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PREFACE

It gives me great happiness to introduce the
First Edition on Instrumentation Engineering
containing nearly 3200 MCQs which focuses
in-depth understanding of subjects which has been
segregated topicwise to disseminate all kind of

exposure to students in terms of quick learning and
deep apt. The topicwise segregation has been done

B. Singh (Ex. IES)

to align with contemporary competitive examination

pattern. Attempt has been made to bring out all kind
of probable competitive questions for the aspirants preparing for GATE and PSUs. The
content of this book ensures threshold level of learning and wide range of practice questions
which is very much essential to boost the exam time confidence level and ultimately to
succeed in all prestigious engineers’ examinations. It has been ensured from MADE EASY
team to have broad coverage of subjects at chapter level.

While preparing this book utmost care has been taken to cover all the chapters and variety
of concepts which may be asked in the exams. The solutions and answers provided are
upto the closest possible accuracy. The full efforts have been made by MADE EASY Team
to provide error free solutions and explanations.

| have true desire to serve student community by way of providing good sources of study
and quality guidance. | hope, this book will be proved an important tool to succeed in
competitive examinations. Any suggestions from the readers for the improvement of this
book are most welcome.

B. Singh (Ex. IES)
Chairman and Managing Director
MADE EASY Group



Instrumentation Engineering : GATE Syllabus

Engineering Mathematics: (i) Linear Algebra: Matrix algebra, systems of linear equations, Eigen values and Eigen vectors.
(ii) Calculus: Mean value theorems, theorems of integral calculus, partial derivatives, maxima and minima, multiple
integrals, Fourier series, vector identities, line, surface and volume integrals, Stokes, Gauss and Green’s theorems.
(i) Differential equations: First order equation (linear and nonlinear), higher order linear differential equations with constant
coefficients, method of variation of parameters, Cauchy’s and Euler’s equations, initial and boundary value problems,
solution of partial differential equations: variable separable method. (iv) Analysis of complex variables: Analytic functions,
Cauchy’s integral theorem and integral formula, Taylor’'s and Laurent’s series, residue theorem, solution of integrals.
(v) Probability and Statistics: Sampling theorems, conditional probability, mean, median, mode and standard deviation,
random variables, discrete and continuous distributions: normal, Poisson and binomial distributions. (vi) Numerical
Methods: Matrix inversion, solutions of non-linear algebraic equations, iterative methods for solving

Electrical Circuits: VVoltage and current sources: independent, dependent, ideal and practical; v-i relationships of resistor,
inductor, mutual inductor and capacitor; transient analysis of RLC circuits with dc excitation. Kirchoff's laws, mesh and
nodal analysis, superposition, Thevenin, Norton, maximum power transfer and reciprocity theorems. Peak-, average-
and rms values of ac quantities; apparent-, active- and reactive powers; phasor analysis, impedance and admittance;
series and parallel resonance, locus diagrams, realization of basic filters with R, L and C elements. One-port and two-
port networks, driving point impedance and admittance, open-, and short circuit parameters.

Signals and Systems: Periodic, aperiodic and impulse signals; Laplace, Fourier and z-transforms; transfer function,
frequency response of first and second order linear time invariant systems, impulse response of systems; convolution,
correlation. Discrete time system: impulse response, frequency response, pulse transfer function; DFT and FFT; basics
of IR and FIR filters.

Control Systems: Feedback principles, signal flow graphs, transient response, steady-state-errors, Bode plot, phase
and gain margins, Routh and Nyquist criteria, root loci, design of lead, lag and lead-lag compensators, state-space
representation of systems; time-delay systems; mechanical, hydraulic and pneumatic system components, synchro
pair, servo and stepper motors, servo valves; on-off, P, P-I, P-I-D, cascade, feedforward, and ratio controllers.

Analog Electronics: Characteristics and applications of diode, Zener diode, BJT and MOSFET; small signal analysis of
transistor circuits, feedback amplifiers. Characteristics of operational amplifiers; applications of opamps: difference
amplifier, adder, subtractor, integrator, differentiator, instrumentation amplifier, precision rectifier, active filters and other
circuits. Oscillators, signal generators, voltage controlled oscillators and phase locked loop.

Digital Electronics: Combinational logic circuits, minimization of Boolean functions. IC families: TTL and CMOS. Arithmetic
circuits, comparators, Schmitt trigger, multi-vibrators, sequential circuits, flip-flops, shift registers, timers and counters;
sample-and-hold circuit, multiplexer, analog-to-digital (successive approximation, integrating, flash and sigma-delta)
and digital-to-analog converters (weighted R, R-2R ladder and current steering logic). Characteristics of ADC and DAC
(resolution, quantization, significant bits, conversion/settling time); basics of number systems, 8-bit microprocessor and
microcontroller: applications, memory and input-output interfacing; basics of data acquisition systems.

Measurements: Sl units, systematic and random errors in measurement, expression of uncertainty - accuracy and
precision index, propagation of errors. PMMC, MI and dynamometer type instruments; dc potentiometer; bridges for
measurement of R, L and C, Q-meter. Measurement of voltage, current and power in single and three phase circuits;
ac and dc current probes; true rms meters, voltage and current scaling, instrument transformers, timer/counter, time,
phase and frequency measurements, digital voltmeter, digital multimeter; oscilloscope, shielding and grounding.

Sensors and Industrial Instrumentation: Resistive-, capacitive-, inductive-, piezoelectric-, Hall effect sensors and associated
signal conditioning circuits; transducers for industrial instrumentation: displacement (linear and angular), velocity,
acceleration, force, torque, vibration, shock, pressure (including low pressure), flow (differential pressure, variable area,
electromagnetic, ultrasonic, turbine and open channel flow meters) temperature (thermocouple, bolometer, RTD (3/4
wire), thermistor, pyrometer and semiconductor); liquid level, pH, conductivity and viscosity measurement.

Communication and Optical Instrumentation: Amplitude- and frequency modulation and demodulation; Shannon’s sampling
theorem, pulse code modulation; frequency and time division multiplexing, amplitude-, phase-, frequency-, pulse shift
keying for digital modulation; optical sources and detectors: LED, laser, photo-diode, light dependent resistor and their
characteristics; interferometer: applications in metrology; basics of fiber optic sensing.
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Q.1

Q.2

Q.3

Q.4

1. Basic of Network Analysis

In the network shown below, the effective
resistance faced by the voltage source is

il4

AN

i N

AAAA
VVVy

(@ 4 Q
(c) 2Q

(b) 3Q
d 1

In the circuit shown in the figure, if I= 2 A, then
the value of the battery voltage V will be

7 0.5
AVAVAVAV
1 1 <
Ve :§1
(@ 5V (o) 3V
(c) 2V (dy 1V

The input resistance of the circuit shown is

[
10 4 Q
2Q 5Q
[
(@) 1Q (b) 3.36Q
(c) 2.24 Q (d) 1.12Q

In a network made up of linear resistors and ideal
voltage sources, values of all resistors are
doubled. Then the voltage across each resistor is
(a) Doubled

(b) Halved

(c) Decreased four times

(d) Notchanged

Electrical Circuits

Q.5

Star connected load is shown in the figure. The
equivalent delta connection has a value of
RinQis

100Q
100 R R
b
R

o

Q.6

Q.7

Q.8

Q.9

100
)

o

(@ 10Q (b
(c) 10/3 Q (d

) 30 Q

) 20/3 Q
Kirchhoff’s current law is valid for
(a) DC circuit only

(b) AC circuit only

(c) Both DC and AC circuits

(d) Sinusoidal source only

The effective resistance between the terminals
A and B in the circuit shown in the figure is

A

(d) 6A11

The nodal method of circuit analysis is based on
(a) KVL and Ohm’s law

(b) KCL and Ohm’s law

(c) KCL and KVL

(d) KCL and KVL and Ohm’s law

Twelve 1 Q resistances are used as edge to form
a cube. The resistance between two diagonally
opposite corners of the cube is
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(@) §g b) 10 Q.14 The value of ‘I’ in the circuit given below is
6
6 3 W AW
(C) —-Q (d) —Q VVVV VVVV
5 2
> > +
Q.10 A delta connected network with its Y-equivalent = 375V EE 200 EE v=3r
is shown in figure. The resistances R,, A, and R, ) 1-
(inohms) are respectively
a
2 (@) -5 A (b) 5A
R (c) -2 A (dy 2A
R, R Q.15 Consider the electrical network shown below.
£ AvAvAvAv B I
30Q b ¢
(@ 1.5Q,3Qand 9 Q 1 >
(b)3Q,9Qand 1590 ovr @ rE Do
() 9Q,3Qand 1.5Q
(d)3Q,15Qand 9 Q

o , What is the value of R so that current I'is zero?
Q.11 If each branch of a delta circuit has impedance

a
(@) 2Q (b) 5Q
J3 Z then each branch of equivalent Y-circuit (c) 4 Q (d) 3Q
has |rrzwpedance Q.16 The currentiin the network given below is
(a) i~ (b) Z 1Q .20
\/§ AAAA ! AAAA
Z \AAAJ \AAAS
©) 232 @ 3
G TA S1Q 303 @)1\’
Q.12 In the circuit shown, what are the values of A, 9
and R, when the current flowing through R,is 1 A
and through R, is 5 A?
(@ 1A (b) 2A
iso" (c) 3A (d) 0A
30V Q.17 Node voltages V, and Vg are as shown in the
circuit below
100 v(i)
AfAVifAV VA ! AV6AV£V2V VB Ai)AVAgVEAV
(@) 20Q,8Q (b) 12Q,5Q L L
©) 8Q 120 (d) 8Q,20Q Tsv 320 20 (Pena
Q.13 Determine the current in the network (Assume
cut-in voltage of Siis 0.7 V and Ge is 0.2 V).
Si Si Si V,and Vg are respectively
—_ 11 8
(@) —Vand-V (b) 6Vand8Vv
Vi 2kQ 2kQ Y, 3 3
10V Ge Ge Ge 2V o4 33
(@) 1.6 mA (b) 1.575mA (©) gv and 35 V  (d) None ofthese

(c) 1.557 mA (d) None of these
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Q.18 The value of V, in the circuit shown in the given

figure is
3V
N O
\AAAl u T
3A D 1Q§E 1Q§E v,
(@ 1V (b) 2V
(c) 3V (d) 4V

Q.19 Consider the following circuit:

20
6 Q 6 Q
GO
O/ 7
6V
What is the value of the current I in the above
circuit?
(@ 1A (o) 2A
(c) 3A (d) 4A
Q.20 i, incircuitis
1Q 1Q
AAAA AAAA
\AAAJ i \AAA
1
2A 220 §§ 20
(@ 4/5A (b) 6/5A
(c) 2/5 A (d) 7/5A
Q.21 Forthe circuit shown in the figure, the current I is
2R
AVAVAVAV
4R
< AVAVAVAV
<3R 2R
T MW
V@) L AvAvAvAv
S4rR 4R 1A

a
b
@
d

=

indeterminable due to inadequate data
zero

4 A

8A

~

(
(
(
(

= =

Q.22 Equivalent resistance between Xand Yin given

circuit

3Q 3Q

1Q 2Q

(@ 9Q
(c) 11/5Q

Q.23 In given network find

oYy
(b) 3Q
(d) 511 Q

V,?

o X

1.6A

\AAAJ

<
100 Q=
<

0.02V,

<>
<
50Q 2

(@) 32V
(c) 12V

(b) -32V
(d) -12V

Q.24

Q.25

For given circuit i and i, is
2i,

4Q ’ 2Q

_MM_@ ‘ MW

15V<1> E Ci 18V
oHREe

(@ 26 A, 1.4A

(b) 26 A —1.4A
c) 1.6A 135A (d) 1.2A -1.35A

6 Q

AAAA

The two electrical subnetworks N, and N, are
connected through three resistors as shown in
figure. The voltage across 5 Q resistor and 1 Q
resistor are given to be 10 Vand 5 V respectively.
Then voltage across 15 Q resistor is

+
o
)
|

>
>
>
>

<
<

+
>
[¢)]
>
<
>0 2
|
=Z

<
<
<
<

,_\
=0

>

<
<
<
<

+

Q.26

o
<
|

(@) 105V
(c) 15V

(b) 105V
(d) 15V

For a given voltage, four heating coils will produce
maximum heat, when connected

(@) allin parallel

(b) all in series

(c) with two parallel pairs in series

(d) one pair in parallel with the other two in series



4

Instrumentation Engineering : MCQs Practice Book

MEDE EESY

Q.27 A long uniform coil of a inductance L Henries

Q.28

Q.29

Q.30

Q.31

and associated resistance Rohms is physically
cutinto two exact halves which are then rewound
in parallel. The resistance and inductance of the
combination are

R L
Zand=
(@) Rand L (b) > an 5
R L
(c) 7 and 1 (d) 2Rand 2L

In the circuit shown, the power dissipated in the
resistor Ris 1 W when only source ‘1’ is present
and ‘2’ is replaced by short circuit. The power
dissipated in the same resistor R is 4 W when
only source 2’ is present and ‘1’ is replaced by
a short circuit. When both the sources ‘1’ and 2’
are present, the power dissipated in R will be

AAAA AAAA

\AAAJ \AAAJ

1Q 2Q
[V, |6/ volts R=1 Qéi |V,leftvolts (ﬁ)
(@) 5W (b) 4w
(c) 3W (dy 1w

A circuit possesses resistance R and inductive
reactance X, in series. Its susceptance is given by

R X,
(a) > (b) >

R XL
(©) 2 (d) -2

In the circuit shown below, if the power consumed
by the 5 Q resistor is 10 W, then power factor of
the circuit will be

50 L 100
—MWW—000—WW—

v =50 cos ot (9

(a) zero (b) 05

(c) 0.8 (d) 0.6

Two heaters, rated at 1000 W, 250 V each are
connected in series across a 250 V, 50 Hz ac
mains. The total power drawn from the supply
would be
(@) 2000 W
(c) 250 W

(b) 1000 W
(d) 500W

Q.32

Q.33

Q.34

Q.35

Assertion (A): A network in which the circuit

elements like resistance, inductance etc. cannot

be physically separated for analysis purposes,

is called lumped network.

Reason (R): Most of the electric networks are

lumped in nature.

(a) Both A and R are true and R is the correct
explanation of A.

(b) Both A and R are true but R is not the correct
explanation of A.

(c) Alistrue but R is false.

(d) A is false but R is true.

What is the value of mso that the current 7in the
circuit shown below is maximum?

1

+f |
mrQEE EE mrQ
v < <
:é m Q
o
1
@ 3 (b) NZ
1
c) — d
(© Ne d V2

Two 100 W, 220 V bulbs are required to be
connected across a 400 volts supply. The value
of resistance to be inserted in the line so that the
voltage across the bulbs does not exceed 220V
is

(@) 198 Q
(c) 1256.5Q

(b) 0Q
(d) 76.2Q

The equivalent resistance across the terminal X-Y
for the circuit shown below is

Xo *
1Q
1Q
Yo o
(@) 0 (b) 1Q
3 1
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Q.36

Q.37

Q.38

Q.39

Q.40

The value of voltage source to be connected
across the terminals Xand Y'so that drop across
the 10 Q resistoris 45V is

30Q
X
5Q 10Q
Y
20Q
(a) 36 volts (b) 180 volts
(c) 95 volts (d) 120 volts

For the circuit shown below, the equivalent
resistance will be

15Q 15Q 15Q
ﬁAAﬁ MVVV %VV%
|t
12V
(a) 45 Q (b) 15Q
(c) 5Q (d) 75Q

Three resistors of R Q each are connected to
form atriangle. The resistance between any two
terminals will be

(@ RQ (b) 3RQ
2 3
(c) 5/?9 (d) EF?Q

Kirchhoff's laws are not applicable to circuits with
(a) passive elements

(b) lumped parameters

(c) distributed parameters

(d) non-linear resistances

For the circuit shown below, the current through
the 10 V battery is

AAAA

\AAAJ
1Q
< < 10Q
1ACD 2955 202
10V
T
(@) 2.36 A (b) 491A
(c) -2.36 A (d) None of these

Q.41

Q.42

Q.43

Q.44

Q.45

In the circuit shown in figure below, the value of
V,/V, is

Q 20
%VV% ﬁAAA
< te
Vi T /D 1OQEE /9 V210
-19 19
(a) Y (b) >
2
©) 15 @ 15
The value of Vin volts for the circuit shown below is
2Q 50
VVV» MVV\
+ >
D 20
(a) zero (b) 16.65
(c) 22.50 (d) -3.6

The current I flowing in the given figure is

1A I

2A 5A

4A
@ 1A (b) 2 A
(c) 3A (d) 4A

The value of dependent source for the circuit

shown below is
2i

20 :
5v<j) ::)

(@) 5A (b) -10V
(c) -5A (d) 10V

AAAA
VW
N
©

In the circuit shown in figure below, what is the
value of current i through source when
V =4 volts?

Q

AA
vy

<
S B

<

AAAA

VWY
N
®

2A D

a) 1A
c) 3A (d) OA

—~ o~
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Q.46 The number of mess equations needed to solve

Q.47

Q.48

an electrical networkis m=(b—-n+ 1), where b
is the number of branches and nis the number
of nodes in the electrical network.

Consider the following statements related to mesh

and nodal-analysis for analysing an electrical

network.

1. If m < n, the Mesh method offers less
advantages.

2. If m> n, i.e. when the number of parallel
paths in the network is more, mess method
is preferred.

Which of the above statements is/are true?

(@) Neither1nor2 (b) 1only

(c) 2only (d) Both 1and2

The equivalent circuit of the capacitor shown
below is

C
Ao =]+ oB
k)
vV, =10
" c
Ao ¢ oB
(@) C
I
I
VO
c Y,
(b) Ao—]¢ I oB
(c) A® ¢ o8B
C
4||7
Vo

The current and voltage profile of an element vs
time has been shown in given figure. The element
and its value are respectively

Amperes —

—\/olts

5 5
Time (ms) —— Time (ms) —

a resistor with R = 2 mQ

a capacitor with C= 2 uF
an inductorwith L=0.5H
an inductor with L =10 mH

a
b
c
d

-~ =

(
(
(
(

=

Q.49 Theequivalent circuit of the inductor shown below is

L I

00"

ao ob

Q.50

e
1oovC_) 8 uF

Q.51

Q.52

L fo
(8) ao—a—()—ob
L
(b) ao [HOO ob
Iy
L fo
(c) ao——()—ob
L
(d) ao T ob
10

The charging time required to charge the
equivalent capacitance between the given
terminals a-b by a steady direct current of
constant magnitude of 10 A is given by

8 uF
II

.a
\
C3
4 uFIR
" 3uF=C,
FCS

b
(a) 160 usec
(c) 21 usec

Ci == 5uF

(b) 80 usec
(d) 45usec

An ac voltage of 220 V is applied to a pure
inductance of 50 H. If the current is 5 A, the
instantaneous value of voltage and current will
be respectively given by
(a) v=622 sin (314t) Volts

i =7.07 cos (314t—90°) Amps
(b) v=311sin (314%) Volts

i=14.14 sin (314t-90°) Amps
(c) v=_311sin (314%) Volts

i =7.07 sin (314t -90°) Amps
(d) v=622 sin (314t) Volts

i=14.14 cos (314 t—90°) Amps

The voltage and current through a circuit element
is v=100 sin (314 t + 45°) volts and

i =10 sin (314 - 45°) amps.

The type of circuit element and its value will be
respectively

(@) aninductor with L =31.8 mH

(b) a capacitorwith C=10F

(c) aninductor with L =10 H

(d) a capacitor with C=31.8 uF
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Q.53

Q.54

Q.55

Q.56

Q.57

Q.58

There inductances, 1 H, 2 H and L H are in (b) Both A and R are true but R is not the correct
parallel. The maximum value of equivalent explanation of A.
inductance will be (c) Ais true but R is false.
3 . .
(@) EH (b) OH (d) Ais false but R is true.

(©) 3H (d) none of these 2. Steady State Sinusoidal Analysis

The equivalent capacitance between the terminals
a-bfor the capacitive circuit shown below is

L L

25F 25F

Q.59 Inthe network shown in the figure, inductance ‘L’
is varied from O — <. Locus of current phasor

\
71
-
a
M

(T) thus obtained is {Given that, 6 = tan”[%ﬂ

T10F 1OFT s

a b
(@) 25.25F (b) 16.80F . R=30Q
(c) 12.25F (d)y 17.50F 120.20° ~>
50 Hz
For the bridge circuit shown below, the charge L
accumulated in the capacitor under steady state
condition is
e
t=0 A 4
80 4Q (@ = 0=0°
12V
0=-90°
(a) zero )
(c) infinite ) (b) 6=0
A current input, 58(t) is flowing through a /
capacitor C. The voltage V (1), across capacitor 4
is given by
5
(@) &1 (b) 5Cu(?) 0=90°
5
(c) 5t (d) EU(f) i
4
Potential difference across a capacitor of
capacitance of 20 uF is increased uniformly from O (©) 6=0°
to 240V in 1 second. The charging current will be
(@ 9.6 mA (o) 1.2mA
(c) 4.8 mA (d) 12mA
Assertion (A): Lower the self inductance of a
coil more the delay in establishing steady current 7
through it. (d) iA 0=0°
Reason (R): An inductor opposes a sudden
change in current.
(a) Both A and R are true and R is the correct

explanation of A.
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Q.60 The supply voltage | V|in diagram below is Q.66 In the network shown in figure frequency ‘f’ is
o varied from 0 to . Obtain locus diagram:
o— MWW——000" T 11 Q
DPTIVAL 70V : 100 V ' R
v vor @
e 1 X
(8) 210V (b) 70V L (6=tan 1ﬁj
(c) 50V (d) 230V
Q.61 Steady state value of the current in the circuit is
10Q VIR
MWW (a) 7 6=0
i(f)
1V g 0.5H
1 e
(a) zero (b) > A (b) =0
() 2A (d 1A IR\
Q.62 In 220V, 50 Hz AC supply the rms value of AC

voltage wave form is

(a) 22042V ) 2Oy
J2
(c) 220V (d) none of these (©) ! 6=0°
VIR
Q.63 For a series RLC circuit, the power factor at the
lowest half power frequency is
(@) 0.5lagging (b) 0.5leading
(c) unity (d) 0.707 leading
Q.64 For the idealized half wave rectified system the vir | 1
average and rms value of the voltage is
(@) V—m ﬁ respectively @ o0
n 2
(b) V_’” Vi respectively
T 2
2 V _ Q.67 If the resistance in a series RC circuit is
(© EVm, Tr; respectively increased, the magnitude of the phase
(a) Increases
d) ng, Yin respectively (b) Remains the same
T 2 (c) Decreases
Q.65 A particular current is made up of two (d) Changes in an indeterminate manner
components a 10 A DC and a sinusoidal current Q.68 Onincreasing the ‘Q’ of the coil
of peak value of 14.14 A. The average value of (a) Its power factor increases

resultant currentis (b) Its power factor decreases
(a) zero (b) 2414 A (c) Its power factor remains unaltered
(c) 10A (d)y 14.14A (d) Its power may increase or decreases
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Explanations

Bl o El o

[
il4
AN
i N
—_—
AAAA
+ VVVY
v = 4Q
- — 3i/4
R
vV (o
R = N A-Y conversion:
Using source transformation and KVL, we get, R, = 4 = 1
V+i=4i 8 2
. 3
or, V=3i R =20
B™ 8
%
- R=—=3Q p.-125_3
! 8 2
Redrawing the circuit,
Bl o o
Given circuit: <1
=2
Ji 0.5
AAAA Fe——-- -—= mem———— 1
VVVV ! H ! :
132 =3
Ra L 19 1 8F T2 13
Ve ! ! 1 R O | . T2
X Ro 32915 i 55595
o |
Y-A transforming 1 (19 13
R, = o F\’m=§+(§“?j
Rg=1Q
R.=1Q R,=224Q
Iy 2A ?-59 n (d)
' Ideal voltage source keeps the terminal voltage
v < :E 050 constant so accordingly current will change and
ste < the voltage across each resistor is unchanged
following superposition principle.
By current division rule E (b)
I;=2x2=4A
V=I;xR=4x05=2V 1

R= ﬁ[(10>< 10) + (10 x 10) + (10 x 10)] = 30
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()

Using Y-A conversion
3 3

—Rx—-R
Rﬁ=‘i__jL‘='B
e
Spr+dp 2
4 2
[ 10. JO
15%x5
R, = =0 =15Q
30x5
R, = ) =3Q
33:15x30=99

[ 12. [

100V<i>

The current through 5 Q resistance is
Iy=1,+1,=1+5=6A

Voltage across 5 Qis V; =5x6=30V
The voltage at node Ais
V,=100-30=70V

;=30 _40

? R Ao
40

Ry= — =80

27 5

, _ V50 _ 20

TR TR

R, =20Q

13 {0
When supply is connected
0.7V 0.7

\%
10V 2ka 2k 2V

~10-0.7-0.2-2-07

I= 2 =1.6mA
Note: The cut-in voltage of Siis 0.7 V and Ge is
0.2V.

[ 14. O

Using source transformation we obtain equation

circuit as

. 31°+91-30=0

/- -9 +9 - 4(3)(-30)
2(3)

I =2 Aispossible as current must flow out of the

positive terminal of only source.

[ 15. [

The given circuit can be redrawn as shown below
(By combining current sources).

=2,-5A

! Afo
Yyvy
10V = —5R
Now, I=0 (Given)
e 10-5R -0
R
or, R=2Q

[ 16. JC)

By superposition theorem

1

[=F+I"= _ - _ =0
3

w|—

where I’ — current due to 1 A source after 1 Vis
short circuit.

and [” — current due to 1V source after 1 A source
is open circuit.

Al (c)
Taking KCL at V,,
V, —5+V_A+ Vy - Vg

=0
2 2 6
3V, =156 +3V,+V,-Vy=0
7V,=Vg=15 .. (i)
Taking KCL at Vj:
VB VB_VA
=4+ F—L4+(-2) =
5 5 (-2) =0
3Vg+ Vp-V,-12=0
4Vg-V, =12 . (i
Solving V, and V;we get
v=2-2y
3 9
V, = 11_383 v
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[ 18. |8

Writing KCL at supernode
Vi+ V=3 (1)
V-V, =3 ..(2)

From equation (1) and (2) 2V =6 =V =3 volt

[ 19. |8

Circuit is symmetric, so using reciprocity property.

6 6 6
= + + =
I=55"3+3%6+6 3"
 20. {0
The equivalent network is
10
AAAA
\AAAJ
i
2 ACD 220 Zso

By current division rule,

§><2=§A
5 5

g

[ 21. [[C)

In given circuit voltage and current shown

2R g
AAAA
A \AAAJ C
4R
L MW
+<> —
12RV 23R 1= 2A
_< ]2 \AAAJ
v(t
© L
< \AAA
4RV :E4R 4R 1A
B
4R
[ = —=2A
L 2R
L=2+1=3A
4R
= ———'=_IA
& 4R
14 = 12 + I3 =4 A
V5 = 12RV + 4RV = 16RV
7= 168V o
2R
= I=8A

E} ©

Convert 3 Q, A resistors network into Y network
than circuit is

o X
1Q
1Q 1Q
1Q 2Q
oY
= 2X3+1 _ 1
2+3 5

| 23. IO

By the nodal equation

Vi | W
= +—Z-+0.02V, =1.
50 100 x =16

V, =32V

| 24. JC)

lx=l1—l2

15 = 4iy— 2(i, — i,) + 6(i — iy)
= 8i, - 4i, = 15
= —18 = 2iy + 6 (iy— iy)
= 3i,-4i,=9

i, =12Aandi,=-135A

[ 25. )

Current coming to N, must be equal to the current
leaving N, therefore currentin 15 Q resistance is
7 amp from N, to N,

Vo=-156x 7=-105V

[ 26. )

Maximum heat produced is

p=_"_

Ffeq
For P to be maximum, Req should be minimum
which is minimum if all four coils are connected in

parallel.

(©

We know that,
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2 N2
and L= M or LOCT
when coil is cut into two equal halves,

l
= > and N’ =ﬁ

(Area of cross-section = constant)
R 12 {R R}

So, F =7 ©° =5
’ N 2
SR SR
L N I
QUL IR
“UN 1/2
= l><2:l
4 2
L
. |t

Hence, new values of resistance and inductance
which are reconnected in parallel is

[ 28. [JC)

[ 29. [0

Susceptance is the imaginary part of admittance,

or,

Here,

and

EJ o

1.1 R-X
Z R+jX, RP+XP

G = Conductance
= % mho

S = Susceptance

X
= Z—é Simen

Given, power consumed is

P=1I2R,,
[P [0
_ =./—=+2A
or, = F’)eq 5 \/_
(50/+2)
Also, I= ~ or J2=
IZI lzr
or, |zl =25 Q
o, JX?+152 =25
or, X, = 25" -15° =20 Q

Hence, p.f. of given circuit is

R R
=RI|IRF=—=—Q
! 2 4
L L
and Leq=L||L =E=ZH
We have; P, =1IZR
P,
or, I = E;P1:1W
P,=I2R
'D2
or, L=\ 5 iP=4W

When both the sources are present, net current

through R will be
1 —

(12_11)

[as polarity of | V, | is reverse]

So, power loss in Ris

P

2R=(I,-1,?R

(-

(V% - VR
(VA - -

1 Watt

Ef @

Cos ¢ =

Rag _15_3
Ieq |
Z ~25 -5~ 06(9)

For series connection,

F?eq =R +A,
or Feg _hL R
’ \//? V2 V2
o 11
’ Pog - PR
P P,
or, Peg = P
Given, P, = P,=1000 W
Peq = 500 Watt
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E} o

Assertion is false because a network in which the
circuit elements like resistance, inductance etc.
cannot be physically separated for analysis
purposes, is called a distributed network. The best
example of a distributed network is a transmission
line.

Reason is true because most of the electric
networks are lumped in nature.

E} o

The equivalent resistance of the given circuit is
R =R,

(E+L)_(m2r+2r)
2 m 2m

%4
Now, 1= )
Hence, for current I to be maximum, R should be
minimum.
. aRr
i.e. am = 0

. 2m2mr+0]-(mPr+2r)x 2
| (my?

or2m@2mr)-2(mPr+2r)=0

ondm?-2m?-4=0

or, 2mP-4=0

or m= 2
[ 34. JB)

Total power drawn from the circuit
= 2 x 100 = 200 watts
Hence, supply currentis

I= @ =0.91A
220
Let R be the series resistance to be inserted in

the circuit such that the voltage across the bulbs

=0

is 220 V.
/ R
o———MWW——;
+
+
>
400V B-1 ] B-2
N

Applying KVL, we get

400 = IR + 220
or, IR = 400 -220 = 180
or, R:@:@:WZBQ
I 0.91
~ 198 Q

El @

Converting the star-connected resistors into
A equivalent, the given circuit is reduced as shown

below.
Xo ” X
R, Ry Ry
=
Yo MW Yo MWW
Ry Ry
1x0
Here, R1=1+O+T_1Q
I1x1
R =

T+14+—=0Q
0

(i.e. open circuit)

3 1+O+w:19
1

By}
Il

Hence, equivalent resistance between terminals

Xand Yis
OxR, OxR
R _ = = e
- XY 0+R, 0+R,
=0+0=0Q

E3 ®

Let the required voltage be V.
Then, voltage across 10 Q resistor

10
- (30+10)V_45

or, V= 4540 = 180 volts
10
Hence, required voltage is
V = 180 volts
37. K@)
15Q , 15Q 15 d
AvAvAvAv AvAvAvAv AvAvAvAv >
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a, c
0
= 1502 1502 1503
Req
0
b, d
Here, aand c are at equipotential.
Also, b and d are at equipotential.
15
F%q = 7;': 552
El o
R
R <~ Ry
AW o
R
2
%q=2RHR:§R

[ 40. [0

Using source transformation, first we convert the
current source into an equivalent voltage source

1Q v,

. < ] 1Q
i ZQE ip

2V 0V

T

2Q

\AAAJ

Applying KVL in loop-1, we get
-2+ 3i,+(i;,-1,)2=0
or, 5i;-2i,=2 (@)
Applying KVL in loop-2, we get
2(iy—i) +i,—10=0
or, 2i,-3i,=10 ...(ii)
On solving equations (i) and (ii), we get

iy =236A and i, =4.91A
Hence, the current through the battery of 10V is

i,=491A
41, [[C)
Applying KVL in the loops, we get
5i,+(i,-i,) 10 = V,
o, 15i,-10i, =V, (@)
Also,2i, +i,x 1+ (i,—i;)x10=0

or, —10i, +13i, =0 (i)
On solving equations (i) and (i), we get
j, = 10
2 05 1
10
Also, V=i, x1=i,= —V,
2= b ) 95 1
V.
Vi 95 19

22, [0

The equivalent resistance across the 5 A current
source is

am:5H5+2=g+2

=25+2=45Q
V= Reqx5=4.5><5=22.5volts

| 44. JC)
Applying KVL in the loop,
5=2i-2i+iori=5A
.. Value of dependent source

=2i=2x5=10volt
5. JC
Using nodal analysis,

—2+%+i =0
4
or, i=-2+§ =-2+2=0A
i=0A

LYyA (d)

Due to initial condition, at t = O capacitor will act
as a constant voltage source (at t = 0, capacitor
acts as short-circuit). Hence, option (d) is correct.

| 48. [JC)

= Since Vis not proportional to R therefore, the
element can’t be a resistor.

= Att=5ms, evenifi#0, the element behaves
as a short circuit therefore, the element can’t be a
capacitor (since at t = 0 only capacitor behaves
as short circuit).

= The current at t = O is zero and at t = 5 ms
voltage across the element is zero therefore, the
element must be an inductor (at = 0, an inductor
acts as open circuit and at t = = it behaves as
short circuit).
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From the given voltage and current profile, we have
di 1

at = 5x107
and v(initial) = 2 volt
ve &
at

1% 2

o o (g):o.2x103

ot
E) @

Equivalent capacitance between terminals a-bis
Coq = Cap

G+G)G
[c1+cz+c3” 4 |I1Gs
16 uF

Onet: Ca—bx 4

16 x 106 x 100

= 1600 uC

Hence, the charging time required is

=0.2x10% A/ sec

=10mH

_ Qg 1600x10°

1 10
= 160 psec

BA ©

Maximum value of current,
I, =21=2x5=7.07A
o= 2nf=21 x50

= 314 rad/sec
o i =1_sinwt=7.07sin 314t A
Also, V. = 2V=+2x220

= 311 volts

Assuming voltage as the reference phasor,
v = 311 sin 314t Volt
and i = 7.07 sin (314t-90)° Amps

E}] @

ref

The phase difference between vandiis
¢ = (45° + 45°) =90°
Since vleads i therefore, the circuit elementis an

inductor.
X = V—m=@=109=2m‘L
I, 10
X 10
L= L=
of 2nf  2m x50
=31.8mH
EY ©
O
1H 2H LH
[+

Equivalentinductance,

W= (l2=(2114)

2
3t | _[ems
L+§ 1+£

3L

L

Leq will be maximum of L — oo,

2

Hence, (Leq)max = §H

| 54. JC)

The given circuit can be redrawn as shown below.

25F\/‘P/25F
a 15>—°b
10F’¢\ 10F

X

The star at point X can be replaced by equivalent
delta having delta branches as C,, C, and C, as

shown below.
\/0 ao ¢ ob
10F 10F
o N/
elta
I 15F 01\/ C2

a b Cs
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C,=428F
%Cz=4.28F
25F
25F ’\
a b
¢
A
C,=286F
10x15
Hence, C1 = m =428F
15%x10
2= T5ei0+10 - 4207
o= 1010 e
10+10+15

Combining the parallel capacitances, the
equivalent circuit reduces as shown below.

29.28 \7\/ so28 F
ao—c/ )\—0 b

It
A
286 F
Hence, equivalent capacitance between terminals

aand bis

c _(29.28><29.28
a> = (29.28+29.28

=175F

+ 2.86)

[ 55. JB)

Under steady state condition, the capacitor will
acts as open circuit.

12V
12
L= 8+4 1A
12
Let the voltage across capacitor be V, in steady
state.

Then, Vo=-81,+4I,
=-8x1+4x2
=-8+8=0

Hence, charge accumulated in the capacitor is

Q=CV,=(100uF)x0=0
| 56. JC)

o adv()
i) = C -

or V)= z(t)dt:éjsa)dt
c C C

Now,  [3(f)at = u(h

_ 5
So V. () = c u(t)
YAl (c)

I, = C% = 20x10_6x(w)
at 1

=4.8mA

EJ o

Lower the self inductance of a coil less the delay
in establishing steady current through it because
lower will be the inductive reactance which will
offer less opposition to the flow of current.
Hence, assertion is false.

[ 59. {8

Method-I:
0= tan‘1ﬁ
R
for 6 =0°
= XL =0
= 1= Z=@=4A
R 30

(options (b) and (c) are eliminated as I = O for
6 = 0in these options)

Now as X, T,

= 0 T but is negative as inductor is a lagging
component.






