping resistors is
made of magnin, which has a zero-temperature coefficient.

Swamping Resistors Coll
Mn Mn
Shunt Resistor
A A'A%
+ —0

Hence (A) is correct option.

SOL 7.39

Effect of stray magnetic field is maximum when the operating field
and stray fields are parallel.
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RNONES For full wave reactifier

(Lie) s = %, I, »peak value of ac current

_ 21,
1 mA =379
I = 1.57 mA

Full scale ac current
() o = 220 = 1.11 mA
J2

R,= 100 Q

100 = (R, + 100) (1.11 mA)

100
(il mA) — &t 100
100 X 900 = R, + 100
R. = 89.9 kO

Hence (C) is correct option.

SOL 7.44

First the current coil is connected in R-phase and pressure coil is
connected between this phase and the neutral as shown below

- =~

Ro—7C —
W

Yo

Bo

reading of wattmeter
W, = Ip Vpcosb,, cost, = 0.8 = 6, = 36.86°

400 = IL%COS 0,
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400 = Ve 5 0.8 (1)

/3

now when pressure coil is connected between B and Y-phases, the
circuit is

R o L m

/] cc \
1 1
W \\ PC m /I
o N
Y o
Bo
phasor diagram
R
1
g
0, L2

Y

angle 0, =23.14° +30° = 54.14°
now wattmeter reading W, = Vypl;cost,

from equation (1) VI, = 4000><8x/§

W, = 400 X v/'3 X cos53.14°

S0 0.8
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_ 100 —111.80

111.80 X 100=—10.55%

Hence (B) is correct option.

SOL 7.47

Power read by meter P, = VIsin(A —o)
Where
A —Phase angle between supply voltage and pressure coil flux.
¢ —»Phase angle of load
Here
A =85°,d =60° {" cosd =05
So measured power
P, =200 X 5sin(85° —60°)
= 1100sin25°
= 464.88 W

Actual power Py = Vicoso

=220 X 5 x 0.5
=550 W
Error in measurement = P,, — Py
= 464.88 — 550
=—85.12 W
For unity power factor cosd =1
¢ =0°
So P, =220 X 5sin(85° —0°)
= 1095.81 W
Py =220 x 5cos0°
= 1100

Error in Measurement
= 1095.81 — 1100

=—419 W

Hence (C) is correct option.
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We can obtain the Lissaju pattern (in X-Y mode) by following
method.

For ¢ = 0°, Ve = Vausinwt
Vi = Vimsin(wt+0°) = sinwt

Draw Vi and V; as shown below

Vy = Vym sin wt
2 2
/\
[\ s 1,3,3
L\ ]
\/
4 4
(P)— (1)
1
———
e
/3/
4<
5

V,=V,_ sinwt

xm

Divide both V; and Vi equal parts and match the corresponding
points on the screen.

Similarly for ¢ = 90°
Ve = Vinsinwt

Vy = Viwsin(wt+90°)
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SOL 7.49

We can obtain the Lissaju pattern (in X-Y made) by following
method.

ot
Ne}

1 5\ /9 1,

6\/8 6,8
7

Y - Channel

>
—4
X - Channel 7<6/5
8\9

Divide the wave forms appearing an channel X and channel Y in
equal parts, match the corresponding points on the screen. We would
get a straight line in X —Y mode.

Hence (D) is correct option.

SOL 7.50

In two wattmeters method angle between phase volatge and phase
current is given by
W, —
6 =tan” (V3T
o =—60°
readings in option (C) only satisfies this equation.

b= _1<f0—1000) 60°

here

0+ 1000

Hence (C) is correct option.

SOL 7.51

Speed (rev/sec) of the energy meter is given.
S = K X power
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K — meter constant NOTES

_ 10rev _
S 100 sec = K x 450

K — 10 rev

= 77100 x 450
(7000 x 3600) KWh

_ 10 x 1000 x 3600
N 100 x 450

= 800 rev/kWh
Hence (D) is correct option.

SOL 7.52

Power in a 3-phase three wire system, with balanced load can be
measured by using two wattmeters. The load may be star or delta
connected.

Hence (B) is correct option.

SOL 7.53

Ameter configuration is given below

12100 A
—MA—D

I =500 pA R, =100 Q =
AN
I, R,
Here
]R - ]m + Ish,
500 = 100 + I,
I, =400 pA
In _ Ra
Ish - Rm
100 _ Ry,
400 ~ 100
Ry =250

Hence (C) is correct option.

SOL 7.54

Equivalent resistance when connected in parallel is
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McaQ 8.1

Given that the op-amp is ideal, the output voltage v, is
2R

1
| SRS |

+10V

R

I vﬁ

- +
oyl
I —-10V

(A)4V (B) 6 V
(C)75V (D) 12.12 V
McaQ 8.2

Assuming that the diodes in the given circuit are ideal, the voltage Vj is

10 kQ

10 kQ

VT v, =15V

10 kQ




Chap 8

Analog and Digital
Electronics

NOTES

Page 460

(A)4V (B) 5V

(C) 75V (D) 12.12 V

YEAR 2010 TWO MARKS
McCQ 8.3

The transistor circuit shown wuses a silicon transistor with
Vier = 0.7, Ic = Ip and a dc current gain of 100. The value of 1} is

410V
10 kO 50 kG
Vv,
100 Q
(A) 4.65 V (B) 5V
(C) 6.3V (D) 7.23 V
mMcQ 8.4

The TTL circuit shown in the figure is fed with the waveform X (also
shown). All gates have equal propagation delay of 10 ns. The output
Y of the circuit is

A

X
1 <—100 ns = ° \_[ D—cY
; : >
t

o =
\

(@) —
'
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1| — 1 |—
0 - 0 | -

McCQ 8.5

When a “CALL Addr” instruction is executed, the CPU carries out
the following sequential operations internally :

Note: (R)  means content of register R

((R)) means content of memory location pointed to by R.

PC means Program Counter
SP means Stack Pointer
(A) (SP) incremented (B) (PC)<Addr
(PC)<Addr ((SP))<(PC)
((SP))<(PC) (SP) incremented
(C) (PC)<Addr (D) ((SP))(PC)
(SP) incremented (SP) incremented
((SP))<(PC) (PC)<Addr

Statement For Linked Answer Questions: 6 & 7
The following Karnaugh map represents a function F'.

F
¥z 00 01 11 10

o 1 1 1 0

MCQ 8.6
A minimized form of the function F' is
(A F=XY+YZ (B) F
C)F=XY+YZ (D) F=XY+Y Z
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McaQ 8.7

Which of the following circuits is a realization of the above function
F7?

YEAR 2009 ONE MARK

McCQ 8.8

The following circuit has a source voltage Ve as shown in the graph.
The current through the circuit is also shown.
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A

Current-Current feedback

(A)
(B) Voltage-Voltage feedback
(C) Current-Voltage feedback
(D)

D) Voltage-Current feedback

McaQ 8.11

The complete set of only those Logic Gates designated as Universal
Gates is

(A) NOT, OR and AND Gates

(B) XNOR, NOR and NAND Gates
(C) NOR and NAND Gates

(D) XOR, NOR and NAND Gates

YEAR 2009 TWO MARKS

McCQ 8.12

The following circuit has R = 10k, C= 10 uF. The input voltage
is a sinusoidal at 50 Hz with an rms value of 10 V. Under ideal
conditions, the current I, from the source is

R
AN
10 kO
I
> +
V.(~)50 Hz '
10 mVy 10 kQ
it}
10 MFT C

A) 10m mA leading by 90’

B) 20 mA leading by 90’

C) 10m mA leading by 90°
)

(
(
(
(D) 10m mA lagging by 90°



Chap 8
Analog and Digital
Electronics

McaQ 8.13 REEe

Transformer and emitter follower can both be used for impedance
matching at the output of an audio amplifier. The basic relationship
between the input power P,, and output power P, in both the cases
is

A) P, = P,, for both transformer and emitter follower

(
(
(C) P, < P,,; for transformer and P,, = P,, for emitter follower
(

)

B) P, > P, for both transformer and emitter follower
)
)

D) P, = P, for transformer and P, < P,,; for emitter follower

McCQ 8.14

In an 8085 microprocessor, the contents of the Accumulator, after the
following instructions are executed will become

XRA A

MVI B, F0H

SUB B
(A) 01 H (B) OF H
(C) FO H (D) 10 H

MCQ 8.15

An ideal op-amp circuit and its input wave form as shown in the
figures. The output waveform of this circuit will be

6V

o 2 kQ
-3V

1 kQ

| e VAVAVes
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(A) (B)
+5 V| +5.7 V| /-
a 27 .
\/ .
0 V4 B
—-10V
A A
(€)
D
+5.7V D) 10y
0y 27 .
0 wt T Q’K R
0 \\J wi
10 VN 57V
YEAR 2008 TWO MARKS
McCQ 8.17

Two perfectly matched silicon transistor are connected as shown in
the figure assuming the § of the transistors to be very high and the
forward voltage drop in diodes to be 0.7 V, the value of current I is

1 kO +5V

(A) 0 mA (B) 3.6 mA
(C) 4.3 mA (D) 5.7 mA
McCQ 8.18

In the voltage doubler circuit shown in the figure, the switch ‘S
" is closed at t= 0. Assuming diodes D; and D, to be ideal, load
resistance to be infinite and initial capacitor voltages to be zero. The
steady state voltage across capacitor C; and (, will be
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+
5 sinwt <~ D, G, ==TV(;2 §Rh,‘m

(A) Va=10V, V=5V (B) Va=10V,Va=—5V
(C) Va=5V, V=10V D) Va=5V,Vo=—10V
McaQ 8.19

The block diagrams of two of half wave rectifiers are shown in the
figure. The transfer characteristics of the rectifiers are also shown
within the block.

£ 1%
Via—s| 0 >V, Vi—» R —V

It is desired to make full wave rectifier using above two half-wave
rectifiers. The resultants circuit will be

(A)

R
Va2 -VW\y
R N K
i__
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TLAA AN AN
LV ol NN

Statement for Linked Answer Questions 21 and 22.

A general filter circuit is shown in the figure :

McaQ 8.21

If Ri=Ry,= R4 and R3= R, = Rp, the circuit acts as a

(A) all pass filter (B) band pass filter
(C) high pass filter (D) low pass filter
McaQ 8.22

The output of the filter in Q.21 is given to the circuit in figure :

The gain v/s frequency characteristic of the output (v,) will be

R,/2
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(A) (B)
w w
Gain Gain
(C (D
w w
MCQ 8.23

A 3-line to 8-line decoder, with active low outputs, is used to
implement a 3-variable Boolean function as shown in the figure

7—A4,
Y— A1
X—A

2

m
v

The simplified form of Boolean function F'(A, B, C) implemented in
‘Product of Sum’ form will be

A) (X+2)(X+Y+2Z)(Y+2)
B) (X+2)(X+Y+2)(Y+2Z)
C)(X+Y+2)(X+Y+2)(X+Y+2)(X+Y+2Z)
D) (X+Y+2)(X+Y+2)(X+Y+2)(X+Y+2)

MCQ 8.24

The content of some of the memory location in an 8085 accumulator
based system are given below

Address Content

26FE 00
26FF 01
2700 02
2701 03
2702 04
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+10 Ve
V. R=10Q
6.6 V
o}
(A) 0.6 W (B) 2.4 W
(C) 4.2 W (D) 5.4 W
McaQ 8.27

The circuit shown in the figure is

BT

]

Load

<
il
|

(A) a voltage source with voltage rv
Ri| R,
(B) a voltage source with voltage % Vv
1

: r| Ry \V
(C) a current source with current ( Rt R2> .

. Ry \V
(D) a current source with current < Rt R2> .

MCQ 8.28

A,B,C and D are input, and Y is the output bit in the XOR gate
circuit of the figure below. Which of the following statements about

the sum S of A,B,C,D and Y is correct ?
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(A) S is always with zero or odd
(B) S is always either zero or even
(C) S=1 only if the sum of A,B,C and D is even

(D) S=1 only if the sum of A,B,C and D is odd

YEAR 2007 TWO MARKS

McaQ 8.29

The input signal V;, shown in the figure is a 1 kHz square wave
voltage that alternates between +7 V and —7 V with a 50% duty
cycle. Both transistor have the same current gain which is large. The
circuit delivers power to the load resistor p . What is the efficiency
of this circuit for the given input 7 choose the closest answer.

+10 V
v,
R=10 Q
—-10V -
(A) 46% (B) 55%
(C) 63% (D) 92%
McaQ 8.30

The switch S in the circuit of the figure is initially closed, it is opened
at time ¢ = 0. You may neglect the zener diode forward voltage drops.
What is the behavior of v,, for t >0 7
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YEAR 2006 ONE MARK

McCQ 8.33

What are the states of the three ideal diodes of the circuit shown in
figure 7

10
10
D,

10 VT Dlsf 19§ D, 5 A

(A) D, ON, D, OFF, D; OFF
(B) Dy OFF, D, ON, D; OFF
(C) D,ON, D, OFF, D; ON
(D) D, OFF, D, ON, Dy ON

MCQ 8.34

For a given sinusoidal input voltage, the voltage waveform at point P
of the clamper circuit shown in figure will be



Q

+12V

A
vin

\/

©
12V
o

\
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(A) saturation region (B) active region NOTES
(C) breakdown region (D) cut-off region
McaQ 8.37

A relaxation oscillator is made using OPAMP as shown in figure. The
supply voltages of the OPAMP are +12 V. The voltage waveform at
point P will be

Q
-
\(

—MWA—DH
® 10 kO
10 kO
) L (®) l_l
6 10
I 11
() (D)
6 10
—6
—10
McaQ 8.38

A TTL NOT gate circuit is shown in figure. Assuming Vpp = 0.7V
of both the transistors, if V;=3.0 V, then the states of the two

transistors will be
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+5V

1.6 kQ2

A) @ ON and (» OFF

B) @ reverse ON and @» OFF
C) @ reverse ON and @, ON
D) @ OFF and (» reverse ON

(
(
(
(

McCaQ 8.39

A student has made a 3-bit binary down counter and connected to
the R-2R ladder type DAC, [Gain = (— 1kQ/2R)| as shown in figure
to generate a staircase waveform. The output achieved is different as
shown in figure. What could be the possible cause of this error ?

1 kQ
MN
+12'V

+
1kHz
Clock® | Counter 10 k(% 12V

LoV,

e I R |

0 1 2 3 4 5 6 7 ms

A) The resistance values are incorrect option.

B) The counter is not working properly

C) The connection from the counter of DAC is not proper
D) The R and 2R resistance are interchanged
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YEAR 2005 ONE MARK

McQ 8.43

Assume that D; and D; in figure are ideal diodes. The value of current
is

(A) 0 mA (B) 0.5 mA
(C) 1 mA (D) 2 mA
McCQ 8.44

The 8085 assembly language instruction that stores the content
of H and L register into the memory locations 2050y and 2051y,
respectively is

(A) SPHL 2050y (B) SPHL 2051y
(C) SHLD 2050y (D) STAX 2050y
Mca 8.45

Assume that the N-channel MOSFET shown in the figure is ideal,
and that its threshold voltage is +1.0 V the voltage V., between
nodes ¢ and b is

1 kQ 1 kQ
A'A'A% AA'A% °

G
10 V= ||:S 2k9§ V.,
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The digital circuit shown in the figure works as

D P

CLK— —0
(A) JK flip-flop (B) Clocked RS flip-flop
(C) T flip-flop (D) Ring counter
YEAR 2005 TWO MARKS
MCQ 8.47

The common emitter amplifier shown in the figure is biased using a 1
mA ideal current source. The approximate base current value is

V=5V

(A) 0 A (B) 10 pA
(C) 100 pA (D) 1000 pA
MCQ 8.48

Consider the inverting amplifier, using an ideal operational amplifier
shown in the figure. The designer wishes to realize the input resistance
seen by the small-signal source to be as large as possible, while keeping
the voltage gain between —10 and —25. The upper limit on Rp is 1
MQ. The value of R; should be
Page 483



Chap 8
Analog and Digital
Electronics

V. V. NOTES

<
>
S

McCQ 8.51

Select the circuit which will produce the given output @ for the input
signals X; and X, given in the figure

e — — |

e LT

X Q X Q
(A) (B)
X X,
x— | ]
(C) ’ o) ¢
X—] X—]
MCQ 8.52

If X; and X, are the inputs to the circuit shown in the figure, the
output @ is
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% g

(A) X+ X, (B) X1+ X
(9) X+ X, (D) X1+ Xo

|||—

McCQ 8.53

In the figure, as long as X; =1 and X; = 1, the output ) remains

LD
X— _}J’

(A) at 1 (B) at 0
(C) at its initial value (D) unstable

Data for Q. 54 and Q. 55 are given below. Solve the problems
and choose the correct option.

Assume that the threshold voltage of the N-channel MOSFET shown
in figure is + 0.75 V. The output characteristics of the MOSFET are
also shown

V,, =25V 4 Lps(mA)
4] V=4V
3_ ‘/n.\ = 3 V
2_ I/(:s — 2 V
V.=2 mV 1- V=1V
2V
0 V.(V)
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(A) 0 mA (B) 2.3 mA
(C) 4.3 mA (D) 7.3 mA
McCQ 8.58

The feedback used in the circuit shown in figure can be classified as

VCC

R(f%
’—’W\' I
C=00 Ry =0
Il

Il K §R

1 v 1 Rﬁ§——|——l_ C=

O

(A) shunt-series feedback (B) shunt-shunt feedback
(C) series-shunt feedback (D) series-series feedback
McaQ 8.59

The digital circuit using two inverters shown in figure will act as

A

a bistable multi-vibrator

C
D

(
(
(C) a monostable multi-vibrator
(

)
B) an astable multi-vibrator
)
) an oscillator

MCQ 8.60

The voltage comparator shown in figure can be used in the analog-
to-digital conversion as
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0,
Vo—+

(A) a 1-bit quantizer (B) a 2-bit quantizer

(C) a 4-bit quantizer (D) a 8-bit quantizer

YEAR 2004 TWO MARKS
McCQ 8.61

Assuming that the diodes are ideal in figure, the current in diode D,
is

(A) 9 mA (B) 5 mA
(C) 0 mA (D) —3 mA
McCQ 8.62

The trans-conductance g _ of the transistor shown in figure is 10 mS.
The value of the input resistance R, i

(B) 8.3 kO
(D) 2.5 kQ
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:D—o v,
Uv,0——0—AAN\—
b 1 MQ
(A) +100 kQ (B) —100 k2
(C) +1 MQ (D) —1MQ
MCQ 8.66
The simplified form of the Boolean expression

Y= (A-BC+ D)(A-D+ B- C) can be written as

MCQ 8.67

A digit circuit which compares two numbers A3 A; A; Ay and B3 By B, By
is shown in figure. To get output Y = 0, choose one pair of correct
input numbers.

™
=

'5A5 B, A'z B, A1 DAD

L
%

(A) 1010, 1010
(C) 0010, 0010

(B) 0101, 0101

(D) 1010, 1011
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MCQ 8.68

The digital circuit shown in figure generates a modified clock pulse
at the output. Choose the correct output waveform from the options
given below.

CLKo >

S | |

MCQ 8.69

If the following program is executed in a microprocessor, the number
of instruction cycle it will take from START to HALT is

START MVI A, 14H ; Move 14 H to register A

SHIFT RLC ; Rotate left without carry
JNZ SHIFT ; Jump on non-zero to SHIFT
HALT
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MCQ 8.72

In the circuit of figure, assume that the transistor has hy = 99 and
Vee = 0.7 V. The value of collector current Io of the transistor is

approximately

3.3 kQ

- 12V

(A) [3.3/3.3] mA (B) [3.3/(3.3+3.3)] mA

(C) [3.3/.33] mA (D) [3.3(33+3.3)] mA

McQ 8.73

For the circuit of figure with an ideal operational amplifier, the
maximum phase shift of the output v,, with reference to the input

Uin, iS

(V% I >-‘._° Vot
+

(A) 0° (B) —90°

(C) +90° (D) +180°



MCQ 8.74

Figure shows a 4 to 1 MUX to be used to implement the sum S of
a 1-bit full adder with input bits P and ) and the carry input Cj,.
Which of the following combinations of inputs to Iy, I;, L and L of the
MUX will realize the sum S 7

— L
—L 41|
—1L MUX
" s s

3
(A) Lh=5L=Cuh=15= 5’7;”
(B) h=h= Cim;h=IL=C
(C) h=5L=Culh=5L= (—;;
(D) Iy=5L= 675”;11: L= G,
McaQ 8.75

When a program is being executed in an 8085 microprocessor, its
Program Counter contains

(A) the number of instructions in the current program that have
already been executed

(B) the total number of instructions in the program being executed.

(C) the memory address of the instruction that is being currently
executed

(D) the memory address of the instruction that is to be executed
next

YEAR 2003 TWO MARKS

MCQ 8.76

For the n-channel enhancement MOSFET shown in figure, the
threshold voltage Vj, = 2 V. The drain current Ip of the MOSFET
is 4 mA when the drain resistance Rp is 1 kQ.If the value of Rp is
increased to 4 k{2, drain current Ip will become

Chap 8

Analog and Digital
Electronics
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The circuit of figure shows a 555 Timer IC connected as an astable
multi-vibrator. The value of the capacitor C is 10 nF. The values of
the resistors R4 and Rp for a frequency of 10 kHz and a duty cycle
of 0.75 for the output voltage waveform are

— o Vo

A) Ru=3.62kQ, Ry = 3.62 k0

(A)

(B) Ry = 3.62kQ, Ry = 7.25 kO
(C) Ra=T7.25kQ, Ry = 3.62k0
(D)

D) Ra= 725k, Rp = 7.25 k)

MCQ 8.80

The boolean expression X Y Z+ XY Z+ XYZ+ XY Z+ XYZ can be
simplified to

(A) XZ+XZ+YZ B) XY+ YZ+YZ
(C) XY+ YZ+ XZ (D) XY+ YZ+ XZ
McCQ 8.81

The shift register shown in figure is initially loaded with the bit
pattern 1010. Subsequently the shift register is clocked, and with
each clock pulse the pattern gets shifted by one bit position to the
right. With each shift, the bit at the serial input is pushed to the left
most position (msb). After how many clock pulses will the content of
the shift register become 1010 again 7
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Clock

Selrial::|1|0| 1| o]

a'a

(A) 3 (B) 7
(C) 11 (D) 15
MCaQ 8.82

An X-Y flip-flop, whose Characteristic Table is given below is to be
implemented using a J-K flip flop

X | Y |Qu

0 0 1

0 1| Q.

1 0| Q.

1 1 0
(A) J=X, K=Y B) J=X,K=Y
(C)J=Y,K=X D) J=Y,K=X
Mca 8.83

A memory system has a total of 8 memory chips each with 12 address
lines and 4 data lines, The total size of the memory system is

(A) 16 kbytes (B) 32 kbytes
(C) 48 kbytes (D) 64 kbytes
MCQ 8.84

The following program is written for an 8085 microprocessor to add
two bytes located at memory addresses 1FFE and 1FFF

LXI H, 1FFE

MOV B, M

INR L

MOV A, M

ADD B
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vV 2V,
C m D m
(€) 10072 (D) 507
MCQ 8.87

The cut-in voltage of both zener diode D; and diode D shown in
Figure is 0.7 V, while break-down voltage of D, is 3.3 V and reverse
break-down voltage of D is 50 V. The other parameters can be
assumed to be the same as those of an ideal diode. The values of the
peak output voltage (V,) are

1 kQ
MV

D,

10sin wt<~) V”T gl kO

w=314 rad/sec
/e p

(A) 3.3 V in the positive half cycle and 1.4 V in the negative half
cycle.

(B) 4 V in the positive half cycle and 5 V in the negative half cycle.
(C) 3.3 V in both positive and negative half cycles.
(D) 4 V in both positive and negative half cycle

MCQ 8.88

The logic circuit used to generate the active low chip select (CS) by
an 8085 microprocessor to address a peripheral is shown in Figure.
The peripheral will respond to addresses in the range.

Al’; —_—
A cs
Alli

A,—o

(A) E000-EFFF (B) 000E-FFFE

(C) 1000-FFFF (D) 0001-FFF1

YEAR 2002 TWO MARKS
McCaQ 8.89

A first order, low pass filter is given with R =50Q and C'=5 uF
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function of the filter is 0.25 7

(A) 4.92 kHz (B) 0.49 kHz
(C) 2.46 kiz (D) 24.6 kHz
McCQ 8.90

The output voltage (v,) of the Schmitt trigger shown in Figure swings
between +15V and —15V. Assume that the operational amplifier
is ideal. The output will change from +15V to— 15V when the
instantaneous value of the input sine wave is

10 kQ

10 sn(wt) v,
10 k2

3 kQ
+2V

(A) 5 V in the positive slope only

(B) 5 V in the negative slope only

(C) 5 V in the positive and negative slopes
(D)

D) 3 V in the positive and negative slopes.

McCaQ 8.91

For the circuit shown in Figure, the boolean expression for the output
Y in terms of inputs P, ), R and S is

=)=y
D

=k .
D
57:::}_r

(A) P+ Q+R+S B) P+ Q+R+S
(C) (P+ Q) (R+S) (D) (P+ Q) (R+S5)
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MCQ 8.95

The transfer function %Of the first network is

T

(A) JwCR (B) JwCR
(1-WR*C? + BwCR (1-WRC? + RwCR
JwCR JwCR
©) 1 BocR D) 1 pucr
MCQ 8.96
The frequency of oscillation will be
1 1
(A) 7 B) 556
(C) ﬁ (D) None of these
McCQ 8.97
Value of Ry is
(A) 1 kQ (B) 4 kQ
(C) 2 k2 (D) 8 kQ
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McaQ 8.98*

The ripple counter shown in figure is made up of negative edge
triggered J-K flip-flops. The signal levels at J and K inputs of all
the flip flops are maintained at logic 1. Assume all the outputs are
cleared just prior to applying the clock signal.

module no. of the counter is:

o7 Qs e @
_Elglljl__o CLK —¢ CLK —|—<>CLK
— K o— K — K
CIR | [cir |cir
A
-
(A) 7 (B) 5
(C) 4 (D) 8

McaQ 8.99*

In Figure , the ideal switch S is switched on and off with a switching
frequency f= 10 kHz. The switching time period is T = toy + torr pus.
The circuit is operated in steady state at the boundary of continuous
and discontinuous conduction, so that the inductor current i is as
shown in Figure. Values of the on-time #yy of the switch and peak
current 7,. are

l
N
+ Zl -
100 VT 100 pH == 500 V
7
S ON OFF_[TON
ip
T(m T()FF t
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McCQ 8.102

In the single-stage transistor amplifier circuit shown in Figure, the
capacitor Cg is removed. Then, the ac small-signal mid-band voltage
gain of the amplifier

+12 'V

- +
+ o_| Output

Cy
— 0 J_ —|_0—
(A) increase (B) decreases
(C) is unaffected (D) drops to zero

McCQ 8.103

Among the following four, the slowest ADC (analog-to-digital
converter) is

(A) parallel-comparator (i.e. flash) type
(B) successive approximation type

(C) integrating type

(D) counting type

MCQ 8.104

The output of a logic gate is “1” when all its inputs are at logic “0”.
The gate is either

(A) a NAND or an EX-OR gate
(B) a NOR or an EX-OR gate
(C) an AND or an EX-NOR gate
(D) a NOR or an EX-NOR gate
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The output f of the 4-to-1 MUX shown in Figure is

1

3
2 4

41 £
1 MUX

XY
(A) zy+ = (B) 2+ y
(C) z+y (D) zy+
MCQ 8.106

An op-amp has an open-loop gain of 10° and an open-loop upper cut-
off frequency of 10 Hz. If this op-amp is connected as an amplifier
with a closed-loop gain of 100, then the new upper cut-off frequency
is

(A) 10 Hz (B) 100 Hz

(C) 10 kHz (D) 100 kHz

YEAR 2001 TWO MARKS
McaQ 8.107

For the oscillator circuit shown in Figure, the expression for the time
period of oscillation can be given by (where 7= RC')

R
AA'A%
C
e |
- + ?
A AA%
}% :
(A) 71n3 (B) 271n3
(C) 71In2 (D) 271n2
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(A) L. (B)
(C) 2.5 (D) 3.0
McaQ 8.112*

The circuit shown in the figure is a MOD-N ring counter. Value of N
is (assume initial state of the counter is 1110 i.e. Q3@ @ Qo= 1110).

D Qﬁ% D Q D Ql D Ql) —

2

I | T | LK
(A) (B) 15
(C) (D) 6
McQ 8.113*

For the op-amp circuit shown in Figure, determine the output voltage
v,. Assume that the op-amps are ideal.

1 kO 2 kQ 4 kQ 8 kO
1 Vo—VW\ A AA% A AAY A AAY
—o U,
1V
WA
3 kQ
% k0
_8 _20
(a) -8 v 1) -2 v
(C)—-10V (D) None of these

Common Data Questions Q.114-15%.

The transistor in the amplifier circuit shown in Figure is biased at
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IC: 1 mA
Use Vp = kT/q= 26 mV, 3, = 200, 7, = 0,and ry — oo

Ve

MCQ 8.114

Small-signal mid-band voltage gain v,/v; is
(A) -8 (B) 38.46
(C) —6.62 (D) —1
McCQ 8.115

What is the required value of O for the circuit to have a lower cut-
off frequency of 10 Hz

(A) 0.15 mF (B) 1.59 mF
(C) 5 uF (D) 10 uF

Common Data Questions Q.116-117*

For the circuit shown in figure

R,
R C
v,o—AA—]| = L,
i
MCQ 8.116

The circuit shown is a
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(A) Low pass filter (B) Band pass filter NOTES
(C) Band Reject filter (D) High pass filter
McQ 8.117

If the above filter has a 3 dB frequency of 1 kHz, a high frequency
input resistance of 100 k{2 and a high frequency gain of magnitude

10. Then values of R, R, and C respectively are :-
(A) 100 kQ, 1000 k€2, 15.9 nF
(B) 10 k€2, 100 k2, 0.11 pF
(C) 100 k2, 1000 k€2, 15.9 nF
(D)

none of these

KRR koK sk okok Rk ok
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SOL 8.1

Since the op-amp is ideal
vy = v =+ 2 volt

By writing node equation

v—0, v_—1v, _
R T oo2r TV
2, 2-v)
Rt ar
442—-v,=0
v, = 6 volt
Hence (B) is correct option.
SOL 8.2
Given circuit is,
10 k2
10 kQ
VT vV, =15V
10 k2

We can observe that diode D, is always off, whether D;,is on or off.
So equivalent circuit is.

D,

10 kQ

10 VT
10 k2
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<100 ns —>

i

0 g

Hence (A) is correct option.

SOL 8.5

CALL, Address performs two operations

(1) PUSH PC =Save the contents of PC (Program Counter)
into stack.

SP = SP — 2 (decrement)
((SP)) < (PC)

(2) Addr stored in PC.
(PC) « Addr

Hence (D) is correct option.

SOL 8.6

Function F' can be minimized by grouping of all 1’s in K-map as
following.

YZ
X\ 00 0l 11 10

0| 1 1|1 0
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F — Y ?+ YZ NOTES
Hence (B) is correct option.

SOL 8.7

Since F= XY+ YZ
In option (D)

x— I\
r Z— YZ

Hence (D) is correct option.

SOL 8.8

Figure shows current characteristic of diode during switching.
Hence (A) is correct option.

SOL 8.9

The increasing order of speed is as following

Magnetictape> CD-ROM >DynamicRAM >Cache Memory >Processor
register

Hence (B) is correct option.

SOL 8.10

Equivalent circuit of given amplifier

Feedback samples output voltage and adds a negative feedback
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SOL 8.14 el

For the given instruction set,
XRA A= XOR A with A = A =0
MVI B, FO H=B =F0H
SUB B=A =A—-B

A=00000000
B =11110000
2’s complement of (— B) =00010000
A4+ (-B)=A-B=00010000

=10H

Hence (D) is correct option.

SOL 8.15

This is a schmitt trigger circuit, output can takes two states only.
Vor =+ 6 volt
Vor =— 3 volt

Threshold voltages at non-inverting terminals of op-amp is given as

Vi =6 , Vin =0 _

2 1
3Vig—6 =0
Vir =2V (Upper threshold)
Similarly
ViL — (_ 3) Vi _
2 + 1 0
3V, +3 =0
Vi, =— 1V (Lower threshold)
For Vin < 2 Volt, ¥ =+ 6 Volt

Vin > 2 Volt, 1y =— 3 Volt
Vin < —1Volt Vo =+ 6 Volt

Vin > —1Volt Vj =— 3 Volt
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NOTES Output waveform
A
v,
6
0 >
6, |ty b t
-3

Hence(D) is correct option.

SOL 8.16
Assume the diode is in reverse bias so equivalent circuit is

10 kQ

10 sinwt (~> _T_ Vo§10 kO
5 V'|'

_ 10sinwt e
Output voltage 1 = 104+ 10 X 10 = 5sinwt

Due to resistor divider, voltage across diode Vp < 0 (always). So it in
reverse bias for given input.

Output, Vo = bsinwt

Hence (A) is correct option.

SOL 8.17
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RNONES SOL 8.19

Let input Vj, is a sine wave shown below

A

V.

in

/A VA .
NV VA

According to given transfer characteristics of rectifiers output of
rectifier P is.

A

V,

Similarly output of rectifier Q is

A

Vs

ANV VA

+ YV

Output of a full wave rectifier is given as
l/y A

~ VY

To get output 1
Vo=K(= Vp+ V) K — gain of op-amp
So, P should connected at inverting terminal of op-amp and Q with

non-inverting terminal.
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SOL 8.20 NOTES

SOL 8.21
For low frequencies,

w—»O,soLaoo

wC

Equivalent circuit is,

By applying node equation at positive and negative input terminals

of op-amp.
UA}% Uj + vAJg2 % —
204 = v+ U, U Ri=Ry= Ry
Similarly,
vA];Svi I UAR—40 —0
2U4 = Vi, " Ry=R,= Rjp
So, v, =20

It will stop low frequency signals.

For high frequencies,

w—»oo,then%ﬁo

Equivalent circuit is,
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Solving from K- map NOTES
Yz _ _

Y\ YZ YZ YZ YZ
X 11
X 1 1

F=XZ+YZ+XYZ
In POS form
F=(Y+2)(X+2)(X+Y+2)
since all outputs are active low so each input in above expression is
complemented
F=(Y+2)(X+2)(X+ Y+ 2)
Hence (B) is correct option.

SOL 8.24

Given that
SP =2700H
PC =2100H
HL = 0000 H

Executing given instruction set in following steps,
DAD SP =Add register pair (SP) to HL register

HL = HL 4+ SP
HL = 0000 H + 2700 H
HL =2700H

PCHL = Load program counter with HL contents
PC = HL = 2700 H
So after execution contents are,
PC = 2700 H, HL = 2700 H
Hence (B) is correct option.

SOL 8.25

If transistor is in normal active region, base current can be calculated
as following,
By applying KVL for input loop,
10 — Ip(1x10%) — 0.7 =270 x 10°Iz = 0
ﬁIB—{— 270 [B =9.3 mA, [C = ﬁ[B
Ip(6+270) = 9.3 mA
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NOTES B 9.3 mA B
Iy = 270 + 100 — 0.025 mA

In saturation, base current is given by,
10—1Ic(1) — Vep—Ip(1) =0

% = IC(sat) Ie = Is
Ve, =~ 0
IC (sat) — 5 mA
I
IB(sat) C(ﬁ 2
5 _
=100 .050 mA

Iy < Ip(sar), so transistor is in forward active region.
Hence (D) is correct option.

SOL 8.26

In the circuit

I, V I
+10 Vo— o=
I
v | AkQ

We can analyze that the transistor is operating in active region.
VBE(QN) = 0.6 volt
Ve— Ve =0.6
6.6 — Vp =0.6
Ve =6.6 —0.6 =6 volt
At emitter (by applying KCL),

Ip = Iz + 1
_6-6.6 6
Iy = KO +IOQ ~ (0.6 amp

VCE: Vc— VE: 10 — 6 = 4 volt
Power dissipated in transistor is given by.
Pr = VegX Io
=4x0.6 S Ao~ Ip = 0.6 amp
=24 W
Hence (B) is correct option.
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NOTES Vee = supply voltage
here Vp = 7 volt, Ve = 10 volt

s0, n=T % {5 x 100 = 54.95% = 55%

SOL 8.30

In the circuit the capacitor starts charging from 0 V (as switch was
initially closed) towards a steady state value of 20 V.

for ¢t < 0 (initial) for t > oo (steady state)
+10V +10 V

1 kQ§ 1 kO
=—v,(0)=0

v, (o0) =20 Volt
: I
—-10V —10V
So at any time ¢, voltage across capacitor (i.e. at inverting terminal
of op-amp) is given by
v (t) = v(00) + [1:(0) — v.(00)] €
() = 20(1 — e*)
Voltage at positive terminal of op-amp

Uy — Yout vy —0 _
0 T 100 "0

Vy = %Uout

Due to zener diodes, —5 < v,y <+ 5

So, vy :%(5) \Y%

Transistor form —5 V to +5 V occurs when capacitor charges upto

Uy
So 20(1 - 1) = 10X5
1— R0 = %
% _ YR
t=RCIn(2) = 1x10°x.01x10°x 0.257
= 2.57 psec
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£+

Since there is no feed back to the op-amp and op-amp has a high
open loop gain so it goes in saturation. Input is applied at inverting
terminal so.

Vb =—Vee =—12V

In negative half cycle of input, diode D; is in forward bias and
equivalent circuit is shown below.

C V=01 VJ_

R,
v, + g

|||—|

Output Vp =V, + V.
Op-amp is at virtual ground so V., = V.=0and Vp=V, =07 V

Voltage wave form at point P is

Vi
07 VE —

12V |_

~ Y

Hence (D) is correct option.

SOL 8.35

In the circuit when V; < 10 V, both D, and D, are off.

So equivalent circuit is,
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(o

pa]
|

NOTES

10V 5V

o+—— "<—>I

Output, V, =10 volt

When V; > 10 V (D is in forward bias and D, is off
So the equivalent circuit is,

R

v

1 j_vn
| T -7

Output, Vo=V,
Transfer characteristic of the circuit is
Voﬂ
w
10 7

Hence (A) is correct option.

SOL 8.36

Assume that BJT is in active region, thevenin equivalent of input
circuit is obtained as

+12'V

—-12V
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R,
— A\ —o—o—
R,
CJ_ — Ao o
I :l% V=+12V
2 kQ
—AMA—o o]
10 kQ
—AAM—o—o—

%10 kO

writing node equation at positive terminal of op-amp

Vin—12 | Vs —0
0 10
Vin = 6 volt (Positive threshold)

=0

So, the capacitor will charge upto 6 volt.

When output 1) =— 12 V, the equivalent circuit is.

L[
7

:l%_o V=-12V
2 kQ
10 kQ
Ao o
10 kO

node equation
> T TV
5Vy +60+Vy, =0

Vin =— 10 volt (negative threshold)
So the capacitor will discharge upto —10 volt.

At terminal P voltage waveform is.
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A A
o NN

Hence (C) is correct option.

SOL 8.38

SOL 8.39

SOL 8.40

Function F' can be obtain as,
F =188+ LSS+ 5SS+ LSS
F=ABC+ABC+1-BC+0-BC
= ABC+ A BC+ BC
= ABC+ A BC+ BC(A+ A)
= ABC+ A BC+ ABC+ A BC
F =%(1,2,4,6)
Hence (A) is correct option.

SOL 8.41

MVI H and MVI L stores the value 255 in H and L registers. DCR L
decrements L by 1 and JNZ checks whether the value of L is zero or
not. So DCR L executed 255 times till value of L becomes ‘0’.

Then DCR H will be executed and it goes to ‘Loop’ again, since L is
of 8 bit so no more decrement possible and it terminates.

Hence (A) is correct option.

SOL 8.42

XCHG= exchange the contain of DE register pair with HL pair
So now addresses of memory locations are stored in HLL
pair.
INR M= Increment the contents of memory whose address is
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So V=0 NOTES

Hence (D) is correct option.

SOL 8.46
Let the present state is Q(t), so input to D-flip flop is given by,
D=Q)®X
Next state can be obtained as,
Q(t+1)=D

Q(t+1)=Q(HOX

Q(t+1) = Q(t) X+ Q)X

QUt+1)=0Q(), if X=1
and Q(t+1)=Q(¢t), if X=0

So the circuit behaves as a T flip flop.
Hence (C) is correct option.

SOL 8.47

Since the transistor is operating in active region.

]E %ﬂ]B

IBzfg
_ 1mA _
=00 —10mA

Hence (B) is correct option.

SOL 8.48
Gain of the inverting amplifier is given by,
-
A, =—1x10° B g
R,
R = —1><T106

A, =—10 to —25 so value of R,

R = 11% — 100k for A, =— 10
C_10° _ _
Ry = 9% =40k for A, =—25
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Ry should be as large as possible so R; = 100 kf2
Hence (C) is correct option.

SOL 8.49

Direct coupled amplifiers or DC-coupled amplifiers provides gain at
dc or very low frequency also.
Hence (B) is correct option.

SOL 8.50

Since there is no feedback in the circuit and ideally op-amp has a
very high value of open loop gain, so it goes into saturation (ouput is
either + V or — V') for small values of input.

The input is applied to negative terminal of op-amp, so in positive
half cycle it saturates to — V and in negative half cycle it goes to
+V.

Hence (C) is correct option.

SOL 8.51(check)

From the given input output waveforms truth table for the circuit is
drawn as
X, X, Q
1 0 1
0 0 1
0 1 0
In option (A), for X; =1,Q = 0 so it is eliminated.
In option (C), for X; =0,Q = 0 (always), so it is also eliminated.
In option (D), for X; =0,Q =1, which does not match the truth
table.
Only option (B) satisfies the truth table.
Hence (B) is correct option.

SOL 8.52

In the given circuit NMOS Q, and Q, makes an inverter circuit. Q,
and Q, are in parallel works as an OR circuit and Q, is an output
inverter.
So output is

Q= X+X=X.X
Hence (D) is correct option.
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SOL 8.56

Given circuit,

2.2 kO V.

10 V=

In the circuit
Vi =3.5V (given)

Current in zener is.

_ VW=V
Iy =5t
I, —35-33

0.1x10°
IZ = 2mA

Hence (C) is correct option.

SOL 8.57

This is a current mirror circuit. Since Vg is the same in both devices,
and transistors are perfectly matched, then

IBlz IBQ and ]CIZ IOZ

From the circuit we have,
+3V
o

I

I
leooog—[ 3=1000
1 1

I = Ion+ Ip1 + Ipo
IR = Ia—{— 2[32 S IBl - IB2



Ir = Ioz—f—% VAo = Iy, Iy = Blp
I = Ioz<1 —l—%)
I =I=—10__

142

)

Ir can be calculate as

I ==2F00 __43mA
1% 10
So,
J=— 43 _43mA

"+ 100)

Hence (C) is correct option.

SOL 8.58

The small signal equivalent circuit of given amplifier

Here the feedback circuit samples the output voltage and produces a
feed back current Iy which is in shunt with input signal. So this is a

shunt-shunt feedback configuration.

Hence (B) is correct option.

SOL 8.59

In the given circuit output is stable for both 1 or 0. So it is a bistable

multi-vibrator.

Hence (A) is correct option.
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NOEES SOL 8.64

SOL 8.65

If op-amp is ideal, no current will enter in op-amp. So current ¢, is

. Up — Uy
ly = (1
1x10° (1)

vy =v_=uv, (ideal op-amp)

Uy — Uy Uy — 0
100x 10°  10x10°
v, — v, + 10, =0

=0

11v, = v, .(2)
For equation (1) & (2)
v, — 110,
1x10°
_ 10w,
ST

Iy =

Input impedance of the circuit.

6
R, =Y :—%:— 100 k2

Hence (B) is correct option.

SOL 8.66

Given Boolean expression,

Y (A-BC+ D)(A-D 0)
(A-BCD) + (ABC- B )+( D)+ BCD
BCD+AD+BC D
D(BC+1)+BCD

Y =AD+BCD
Hence (A) is correct option.

Y
Y

I
a>\ =>|

SOL 8.67

In the given circuit, output is given as.
Y = (4@ B) O (A1® B) O (A ® By) © (A3 ® Bs)
For option (A)
Y =(1©1)0(0®0)0(1®1)0(0®0)
=0000000
=1
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So total no. of instruction cycles are
n=14+6+5+1
=13
Hence (C) is correct option.

SOL 8.70

In the given circuit
Vi=0V
So, transistor @) is in cut-off region and () is in saturation.
5—1IcRo — VCE(sat) —1.25 =0
5—IcRc—01-125=0
5—IcRc =1.35
W =135 { Ww=>5—Io-R¢
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+5V NOTES

1=1.25 mA

1 kQ

Hence (B) is correct option.

SOL 8.71

Since there exists a drain current for zero gate voltage (Vzs = 0), so
it is a depletion mode device.

Ip increases for negative values of gate voltages so it is a p-type
depletion mode device.

Hence (C) is correct option.

SOL 8.72

Applying KVL in input loop,
4 —(33%x10°) Iz — Vagp — (3.3X10%) Iz =0
4—(33%x10% Iz — 0.7 — (3.3%10°) (hpe + 1) I3 = 0

g = (hfg + 1)]3

3.3 =[(33x10%) + (3.3 10%) (99 + 1)]I»

_ 3.3
Iy = 3 3
33 % 10° + 3.3 X 10° X 100
Ic = hyIp
_ 99x33
le =533 433 %100 ™A
I =33 mA

~033+33

Hence (B) is correct option.
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b Q c. o NOTES
0 0 0 0
0 0 1 1
0 1 0 1
0 1 1 0
1 0 0 1
1 0 1 0
1 1 0 0
1 1 1 1
Sum is.

Sum = P Q Cy+ PQCy+ PQ Cy+ PQCy
Output of MUX can be written as
F=PQ L+PQ L+PQ L+ PQ- kL
Inputs are,
I =Cn L= Cun h=Cyn L=0Cy

Hence (C) is correct option.

SOL 8.75

Program counter contains address of the instruction that is to be
executed next.

Hence (D) is correct option.

SOL 8.76

For a n-channel enhancement mode MOSFET transition point is
given by,
Vps(saty = Vas — Vrm " Vg = 2 volt
Vps(sat)y = Vas — 2

From the circuit,

Vps = Vas
So Vpssat) = Vps —2 = Vps = Vps(sar) + 2
Vbs > Vps(sat)

Therefore transistor is in saturation region and current equation is
given by.
In = K(Vaos — Vin)®
4 = K(Vgs—2)°
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NOTES Ves is given by

Ves = Vps = 10— IpRp
=10—4x1 =6 Volt

So, 4 = K(6—2)*
_1
K =7

Now Rp is increased to 4 k€2, Let current is Ip and voltages are
Vps = Vs
Applying current equation.

Ip = K(Vas — Viu)®

Ip =+ (Vgs —2)*

[

4

Ves = Vps = 10 — IpX Rp
=10 —41p
So,
4Ip = (10 — 4Ip — 2)*
4Ip = (8 — 41p)*
4Ip = 16(2 — Ip)*
Ip = 4(4+ 1 — 4lp)
41— 17416 =0
I'H =2.84 mA

Hence (A) is correct option.

SOL 8.77

Let the voltages at input terminals of op-amp are v. and v, respectively.

So, v = v. = 0 (ideal op-amp)

10k 10 kQ

Applying node equation at negative terminal of op-amp,

O_Uin O_Uac_
[ =0 (1)
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Applying KVL
Vi, —10I+4—-101 =0

I/';71/ + 4 R
20 !
Vin=—10 V (Maximum value in negative half cycle)
_—10+4 __ 3
S0, =% ="1gmA
V;n — V;ut —
10 =1
_10 — V;ut :_i
10 10
V;ut - (10 - 3)
Vo =— T volt

Hence (D) is correct option.

SOL 8.79

In the circuit, the capacitor charges through resistor (R4 + Rp) and
discharges through Rp. Charging and discharging time is given as.

T = 0.693(Ra+ Rp)C

Page 550

Tp = 0.693 RpC
I R 1
Frequency  J = = g = 0.693 (Ra 1 205) C
1 5 =10x10°
0.693 (R4 + 2Rp) X 10X 107
14.4%10° = R4+ 2Rp (1)
duty cycle = 7:;9 =0.75
0.693(Ra+ Rs)C 3
0.693 (RA—|— QRB) C 4
4R, +4Rp =3R4+ 6Rp
Ry = 2R .(2)
From (1) and (2)
2R, = 14.4 x 10
Ry =7.21kQ
and Rp = 3.60 k2

Hence (C) is correct option.
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SOL 8.80 RNONES

Given boolean expression can be written as,
F=XYZ+XYZ+XYZ+XYZ+XYZ

=XYZ+YZ(X+X)+ XY(Z+ 2)
= XYZ+ YZ+ XY
= YZ+Y(X+XZ) o A+BC=(A+B)(A+0)
=YZ+Y(X+X)(X+2)
=YZ+Y(X+2)
=YZ+YX+YZ

Hence (B) is correct option.

SOL 8.81

X, X, X X
Clock 2 2 : 2
opl —— tfo] 1] o]
Input

X: X1®X0,Y :Xg
Serial Input 7= X® Y = [X;® X)| ® X,

Truth table for the circuit can be obtain as.

Clock pulse Serial Input Shif register
Initially 1 1010
1 0 1101
2 0 0110
3 0 0011
4 1 0001
D 0 1000
6 1 0100
7 1 1010

So after 7 clock pulses contents of the shift register is 1010 again.

Hence (B) is correct option.
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Executing all the instructions one by one.
LXIH,1FFE =>H = (1F)y, L= (FE)g
MOV B,M = B = Memory [HL| = Memory [1IFFE]
INR LsL=L+(1)g=(FF)u
MOV A,M = A = Memory [HL] = Memory [IFFF]
ADD B=A =A+B
INR L=>L =L+ (1)H = (FF)H+ (1)H =00
MOV M, A = Memory [HL| = A
Memory [1IF00] = A
XOR A=A =AXORA
=0
So the result of addition is stored at memory address 1F00.
Hence (C) is correct option.

SOL 8.85

Let the initial state Q(t) = 0, So D = @ = 1, the output waveform is.

Clk(ﬁ,leokHz){ | { | { | ; | { | J | { |
outputJ | | | | |__|

Q)

So frequency of the output is,
fout - ,];n — %: 5 kHz
Hence (D) is correct option.

SOL 8.86
This is a half-wave rectifier circuit, so the DC voltage is given by
‘/Zlc - ﬁ
7'('

Equivalent circuit with forward resistance is

r,=5Q
AN

v, (_) §45 Q
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DC current in the circuit

Vi
A S (Viu/)
¢ Tf‘i‘R (5+45)
_ Vi
lie =0

Hence (A) is correct option.

SOL 8.87

In the positive half cycle zener diode (D,) will be in reverse bias
(behaves as a constant voltage source) and diode (D) is in forward
bias. So equivalent circuit for positive half cycle is.

1 kO

10 V————: W\'VJ_

V,=3.3

+
10sin wt<~> I 1 kO VUT
V,=0.7 V.|_

Output Vo=Vp+ V.
=0.7+33
=4 Volt

In the negative halt cycle, zener diode (D,) is in forward bias and
diode (D) is in reverse bias mode. So equivalent circuit is.

NN

1 kO
A% J_
~10 v———: v, -
10sin wt <~> 1 kO

So the peak output is,

10
V, = 1

A+~
V, =5 Volt

Hence (B) is correct option.
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RNONES SOL 8.90

In the circuit, voltage at positive terminal of op-amp is given by
Vp— Uy , Vp—2
0 g 0
(v — 1) +10(vp —2) =0
13vy =20+ 39,
Output changes from 415V to —15 V,when v. > v;
v — 20+ (3% 15)
T 13

vy = 5 Volt (for positive half cycle)
Hence (A) is correct option.

SOL 8.91

Output for each stage can be obtain as,

B

1

ST
So final output Y is.
Y=PQRS
Y =(P+Q)-(R+09) wAB=A+B
Y =P+Q+R+S
Hence (B) is correct option.

SOL 8.92

We can analyze that the transistor is in active region.

B
I = I
SR i

_ 99
le =G5y mA)
Ir = 0.99 mA

In the circuit
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jw CR NOTES
14 j3wCR — C*R*W
JwCR
(1— C°R**) + 3jwCR

T(jw)

Hence (A) is correct option.

SOL 8.96

Applying Barkhausen criterion of oscillation phase shift will be zero.

ZT(jwy) =0  wy—Tfrequency of oscillation.

1— CPR*&% =0
V) 1
TR
“ = pe

Hence (A) is correct option.

SOL 8.97
In figure
_ W
%_RF+RR
. V ijOR
T(w)| =L =
[ Tw)] Vo 1 — Wi C*R*+ 3wy CR
_ 1
“~RC
Vi_J _1
So, T T3 T3
R _1
Rr+ R 3

Rr=2R=2X1=2k

Hence (C) is correct option.
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SOL 8.98

By writing truth table for the circuit

CLK | Q| Q
Initially | O | O [ O
1 0|01 1
2 0 1 0
3 0 1 1
4 1 0 0
1 0 1

All flip flops are reset. When it goes to state 101, output of NAND
gate becomes 0 or CLR = 0, so all FFs are reset. Thus it is modulo
4 counter.

Hence (C) is correct option.

SOL 8.99

When the switch is closed (i.e. during Toy) the equivalent circuit is

N .
100 V = il § 100 uH

Diode is off during Toy.writing KVL in the circuit.

100 - (100 x 107°) % = 0
/
di 16

i = [10°dt = 10°¢+i(0)
Since initial current is zero i(0) =0
So, i =10¢
After a duration of Toyx the current will be maximum given as
ipea = 10° Tox

When the switch is opened (i.e. during T,;) the equivalent circuit is

':500 A%
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At t =T
Ve = éToff
_ Tox _ Tox
Duty cycle D = Toxt Torr — T
Tox = DT
Torr = T— Tox = T— DT
- éu - D)T

During Topr, output voltage V= 0 volt.

Hence (C) is correct option.

SOL 8.101

When the switch is closed, diode is off and the circuit is

C
+l|=
|
C

L4
B

In steady state condition

av. _
Odt =5
AT LdV. T
IQ_CU dt — C
Vo=—V. =t

1 113"
:—TU[?O
__ 11 p*1* __ID’np
—TTC 2 TT0 2

Hence (B) is correct option.
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Equivalent hybrid circuit of given transistor amplifier when Ry is by

passed is shown below.

v, RB:RI| |Rz

In the circuit

By =
hie
Vo — hfeib.RC = hfg%RC
. . & . h}feRC
Voltage gain A, = P

Equivalent hybrid circuit when Ry is not bypassed by the capacitor.

In the circuit
Vs = U Mie + (7;1; + hfeib) Rg
s = [hie + (1 + hye) R
v = hpiyy. Re

from equation (2) and (3)

= hy,. s
W = hyeRe g Ry

Voltage gain

U hse Re
A = R (Lt ) e
Av, _ hie+ (1+ ) Rp _ 14
Aw Die Die
A, < A,
Hence (B) is correct option.

So

(1 + hfe) Ry

Page 563



Chap 8
Analog and Digital
Electronics

SOL 8.107 RNONES

Given circuit is an astable multi vibrator circuit, time period is given

_ 1+0 _
T —27111(1_6), T=RC

B8 — feedback factor

C
| >
—o U,
= +

as

So,

Hence (B) is correct option.

SOL 8.108
MVI A, 10 H = MOV (10)y in accumulator

A =(10)H
MVI B, 10 H = MOV (10)y in register B
B = (10)y

BACK : NOP
ADDB = Adds contents of register B to accumulator and result
stores in accumulator

A=A+B
= (10)u+ (10)n

000 10000

ADD 000 10000
A=001 00000
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RLC = Rotate accumulator left without carry

acc [oJof1]ofofoJofo] €Y=0

RLC [o]o[1]o]o]o]o]0] A=(40),

JNC BACK = JUMP TO Back if CY =0
NOP
ADDB =A=A+8B

= (40)u+ (10)u

0100 0000
ADD 0001 0000
A=0101 0000

= (60)y

[o]1]o]1]o]o]o]o] CY=0

Al1{o]l1]o]o]o]oo] cY=0

A = (A0)y

JNC BACK
NOP
ADDB = A =A+B
= (AO)u+ (10)n
1010 0000
ADD 0001 0000
A=1011 0000

A = (BO)y

[1lofs]1]ofofofo] CY=0

RLC

Alofl1]1]o]olofo]o] CY=1

CY =1 Soit goes to HLT.
therefore NOP will be executed 3 times.

Hence (C) is correct option.
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In the circuit
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NOTES

1kQ 2kQ, 4kQ 8Kk
1 Vo—MW\— AN —A\VN AN
+ —1 Vo—t
Op-amp-1 Op-amp-2
A AAYAY
3 kQ

By writing node equation in the circuit at the negative terminal of

op amp-1

u—1, v—n»
1+2

3U— v

=0

=2

Similarly, at the positive terminal of op amp-1

u—1 , n—20
3 T

4 — v,

=0

=0

At the negative terminals of op-amp-2

o)

2 2m—1—y,

U+ 20

From equation (1) and (2)
U

3 1 21

From equation (3)
ivo— 2(—3—w)

4
3
1 Uy + U,
7
4%
v()

Hence (B) is correct option.

=0

=0
=3

=1
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Jo= 21 R, Cg

Req — Equivalent resistance seen through capacitor Cg

RE<RB + rﬂ')
RE + RB + T

B 1(RE+ Rp+ 7})
"~ 27Rp(Rp+ 1) Cg

Req = Rg | Rp+ 1 =

So fo
fo =10 Hz (given)

~ (0.1+25+5.2)x10°
P 2% 0.1(25 + 5.2) X 10°

So, = 1.59 mF

Hence (B) is correct option.

SOL 8.116

We can approximately analyze the circuit at low and high frequencies
as following.

For low frequencies w — 0 = 1 (i.e. capacitor is open)
We

Equivalent circuit is

U oA ij 40
_r>

So, it does not pass the low frequencies.

For high frequencies w — oo = u% — 0 (i.e. capacitor is short)
C

Equivalent circuit is
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R,
v —
—ouv,
+
R
v, =— ﬁ v;

So it does pass the high frequencies. This is a high pass filter.
Hence (D) is correct option.

SOL 8.117

At high frequency w — oo = wL — 0, capacitor behaves as short circuit
C

and gain of the filter is given as

Ry
R
Ry =10 Ry

Input resistance of the circuit R;, = R; = 100 k)
So, Ry =10x100 kQ =1 MQ
Transfer function of the circuit

V,(jw)  —jwRC

V;(]w) 1 +jw R1C
High frequency gain ‘A,,,oo =10
At cutoff frequency gain is

4,

— 10 — __jﬂ&RZCj
V2 14RO

10 w. Ry C
V2 1+ WRICP
100 + 100w? R C* = 2W° R: C*
100 4+ 100 X wf X 10" x C* =2 X w? x 10 x C°
100 = w2 C* x 10"

_ 100
w2 x 10"
O — 1 _ 1
2f. X 10* 2 x 3.14 x 10* x 10*
= 15.92 nF
koskoskoskoskosk skoskoskoskosk
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=y
]
~v

=y
=y

McCQ 9.3

The fully controlled thyristor converter in the figure is fed from a
single-phase source. When the firing angle is 0°, the dc output voltage
of the converter is 300 V. What will be the output voltage for a firing
angle of 60°, assuming continuous conduction

aaaa
+
§V(k
(A) 150 V (B) 210 V
(C) 300 V (D) 1007 V
YEAR 2009 ONE MARK

MCQ 9.4
An SCR is considered to be a semi-controlled device because
(A) It can be turned OFF but not ON with a gate pulse.

(B) It conducts only during one half-cycle of an alternating current
wave.

(C) It can be turned ON but not OFF with a gate pulse.

(D) It can be turned ON only during one half-cycle of an alternating
voltage wave.



YEAR 2009

McCQ 9.5

TWO MARKS

The circuit shows an ideal diode connected to a pure inductor and is
connected to a purely sinusoidal 50 Hz voltage source. Under ideal
conditions the current waveform through the inductor will look like.

S e

§L=(o.1 /) H

1.5

0.51

=
Current

20 30 40 50
Time(ms)

1.5

=
Current

0.51

20 30 40 50
Time(ms)

a
Current

20 30 40 50
Time(ms)

S
Current

20 30 40 50
Time(ms)
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McaQ 9.8 NOTES

Match the switch arrangements on the top row to the steady-state
V-1 characteristics on the lower row. The steady state operating
points are shown by large black dots.

—+E,I—— _+E>|/__
(P) Q)

1
~ -
— 1=

(ii) (iv)

(A) P-I, Q-II, R-IIL, S-IV (B) P-TI, Q-IV, R-1, S-III

(C) P-IV, Q-III, R-I, S-1I (D) P-1V, Q-I1I, R-11, S-1

YEAR 2008 ONE MARK
McQ 9.9

In the single phase voltage controller circuit shown in the figure,
for what range of triggering angle (a), the input voltage (1f) is not

controllable 7
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50 Q
46 v,
750 Q
(A) 0° < v < 45° (B) 45° < a < 135°
(C) 90° < a < 180° (D) 135° < o < 180°

McQ 9.10

A 3-phase voltage source inverter is operated in 180° conduction
mode. Which one of the following statements is true ?

(A) Both pole-voltage and line-voltage will have 3" harmonic
components

(B) Pole-voltage will have 3" harmonic component but line-voltage
will be free from 3™ harmonic

(C) Line-voltage will have 3 harmonic component but pole-voltage
will be free from 3' harmonic

(D) Both pole-voltage and line-voltage will be free from 3* harmonic

components
YEAR 2008 TWO MARKS
McaQ 9.11
The truth table of monoshot shown in the figure is given in the table
below :
R _|C
7[a[a ‘T
o[4|nju
vloinfu X 1 —07rC —<
Y— —Q

Two monoshots, one positive edge triggered and other negative edge

triggered, are connected shown in the figure, The pulse widths of the

two monoshot outputs @ and (% are Tpn, and Ton, respectively.
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Va PR
* .
' .
A \
' \
. 1}
A) 0 * } >
( ) A 1 \T( 1 27 wt
N ¢ ’
N / N /
A . A ’
. . A 4
Soe Sav
A
VD
/ 4
4 4
’ ’
’ ’
’ ’
’ ’
/ /
B) 0 % >
(B) \ /3 MNAm/3 0 p2m wt
\‘ 'l \ 'l
\ ’ \ ’
AN F * J
\ ‘ ', ’
“, 4 £y 4
et S
A
VU
4 4
4 4
, ’
’ ’
’ ’
’
/ /
€) 0 X .
\ 'TY/?) ',“7( 47(/3 / 2w wt
\ 'l \‘ 'l
A} ’ Y ’
\‘ / \‘ ,’
) ’ R} 4
d s
~— '~
A
v,
D) o * > >
( ) Y IR 3 2T wi
M ¢ N ’
N / N /
. . A .
A ) ra A k4
S ~_e
McaQ 9.14

A single phase source inverter is feeding a purely inductive load as
shown in the figure

The inverter is operated at 50 Hz in 180° square wave mode. Assume
that the load current does not have any dc component. The peak
value of the inductor current i, will be
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200V =

(A) 6.37 A (B) 10 A
(C) 20 A (D) 40 A
McQ 9.15

A single phase fully controlled converter bridge is used for electrical
braking of a separately excited dc motor. The dc motor load is
represented by an equivalent circuit as shown in the figure.

1,

Assume that the load inductance is sufficient to ensure continuous
and ripple free load current. The firing angle of the bridge for a load
current of Iy = 10 A will be

(A) 44° (B) 51°
(C) 129° (D) 136°
MCQ 9.16

A three phase fully controlled bridge converter is feeding a load
drawing a constant and ripple free load current of 10 A at a firing
angle of 30°. The approximate Total harmonic Distortion (%THD)
and the rms value of fundamental component of input current will
respectively be

(A) 31% and 6.8 A (B) 31% and 7.8 A

(C) 66% and 6.8 A (D) 66% and 7.8 A
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MCQ 9.17

In the circuit shown in the figure, the switch is operated at a duty
cycle of 0.5. A large capacitor is connected across the load. The
inductor current is assumed to be continuous.

I=4A L [ D

20 V= S : V, = Load

The average voltage across the load and the average current through

the diode will respectively be

(A)10V, 2 A (B) 10V, 8 A

(C) 40 V 2 A (D) 40 V, 8 A

YEAR 2007 ONE MARK
MCQ 9.18

A single-phase fully controlled thyristor bridge ac-dc converter is
operating at a firing angle of 25° and an overlap angle of 10° with
constant dc output current of 20 A. The fundamental power factor
(displacement factor) at input ac mains is

(A) 0.78 (B) 0.827
(C) 0.866 (D) 0.9
McQ 9.19

A three-phase, fully controlled thyristor bridge converter is used
as line commutated inverter to feed 50 kW power 420 V dc to a
three-phase, 415 V(line), 50 Hz ac mains. Consider dc link current
to be constant. The rms current of the thyristor is

(A) 119.05 A (B) 79.37 A
(C) 68.73 A (D) 39.68 A
McCQ 9.20

A single phase full-wave half-controlled bridge converter feeds an
inductive load. The two SCRs in the converter are connected to a
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common DC bus. The converter has to have a freewheeling diode. NOTES

(A) because the converter inherently does not provide for free-
wheeling

(B) because the converter does not provide for free-wheeling for high
values of triggering angles

(C) or else the free-wheeling action of the converter will cause shorting
of the AC supply

(D) or else if a gate pulse to one of the SCRs is missed, it will
subsequently cause a high load current in the other SCR.

McCQ 9.21

“Six MOSFETSs connected in a bridge configuration (having no other
power device) must be operated as a Voltage Source Inverter (VSI)”.
This statement is

(A) True, because being majority carrier devices MOSFETSs are
voltage driven.

(B) True, because MOSFETSs hav inherently anti-parallel diodes

(C) False, because it can be operated both as Current Source Inverter

(CSI) or a VSI

(D) False, because MOSFETs can be operated as excellent constant
current sources in the saturation region.

YEAR 2007 TWO MARKS

MCQ 9.22

A single-phase voltages source inverter is controlled in a single
pulse-width modulated mode with a pulse width of 150° in each half
cycle. Total harmonic distortion is defined as

2 2
THD = ¥V = Vi 100

Vi

where V] is the rms value of the fundamental component of the output
voltage. The THD of output ac voltage waveform is

(A) 65.65% (B) 48.42%

(C) 31.83% (D) 30.49%
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%7 21
A'A TH,

+
230 V__- 10 MF ” Load

” 25.28 pH

(A) Ops < t<25us (B) 25 us < t <50 pus

(C) 50 us < t< 75 us (D) 75 us < t <100 us

Common Data for Question 27 and 28.

A 1:1 Pulse Transformer (PT) is used to trigger the SCR
in the adjacent figure. The SCR is rated at 1.5 kV, 250 A with
I; = 250 mA, Iy =150 mA, and Ignae = 150 mA, I = 100 mA.
The SCR is connected to an inductive load, where L =150 mH in
series with a small resistance and the supply voltage is 200 V dc. The
forward drops of all transistors/diodes and gate-cathode junction
during ON state are 1.0 V

R
+10V PT R §L
% H T =200V
m‘%

McCQ 9.27

The resistance R should be
(A) 4.7 kQ (B) 470 kQ

(C) 47 Q (D) 4.7 Q
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MCQ 9.28

The minimum approximate volt-second rating of pulse transformer
suitable for triggering the SCR should be : (volt-second rating is the
maximum of product of the voltage and the width of the pulse that
may applied)

(A) 2000 pV-s (B) 200 pV-s

(C) 20 uV-s (D) 2 uV-s

YEAR 2006 ONE MARK
McCQ 9.29

The speed of a 3-phase, 440 V, 50 Hz induction motor is to be controlled
over a wide range from zero speed to 1.5 time the rated speed using
a 3-phase voltage source inverter. It is desired to keep the flux in
the machine constant in the constant torque region by controlling
the terminal voltage as the frequency changes. The inverter output
voltage vs frequency characteristic should be

4 4
(A) (B) —
| s/ T
v v
(©) (D)
| 50/ | 50/
McQ 9.30

A single-phase half wave uncontrolled converter circuit is shown in
figure. A 2-winding transformer is used at the input for isolation.
Assuming the load current to be constant and V= V,,sin wt, the
current waveform through diode D, will be
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load inductance. The input displacement factor (IDF) and the input
power factor (IPF) of the converter will be

(A) IDF = 0.867;IPF = 0.828  (B) IDF = 0.867; IPF = 0.552
(C) IDF = 0.5;IPF = 0.478 (D) IDF = 0.5;IPF = 0.318

McCQ 9.33

A voltage commutation circuit is shown in figure. If the turn-off time
of the SCR is 50 psec and a safety margin of 2 is considered, then
what will be the approximate minimum value of capacitor required
for proper commutation ?

50 Q 50 Q2
100 V==
C
Th, Th,
(A) 2.88 uF (B) 1.44 pF
(C) 0.91 uF (D) 0.72 uF
MCQ 9.34

A solar cell of 350 V is feeding power to an ac supply of 440 V,
50 Hz through a 3-phase fully controlled bridge converter. A large
inductance is connected in the dc circuit to maintain the dc current
at 20 A. If the solar cell resistance is 0.5 €2,then each thyristor will be
reverse biased for a period of

(A) 125° (B) 120°
(C) 60° (D) 55°
McCQ 9.35

A single-phase bridge converter is used to charge a battery of 200 V
having an internal resistance of 0.2 2 as shown in figure. The SCRs
are triggered by a constant dc signal. If SCR, gets open circuited,
what will be the average charging current ?
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200 V NOTES
% Battery
SCR, SCR, [==

230 V——
50 Hz

ZFSCRB #SCRi
(A) 23.8 A (B) 15 A
(C) 11.9 A (D) 3.54 A
MCQ 9.36

An SCR having a turn ON times of 5 usec, latching current of 50 A
and holding current of 40 mA is triggered by a short duration pulse
and is used in the circuit shown in figure. The minimum pulse width

required to turn the SCR ON will be

ST
1
20 Q
100 V== §5 k2
0.5 H
(A) 251 psec (B) 150 usec
(C) 100 psec (D) 5 psec

Data for Q.37 and Q.38 are given below. Solve the problems
and choose the correct answers.

A voltage commutated chopper operating at 1 kHz is used to control
the speed of dc as shown in figure. The load current is assumed to be
constant at 10 A
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McCQ 9.42

The figure shows the voltage across a power semiconductor device
and the current through the device during a switching transitions. If
the transition a turn ON transition or a turn OFF transition 7 What
is the energy lost during the transition?

A V
u
______ I
;—>4—> >t
t
(A) Turn ON, %(a + ) (B) Turn OFF, VI(t + b)
(C) Turn ON, VI(t+ t) (D) Turn OFF, %(tl + 1)
MCQ 9.43

An electronics switch S is required to block voltage of either polarity
during its OFF state as shown in the figure (a). This switch is
required to conduct in only one direction its ON state as shown in the
figure (b)

1 ) ‘\S- 1'

+ F
fig (a)

—1

1 1'

fig (b)

Which of the following are valid realizations of the switch S7

P, 1 —k——1 Q1 X
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I D
s 1—¥—>F—1'
(A) Only P (B) P and Q
(C) P and R (D) R and S

MCQ 9.44

The given figure shows a step-down chopper switched at 1 kHz with a
duty ratio D = 0.5. The peak-peak ripple in the load current is close
to

200 mH
nmm
+
100 V== [Z\ §5 Q
(A) 10 A (B) 0.5 A
(C) 0.125 A (D) 0.25 A
MCQ 9.45

An electric motor, developing a starting torque of 15 Nm, starts
with a load torque of 7 Nm on its shaft. If the acceleration at start is
2 rad/sec’ , the moment of inertia of the system must be (neglecting
viscous and coulomb friction)

(A) 0.25 kg-m? (B) 0.25 Nm?
(C) 4 kg-m? (D) 4 Nm?
McCQ 9.46

Consider a phase-controlled converter shown in the figure. The
thyristor is fired at an angle o in every positive half cycle of the
input voltage. If the peak value of the instantaneous output voltage
equals 230 V, the firing angle « is close to
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(A) 100v2 V (B) 100 V
(C) 50v2 V (D) 50 V
MCQ 9.49

The triggering circuit of a thyristor is shown in figure. The thyristor
requires a gate current of 10 mA, for guaranteed turn-on. The value
of R required for the thyristor to turn on reliably under all conditions
of V, variation is

V,=1244 V

=
_Il_k

(A) 10000 € (B) 1600 €
(C) 1200 (D) 800 €
McCQ 9.50

The circuit in figure shows a 3-phase half-wave rectifier. The source
is a symmetrical, 3-phase four-wire system. The line-to-line voltage
of the source is 100 V. The supply frequency is 400 Hz. The ripple
frequency at the output is

R—>

Y —P—
B—D— gR

N

(A) 400 Hz (B) 800 Hz
(C) 1200 Hz (D) 2400 Hz

YEAR 2004 TWO MARKS

McCQ 9.51

A MOSFET rated for 15 A, carries a periodic current as shown
in figure. The ON state resistance of the MOSFET is 0.15 €. The
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average ON state loss in the MOSFET is NOTES

A
10 A

0 T 27 3 > wi
(A) 33.8 W (B) 15.0 W
(C) 7.5 W (D) 3.8 W
MCQ 9.52

The triac circuit shown in figure controls the ac output power to the
resistive load. The peak power dissipation in the load is

11

23042 sin et O=T/4 ngm 0

(A) 3968 W (B) 5290 W
(C) 7935 W (D) 10580 W
MCQ 9.53

Figure shows a chopper operating from a 100 V dc input. The duty
ratio of the main switch S is 0.8. The load is sufficiently inductive so
that the load current is ripple free. The average current through the
diode D under steady state is

S L
+
100 V D glO Q
(A) 1.6 A (B) 6.4 A
(B) 8.0 A (D) 10.0 A
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+20 Nm

0.5 sec

} speed

-1500 rpm—/

(A) 0.048 kg-m® (B) 0.064 km-m?

(C) 0.096 kg-m” (D) 0.128 kg-m*

YEAR 2003 ONE MARK
McCQ 9.57

Figure shows a thyristor with the standard terminations of anode
(A), cathode (K), gate (G) and the different junctions named J1, J2
and J3. When the thyristor is turned on and conducting

TA

P
-—J3
N
a -—]J2
o—— P
-—]J1
N

Ik

(A) J1 and J2 are forward biased and J3 is reverse biased
(B) J1 and J3 are forward biased and J2 is reverse biased
(C) J1 is forward biased and J2 and J3 are reverse biased

(D) J1, J2 and J3 are all forward biased
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Figure shows a MOSFET with an integral body diode. It is employed
as a power switching device in the ON and OFF states through
appropriate control. The ON and OFF states of the switch are given
on the Vig — [Splane by

53
al

A

A A

MCQ 9.59

The speed/torque regimes in a dc motor and the control methods
suitable for the same are given respectively in List-IT and List-I

List-I List-II
P. Field Control 1. Below base speed
Q. Armature Control 2. Above base speed

3. Above base torque

4. Below base torque

Codes:
(A) P'17 Q'3 (B) P_27 Q'l
(C) P-2, Q-3 (D) P-1, Q-4
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MCQ 9.62

A chopper is employed to charge a battery as shown in figure. The
charging current is 5 A. The duty ratio is 0.2. The chopper output
voltage is also shown in the figure. The peak to peak ripple current
in the charging current is

L=20 mH 1
» YY)
. T 5A I/dr 60 V
2| =12V ~
< — -— t
° l 200 S
1 mS
(A) 0.48 A (B) 1.2 A
(C) 24 A (D) 1A
McaQ 9.63

An inverter has a periodic output voltage with the output wave form
as shown in figure

When the conduction angle a = 120°, the rms fundamental component
of the output voltage is

(A) 0.78 V (B) 1.10 V
(C) 0.90 V (D) 1.27 V
MCQ 9.64

With reference to the output wave form given in above figure , the
output of the converter will be free from 5™ harmonic when

(A) a=T72° (B) a = 36°
(C) a = 150° (D) a = 120°
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An ac induction motor is used for a speed control application. It
is driven from an inverter with a constant V/f control. The motor
name-plate details are as follows (no. of poles = 2)

V:415V Vp:3V  £50Hz  N:2850 rpm

The motor runs with the inverter output frequency set at 40 Hz, and
with half the rated slip. The running speed of the motor is

(A) 2400 rpm (B) 2280 rpm

(C) 2340 rpm (D) 2790 rpm

YEAR 2002 ONE MARK
MCQ 9.66

A six pulse thyristor rectifier bridge is connected to a balanced 50 Hz
three phase ac source. Assuming that the dc output current of the
rectifier is constant, the lowest frequency harmonic component in the
ac source line current is

(A) 100 Hz (B) 150 Hz
(C) 250 Hz (D) 300 Hz
McQ 9.67

A step-down chopper is operated in the continuous conduction mode
is steady state with a constant duty ratio D. If V; is the magnitude
of the dc output voltage and if V; is the magnitude of the dc input
voltage, the ratio V;/V; is given by

(A) D B)1-D

) 115 D) 25

YEAR 2002 TWO MARKS
MCQ 9.68

In the chopper circuit shown in figure, the input dc voltage has a
constant value V,. The output voltage V; is assumed ripple-free. The
switch S is operated with a switching time period 7" and a duty
ratio D. What is the value of D at the boundary of continuous and
discontinuous conduction of the inductor current 77
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(4) 220 w (8) “X W
T T
(C) 400 W (D) 800 W

MCQ 9.71*

The semiconductor switch S in the circuit of figure is operated at a
frequency of 20 kHz and a duty ratio D = 0.5. The circuit operates in
the steady state. Calculate the power transferred from the dc voltage
source V5.

v, V.
+100 V ® 4300 V
100 pH

—] g
0

YEAR 2001 ONE MARK

MCQ 9.72

The main reason for connecting a pulse transformer at the output
stage of thyristor triggering circuit is to

(A) amplify the power of the triggering pulse
(B) provide electrical isolation

(C) reduce the turn on time of thyristor

(D)

D) avoid spurious triggering of the thyristor due to noise

MCQ 9.73

AC-to-DC circulating current dual converters are operated with the
following relationship between their triggering angles(oy and )

(A) o+ = 1800 (B) g+ = 3600

(C) oy — iy =180° (D) oy + cy =90°
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YEAR 2001 TWO MARKS

MCQ 9.74

A half-wave thyristor converter supplies a purely inductive load as
shown in figure. If the triggering angle of the thyristor is 120°, the
extinction angle will be

_Dr'i

V sinwt .i..) L §

(A) 240° (B) 180°
(C) 200° (D) 120°
McCQ 9.75

A single-phase full bridge voltage source inverter feeds a purely
inductive load as shown in figure, where Ty, Ty, T3, T, are power
transistors and D;, D,, D3, D, are feedback diodes. The inverter
is operated in square-wave mode with a frequency of 50 Hz. If the
average load current is zero, what is the time duration of conduction
of each feedback diode in a cycle?

TIJ ji;j! T,

T,
(A) 5 msec (B) 10 msec
(C) 20 msec (D) 2.5 msec
McaQ 9.76*

A voltage commutated thyristor chopper circuit is shown in figure.
The chopper is operated at 500 Hz with 50% duty ratio. The load
takes a constant current of 20 A.

(a) Evaluate the circuit turn off time for the main thyristor Th;.
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SOL 9.1

The figure shows a step down chopper circuit.
Vow = DViy

where, D = Duty cycleand D < 1

Hence (A) is correct option.

SOL 9.2

Given figure as
LA N
I
The I-V characteristic are as

:

‘ v

Since diode connected in series so I can never be negative.

When current flows voltage across switch is zero and when current is
zero than there may be any voltage across switch.

Hence (C) is correct option.

SOL 9.3

Given fully-controlled thyristor converter, when firing angle o =0,
dc output voltage V,,, = 300 V

If « =60°, then V. =7
we know for fully-controlled converter

‘/d(,’“ — MCOS(X

T

" a=0, Vi, =300 V
300 = @COSOO
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at a=60°, Vg, =7
V. = 2v'2 _, 300w

p X 2500360
:300><%:150V

Hence (A) is correct option.

SOL 9.4

SCR has the property that it can be turned ON but not OFF with a
gate pulse, So SCR is being considered to be a semi-controlled device.

Hence (C) is correct option.

SOL 9.5

v,=10sin 1007t Cf:_)

Current wave form for i,

vy = Lc(iitZL
iL :%vadt
for 0 < w; £, UL, :vmzlosinwt:%

i :%vadt:—coleO’nt+ C

at 100mt = w/2, i =0,C=0
1, =— 100cos~t
in(peak) = 1 Amp for m < wt v, =0, =0
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10201><F

G =20 %10 = 0.2 uF

Hence (A) is correct option.

SOL 9.8

Characteristics are as

Hence (C) is correct option.

SOL 9.9

IpN|

V'h
50 ©
&,

750 Q
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_wlL 50 _
tand = R —50—1
b =45°

so, firing angle ‘e’ must be higher the 45°, Thus for 0 < a < 45°, 1}
is uncontrollable.

Hence (A) is correct option.

SOL 9.10

A 3-¢ voltage source inverter is operated in 180° mode in that case
third harmonics are absent in pole voltage and line voltage due to
the factor cos(nw/6). so both are free from 3" harmonic components.

Hence (D) is correct option.

SOL 9.11

In this case

and, D =

Hence (B) is correct option.

SOL 9.12

Given = 30°, in a 1-¢ fully bridge converter
we know that,
Power factor = Distortion factor X cosa
D.f. (Distortion factor) = Iy undamentar/ Ls = 0.9
power factor = 0.9 X cos30°
=0.78

Hence (B) is correct option.
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Here for continuous conduction mode, by Kirchoff’s voltage law,
average load current

150 V

[
S
~
=~
[N}
2

V—-2[,+150 =0

_ V+150
I, =0
c _[1 =10 A, SO
V =—130 V
2—Vmcosu =—130
T
2 x @r X 230 (o = — 130°
a = 129°

Hence (C) is correct option.

SOL 9.16

Total rms current I, = % X 10 =8.16 A

Fundamental current I, =0.78 x 10=7.8 A

where

Hence (B) is correct option.
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I=4A L [ D

20 V== SJ[ VI = Load

In the given diagram
when switch Sisopen Iy=1;, =4 A, V, =20V
when switch S is closed Ip =0,V,=0V

Duty cycle = 0.5 so average voltage is 1 ‘f 5

Average current = % =2 amp

_ 20 _
Average voltage = 105~ 40V

Hence (C) is correct option.

SOL 9.18

Firing angle a =25°
Overlap angle p=10°

S0, I = wvgs [cosa — cos (a+ )]

20 = M[COS%O —cos(25° +10°)]

2w X 50Ls
Ls = 0.0045 H
Vo — 2V, cosax  wLsl,
0 — T - P
_2x230v/2c0s25° 2 x 3.14 X 50 x 4.5 X 10~° x 20
- 3.14 3.14
—187.73—9 = 178.74°
Displacement factor = Ié??
_178.25 X 20 _
= 930 x20 — U718

Hence (A) is correct option.
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When losses are neglected,

3 % v/2 X 440
T

. 750 X 27
cosa = K, X 60

Here back emf £ with ¢ is constant

8 = ‘/0 = mem
. 1500 X 27
440 = K,, X S
K, =28
cosa = 0.37

at this firing angle
y, = 3Y2 X440 g 37) Z 91985 v

T

_ 1500
- 440

I, =1,/2/3=2783

1, = 34.090

p.f. = Wl
V3 VI,

Hence (A) is correct option.

= 0.354

SOL 9.24
_ 230 _
Vo= =575
Here charging current = [
V,sin® = 12
0 = 8.486 = 0.148 radian
Vo, = 81317 V
e=12V

There is no power consumption in battery due to ac current, so
average value of charging current.
1

Losteranging) = 55779 12 Vmcos b — e (m — 26)]
=1.059 Q/A

Hence (D) is correct option.
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SOL 9.25
Conduction angle for diode is 270° as shown in fig.
1/1ﬂ

E
Conduction for 270°

Vi

Hence (C) is correct option.

SOL 9.26

SOL 9.27

Here, V., = maximum pulse voltage that can be applied
SO =10-1-1-1=7V
Here 1 V drop is in primary transistor side, so that we get 9V pulse
on the secondary side. Again there are 1 V drop in diode and in gate
cathode junction each.

Iy ax = 150 mA

So R="n 7

]gmax - 150 mA = 46.67 2

Hence (C) is correct option.

SOL 9.28

We know that the pulse width required is equal to the time taken by
1, to rise upto 1,

S0,
V. = L%JFR,;(VT ~ 0)
i = @[1 _ e—t/().lf)]

Here also t =T, 1. = 1, = 0.25

0.25 = 200[1 — e /"7
T =1.876 x 10" = 187.6 pus
Width of pulse = 187.6 ps
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v 35><Sln(3><72)

S0, <V03 ): Al — 19.61%
0lmax Tssin 720

Hence (B) is correct option.

SOL 9.32

Given that

400 V, 50 Hz AC source, aa=60°, I, = 10 A

so,

Input displacement factor = cosa = 0.5

and, input power factor = D.F. X cosa
. . -[s(fundamcntal)
distortion factor = 71
4 x 10 . o
sin 60
_ X V2
10 x /2/3
= 0.955
S0, input power factor = 0.955 X 0.5
= 0.478
Hence (C) is correct option.
SOL 9.33
We know that
T = RCIn2
_ T
S0 ¢ = R %0693
_ 100
~ 50 x 0.693
= 2.88 pF
Hence (A) is correct option.
SOL 9.34
Let we have
Rsolar =0.5 Q, I() =20 A
SO Vi =350—-20x 0.5=340 V
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340=3X442Xﬁcosu

cosa = 55°
So each thyristor will reverse biased for 180° — 55° = 125°.
Hence (A) is correct option.

SOL 9.35

In this circuitry if SCR gets open circuited, than circuit behaves like
a half wave rectifier.

V A
Vo“
o M
1A
/AR
7‘ »
So

I,,, = Average value of current

— 72;R[ﬂ_el(vmsinwt— E)dd

1

Toavg) = 27:R[2 V,cosb — E(m — 261)]
= 5t [2 X (230 X v/2) cos — 200 (x — 20,)]
0, = sin1<‘2>

—gin'(— 200\ _38° — (.66 Rad
. (230 %)

Toavg) = ﬁpﬁ X 230cos38° — 200 (7 — 2 X 0.66)]

=119 A

Hence (C) is correct option.
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T AL T 4 x 10° X 200 x 107°

=0.125 A
Hence (C) is correct option.

NOTES Vs 100
( A [) max

SOL 9.45
ﬂt - ]_5 Nm
TL =7 Nm
a = 2rad/sec’
T = I
SO T ="1T:,— T, =8 Nm
I=5=4kgm’

Hence (C) is correct option.

SOL 9.46
We know that Vims =230V
S0, V, =230 x V2 V
If whether a < 90°
Then Voeak = Vipsina = 230
2304/ 2 sina = 230
. 1
sina = ——
J2

angle o = 135°
Hence (B) is correct option.

SOL 9.47

When we use BJT as a power control switch by biasing it in cut-
off region or in the saturation region. In the on state both the base
emitter and base-collector junction are forward biased.

Hence (D) is correct option.

SOL 9.48

Peak Inverse Voltage (PIV) across full wave rectifier is 2V,
V, =50V/2 V

50, PIV = 100v/2 V

Hence (A) is correct option.
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V,=1214V
V;)max =16V
V;)min =8V

Required value of R = Vi(min) _ 8

— _ 0
I 0107 oW
Hence (D) is correct option.

SOL 9.50

A

o/p

RN YN BN RN

‘‘‘‘‘‘

Ripple frequency = 3f= 3 x 400 = 1200 Hz

So from V; ripple frequency = 1200 Hz
Hence (C) is correct option.

SOL 9.51
Given that R =0.15Q
I =15A
. 1 /w 9
So average power losses = (2 /w) I"Rdt
—w

5. X 10% X 0.15 X m/w

=75 W
Hence (C) is correct option.

SOL 9.52

Output dc voltage across load is given as following

Ve =2 V[%{(?’n —a) + %}F

-2 x 2302

rle D))
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When thyristor turned on at that time J2 junction will break. So J1,
J2, J3 all are in forward bias.
Hence (D) is correct option.

SOL 9.58

The ON-OFF state of switch is given on Vps — Is plane as following

When Vps =+ ve, diode conducts and Iy =0
Vps =— ve, diode opens, but Is =0, D - — ve potential.
Hence (D) is correct option.

SOL 9.59

P. Field control-Above base speed
Q. Armature control-below base torque
Hence (B) is correct option.

SOL 9.60

As we know in fully controlled rectifier.

Vep =V, — Vycos(m/6 + «) " a=30°
or Vpp = V,,[1 — cos (/6 4 30°)]
or II/}Z: =0.5

Hence (A) is correct option.

SOL 9.61

SOL 9.62

In the chopper during turn on of chopper V-t area across L is,

Ton‘/det :[TOHL<%>dt: %madei

- L(inlax - Z.Hliﬂ) = L(A[)
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SOL 9.68

SOL 9.69

From figure
1 ro 1/2

Jvix b =V./2

Hence (B) is correct option.

SOL 9.70

Given that, V = 200sinwt
f =50 Hz
Power dispatched in the load resistor R =7

First we have to calculate output of rectifier.
T . 1/2
(V) s = [%l (200 smwt)2dwt]

_200] [m/1 — cos2wt 1/2

= el ]

_ Ml(mt— sin2wt>“ 1/2
2T
200711 /2200

= 2D x| =22
Vrl2 ] V2

Power dissipiated to resistor
2

PR — ( [_)l%'ms

(P <o

Hence (C) is correct option.

SOL 9.71*
Given f =20 kHz
D =05
Power transferred from source V; to V, =7
Time period ¢ = % = m = 950 psec



Chap 9
Power Electronics

D =05 NOTES

ton = 25 psec, tor = 25 psec

at tox, energy will stored in inductor circuit

_rdi
v = Ldt
100 = 100 x 1064
dt
di _ 1n6
& —19
i =10°t+i(0) i(0)=0
i =10 (1)
E =§Li

E :% x 100 x 107°% x 10" x 25 x 25 x 10 *

FE =3.1250 x 10°*J
Now power transferred during ¢,

p — 3.1250 x 10~
o 25x10°

=125 x 10° W

SOL 9.72

For providing electrical isolation it is necessary to connect a pulse
transformer at the output stage of a thyristor triggering circuit.

Hence (B) is correct option.

SOL 9.73

In ac to dc circulating current dual converters if triggering angles are
oy and o, than it is necessary that

o+ = 1800

Hence (A) is correct option.

SOL 9.74

Given a half wave Thyristor converter supplies a purely inductive
load

Triggering angle o = 120°
than extinction angle 3 =7
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NOTES (a) *." Motor Torque T = FE,I, and F, = K,w
Than K,wl, = Tw
_ I _ 140 _

(b) In dc motor we know

_V—-E
I, = R
V, = 2V, cosa

T

l% ::L6__]@Ra
_2x 2505608600

E, :M x 2 —20(0.2)

E, =2152V
W = E%Ia = 215'1245; 20 _ 30.74 rad/sec

(c) Rms value of fundamental component of input current
IOT
1/2
ﬁ[i((ﬁ —a)+ %Sin 2&)]

LT::

I,, =56 Amp, o = 60°

[ - 56
s 1 ™ 1. 2
\/E[F<ﬁ—§>+581n120 ]
39.6
]ﬁ - 2 1 lﬂ ::61.34 Aan
B-1
Sk ok 5k ok ok ok sk sk sk sk ok
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