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Basics of Network Analysis

ELECTRONICS ENGINEERING
(GATE Previous Years Solved Papers)

Q.1 A square waveform as shown in figure is
applied across 1 mH ideal inductor. The current
through the inductor isa wave of
peak amplitude.

VA

1

t(m-sec)

1---

[EC-1987 : 2 Marks]

Q.2 Of thenetworks, N,, N,, N;and N, of figure, the
networks having identical driving point

function are
2H 1Q
— T —MWW—
1Q 1F
Ny
1F
It
Ky
2H 1Q
— T ——MWW—
o— —0
NZ
2Q 1F
L e (S
1Q
10
v
1H
o——¢ —O
N3
1F

Q.3

Q.4

Q.5

10 2H
o——o +——0O
N4
1F
i
a) N,and N, N,and N
1 2 2 4
() Nyand N, (d) N,and N,

[EC-1992 : 2 Marks]

A network contains linear resistors and ideal
voltage sources. If values of all the resistors are
doubled, then the voltage across each resistor is
(@) halved

(b) doubled

(c) increased by four times
(d) notchanged

[EC-1993 : 2 Marks]

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

+ 10V -

(a) -105V (b
() -15V (d) +15V
[EC-1993 : 2 Marks]

A dccircuit shown in figure has a voltage source
V, a current source I and several resistors. A
particular resistor R dissipates a power of
4 Watts when V alone is active. The same resistor
R dissipates a power of 9 Watts when I alone is
active. The power dissipated by R when both
sources are active will be
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Q.9 Thevoltage Vinfigure is always equal to
+
Resistive 2A
v @_ network % R 2Q
¢ ( ) VW
I
v @sv
(@ 1TW b) 5W o
() 13W (d) 25W oV v
[EC-1993 : 1 Mark] @) (b)
(© 1 (d) None of these
Q.6 Two2H inductance coils are connected in series [EC-1997 : 1 Mark]
and are also magnetically coupled to each other o .
the coefficient of coupling being 0.1. The total Q10 Thevoltage Vin figure is
inductance of the combination can be 3Q
A
(@) 04H (b) 32H ¢ Wi
(c 40H (d) 44H
1% t)imov T)5V
[EC-1995:1 Mark] C‘ C‘)
Q.7  The currenti, in the circuit of figure is equal to o
L=3A (@ 10V b) 15V
~ Ao () 5V (d) None of these
[EC-1997 : 1 Mark]
> s Q.11 Inthecircuit of figure the equivalent impedance
A < s & q p
1 T seen across terminals A, B is
Ao
4—
iL=4A
(@) 12A b -12A |—>
(c 4A (d) None of these ,
[EC-1997 : 1 Mark] “
Q.8 Thevoltage Vinfigureis equal to Bo
4
D 16
© @ (2o
5V Ci) 20 Ct) 4V 8
) |=+12j |Q d) None of the above
3
MWW
ty- [EC-1997 : 2 Marks]
(@ 3 b -3V Q12  Inthe circuit shown in the figure the current i,
() 5 (d) None of these through the ideal diode (zero cut in voltage and

[EC-1997 : 1 Mark]

zero forward resistance) equals
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Q.13

Q.14

Q.15

40 —
NI
v 1
10V 40 10 G 2A
@ 0A b) 4A

© 1A (d) None of these

[EC-1997 : 3 Marks]

The nodal method of circuit analysis is based
on

(@) KVL and Ohm’s law
(b) KCL and Ohm’s law
(¢) KCLand KVL
(d) KCL,KVL and Ohm’'s law
[EC-1998 : 1 Mark]

The voltage across the terminals ‘a” and ‘b’ in
figure is

20, 10

+
1V— 20 G 3A
b

(@ 05V (b) 3.0V
() 35V (d) 40V

[EC-1998 : 1 Mark]

A Delta-connected network with its Wye-
equivalent is shown in figure. The resistance
R}, R,and R, (in Q) are respectively

50

150

(@ 1,5 3and9
(¢ 9,3and 1.5

(b) 3,9and 1.5
(d) 3,1.5and 9
[EC-1999 : 2 Marks]

Q.16

Q.17

Q.18

Q.19

In the circuit of the figure, the voltage v(t) is

10 ©) 10

(a) et — ebt (b) et + ebt
(©) ae™ - be' (d) ae™ + bet
[EC-2000:1 Mark]

In the circuit of the figure, the value of the voltage
source E is

v, ov
x’ \/’
1V - -1V

+
E=?

(b) 4V
(d) 16V
[EC-2000:1 Mark]

For the circuit in the figure, the voltage V is

2Q 20

4V : -2V
- +
203V,
+
(@) 2V by 1V
© -1V (d) None of these

[EC-2000 : 2 Marks]

The voltage e in the figure is

40 20
—MWW MWW

—o

+
=

12V— 402 & 20

<>

—-o
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(@ 2V

() 4V

Q.20 Ifeachbranchofa

® 3V

d) 8V
[EC-2000 : 1 Mark]

delta circuit has impedance

\/5 Z, then each branch of the equivalent Wye

circuit has impedance.

@ %

© 33z

(b) 3z

Z
@ 5

[EC-2000:1 Mark]

Q.21 Thevoltage e in the figure is

o+
>
S12a e
>
60

(a) 48V
() 36V

(b) 24V
(d) 28V
[EC-2001 : 2 Marks]

Q.22 The dependent current source shown in the

figure,
50
—MAV
N
Vv, =20V — (I\V 50 TV—;A

(@) delivers80W
(b) absorbs 80 W
(c) delivers40 W
(d) absorbs40 W

Q.23
delivers 1500 W at

[EC-2002 : 1 Mark]

If the three-phase balanced source in the figure

aleading power factor 0.844,

then the value of Z; (in ohm) is approximately

Q.24

Q.25

Q.26

3-phase
balanced
source

(@) 90./32.44°
(c) 80£-32.44°

(b) 80£32.44°
(d) 90£-32.44°
[EC-2002 : 2 Marks]

The minimum number of equations required to
analyze the circuit shown in the figure is

C C
{l 1}
AV%AV AVANV
R R
VG) Rg —_C R
@ 3 (b) 4
© 6 d 7

[EC-2003 : 1 Mark]

Twelve 1 Qresistances are used as edges to form
a cube. The resistance between two diagonally
opposite corners of the cube is

5
@ 2 ©) 10
6 3
© =9 @ 59

[EC-2003 : 2 Marks]

The current flowing through the resistance R in
the circuit in the figure has the form P cos4t,
where Pis

M=075H
1/1024 F
11

R=3920Q

>
3Q§

V =2 cos4t

20V
T

(@) (0.18 +0.72)
(© -(0.18 + 1.90)

(b) (0.46 +;1.90)
(d) -(0.192 +;0.144)
[EC-2003 : 2 Marks]
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Q.27 An ideal sawtooth voltage waveform of

Q.28

Q.29

frequency 500 Hz and amplitude 3 V is
generated by charging a capacitor of 2 uF in
every cycle.

The charging requires

(@) constant voltage source of 3 V for 1 ms.

(b) constant voltage source of 3 V for 2 ms.

(c) constant current source of 3 mA for 1 ms.

(d) constant current source of 3 mA for 2 ms.
[EC-2003 : 2 Marks]

The equivalent inductance measured between
the terminals 1 and 2 for the circuit shown in
the figure is

1o T T

20
@ Li+L,+M b)) Li+L,-M
() Ly+L,+2M d L, +L,-2M
[EC-2004 : 1 Mark]

For the circuit in the figure, the initial conditions

V,
are zero. Its transfer function H(s) = Ye(s) is,
Vi(s)
10kQ 10mH
v T °
v(f) 100 uF == v(f)
° °
1
a —_—
R ST T
10°
(®)

§2 +103s+10°
10°
§2 +103s+10°
10°
s +10%s+10°
[EC-2004 : 2 Marks]

Q.30 Impedance Z as shown in the given figure is

B 20
[ ]

100
o
Z
(@) 29 Q b j9Q
© 190 ) 39 Q

[EC-2005 : 2 Marks]

Q.31 IfR,=R,=R,=RandR;=1.1Rinthe bridge
circuit shown in the figure, then the reading in
the ideal voltmeter connected between
‘a” and ‘b’ is

=
(@) 0.238V (b) 0138V
(© -0.238V d 1V

[EC-2005 : 2 Marks]

Q.32 In the interconnection of ideal sources shown
in the figure, it is known that the 60 V source is

absorbing power.
20V
Cd
Ny
I CD (i 60V
()
N
12 A

Which of the following can be the value of the
current source?
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Q.33

Q.34

Q.35

Electronics Engineering

o Network Theory

(@ 10A
© 15A

(b) 13 A
d) 18A

[EC-2009 : 1 Mark]

A fully charged mobile phone witha12 V battery
is good for a 10 minute talk-time. Assume that,
during the talk-time the battery delivers a
constant current of 2 A and its voltage drops
linearly from12 V to 10 V as shown in the figure.
How much energy does the battery deliver

during this talk-time?
o(H) A

12V

10V

0 10 min >t
(a) 220] ®) 124
© 132K d) 1447

[EC-2009 : 1 Mark]

In the circuit shown, the power supplied by the
voltage source is

1Q
MW
10 1Q
@ (1 10V
1A
10 2A
VA'
1Q
@ OW b) 5W
© 10W d 100W

[EC-2010: 2 Marks]

In the circuit shown below, the current I is
equal to

Q.36

Q.37

Q.38

40 J—

40
P 60
14.0° A
60Q 60Q
(@) 1.4£0°A (b) 2.0£0°A
(©) 2.8£0°A (d) 3.2£0°A

[EC-2011 : 2 Marks]

In the circuit shown below, the current through

the inductor is

d) 0A

[EC-2012:1 Mark]

The average power delivered to an impedance
(4 - j3) Q by a current 5 cos(100nt + 100) A is

(@) 442W
(©) 625W

b) 50 W
(d) 125W
[EC-2012:1 Mark]

IfV,-V,=6V,thenV.-V,is

20 V, R
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Q.39

Q.40

(@ -5V
(0 3V

(b) 2V
(d) 6V
[EC-2012:2 Marks]

Consider a delta-connection of resistors and its
equivalent star-connection as shown below. If
all elements of the delta-connection are scaled
by a factor k, k > 0, the elements of the
corresponding star equivalent will be scaled by
a factor of

o
o

o
o

(@) k?

© 1/k
[EC-2013:1 Mark]

The following arrangement consists of an ideal
transformer and an attenuator which attenuates
by a factor of 0.8. Anacvoltage Vv =100 Vis
applied across WX to get an open-circuit voltage
Vyzl across YZ. Next, anacvoltage V,, =100V
is applied across YZ to get an open-circuit
voltage VWXZ across WX. Then, V., X / way
Viwxy/ Vyz, are respectively,

Wo———
1:1.25
i =
Xo———— Z
125 80 100 80
@ Jo0 ™ 100 ® T50 100
100 100 80 80
= and — 22 oand ==
© To0 ™ 100 ® 150 @ 150

[EC-2013: 2 Marks]

Q.41

Three capacitors C;, C, and C, whose values
are 10 pF, 5 pF and 2 pF respectively, have
breakdown voltages of 10 V, 5 V and 2 V
respectively. For the interconnection shown
below, the maximum safe voltage in volts that
can be applied across the combination, and the
corresponding total charge in C stored in the
effective capacitance across the terminals are,

respectively
CZ CS
oo
It
it
1

(@ 2.8 and 36 (b) 7 and 119
(c) 2.8and 32 (d) 7and 80

[EC-2013 : 2 Marks]

Common Data for Questions (42 and 43):

Consider the following figure:

Q.42

Q.43

Q.44

50

10V —

AAAA
v
=
e

2A

The current Is in amperes in the voltage source,
and voltage V_in volts across the current source
respectively, are
(a) 13,-20

() -8,20

(b) 8, -10
(d) -13,20
[EC-2013 : 2 Marks]

The current in the 1 Q) resistor in amperes is
(@ 2 (b) 3.33
(c) 10 (d) 12

[EC-2013: 2 Marks]

Consider the configuration shown in the figure
which is a portion of a larger electrical network.
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i R RN

lg
For R =1 Q and currents i, =2Ai,=-1A,
i; = -4 A, which one of the following is true?
(@ i, =5A
) ;=4 A

(c) data is sufficient to conclude that the

=

supposed currents are impossible

(d) data is insufficient to identify the currents
i, iyand i,

[EC-2014 : 1 Mark]
Q.45 A Y-network has resistance of 10 Q2 each in two
of its arms, while the third arms has a resistance
of 11 Q in the equivalent A-network, the lowest
value (in Q2) among the three resistancesis __ .
[EC-2014 : 2 Marks]

Q.46 For the Y-network shown in the figure, the value
of R, (in Q) in the equivalent A-networkis .
Rl

[EC-2014 : 2 Marks]

Q.47 In the circuit shown in the figure, the value of
node voltage V, is

10£0°

'S
N
<
>

N
|

(@) 2+2V
© 22-12V

by 2+j22V
(d 2-j22V
[EC-2014 : 2 Marks]

Q.48 The circuit shown in the figure represents a

o— o
Liy Al * R
o— o

—
[+Y)
=

voltage controlled voltage source

G

voltage controlled current source

current controlled current source

—_ =
& o

current controlled voltage source
[EC-2014 : 1 Mark]

Q.49 The magnitude of current (in mA) through the
resistor R, in the figure shown is

R,
MWW
1kQ

10 mA D R22kQ Ry 4kQ G)zmA

R,
MW
3kQ

[EC-2014 :1 Mark]

Q.50 The equivalent resistance in the infinite ladder
network shown in the figure, is R, .

2R R R R

The value R /R is .
[EC-2014 : 2 Marks]

Q.51 Inthenetwork shown in the figure, all resistors
are identical with R =300 Q. The resistance R ,
(in Q) of the network is
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[EC-2015 : 1 Mark]

Q.52 In the given circuit, the values of V, and V,
respectively are

40
VVV%

+

VZG 5A 40 4Q

(@) 5V,25V
(© 15V,35V

(b) 10V,30V
(d) o0V,20V
[EC-2015:1 Mark]

Q.53 Inthe circuit shown, the voltage V., (in Volts) is

05V,
100
AAAA
VVVY
+ >
SAﬂD V.20 89§ 0.25V,

[EC-2015:1 Mark]

Q.54 An AC voltage source V = 10 sin(t) Volts is
applied to the following network. Assume that,
R, =3KkQ, R,=6kQand R, =9 kQ, and that the
diode is ideal.

Q.55

Q.56

V =10 sin(#)

Rms current I

rms

(in mA) through the diode is

[EC-2016 : 2 Marks]

In the given circuit, each resistor has a value
equal to1 Q.

a

b

What is the equivalent resistance across the
terminals ‘a” and ‘b’?

1 1

@ £< b 3¢
9 8

© 559 d) 59

[EC-2016 : 2 Marks]

In the circuit shown in the figure, the magnitude
of the current (in Amperes) through R, is .
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Rl RZ
——MWW—
50 30
Ry| ,
60V<i> 0.04v. 4 503V,

[EC-2016 : 2 Marks]

Q.57 Inthe figure shown, the current ‘i’ (in Amperes)

Q.58

Q.59

1S

50
—(©O—ww

1A
1Q @)8\/

8V

10

[EC-2016 : 2 Marks]

A connection is made consisting of resistance A
in series with a parallel combination of
resistances B and C. Three resistors of value
10 Q, 5 Q, 2 Q are provided. Consider all
possible permutations of the given resistors into
the positions A, B, C and identify the
configurations with maximum possible overall
resistance. The ratio of maximum to minimum
values of the resistances (up to two decimal
place) is

[EC-2017 : 1 Mark]

Consider the network shown below with
R, =1Q,R,=2Qand R, =3 Q. The network is
connected to a constant voltage source of 11 V.

Q.60

The magnitude of the current (in amperes,
accurate to two decimal places) through the

source is
[EC-2018 : 2 Marks]

Consider the circuit shown in the figure.

3Q 5A
2Q

70

6Q 2Q

The current ‘I’ flowing through the 7 Q resistor
between P and Q (Rounded off to 1 decimal place)
is A.

[EC-2021 : 1 Mark]

Q.61 Consider the circuit shown in the figure.

6 mA
N
1kQ
av(+
1kQ =27, G 2mA
1kQ )
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Q.62

Q.63

Q.1

1V—=

The value of V, (Rounded off to one decimal

place) is Volt.

[EC-2021 : 1 Mark]

The current ‘I’ in the circuit shown is
[ 2kQ 2kQ

5V—

Q 107 A

(@) 1.25x 103 A
(@ -05x103 A

(b) 0.75x10° A
(d) 1.16 x 10 A
[EC-2022]

Consider the circuit shown in the figure. The
current ‘I’ flowing through the 10 Q resistor is

1Q I

10 Q 20

[EC-2022]

ELECTRICAL ENGINEERING
(GATE Previous Years Solved Papers)

All resistance in figure are 1 Q each. The value
of current ‘I is

Q.2

Q.3

Q4

1 2
(@ 4 ) 54

4 8
© 4 @ 4

[EE-1992:1 Mark]

All resistance in the circuit in figure are of (R Q)
each. The switch is initially open. What
happens to the lamp’s intensity when the switch
is closed?

200
| Lamp m
N

+ 1

(@) Increases

(b) Decreases

(¢) Remains same

(d) Answer depends on the value of R
[EE-1992:1 Mark]

In the circuit shown in figure, X is an element
which always absorbs power. During a
particular operation, it sets up a current of
1 ampere in the possible that X can be absorb
the same power P_ for another current i. Then
the value of this current is

_6|V 10Q
@ (B-VI4)A () B+V14)A

(© 5A (d) None of these

[EE-1996 : 1 Mark]

A practical current source is usually represented

by

(@) aresistance in series with an ideal current
source.
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(b) aresistance in parallel with anideal current
source.

(c) aresistance in parallel with anideal voltage

source.

none of these

(d)

A 10 Volt battery with an internal resistance of

[EE-1997 : 1 MarK]

Q.5
1 Qis connected across a non-linear load whose Q.9

V-I characteristicisgiven by 71 = V2 +2V. The

current delivered by the battery is A.

[EE-1997 : 1 Mark]

The value of E and I for the circuit shown in
V and A.

Q.6

figure, are

;10 10

6Q 1Q

46,

Q.10

[EE-1997 : 2 Marks]

Q.7  The voltage and current waveforms for an
element are shown in figure. The circuit element

is and its value is

V() A

2V

»

0 2s
[EE-1997 : 2 Marks]

Q.8

For the circuit shown in figure, the capacitance
measured between terminals B and Y will be

Q.11

C

® o)

(@ C. +£%)
(Cs +3C.)

© 5

(d 3C.+2C,
[EE-1999 : 1 Mark]

When a resistor R is connected to a current
source, it consumes a power of 18 W. When the
same R is connected to a voltage source having
the same magnitude as the current source, the
power absorbed by R is 4.5 W. The magnitude
of the current source and the value of R are

@ V18Aand1Q (b) 3Aand2Q

(©0 TAand18Q (d) 6 Aand 0.5Q

[EE-1999 : 2 Marks]

When a periodic triangular voltage of peak
amplitude 1 V and frequency 0.5 Hz is applied
to a parallel combination of 1 Q resistorand 1 F
capacitance, the current through the voltage
source has waveform.

o LI L
N4%4%4%

[EE-1999 : 2 Marks]

The circuit shown in the figure is equivalent to
aload of

I 2Q
%49 <1r>21
o
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Q.12

Q.13

Q.14

4 8
(@ 39 b) 39
© 40 @ 20

[EE-2000 : 2 Marks]

Two incandescent light bulbs of 40 W and 60 W
ratings are connected in series across the mains.
Then,
(@) the bulbs together consume 100 W.
(b) the bulbs together consume 50 W.
(c) the 60 W bulb glows brighter.
(d) the40 W bulb glows brighter.
[EE-2001 : 1 Mark]

Consider the star network shown in figure. The
resistance between terminals A and B with
terminal C open s 6 O, between terminal B and
C with terminal A open is 11 Q, and between
terminals C and A with terminal B open is 9 Q.
Then,

(@ R,=4Q,R;=2Q,R-=5Q
b) R,=2Q,R,=4Q,R.=7Q
(© R,=3Q,R;=3Q,R-=40Q
(d R,=5Q,R;=1Q,R.=10Q
[EE-2001 : 2 Marks]

A segment of a circuit shown in figure V, =5V,
V. =4sin2t. The voltage V, is given by

Q

(@) 3-8cos2t
(c) 16 sin2t

(b) 32 sin2t
(d) 16 cos2t
[EE-2003 : 1 Mark]

Q.15 Figure shows the waveform of the current
passing through an inductor of resistance 1 Q
and inductance 2 H. The energy absorbed by

the inductor in the first four second is

(a) 144]
(© 1327

(b) 98]
(d) 168]
[EE-2003 : 1 Mark]

Q.16 Infigure, the potential difference between points
Pand Qis
S
2A
20 g 40
P » Q
+
0V
8 | 60
(@ 12V (b) 10V
() -6V (d) 8V

[EE-2003 : 2 Marks]
Q.17

In figure, the value of R is

RQ
——WW————

14 Q 10

20

10A A ASA
(b) 18 Q

100 V@ (PZMV
d 120

(@ 10 Q
() 24Q
[EE-2003 : 2 Marks]
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Q.18

Q.19

Q.20

Q.21
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o Network Theory

In figure, the value of the source voltage is

10Q v, 1Q 2A

(@ 12V
(© 30V

(b) 24V
(d) 44V
[EE-2004 : 2 Marks]

In figure, the value of resistance R in Q is

10Q 2A

100 V Ci) 10Q R

[EE-2004 : 2 Marks]

In figure, R , R, and R _are 20 Q, 10 Q and 10 Q
respectively. The resistance R;, R, and R, in Q

of an equivalent star-connection are

(b) 5,255
(d) 25,525
[EE-2004 : 2 Marks]

The rms value of the current in the wire which
carries a dc current of 10 A and a sinusoidal
alternating current of peak value of 20 A is

(@ 10A (b) 1414 A
() 15A (d) 17.32 A
[EE-2004 : 2 Marks]

Q.22 Inthe figure given below the value of R is
8A R
—WW
100V —/ 100 10Q
(@ 25Q (b) 5.0Q
() 7.5Q (d) 10.0
[EE-2005 : 1 Mark]
Q.23 A3 Vd.c supply with an internal resistance of
2 Q supplies a passive non-linear resistance
characterized by the relation Vy; = IIZ\IL- The
power dissipated in the non-linear resistance is
(@ 1.0W (b) 1.5W
() 25W (d) 3.0W
[EE-2007 : 2 Marks]
Q.24 Assuming ideal elements in the circuit shown
below, the voltage V , will be
(@ -3V by OV
() 3V (d 5V
[EE-2008 : 2 Marks]
Q.25 In the circuit shown in the figure, the value of
the current i will be given by
10 a b 30
* Vab -
5V C:) 10 10 Y/z> 4v,
(a) 031A (b) 1.25A
() 1.75A (d) 25A

[EE-2008 : 2 Marks]
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Q.26 The current through the 2 kQ resistance in the (@) GA,PutV,=20V)
circuit shown is (b) 2A,PutV =8V)
10 c 1ko (© (A Putl =10V)
Wy vy d) (7A,Putl =12V)
< EE-2009 : 2 Mark
A 310 B [ arks]
Q.30 As shown in the figure, a 1 Q resistance is
L MW——AMWW— connected across a source that has a load line
k@ D 1k v +i=100. The current through the resistance is
|, i
I’ i
6V
10
(a) OmA (b) 1mA Source ¥
(¢ 2mA (d) 6mA -
[EE-2009 : 1 Mark] (@) 25A (b) 50 A
Q.27 How many 200 W/220 V incandescent lamps () 100 A (d) 200 A
connected in series would consume the same [EE-2010: 1 Mark]
total power as a single 100 W/220 V Q.31 If the electrical circuit of Fig. (b) is an equivalent

Q.28

Q.29

incandescent lamp?
(@) non possible
(© 3 (@ 2

[EE-2009 : 1 Mark]

The equivalent capacitance of the inputloop of
the circuit shown is

i 1kQ 1kQ

T 100 pF
(@) 2uF (b) 100 pF
(c) 200 pF (d) 4uF

[EE-2009 : 2 Marks]

For the circuit shown, find out the current
flowing through the 2 Q resistance. Also identify
the changes to be made of double the current
through the 2 Q resistance.

I,=5A 20

vs=4v<t>

of the coupled tank system of Fig. (a), then

(b) Electrical equivalent

—
(Y]
—

A, B are resistance and C, D capacitances.

G

A, C are resistance and B, D capacitances.

(c) A, Bare capacitances and C, D resistances.
(

&

A, Care capacitances and B, D resistances.
[EE-2010 : 1 Mark]
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Q.32 If the 12 Q resistor draws a current of 1 A as Q.35 Three capacitors C,, C, and C; whose values are
shown in the figure, the value of resistance R is 10 pF, 5 puF and 2 pF respectively have breakdown
voltages 0of 10V, 5V and 2 V respectively. For the

A . interconnection shown below, the maximum safe
voltage in volts that can be applied across the
combination, and the corresponding total charge

2A C*) 1 Ai 120 ToeV in pC stored in the effective capacitance across
the terminals are, respectively
G, G,
(@ 40 b) 60 ° 1€ 1€ °
() 8Q (d) 18Q
[EE-2010 : 2 Marks] [¢
G
Q33 IfV,-V,=6V,thenV.-V,is @ 2.8and 36 ©) 7 and 119
YT LU v W CRY (@) 2.8and 32 (d) 7 and 80

[EE-2013 : 2 Marks]

1- Q.36 Consider a delta-connection of resistors and its

R -_ 10V
+ equivalent star-connection as shown below. If
all elements of the delta-connection are scaled
( :) by a factor k, k > 0, the elements of the
5V Ve Y R corresponding st ivalent will b led b
oA ponding star equivalent will be scaled by
(@) -5V b) 2V a factor of
R- R
© 3V d 6V Y Y
[EE-2012: 2 Marks]
RA
Q.34 Inthe circuit shown below, the current through
the inductor is o °
(b) 5
@ Vi

[EE-2013 : 1 Mark]

Q.37 The three circuit elements shown in the figure
are part of an electric circuit. The total power
absorbed by the three circuit elements in watts

10 A 8 A
—_— —_—
----- [1]¢ 1|1} S

2, 1, | |
(@) 14 (b) —1+]. 100 V 80V

1 — 15V
© — (d 0A

1+j

[EE-2012:1 Mark] !
[EE-2014 : 1 Mark]
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Q.38 Anincandescent lamp is marked 40 W, 240 V. If

resistanceat room temperature (26°C)is120Q,
and temperature coefficient of resistance is
45 x 103/°C, then its ‘ON’ state filament
temperature in °C is approximately

[EE-2014 : 2 Marks]
Q.39

In the figure, the value of resistor R is

(25 + éj Q, where I is the current in amperes.

The current I is

[EE-2014 : 2 Marks]

Q.40 The power delivered by the current source, in
the figure, is

D
N\
1v

1\/(:€) 2A

AMA
A}
-
[®

[EE-2014 : 2 Marks]

Q.41 The voltages developed across the 3 Q and 2 Q
resistors shown in the figure are 6 V and 2 V
respectively, with the polarity as marked. What
is the power (in Watt) delivered by the 5 V

voltage source?

(@ 5 b) 7
(© 10 (d) 14
[EE-2015: 1 Mark]

Q.42 Inthe given circuit, the parameter 'k’ is positive,
and the power dissipated in the 2 Q resistor is

12.5 W. The value of ‘k’ is

20 50

10Q

G 5A

kV

[EE-2015 : 2 Marks]

Q.43 The current i (in Ampere) in the 2 Q resistor of
the given network is

5 \7<:§;) 2Q

[EE-2015: 1 Mark]
Q.44

R, and R; are the input resistance of circuits as
shown below. The circuits extend infinitely in
the direction shown. Which one of the following

statements is true?

-
Q
A
YVVvy
[
Q

1Q e

VVVY

[y
[e]
AA

\AAAJ
[y
e
[y
o]
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(@) R, =R, (b) R,=R,=0
_ Ry
© R,<Ry (d) Rg SRy

[EE-2016 : 1 Mark]

Q.45 In the portion of a circuit shown, if the heat
generated in 5 Q resistance is 10 calories/sec,
then heat generated by the 4 Q resistance, in
calories per second, is

4Q 6Q
— MWW

)\ —
5Q

[EE-2016 : 1 Mark]

Q.46 Inthe given circuit, the current supplied by the
battery, in ampere, is

L 10 1Q

1V (D3N 10

[EE-2016 : 1 Mark]

Q.47 Inthe circuit shown below, the node voltage V ,

[EE-2016 : 2 Marks]

Q.48 In the circuit shown below, the voltage and
current sources are ideal. The voltage (V)

across the current source (in Volts), is

2Q
—WW

10V (i)

< —>»0

Sy

@

o=

(@ 0 (b) 5
(d) 20
[EE-2016 : 1 Mark]

Q.49 The equivalent resistance between the terminals

A and B is Q.
1Q 2Q 1Q
Ao
3Q 6Q 1Q
'bQ
Bo—AMW\,
0.8Q

[EE-2017 : 1 Mark]

Q.50 The power supplied by the 25 V source in the
figure shown below is W.

+
>
25v<j> 14Al§R2

[EE-2017 : 1 Mark]

Q.51 The equivalent impedance Z,, for the infinite
ladder circuit shown in the figure is

90 90
T -
5O BO
Z
e .
10 10
. 1 I
(@) j12Q b) -12 Q
© 130 d 130

[EE-2018 : 2 Marks]

Q.52 The current ] flowing in the circuit shown below
in amperes (Round off to one decimal place) is
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[ 20 30 1£10°
> W———WW— L . -
20V 2A G) <1r> 51

1£70°

[EE-2019 : 1 Mark] [EE-2020 : 1 Mark]

Q.53 Currents through ammeters A, and A, in the
figure are 1£10° and 1£70° respectively. The miminln
reading of the ammeter A,

(Rounded off to 3 decimal places) is A.

Electronics & Electrical Engineering
GATE Previous Years Solved Paper

[Answers & Explanations }

Answers
H EC Basics of Network Analysis

1. (05 2 (9 3. (d) 4. (a) 5. (d) 6. (d) 7. (b) 8. (a)
9. (d 10. (a) 11. (b) 12. (9) 13. (b) 14. (0) 15. (d) 16. (d)
17. (a) 18. (d) 19. (9) 20. (a) 21. (d) 22. (a) 23. (d) 24. (a)
25. (a) 26. (%) 27. (d) 28. (d) 29. (d) 30. (b) 31. (0) 32. (a)
33. (o) 34. (a) 35. (b) 36. () 37. (b) 38. (a) 39. (b) 40. (b)
41. (o) 42. (d) 43. (0) 44. (a) 45. (29.09) 46. (10) 47. (d) 48. ()
49. (28) 50. (2.62) 51. (100) 52. (a) 53. (8) 54. (1) 55. (d) 56. (5)
57. (-1)  58. (2143) 59. (8) 60. (05)  61. (1) 62. (b) 63. (b)
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Solutions . EC Basics of Network Analysis

Sol.

Triangular wave, 0.5 ampere peak,
i, = %Ith

So, the current through inductor is the

integration of the applied voltage across the

inductor.

Integration of square wave is a triangular wave.

So, the current through the inductor is a

triangular wave.
Now, o(f) = u(t) -2u(t-0.5) + 2u(t-1) +...
=r(t)-2r(t-0.5) +2r(t-1) +...

1
Y (s) = s+ +
2s+1 1+2
S
Y (s) = 25 +2s+1
1) 2s+1
N,:
v L1 lus
) = 2511 5. 1 2541
S
N;:
Y.() = s+ 1 . 1+s
() = 141 s+1+s
1
1+—
S
Y.(s) = 252 +2s+1
() 25+1
N,:
v = sa L 25742541
SR

2s+1

So, N, and N, networks having identical driving

point function.

@

If all resistors are doubled then the current get

halved,
L1
)
R’ = 2R
I
V' = E-2R:IR:V

4. O

Current through 5 Q resistor,

i = % =2 Amp.
Current through 1 Q resistor,

5
i = IzSAmp.

So, the current through 15 Q resistor,
iy5 = ~(i; +i5)
-(5+2)=-7 Amp.
Voltage across 15 Q resistor,
Vis = 15(i}5)
=15(-7) =-105V

@
P, =4W, P,=9W
From superposition theorem,

P= (P +{R)

= (V4 +9)
P=(2+3)2=25W
K o
L=L+L,x2M
= Ll +L2 iZk«/Lle
L= 2+2+2(0.1)v2x2

=4+04
L=36Hand44H
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YVVYy

Apply KCLatnode A,
ipy+iy+i, =0
7+5+i,=0

i,=-12A

B @

Apply KVL,
V+5-4-4=0
=3V
B o
V=V, +2x2+5
= Voat9

Since, the voltage of 2 A current source is not
known. So, it is not possible to find the value of

voltage V.

@
Voltage in parallel is always equal.
®)
The bridge is balanced,
@2l14)+@2114)

2x4 2x4 4 4 8
e O
e 2+4 2+4 3 3 3

N
I

B~
o)
MW
B~
o)

2V

3
= 2 2-°_1Amp.
1 3 P

13 0

The nodal or mesh method is based on KCL and
Ohm’s law.

©

Apply superposition theorem:
For 1 Volt source,

2
Vo =1
an = X500
=05V
For 3 A source,
v -3x( 2 jx2—3V
a3 = 27240
Vi = Vavy +Vany
= 05+3=35V
@
a
5Q 30Q
150
5%30

17 5130415



22 | O Electronics Engineering ¢ Network Theory

20. JE!
Roo 155 -()

250 Z,=3Z,
R = 15><30:9 = \/§ZA =3Z,
3 50 7
A
7. = —=
@ s
Applying KCL at the node (1), @
e+ et =i (1) . .
L Applying source conversion,
= o(t) = Li [ + Pt 100 20,
dt
o(t) = ae™ + bel* 16V

@) 80V — 120

6Q
w\/ \/ oV
1V 1V 60_80+e_0+eo_16=0
12 12 6
E 4e, =112
e = 2 =28V
4V 5V 0 4
V1°/ \o 10V @)
Applying KVL,
0-1-E-5-10=0 v
E=-16V 20—51—5(“?1) =0
) 20-10I-20 = 0
Since diode is forward bias it is taken as short- = I=0
circuit. .. Only dependent source acts,
Applying KCL, 14 A
V-4 V V+2 5
2 +E+ 2 0 Power delivered = I?R
3V=2 =16 x5=80W
= v=2 @
3 3VpIp cosO = 1500
2
= V=-V==-2
? 3 3(%} {—\/g; ]cos@ = 1500
- L
— VL2 -cos 6
. ,  Vi-coso
Applying KCL, . o0
e,—12 ¢, e, )
+_+_ =
s 4 70 _ 40070844 _ o
1500

(e=]
]

= 3e =12
. o cos™1(0.844) = 32.44

e, =4V
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As power factor is leading, load is capacitive so (d)

angle will be negative,
0 = -32.44° Mdl/dt L, Mdl/dt L,
Q 000 Q U0
(@)
Asvoltage at 1 node is known. C‘
. using nodal analysis only 3 equations v
required. @
@ If current enters the dotted terminals of coil 1
i i/3 then a voltage is developed across coil 2 whose
ao - Lag . . . .
/3 ! higher potential is at dotted terminals,
i :
. 1 -Mdl Ldl  Mdl dl
i/3 ; V= + - +L, —
. 1 dt dt dt dt
yi/6
| dl
N "\ = (Ly+L, -2M) —
| (L1 +1Lp )=
o
- »>—0h dl
i/3 V=1L, —
T dt
= ix1+i><1+ix1
Va = 37767073 )
- R = Y _5q 1/sC 1
«w i 6 H(s) = =
i 1 2
RisL+ — S°LC+sCR+1
sC
()
Question is incomplete. 1 3 10°
HE) = 62 T 210622100
d 1075 +s+1 s°+10°s+10

o)A (b)

. X=X, + X, + X, +2X, -2X,,

= (j5+j2+2+j20-720) Q
= j9 Q (one additive and other subtractive)

PRpS ©

LT V.=5 (R, =R,)
o () = clid vo= B q0-1diq0
0 b R3 +R4 21
1 1 - —
- =~ —=2m-sec V=V -V,=-0238V
Here, T 500
C=2uF @)
i T Since, the power is absorbed by 60 V source,
= 3= 2.0F I'=12-1
'—3X2“F—3X2“F—3mA = r>0
' T  2m-sec 12-1>0

. . I<12A
Hence, the charging requires constant current

source of 3 mA for 2 m-sec.
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©

P=VI
Energy = Pt
I=2A (Given)
V-t = Areaunder V -t curve

Vet= zex6ooj+(10+600)

= 600 + 6000
V-t =6600
E = (6600) x 2 = 13200 =13.2
K

@

1Q 34 i
10
1Q
3A
() <+
—> 10V
ot O/
1A
2A
1Q
1Q

Applying KVL in outer loop,
(B+i)2+(2+9)2=10

= 6+2i+4+2i=10

= 4i =0

= i=0

Power supplied by the voltage across,

P=Vi
=10x0=0W

E o

Converting delta into star, the circuit can be
redrawn as below:

Iy J__].m

40 20

20

Equivalent impedance of the circuit,
Z = (2+j4)ll(2-j4)+2
_4+16

+2=7Q

14 £0°
. Current, I= 7 =2/0°A

©

According to KCL at node D there will be no
current in voltage sources.
According to KCL at node A current through
inductor will be
ip=i+1 (1)
Applying KVL inloop ACDBA we have
I1xi+({i+1)j1+1£0-120=0
i+(@+1)j=0
(L+)i =
. _ T
i= 1—+] -2

Therefore from (1) and (2) we have,
i=itl=—l+1
j+1

1+
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E4 o

Average power is same as rms power,

5 2
p= IfmsR=[Ej x4

= %XZL:SOW

Note : Power is consumed only by resistance
i.e. by real part of impedance.

@

KCL atnode F, we have,
ig+2+i. =0
g =-2-1i;
ip=-5A
So, Ve-Vy=1xi,=-5V

El o

R = RyR,
AT R,+Ry+R,
R, = kR,
Rj = kR,
R, = kR,
kRy, - kR,
Ry = —5—"——
kR, +kRy, + kR,
KRR
"~ k(R4 +Rp +R.)
= kx RbRC
R, +Ry +R,

Ry = kR,

(b)
Vyz, =100x1.25%08
=100V
In second case, when 100 V is applied at YZ

terminals, this whole 100 V will appear across
the secondary winding,.

100

Hence, VWX2 = EZSOV
Yyzy _ 100 Vwx, _ 80
- Yax, 100" Vi, 100
(©
Q=cv

Q, = C,V,=10x10"°x 10 =100 uC
Q, =C,V,=5x10°x5=25uC
Q,=CV,=2x10°x2=4pC
Capacitors C, and C; are in series.
In series charge in same.
So, the maximum charge on C, and C, will be
minimum of (Q,, Q,) =min(25 uC, 4 uC)=4pC
= Qs
In series the equivalent capacitance of C, and
C,is

C2C3 _ 5x2 _10

Cn=cvc, 542 7Y
So, the equivalent voltage,
yoo Qo 4x 107°
B Cy 10 %1070
7
- B _osv
10
In parallel, the voltage is same,
V,=V,,=28V
Charge in capacitor C,,

Q =GV
=10x10"°x 2.8
=28 uC

In parallel, the total charge,
Q=0Q;+0Qy
Q=4+28
Q=32uC



26 | O Electronics Engineering ¢ Network Theory

(d) Using KVL at all the three nodes we get
AtnodeA,
is =iy +i, =0 (i)
50 VI Atnode B,
__5 iy+i,-i,=0 (i)
+ V= 1o Atnode C,
V. 2A ig+iz—i;, =0 ...(iii)
- By putting the value of i, and i, from equation
(i) and (ii) in equation (iii) we get,
Voltage across 1 Q resistance, i+ (iy+i5)-i; =0
V, =10V i+ (i, +i,+i)-i, =0
Current through 1 Q resistance, i,+(2-1-4)-2=0
11=?:10Amp. ig=5A
Voltage across 2 Q resistance, Sol.
V,=10V According to the question,
Current through 2 Q resistance,
10
12=7:5Amp. 110
Apply KCLatnode A,
2+ +L+1 =0
10Q 10Q
I =2-1,-1,=2-10-5
I, = -13 Ampere
Voltage atnode A,
V. =10V The equivalent A-network of the above
AT .
V 10 = 10V Y-network is,
V.=10+10=20V
©
The current in the 1 Q resistor,
10
I, = T =10 Ampere
@
Given data: ip=2A0,=-1A,i;=-4A
R=1Q 10x11
Tocalculate, i, =7? Here, R, = 10+11+ =320
R, = 10+11+ 2 39
R = 10+10+ 2221959090

c

Hence, the lowest value among the three
resistances is 29.09 Q.
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m Sol. Sol.

For an infinite ladder network, if all the

resistance are comprises of same value R, then,

Using star-delta conversions:
The value of R, is given by

|
Ul
+
w
+
‘ €]
w
I
—_
o
[e]
AAAA
\AAAS
=
i =
1
!
° 3

@

Using the concepts of super node, we get or,
vV, -V, =10£0° ..() R
= L+V—2,+& =420° (i)
-3j 6] 6 < <
eq
=2V3 + Vo +jV,
= 2R 400 (i)
6] o
From equation (i) and (iii), R,
V- 20+ 724 31.241.50.194 R-Ryq
2 (-1+7) J2 /135° Req = R+R+—Req (0
= 22.091£-84.806

After solving equation (i) we get,
or, V,=2-22 gequation (i) we g

1++/5
Y so. R, = [ +2 JR (i)

Using source transformation, we get,

From the given question, the circuit can be

1kQ redraw as,
AVWV
o MWW
2kQ 4KQ R
:D R,—> Ry
20V 8V °
T AW T R,=R+R, ...(it)
3kQ From equation (ii) and (iii) we get,
Applying KVL in above circuit, we get, 1+5
20-20-1-4[+8-3[ =0 Re= RJ{ 2 JRZZ&SR )
or, 28 =101 R
or, I=28mA or, —£ =2618=2.62

R
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51. So, V, = 4(1+1+2I)+4] (ByKVL)
[+T1+20=5 (ByKCL)
5
ao I= ZA
v, = 4x5+ 22 25y
r v, = 41=225y
R, 4
53. )8
bo

a0

>
SAﬁD V.2200 8Q§ 0.25V,

RM
V.-V,
bo Ve I 105V, =5A
20 10
V,
V, [i+i+o.5} =5+~
20 10 10
13V, = 100 +2V, ()
2R and also, V, =025V, ...(i)
Solving equations (i) and (ii), we have
Ray 52V, =100 +2V,
= 50Vy=100:>Vy=2V
. _(i+l+l+ij_l Vx=4Vy=8V
@~ \2R R R 2R Sol.
R 000
3 3
@
40
AAAA
vvvy
I I
+ +
v2<$ 5A 40 40 2OV,
Current flowing through both the parallel 4 Q

will be I. 10 sin(t)
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The equivalent resistance across terminal ah
(outer loop) is,

R, R, R,

1/3 1/6 /3

(~)
N

10 sint

><3kQ+é><6kQ+é><9kQ =5]

I
W | =

—~ < <

or, 5kQ

For half wave rectifier,
I 10sint

[ = =2sint mA
ms ~ 2" 5kQ
I
I =-"=1mA
ms 2
E o
Req:
f0— ¢
10
1QE§
10
po—

By using delta to star conversion,

a0

10

1Q

10

10

bo

Again by star to delta conversion,

10—
1Q
=
1QE;
1Q
bo——

R, = {@ll1)+@llnH {4

_ (Lé) 4_8
5 5)|5 15
56. EIIN
016v, R v./5 R
50 30
+
60V i) 0.4V, <4 503V,

Using KVL in the outer loop,

60—5(0.16Vx)—%x3—vx =0

or, V.= 25V
-. The current flowing through,
Ve 25
= ==—=5A
R=575
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LyAl Sol. M Sol.

Using KCLat V,,

Rl Rl

Vi -8 V-8 V;
—t———+———+— =0or V,=4V
11 1 1 0
Considering KVL, we get,

1A 5A

4AY
1A yi=-1A

Sol.

The connection of resistors is as shown below,

Rp
W
RA
o—MM—+ s o
RC
——ww——

Given resistor values are: 10 Q,5Q,2 Q
The maximum resistance possible is,

Rrmay = 10Q+(6Q1120)

(max

= (10+EJQ:@Q
7 7

The minimum resistance possible is,

Ry = 2Q+(100[150)

(min

= (2 +Ej Q= 16 Q
3 3
Rrmax) _ 80/7 _15_,1,n R, R,
RT(min) 16/3 7

AAAA
yVvvy
=
W
=
AAAA
yvy
ks
ks
(1 +)
=
—
<
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As the network is symmetric,

Vy=Vzand V.=V,
So, current through R, resistors is zero and as
V,=Vyand V.=V, electrically the circuit can
be reduced as,
Total resistance,

Ry = 2(Ry I Ry)+ (R I Ry [ R 11 Rs)

R1+&&
2] 2

Answers .

EE
1. (d 2. (@ 3. (o) 4. (b)
9. (b 10. (d) 11. (b) 12. (d)
17. (d) 18. (o) 19. (b) 20. (a)
25. (b) 26. (a) 27. (d) 28. (a)
33. (a) 34. (o) 35. (c) 36. (b)
41. (a) 42. (05) 43. (0) 44. (d)
9. (3) 50. (250) 51. (a) 52. (14)

Solutions .
@

R=1+[all1+D)l@ll1+1)+1]
Hallalli+nllalli+1)+1]

= E
8
v 1 8
= _=—=_A
= 1T R85 15

©

As the given bridge is balanced Wheatstone
bridge, current flowing through the lamp will
remain same irrespective of the state of switch.
Hence intensity of lamp will remain same.

©

P, =Pgy-Ppq

=6x1-12x1=5W

Given that,
R;=1Q and R,=3Q
13 3/2 11
=1+ == |Q=1+——=—Q
50, Ry [2 2] 4 8
_nv._o1
Ry (11/8)

oooo

Basics of Network Analysis

5. (5) 6. (31) 7. @) 8. (0)
13. (b) 14. (b) 15. () 16. (c)
21. (d) 22. (o) 23. (a) 24. (a)
29. (b) 30. (b) 31. (d) 32. (b)
37. (330)  38. (2470.44°)39. (10) 40. (3)
45. (2) 46. (0.5) 47. (1142) 48. (d)
53. (1.732)

Basics of Network Analysis

By putting the options, it can be concluded that
fori=5A,

P = (6x5)-(5*x1)=5W
Option (c) is correct.

Sol.

10 I

—WW T P
10V = v |:| No?(;;igear

Using KVL,

V+I=10 ..(i)
Given, 71=V2+2V -(ii)
On solving equation (i) and equation (ii)
we get, V=5V, I=5A
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il

Voltage across 4 Q resistor=4 x2=8V

Current through 1 Q resistor,
8

I = 1° 8A
L=1+2=10A
V,=8+1x10
=18V
Current through 6 Q resistor,
I = 18 =3A
6
Current through 1 Q resistor,
I=1+1I,
=3+10=13 A
E=V,+I-1

18+13x1=31V

Sol.
For the given waveforms,
di(t)
() = 2——=
® o
Comparing it with,
di(t)
() = L—=
® )7
we get, L=2H
©

Given circuit can be written as,

TLAT L
1T

Cs +C, e +CS +3C,
Cc

Cpy =
BY > 5

1Q

Ea v

When resistor R is connected to a current source,

®

P=PR=18W

When resistor R is connected to a voltage source,

Given,

Vv R
V2
P=—=45W
R
V =1 (inmagnitude)
I’R =18 ..()
12
R 4.5 (i)

On solving these two equations, we get,

@

I=3A; R=2Q

=Y

i =ig+ic
1 i [l i 1 =t
ICOUU N
¢ dt | | i ' i
oo ‘ : . |
: > |
=ik L
NS A
0 ‘ , >t
1o
. o(t) do(t)
i=ip+ic=—=+1-—~=
RTC™ dt



GATEPRO GATE Previous Years Solved Paper O | 33
®) ®)
} L 20 By KCL,
. 1 I+1o+Ic+1, =0
i 2+1+I.+1, =0
1% 21
But, I.=C x@
dt

Vv
I = r
Current through 2 Q resistor,
V-21
L= %
)
Totalcurrent, [= Ij+1, :_+V_221
V+K—I
- I=4"
3
= 2= =V
4
vV 8
= —:—Q
Load I3
(d)
P 1
R

Therefore resitance of 40 W bulb > resistance of
60 W bulb.

For series connection, current through both the
bulbs will be seme P = IR (for series connection).
Power consumed by 40 W bulb > power
consumed by 60 W bulb.

Hence, the 40 W bulb brighter.

(b)
When C is open,

R,; =R, +R;=6Q
When B is copen,

R, =R,+R.=9Q
When A is open,

Rpe =Ry +R-=11Q
On solving above equations,

R,=2Q,R;=4Q

and R-=7Q

=1 x%(élsin 2t) = (8cos 2t)

I = -(2+1+8cos2t)
= -3 - 8 cos2t

V. = L(ﬂj=2x2x85in2t
dt

= 32 sin2t
Note: KCL is based on the law of conservation
of charges.
(©)

For 0 < t < 2s current varies linearly with time
and given as, i(t) = 3t and for 2s < t <4s current
is constant, i(t) =6 A.

The energy absorbed by the inductor (Resistance
neglected) in the first 2 sec,

di

T_.
EL = IO Li T dt=EL1 +EL2
T .(di
ELl = IO Ll(Ejdt
2
= j02x3tx3dt

72

2
18j bt = 8x
0 2

18x[é—0} =36]
2

The energy absorbed by the inductor in (2 — 4)

4_(di
EL2 = J‘Z Li (Ej dt

= [12:6:0dt=0]

second,

A pure inductor does not dissipate energy but
only stores it. Due to resistance, some energy is
dissipated in the resistor. Therefore, total energy
absorbed by the inductor is the sum of energy
stored in the inductor and the energy dissipated
in the resistor.
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The energy dissipated by the resistance in 4 sec,

T,2
E; = Joz Rdt
LN} 4 2
= [, GO x1dt+[ 6% x1dt

= [P0y dr+36[ 1dt

2
3
= ol +36t|§=9x(§j+36x2
3, 3

=24+72=96]
The total energy absorbed by the inductor in
4 sec,
=96]+36]=132]
©
Given, Ve=10V
By KCL,
Vp-10 Vp
+2+— = i
5 3 0 (0
Vo -10 Vi
QT-2+?Q =0 ..(ii)
2A
c
R
P Q
2Q 40
+
0V
8Q 6Q

4(V,-10)+2x8+V,=0
4V,-40+16+V,=0
5V,-24=0
V, =48
From equation (ii),
6(Vy-10)-2x4x6+4V, =0

10 Vy-108 = 0
V, =108
Vo=V =6V

@
By KCL:
Vp—40 Vp-100 Vp
1 14 2
22V, = 660

RQ I
AW

140, 10
X 6 by

10A A ASA

+ 20 +

100V(V) (v)4ov

S V,=30V
Potential difference betweennodexand y=60V.
By taking KCL atnodey,
_I_5+40—30 0
1
I=5A
5

©

Method-1:
Using KCL,

LA AR

6 6
= 2V -E=6 -.(i)
E-V,
where, — =2
6
= E-V, =12 ...(ii)
Solving equaton (i) and (ii), we get
V. =18V

and E=30V
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Method-2:
I=2+1=3A
Apply KVL in second loop,

E=2%x6+3x6=30V
®)

10 Q) P 2A

100V :)

—VP_100+V—P+2 =0

10 10
2V,-100 +20 = 0
80
Vp = 7 = 40 V
R=Y2_0_nq
2 2
A-Y .
Transformation

Given, R =200Q,R,=100Q
and R, =10Q
RyR
R, = e
R, +Ry, +R.
_ &:2_59
20+10+10

R.R,
27 R,+R,+R.
10x20
20+10+10
RaRb
37 R,+R,+R,
20x10
20+10+10
Remember : If all the branches of A-connection

has same impedance Z, then the impedance of
branch of Y-connection be Z/3.

@

Rms value of dc current =10 A =1 _

20
Rms value of sinusoidal current = [ﬁj A=1,

Rms value of resultant,
IR = Vléc + Igc
2
= 102+ (gj
V2
=1732 A

©

The resultant (R) when viewed from voltage

source = % =125

R+10/110 =125 Q

@

R = 125-10]]10
=125-5=75Q
I
> T
DC R

resistor

H Non-linear

2 .
VNL = INL (1)
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Ve = E-I R
where, E=3V
and R=2Q
2
VNL = 3—2INL :INL

IRy +2Iy, -3 =0

Iy =-3AorlA
-3 Ais rejected, because the non-linear resistor
is passive and the only active element in the
circuitis 3 V dc supply. Which is supplying the
power to the resistor.
So, Iy =1A
Power dissipated in the non-linear resistor

_ 2
= VnrIne —INvIng

= =1°=1W
@)
i=1A
Applying KVL,
V., -2i+5=0
V,=-5+2i
= 5+2x1=-3V

Note: KVL is based on the conservation of

By KVLin Loop-1,

5-i-i,=0
.
iy = ;=254
V. =25V

s f
By KVLin Loop-2,
4V, = 3i, +1i,

v,
12 4’1 :Vab
V,=1xi,=V,
V,=V,-V,

_ V25

V,= 2="2=-125V
2 2

i =Vy=V,

i,=125A

@)
Bridge is balanced i.e. node Cand node D are at

same parallel. Therefore, no current flows
through 2 kQ resistor.

@
Let resistance of single incandescent lamp = R.
Power consumed by a single lamp,

P =200W
When connected across voltage,

V=220V
So, P= V—Z =200= E

R R

= R=242Q
Let, ‘n” number of lamps are connected is series
across voltage,

V=200V

So total resistance of lamps,
R, =nR=242n
Total power consumed,

P = 4
Req.

= 100 = 220° =>n=2
242

== 100 uF

Applying KVL,
V- (1 +1) =50, (5}X) = 0
= V., = 1,[2-750X]]

Input impedance = % =2-750Xc
1
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Asimaginary part is negative, input impedance
has equivalent capacitive reactance X, .

X = 50X
150 50 1
0Cpy  ©C ©x100 20
Cyp. = 21F
(b)
Voltage across 2 Q) resistance
=V =4V
Current through 2 Q resistance
R 2

Current source has no effect, when connected
across voltage source.

So, to double current though 2 Q resistance,
voltage source is doubled i.e.,

V. =8V
(b)
A resistor has linear characteristics.
ie., V=Ri
= V=i
Loadline, V+i =100
i+i=100
Current through resistance,
i= 100 =50A
2

@
In such system, volumetric flow rate C is
analogous to current and pressure is analogous
to voltage. The hydraulic capacitance due to
storage in gravity field is defined as,

A

pg
A = Area of the tank
r = Density of the fluid
g = Acceleration due to gravity

where,

The hydraulic capacitance is represented by
Aand C. Liquid trying to flow out of a container,
can meet with resistance in several ways. If the
outlet is a pipe, the friction between the liquid
and the pipe walls produces resistance to flow.
Such resistance is represented by B and D.

E o

Assuming voltage of thenode V,

10 v R
2AG> 1Al 120 <6V
V. =1x12
=12V
Applying KCL,
-2+1+1=0
I=1A
V,-6 _12-6 6
I= =—-—=
R R R
= ]=—>=>R=6Q

< 10V

v, 20 Vi
—eo——MW—>—e—
1
Network Network
A B
2V I
—0—4'—'\/\/\/\,—4—0—
Ve 10 Vp
V,-Vy=2I
= 21 =6
= I=3A
Ve+2+1x1 =1V,
Ve-V,=-2-3
=-5V
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©

Apply KCLnode at“A”:

So, current flowing through 1 Qis (1 -1,)

Applying KVL in ABCD loop,
1£0-1£0+1(1-1,)-jl, =0

1
12 = ﬁ
(©)
Q=cCv
Q=GVY
=10 x 107 x 10
=10 uC
Q, =GV,
=5x10°x%x5
= 25C
Q= GV,

=2x10°x2=4uC
Capacitors C, and C; are in series.
In series charge is same.
So, the maximum charge on C, and C, will be
minimum of (Q,, Q,) = min(25 pC, 4 uC) =
4uC=Q,,.
In series the equivalent capacitance of C, and

C3 is,

C _ C2C3 _sz_m
23 C2+C3 5+2 7

So, the equivalent voltage,

V.. = %zﬂzﬁzz,sv
2 C23 EX10_6 10
7

n

In parallel, the voltage is same,

V,=V,,=28V
Change in capacitor C,,

Q =GV,
=10x10°%x28
=28 uC

In parallel, the total charge,
Q=0Q,+Qy

Q=4+28=32C

E o

RbRc
Ry= 5o o
R, +Ry +R,
R; = kR,
Ry = kR,
R. = kR,
, kRy, - kR,
Ry = ——>—¢<
kR, +kRy, + kR,
_ K*RyR,
k(R +Ry +R.)
R, R
= kx—10¢  —kR,
R,+Ry +R,

Sol.

Given, electrical circuit is shown below:

Node
10 A—> —>8A
] i
100V 80V
2 ALT 15V

Applying KCL at node, current through 15 V
voltage source =2 A.
.. Power absorbed by 100 V voltage source

= 10 x 100 = 1000 Watt
Power absorbed by 80 V voltage source

= —(80 x 8) = -640 Watts
and power absorbed by 15 V voltage source

= (15 x 2) =-30 Watt
.. Total power absorbed by the three circuit
elements = (100 - 640 - 30) Watts = 33 Watts
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Sol.

Let the resistance of incandescent lamp

2 2
gy V2o

P 40
= 1440 Q

Given, R, =1200Q, a=4.5x103/°C

Let, R, be the resistance of the filament in ON

state at temperature T.

Then, Ry = Ry[1+ aAT]
Ry 1440
or, [1+aAT] = R_O_T_lz
or, aAT =11
or, AT = 2444 .44°C
or, T = 2444.44° + 26°
= 2470.44°C
Therefore, ON state temperature of filament
= 2470.44°C
Sol.
I
Given, R = (25 +Ej Q
or, I'= (2R -50) 1
Applying KVLin givenloop, _L
we have, =30V
300 = IR
or 300 = 2R -50) xR
we get, R=30Q or -5Q
Since resistance can’t be negative. Therefore,
R=30Q
Hence, I = (2R - 50)
=(2x30-50)A=10A
", current, I=10A

m Sol.

1VC:> 2A §1Q

R

Applying nodal analysis at node P, we have,
itvi Vi-V2 , _,
1 1
or, 2V, - (V,+V,) =2

o [2Ow]

or, 5

Also, V, -V, =1Volt

and V, = 1Volt

: V,=V, -1
=1-1=0Volt

Putting values of V, and V, in equation (i), we
get,

2

.. Power delivered by the current source

2+(1+0 3
e [P 3 v

3
= VIOI=§><2 [ I=2A(given]
= 3 Watts

@

Power = 5 x1 =5 Watt

Sol.

Q A 50
AAAA Py AAAA
+ VVVY VVVY
VU
100
4v<1> G 5A
kv,
V2
= 20 - 125
2
= V§ =125x2
= V, = 5
5
IO = 5225A
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KCLatA
= -25-k(5)+5=0
= k(5) =25
251
= ~ 5 2
Sol.
Redrawing the circuit,
1Q 1Q
1Q 1Q
D
5V

Bridge is balance, so current flowing through
2 Qresistoris 0 A.

[ 44. )G

If the equivalent resistance of first figure is R ,
then from the second figure, we can see that

Rg=Ryll1Q.
R
R, = —4
RA+1
So.
40 6Q
—MWW——WW—,
o— —o
AVAVAVAV
50
;] 40 6Q
——WW—WW\—
o— —o
> AW
Vil 5Q
and (2)?>x5 =10
10 25
= =—=05
= 5x4 5

So, x4 =05x4=2cal/sec.

m Sol.

1V L, 10
De o C
Applying KCL atnode A,
-L+L+1,=0
2, =1, (0

and applying KVL inloop ABCD,
1-1,-1,-1,=0

L+2l,=1 ...(id)

From equation (i) and (ii):
= 2I,+2I, =1
= 41, = 1

1
= L=—A

4

1

and I = 2><—=§A

Applying KCL at node A, we get,

Va Va=10 V4+10L _

5
5 10 5
So, 2V, +V,-10+2V, +20[ =5
5V, +20I, = 60
) _Vy-10
Since, I = 10
So, 5V, +2V,-20 =60
7V, =80
80
V = —
A 7
= 11.42 Volt
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| 4. JCY z

20 Ao—1+— C
-~ +
A 1= [
10V t) 5A v,
l Bo ®D
o “
So, Vo= 06x2+10=20V Z, =79
Z,=j5-jl1=j4
m Sol. 2 TP TIET]
. . . T Zy Zeq
Consider the following circuit diagram, Z =Z1+———
e Z2 + Zeq
1Q 20
A A By solving above equation,
Z,, =12
30 6Q 303 6Q 1Q
Sol.
B o—AWW
08Q
After rearrangement we get,
Ao——MW _
10 20V
s p
> 20 s 3Q
< <
L
0.8Q =
B W Applying nodal at node x,
- 1:%,08= V, —5I
Now, R,p = 1+§+0.8—3Q B X3 =0
™ sol -3[-6+V -51=0
= 8=V -6 (i)
Using KCL atnode, we get, 0V
I+04I =14 As, I= ; X
or, I=10A V =200 B
Now, power supplied, ?b e e ()
P =25 x10 ubstituting (ii) in (i), G0
=250 W I
= 101 = 14

@) I=14A
Sol.

I=1/10°+1£70°
I =1.732,40°
The ready of ammeter is 1.732 A.

0000




Q.1

Sinusoidal Steady State

ELECTRONICS ENGINEERING
(GATE Previous Years Solved Papers)

The value of current through the 1 Farad
capacitor of figure is
1 05E
1Q 1Q 20
1F
2 sin100¢ C'\D
10 1Q 1H
! 05F
(@) zero (b) once
() two (d) three

Q.2

Q.3

[EC-1987 : 2 Marks]

The half power bandwidth of the resonant
circuit of figure can be increased by

(a) increasing R,

(b) decreasing R,

(c) increasing R,  (b) decreasing R,

[EC-1989 : 2 Marks]

The resonant frequency of the series circuit
shown in figure is

M=1H

2H 2H 2F
1 1
(@) i3 Hz (b) EHZ
© ——H: @ —He

[EC-1990: 2 Marks]

Q4

Q.5

Q.6

In a series RLC high Q circuit, the current peaks
atafrequency

(@) equal to the resonant frequency.

(b) greater than the resonant frequency.

(c) lessthan the resonant frequency.
(d) none of the above is true.

[EC-1991 : 2 Marks]

For the series RLC circuit of Fig. (1), the partial
phasor diagram at a certain frequency is a
shown in Fig. (2). The operating frequency of
the circuit is

+ Vi B + 7 B

)
+
v =V.
°
Fig. (1)
/V;\
>V

—

Ve
Fig. (2)
(@) equal to the resonance frequency
(b) less than the resonance frequency
(c) greater than the resonance frequency
(d) notzero

[EC-1992: 2 Marks]

In the series circuit shown in figure, for series
resonance, the value of the coupling coefficient
k" will be

o L

.
o VWY ( (91929, (900V) o

12 2Q 8Q
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Q.7

Q.8

Q.9

Q.10

(@) 0.25 Q.11

(©) 0.999

(b) 0.5
d 1.0
[EC-1993 : 2 Mark]

Infigure, A}, A,and A, are ideal ammeters. If A,
reads5 A, A, reads 12 A, then A, should read

100 sinwt
Q.12

b 12A
(d) 17 A
[EC-1993 : 2 Marks]

A series LCR circuit consisting of R =10 Q,

|Xp|=20Q and |Xc|=20Q is connected
Q.13

across an a.c. supply of 200 V rms. The rms

voltage across the capacitor is

(@) 200£-90°V (b) 200£+90° V

(c) 400£+90°V (d) 400-£-90°V
[EC-1994 : 1 Mark]

A DC voltage source is connected across a series
RLC circuit. Under steady-state conditions, the
applied DC voltage drops entirely across the

(@) Ronly Q14

(b) Lonly
(c) Conly
(d) Rand L combination
[EC-1995 : 1 Mark]

Consider a DC voltage source connected to a
series R-C circuit. When the steady-state reaches,
the ratio of the energy stored in the capacitor to
the total energy supplied by the voltage source,

is equal to
(a) 0.362 (b) 0.500
(c) 0.632 (d) 1.000

[EC-1995 : 1 Mark]

The current i(t) , through a 10 Q resistor in series
with an inductance, is given by
i(f) = 3 + 4 sin(100¢ + 45°
+4 sin(300¢ + 60°) Amperes
The rms value of the current and the power
dissipated in the circuit are:

@) V41 A, 410W respectively

(b) /35 A, 350 W respectively
c) 5A,250 W respectively
d) 11 A, 1210 W respectively
[EC-1995 : 1 Mark]

(
(

A series RLC circuit has a Q of 100 and an
impedance of (100 + j0) Q at its resonant
angular frequency of 107 radians/sec. The
values of R and L are:

R = Q, L= Henries.

[EC-1995:1 Mark]

The rms value of a rectangular wave of period
T, having a value of +V for a duration, T, (<T)

and -V for the duration, T - T, = T, equals
@ Vv (b) LBy
T
\% T
—_ d —V
© 7 @

[EC-1995:1 Mark]

Infigure A}, A,and A, are ideal ammeters. If A,
and A, read 3 A and 4 A respectively, the A;
should read

Sinusoidal
voltage source

b) 5A
(d) None of the above

[EC-1996 : 1 Mark]
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Q.15 In the circuit of figure, assume that the diodes
are ideal and the meter is an average indicating
ammeter. The ammeter will read

10 kQ

@ 042 mA (b) 0.4mA
© 28ma @ %mA

[EC-1996 : 1 Mark]

Q.16 The parallel RLC circuit shown in figure is in

resonance. In this circuit,

>
D ¥ &

1 mA
(rms)

@ [Ir|<1mA ®) |Ig+I|>1mA

© [r+Ic|<1mA (d) |[IL+Ic|>1mA
[EC-1998 : 1 Mark]
Q.17

When the angular frequency  in the figure is
varied from 0 to oo, the locus of the current phasor
I, is given by

() i(f)
E,, cosot @ R,
R]
_I_ C
A
o=0
T 2
(@) / % ; =
N e —E /0°
E, E, E=E,Z0
2R, 2R,

Q.18

Q.19

A
\ ®= O E = Eméoo
Ey AN
2R, \
E,
2R, 1
\ =0
A
P > !2
(C) o=0 / \‘\ ®=®
e » [ = EZLO"
Eﬁl Eﬂl Eﬁl '
2R, 2R, 2R,
A
E=E, £0°
Ey =0 "
Eﬂ’l
d) 2R \
Em //
2R2 ,/// IZ
\ ® =0

[EC-2001 : 2 Marks]

A series RLC circuit has a resonance frequency
of 1kHz and aquality factor Q =100. If each of
R, L and C is doubled from its original value,
the new Q of the circuit is

(@) 25 (b) 50
(c) 100 (d) 200
[EC-2003:1 Mark]

An input voltage o(t)=10/5cos(t+10°)

+10/5cos(2t+10°) V is applied to a series

combination of resistance R =1 Q and an
inductance L = 1 H. The resulting steady-state
current i(f) inampere is
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Q.20

Q.21

Q.22

(@) 10 cos(t +55°) + 10 cos(2t + 10° + tan~1 2)
(b) 10cos(t+55°)+ 10\/2 cos(2t +55)

(¢) 10 cos(t - 35°) + 10 cos(2t +10° - tan™! 2)
(d) 10cos(t—-35°)+ 10\/% cos(2t —35°)

[EC-2003 : 2 Marks]
The circuit shown in the figure, with R = % Q,

L= % H, C =3 F hasinput voltage V() = sin2t.

The resulting current i(f) is

i(f)

O >

u(t) R

o
(@) 5sin(2t+53.1°) (b) 5 sin(2f-53.1°)
(c) 25sin(2f+53.1°) (d) 25 sin(2t - 53.1°)
[EC-2004 : 1 Mark]

For the circuit shown in the figure, the time
constant RC = 1 ms. The input voltage is

v;(t) =2 sin 103¢. The output voltage v (f) is

1

euqal to
R
o—W—F——o
,(t) =cC v,(t)
° o

(a) sin(10%t - 45°)
(c) sin(103 - 53°)

(b) sin(10%t + 45°)
(d) sin(10% + 53°)
[EC-2004 : 1 Mark]

The transfer function H(s) = ‘;"—Es) of an RLC
(s
1
circuit is given by
10°

HG)= -
) s2 +20s+10°

Q.23

Q.24

Q.25

The quality factor (Q-factor) of this circuit is
(@ 25 (b) 50
() 10 (d) 5000

[EC-2004 : 2 Marks]

Consider the following statements S, and S,:

S, : At the resonant frequency the impedance
of a series R-L-C circuit is zero.

S,: In a parallel G-L-C circuit, increasing the
conductance G results in increase in its
Q-factor.

Which one of the following is correct?

(@) S,isfalseand S, is true.

(b) Both S, and S, are true.

(c) S,istrueand S, is false.

(d) Both S, and S, are false.

[EC-2004 : 2 Marks]

The condition on R, L and C such that the step
response y(t) in the figure has no oscillations, is

L R

u(f) j()

Y|
11
0

=

1

d) R=,/—

(d) \/LC
[EC-2005:1 Mark]

In a series RLC circuit, R=2kQ, L =1 H and

1
C=—1 \F
400 "

The resonant frequency is

() 110t 1z

T
(d) 2rnx10*Hz
[EC-2005:1 Mark]

(@) 2x10%Hz

(c) 10* Hz
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Q.26 For the circuit shown in the figure, the
instantaneous current i, (t) is,

20 20
T 1€

z'1T 30

+
5£0° A D G 10£60° A

103
@) %490% ®) sz—%OA
(©) 5260°A d) 52-60°A

[EC-2005 : 2 Marks]

Q.27 In the AC network shown in the figure, the

phasor voltage V ,, (in Volts) is

A

5/30° A D

B
@ 0 (b) 5230°
(© 12.5230° (d) 17.£30°

[EC-2007 : 2 Marks]
Q.28

An AC source of rms voltage 20 V with internal
impedance Z_ = (1 + 2j) Q feeds a load of
impedance Z; = (7 + 4j) Q in the figure below.
The reactive power consumed by the load is

—
| S|

Z.=(1+2)Q %
<H
20£0°V C:) [] g
1}
N.q
(@) 8VAR (b) 16 VAR
(©) 28VAR (d) 32VAR

[EC-2009 : 2 Marks]

Q.29 For a parallel RLC circuit, which one of the
following statements is not correct?
(@) The bandwidth of the circuit decreases if R

is increased.

Q.30

Q.31

Q.32

(b) The bandwidth of the circuit remains same
if L is increased.
(c) At resonance, input impedance is a real
quantity.
(d) At resonance, the magnitude of input
impedance attains its minimum value.
[EC-2010:1 Mark]

The current ‘I’ in the circuit shown is
20 mH
56U
20£0°V ~> Il 10 == 50 uF

=10 rad/s
@ -1A (b) 1A
() 0A (d) 20 A

[EC-2010 : 2 Marks]
The circuit shown below is driven by a

sinusoidal input v, = v, cos(t/RC). The steady
outputv, is,

%

+
v; <~> R cC==

o=w——
1

o |13)=lse
o |3 (5
LN
@ |3 )lse)

[EC-2011:1 Mark]

Two magnetically uncoupled inductive coils
have Q factors g, and g, at the chosen operating
frequency. Their respective resistance are R, and
R,. When connected in series, their effective Q
factor at the same operating frequency is
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[ 1 ] [ 1 j i(t) A
a + — |+ —
@ 49, +49, (b) 0 0
© (91R1 +q2R7) 1Ry +q2Ry) ()
(R1 +Ry) (Ry +Ry)

[EC-2013 : 2 Marks]

Q.33 A 230V rmssource supplies power to two loads
connected in parallel. The first load draws
10 kW at 0.8 leading power factor and the
second one draws 10 kVA at 0.8 lagging power
factor. The complex power delivered by the
source is
(@) (18+j1.5)kVA
() (20+j1.5)kVA

(b) (18-j1.5)kVA
(d) (20-j1.5)kVA
[EC-2014 : 2 Marks]

Q.34

A periodic variable x is shown in the figure as a
function of time. The root-mean-square (rms)
value of x is

XA

/.,

O~/ T/2
[EC-2014 : 2 Marks]

Q.35

A series RC circuit is connected to DC voltage
source at time t = 0. The relation between the
source voltage V_, the resistance R, the
capacitance C, and the current i(t) is given below,

Tt
VS:Rz(t)+Ejz(t) dt

0
Which one of the following represents the
currenti(t)?
i(t)A
(a)

Q.36

Q.37

i(f)A

i(t) A

» |
[EC-2014 : 1 Mark]

The steady-state output of the circuit shown in
the figure is given by

y(t) = A(o) sin(of + ¢(w))
If the amplitude |A((o)|:0.25, then the

frequency wis

o

\AJ J_

sin(ot) C:) c=

1 2
(@) m (b) J3RC
© == @ —

[EC-2014 : 2 Marks]

In the circuit shown, at resonance, the amplitude
of the sinusoidal voltage (in Volts) across the
capacitor is
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Q.38

Q.39

Q.40

Q.41

Electronics Engineering
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40 0.1 mH
——WW———T00——

10 cosot (V) <~>

- 1uF

[EC-2015 : 1 Mark]

The damping ratio of a series RLC circuit can be
expressed as

R2C
2L

© QE @

In the circuit shown, the average value of the

2L
R2C
2 \E
R\ C

[EC-2015: 2 Marks]

(@) (®)

voltage V , (in Volts) in steady-state condition
is

1k 4,1

RE 0 1mH  2kQ
v
Vub -
5n sin(5000¢) 5V

[EC-2015 : 1 Mark]

The voltage (V) across the capacitor (in Volts)
in the network shown in

80V 40V V.
——WW TTT—¢
()
N\
100 V, 50 Hz

[EC-2015 : 1 Mark]

An LC tank circuit consists of an ideal capacitor
C connected in parallel with a coil of inductance
L having an internal resistance R. The resonant
frequency of the tank circuit is

Q.42

1

@ ic
1 ~2C
(b) 2nJLC L
1 /1_ L
© 2nx/ﬁ R%C

@ s

[EC-2015 : 2 Marks]

At very high frequencies, the peak output
voltage V_ (in Volts) is

100 pF
| °
1kQ 1kQ v,
100 pF
1.0 sin(wf) V Ci) I} o
1kQ 1kQ
11
100 uF

Q.43

Q.44

. J>
I, sinot G) R :E 100 L
<

[EC-2015:1 Mark]

In the circuit shown, the current/flowing
through the 50 Q resistor will be zero if the value
of capacitor C (in pF) is

50Q ; 1mH 1 mH
—WW——T0" O
S
<~ 5m sin(5000%) g1 mH =c
o

[EC-2015 : 2 Marks]

The figure shows at RLC circuit with a

_‘, 10 uF

sinusoidal current source.

(1, I

10mH C
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Q.45

Q.46

Q.47

I |

Atresonance, the ratio |I_' i.e., the ratio of the
R

magnitude of the inductor current phasor and

the resistor current phasor, is
[EC-2016 : 1 Mark]

In the RLC circuit shown in the figure, the input
voltage is given by

V(t) = 2 cos(200¢) + 4 sin(500¢)
The output voltage V (f) is

025H 100 uF
l_
20
)

+

0.4 mH 10 uF

vt

1

V()

(@) cos(200¢) + 2 sin(500¢)
(b) 2 cos(200t) + 4 sin(500¢)
(c) sin(200¢) + 2 cos(500¢)
(d) 2sin(200t) + 4 cos(500¢)
[EC-2016 : 1 Mark]

In the circuit shown, the positive angular
frequency o (in radians/second) at which the
magnitude of the phase difference between the
voltages V, and V, equals n/4 radians,is____.

V, —>
1Q 1mH
v T
100 coswt 1Q Vi

l

[EC-2017 : 1 Mark]

The figure shows an RLC circuit excited by the
sinusoidal voltage 100 cos(3t) Volts, where ‘t’ is

. . amplitude of V, .
in seconds. The ratio P 2 s

amplitude of V;

Q.48

Q.49

Q.50

100 cos3t <~>

[EC-2017 : 2 Marks]

In the circuit shown, V is a sinusoidal voltage
source. The current I is in phase with voltage V.

. amplitude of voltage across the capacitor
The ratio 2P & P

amplitude of voltage across the resistor

[EC-2017 : 1 Mark]

For the circuit given in the figure, the voltage V-
(in Volts) across the capacitor is

100 k&

1uF == Ve

100 kQ
(@) 1.25v2sin(5¢-0.25r)
(b) 1.25v2sin(5t-0.125x)
(€) 2.5v2sin(5¢-0.25m)

(d) 2.5v2sin(5t-0.125n)
[EC-2018 : 2 Marks]
In the circuit shown, if v(t) = 2 sin(1000¢) Volts.

R =1kQ and C =1 pF, then the steady-state
current i(f), (inmA), is
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Q.51

Q.52

Q.53
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(@) 3 sin(1000¢) + cos(1000¢)
(b) sin(1000¢) + cos(1000¢)
(c) sin(1000¢) + 3 cos(1000¢)
(d) 2 sin(1000¢) + 2 cos(1000%)
[EC-2019 : 2 Marks]

The current in the RL circuit shown below is
i(t) =10 cos(5t - /4) A. The value of the inductor
(Rounded off to two decimal places) is H.

+

200 cos(5t) V <~> % L

[EC-2020 : 1 Mark]

The current ‘I’ in the given network is

120290 (%) -

Y~
—_
(80 - j35) @

7=

120£-30°V C:) |:| z

(@) 2.38£-23.63°A (b) 0A
() 2.38£-96.37° A (d) 2.38£143.63° A
[EC-2020: 2 Marks]

For the circuit shown, the locus of the
impedance Z(jo) is plotted as  increases from
zero to infinity. The values of R, and R, are:

Q.54

L =2kQ, R, =3kQ
L =5kQ, R, =2kQ
,=5kQ,R,=25kQ
L =2kQ, R, =5kQ
[EC-2022]

Consider the circuit shown in the figure with
input V(f) in volts. The sinusoidal steady-state
current I(f) flowing through the circuit is shown
graphically (where ‘t’ is in seconds). The circuit
element ‘Z’ can be

Ity 10

—
(Y]
—

a capacitor of 1 F

an inductor of 1 H

G

a capacitor of /3 F

—_ =
& o

an inductor of \/3 F
[EC-2022]
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Q.1

Q.2

Q.3

Q4

Q.5

ELECTRICAL ENGINEERING
(GATE Previous Years Solved Papers)

In the given circuit, the voltage V, has a phase

angle of with respectto V_.

1732Q 10 Q

[EE-1994 : 2 Marks]

In the circuit shownin figure, ammeter A, reads
12 A and A;reads 9 A. A, will read A.

(=
<
(-

[EE-1995 : 1 Mark]

©

Energy stored in capacitor over a cycle, when

excited by an ac source is

(@) the same as that due to a dc source of
equivalent magnitude.

(b) half of the due to a dc source of equivalent
magnitude.

(c) zero.

(d) none of the above

[EE-1997 : 1 Mark]

The rms value of half wave rectified
symmetrical square wave current of 2 A is

@ ~2A b 1A
1
© A @ V3A

[EE-1997 : 1 Mark]

Current I}, I, and I, meet at a junction (node) in
a circuit. All currents are marked as entering
the node. If I, = -6 sin(wt) mA and
I, =8 cos(ot) mA, then I, will be

Q.6

Q.7

Q.8

(@) 10 cos(ot +36.87°) mA
(b) 14 cos(ot +36.87°) mA
c) -14 cos(ot +36.87°) mA
) =10 cos(wt + 36.87°) mA
[EE-1999 : 2 Marks]

[oN

(
(
In figure, the admittance values of the elements
in Siemens are Y, = 0.5 +j0, Y, = 0 - j1.5,

Y- =0+ j0.3 respectively. The value of ‘I" as a
phasor when the voltage E across the elements

is 10£0° Vis

Y= E=1040°V
() 5-18

() 5-j12

[EE-2004 : 2 Marks]

®

VVVY
~
-
000,

(@) 1.5+j0.5
(©) 05+/1.8

The rms value of the voltage u(t) =3 + 4 cos(3t) is
@ V17V (b) 5V

© 7V d) (3+2V2)V
[EE-2005 : 1 Mark]

The RL circuit of the figure is fed from a constant
magnitude, variable frequency sinusoidal
voltage source V. At 100 Hz, the R and L
If the
frequency of the source is changed to 50 Hz,

elements each have a voltage drop u,_ ..

then new voltage drop across R is

R
— AW

Vi C~> % L

5 2
(a) g Urms (b) \/g Urms

8 3
(C) g Urms (d) \/; Urms

[EE-2005 : 2 Marks]
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Q.9  An energy meter connected to an immersion
heater (resistive) operating on an AC 230 V,
50 Hz, AC single phase source reads 2.3 units
(kWh) in 1 hour. The heater is removed from the
supply and now connected to a 400 V peak to
peak square wave source of 150 Hz. The power
in kW dissipated by the heater will be
(a) 3.478 (b) 1.739
(c) 1.540 (d) 0.870

[EE-2006 : 2 Marks]

Q.10 The rms value of the current i(¢) in the circuit
shown below is

il 000

1F 1H

i(t) A

10 +:‘

(1.0 sint) V

1 1
@ A ® A
© 1A d V2A

[EE-2011:1 Mark]

Q.11 The voltage applied to a circuit is
100+/2 cos(100xt) Volts and the circuit draws a

current of 10v/2sin(100xt+7/4) amperes.

Taking the voltage as the reference phasor, the
phasor representation of the current in amperes
is

(@) 1oﬁ4_g ®) 104{

© 104+£ d) 10&4%
[EE-2011:1 Mark]

Common Data for Questions (12 and 13):

An RLC circuit with relevant data is given below.

Iﬁ
IRL IC
R
v<~> C V,=140V
. I,=\2/n/4A
Ipp =v2Z-n/4 A

Q.12 The power dissipated in the resistor R is
(@ 05W b 1W

© 2w d 2w

[EE-2011 : 2 Marks]

Q.13 The current I.in the figure above is

@ 2A ®) g5 A
© HgA @ A

[EE-2011 : 2 Marks]

Q.14 The average power delivered to an impedance
(4 - j3) Q by a current 5 cos(100xt + 100) A is
(a) 442W (b) 50 W
() 625W (d) 125W
[EE-2012: 1 Mark]

Statement for Linked Answer Questions (15 and 16):

In the circuit shown, the three voltmeter reading are:
V,=220V,V,=122V, V,=136 V.

Load

Q.15 The power factor of the load is

(@) 0.45 (b) 0.50

(c) 0.55 (d) 0.60
[EE-2012: 2 Marks]

Q.16 IfR; =50, theapproximate power consumption
in the load is

(@) 700 W
(©) 800 W

(b) 750 W
(d) 850 W
[EE-2012 : 2 Marks]

Q.17 The total power dissipated in the circuit, shown
in the figure, is 1 kW.
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AC

source

Q.18

Q.19

Q.20

© *

The voltmeter, across the load, reads 200 V. The
value of X; is

[EE-2014 : 2 Marks]

The voltage (V) and current (I) across a load are
as follows:

V(t) =100 sin(wt)

i(t) =10 sin(ot - 60°) + 2 sin(3wt) + 5 sin(5wt)
The average power consumed by the load,
(in Watt), is

[EE-2016 : 1 Mark]

A resistance and a coil are connected in series
and supplied from a single phase, 100 V, 50 Hz
ac source as shown in the figure below. The rms
values of plausible voltages across the
resistance (V) and coil (V) respectively,
(in Volts) are

(@) 65,35
(©) 60,90

[EE-2016 : 1 Mark]

In the circuit shown below, the supply voltage
is 10 sin(1000¢) Volts. The peak value of the
steady-state current through the 1 Q resistor, in
amperes, is

40 ' ’—2”11:—‘
W Lo

500 mH

VVVY

<
250pF 10 =

5Q
4 mH
(~)
N\
10 sin(1000¢)

[EE-2016 : 2 Marks]

Q.21

Q.22

Q.23

In the figure, the voltages are v, (t) = 100 cos(ot),
v, (t) =100 cos(wt + 1—7;) and v3(t)=100 cos(wt+ %)

The circuit is in sinusoidal steady-state, and
R << oL. P,, P, and P, are the average power
outputs. Which one of the following statements
is true?

(@) P,=P,=P,=0
(b) P,<0,P,>0,P,>0

() P,<0,P,>0,P,<0
(d) P,>0,P,<0,P,>0 [EE-2018 : 1 Mark]
The voltage across the circuit in the figure and
the current through it, are given by the following
expressions:

v(t) =5-10 cos(wt + 60°) V

i(t)y =5+ X cos(wt) A
where, ®=100n radians/s. If the average power
delivered to the circuit is zero, then the value of

X(in Amperes) is (upto 2 decimal places).

i(f)
o—>»
+

Electrical

V(t
®) circuit

oO——

[EE-2018 : 2 Mark]

A 0.1 pF capacitor charged to 100 V is
discharged through a 1 kQ resistor. The time in
rms (round off of 2 decimal) required for the
voltage across the capacitor to drop to 1 V is

[EE-2019 : 2 Marks]

o000
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Answers .

1.
9.
17.
25.
33.
41.

49.

Solutions .

LAnswers & ExplanationsJ

]

(a) 2. @d) 3. (b 4. (a)
© 10. (b) 11. (o) 12. (1)
@) 18. (b) 19. (o) 20. (a)
() 26. (a) 27. (d) 28. (b)

() 34.

(b) 42.
(© 50. (a) 51.

(0.408) 35. (a) 36. (b)
(05)  43. (20)  44.

(2.828) 52. (d)

@

The given circuit is a bridge,

10 1+2

2 sin100¢ @ |:| 2+s |

10

Product of opposite arms are equal,

o)

So, the current through the diagonal element
(1 F capacitor) is zero.

@ d

Selectivity « Q

EC Sinusoidal Steady State

5. (b) 6. (a) 7. () 8. (d)
13. (a) 14. (b) 15. (d) 16. (b)
21. (a) 22. (d) 23. (b) 24. (o)
29. (d) 30. (a) 31. (a) 32. (o)
37. (17.68) 38. (0) 39. (5) 40. (100)
45. (b) 46. (1) 47. 26)  48. (0.2)
53. (a) 54. (b)

EC Sinusoidal Steady State

BIW. o —; BW.o ——

Q selectivity
If, R,—0
and R,— o0

then the circuit will have only L and C elements
and has high selectivity.

So, the half power bandwidth can be increased
by reducing the selectivity.

So, by increasing the series resistance R; and
decreasing the parallel resistance R,, the half
power bandwidth can be increased.

(b)

Leq =L, +L,-2M

Leq =2+2-2(1)=2H
Atresonance,
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1
2 —
T L,C
o =—rad/sec
T 2x2 '
prre L
nf = >
1
= —Hz
f 47
(@
Atresonance frequency,
Z .. =R
%
Imax =
Zmin
(b)

Given network is the series R-L-C circuit in
resistor R, voltage V and current I is in phase
and in series circuit current is same in all the
elements,
I=1,

So, the current is leading the voltage in the
circuit.

So, the given circuit will behave as capacitive

circuit,
Vo>V,
IX. > IX,
X > X,
oC ®
1
5 .
> < IC
o? < (;)%
o < ©,
(@
Atresonance,
X -X-=0
Xc| = [Xc|
Xp| = 12|
X, =j12

XL = XLl +XL2 +2k ’XLl 'XLZ

El o

X, = j2+]8+2k/j2j8 = j12

2kjd = j2
k=025
A} = A} + A2
A3 = (52 + (12)?
A3 =169

A, = 13 Ampere

X = Xc
So, the circuit is at resonance,
I= Z:@:ZOAmpere
R 10

Voltage across the capacitor,
V, = I(-jX) = 20(-j20) =
vV, = 400£-90° V

400

©

For DC supply:

Inductor behave as short-circuit capacitor
behave as open-circuit.

So, under steady-state conditions, the applied

dc voltage drops entirely across the capacitor
(C) only.

(b)
W, = CV2
1
W= 5 C%
WC
—£ =05
Ws
©

e () () -

Power is dissipated only in the 10 Q resistor,
P = I2,sR=(5)>x10
=250 W
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12. s
Z =R+j(X, -Xp)
=100 + ;0
Compare the real part,
R =100 Q
_ oL
Q=R
L= QR _ 1002100 1 mH
Q) 10
@
x(t) A
< T,—>|
+V
>t
T‘l T‘l + TZ
_V|-------- T
[T,
Rms value of x(f)

1T ) 1 7 ) T1+Tp )
= ?gx (t)dt = ST, ‘([(V) dt + le (V)2 dt

=\/ L et +v2n) =2 =v
T1+T2

14 WO

A} = AZ+A3=3%+4°
A, = 5 Ampere

@

Diode D, will conduct for the positive half cycle
of the input.
The ammeter will read the average value,

Vo 1 4 1

= —X—=—X
Iavg. T R = 10 % 103
_ 04
avg. T
®)
Atresonance,
I'=1I,=1mA

Ig+I| = JI3+1? =12 +1? >1mA
| R L L
I +Ip| > 1mA

@

0 E,, cosot joC
i) = ———= e —
2 Ry+- 1 1+ joCR,
joC
Zid E,, 20 oC£90°
1 =
? \/1 +®?C?R? Ztan™! oCRy
Emu)C -1
N
12(1}) \/m 90°—-tan ~ ®CR
) . E,
At 0)=0,12(t)=0,(,0=00, lz(t):R—
2

Option (a) satisfies both conditions.

15 0

_ _fo
Q= B.W.
_ 1
fo= 21JLC
Bw. = X
L

s 1
(Characteristic equation = s+ T +—)

LC
1 |L
©” ®ic

whenR, L, C are doubled,

1
Q = Q=50

©

. o(f) 10§22 cos(t+10% 1045 cos(2t +10°)
i(t)= = +
R+ joL 1+1j 1+2j

i) - 10+/2 cos(t +10°) . 10~/5 cos(2t +10°)
J2 2450 J5/tan"12
. i(t) =10 cos(t - 35°) + 10 cos(2t + 10 - tan™' 2)

@

y = V(t){Ri+%+ij}
1 JO

= sin2{3+i+j><2><3}
2]
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= sin 2¢[3 - 2j + 6j] = sin 2¢[3 + 4]

= 5sin2t/tan”! % = 5sin (2t +53.1°)

1
joC 1 3
= () = ————+25sin10°¢
o) = 5 i) =g 2sin
joC
1 . 3
= ———2sin10°t

1+jx103x107
sin(10%t - 45°)

<
j=}
—
N
Il

22 WO

Characteristic equation = s? + 20s + 10°

Q: B(D‘;’V, 0)02\/106
3

o 100 _1000 o
20 20

@

S, : Impedance of series RLC circuit at resonant

frequency is minimum,
Z = R+j (mL —Lj
oC
1
oL-— =0
oC

Z = R (Purely resistive)

- r[C
S,: Q—R\/:

1 1 /C
= — = = — [—
6= 1= 0=gl

G7T then QY if Cand L are same.

©

Transfer function

1

sC _ 1
Risl+ L s’LC+sCR+1
sC

E o

@

AZ0)

n

0)71

R
L

1
VLC

R R |C
_ _J—LCZ_F
5 2L 2\VL

For no oscillations, §>1

fO =

“_‘
>1; R>2 |—
C

1 1
ZnvLC 2n 1><L><10_6
400
3 4
10 ><2O=£I_IZ
21 o

When 520° is acting along,

() = -5£0°
(as 10£60° is kept open)

When 10£60° is acting along,

@

AB

i(t) = 10£60°
(as 5£0° is kept open)
i,(t) = 10£60° - 5£0°
=5+8.60j-5
i,(t) = 8.66]

i,() = 5J3.290°

%\/5490’

Current x Impedance

5/30°x(5-3/) || (5+3))

(5-3j)x(5+3))
5-3j+5+3j

5230°x

25+9

5/30°x

=5/30°x 3.4
=17.£30°
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2. WU

1+2]
2040°v<1) /D []7+4j
I= 20 - = 10 -=2/-36.87°

8+6j 4+3j

Reactive power,

Q =12XL=4><4=16VAR
@

Characteristic equation for a parallel RLC
circuit is

1
where, Bandwidth = RC

@) Itis clear that the bandwidth of a parallel
RLC circuit is independent of L and
decreases if R is increased.

(i) At resonance, imaginary part of input
impedance is zero. Hence, at resonance
input impedance is a real quantity.

(iii) In parallel RLC circuit, the admittance is
minimum at resonance. Hence magnitude
of input impedance attains its maximum
value at resonance.

@

1
20£0°V Il 1Q = —
=10 rad/s

(L=20mH, C=50 uH)
Nodal analysis at node A,
VA' -20 +V_A+ Va 0
joL 1 1
joC

1 3 6 20
Vil ———5+1+j10°x50x107° |=——F———
AL‘lof’xzoxlo3+ I } 10°x20x1073
-] J ,
Vil —=+1+—=—| = -1
A[zo 20} /
V, =1V
7
- YA_ 1A
I 1 ]

@

Redrawing the circuit s-domain,

R+L
sC
| S O
+
1
V(s) "D 1(s) |:| (RHE) V,(s)
)
1 R'%
Vi(s) = (R+—j I(s)+ I(s)
sC R+ L
sC
1+sCR R .
Ve =~ 1O R -0
v, = Vpcos(t/RC)
Sohere, ®» = Rl_C
Now,
_ (1+joCR) R
Vi) o O i jecn) ©
Put, = %
(I+j )R R I
Sor V)= { i +1+J1 :
Vis) 3R
Is)  (1+))
Vi
I(s) = 3g)x(1+])
1
NOW, Vo(s) = (R| |zj I(S)
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1 Total power (kVA),
R;EIS P=V-I,
= %©—R+17” I, = 43.47./-36.86 ...(it)
C > 5 o
? Therefore, T = 1, +1, =78.25+j6.25 ..(iv)
R V;(s) )
= (8 = 17<CR 3R (1+)) So, the complex power delivered by source,
R Ve S = VI*=230(78.25 - j6.25)
ils . .
= ——=(1+ or, S =(18-j1.5) kVA
= = 157 3R (1+)) (18 -j1.5)
V. (S) 34. Sol.
= V=g
XA
In time domain,
1 L
v = gvl(t)
v V%cos( f j
- - P os|
M= 3\ Rre 0 /
T/2 T/2
© s
= —L and q _ ol Rms value = lsz(’f) dt
TR, 27 R, Ty

oL, = q,R, and oL, = g,R,

Coils are connected in series,

So,

qR = oL, + oL, =q;R; + ,R,
_ Nk +9oRy
R
R=R,+R,
_ nR+ Ry
Rl +R2

Y+

10 kW, 0.8 lead

‘N~

10kVA, 0.8 lag

_J_{g

Real power (kW),
P = VIcosd
P, = VxI cosd
3
Thus, I, = 10107 _ 54.34./36.86
230x0.8

.. (i)

where, T = time period
For the given signal,

1T/275 2 T
Rmsvalue = |= .[ (—tj dt+ J. (0)? dt
T 0

T/2 3\[/2
= /l | iztzdt: 1><42><[t]
T T 4T 3 ),
3
. AT :\/1:0.408
73| 24 6

@

Giventhat, V_= Ri(t)+

s

jwwt ()
0

Using Laplace transform,

Vis) = RI(s)+éI(s) (i)

V(s)

or, I(s) = AEED ...(iid)
(R+CS)

For, V(s) =
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From equation (iii) and (iv), 1 1 _100
19 C 1 . %™ oC 105 x1x10°
s) = = N\
(RCs+1) 1
R+ e Ve = IXC=10x10/ﬁ=%=17.68v
Using inverse Laplace transform in equation (v),
we get, (©)
. 1 _4+/rC 1 1 [L
= —@e = — =—,.—
0= ® 57 2Q'Q_R\/;
Thus, option (a) is correct. c
(b) . Dampingratio = &= 2\
R 1%
AW A ° Sol.
CJ_ y(b) 1kQ , 1uF I1mH 2kQ
sin(of) Cj) c= TV,
Applying KCL atnode A, we get = =
Vi —sinot V v Applying superposition:
=4 R + f\ + 2A =0 (D) V=5V (open circuited in steady-state)
j(DC j(l)C 1kQ 1TpuF 1 g 2kQ
h Vuh *
iC . 100
-V, l+joaC+](D =smoat 120 L.y
R 2 R
2
=Vp=——-—"— (i L
A7 243RC jo (1) =
AISO, Y = 2 24 3](DRC ...(111) Vah +
1 .
|A((0)| _ Z 5 sin(5000¢)
1 - 1
4 44902 (RCY? =
V , will be sinusoid with average value zero.
or o= 2 = Average, V, =5V
| e I s
ol.
Sol. 0V 40V V.
At resonance, ——WW T—¢
o lo/\2
4
® ! =10° rad /sec @
100 V, 50 Hz

J0.1x1073 x107
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(80)2 + (40 - V)2 = 1002

(40 - V)2 = 1002 - 802 = 3600

|40-V¢| = 60
V.=100V
{
SL
— x(joL+R) L
7, =22 T
M xjoL+R R
](D
R L , 1
joC " C R‘J(‘”L‘mc)
Zog = 3" 1
R+j(0)L—) R—j(mL—)
oC oC

Equating imaginary part to zero,

- znm\/

Sol.

Circuit contains balanced Wheatstone bridge.
Also at high frequencies capacitor can be

considered as short-circuits.

oV

Redrawing the circuit,
1kQ 1kQ
1.0 sin(wf) Ci)
1kQ 1kQ

V. = 1sinwt x 1kQ
= 0.5 sinwt
Peak output = 0.5V

Sol.

| et

50 Q BQ 5 Q
—MWW——TTD (O[O
- S 50
5n 51n(5000t)C~> —> %‘] =
—>
z Z,
. 1 .
5Qx + 75
! [fwc ! J
Z =
e j5(2+j5(2+,L
joC
I=0if Zisow
Z= Zeq+50 +75
For Z to be o,
Zeq = ©
N 1
=  Jj5+d+—= =0
joC
_ 1
10°= So00xC
1
= ———=20uF
5x10% x 10

m Sol.

At resonance (for parallel RLC circuit),

I =1
I, = QI/-90°
I = QI/-90°

For parallel RLC circuit,

Ll _ 19 \F
= _I=_0=R|=
x| I < L

-6
Y TR
10x10™
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®) Ea s

025H 100 uF
—
+ +
100 coswt ( ~
20 0.4 mH 10 uF C) 1
Vx(t) Vﬂ(t) l
20 Let, i(ty =1,£0,and Z, =1+ jo
i i = J1+0? 20,
where, V(t) = 2 cos(200¢t) + 4 sin(500¢) (o
As different frequencies are operating, using 9, = tan (_j
superposition theorem, we get for V=it (1Q)=1 26,
® = 200 rad/sec V,=it)Z, "o

X, = ol = (200) (0.25) =50 Q

1 1 = [, N1+0> 20, +0;

€ oC 200x100x107° From the given data,
=50 Q i
(6;+6,)-(8) = n
Short-circuit
a -
) 0,= —
4

"]
+
&
]
—_
VR
~|e
8 N—
Il
]

120 = 1rad/sec
"yM Sol.
- - fe—— v, —
———MWW—TT
V() = V) 40 1H T
For, ® = 500 rad/sec.
‘ 50
X, = 0.4 x 500 = 200 O <~> i) V2
1 1/36 H
X = —— =2000Q l
€ 10x107%x500 T
N = 3rad/sec
Open-circuit © 4
- Zy=(4+3)Q
+ and Z,=(5-j12) Q
200 0 V,| =
V(t
® li||Z,| =[i]V/5? +122 = 13]i]
) Vi| = lil|Zy] = |i|V4* +3% =5i|
Vo|  13Ji] 13
V() = V(b Pl 2B_22 26
Vol — 5l 5

Therefore,  V (t) = 2 cos(200t) + 4 sin(500t)
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| 45. JEDE o v 1 1
ere, CT wC 103106 1023
50 5H ; oC  10°x10 10
——MWW—— T X =10°Q
Y, T

o Ve 5F

Given that, V and I have same phase. So, the

circuit is resonance.

Atresonance, Ve =QV,
So, Ampl%tude of Vo _ Q- 1 \/z
Amplitude of Vg RNC

1\/§:O.Z
5V5

o1 ke
oC  5x107°
200 kQ
MW
+ +
5 sin(5) VC~> 200 kQ == V.
V.= %‘;2004-]'200) v
| 520°x1/-90°
- J2z-450
5

2/ 45°V =252 sin(St —5) \V
2 4

2,542 sin(5t—0.251) V

R =10°Q (Given)
o(t) = 2 sin 1000t V
=2/0°V
Redrawing the given network, we get,

i(t) 4

o(t)

As the bridge is balanced, it can be redrawn as,

R
AVMAV
()
N\
o(t)
2R
Ww 2/3R
AAAA
“2jX, v
il -2jX.
= il
R .
MW i(hA ~
i() A O/
o(f)
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Y, =Y, +Y,

eq

i(h) = o(f) x Y, = 240{%r jﬂ mA

= (3+j1)mA
= 3 sin(1000¢f) + cos(1000f) mA

@

120£-90°V

120£-30°V

[ =

I:

@

3

3.1
2R -2jXc

§x10‘3+j1x10‘3
2 2

vV 200/0°

I 10/-45°

1

=20£45°

1032 + j1042

1042
10v2
1042

——=2828H
5

®

®

‘[11 + 12]

[120.,-90° , 1202£-30°

Atw=0rad/sec,

’—> zo) R

(-2

| 80-j35
[=238/143.7°

1

80— 35

Xo= —&>=m

oC

R

1

(80 - j35) ©

7=

|

Impedance, Z(0) = R, + R,
With the help of graphat o =0,
Z(0) = 5kQ
R, +R,=5kQ
Ato=orad/sec,

Xe=—=

X.=0

’—> R, X.=0

Z(0)
o

Impedance, Z(w) = R, =2kQ
R/ +R, =5kQ
R, =3kQ

El o

As the current i(t) is lagging, element Z is
inductor,

Maximum value of current,
t - i
i(f) = 2
20| = 2
Z,=R+jX =1+ jol

Vi+o?2 = V2

1+ w?l2=2
Given, o = 1rad/sec.
=1
L=1H

0000
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Answers . EE Sinusoidal Steady State

1.

9.

17.

(60) 2. (15) 3. () 4. (a) 5. (d) 6. (d) 7. (a) 8. ()
®) 10. (b) 11. (b) 12. (b) 13. (d) 14. (b) 15. (a) 16. (b)
(17.332) 18. (250) 19. (¥) 20. (1) 21. (9) 22. (10) 23. (0.46)

Solutions . EE Sinusoidal Steady State

Sol. )

i10 L+L+I;=0

DI
L 7971732410 Ly=-L-1
-[-6 sin(wt)] - 8 coswt

(Using voltage division rule)

= V,x0.5260° Volts =10 [isin ot —icos wt}
Hence, V| has phase angle of 60° with respect 10 10
to V.. = -10[cos(36.87°) coswt
- sin(36.87°) sinwt]
Sol. = -10 cos(wt + 36.87°) mA
-+ Currents in resistor and inductor well be in
o U
quadrature for same voltage across them.
, 2 2
IA1= IA2 +IA8 = 122+92 =15A IRV I I >
)
® 3 =
(©) 3 Y, Yo W
When excited by an ac source, capacitor stores 5 T M
the energy in one half cycle and delivers that
energy in another half cycle. Hence total energy I = YRE=(0.5+0) x 10£0° =5 A
stored in a capacitor over a complete cycle, when I, = Y,E=(05-j15)x10£0°
excited by an ac source is zero. =15 A
I. = Y:E=(0+0.3) x10£0°=j3 A
(@) -
. . I=T,+I,+I-
To find: Rms value of i(¢) = 5+ (-j15)+/3=5-12A
Wehave,
i(t) A (@)
2A Rms value of dc voltage = chzms) =3V
T/2 T 3T/2 2T > Rms value of ac voltage = /(™)

T 4
L= /% [ () at = (Ej v
0 -.Rms value of the voltage

1 T 2
- Z-2A 4
gV = 32+(—Ej =948 = A7 v
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m (© Rms value of the input voltage
At, f =100 Hz = Vims =230V
2
Vr| = [Vi] p = Yims
1
As R and L are series connected, current through R
. 2
Rand L is same. — 930 x 10° = 230 . R=730
So, IR = IX, = loL
= R=X =0l (i) When heater connected to 400 V (peak to
[ - Vi 4 W peak) square wave source of 150 Hz.
JRZ+x?2 JRZ+R? V2R s
VR T Ums T IR 200V
\% Vi
V — mn jx R — m _
R [\/ER 2 >
= Vin = \/E Urms (1) -200 V=
T/2
At, f=50Hz, S ——
1 1
XLOCf T=?=ﬁsec.
.o 50 Xp R
XL = Xpx 100 2 2 V. value of the input voltage,
. 1/2
So, I = + v = FJOT Vzdt}
R*+(Xp) !
v, 2V, = (M 2000204 [T (o002 arl |
= i = \/_in - [f{fo t+.[T/2(_ ) tﬂ
2 5R
J R2 +(R) V. =200V
2
2 2
o1 ) P, = _Vrlrzns = _2(2)2 x107° =1.739 kW
Vg = I’Rz{ ianz—Vin
V5R) " 5
®)
From equation (i), . .
5 V. = 1sint=V, sinot
Vg = Tx(ﬁurms) V., =1Vand ®=1rad/sec.
> Impedance of the branch containing inductor
_ & u _ § u and capacitor,
- \/g rms 5 Tms .
Z = (X, -Xp)
B o - (o1
Assuming resistance of the heater = R ®
(i) When heater connected to 230 V, 50 Hz = j(lxl__j =0
source, energy consumed by the heater = x1
2 3 units of 2.3 kWh in 1 hour. So, this branch is short-circuit and the whole

current flow through it,

_ 1.0sint

Power consumed by the heater

energy  2.3kWh i(f)
time period ~ 1hour

=1.0sint

1
P, =23kW Rms value of the current = EA
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11.
Eld o - %x25><5><cos(36.87°)
V() = 1002 cos(100t) ) A
Voltage represented in phasor form, =5 25x5x 5° S50 W
V=V L0
P Alternate method:
_ 100v2 o, >
ph - \/E P = |Irms| R
) 10\/§sin(100nt+nJ P (5 jz 4=50
1 = —_— = —_— X =
3 7
, T
i(H) = 10\/§C05(100nt+z—5j (@)
Vi fommmmmmmm e 1%
1042 (n nj ( nj ’ !
= A T o104 - |A
LN (4 2 4

12 WU

Power supplied by the source = V_I_ cos¢

> >V,
where, ¢ = angle between V_and I = % I ’
Inductor and capacitor do not consume power. Vlz = V22 + V32 +2V,V3 cos
Therefore, power dissipated in (220)2 = (122)2+ (136)2 +2 x 122 x 136 x cosd
R =Power supplied by the source = cosp = 0.45

Py = VI cosd

16 0

T
= 1X\/§><COSZ Given, RL =50
1 Ry
= J2x—==1W cosh = —
) M
@ ok
] @ = 2] = 545 =1111
Using KCL, Power consumed by load,
[+ I +1-=0 2
= Ie =1 -1I, p, = U%j R
=25 sk
4 4 136 \?
- o _ . = _— X 5 = ~
2./90° = 42 A (11.11) 749.1 ~750 W

® Sol.

i = 5cos(100mt +100° A)

- 51007 A wa aa g8 X wal X7 s
Z=#4-73)Q o et 3_"_‘“ ____________ |
=5/-36.87° Q I} Load
v = iZ=25/6313°V 2@ Xa (2o
The average power is,
1
p= EVmIm cos¢ Given, total power dissipated in the circuit

=1 kW =1000 Watt
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22x1+102%x R =100
998

= —=9980Q
or, R 100

Also, voltage drop across R,
Vi, =IR=10x9.98
= 99.8 Volt
Voltage drop across load,

V = 200 Volt=V3 + V¥

. Voltage drop across inductor,

= /(200)% —(99.8)?

= 173.32 Volt
Vx
— L
Now, VXL = IXL or T
= 173.32 =17.332Q
X =17.332Q

Sol.
The average power consumed by the load =
P = V,I cosd,
= @E cos60° =250 W
V2 2
)
All answer are wrong, answer given by IIScis (c).
Sol.

If we observe the parallel LC combination we
get thatat =1000 rad/sec the parallel LC is at
resonance thus it is open-circuited. The circuit
given in question can be redrawn as,

40

5Q

&
-/
10 sin(1000f)
_ 10sin1000¢ _

10

So, I sin 100t

So peak value is 1 Amp.

©

VZ
V3
10°
50
>V,
vy = 180 e
18 18
180°
Vs LI =5°
36 36

V,leads V; and V.
So, V,is asource, V, and V, are absorbing.
Hence, p,>0, P, p,< 0

Sol.

Given that,
v(t) = 5-10 cos(ot + 60°)
i(f) = 5+ X cos(wt - 0°)
Py=0

0 = 5%5 +%[(-10) (X)cos(60°)]

225 = [(-10) (X)cos(60°)]

X =10
Sol.
o(t) = V, ett
+
Vo =100V 41 pL 100 1kQ

= RC _
= (10%) (107)
= 10 sec

4
o) = 1000tV
Let the time required by the voltage across the
capacitor todrop to1 Vis ¢,.

4
o(t) = 100e 01, v (1) =1V

4
1001071

= 1

104 = 0.01

t, = 0.46 msec

oooo



Q.1

Q.2

Q.3

Network Theorems

ELECTRONICS ENGINEERING
(GATE Previous Years Solved Papers)

If an impedance Z, is connected across voltage
source V with source impedance Z, then for
maximum power transfer the load impedance
must be equal to
(a) source impedance Z_
(b) complex conjugate of Z_
(c) realpartof Z
(d) imaginary part of Z_

[EC-1988 : 2 Marks]

In the circuit of figure, the power dissipated in
the resistor R is a 1 W when only source ‘1" is
present and ‘2’ is replaced by a short. The power
dissipated in the same resistor R is 4 W when
only source ‘2" is present and ‘1’ is replaced by
a short. When both the sources “1” and ‘2" are

present, the power dissipated in R will be

10 2Q
G G
i C: So,lil:ce R=1Q Solt;‘ce Cj) i
N N
@ 1W b) 3W
(© 4 d 5W

[EC-1989 : 2 Marks]

Aload, Z, =R, +jX, is to be matched, using an
ideal transformer, to a generator of internal
impedance, Z_ = R_+ jX_. The turns ratio of the
transformer required is

() |ZL /Zs| (b) |RL /Rs|

© +IRL/Z] @ IR /Z|

[EC-1989 : 2 Marks]

Q4

Q.5

Q.6

If the secondary winding of the ideal transformer
shown in the circuit of figure has 40 turns, the
number of turns in the primary winding for

maximum power transfer to the 2 Q resistor
will be

Ideal

8Q transformer
——MWW—

>
% E 40 turns §2Q

(b) 40
d) 160
[EC-1993 : 1 Mark]

In the circuit of figure , when switch S, is closed,
the ideal ammeter M, reads 5 A. What will the
ideal voltmeter M, read when S, is kept open?
(The value of E is not specified).

OF

40 3Q

W
-

60 A) M,

>
S 10Q
>

AAAA

8Q 5Q

20 3Q

[EC-1993 : 2 Marks]

A generator of internal impedance, Z . delivers
maximum power to a load impedance, Z; only
if Z, =

[EC-1994 : 1 Mark]
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Q.7  The value of the resistance, R connected across (@ 2 (b 4
the terminals, A and B (ref. figure), which will © 8 d) 16

absorb the maximum power, is

3kQ 4kQ
6 kQ 4kQ
(@) 4.00 kO b) 4.11 kO
(©) 8.00 kO (d) 9.00 kQ

[EC-1995 : 1 Mark]

Q.8 Superposition theorem is not applicable to
networks containing
(@) non-linear elements
(b) dependent voltage sources
(c) dependent current sources
(d) transformers
[EC-1998 : 1 Mark]

Q.9  TheTheveninequivalent voltage V., appearing
between the terminals A and B of the network
shown in the figure is given by

3Q

AAA
VVVYy

+0

100.£0° v@ E J2 _( -6 +j4 E Vi

? |

(@) j16(3 -j4) (b) j16(3 +j4)
(© 16(3 +j4) (d) 16(33-/4)
[EC-1999 : 2 Marks]

Q.10 The value of R (in Q) required for maximum
power transfer in the network shown in the

figureis
5Q 40
—WW MWW
+
25V — 200 3A R

[EC-1999 : 2 Marks]

Q.11 Use the data of the Fig. (a). The current ‘7" in the
circuit of the Fig. (b).

10V—= /2 A

—20V
Fig. (b)
@ -2A b) 2A
© -4A d +4A

[EC-2000 : 2 Marks]

Q.12 In the figure, the value of the load resistor R
which maximizes the power delivered to it is

10Q 1H
—WW T

E,, cos10t <~> R,

(@) 1414 Q
(© 200 Q

(b) 10 @
(d) 28.28
[EC-2001 : 2 Marks]

Q.13 Inthenetwork of the figure, the maximum power
is delivered to R, if its value is

400
0.51,<} 200 R,

=50V
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40 Q.17 An independent voltage source in series with
(@ 16 Q (b) 3 Q animpedance Z_= R_+;X_deliversa maximum
© 600 d 200 average power to a load impedance Z, when
c

Z, =R +jX Z, =R
[EC-2002 : 2 Marks] @ 2, =R+jX 0 2 =R,
© 7,=iX, @) Z,=R,-jX,

Q.14 A source of angular frequency 1 rad/sec has a [EC-2007 : 1 Mark]
source impedance consisting of 1 Q resistance o . ] .
in series with 1 H inductance. The load that Q.18 Forthe Clrcults}.lownmthef-lgur-e, the Thevenin
will obtain the maximum power transfer is voltage and resistance looking into X-Y are
(@) 1Q resistance. "3\/(‘2‘

o X
(b) 1 Q resistance in parallel with 1 H o ;
inductance.
(¢) 1Q resistance in series with 1 F capacitor. 2 <f> 10 2 A (*) 0
(d) 1Qresistancein parallel with 1F capacitor.
[EC-2003 : 1 Mark]
oY

Q.15 The maximum power that can be transferred to
the load resistor R; from the voltage source in 4 5
the figure is (@) 3 V,2Q (b) 4V, 3 Q

100 4 2
© =V, =-Q (d) 4V,2Q
3 '3
oV M 2 [EC-2007 : 2 Marks]
- L
B Q.19 The Thevenin equivalent impedance Z,
between the nodes P and Q in the following
@ 1W b) 10W circuit is
() 0.25W (d) 0.5W 1H 1F
11
[EC-2005 : 1 Mark] we l 1l

Q.16 For the circuit shown in the figure, Thevenin’s 10 P
voltage and Thevenin’s equivalent resistance <$ 1A 10
at terminals a-b is

10V 0
—
1A L
1
oa +
h 4 (@ 1 (b) 1+s+—
0.51, <_> 50 o T 10V S
1 s2+s+1
(€ 2+s+-— d) 5——
s s°+2s5+1
(@ 5Vand2Q () 75Vand25Q [EC-2008 : 2 Marks]
() 4Vand20 (d) 3Vand250 Q.20 In the circuit shown, what value of R,

[EC-2005 : 2 Marks]

maximizes the power delivered to R, ?
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Q.21

Q.22

Electronics Engineering

eNetwork Theory

(@) 240 (b) gg
(© 40 d 60

[EC-2009 : 2 Marks]

In the circuit shown below, the Norton
equivalent current in amperes with respect to
the terminals P and Q is

30Q
OO op

250 = 50 Q

16.20° A f)

150
(@) 6.4-j48 (b) 6.56 - j7.87
(© 10+;0 (d) 16 + 0

[EC-2011:1 Mark]

In the circuit shown below, the value of R, such
that the power transferred to R, is maximum is

100 100
100
5VC1> G 1A R,
2V
@ 50 b) 10 Q
© 150 d) 200

[EC-2011:1 Mark]

Q.23

Q.24

Q.25

Q.26

The impedance looking into nodes 1 and 2 in
the given circuit is

9kQ
1

T 2
(@) 50Q (b) 100 Q
© 5kQ d) 10.1kQ

[EC-2012:1 Mark]

Assuming both the voltage sources are in phase,
the value of R for which maximum power is
transferred from circuit A to circuit B is,

i 20 1 1 R :
L MWW |
- B .
110V ~> | ' jl1Q= ("’)3‘/5
i CircuitA | |  CircuitB i
(@) 0.8Q b) 140

© 2Q d 28Q

[EC-2012: 2 Marks]

A source v (t) = V cos100nt has an internal
impedance of (4 + j3) Q. If a purely resistive
load connected to this source has to extract the
maximum power out of the source, its value
(in Q) should be

@ 3 (b) 4
(© 5 d 7
[EC-2013 : 1 Mark]

In the circuit shown below, if the source voltage
V, = 100£53.13 V, then the Thevenin’s
equivalent voltage (in Volts) as seen by the load
resistance R; is
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j6Q 50

VVVV

I, )R =1003
10V, 3

(b) 800£0°
(d) 100£60°
[EC-2013 : 2 Marks]

(@) 100.£90°
(c) 800£90°

Q.27 Norton's theorem states that a complex network
connected to a load can be replaced with an
equivalent impedance

(@) in series with a current source
(b) in parallel with a voltage source
(c) inseries with a voltage source
(d) in parallel with a current source
[EC-2014 : 1 Mark]

Q.28 In the figure shown, the value of the current I
(in Amperes) is

50 50
——MWW—

5v<i> G 1A 100

[EC-2014 :1 Mark]

Q.29 In the circuit shown in the figure, the angular
frequency o (in rad/sec), at which the Norton
equivalent impedance as seen from terminals
b-b' is purely resistive, is

1Q 1F

+

10 coswt (Volts) <~>

[EC-2014 : 2 Marks]

Q.30 In the given circuit, the maximum power
(in Watts) that can be transferred to the load
R, is .

2Q
—MWW

420V, <~>

20

000,

AAAA
VYVY
=
4

[EC-2015 : 2 Marks]

Q.31 In the circuit shown, the Norton equivalent
resistance (in Q) across terminals a-b is .

20
MW 0a

ob
[EC-2015 : 2 Marks]

Q.32 For the current shown in the figure, the
Thevenin equivalent voltage (in Volts) across
terminals a-b is

30
—WW oa

1A<D 60

12V—/

ob
[EC-2015:1 Mark]

Q.33 Inthecircuit shown in the figure, the maximum
power (in Watt) delivered to the resistor R is

3kQ 10kQ
MW
+
5 v(:) 2kQ SV, 1oov(,<t 40kQ R

[EC-2016 : 2 Marks]

Q.34 In the circuit shown below, V_ is constant
voltage source and I, is a constant current load.
The value of I, that maximizes the power
absorbed by the constant current load is
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Q.35

Q.36

Electronics Engineering eNetwork Theory
R 10 20
—W———o——y v MW
O
5V RQ 1A
®:
. @
v, v, 1Q 20
@ 3R ®) SR
Vs
© = (d) o ? RQ 5V
R
[EC-2016 : 1 Mark]
Consider the circuit shown in the figure. (b)
(@) 0.5A b) 25A
%% © 1A d) 2A

3,

A op
1Q

> >
10V@> 1Q 10
S

MW 0 Q
10

The Thevenin equivalent resistance (in Q)
across P-Q is
[EC-2017 : 2 Marks]

Consider the two-port resistive network shown
in the figure. When an excitation of 5 V is
applied across port-1 and port-2 is shorted, the
current through the short-circuit at port-2 is
measured to be1 A [see (a) in the figure].

Now, if an excitation of 5 V is applied across
port-2, and port-1 is shorted [see (b) in the
figure], what is the through the short-circuit at

port-1?
1Q 2Q
Port-1 RO Port-2
o o

[EC-2019 : 1 Mark]

Q.37

In the circuit shown below, the Thevenin voltage
Vi is

2V 20 40

1A<D 10 2A<D 20 Viy

(@ 2.8V
(© 24V

(b) 3.6V
(d) 45V
[EC-2020:1 Mark]

ELECTRICAL ENGINEERING
(GATE Previous Years Solved Papers)

SECTION-A

Q.1  Thefollowing circuit shown in figure resonates

at
4H 1F
100 e
—— MWW
—
1F

)
N\
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Q.2

Q.3

Q4

Q.5

(@) allfrequencies
(c) 5rad/sec

(b) 0.5rad/sec
(d) 1rad/sec
[EE-1993 : 1 Mark]

At resonance, the given parallel circuit
constituted by an iron-cored coil and a capacitor

Q.6

behaves like

Q.7

(@) an open-circuit

(b) ashort-circuit

(c) apureresistor of value R

(d) apureresistor of value much higher than R
[EE-1994 : 1 Mark]

A series RLC circuit has the following parameter
values: R=10Q, L =0.01 H, C =100 mF. The
Q-factor of the circuit at resonance is

[EE-1995 : 1 Mark]

A coil (which can be modeled as a series RL
circuit) has been designed for high
Q-performance at a rated voltage and a specified Q.8
frequency. If the frequency of operation is
doubled and the coil is operated at the same
rated voltage then the Q-factor and the active
power P consumed by the coil will be affected

as follows:

(@) Pisdoubled, Qis halved.

(b) Pishalved, Qis doubled.

(¢) Premains constant, Q is doubled.
(d) P decreased 4 times, Q is doubled.

[EE-1996:2 Marks] 22

A sinusoidal source of voltage V and frequency
f is connected to a series circuit of variable
resistance R and a fixed reactance X. The locus
of the tip of the current phasor I as R is, varied
from 0 to ois

(@) asemicircle with a diameter of V/X.

(b) astraight line with a slope of R/ X.

(c) anellipse with V/R as major axis.

(d) acircleof radius R/ X and originat (0, V/2).
[EE-1998 : 1 Mark]

A circuit with a resistor, inductor and capacitor

in series is resonant at f, Hz. If all the component
values are now doubled, the new resonant

frequency is
@@ 2f, (b) still f,
© L @ %

[EE-1998 : 1 Mark]

A fixed capacitor of reactance -j0.02 Q is

connected in parallel across a series

combination of a fixed inductor of reactance

j0.01 Q and a variable resistance R. As R is varied

from zero to infinity, the locus diagram of the

admittance of this RLC circuit will be

(@) asemi-circle of diameter j100 and center at
Zero.

(b) a semi-circle of diameter j50 and center at
Zero.

(c) astraight line inclined at an angle.

(d) astraight line parallel to the x-axis.

[EE-1999 : 2 Marks]

A series RLC circuit when excited by a 10 V
sinusoidal voltage source of variable frequency,
exhibits resonance at 100 Hz and has a 3 dB
bandwidth of 5 Hz. The voltage across the

inductor L at resonance is
(@) 10V b) 1042V

10

© Vv

(d) 200V
[EE-1999 : 1 Mark]

The current in the circuit shown in figure is

I 200 +200 V_
—>—MWW———T00——

100 V 9
50 Hz

— 200 V
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Q.10

Q.11

230V ~)
50 Hz

Q.12

Q.13

Electronics Engineering eNetwork Theory
(@ 5A (b) 10 A (@ 2.14mH (b) 5.30mH
() 15A (d 25A () 31.8mH (d) 1.32mH

[EE-1999 : 1 Mark]

In a series RLC circuit at resonance, the

magnitude of the voltage developed across the

capacitor

(a) is always zero.

(b) cannever be greater than the input voltage.

() can be greater than the input voltage,
however itis 90° out of phase with the input
voltage.

(d) can be greater than the input voltage, and
is in phase with the input voltage.

[EE-2000 : 1 Mark]

In the circuit shown in figure, what value of C
will cause a unity power factor at the ac source.

<

|1
1T
(@]

7, =30.240° Q

|
(b) 165 pF
(d) 6.81pF
[EE-2002 : 2 Marks]

(@) 68.1uF
(c) 0.681 uF

A series RLC circuit has R =50 Q, L =100 uH
and C=1 pF. The lower half power frequency of
the circuit is

(@) 30.55 kHz
(¢) 51.92 kHz

(b) 3.055 kHz
(d) 1.92kHz
[EE-2002 : 2 Marks]

In the circuit of figure, the magnitudes of V, and
V- are twice that of V. Given that, f= 50 Hz, the
inductance of the coil is

5Q

Q.14

Q.15

[EE-2003 : 2 Marks]

The value of Z in figure which is most
appropriate to cause parallel resonance at
500 Hz is

2 |-

(@ 125.00 mH
() 2.0uF

(b) 304.20 uF
(d) 0.05uF
[EE-2004 : 1 Mark]

The circuit shown in the figure is energized by
asinusoidal voltage source V, at a frequency
which causes resonance with a current of I.

v,
Vi

The phasor diagram which is applicable to this

\
Al
<

circuit is

Y~

\

\
=
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AIm
© ®
» Re
AIm
d o
» Re
[EE-2006 : 2 Marks] [EE-2007 : 2 Marks]

Q.16 The RLC series circuit shown is supplied from Q.17  In the figure given below all phasors are with

a variable frequency voltage source. The reference to the potential at point ‘O’. The locus

admittance locus of the RLC network at of voltage phasor V) as R is varied from zero to

terminals AB for increasing frequency wis infinity is shown by
A R
——WW—
vl @ .
V
[0} and L YX
© = —
X Y
| ol (~ =C
. C|— V.0 ()
A Im g
o

/\ Locus of V.

N N
® 2V @

A Im

/\ Locus of Vg © 2V
(b) \‘J > Re [EE-2007 : 2 Marks]

© Q.18 Theresonant frequency for the given circuit will
be
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Q.19

Q.20

Q.21

Electronics Engineering

eNetwork Theory

01H

o

(@) 1rad/sec
(c) 3rad/sec

(b) 2rad/sec
(d) 4rad/sec
[EE-2008 : 2 Marks]

Two magnetically uncoupled inductive coils
have Q-factors g, and g, at the chosen operating
frequency. Their respectively resistances are R,
and R,. When connected in series, their effective
Q-factor at the same operating frequency is

o ()G

R R
© [‘711;1+012sz d (‘71 2+ 1j
1+R2 R1+R2

[EE-2013: 2 Marks]

@ g,%4,

A series RLC circuit is observed at two
frequencies. At , = 1 k-rad/s, we note that
source voltage V, =100£0° V results in a current
1,=0.03£31° A.
At o, = 2 k-rad/s the source voltage
V,=100£0° V results i a current I, = 220° A.
The closest values for R, L, C out of the following
options are:
(@ R=50Q,L=25mH, C=10pF
(b) R=50Q,L=10mH, C=25pF
() R=50Q,L=50mH, C=5pF
(d) R=50Q,L=5mH, C=50pF

[EE-2014 : 2 Marks]

An inductor is connected in parallel with a
capacitor as shown in the figure.

: {0 ;

oo L !

1 ]
o—>—+ —}Z—o

i C :

As the frequency of current i is increased, the
impedance (z) of the network varies as,

Q.22

zA

Inductive

Capactive

z A

Inductive

Capactive

G
\l
—

z A

Inductive

Capacitive

zZA

m
@ .

[EE-2015: 1 Mark]

The circuit below is excited by a sinusoidal
source. The value of R in Q, for which the
admittance of the circuit becomes a pure
conductance at all frequencies is

100 pF R
—WW—

>
%

[EE-2016 : 2 Marks]
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Q.23 In the balanced 3-phase, 50 Hz circuit shown

Q.24

Q.25

below, the value of inductance (L) is 10 mH.
The value of the capacitance (C) for which all

the line currents are zero, in milli-farads, is

O
LKL
C C
o Q0
L
O

[EE-2016 : 2 Marks]

The voltage v(f) across the terminals a and b
shown in the figure, is a sinusoidal voltage
having a frequency ® =100 rad/sec. When the
inductor current i(f) is in phase with the voltage
v(t), the magnitude of the impedance Z (in Q)
seen between the terminals @ and b is

(upto 2 decimal places).

i(f) L
ag—»—’m\

70

>
’—> = 100pF 21000
<>
z

[EE-2018 : 2 Marks]

A dcvoltage source is connected to a series L-C
circuit by turning on the switch S at time t =0 as
shown in the figure. Assume i(0) = 0, v(0) = 0.
Which one of the following circular loci

represents the plot of i(f) versus v(t)?

5v<:) C=1F= v(t)

i(t) A

> v(f)

(a) (0,-5)

i(t) A

0,5)9

i(f)

A
d) H o(t)

[EE-2018 : 2 Marks]

SECTION-B

Q.1

In the following circuit, i(f) under steady-state

is
iy 10 2H
5V —
i —~ 1F
10 sint
(@) zero b 5

(c) 7.07 sint (d) 7.07 sin(t - 45°)

[EE-1993 : 1 Mark]
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eNetwork Theory

Q.2 Superposition principle is not applicable to a
network containing time-varying resistors.
(True/False)

[EE-1994 : 1 Mark]

Q.3  For the circuit shown in figure. The Norton
equivalent source current values is
A and its resistance is

Q
—’S;Vg\;‘v @ oA

6V<i> 3Q§ 30

o B
[EE-1997 : 2 Marks]

Q.4 Viewed from the terminals A and B, the
following circuit shown in figure can be reduced
to an equivalent circuit of a single voltage source
in series with a single resistor with the following

parameters.
Ao
1AY 40
6Q 5V
Bo

(@) 10 Volt source in series with 10 Q resistor.
(b) 7 Volt source in series with 2.4 Q resistor.
(c) 15 Volt source in series with 2.4 Q) resistor.
(d) 1 Voltsource in series with 10 Q resistor.
[EE-1998 : 2 Marks]

Q.5 In the figure, Z, = 10£-60°, Z, = 10£60°,
Z,=50£53.13°. Thevenin impedance seen from
X-Y is

Z Zy

+

10040°<~) Z,

(@) 56.66.,45°
(©) 70£30°

(b) 60£30°
(d) 34.4265°
[EE-2003 : 1 Mark]

Q.6 Two a.c. sources feed a common variable
resistive loads as shown in figure. Under the
maximum power transfer condition, the power
absorbed by the load resistance R, is

60 j8Q 6Q

v

80
110£0°V R, iy 90£0° V

(@) 2200 W
(©) 1000 W

(b) 1250 W
(d) 625 W
[EE-2003 : 2 Marks]

Q.7  In the given figure, the Thevenin’s equivalent
pair (voltage, impedance), as seen at the

terminals P-Q, is given by

10Q
AAAA P

i Wy
20Q 4V [ 10Q

b 2V,75Q)
(d @4V,75Q)
[EE-2005 : 2 Marks]

Unknown
network

Q

@ (2V,50)
© (4V,5Q)

Q.8 Inthefigure the currentsourceis1Z0A,R=14,
the impedance are Z-=-jQand Z; =2 Q. The
Thevenin equivalent looking into the cicuit
across XYis,

o X

® g

oY



GATE Previous Years Solved Paper

| 81

Q.9

@ 5v220°V,(1+2))Q

(b) 2£45°V, (1-2j)Q
(©) 2£45°V,(1+))Q
(d) v2£45°V,(1+j)Q  [EE-2006:1Mark]

The Thevenin’s equivalent of a circuit operating
at ® =5 rad/sec has V,. =3.71/-15.9° V and
Z, = 2.38 - j0.667 Q. At this frequency, the
minimal realization of the Thevenin’s
impedance will have a
(@) resistor and a capacitor and an inductor.
(b) resistor and a capacitor.
(c) resistor and an inductor.
(d) capacitor and an inductor.

[EE-2008 : 1 Mark]

Statement for Linked Answer Questions (10 and 11):

Q.10

Q.11

Q.12

2kQ Vs
— W &> oA
5V<i> 2kQ 1kQ

o B

For the circuit given above, the Thevenin’s
resistance across the terminals A and B is

(@) 0.5kQ (b) 02kQ
(© 1kQ (d) 0.11 kQ
[EE-2009 : 2 Marks]

For the circuit given above, the Thevenin’s
voltage across the terminal A and B is
(@ 125V (b) 025V
() 1V (d) 05V

[EE-2009 : 2 Marks]
In the circuit given below, the value of ‘R’

required for the transfer of maximum power to
the load having a resistance of 3 Q is

10V—/ 3Q Load

Q.13

Q.14

Q.15

Q.16

(@) Zero
(c 6Q

b) 30
(d) Infinity
[EE-2011 : 1 Mark]

The impedance looking into nodes 1 and 2 in
the given circuit is

(@ 50 Q
() 5kQ

(b) 100 Q
(d) 10.1 kO
[EE-2012 : 1 Mark]

Assuming both the voltage sources are in phase,
the value of R for which maximum power is
transferred from circuit A to circuit Bis

-1Q=— 3V

Circuit A Circuit B
(@) 08Q b) 140
© 20 d) 280

[EE-2012: 2 Marks]

A source v (t) = V cos100nt has an internal
impedance of (4 + j3) Q. If a purely resistive
load connected to this source has to extract the

maximum power out of the source, its value
(in Q) should be

(@) 3 (b) 4
(© 5 d 7
[EE-2013 : 1 Mark]

In the circuit shown below, if the source voltage

= 100£53.13° V, then the Thevenin’s
equivalent voltage (in Volts) as seen by the load
resistance R; is
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60 30
MW

10v, G)

>
2R, =10Q
S

AAA

Q.17

Q.18

Q.19

(@) 100£90° V
(©) 800£90°V

(b) 800£0°V
(b) 100£60° V
[EE-2013: 2 Marks]

Assuming an ideal transformer, the Thevenin’s
equivalent voltage and impedance as seen from
theterminalsx and y for the circuit in figure are

10
———————oux
sin(wt) GHE
l T1:2 oYy

(@) 2sin(ot),4Q
() 1sin(wt),2Q

(b) 1sin(ot),1Q
(d) 2sin(wt),0.5Q
[EE-2014 : 1 Mark]

A non-ideal voltage source V, has an internal
impedance of Z_. If a purely resistive load is to
be chosen that maximizes the power transferred
to the load, its values must be

(@ O
(b) real part of Z_
(c) magnitude of Z
(d) complex conjugate of Z_
[EE-2014 : 1 Mark]

The Norton’s equivalent source in amperes as
seen into the terminals X and Y is

25V
:||| oX

s

oY
[EE-2014 : 2 Marks]

Q.20 The voltage across the capacitor, as shown in

Q.21

Q.22

Q.23

the figure, is expressed as:
V.(t) = A, sin(o,t-0,) + A, sin(w,t - 0,)

1Q 1H

20 sin10t <~> V(t)\jI 1F CD 10 sin5t

The values of A, and A, respectively, are

(@ 2.0and 1.98 (b) 2.0and 4.20

() 2.5and 3.50 (d) 5.0 and 6.40
[EE-2014 : 2 Marks]

For the given circuit, the Thevenin equivalent is
to be determined. The Thevenin voltage, V
(in Volt), seen from terminal AB is

10 201

°B
[EE-2015: 1 Mark]

The circuit shown in the figure has two sources
connected in series. The instantaneous voltage
of the AC source (in Volt) is given by
V(t) = 12 sint. If the circuit is in steady-state.
Then the rms value of the current (in Ampere)
flowing in the circuit is

V(b) 1Q

1H
8V

[EE-2015 : 2 Marks]

In a linear two-port network, when 10 V is
applied to port-1, a current of 4 A flows through
port-2 when it is short circuited. When 5 V is
applied to port-1, a current of 1.25 A flows
through a 1 Q resistance connected across
port-2.
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When 3 V is applied to port-1, the current
(in Ampere) through a 2 Q resistance connected
across port-2 is

[EE-2015 : 2 Marks]

Q.24 Inthe circuit shown below, the maximum power

transferred to the resistor R is W.
30
50 SAY
—+
5V R 5Q 2A

[EE-2017 : 2 Marks]

Q.25 Inthecircuit shown below, the value of capacitor
Crequired for maximum power to be transferred
to the load is

[EE-2017 : 2 Marks]

Q.26 For the network given in figure below, the
Thevenin’s voltage V , is

100 100
MW MW—
a0
6AG 50 100 @6V
bo
(@) -15V (b) 05V
© 05V d 15V

[EE-2017 : 2 Marks]

Q.27 For the given two-port network, the value of
transfer impedance Z,, (in Q) is

2Q
—AMW———
10— L—o02
4Q 2Q
2Q
1o e o2

[EE-2017 : 1 Mark]

Q.28 The current ] flowing in the circuit shown below
(in Ampere), is

-
-
—~

YVVYV

<
20Q 2
<

200 V 160 V 100 V

I I

T SOVT

[EE-2019 : 2 Marks]

Q.29 The Thevenin equivalent voltage, V,, (in Volt)
(Rounded of to 2 decimal places) of the network
shown below, is

20 30
MW MW—o

0

[EE-2020:1 Mark]

Q.30 A benchtop dc power supply acts as an ideal
4 A current source as long as its terminal voltage
is below 10 V. Beyond this point, it begins to
behave as an ideal 10 V voltage source for all
load currents going down to 0 A. When
connected to an ideal rheostat, find the load
resistance value at which maximum power is
transferred, and the corresponding load voltage
and current.

(@ 250,4A,10V (b) 25Q,4A,5V
(c) Open,4A,0V (d) Short,0A,10V
[EE-2020 : 2 Marks]

0aoo
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{Answers & Explanations }

A EC Network Theorem

1. () 2. () 3. (a) 4. (0 5. (5) 6. (Sol) 7. (a) 8. (a)
9. (a) 10. () 11. (9) 12. (a) 13. (a) 14. () 15. () 16. (b)
17. (d) 18. (d) 19. (a) 20. () 21. (a) 22. () 23. (a) 24. (a)
25. (o) 26. () 27. (d) 28. (05)  29. (2) 30. (1.649) 31. (1.33)  32. (10)
33. (08) 34. (b) 3. (-1)  36. () 37. (b)

el E€
® (

According to maximum power transfer theorem,

Z, = Zg

n_1
(@) o 2
P,=1W; P,=4W n, = 2n,
Since the polarity of both the sources are =2x40=280
different, i
P= (\/ﬁ_\/g)Z Across switch S,,
P = (V1-4)? =(1-2)? I.=5A
P=1w Ry, = [(4116+2118)+3+3]1110+5
(@) Ry, = (24+1.6+3+3)[/10+5
7z, (mY = 10111045=5+5
Zs [EJ Ry =100
w Iz Voe = Vyg = IRy =5x10=50 V
E B Z n Sol.

Bl o Z,= 7

w17l %6~ Rt /%
= | Z, = R;-jXg
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@

Maximum power will be absorbed by R when
R=Rq,.

Ry, =(3116)+(4114)
=R=2+2=4KkQ

RAB

RTh

Bl o

Superposition theorem is applicable for linear
network.

EA o

1002£0° A3 Q

4OA

2 J‘ -6 +j4 E Vin

[ 1.

000

100£0° V <~>

V = 100£0°
"
Vy, = 100£0°—L—
3+4j
_ 100x4j(3-4j)
- 25
Vi, = 16j(3 - 4j)

©
For MPT, R should be equal to R, . of the circuit
seen from the terminal after removing R.

Deactivating voltage and current sources.

50 4Q

20Q

0

R= (5l120)+4=4+4
=80

©

This is a reciprocal and linear network.
According to reciprocity theorem which states
“Two loops A and B of a network N and if an
ideal voltage source E in loop E produces a

current I in loop B, then interchanging positions
an identical source in loop B produces the same
current in loop A”. Since network is linear,
principle of homogeneity holds and so when
volt source is doubled, current also doubles with

opposite direction.

@
X;=0oL=10Q
Zs=10+710

R for max power transfer = |Z| = 10v2

= [10+10j| =10v2.£45°

=14.14 Q
@
For maximum power delivered to R, open
circuit RL,
4 o
400
0.5, gzoo
50V
o I
B
Ry, across AB,
@
Il
0554 200 400 ==V
KCL atnode1,
051, +1= ~-t e
1 20 40
Vv v v
So—+] = —+—
= 0.5 10 + 20 a0
- V(i+i_ij
20 40 80
14
= T Ry, =16
R, = R, =16
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©
) So, 2= Vm(1+1+1‘zj

Z, =R, -jX, 2 1 11

Z,=1-% Vi, = 4 Volt
© From the figure I =2 Ampere
For maximum power transfer, So, Ry, = VLh = é =20

R, = R, =100 Q Ige 2

2
p=v_:ﬁ:0_25w @
R 100
(Vacross R, =5V) s Pays
(b)
For Vi, 10 10
M_F—Vub —10 =1
5 5

(when current source is in series with voltage
source effect of current source is taken),
2V, =15 =V, =75

0.51
00 5 L ro1a
L, R

(Impedance connected to 0.51, current source)
For R;,, make independent sources dead,

a 50
10Q 50Q
b
Ry, = 5115=250Q

Gl

ZL = Rs —sz
For maximum power transfer,

Z, = Z:

Z, =R, -jX,

()
For V,,, applying KCL at node X,

2 = VTh +VTh +VTh—2l
2 1 1

Vi

where, 1= 1

1 (s+1)(1+1)
7, = (s+1>||(1+_j N G
S
(s+1)+1+—
S
_s+)?/s
T (+1)(s+1)/s
©
V:x 10
40 40 I
—WW—MWW———o—=—
e
<1>1v
1
Reg =7
ForP . R, = Req
KVL, 1=4L+V,
V. =4(I-1)
Simplifyi R = 1—49
implifying, R, = +=

@

For Norton equivalent current short circuiting
the terminal PQ.
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ISC ]30 Q ISC
> P
=0
1620° A D 25Q _‘, -j50 Q
MW Q
5

Short-circuit current,

o= — 2 1620°
¢ 15+30+25

25 16 g0 (25%16)20

_ X o
40+ 730 50£36.86
8/-36.86°

Hence Norton current is,

Iy = Iy =8£-36.86°
Iy = (6.4-74.8) A

©
For maximum power transfer,
Ry = Ry,
To calculate Ry, deactivate all the energy

sources.

10Q 10Q

Ry = 10+10(110=150

@

Ly A

9+1) kO 1000 <}> 99, —v=1v

To find Thevenin impedance across node

1 and 2. Connect a 1 V source and find the

current through voltage source.

Then, Zoy = %
By applying KCL atnode B and A,
iygt 99, =1
I, =iy ¥ i
= =i, +99 =1
= 100i, - i, = I
By applying KVL in outer loop,

10 x 1034, = 1
i, =10% A
and 10 x10%i, = -100 i,
= i, =-100 1,
From equation (i),
100i, + 1007, = I
= I =200i,
=200 x 10 =0.02
Z = 1 = _1 = 50 Q
Th T 0.02

@

Redrawing the diagram,

______________________________________________

Current through R will be

j= 10-3_ (Lj A
2+R \2+R
Current through 3 V source is,

.3 ..
i1=1——,1=1—3]

-]
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So power delivered to circuit B by circuit A is,
P=i2R+i %3

2
P=( 7 j .R+(L—3jj3
2+R 2+R

@

Norton’s theorem states that a complex network
connected to a load can be replaced with an
equivalent impedance in parallel with a current

5 source.
For P to be maximum 6_R will be zero,
oP 0 Comol L
5 = omplex _
0 network R, = INC*) Ry %RL
(7)2_ %8R 21 _,
2+4R)  (2+R)®> (2+R)?
492+ R)-98R-212+R) =0
28. .
98 - 42 = 49R + 21R Sol
56 5Q 5Q
R = 70 =08Q —MWW MWW

©

For pure resistive load to extract the maximum

R, = |Zi|=yRZ+X?

= 42432 =50

power,

©

To find V,, open-circuit the load voltage R;

then,
j6 Q 50
—AWW—o0
L=0
10V, Vin
O
I, =
j401, =0
Vs-(j4
VL1 — (] )
3+j4
_ 100£53.13 < 4.,/90°
5/53.13°
VLl = 80£90°
VTh = 10VL1 +12j6+123
Vi, = 10%80£90°+0xj6+0x3

Vy,, = 800£90° V

5 v(:)

100

G 1A

Using superposition theorem:
When 5 V source acting alone, we get

50 50
—WW MWW
I'l
5V (:) 100
Vv 5 1
L[ = 5—=-"== i
17 R, 1045+5 4 ®
When 1 A source acting alone, we get
50 5Q
—MWW—
IZ
G 1A 10Q

1x5 5 1

L=510+5 20 2 (1)

Therefore, I = I{+1, :%A =05A
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Sol.

R 1/ja

j00.5

000,

ob' |Zy

Finding Z;:
1xj0.50 1 jo 1
Zhp = 7T ety ot
1+j050 jo 2+jo jo
7 2-w? +jo )
or, = —5— (i
b 2]’(9—032

Retionalizing equation (i), we get,

, (2—0)2)+jco e -2
Zy, = . 5 X T,
2jo—o -0 —j20

20% + 0t +20% (0° —4o)

]
ot +20° ot +20°

In order to have a purely resistive impedance

Zjpy, the imaginary part of equation (ii) will be

equaled to zero.
Ao+ B
ot + 202
or, o =40
or, ® = /4 =2rad/sec.
Sol.
2Q
—— AW\

4207,.(>)

000,

20 R,

For maximum power transfer,

R, = |Zm|=[211j2]

- 122 440
2+j2
_ 8% ea8.u50

Vm= %2712

Sol.

32.

| SS— )
1.414,45°
2.828./45° <~) G\ 1414 Q
I= 2828245 =1.08£22.5°
1.414/45°+1.414

Power = 2R = (1.08)% x~/2 =1.649 W

A~

4l <1> 20 40 v,

L I
b
A
4
VO
Il = 7
Applying KCL,
V, —4I+&+£ g
2 2 4 0
From there,
3
Vo‘z =1
V., 4
R,=-2=-=133Q
N3
Sol.
3Q v,
——WW Oa
12V— 1A<D 60Q
ob
VTh - Vm
VA-12 Vs
3 6
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3
Va2 = N
A =P 4
—_— j— 3iﬂ
VTh - V6Q - VA
=10V WW op
1oy
KM Sol.
3kQ 10kQ 1oz 1oz
4—
+ o+ MW °oQ
5 v(:) 2kQ XZ 100V, 40kQ S 10 Ry
e It can be further reduced as follows:
For maximum power transfer, A
—+
s 2k ' P
0 5kQ 10 v +
From output loop, ’
< 1A
= 100wy 40K 10 Ve G
= X
Th 50 kQ -
Vo, = 160V 4V1VQV‘V o v
Ryp = —-
and Ry, = 10kQ[[40kQ 1A
_ 10x 40 _8KO 5
50 1
AN
VTZh N
- Th A(1-4i
Max. power Ry, 10 ( ) P
— MWW—————<——o0——
160x160 3, Ty 1A

= —=08W

4 x 8000 +
L) vZia % G LA
® 3
1Q

In maximum power transformation, half of the L AW———
- (1 - io 1A Q

voltage drops across source resistance, (1-1,)

remaining half across the load. B Iine KVL in the Loob L
* Byapplying inthe Loop L,

Voltage across source (R),
V.=3i +(1-1i)
X [ 0:

[R=Vs 7
L ) —210+1
v Also, V.=1,(1Q)

—_ _S . .

I = 7R e So, 2i,+1 =1,
i =-1A

Sol. and V.=V

* The equivalent circuit to calculate the

Thevenin equivalent resistance (Ry,) is as So, Ry, = 1A -1Q

follows:
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(0 40
v

AA A A —0
According to reciprocity theorem:
In a linear bilateral single source network the
ratio of response to excitation remains the same 1 ACD 30 2A 20
even after their positions get interchanged.
I_1 =1=1A °
5 5
40
®)
By applying source transformation, 6/5Q
V.
10 2Y 20 40 ™
3.6V i
1v<i> 2A 20 Vi, =36V
0000

Answer:
w EE Network Theorem (Section-A)

1. () 2. (d) 3. (0.032) 4. (d) 5. (a) 6. (d) 7. (a) 8. (d)
9. (a) 10. (c) 11. (a) 12. (b) 13. (o) 14. (d) 15. (a) 16. (d)
17. (a) 18. (c) 19. (o) 20. (b) 21. (b) 22. (1414) 23. (3.03) 24. (50)
25. (b)

el 2
g .

10 4 ] ] Y = 1 y R- ](DL N 1
Z= +(] “"gj (‘g] R+jolL R-jolL —jX,
R-joL ]
4- S Y= ﬁ +-L
- J day— 2 Imaginary parts are equal to zero for resonance,
® oL
. . . . . 2 7 = oC
For circuit to be in resonance imaginary part of R* +(oL)
Z must be equal to zero. From this we get‘® ’
o
1 Atresonance,
Hence, 4-—— =0
Ores y = R _ l _ R2 + 0)3[,2
= o, = 0.5rad/sec. - R%+0l2 Y R

Z>>R
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3 Sol.
Q, = 0.032
For series RLC circuit
Q-factor at resonance = Dl
1 1
w = =
° VLC [0.01)x(100x107%)
= 10410 rad/sec.
L 1040x0.01
Q= QOE_T =0.032

B o
oL
Q=%
When frequency of operation is doubled,
o = 27f, also get doubled
Consequently, Q also get doubled

2

p=pPrl— Y | R

R? +(oL)?

V2 V2

R2 {H(“I){LJZ}:R(HQZ)

-+ Itis given that Q is high.
oQP>>1
V2
= P~—=
RQ
. Qisdoubled.
. P decreased 4 times.

@

! R iX

eNetwork Theory
\%
= I=—2-90°
For R =0, X
For R=X I= LL—ALSO
T 2X

For R =, I=0£0°
On plotting these three points we get,

Im A

> Re

V/X |- R=X

Hence locus of T is a semi-circle having
diameter of V/X.

B o
1
fo= 2nJLC
(for series RLC resonance)
1
Jfoew = 2120 x2C

(when all the components values are doubled)

fo

Hence, frew = >

@

S
s+

y oL 1
AB " _j0.02 R+ j0.01
Y, 5 = 50 = 50£-90°

ForR=0,
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ForR=0.01, Y,, = 50

ForR=ow, Y,,=j50=50£90°
On plotting these three points,
Im (Y5 A
_|R=w
2 /50
50
100 0 > Y
! R =0.01 "
Y .
— —j50
! R=0

Hence, locus of Y,p isa semicircle of diameter

7100 and center at zero.

Gl
_ Resonance frequency
N Bandwidth
_ fo _100
A 5
- Atresonance,
|VL| = |VC = Q'|Vsource|
[VL| =20x10=200V

@
V, = -V. (Given)
So, this is a case of RLC series resonance.

1%

Hence, I= (at resonance)

R
0

©

In a series RLC circuit, at resonance

VL = ] Q Vsource
and V. = -jQVsource
AlsoforQ>1,

|VC | = |Vsource |

Hence option (c) is correct.

@

= ] C +—
Y= IOt a0e

= joC + 0.0255 - j0.0214

= 0.0255 + j(oC - 0.0214)

= Real(¥) +jImg(Y)
To have a unity power factor at ac source i.e.
resonance condition,

12 JO

Img(Y) = 0
= ©C-0.0214=0
o =21 x50
_ 0021 o
100w
1 1 5
o = = =10"r/s
° JILC \100x10®x107
R 50 4
- —=—"  =50x10*r/s
A®= T 100x10°° /

| ]2 +(&f Ao
Opower — 0 ) 2

2
5 5
_ \/(105)2+[5X10 J _5><10
2 2

10° [\/1 1625 2.5]
0.193 x 10° rad/sec

©

Hence,
_ Olower _ 0.193x10°
flower - o - o
= 3065 Hz ~ 3.055 kHz
V=V ti(V -V
Since, |VL| = |VC| and |VL|
= 2|Vg|
Therefore, the circuit is at resonance and
Vp=V
/SN VAA V4
Quality factor = L-_L_—R_p

Vo Vg Wk
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Asweknow, Voltage across the capacitor,
o,L 1
= V.= IxXr=1Ix
© R ¢ < joC
2nf x L I
= 2= = L=31.8mH V.= ——_/-90°
> ¢ oC
(d) So, Vlags the current by 90°.

The phasor diagram on the basis of above
At resonance, the circuit should be in unity P &

lysis.
power factor. anatysis y
Hence 7’ should be capacitive. i > >V,
Admittance of the parallel circuit,
Y= 4 =0 i
jLlo 1/jCwo
. @
Lo +Co =0 Admittance of the series connected in RLC,
1
- Y=oy
Lxw R+ j(oaL - j
1 oC
= ————=0.05pF
2x (2= 500) R—j(wL—l)
y = oC
. R
R* + (coL - j
)| oC
I 1 [By rationalization]
R Separating, real and imaginary part of
B admittance,
v, R
XL Re[Y] = 1 3
R? +(o)L —Lj
X(, VC @
T ¥ X For any value of o, the real part of always
positive.
Z =Ry +Ry+j(X - X) 1
Atresonance, X, = X. When, oL = oC
So, Z =R, +R; 1
Therefore, input impedance is purely resistive, At, % = JIC (Resonance)
is minimum, and the input voltage and output 1
current are in phase. Re[Y] = R (Maximum value)
So, V, and I are in phase. 1
vl four
= Rp+j(X, —-X = ®
v, RA+RB+j(XL_XC)X[ B +/(XL=Xc)l Im(Y) = . 2
But, X, = X, R +(°’L _@c)
W 1
= ——X R P, L
V2 RA + RB B (U)C ® j

2
Therefore, V, is in phase with V, and V, < V. R2 4 ( oL — 1)
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At, o = 1 (Resonance) Voo = -V | R+jXc
© ~JLC YxX © I R-jXc
Imaginary part of zero When R=0
= Im(Y) = 0 ’ ,
For, 0<o<a, Vi = -V 0+]’XC}:
1 o ol 0-jXc
oc c
1+j—
Therefore, Im[Y] >0 _ vy R
F Vix = 7V X
or, 0 <0< 1-j2C
1 R
oC oL When, R— o
Therefore, Im[Y] <0 Vix=-V
On the basis of above analysis, the admittance
18. M
locus is, - © )
Input impedance,
Im A 1
z= joL+R|—
joC
=0 > Re
=00 z = ](DL +
1 1+ joRC
o ™7 0.1H
o—TT
17. e <
K z—> —1F § 10
+ (I\V + °
VéO"T @ R B PR S
- v, - I+jo 1-jo
o o . 1-jo
X y = ]0.1 -+ 5
+ 1+o
VZO"T = =~ C
- = +7ix|0.1o—
1+ 02 J [ 1+0° j
it Atresonance, imaginary part must be zero,
o)
Let capacitive reactance = X - 0.1o- el 0
+0
_VZ0e+VZ0° 2V T 12
R-jXc  R-jXc @+1=10
Using KVL, ®> =9
Vyy+IR-V =0 o = 3 rad/sec
= Vyy = V-IR
- ©
2V
V = V— - R (!)Ll
YX [R ~jXc j "R
1
_ _VR+jXc) 918
T T R-jX = L=
(R-jXc) o)
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72Ry o= XL=Xc
imi = == or, tan(-31°) =
Similarly, L, ° L+, ( ) R
or, X, - X~ = Rtan(-31°)
Ly +L —TO—T0— L =
o= ollitly) R, +R, =50 X -0.6 =-30
Rl +R2
XL(nl —chl = -30 ..(ii)
_ 1R +9oRy
T R 4R, (at w, =1 k-rad/sec)
Also at, w, = 2k-rad/sec
1
X, = Xc.. or @mL=—+
Given: 2 *2 rC
At o, = 1k-rad/sec [ = 1 .
v, = 100£0°V, or, = m%C .(iv)
L =0.032£31° A From equation (iii),
At, o, = 2k-rad/sec 1
V, =100£0°V 031L——(01C = -30
I, =2/0°A
R L C o] ! 30 (Using (iv)
or, 15— |——= =- sing (iv
— MW 03C) @C &
1x10° 1
IA or, X—6— 5~ =-30
4x10°C 10°C
(~)
O/

v

At o, =2 k-rad/sec, voltage and current are in
phase.
Thus, it is case of series resonance,

XLy = Xy,

Z= R:ﬁzlooéo =50Q
I 2/0°
‘. Resistance of circuit,
R=500Q
Nowat, o, = 1k-rad/sec
7 - ﬁ_ 100£0°
©I; 0.03£31°
100
= —/-31°Q i
0.03 (1)
1l X5 =X
Also, Z = |Z]-tan 1[LTC} (i)

(at o, =1 k-rad/sec)
Comparing equations (i) and (ii), we have

X7 — X
-1 L C
-31° = tan _—
[ R }

102 1073
or, — | =30

4 C
or, 3,107 = 30
4C
- 3x107°
or 430
or, C=25%x10°F=25uF

Substituting the value of C in equation (iv), we
get,

1 1
®3C  (2x10%)? x25x107°

_ 1 jomu
100

Therefore, values are
R=50Q,L=10mH, C=25puF

El o

(@
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GATEPRO
. 1 L/C oL
:>Z=]03L||. = 1 = ]2
joC oLy 1 1-0’LC
joC
For, 1> 0?’LC, Z=+ve
For, 1< 0?’LC,Z=-ve
Z A i
Inductive i
; -
i Capactive

Sol.

The resonance frequency for the circuit is

1 [R?-L/C
®. =
0" JLC\RZ-L/C
Since, (R, = R-=R)
So the circuit will have zero real part of
When,

R = J@Z= 002 _ 14140
C  \100 yF
Bl s

Using star to delta conversion,

Cc
L — L c/3 L
& Cc/3
C C C/3
A ]
o

admittance.

L

Line current will be zero when the parallel pair
of induction-capacitor is resonant at f =50 Hz.

1
So, 50 x 27 =
LC/3
1
100% =
JLC/3
C will be 3.03 mF.

Sol.

At resonance imaginary part of Z, q=0

Ry X?
ReaofZ, = — 5
ed Rl +XC
_ 100 ><2100><1§)0 _500
100< +100
s I(s)
+
5/s<i> V(is)==1/s
5/s 5
Is = =
R e
s
i(f) = 5 sint

t
1 ct. .
o(t) = Efoldt=£551ntdt

o(t) = 5[-cost]) =5[-cost+1]
u(t) = 5 -5 cost

ti(t) o(t)
0 0 0
L 5 5
4

L 0 10
2

ST -5 5
4

T 0 0

0000
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1.
9.
17.

25.

m Electronics Engineering eNetwork Theory
Answ EE Network Theorem (Section-B)

(d) 2. (False) 3. (2,45) 4. (b 5. (a) 6. (d) 7. (a) 8. (d)

(b) 10. (b) 11. (d) 12. (a) 13. (a) 14. (a) 15. () 16. ()

() 18. (0 19. (1) 20. (a) 21. (3.36) 22. (10) 23. (0.545) 24. (3.025)

(d) 26. (a) 27. (3) 28. (0) 29. (14) 30. (a)

Solutions - EE Network Theorem (Section-B)

1l
|

()

For d.c. supply of 5 V, the capacitor acts as open-
circuit at the steady-state, consequently there
will not be any current flowing in the circuit
due to d.c. supply.

For a.c. supply of V=10sin(t), ®=1rad/sec.

Z

R+joL-—L =1+j2-j
oC

(1+])=+2245°Q
V _10sin(t)

Z 2245

7.07 sin(t - 45°) A

Hence, current, I

Sol.

False, superposition principle is applicable on
both time variant and time invariant resistors.

Sol.
30 2A
A
6V Ct) 3Q 30
o B
Using source transformation,
6V 30
A
<
=2A 30 30
<
B
I °
3ll3=150

Using source transformation,

B o

15Q 6V 30

—MWW— A
— 2x15=3V Isc
B

3+6

Ry=15+3=450

Using Millman’s theorem,

@

10,5
_Win+WnY, 6 4
= = =7V
Y1+Y, 1.1
4
R = ! + ! =24Q
i+y, 1.1
By Thevenin’s theorem,
Z] Z3
X
10040°<~) Z,
® oY
Zy, = Zy v= Tl Zy+24
_ Zl XZ2
(Z1+23)
_ 10£-60x10£60 +(50./53.13)

(10.£-60+10.£60)
56.66.£45° O
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[ 6. WG

For obtaining power absorbed by R, under

maximum power transfer condition. We find

Thevenin’s equivalent circuit across R, .

6Q

80 60 8O
o

Zth
o

Z,, is calculated by short-circuiting the voltage

sources,

Zy = (6+]8)|1(6+/8)=3+j4Q

6Q  8Q 6Q  8Q
— MWW
o]
<~ 110.£0° Vi, 90.£0°
[}
Vi ~11020° Vi ~9020° _
6+j8 6+ 8
V, =100£0°V
30 jAQ
Vg = 11040°<~

For the maximum power transfer,

R, = JR3, +X3 =32 +42 =50

Vin 100

(3+j4)+R, 8+ j4

= 11.18£-26.56° A
Power absorbed by R, (max)
=I’R, =11.18 x5=625 W

@

To calculate R,;, (seen at terminals P-Q), voltage

source is short-circuit.

Vth

200

10Q
MW °
10Q - Rth

°]

Ry, = 10/[10=50Q

= open-circuit voltage at the terminals P-Q.

200

Vth

10Q
MWW p
+
b
4V— nez Vin
~l’ Q
V. = x10=2V
th - 10+10
Thevenin’s equivalent circuit,
V=50
—WW——07?
=2V
°Q

El o

To calculate Thevenin’s impedance, current-

source is open-circuited,

o X

Zn=R+Z +7
=1+2j-j
=1+jQ

Open-circuited voltage at terminals X-Y

=1IxZy
= 120 % (1 +))

= /2 /45° Volt
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n (b) Thevenin equivalent circuit,

Thevenin’s impedance:
Z, =238 -j0.667 Q
as real part is non-zero, so Z has resistor
Img[Z,] = -j0.667
Case-I:
Z,has capacitor (as Img[Z] is negative)

Case-II:
Z, has both capacitor and inductor, but

inductive reactance < capacitive reactance. 7

I =
At, o = 5rad/sec. R+2
For minimal realization case-Iis considered. and V=10-2I
Therefore, Z, will have a resistor and a capacitor 14 10R+6

b) R+2 R+2

, ) ) Power transferred from circuit A to circuit B,
To calculate Thevenin’s resistance 5 V source is

P=VI
short-circuited and V_source is connected at
terminals A and B. = 1%R ;6 X R7 5
+ +
1
Then, Zg = - . dp
th For P to be maximum R 0

By applying KCL atnode B and A,

2 _ =
P9 = 1, (R +2)2(10) - (10R + 6) x 2(R+2) = 0

5R%+20R + 20 - 10R?+26R +12 =0

Bl 5R2+6R = 8
= G-, 99, = I | R =080
= 1000, -1, = I, ..(i) :
By applying KVL in outer loop, ©

3. =
10x10%, =1 . Using maximum power transfer theorem,
i, =10 A ,
R, = |Z|=]4-/3
and  10x10%, = -100 i, L= 12=[4-73
= i, =-100 i, = V42432 =50
From equation (i),
100i, + 100i, = I, ©)
- I,, = 200i, s 60 3q
=200 x 104 =0.02 — MWW——TT mm'\NW—O C’T
| | =
1 1
Zn= 1 "0 0% n@ > ov,, Vi
th ™ 100./53.13° V OJ
o :
T A 74
: 2Q 4 R : Vi = — 1100£53.13°
| — e 17 (3+)4
i L Cj | = 80./90° V
110V borosla= (~)3V
i i i - ; Vg = 10V, =800£90° V
Circuit A | | CircuitB
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@

Thevenin's equivalent voltage = voltage referred

tosecondary.
Wehave, Sin of = l
th 2
10
T_: ox
sin(wt) g H )%
g
l 1:2 °Yy
or, Vi, =2 sin(ot) ...(Thevenin voltage)

Also, Thevenin’s impedance seen from the
x and y terminals = voltage referred to secondary
side.

Zy =Ry =22 %1

=40
...(Thevenin’s impedance)
So, Vi = 2sin(of)
and Zy =Ry =4Q
©
The situation of problem is shown in figure:
Z,=R,+jX
| —

© .

For the transfer of maximum power from source

toload,
R, = \R?+X?* =|7|

Hence, option (c) is correct.

Sol.

Using source transformation theorem,

o_
2.5VJ—

20 sin10t C

or we can simply the network,

2.5VJ_

Now from the circuit, we get

5
IN= §=1A

@

Let us apply superposition theorem.
Considering the voltage source 20 sin10f alone:
Then, 10 sin5t remain open-circuited.

1Q

4 1 .
VCl(t) ~~ ]10)(1 :—]019

)

Let, V¢, () be the voltage across capacitor.

~i01
Ve () = (1—]]'01

(1.99.£-84.28°) sin10t

Jx 20sin 10t

Ve, (£) = 2sin(10t - 84.28%)  ..(i)

Considering the current source 10 sin5¢ alone:
Then, 20 sin10t voltage source remain short-
circuited.

Ve 1H

10

-j02 0 C+> 10 sin5t

if—o—— F—4

Let voltage across capacitor = V., (f)
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Applying KCL at the node, we have 22, R
Ve, Vo 8 12sint
—=+—=—--10sin5t =0 () = — = i
1 o) i(t) = 1+ ] 8+6+/2sint
10sin 5¢ 1
Vo~ (t) = . _ 2, 4 2 _
or, cp (1) 1+ 5) i) = 875 (672)* =10 A
or, Ve, (F) = 1.97 sin(5t - 78.69°) ...(ii) YN sol
Using superposition theorem, voltage across
capacitor is,
VAl = Ve ()+Vey (t) o o
=2 51“9‘(710f '(584'2;38)69 | V,=10V,I,=4A,V,=0 Cond...(i)
+1.97 sin(5¢ - 78.69°
_ . V,=5V,[,=125A,
V(t) = 2sin(10t - 84.28°)

+1.97 sin(5¢ - 78.69°) ..(iii)
) = A, sin(ot-06,)
+ A, sin(o,t - 0,) ..(iv)
Comparing equations (iii) and (iv), we have
A =2 and B=1.97~1.98
(closest answer)

Sol.

2-13i, +i)-i=0

2-i,-2i=0
2i+i =2 ()

V-2 V V-(-20i) _

11 2

2(V-2)+2V+V+20i =
4V+4+V+20i =0

5V+20i =4
W
where, 7!
25i =2
25
) 4
i = 2-2x—=1.68 A
25
Vg =168x2=336V

V,=125x1=125 Cond. ...(ii)
V,=3V,[,=?,R=2Q Cond....(ii)
Aswe know from ABCD parameter,
vV, =AV,-BIl; I,=CV,-DI,
From condition (i),
10 = A(0) - B(4)

__10
T4
From condition (ii),
5 = A(1.25)—(—%jx(1.25)
-2)
=~ = 7-15
A 1.25

From condition (iii),

3= 1.5(21)-(-2}1
1
= 3+251=551
I=0545A

Sol.
To get R, and V,,, consider the following steps.
Case-1: ForR,

=25Q

Ra =545
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Case-2: For V. Real part of the,
z B 1
v 6V load 1+ C2(02
th /_'+\ 1
U Z = ﬁ = 05
5Q S 10V load 9 1 »2C
Vin Putting, ® = 100 rad/sec.
o =
5V 50 weget, C=10mF
@

Consider the following circuit,

Applying KCL at node, 100 100
A AAAA
5 5 0
a
2V, = -11 NORL o 2 @ev
Vi =55V T
Maximum power transferred,

2 After rearrangement we get,
Vih
= L =3025W 150 50

P = 4Ry w
@ .

30V G) Vi C:) 8V

R,=05Q -
o L
% 5 mH From circuit using KCL,
<~ V(#) = 10 sin100¢ Voltage,
10 c Vub+30+Vub_8 _
T 15 5
V,+30+3V -24=0
The frequency at which the load is resistive and V,=-15V
itisequal to 0.5 Qi.e. The load is resistive means, ’
the imaginary part of the is equal to zero and g Sol
real part is equal to 0.5 Q. ’0
e WW—
1x i o -
Z .= Cs i s= ! +Ls ;lg;l’l» NI:B
load 1+ i 1+Cs b
S §RC
(1-Cs) o— | Lo
= +Ls 40 20
1-C%s?
Puts =jo; 20
7z o= ﬂ+ joL o o
load 1 4C2g2
where, R,=1Q
C R,=1Q
1422 ) L_(1+C2032) 1
R.=-Q
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After rearrangement consider the following

circuit,

10 1/2Q

3Q

o O

From the circuit diagram we get,

V.
Zy = =30
Iy
Sol.
I
R
20Q
ov
By Millman’s theorem,

200 160 100 80

74_7
_ 50 40 25 20 _
1 1 1 1 =0y
e+ —
50 40 25 20

1 1 1 1 1

= 4 —F—

R 50 40 25 20
Simplified circuit,

I=0A

Sol.

4V<i

VI=K
10V ~
0 4A o

Maximum power transistor of VI product is
maximum. If draw the curve, it intersect (10, 4)
that will give maximum power. The terminal
voltageis 10 V (Load voltage) and currentis 4 A
(Load current).

Load resistance is % =25Q.

0000



Q.1

Q.2

Q.3

Transient Analysis

ELECTRONICS ENGINEERING
(GATE Previous Years Solved Papers)

A10Qresistor, a1 Hinductor and 1 pF capacitor
are connected in parallel. The combination is
driven by a unit step current. Under the steady-
state condition, the source current flows
through
(@) theresistor
(b) theinductor
(c) the capacitor only
(d) all the three elements

[EC-1989 : 2 Marks]

If the Laplace transform of the voltage across a
capacitor of value of 1/2 F is

s+1

53 +52

V.(s)=
() +s+1

The value of the current through the capacitor
att=0%1s,
(@ 0A

[EC-1989 : 2 Marks]

For the compensated attenuator of figure, the
impulse response under the condition
R,C,=R,C,is

g

o () “ c R, o)
5 5
(@) 21/ RiClyy )
Rl +R2
Ry

Q4

Q5

Q.6

Q.7

Ry
Rl + R2

© u(t)

Ry  1/Riq
——2 t
(@) Ri+Ry ¢ uh)

[EC-1992 : 2 Marks]

A ramp voltage, v(t) = 100t Volts, is applied to
an RC differentiating circuit with R =5 kQ and
C =4 pF. The maximum output voltage is

(@ 0.2Volt (b) 2.0 Volts
(c) 10.0 Volts (d) 50.0 Volts
[EC-1994 : 1 Mark]

The rms value of a rectangular wave of period
T, having a value of +V for duration, T, (<T)
and -V for the duration, T - T, = T, equals

T,-T,
@@ V (b) - 1%
1% 5y,

(© E (d) T,

[EC-1995 : 1 Mark]

The voltage VCl,VC2 and Vc3 across the

capacitors in the circuit in figure, under steady-
state, are respectively

10kQ 1H 2F 2H 25kQ

| s
Ve,
N
VCS_( 3F

40 kQ

(@ 80V,32V,48V (b) 80V,48V,32V
(¢ 20V,8V,12V (d) 20V,12V,8V
[EC-1996 : 2 Marks]

In the circuit of figure the energy absorbed by
the 4 Q resistor in the time interval (0, ) is
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Q.8

Electronics Engineering

eNetwork Theory

+
10V 2F=RV,

(b) 16]Joules
(d) None of the above

[EC-1997 : 2 Marks]

(@) 36]Joules
(c) 256 Joules

In the figure, the switch was closed for a long
time before opening at t = 0. The voltage V, at

t=0%1s,
t=0
o

20 G 25A

5H
LOLo[0)
L AMMW—
200
fe—V, T>|
(@ 25V (b) 50V
() -50V (d) oV

[EC-2002 : 1 Mark]

The circuit for (Q. 9 and Q.10) is given. Assume that the
switch S is in position 1 for a long time and thrown to

position2 att=0.

Q.9

Att =07, the current i, is

_|

-V
@) ® =
(©) (d) zero

[EC-2003 : 2 Marks]

Q.10

Q.11

I,(s) and I,(s) are the Laplace transforms of i ()
and i,(t) respectively. The equations for the loop
currents [, (s) and I,(s) for the circuit shown in
the figure, after the switch is brought from
position 1 to position 2 at t = 0, are

i 1
R+Ls +a —Ls |:11(S)_ |:V/S:|

Dl reileel Lo

0

i 1
R+Ls+a —Ls |:11(S)_ |:—V/S:|

1
R+Ls+c— -Ls I (s) ) V/s
Ls)| | 0

—-Ls R+Ls+l
Cs

[EC-2003 : 2 Marks]

For the R-L circuit shown in the figure, the input
voltage v(f) = u(t). The current i(t) is

1H
° T
—
i(#)
o (h) 20
o
ihA
0.5 f---m-mmmmooza
@) 031
2 t(szc)
it
1 _______________
(b) 0.63F
1/2 t(sic)
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itA Q.14 A 2 mH inductor with some initial current can
05l be represented as shown below, where ‘s’ is the

‘ Laplace transform variable. The value of initial
© o311 . current is
| - 1(s)
1/2 t(sgc) =~ °
A 0.002s
1 _______________
@ g6t Imv
! +
i _ )
2 t(sec) (@ 05A (b) 20A
[EC-2004 : 1 Mark] () 1.0A (d) 0.0A

Q.12 The circuit shown in the figure has initial
currenti; (07) =1 A through the inductor and an
initial voltage v~(07) = -1V across the capacitor.
For input v(t) = u(t), the Laplace transform of the
currenti(f) for t>0is

1Q 1H
o—MWN——TTT
+ H
i(t) +
o(t) —~1F
o
S s+2
a e
@ 215+l ®) 2 +s+1
s—2 s—2
) -5 d) ——
© s24s5-1 @ 2 +s+1

[EC-2004 : 2 Marks]

Q.13 A square pulse of 3 Volts amplitude is applied
to C-R circuit shown in the figure. The capacitor
is initially uncharged. The output voltage V, at
time t =2 secis

Vi A 0.1 uF
3v +f ) T+
v, 1kQ v,
> _i =l>_
2 sec
@) 3V b) -3V
(© 4V d) -4V

[EC-2005 : 2 Marks]

[EC-2006 : 1 Mark]

Q.15 In the figure shown below, assume that all the
capacitors are initially uncharged. If

v(t) =10 u(t) Volts, v (t) is given by
1kQ
AVAVAVA
o— o
+ \1 +
3
4 uF
v(t) 4kQ 1uF 2,8
o o
(@) 8e /00 Volts  (b) 8(1-e/%9%4) Volts

() 8u(t) Volts (d) 8 Volts

[EC-2006 : 1 Mark]

Q.16 Inthecircuitshown, V is0 Voltsat t =0 sec. For
t <0, the capacitor i (t), where ’t’ is (in seconds),

is given by
20kQ i
MWW -
+
10 v(:) 20kQ Vo= 4uF

(@) 0.50 exp(-25f) mA
(b) 0.25exp(-25t) mA
() 0.50exp(-12.5t) mA
(d) 0.25exp(-6.25t) mA
[EC-2007 : 2 Marks]
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Q.17 Inthe following circuit, the switch S is closed at
t = 0. The rate of change of current ;Z (0%) is

given by

[EC-2008 : 1 Mark]

Q.18 The circuit shown in the figure is used to charge
the capacitor C alternately from two current
sources as indicated. The switches S, and S,
are mechanically coupled and connected as

follows:
For2nT<t<(2n+1)T,(n=0,1,2,..) S, to P,and
S,to P,.
For2n+1)T<t<(2n+2)T,(n=0,1,2,....)
S,toQ,and S, to Q,.
Ql PI QZ P2
s, Al o2 S,
10 050 1r=c [ve] 10 10
1A -Y 1A

Assume that the capacitor has zero initial
charge. Given that u(t) is a unit step function,
thevoltage V (t) across the capacitor is given by

i " tu(t-nT)

n=0

i u(t—nT)

Yu(t—nT)

o0
Z (t-nT)u

0

05 e t 27’1T)+05 (t—ZVlT—T)]
n=0

[EC-2008 : 2 Marks]

Common Data for Questions (19 and 20):

The following series RLC circuit with zero initial
conditions is excited by a unit impulse function 5(t).

1H 10
W0
8(t) (:) 1F= V)
0

Q.19 For t >0, the output voltage V (t) is
2 12t
— (e
@ 7

2 /2

® 3
e_l/Zt Cos[ﬁtJ
2

e 1/2t sin(%t}

_e—ﬁ/zt)

2
© 5
2
@
[EC-2008 : 2 Marks]
Q.20 Fort >0, the voltage across the resistor is

(a) L(e—«/g/Zt _
3]

e—l/Zt)

NG
o172t cos V3t 1 n
© { [ Jﬁ

J3 2

(d) %e_l/zt cos {gj

[EC-2008 : 2 Marks]
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Q.21

Q.22

Q.23

The switch in the circuit shown was on a
position a for a long time, and is moved to
position ‘b” at time ¢ = 0. The current i(t) for t >0

is given by
10kQ  ,
—WW—o
i(t)
100 V Ci) 0.2 pF 5kQ
0.5 uF T T 0.3 uF

(@ 0.2¢Pfy(HmA (b) 20e712% y(f) mA
(© 0.2e710%y(HymA (d) 20190 () mA
[EC-2009 : 2 Marks]

The time domain behaviour of an RL circuit is
represented by

L%+Ri =V,(1+Be R/ L sint) u(t)

. 1%
For an initial current of i(0) = ?0, the steady-

state value of the current is given by

@ > i
(@ i(t)—> %(1 +B) (d) i(t)—> 21‘;0 (1+B)

[EC-2009 : 2 Marks]

In the circuit shown, the switch S is open for a
long time and is closed at t = 0. The current i(t)
fort>0"is

10Q
‘ AVAVAVAV
t=0
S
15 AG) 10 Q %15 mH
i(t)l 10Q
(@) i(t)=0.5-0.125 ¢1000t A
(b) i(t) =1.5-0.125 ¢"1000t A
(©) i(f)=0.5-05¢1000t A
(d) i() = 0.375 ¢1000t A

[EC-2010: 2 Marks]

Q.24

Q.25

Q.26

In the circuit shown below, the initial charge on
the capacitor is 2.5 mC, with the voltage polarity
as indicated. The switch is closed at time ¢ = 0.
The current i(t) at a time ‘t" after the switch is
closed is

i(t)

—

100 V@)

100

T 50 uF
I
(@) () =15exp(-2 x 103 A
(b) i(f) =5exp(-2 x10%) A
(© i(H)=10exp(-2 x 103 A
(d) i(f) =-5exp(-2 x 10%) A

[EC-2011 : 2 Marks]

In the following figure, C, and C, are ideal
capacitors. C; had been charged to 12 V before
the ideal switch S is closed at t = 0.

The current i(f) for all ‘t’ is

75’(
t=0

(@) zero

(b) astep function
(c) an exponentially decaying function
(d) animpulse function

[EC-2012:1 Mark]

For maximum power transfer between two
cascaded sections of an electrical network, the
relationship between the output impedance Z,
of the first section to the input impedance Z, of
the second section is

@ Z,=2, b) Z2,=-7,

b) Zy=-7
[EC-2014 :1 Mark]

© Zy=23
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Q.27 In the circuit shown in the figure, the value of
capaditor C (in mF) needed to have critically
damped response i(t) is

40Q 4H C
— AW
1%

o

i(t)

[EC-2014 : 2 Marks]

Q.28 In the figure shown, the idea switch has been
open for a long time. If it is closed at t = 0, then
the magnitude of the current (in mA) through
the 4 kQ resistor at t = 0" is

5kQ 4kQ 1kQ
MW MW —— MWW
—

1

10\/(:) 10 uF == )Of=0
(o]

s
glmH

[EC-2014 : 1 Mark]

Q.29 In the figure shown, the capacitor is initially
uncharged. Which one of the following
expressions describes the current I(f) (in mA)
fort>0?

2kQ C== 1uF

@ 10)=2(1-¢"/%), v=2 moec
®) 10)=2(1-¢"/%), v=2 meec
© I(t)zg(l—e_t“),tzfimsec
(d) I(t):g(l—e_t”),r=3msec

[EC-2014 : 2 Marks]

In the circuit shown in the figure, the value of
v (t) (in Volts) for t — o is

Q.30

Q.31

Q.32

Q.33

2H
T

Y s

2i

503 v,(0)

10 u(t) ACD

5Q

[EC-2014 : 2 Marks]

In the circuit shown, the switch SW is thrown
from position A to position B at time ¢ = 0. The
energy (in 1) taken from the 3 V source to charge
the 0.1 pF capacitor form 0 Vto3 Vis

120 © Brf’YY__l A
3Vo—MMW—to oJ—_\
i =0 =
0.1 uF
L
(@) 0.3 (b) 0.45
© 09 d 3

[EC-2015:1 Mark]

In the circuit shown, switch SW is closed at t = 0.
Assuming zero initial conditions, the value of
v () (in Volts) at t = 1 sec is

=0

+
= vc(0)

10V [

[EC-2015 : 2 Marks]

)
®
AAAA
VWv

ol
es]
11

In the circuit shown, the initial voltages across
the capacitors C;, and C, and 1 V and 3 V,
respectively. The switch is closed at time ¢ = 0.
The total energy dissipated (in Joules) in the
resistor R until steady-state is reached,is .

=0 R=10Q

oS e

C, =3F=

[EC-2015 : 2 Marks]
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Q.34 The switch has been in position 1 for a long
time and abruptly changes to position2 att=0.

Q.35

Q.36

3Q 1 2 4Q 2Q

If time “t’ is in seconds, the capacitor voltage V-

(in Volts) for t > 0 is given by

ool

t

10-6 t
exp( OS)

t

1 -
C ( exp( 06)}
10—6ex ( i)
Pl706

[EC-2016:1 Mark]

The switch S in the circuit shown has been
closed for a long time. It is opened at time t =0
and remains open after that. Assume that the
diode has zero reverse current and zero forward
voltage drop.

%
A

1mH§(

10 VCi)

10 uF ==V,

The steady-state magnitude of the capacitor
voltage V. (in Volts), is

[EC-2016 : 2 Marks]

Assume that the circuit in the figure has reached
the steady-state before time ¢ = 0 when the 3 Q
resistor suddenly burns out, resulting in an
open-circuit. The currenti(t) (in Amperes) at t=0*
is

Q.37

10

12V

[EC-2016 : 2 Marks]

In the circuit shown, the voltage V(¢) is
described by

0, fort<0

\%
N () = {15 Volts, fort =0

where ‘t’ is in seconds. The time (in seconds) at
which the current [ in the circuit will reach the
value 2 Ampere is

10 I
g—VvAv"v >

Vin(®) g 1H g 2H
o

[EC-2017 : 2 Marks]

Q.38 The switch in the circuit, shown in the figure,

Q.39

10 A D

was open for a long time and is closed at t = 0.

i(t) 50

t=0

AAAA
YVVYV

S25H

The current i(#) (in Ampere) at ¢ = 0.5 seconds is

[EC-2017 : 2 Marks]

For the circuit given in the figure, the magnitude
of the loop current (in amperes, correct to three
decimal places) 0.5 seconds after closing the
switch is
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1 V+ 10 E kQ p t=0
- |—;>f°—’VW\r— V 5kQ
Q
> ) 10kQ
= < 4
1Q§ %1H 20V D :IZOkQ o(f) 2= 1 mF
0.1 mH
[EC-2018 : 2 Marks]
The value of ) a¢¢=0+
Q.40 The RC circuit shown below has a variable € valueo dt att=uis
resistance R(t) given by the following expression: (@) -5V/s (b) 3V/s
(¢ -3V/s (d 0V/s

t
R(t):Ro(t_?j for0<t<T

where R, =1Q, and C=1F. We are also given
that T=3 R,Cand the source voltageis V. =1V.
If the current at time t =0is 1 A. Then the current
I(t), inamperes, attime t=T/2is ____.

(Rounded off to 2 decimal places).

[EC-2019 : 2 Marks]

Q.41

In the circuit shown in the figure, the switch is
closed at time t = 0, while the capacitor is
initially charged to-5V (i.e., V(0) =-5V).

250 Q t=0
ﬁvv‘v'\v ?fo
Ve ~
5 v@) 2500 V.(f) == 0.6 uF

V,/500

The time after which the voltage across the
capacitor becomes zero (Rounded off to three
decimal places) is ms.

[EC-2021 : 2 Marks]

Q.42

The switch in the circuit in the figure is in
position P’ for a long time and then moved to
position‘Q’ at time ¢ = 0.

Q.43

Q.1

1A<+

[EC-2021: 2 Marks]

The circuit in the figure contains a current
source driving a load having an inductor and a
resistor in series, with a shunt capacitor across
the load. The ammeter is assumed to have zero
resistance. The switch is closed at time, t = 0.

S Ammeter ---—--————______
(A) Load
SO
=)

Current
source

Shunt =< 100 pF
capacitor

|||||—4

Initially, when the switch is open, the capacitor
is discharged and the ammeter reads zero
ampere. After the switch is closed, the ammeter
reading keeps fluctuating for some time till it
settles to a final steady value. The maximum
ammeter reading that one will observe after the
switch is closed (Rounded off to two decimal
places) is A.

[EC-2021 : 2 Marks]

ELECTRICAL ENGINEERING
(GATE Previous Years Solved Papers)

The time constant of the network shown in figure
is
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Q.2

Q.3

R
10V 2R —_C
@) 2RC (b) 3 RC
RC 2RC
© - d —5—

[EE-1992 : 1 Mark]

In the series RC circuit shown in figure the
voltage across C starts increasing when the dc
source is switched ON. The rate of increase of
voltage across C at the instant just after the
switch is closed (i.e. at £ = 0*) will be

C R
—— MWW—
Ve
IA
1V
e ==
t=0 14
(@) Zero (b) Infinity
1
(© RC @ %c

[EE-1996 : 1 Mark]

The v-i characteristic as seen from the terminal
pair (A, B) of the network of Fig. (1) is shown in
Fig. (2). If an inductance of value 6 mH is
connected across the terminal - pair (A, B), the
time constant of the system will be

Network of
linear resistors v
and independent
sources

Fig. (1)

©,0) Fig. (2) 8V

Q4

Q.5

Q.6

Q.7

(@) 3 p-sec
(b) 12 p-sec
() 32 p-sec
(d) unknown, unless the actual network is
specified
[EE-1996 : 1 Mark]

An ideal voltage source will charge an ideal
capacitor

(@) ininfinitetime (b) exponentially
(c) instantaneously (d) none of these

[EE-1997 : 1 Mark]

In the circuit shown in figure, it is desired to
have a constant direct current i(t) through the
ideal inductor L. The nature of the voltage source
v(f) must be

wQ g

constant voltage

\

—~
~
=

—_~
RO

linearly increasing voltage

an ideal impulse

_~ o~
& o

exponentially increasing voltage
[EE-1998 : 1 Mark]

A rectangular voltage pulse of magnitude Vand
duration T is applied to a series combination of
resistance R and capacitance C. The maximum
voltage developed across the capacitor is

o fiowl )

VT
(b) RC
© V

d v exp(—ij [EE-1999 : 2 Marks]
RC

A voltage waveform v(t) = 122 is applied across

a 1 H inductor for ¢ > 0, with initial current

through it being zero. The current through the

inductor for ¢ > 0 is given by
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Q.8

Q.9

Q.10

Q.11

Electronics Engineering

(@) 12¢
© 128

(b) 24t
d) 48
[EE-2000 : 1 Mark]

A unit step voltage is applied at ¢ =0 to a series

RL circuit with zero initial conditions.

(@) Itispossible for the current to be oscillatory.

(b) The voltage across the resistor at ¢ = 0" is
zero.

() Theenergy stored in inductor in the steady-
state is zero.

(d) Theresistor current eventually falls to zero.

[EE-2000: 1 Mark]

Consider the circuit shown in figure. If the
frequency of the source is 50 Hz, then the value
of t, which results in a transient free response is

5Q 0.01 H
—o"] o MW— T

(@) Oms
() 2.71ms

(b) 1.78 ms
(d) 2.91ms
[EE-2002 : 2 Marks]

An11V pulse of 10 ps duration is applied to the
circuit shown in figure. Assuming that the
capacitor is completely discharged prior to
applying the pulse, the peak value of the
capacitor voltage is

1kO

Hﬂ_l_ 10kQ = 11nF
0 10 ps
(o]
(@) 11V (b) 55V
© 632V d 096V

[EE-2002 : 2 Marks]

In the circuit shown in figure, the switch ‘S” is
closed at time (t = 0). The voltage across the
inductor at t =07, is

eNetwork Theory
;\/i/ 30
t=0 J‘ 4F
10V C:) 40 % 4H
40
(@ 2V (b) 4V
(¢ -6V (d 8V

Q.12

Q.13

Q.14

[EE-2003 : 2 Marks]

In figure, the capacitor initially has a charge of
10 Coulomb. The current in the circuit one
second after the switch ’S’ is closed will be

100 V Ct) —05F

(@) 147 A
(© 40.0A

(b) 185 A
(d) 50.0A
[EE-2004 : 2 Marks]

In the figure given, for the initial capacitor
voltage is zero. The switch is closed at t = 0. The
final steady-state voltage across the capacitor

is
S 100
—o oW
t=0
20V — 10 uF == %109
@ 20V (b) 10V
© 5V d) oV

[EE-2005 : 1 Mark]

The circuit shown in the figure is steady-state,
when the switch is closed at t = 0. Assuming
that the inductance is ideal, the current through
the inductor at ¢ = 0" equals.
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100 Q.18 In the circuit shown in the figure, the current
WW source [ =1 A, the voltage source V=5V,
$ico R/=R,=R,=1Q,L,=L,=L,=1H,C,=C,=1F.
10V— 10 mH g ’/(7< The currents (in A) through R, and the voltage
source V respectively will be
Rl RZ
A AAAA
(@ o (b) 0.5A oy J— b
© 1A d 2A XL, G L,
[EE-2005 : 2 Marks] =a Qv
Statement for Linked Answer Questions (15 and 16): I L, Ry
A coil of inductance 10 H and resistance 40 Q is
connected as shown in thefigure. After the switch ‘S’ (@) 1and4 (b) 5and 1
has been in contact with point 1 for a very long time, it (©) 5and?2 (d) 5and 4

is moved to point2 at, t = 0.

Q.15

Q.16

Q.17

If at t = 0, the voltage across the coil is 120 V,
the value of resistance R is

1 200
—o0
S 2
10H
120V —
R
40 Q
@ 00 ) 20 O
(©) 40Q d) 60Q

[EE-2005 : 2 Marks]

For the value of resistance obtained in (a), the
like taken for 95% of the stored energy to be
dissipated is close to
(@) 0.10 sec
(c) 0.50 sec

(b) 0.15 sec
(d) 1.0sec
[EE-2005 : 2 Marks]

An ideal capacitor is charged to a voltage V,
and connected at t = 0 across an ideal inductor
L. (The circuit now consists of a capacitor and

inductor alone). If we let o, = 1 , thevoltage

JLC
across the capacitor at time ¢ > 0 is given by
(@ Vv, (b) V, cos(w,t)
© V, sin(wt) (d) V, e ! cos(w,t)
[EE-2006 : 2 Marks]

Q.19

Q.20

[EE-2006 : 2 Marks]

In the figure, transformer T, has two secondaries,
all three windings having the same number of
turns and with polarities as indicated. One
secondary is shorted by a 10 Q resistor R, and
the other by a 15 mF capacitor. The switch SW is
opened (t = 0) when the capacitor is charged to
5 V with the left plate as positive. At (t = 0) the
voltage V,and current I, are
S I
—MW—T
+ | S
25V VPT % ‘ ‘ C
_‘{ ’.%' F=—
Se

~~—

-25V,0.0 A

very large voltage, very large current
50V,05A

-50V,-05A

AA A
azT =

[EE-2007 : 2 Marks]

In the circuit shown in figure. Switch SW, is
initially closed and SW, is open. The inductor
L carries a current of 10 A and the capacitor
charged to 10 V with polarities as indicated.
SW,is closed at t =0 and SW, is opened at t = 0.
The current through C and the voltage across L
at (t=0%is
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R

Q.21

=100 \?Wl L 1OAT nv=c

Electronics Engineering

eNetwork Theory

SW, ~ R,=10Q
[T

+

(@) 55A,45V
(©) 45A,55A

(b) 55A,45V
(d) 45A,55V
[EE-2007 : 2 Marks]

The time constant for the given circuit will be

1F 30
|
1F=—= —1F 30 G 3A
1sec 1sec
@ ® 5
(c) 4sec (d) 9sec

[EE-2008 : 2 Marks]

Statement for Linked Answer Questions (22 and 23):
The current i(t) sketched in the figure flows through a
initially uncharged 0.3 nF capacitor.

Q.22

Q.23

The charge stored in the capacitor at t =5 ps,
will be

A
1 1 1 1 1 I I I I ]
S e e A i Sl i
I
r e e e T
S )& B N S S N S
2b b N
LD N
L /2 R G A
L N
01 2 3 4 5 6 7 8 9
—> 1 (ps)
(@) 8nC (b) 10nC
(c) 13nC (d) 16nC

[EE-2008 : 2 Marks]

The capacitor charged upto 5 ps, as per the
current profile given in the figure, is connected
across an inductor of 0.6 mH. Then the value of
voltage across the capacitor after 1 ps will
approximately be

Q.24

Q.25

Q.26

(@ 188V
(© -235V

(b) 235V
(d) -30.6V
[EE-2008 : 2 Marks]

In the figure shown, all elements used are ideal.
For time t <0, S, remained closed and S, open.
At t =0, S, is opened and S, is closed. If the
voltage V02 across the capacitor C, at t = 0~ is
zero, the voltage across the capacitor
combination at t = 0* will be

&
o

3V— C,=1F C,— 2F
@ 1V ®b) 2V
(© 15V d) 3V

[EE-2009 : 2 Marks]

The switch in the circuit has been closed for a
long time. It is opened at f = 0. At t = 0, the
current through the 1 pF capacitor is

10 S
—W—°ﬁ
t=0
5V 1uF=—= 40
@ 0A b 1A
(© 1.25A d) 5A

[EE-2010 : 1 Mark]

The L-C circuit shown in the figure has an
inductance L = 1 mH and a capacitance
C=10pF.

C =100V
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Q.27

Q.28

The initial current through the inductor is zero,
while the initial capacitor voltage is 100 V. The
switchis closed at t = 0. The current ‘i’ through
the circuit is
(@) 5cos (5x10%) A
(b) 5sin (10*) A
(©) 10cos (5% 10%) A
(d) 10sin (10%) A

[EE-2010 : 2 Marks]

In the following figure C, and C, are ideal
capacitors. C, has been charged to 12 V before
the ideal switch ‘S’ is closed at t = 0. The current
i(t) forall “t'is

(@) zero
(b) astep function
(c) anexponentially decaying function
(d) animpulse function
[EE-2012:1 Mark]

A combination of 1 pF capacitor with an initial
voltage V (0) = -2 V in series with a 100 Q
resistor is connected to a 20 mA ideal dc current
source by operating both switches at t = 0 is as
shown in the figure. Which of the following
graphs shown in the options approximates the
voltage V_across the current source over the next
few seconds?

Q.29

L

VA

LY ]

VA

s

VA

[EE-2014 : 1 Mark]

The switch SW shown in the circuit is kept at
position ‘1’ for a long duration. At ¢t = 0%, the
switch is moved to position ‘2. Assuming

[Voz| > Vo

, the voltage V (t) across the

capacitor is

Vi =
(@) V(t)= V(1 -2 -V,
(b) V(1) = Vyp(1 - /%) 4V
(© V(t)y=~(Vy+ Vyy) (1-e/R) -V,
(d) V(t)= (Vo= Vy) A=Y+ vV,

[EE-2014 : 1 Mark]

A series RL circuit is excited at f = 0 by closing a
switch as shown in the figure. Assuming zero

2

d
initial conditions, the value of d_2 att=0%is
t
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Q.31

Q.32

Q.33

Electronics Engineering

eNetwork Theory

4 -V

@ ® %
-RV

© 0 2

[EE-2015: 1 Mark]

In the circuit shown, switch S, has been closed
for along time. A time t = 0 switch S, is closed.
At t =07, the rate of change of current through
the inductor, in amperes per second,is

51 1Q S,

o—MW—

3V ng
|

2Q

TSV

[EE-2016 : 2 Marks]

In the circuit shown below, the initial capacitor
voltage is 4 V. Switch S, is closed at t = 0. The
charge (in pC) lost by the capacitor from ¢ =25 ps
to t =100 ps is

S
oy

4V== 5F 50

[EE-2016 : 2 Marks]

The switch in the figure below was closed for a
long time. Itis opened at t = 0. The current in the
inductor of 2H for ¢ >0, is

50v@> 80

Q.34

Q.35

6Q ?/ 8Q
32Q §2H

(a) 2.5¢*
(C) 2.5 ¢-0-25t

(b) 5 e—4t
(d) 5 e—O.25t

[EE-2017 : 2 Marks]

The initial charge in the 1 F capacitor present in
the circuit shown is zero. The energy in Joules
transferred from the d.c. source until steady-
state condition is reached equals

(Give the answer upto one decimal place)

—

1F
5Q 5Q

10v<:)

5Q 5Q

[EE-2017 : 1 Mark]

A resistor and a capacitor are connected in series
to a 10 V d.c. supply through a switch. The
switch is closed at t = 0, and the capacitor
voltage is found to cross 0 V at t = 0.41, where 1
is the circuit time constant. The absolute value
of percentage change required in the initial
capacitor voltage if the zero crossing has to
happen at t = 0.2t is

(Rounded off 2 decimal places).

[EE-2020 : 2 Marks]

oooo
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Answers . EC
1. (b) 2. (o)
9. (a) 10. ()
17. (b) 18. (o)
25. (d) 26. ()
33. (15)  34. (d)
41. (0.1386) 42. (c)

Solutions .

EC

El o

{Answers & Explanations}
3. (b) 4. (b) 5. (a) 6. (b) 7. (b) 8. ()
11. (o) 12. (b) 13. (b) 14. (a) 15. (c) 16. (a)
19. (d) 20. (b) 21. (b) 22. (a) 23. (a) 24. (a)
27. (10)  28. (1.25) 29. (a) 30. (31.25) 31. () 32. (2.528)
35. (100)  36. (-1) 37. (0.3405) 38. (8.16)  39. (0.316) 40. (0.25)
43. (1.44)

Transient Analysis
®)

Atsteady state: 1
Inductor behave as short-circuit. Ry x Cos R
So, under steady state condition the source Zy(s) = 12 =R C225+1
= 2
current flows through the inductor. Ry x Cys
2. (
Bl © .
ZC(S) = Cl:z Z.(s) = ' Cys - Ry
58 1 R] % i Rlcls +1
Vels) _ s(s+1) Cys
I(s) = =5 3 2
Zc(s) 2(s”+s”+s+1)
Va(s) _ _ Z5(s)
oS+ Vi) Z1(9)+Z5(9)
2(s?+1) (s+1
(s"+1) (s+1) R,C, = R,C,
s
I(s) = ) Ry
¢ 2(s” +1) Va(s) RyCps +1 R
$2 Vy(s) R , R Ry + R,
i(0%) = lim slc(s) = lim — RyCos+1 RyCps+1
5—>0 5—>00 2(5 + 1)
Ry
= Vi(s
= L - — Ampere VZ(S) Rl + R2 1( )
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For impulse response, 40
Ve, = 100 =80V
Vys) = 1 < 10+ 40
o,(t) = 8() 3
Ve, = 80x =48V
Ry 2 2+3
0y(t) = 8()
Rl +R2 2
Vey = 80x——=32V
+
o
v, = retl ®)
V_ =V, =6V
3 6\ d (07) ()
vV = (5x107) (4x107") ——(100t) =2V
dt Soatt=0"—>
@) V,=10-6=4V
x(t) A I, = é:1Ampere
T, R(OT) 4
v Ipy = 0 Ampere
T g T = RC=8sec.
T
! i(t) = i+ iy —i) e t/"
-Vi-----
T, =0+ (1-0)et/8
T=T,+T, it) = e/
- Energy absorbed by 4 Q resistor in (0, )
1¢ 2
Rms = [— | x~(t) dt 0 o
AT ®) E= [i®Rdt=[4ae™/*at
0 0
1t 2
= |7 [v2at+ [ (-v)* dt - afetta
0 1
0
Rms = \/1[v2m ~0]+V[T-T]] e
T = 4 ——16[e7/ 4y
1 174 0
= \/—[VZJ[TﬁT—Tﬂ
T = -16[0-1]=16]

Rms = %VZT: vi-v

[ 6. WU

At steady-state:
Inductor behave as short-circuit.
Capacitor behave as open-circuit,

10kQ 2F 25kQ
+ ch—

+
40kQ Ve, 3F

]

El o

When switch was closed circuit was in steady
state,
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At t=0%; KVLinloop (1),
0 [ 1% 1
Iy(s)- R+ —+1Iy(s)-—= +[Iy(s) ~ 12 (s)]sL =0
s sC
20 A)2s5A 1 B
25 A = Il(s)[R+E+sL}—Iz(s)-sL:T
(<)
NN KVL inloop (2),
C i [y (s)~ Iy ()] L+ I (s) R + I (5)—= = 0
+VVVV SC
v
= V=IR N —Il(s)-sL+12(s){R+sL+%}:O
=25%x20=50V 5
V.=-50V

X

(Polarity of V_ is given reverse of V)

Ea o

Att =0 in steady state,

o y.o

o

Att=0%;

©

When switch is in position 2,

1/sC
[4
Ny _
V/s L) Iy(s)

1/sC

1
R+SL+E —sL |:11(S):|=|:—V/S:|

—sL R+sL+i 12(s) 0
sC
©
I = V(s): 1
s+2  s(s+2)
-]
) = s(s+2) 2ls s+2
. 1 -2t
= =1
i(f) = 5 ( )
At t=0, i(f) =0
t=o0, i(f) = 0.5
f_l i(t) = 0.31
= 2/ l(t) = U
i(t)A
051
0317~ '
: > t
0 1/2

Graph (c) satisfies all conditions.
(b)
KVL:

Ldi(t)
dt

u(t) = Ri(t)+ +%Ii(t) dt

Taking Laplace transform on both sides,

V(s) = RI(S)+LsI(s)—LI(0+)+%+%0+)
= 1 = I(s)+sI(s)—1+@_1
S S S
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2+1 = @[s2+s+1]
S

s+2
IS = —
© s2 4541

13 WO

RC = 0.1 x 107 x 10% = 10~
=100 ps
As RC is very small, so steady state will be
reached in 2 second,
V.=3V

V,=-V.=-3V

@
_ Ldl
dt
V(s) = sLI(s)- LI(0")
= -LI0*) =-1 mV
question)

<<
|

(Given in

1mv
10%) = %: 05A

©

R,  4kO
RyCps+1 4x1072s+1

(% vy
Vxﬂ-[zl+zsz(0

7, =47,
Zy 47y 47y
Zi+Zy  Zy+4Z, 57,
v, (t) = 0.8 v,(t)=0.8x10u(t)

v, (t) = 8u(t)

0.8

@

At t=0% capacitor is short-circuit and at
t = o0, capacitor is open-circuit.

N _ 10V
So, 1(0%) = T 0.5mA
I(0) =0
Time constant of the circuit,
T= Req C
T =4 uF x 20kQ |20 kO
= T = 40 m-sec
Using direct formula,

I(t) = I(«0) - [I.(:0) - 1.(0)] e™*
I(f) = 0~ (0-0.5) ¢ /40 msec
I(t) = 05" mA

L 17. WO

At t =0, the inductor behaves as an open-circuit.

So, V, = LR,
di

v = L=(0"

L dt( )

di .V, LR

=(0%) = ZL_Is7s

P a0 =TT

©

The waveform of voltage V (t) is shown below.

V(A

AL A
V

p

1+

In mathematical form,
0<t<T,
C=1FI=1A
t
v, = [dt=t
0
Att=T, V.=T
t
T<t<2T,  V,=T-[dt=2T-t
0
Att=2T, V.=0
t
2T<t<3T, V= [dt=t-2T

2T



GATE Previous Years Solved Paper O |123

Att=3T, V.=T

c

3T <t<A4T,
t
V= T— [ dt=4T -t
3T
V() = tu(t)-2(t-T) u(t-2T)

+2(t-2T) u(t-2T) ..

n=1

@

Ve 1 (1) 1
g = ——7""""<'|—"|= ——
¢ (S+1+1j s 215+l

(37 +(%)

2 _ . 3
V() = ﬁe Uzsm(%t}
®)
1 s
Vi) ( 1).1_sz+s+1
s+1+—
s
(Hl) 143 2
2 2 2 3

100 V = »(0)
=2(0")

100 V g) :—2’:?:3_

tu(t)+2 i (-D)" (t-nT) u(t—nT)

t>0‘
1(s)
1/sC
R=5kQ
.
o(0") _ 100
S - S y
C = 0.16 uF
+
R
(0% = 100 V
1 1
RC  5x10°x0.16x10°°
R = 5kQ

i(f) = 20 &% y(H) mA

@

i(0") = ? =0375A
i(0) = 0.5 A

i(f) = i(o0) - {i(o0) - i(0")} e RH"
where, R = equivalent resistance seen across L
with current source opened,

R=10+(101/10)=15Q

i(t)

-3
0.5—{0.5—0.375} ¢~ 15t/15x10
0.5 - 0.125 7100t A

V() = v(0t)=2

C
-3
_ 25x10 =50V
50x10~
(. direction given is opposite)

V(o) = 100 V
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10Q

100 V Ci)

+
V() =100 V

B

Vi) = V(o) +[V(0") - V()] e/
= 100 + (-50 - 100) e/

V(#) = 100 - 150 et/

ity = ¢ —c 20 -t/
dt T
and ©=10 %50 x 106
=5x10*
3
i(t) = 50><10_6><L6 e 2107t
10x50x10~

3
= 1572107 Ampere

()

Since there is no resistance so time constant will
be zero. That means as soon as the switch will
be closed voltages at C; and C, will become
equal and capacitor allows sudden change of
voltage only if impulse of current will pass
throughit.

Sol.

4H C
T

Q

For critically damped system,
1
=1=—
g 20
& = Damping factor
Q = Quality factor

For series RLC circuit,

Q= %\E (i)

From equation (i) and (ii),
1

40 O
—WW

<=

where,

=1

A

2
R

eNetwork Theory
- (%)
or, =R
2
L= (EJ x4 =10 mF
40
Sol.
Atsteady state t =07,
5kQ 4kQ
— MWW MW
o
10V —=— Voe l 1kQ
o

V() =V (0")=5V

[,(07) = ,(0)=1mA

At t=0, switch get closed,
5kQ 4kQ

5V @

Thus, the current through 4 Q resistance is,

5
4x10°

1 kO

100V—F 1mA

=1.25mA

@)
Converting the given circuit into frequency

domain and applying KCL at V(s),

R, V(s)

—~1/Cs

@

e
11

S V6), V)
Rq R, 1/Cs
R, =1kQ,R,=2kQ
C=1uF

and
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Using the components value we get,
V(s) {1 + 1 + s} >
1 2

S

or, V(s) = > (i)

T

Using partial fraction on equation (i),

©

Ve 10 10 (i)
8)= -7 a~ .. (it
3 3(s+3j
2
Using inverse Laplace transform,
10 —3/2t
= —J[1-e i
o(t) = 3 [ ] -(iv)
Vi) 5 _
Current, I= ﬁz—[l—e 3/Zt]mA
R, 3
Sol.
At steady state the inductor act as a short-circuit,
v, i,
2i,
10 u(t) ACD % 50
50
g V., =5i,
By KCL,
104+ Ve =2k +iy =0
1042 =2 +i, =0
8i,
or, 5 = 10
50
= —A
= =3
v (t) = 5i(t)
= 20 5105
v(0) =0V
v,(07) =0V

120 Q B
3V

0.1 pF

il

Time constant,
t=RC=120x%0.1 x10®
v () =3+(0-3)et/*
3(1-et/m)

Cdu.(t) 0.1x100x3xet/"
0= -

T

01x10°x3¢/* 1 /e

120x0.1x107° 40

Energy = JVIdt
0

o0
3oLt/ t o3 et

40 40 0

o—8

3 -6
= —x12x10™ =0.9
m U]

Sol.
(0) =0V
v (0" =0V
Att=oo,
3Q
MW
> o +
10V — 20 0,(e0)
: o
2 x10=4V
Cx) = =
%)= 733
[By voltage divider]
v () = 4[1 - /7]
T= R, C:ﬁxézlsec
7 3+2 6

v (1) = 4[1 - e1/1] =2.528 Volts
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KX Sol. = Req Ceq
(4+2)x0.1=0.6sec.

iy 12 2
fnitialenergy = 3 (Vi +C2V2) LD = VeIV - Vet
1 =10 + (4 - 10) e/
= S (3x17+1x3%) =6] V() = (10~ 6606V
Final energy stored in capacitor 35. A
- l(C1+C2)V2 Att=0";
2 1Q
CVi+ GV, = (C+G)V
1x3+43x1= (1+3)V 10
V=15V 10V §iL(O")=T:10A
1
Final energy = 5(1 +3)x (1.5)2 =45]

Energy dissipated =6-4.5=1.5] (0 10 10A
i,(0) = —=
1

@ For t > 0 (using Laplace transform)
At t =07, switch is at position-1. A
N
30 -3
MM 2 10 x 10 . |-
@ 107 =y
5 10s |,
_ 10°
10V Ci) 20 V() S
i X 10x107°
. ° = ————%
10735+ %
10x2 s
where, V(0 = ——=4V (i)
€ 2+3 100
- V(s) = I(s)x—
V0) = V0 =4V )= 10905
Att=oo, 6
10
40 20 Vi) = 7 108
Taking inverse Laplace, we get,
Ny V() = 100 sin10*t V
V() 20 Cf 5A .. Steady state magnitude voltage across
-9 capacitor is 100 V.
KW Sol.
V(o) =5x2=10V ...(ii) Att=0;
The time constant of the circuit is,
40 20 10
20 12V

o o]
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[= Z2=2A
6
2
VBF_ 1OX§:4V
V,, = 10x2=6V
5
Att=0%
1Q
12V

4
0 = ——=-1A
0 =77

Note: As the current direction is not mentioned
in the question, thus by reversing the current
direction 1 A can also be the answer.

Sol.

Ati(t)=2A,
3t
2=5/1-e 2
By solving, t = 0.3405 sec.

Sol.

* The equivalent circuit at f = 0~ is as follows:

5Q

10A ¢> 50

i(0)=5A

i (0) =101 =5A
* The Laplace transform model of the circuit
for t >0 is as follows:

50

X255

N OREICERC

S

Li(0)=125A

10 125 10 5
0= 525 5 52
* By takinginverse Laplace transform,
i() = (10-5e2) u() A

e Att=0.5seconds,

it) = (10—%) A=816A

Sol.

Loop current,
1 —t/t
i) = — (1 A >
i(h) = 7,7 ¢ JA; >0
L 1 1
T= =——=—-3secC
Req 1+1 2

Att=0.5sec,
. 1 1
i(f) = E(l—e YJA=0316 A
A s
T= 3R0C =3 sec.

R(#) = (1—%); 0<t<3sec
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iy R
250Q V()
v 0
+ Ve - +
v (D -=C 5 v@) 2500 Vi)
V¢/500
°
By KCLat V (),

=
=
-~
N
=
=
N
+
O
'—D

.
=
N
[
=

Il
—_

(1-%) i(t)+ [i(t) dt =1

Differentiating both sides, we get,

(1—1jﬂ—i+i =0
3)dt 3

di 2
i (3-1)
Integrating on both sides, we get,
In(i) = 2In(3 - £) + In(c)
i(f) = c(B-1)?2; t=0

Giventhat, i(0)=1A
So, c3-02=1A
1
c= §A
1
ity = =3-t*A
9
T
= —=1.5sec
At, t 5
. 1 2
i(t) = 5(1.5) =0.25A
(0.1386)
250 Q =0
WAVAV ﬁc
Yy T S
s5v(+ [ 250Q  V.(t) == 0.6 uF
C> V,/500

V0)=-5V=V,
For t+>0, Sis closed.
For final value at t = (S.S), C— O.C.

Vc(oo)—5 +V_R+ Vc(oo)
250 500 250
Vc(oo)_S + 5—VC(00) + VC(OO)
250 500 250

(Ve=5-V ()
VC(OO)[L_L+L} -2 _5
250 500 250] 250 500
V(o) [2-1+2] = 52-1)

For time constant, T=R, qC
For R (V— S.0)
V-I method:

250 O I

250 Q -V

(]

VR _ VR, V.
250 500 250
R _Vr, V.
500 250 250

oV R,V
500 250 250 (V=-Vp)

1= V[L_L}zv[i}
500 500) | 500

%4 500
T

t= R,C =?x0.6 uF

= 50; 6 H=10"*sec

V() = V() + (VA0) - V() e/
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- §+(_5_§) 10t SkQ 5y
3 3 VWy L
5 _(4) 104 . 210k
V() = ——5( j 10 i.(0) =
3
o
5-20e 20 -10% 10V 1mA
Volts >0 T
I o By KCL at (10 V)
10
4 4 2V i ot -
5 = 20e10 t:%:e_lo ; 5k+zc(0 )+1mA =0
ol o i.(0% = -3mA
n— = —
i cdoc@) _
+1.386 = +10% i om
t=1.386 x 10*
- doc(07) -3m -3m
t=0.1386 x 103 = i = C = 1
t = 0.1386 msec m
dvc (0+) B
m = -3V/sec
(1.44)
In steady state the circuit is,
10 kQ '
< 1mF 6+ (o) =1A
0.1 mH 1A G) V()
?- 5kQ

For t <0, S’ is in position (P).
Att=0-(SS),L->S.C,C—>0.C

5K 5kQ
20V C:) 20 kO V() 210kQ
l i(0)
. 20 .
i,0) = 5o =1mA =i (07)=],
By VDR,
20x10k

V) = 5510k
10V = V(09)=V,
Att=0+,S is in position (Q)
L—O.C. withI,C—S.C. with V,

= (o) =1A
= Ammeter currentin steady state
V(o) =5k-1A=5kV
During the transient period the Laplace domain
transformed circuit with zero initial conditions,

Vels)

Al

@

1/sCQ =

z'L(s)l RO

Nodal equation in s-domain

1 V() Vels) _
= s '1/sC RasL
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1 R+sL
= V)= ———"-—-—"—70-——
9= s2LC+RCs+1
. L = Ve(s) _ 1/LC
L R+sL s(sz+Rs+1)
L LC
1

A —
(Dn_L

C
d 20, = Ezé—ﬁ\ﬁ
an Ew, = 7 o\

5x10° [100x10712

= &= 5
2 10x10
= 25x1013/1078

=25x%x10%x10*
=0.25

= Peak overshoot (or) First maxima
= /18
 025x3.14

1-0257 _ 0 4443

Ai(t) A
T444p-o
AW
1.0 .
VA
0 Tp t(se>c)

So, the maximum ammeter reading just after the
switch closed is,

i (D) = 1+0444=1.444 A

0000

Answers
H 33| Transient and Steady-State Response

1.
9.
17.
25.

32.

d) 2. (d) 3. (a) 4. ()
(b) 10. (9) 11. (b) 12. (a)
(b) 18. (d) 19. (d) 20. (d)
(b) 26. (d) 27. (d) 28. (0)

(6.99 x 10°) 33. (a) 34. (100)

5.

35.

6. (a) 7. (d) 8. (b)
14. () 15. (c) 16. (b)
22. (o) 23. (d) 24. (a)
30. (d) 31. ()

(54.99)

Solutions . 93| Transient and Steady-State Response
@

t=R_.-C

Time constant, et

R, . = Net resistance across capacitor when all
the independent voltage sources are short-
circuited and all independent current sources

are open-circuited.

—MWW A

R
Rnet

e]

S.CI 2R

2
R = RII2R =§R
Hence time constant,

= zRCsec.
3

@

When switch is closed, current through

capacitor,
I=C dv.(t)
dt
V = RI+V (1)
1= reZO oy )

dt
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Att=0",
V(©) =0
1= RCdVC(t)+0
dt
dv0t) 1
Hence, It = RC
@
Vi 8
= - — -2k
Isc  4x10
L =6mH
, L 6x107°
Time constant, t = —=—3=3 LLsec.
R 2x10

E o

"+ Ideal voltage has zero internal resistance,
.. Time constant,

t=RC=0
Hence capacitor will charge instantaneously.

©

V= Ld;(:) i(HA
. Constant direct current
For i(t) = Iu(t) I
d
= L—1Tu(t
V=L () .t

= LI3(t) viz anideal impulse function

& o

R
+ T VWV
+
V() C=V)
Given,
V) A
1%
0 T >t

ie., V= Vu(t)-u(t-T)]
: V(0 15
V(1 -e/RC) x [u(t) - u(t - n)]

<

=

=
[

»

T

i.e., capacitor charges till + = T and then
discharges.
Hence, 1%

c(max) =
(C)]
Current through inductor,

V(l _ e—r/ RC)

=

t
ity = — [ ot)dt

t
%letzdt fort>0=4£ A
0

(b)

At t=0" inductor works as open-circuit, hence
complete source voltage drops across it and
consequently, current through the resistor R is
zero. Hence, voltage across the resistor at £ = 0*
is zero, and further with time it rises according
to V() = (1 -eR/L)u(b).

V(A
TF-==mmmm e oo o -
0 > t
(b)
For transient free response,
oL
tan(ot,) = R
2mx50x0.01

tan(2n x 50 x £,)) 5

tan [ T
21t x 50 x t, = tan g
= 32.14° = 0.561 rad
ty = 0.561 =1.786 ms
100~
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©

V(1) = V() - [V () - V(0)] e?/RE
_10x107°
10, 103511x1072
V (peak) = 10—(10-0)e 11
=10-(1-¢7) =632V
[where, R, =10(|1= 10 kQ |
11
10
= 11x =10V
Vi) 10+1

and

"+ pulse of duration 10 ps is applied.

Hence capacitor charges till 10 ps and then starts
discharging, so V_will be maximumatt =10 ps.

11 WO

Before closing the switch, the circuit was not
energized, therefore, current through inductor
and voltage across capacitor are zero.

After closing the switch, at f = 0* inductor acts
as open-circuit and capacitor acts as short-
circuit.

Equivalent circuit at ¢ =07

30
MW
1
o
10v<:) 40 40 V,(0)
[e]
=10 o4
3+4]l4

V(0 = Ix(4]14) =2x2=4V

@

Using KVL,
dq g
100 = R—+—
dt C
dq
100 C = RC—+q
dt
Iq L _ 1 tdt
90100C-q  RC-0
100 C - g = (100C - g,) e™/RC

. _ 49 _(100C-q0) -1/rc
dt RC

e/RC = 401 =147 A

13 JQ

At (t— 0%), the capacitor act as short-circuit. At
(t > ), the capacitor will become open-circuit.

10Q
—o—o—AM—
o +
20V V() 100
o -
.. Voltage across capacitor
— x10=10V
10+10

©

Before closing the switch, at t = 0, the circuit is
in steady-state. So, inductor behaves as short-
circuit.

10Q

10V —=

10
(07 = 10 1A
After closing the switch, at t = 0*
Current through inductor can not change

abruptly.

©

Before moving the switch, at t =0~

0" =i (0)=1A

The circuit is in steady-state and inductor

behaves as short-circuit.
The circuitatt=0-,
200

120V —
40Q
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120

. 1.
0_ = = . . - . .
i, (07) 20+40 Remaining 2L11 energy in inductor
After moving the switch, W, = 0.05 W,
Att=0" = 0.05 x 20 =1 Joule
Current through inductor can not change 1
abruptly. L =
So, (0" =i (0)=2A
200 —x10x 1 =1
_ = =0.4472 A
2A l1 = ﬁ_ .
R Vi Letatt=T, current decrease toil,
400 0.4472 = 2¢710T
_______________ + T = 0.15 sec.
V, =i, (0) * {20+ R) Ed o
120 = 2> 20+ R) Voltage across capacitor will discharge through
R=40Q inductor upto voltage across the capacitor
) becomes zero. During this period, electrostatic

The circuit (in s-doman) energy stored in capacitor is transferred into
magnetic energy which is stored in inductor.

29 Now inductor will start charging capacitor,
. magnetic energy in inductor is converted into
Li(0)=10>2=20V electrostatic energy in capacitor.
> I(s) Expression for V () can be obtained in s-domain.
1003 L,=10s L o
p- As capacitor is charged initially to voltage V,,
then representation of capacitor in s-domain.
40Q

10s+100 s+10

" 20 V()
S
(20 +40 +40)+ 10s =
20 2 c

i(f) = [ [I(s)]= [ [ﬁ} =¢ 10 As current though the inductor is zero at £ =0,
Rep then
— Iy
or, i()=i(0")e L ° °
(20+40+40)
=2¢ 10 =210t §L = SL
Initial stored energy in inductor
W, = SLE0") ° 0

%x 10x2% =20 Joules
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The circuitat >0, Voltage across,
R,=V=5V
V,/s T Current through,
vV 5
V(s) @ |:|sL R, = Il:R_3=I:5A
1/sC Apply KCL,
-1+ -1,=0
Vy /s v, Current through voltage source
I(s) = 1 =1 =1,=1-1
E-ﬁ-SL SL+E =5_1=4A
ICA (d)
9= "ol 1 =
(S) - L 52 +i
LC

Voltage across capacitor = Voltage across
inductor = V(s),
Vi) = 1(s) x (sL)

o e A
L2, 2 §% +——
LC LC
1
As, W, = ﬁ

=
N
I

S
Vo
LZ +mg}

Voltage across the capacitor

V() = L(VE)] = L {%}

s°+ o)
V() = V| cosm,t
where,
1
0, = E

()
In steady-state, inductor behaves as short-
circuit and capacitor behaves as open-circuit.

R, R,

All the three windings has same number of
turns, so magnitude of induced emf’s in all the
three windings will be samei.e.

Vbl = [Vs|=Vr]
Polarity of the windings is decided on the basis
of dot-convention. As capacitor is charged to
5 V with left plates as positive.
So, T, is positive w.r.t T,

VT = VTl _VT2 =5V

As T, has negative polarity. So, P, has negative
polarity.
Therefore, V, = Vp —Vp, =5V

Similarly, S, has negative polarity.

So, Vg = Vsl _VSZ =5V

=Y g5a

R R 10
(d)

SV;/Z/ R,=100Q
o—MM—

| .

=100 }gw1 L TlOA 10V=C
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At (t=0%), the circuit becomes,

5 +
10V
o -_—

v, 10Q
MWW
100 % IE) 10A
v
By KCL,
Vi im0
10 10
2V, = 110
V =55V
55-10
IC =
10

©

=45A

For finding time constant, we neglect current

source as a open-circuit.

Circuit becomes,
1 F
I—W
<>
1F= = 3Q = 2F S30
<>
Cq=2/3FF %
Time constant = R, . C, .
= 6x—=14sec.
©
Ai(t) mA
4 ___________
] it RALCEELT -
Ay A, \‘\
s
2 us 5us

Charged stored in the capacitor = Area under
i-tcurve,
Q=A,+A,

%(2><10_6)><(4><10_3)

+%(4+2)><10_3><(5—2)><10_6

[4+6423} x1072 =13 nC

@

Capacitor charged upto 5 ps, so total charge
stored in capacitor = Q =13 nC.

Voltage across the capacitor before connecting
to inductor,

-9
_Q_ B0 aasy

¢ C 03x107°
Voltage across the capacitor at time ¢,

V(tatt =1ps

V, (t)|t=1us = [V cosapt],_q
1 -6
ot = x1x10
0 J0.6x10% x0.3x107°

= 2.357 rad = 135°
V, (t)|t:1us = 43.33 x cos135°

~ -30.6 V

(a)

Att=0", 5, is closed, S, is open.

3V—T =G =G,
C, gets charged upto3 V
Charge stored in C,,

Q,=CV=1x3=3C
Voltage across C, is zero at t = 07, so no charge
is stored in C,.
Att>0, S, isopenand S, is closed.
Charge stored (Q,) initially in C, gets
redistributed between C, and C,.
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0 o
—o o©o Ic
Ql T QZ +
5V— =4V 40
- -=C Vv =G -

Let charge stored in C, = Q,
Charge stored in C, = Q,
According to conservation of charge
Q+Q=0Q,=3 (1)
Voltage across C, = Voltage across C,,
Q% % %
Cq Cy 1 2
Q, =2Q,
Solving equation (i) and (ii) we get,
Q,=1Cand Q,=2C
Voltage across combination

Gl gy
C 1
Alternate method:
VCl Cl + ch C2
Yo =V ="ce,
1+Co
(b)

As the switch has been closed for a long time,
the circuit is in steady-state. At steady-state,
capacitor is open-circuit,

I 1Q
——\WW
0,
5V— Ve(0) 40
o

Circuitatt=0

Using KVL,

5-1-41=0
= I=1A

V() =4x1=4V

As the voltage across capacitor can not change
abruptly.
So, V(0% =V (0)=4V
Circuitat t=0*

Current through capacitor at t = 0*

4

10 = §=1A

CY
Initial current through the inductor is zero and
capacitor voltage is charged upto voltage,
V07) =100V
As current through inductor and voltage across
capacitor can not change abruptly.
So, after closing the switch,
i,(0) = i,(07) =0
and V0% = V(0)=100V
The circuit is s-domain,

V.(0%) _ 100
S

sL
T

1/sC
T

100/s 100 1
©O=r IV 2,
(sL+) T +—

sC LC

100\/§ _NLE
L 1 V
2+ 1e]
JLC
Taking inverse Laplace transform,
i(t) = LM[I(s)]
C 1
100, |— sin t
\]: JLC

3
100 x %xsin %t
V1x10 V1x1072 x10x107°

~
N
I
—_
o
[97)
.
=]
~
—_
o
=
=
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(d) Putting values of R, C and [ we get,
1 _ 20x1073 ) 1
?Sfc V(s) = s|:(20><10 3><200—2)+[ o ]xs:|
=0 3
t = 1{(2—2)+20x10‘3x1}:20210
C,= i(t) =G 5 . s s
20x10
Vs(s) = 52

or, V(t) = 20000¢ u(t)
V(s) = (20000)¢ u(t)...

Circuit is s-domain,

i6s) which is the equation of a straight line passing
;" through origin.
/¢ Hence, option (c) is correct.
= 1/sC,
®)
1/sC
/G Circuit for t+<0,
——o
By applying KVL,
R
E + @ i + i =0 V.—
S S Cl C2 o +
1C.C Vi(0) =V (0)=Vy
I(s) = —rlcz =k (constant) —T -
12 Circuit for t = co:
= i(t) = ka(t) In steady-state capacitor becomes open-circuit.
. Currenti(t) is an impulse function. V(@) = -V,
© W
R
Given: C=1pF, v (0)=-2V R
R=100Q, I=20mA Vop——
Circuit for the given condition at time ¢ > 0 is , Vo) =V
02
shown below. T +
V2o 2 We know that,
c = -t/
s__ s 1/Cs Vi(t) = V() - [V () - V(0)] e
@ ¢ 1 = Time constant of given circuit
=2RC
J > V) = =V = (Voo = Vi) e/2RC
I V o
/s C*? S5 I/s % R = ( VOl) (V02 ) t/2RC _ VOl
01, V() = (Vog+ Vi) (€775~ 1)

Applying KVL we have, R

vo = (2)(re ) —W——;
o
= %[—2+IR+é}:%[(H{—2)+é} c5L
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Initially (f = 07) the inductor would be KCL atnode A,
uncharged. VA—3+E+VA_3_0
So, 10 =0 1 2 2
The KVL in the loop will be 2V, -3)+3+(V,-3)=0
v=ri+LY 3Va=6 Vy=2
dt .
Att=0", V= RI(0 HLE(O ) dt
. . +
Since, 10%) = 0 dlg ) _ %:%ZZA/SP_C
dl 1%
So, E(()Jr) =1
32. EEA
Now, lets differentiate the above equation,
S
dv . d%I —?f :
So — = R—+L—
’ dt dt  df?
2 4V== 5uF 50
0= R£+Lﬂ
dt de?
dl dI?
Att=0% 0=R—(0")+L—(0" 4 _
dt( ) dtz( ) i(t)= (_e t/'c}
5
o, Loy - {_ﬂ_v} £ = RC =25 x 106 sec.
dt? L? Change lost by capacitor from t =25 ps to 100 ps
Sol. I’
100 psec
S 1gq s, [ iyt =699 x10%C
o—AMN— 25 usec
20 KX (a
3V El H - @ . o . :
From the given circuit, consider the following
3V circuit diagram,
J 50
Att=0, W
6Q
8Q 32Q
2Q (bq/Q g
3/2AY 50V
3V After rearrangement,
8Q
i,(0% =i,(0)=15A ke MW
Att=0% 60
10 80 Yi0)=25A
—WW
50V
2Q
v %m For t20, I, = i(0)=25A

we canwrite, i(f) = I,eR/L
i(t) = 254 A
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Sol.

Consider the following circuit diagram,

11
[N
50 50

50
10V<j>

50 50

After minimizing circuit elements we can have

the following circuit,
1F
11
| |
10V Cj) @ %E 50
Here, t = RC=5sec.
Now current,

vV _ 10 _ B
i = ¢ t/ = t/5 _ 5,02t
Energy supplied by the source,

E

jloxzaﬂzfdt
0

100 ]

Sol.

If initial charge polarities on the capacitor is
opposite to the supply voltage then only the
capacitor voltage crosses the zero line.

10V C:) —c

V (t) = Final value + (Initial value - Final value)
et/
0 =10+ (-V,-10) ¢4
10 = (V, +10) e04
V,=4918V
Now, t=0.27

0 = 10+(-V§-10)e 02

V4§ = 2214
% change in voltage
_ 4.918-2.214 «100%
4.918
= 54.99%
0000



Q.1

Q.2

Q.3

Q.4

Two Port Networks

ELECTRONICS ENGINEERING
(GATE Previous Years Solved Papers)

Two 2-port networks are connected in parallel.
The combination is to be represented as a single
two-port network. The parameters of this
network are obtained by addition of the
individual
(@) z-parameters
(b) h-parameters
(c) y-parameters
(d) ABCD parameters

[EC-1988 : 2 Marks]

For the transfer function of a physical two-port
network:

(@) all the zeros must lie only in the left half of
the s-plane.
(b) the poles may lie anywhere in the s-plane.
(c) the poles lying on the imaginary axis must
be simple.
(d) apolemay lie at origin.
[EC-1989 : 2 Marks]

The condition AD - BC =1 for a two-port
network implies that the network is a

(@) reciprocal network
(b) lumped element network
(c) lossless network
(d) unilateral element network
[EC-1989 : 2 Marks]

The open-circuit impedance matrix of the two-
port network shown in figure is

I, 20 I,

Q.5

Q.6

Q.7

Q.8

2 -8
(b) {—8 3}

2 -1
o33
[EC-1990 : 2 Marks]

Two 2-port networks are connected in cascade.
The combination is to the represented as a single
two-port network. The parameters of the
network are obtained by multiplying the
individual

(@) z-parameter matrics

(b) h-parameter matrics

(c) y-parameter matrics

(d) ABCD parameter matrics

[EC-1991 : 2 Marks]

For a two-port network to be reciprocal

@) 2y =2y ®) ¥ =Y,

© hy =-hy, (d AD-BC=0
[EC-1992: 2 Marks]

The condition, that a two-port network is
reciprocal, can be expressed in terms of its ABCD
parameters as

[EC-1994 : 1 Mark]

The short-circuit admittance matrix of a two-
port network is

0o -1/2
o
The two-port network is
(@) non-reciprocal and passive
(b) non-reciprocal and active
(c) reciprocal and passive
©

c) reciprocal and active

[EC-1998 : 1 Mark]



GATE Previous Years Solved Paper

) [141

Q.9

Q.10

Q.11

A two-port network is shown in the figure. The
parameters h,, for this network can be given by

1 1
@ -5 ) *5
3 3
© -5 @ *+5

[EC-1999 : 1 Mark]

The admittance parameter y,, in the two-port
network in figure is

I 20 Q I,

E, 50 10Q E,
@ -020 b) 010
© 0050 (d) 0.050

[EC-2001 : 1 Mark]

The Z-parameters Z,, and Z,, for the two-port
network in the figure are

I, 20

‘2
\ <
40 T
El E2
i _|_10E1 £
-6 16
a) Z11=—Q; 72 =—Q
@ Zn T 2=
6 4
T = Ty = —
(b) 11 =778 4o =y
6 -16
Q) Z11=— 2y =—
© Zn 11 2=
4 4
Zi1=—Q;Zy =—Q
@ A= o=y

[EC-2001 : 2 Marks]

Q.12 The impedance parameters Z,; and Z,, of the

Q.13

Q.14

two-port network in the figure are

20 2Q 2Q
1 2
1Q 1Q
1o 02’
(@ Z,;=275Qand Z,, =0.25Q
(b) Z,,=3Qand Z,=05Q
( Z,=3Qand Z,=0.25Q
d) Z,,=225Qand Z,,=05Q

[EC-2003 : 2 Marks]

For the lattice circuit shown in the figure,
Z,=j2Qand Z, =2 Q. The value of the open-

Z1q le} are

circuitimpedance parameters, [
21 Zo

Z,
lo | ] o3

20 1 0 4
Zb

1-j 1+j 1-j 1+j

@ J11j 14j 14j 14

1+ 1+j 1+ -1+j

© |1-j 1-j 14j 14
[EC-2004 : 2 Marks]
The ABCD parameters of an ideal n : 1

n 0
transformer shown in the figure are [0 X}

The value of X will be

n:l
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(@ n ®) 1/n
(© n? (d) 1/n?
[EC-2005 : 1 Mark]
Q.15 The h-parameters of the circuit shown in the

Q.16

Q.17

figure are
I, 100 I,
O_HAA,V <€ 0
+ +
v, 200 v,
° o

01 01
@) {—0.1 0.3}

30 20
© [20 20}

A two-port network is represented by ABCD

10 -1
(b) [1 0.05}

10 1
(@) [—1 0.05}

[EC-2005 : 2 Marks]

parameters given by

HEEH A

If port-2 terminated by R, the input impedance
seen at port-1 is given by

A+BRL ARL+C
@ =hp. b
C+DRL BRL+D
DR; +A L BrARy
© BR; +C () D+CR;,

[EC-2006: 1 Mark]

In the two-port network shown in the figure
below, Z,, and Z,, are, respectively

I

 Yeu

TN

o O
(@) r,and Br, (b) Oand -Br,
(c) Oand pr, (d) r,and -Pr,
[EC-2006: 1 Mark]

Linked Answer Questions (18 and 19):

A two-port network shown below is excited by external

dc sources. The voltages and currents are measured

with voltmeters V,, V, and ammeters A, A, (allassumed
to be ideal) as indicated. Under following switch

conditions, the readings obtained are:

5 Sy
@fe @
+ + + 4

— Two-port
il V. V. -
T oV CD Network CD L5V ~
1 2

Q.18

Q.19

Q.20

(i) S,-open,S,-closedA; =0A,V, =45V,
V,=15V,A,=1A

(ii) S, -closed, S, -open A; =4 A, V, =6V,
V,=6V,A,=0A

The Z-parameter matrix for this network is
1.5 15 1.5 45
@ |45 15

() [1.5 45
15 45
© {1.5 1.5}

45 1.5
@ |15 45
[EC-2008 : 2 Marks]
The h-parameter matrix for this network is
-3 3 -3 -1
@ |1 067 ®) |3 067

3 3 3 1
© L 0.67} (d) {—3 —0.67}

[EC-2008 : 2 Marks]
For the two-port network shown below, the
short-circuit admittance parameter matrix is

050
10 MWW 02
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1 -05],
() [—Q5 1 }

4 2
@ |5 1)
[EC-2010:1 Mark]

Q.21 In the circuit shown below, the network N is
described by the following Y matrix:

01S -0.01S
“10.01S 0.1S

The voltage gain V,/ V, is

250 I I,

100 V 100 Q@

1 1
@ 5 ® 5
1 1
© 5 @ —

[EC-2011: 2 Marks]

Common Data Questions (22 and 23):

With 10 V dc connected at port A in the linear non-
reciprocal two-port network shown below, the following
were observed.

(i) 1<Q-connected at port B draws a current of 3 A.

(i) 2.5Q connected at port Bdraws a currentof 2 A.

+0————— ————o+
A B
JY . S I

Q.22 For the same network, with 6 V dc connected at
port A, 1 Q connected at port Bdraws7/3 A. If
8 V dc is connected to port A, the open-circuit

voltage at port B is
(@ 6V (b) 7V
() 8V d 9V

[EC-2012: 2 Marks]

Q.23 With 10 V dc connected at port A, the current
drawn by 7 Q connected at port B is

3 5
(@ ZA b —A
© 1A d ;z\

[EC-2012 : 2 Marks]

Q.24 In the h-parameter model of the two-port

network given in the figure shown, the value of
h,, (in S) is

[EC-2014 : 2 Marks]

Q.25 Consider the building block called “Network N’
shown in the figure.

Let, C=100 puF and R =10 kQ.

Network (N)

=T

Va(s)

=

o«— —~
o=«

<
=

Two such blocks are connected in cascade, as

shown in the figure.
Network Network
Vi f) N) N) Vl(s)
o— ——o— —o
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The transfer function V;(s)/ V, (s) of the cascaded

Q.26

Q.27

Q.28

Electronics Engineering

eNetwork Theory

network is

S

@ —

1+s

o (=)

s2

1+3s+52

S
@ 355

[EC-2014 : 2 Marks]

For the two-port network shown in the figure,

the impedance (Z) matrix (in Q) is

300
10 MW 02
10Q 60 Q
1o 02
6 24 9 8
@ |42 9 ® |8 24

9 6
© [6 24}

2 6
() [6 60}

[EC-2014 : 2 Marks]

The two-port admittance matrix of the circuit

shown is given by

o

(o

50
MW 4
10Q 10Q
O
15 5
® |5 15

03 02
@) [0.2 0.3}

333 5
© | 5 333

03 04
} () [0.4 0.3}

[EC-2015 : 1 Mark]

The ABCD parameters of the following two-port

network are
(G+j4) Q (6-j4)Q
o 1 1 7o)
(2+j0)Q

Q.29

Q.30

Q.31

[35+ 2

@ [ 20.5}

352

35+j2 05

® | o5 5.1
| 0. 5—j
(10 240

© |ari0 10
12+]

[7+j4 05
@ | 305 7-ja

[EC-2015 : 2 Marks]

Consider a two-port network with the
transmission matrix:

A B
r-lc o
If the network is reciprocal, then
(@ T'=T
(b) T2=T
(c) Determinant (T)=0
(d) Determinant(T)=1

[EC-2016 : 1 Mark]

The Z-parameter matrix for the two-port
network shown is

2jo jo
jo 3+2jo

where the entries are in Q.

Suppose, Z,(jw) =R, +jo
Za Zb
lo 1 1 02
[] ZC
1/0 o 2/

Then the value of R, (in Q) equals .
[EC-2016 : 1 Mark]

Z11 Zyp

for the
Zy Zzz}

The Z-parameter matrix [

two-port network shown is
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Q.32

Q.33

Q.34

30

Input port Output port

NS
60
2 2 2 2
(@) [—2 2} () [2 2}
9 3 9 3
© [6 9} @ [6 9}

[EC-2016 : 2 Marks]

The ABCD matrix for a two-port network is
defined by

e[ o))

I 20 20 1,

The parameter B for the given two-port network
(in Q, correct to two decimal places) is .

[EC-2018 : 1 Mark]

In the given circuit, the two-port network has

40 60
60 120 €

the impedance matrix [Z] ={

value of Z, for which maximum power is

transferred to the load is Q.
10Q I I
+ +
120V v, [Z] v, Z,

[EC-2020:1 Mark]

For a two-port network consisting of an ideal
lossless transformer, the parameter S, (rounded
off to two decimal places) for a reference
impedance of 10 €, is

Q.35

Q.36

10V—

o L : o
| S |
: g g |
: 75 :
o : : o
Port-1 Port-2

[EC-2020: 2 Marks]

Consider the two-port network shown in the

figure.

The admittance parameters, in Siemens are
@ Y11 =L yp=-2Yy=-Lyy=3

®) Y11 =2 Y= 4 Yy =4 Yy =2

© Y =2 Y= 4 Yy =4 yp=3

(

d) ¥y =29=-4Yn=-Lyy=2
[EC-2021 : 2 Marks]

A linear two-port network is shown in Fig. (a).
Anideal DC voltage source of 10 V is connected
across Port-1. A variable resistance R is
connected across Port-2. As R is varied, the
measured voltage and current at Port-2 is shown
in Fig. (b) asa V, versus -I, plot. Note that for
V,=5V,I,=0mAandfor V,=4V, ,=-4mA.
When the variable resistance R at Port-2 is
replaced by the load shown in Fig. (c), the
current I, is mA (Rounded off to one

decimal places).

Yy
Yol

Networks

e—— < —>¢

oy o N<j —>
=

Fig. (a)
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1kQ

10V

o

Q.1

Q.2

Q.3

Q4

Fig. (c)

[EC-2022]

ELECTRICAL ENGINEERING
(GATE Previous Years Solved Papers)

If a two-port network is reciprocal, then we have,
with the usual notation, the following

relationship
@ hyy=hy (b) hyy=-hy
© hy =hy (d) hyghy - hphy =1

[EE-1994 : 1 Mark]

For the two-port network shown in figure, the
admittance matrix is

I 100 I,
+ +
v, 10Q 100V,
| i

[EE-1997 : 2 Marks]

A two-port device is defined by the following
pair of equations:
iy=2V,+V,andi,=V, +V,

Z11 21
Its impedance parameters are
Zn Zp
given by
2 1 1 -1
@ {1 1 ® |4 2
11 2 -1
© |1 2 @ |4 1

[EE-2000 : 2 Marks]

A passive two-port network is in steady-state.
Compared to its input, the steady-state output
cannever offer

Q.5

Q.6

Q.7

(@) highervoltage (b) lowerimpedance

(c) greaterpower (d) betterregulation

[EE-2001 : 1 Mark]

A two-port network, shown in figure, is
described by the following equations:

I =YLE, + Y,E,
I, =Yy,E, + YyE,
L 20 20,

o=<—— ™
oO=<«— ™
N

The admittance parameters, Y,,, Y;,, Y,, and
Y,, for the network shown are

(@ 0.50,106,20 and 1 Urespectively.

1 1.1
Z0,-20,=
®) 3 6 3
(¢) 0.50,0.50,1.50 and 2 U respectively.

1
U and 3 U respectively.

@ -26,-30,2

2
,—= U and — U respectively.
= 7 5 P y

[EE-2000 : 2 Marks]

The h-parameters for a two-port network are
defined by

i e

I | |[hn hxo B

For the two-port networks shown in figure, the
value of 1, is given by

L 40 20 20 1,
E, 20 40 E,
S B B
(@) 0.125 (b) 0.167
(© 0.625 (d) 0.25

[EE-2003 : 2 Marks]

The Z-matrix of a two-port network is given by

, 09 02
102 06
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Q.8

Q.9

Q.10

The element Y, of the corresponding Y matrix
of the same network is given by

(@ 1.2 (b) 04
(¢ -04 (d) 1.8
[EE-2004 : 2 Marks]

For the two-port network shown in the figure
the Z-matrix is given by

i Zy )
Vi Z, v,
Zl Zl + Z2
@ \z+2, z
L1 2 2
_ Zl Zl .
(b) Z1+2Zy Z
L <1 2 2 |
© 'z, Zp
_Zl Zl + Z2 )
q 'z, 7y
( ) _Zl Zl + Zz_

[EE-2005 : 1 Mark]

Two networks are connected in cascade as
shown in the figure. With the usual notations
the equivalent A, B, C and D constants are
obtained. Given that, C = 0.025245°, the value
of Z,is

Z,=1030°Q

o

(b) 40£-450° Q
(d 0Q
[EE-2005 : 2 Marks]

(@) 1030° Q
(© 1Q

The parameters of the circuit shown in the figure
are:

R.=1MQ,R =10Q,A=10°V/V
If V;=1nV, the output voltage, input impedance
and output impedance respectively are

Q.11

Q.12

R; R

1 0

O_W_fJ' — MWMW—o
v, <J:>AVi

o O
(@ 1V,xo,100Q (b) 1V,0,10Q
() 1V,0,x (d) 10V, 0,100
[EE-2006 : 2 Marks]

The parameter type and the matrix
representation of the relevant two-port
parameters that describe the circuit shown are:

(a) z-parameters,

(b) h-parameters,

(c) g-parameters,

(d) z-parameters,

[EE-2006 : 2 Marks]

The two-port network ‘P’ shown in the figure
has port 1 and 2 denoted by terminals (, b) and
(c, d), respectively. It has an impedance matrix
Z with parameters denoted by Z, A1 Qresistor
is connected in series with the network at port 1
as shown in the figure. The impedance matrix
of the modified two-port network (shown as a
dashed box) is

ei 10 a ic
oL MM —o— o

1 1

1 |

i B
o o

f: b |d
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le +1 Z12
©
Zy Iy
q le +1 212 K
O [EE-2010 : 2 Marks]

Common Data for Questions (13 and 14):

With 10 V dc connected at port “A” in the linear non-
reciprocal two-port network shown below, the following
were observed:

(i) 1Qconnectedatport’B’ draws a current of

3A.
(i) 2.5Q connected at port B’ draws a current
of 2A.
+o————— ————o+
A B
_ L

Q.13 For the same network with 6 V dc connected at
port’A’,1Q connected at port ‘B” draws 7/3 A.
If 8 V dcis connected to port‘A’, the open-circuit

voltage at port ‘B’ is
(@ 6V by 7V
() 8V d) 9V

[EE-2012: 2 Marks]

Q.14 With 10V dc connected at port “A’, the current
drawn by 7 Q connected at port ‘B’ is

@ 2A ) 2A
© 1A d gA

[EE-2012: 2 Marks]

Q.15 The driving point impedance Z(s) for the circuit
shown below is
1H 1H

Q.16

Q.17

Q.18

st 435241 st 125244
) —— 2 Tee TE
(@) $3 425 s2 42
s2 41 i 41
o) — 2T
© st rs? 41 @ s*s? 41

[EE-2014 : 1 Mark]

The Z-parameter of the two-port network shown
in the figure are:
Z,=40Q,7,,=60Q, Z, =80Qand Z,, =100 Q
The average power delivered to R, =20 Q, in
Watts, is

100 L
+ +
20V Vi [Z] V, SR,

[EE-2016 : 2 Marks]

The driving point input impedances seen from
the source V of the circuit shown below (in Q),

I 2Q 2Q

V@) 30 PDav, 40

[EE-2016 : 2 Marks]

Two passive two-port networks are connected
in cascade as shown in figure. A voltage source
is connected at port 1.

L I I
> <«—o0
+ +
Two-port v Two-port v
Network-1 : Network-2 }
- -
Port-1 Port-2 Port-3
Given, V, =A,V,+B,1,

I =CV,+ Dy,
V, = A,V +B,1,
I, = GV, + Dy,
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A, B, C,D,,A,B,C,and D, arein generalized
circuit constants. If the Thevenin equivalent
circuit at port 3 consists of a voltage source V..
and an impedance Z, connected in series, then

V A1B> + B{D

(a) VT — 1 , Zr = 122 12

A1A2 A1A2 +B1C2

V. A1B> + B{D

(b) VT _ 1 , Zp = 1°2 122

A1A2 + B1C2 A1A2
(C) VT _ Vl , Zp = AlBZ +B1D2

Al +A2 Al +A2
(d) VT Vl _ A1B2 +B1D2

B AlAZ +B1C2 ’

= A1A2 +B1C2

[EE-2017 : 2 Marks]

Q.19 In the two-port network shown, the h,
parameter (where, h,; = V,/I., when V, = 0)
(in Q) is (upto 2 decimal places).
21,
10 1Q
o—MM——MWW——o
+ — +

[EE-2018 : 1 Mark]

oooo
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Answers .

EC

1. () 2. (¢, d)
9. (a) 10. ()
17. (b) 18. ()
25. (b) 26. ()
33. (48) 34. (0.8)

Answers .

©

L

Answers & Explanations

<\

Electronics & Electrical Engineering

J

Two-Port Network

8. (b)
16. (d)
24. (1.25)
32. (4.80)

3. (3 4. (a)
11. (o) 12. (a)
19. (a) 20. (a)
27. (a) 28. (b)
35. (d) 36. (4)

Two-Port Network

No=
= W

6. (bc) 7
14. (b) 15
22. (o) 23
30. (3) 31

Y] = [¥],+ Y1,

(c,d)

The poles lying on the imaginary axis must be

simple. A pole may lie at origin.

@

For reciprocal network,

| 4. JO)

AD-BC=1
Vi
Zyp = E

I1=0

_ 1><12 _
I

1Q
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Vi
7 - —
2" ], =0
21, x11I,
Zy, = I, =30
Z _ _211 X]. _ 2
1 I 1
Yy = —%=—0.05 6)
,
21 L Iy=0 ©
61, +Vy —6I; -2I Vi=Zyl + 2y,
Zy = = V,=27.1 +7Z,I
21 I I 2 211 20lo
Z,, = -8 i

Zy =

|, _
@
ABCD parameter matrices, Applying KVL in LHS loop,
E -2, -4, +10E, = 0

A B _ A1 B |4y By 11E, = 6],
C D C; Di||Cy Dy E 6
= L -0
& co ot
Y21 = Y12 7 = \41
hyy = Iy, S I>=0
Sol. KVL in RHS loop,
AD-BC =1 E,-41,+10E, =0
n (b) Ey—4I +10x-1, = (E =31j
§ = 2 1 T 1=
o Y Yy , , = 11E,- 441, + 601, = 0
So, the given two-port network is non-reciprocal
. E, 16
and active. =2 _ =
I 11
B o
12. E
I, = hyl, + IV, | 12. {0
. Using A-Y conversion,
hy, = = 20 20 20
11 Vo =0 lo o2
when, V,=0=LR(,;+1,)R
I I, 1
L= —-L - 10 10
27T, T 2
© re o2
itys Y3 Yy Y12
EARCY
Y3 Y2ty3 Y1 Y2 ! 4 4

Y12 = Y3
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For Lattice network, Z-parameter is given as,

@

Ix1 1

R, = =—=0.25
2 4 4
2x1
R, = 1 =0.5

|:Zl + Z3 Z3 :|

Zs Zy+7Z5
Zn=2,% 24
=25+025=275
Z,, = Zy=025

(Z,+2y, Z,-27,

2 2
Za_Zb Za+Zb

2 2
7 =2j, 7,=20Q

a

[ 1+ -1+
|-1+7 1+j

L _W_n

Il V2 1

V, =AV,-BI,
V212=0

Lo bl
I2V2—0 Vi

Vy=hyl, +h,V,
I, = hyly + hy,V,

V; V;
Iy 1_1 b =V_1
1l =0 2l =0
I I
-
1y, =0 217 =0
When, V,=0
L 100 I,
+o—>—MWN—<——
Vi
-0
L= -,
I
H =-1=hy
v, = 10I,
V;
= -1 =10
L
When, =0
V,=V,
V;
P ok = hy,=1
Vs
(As no drop in 10 Q resistance)
V, = 201,
I 1
—= = hyp =—=0.05
= v, 2 =5
10 1
-1 0.05
@
Il IZ
o—p——
14 R, v,
O—
V, = AV,-BI,
I, = CV,-DI,
V, = -L,R,
Vi AV,-Bl, -A-I;R; -BI,
I CV,-DI, -C-IR; -DI,
. ARL +B
Inputimpedance = ————

CRL +D
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Vi=Zuyl + 2, Vi =hyly +hy,V,
Vy =2yl + 2yl I = hyly + hy,V,
Vi 1] 45
Z,= -+ h,=—H ==
12 12
I, =0 Vs 11=0 1.5
z - no=20 -1 _og
12 22 :
il <o Valp=o 10
When, =0
V1
= V,=0 hy,= 7
Lily, o
2
n
= L, ~0=% When, V,=0,Zyl, +Z,l,=0
When, I, =0,V,=-Blr, N [ = _Zal
V. 2 2
2
= T = Pr,=2y
h Znlh
= V, = Znnly+Zyp| - ~
© &
When, I=0 Vi 7 _Z12ln | _,
then, V, =45V r L Mz,
V,=15V isals
L=1A = hy = 15-2200=3
Vi=2Zuyl + 2, ‘
Vy, =2yl + 2y, I Zy
= hy, = I =
Vi 4.5 1lvp =0 22
le = I_ = T =45
211=0 1.5
= —— = —1
1.5
V, 15
Zy = 1, _T=1'5 S0 h ~[-3 3
I1=0 0, h-parameter matrixis | 1 0671
When, I, =
then, I =4A (@)
Vi=6Vv Short-circuit admittance parameters for a 2-port
V,=6V n-network are,
Vi _6_15 Y=Y, *Y,
211_111_0_4_' Yip = Yy ==Y,
2 Yy =Y, * Y,
Vs 6 Y,
z =2  =2=15 b
2T 10 4 10 MW °2
S 7 ermatrinis | 12 40 Y, y.
0, Z-parameter matrixis | | o |-
1o 02
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For the given network,
1
Ya = Yb :YC :ﬁZZU
So, Y,;=2+2=40

Y, =Y, =-20
Y, =2+2=40

(C)]
L =Y,V + Y5V,

I, =001V, +0.1V, (1)
From given figure,
V, = -I,R, = -100I,
V2
2= 00

Putting value of I, in equation (i),

—ﬁ—oo1v+o1v
100 1 T2

= -0.01V,-0.1V, = 0.01V,
ﬁ _ 0.01
Vi 0.11
» __1
o v, 11
(©)
+0——— ————o0 +
A B
—o0— o -
Case-I:
Voe =10V, R, =1Q,1=3 A
Vin = IRy + R =3Rypy, +1)
= Vi = 3Ry, +3 (0
Case-II:
R, =25Q,
I=2A,
Voe =10V
Vi = 2(Ry, +2.5)
Vi = 2Ry, +5 ..(id)

From equation (i) and (ii),

Vi, =9Vand Ry =2Q ... (iii)
Now, V., depends on independent voltage
source and varies with applied voltage. Ry, does
not depend on voltage source and is same for
any applied voltage source, since voltage source
is short-circuited while calculating R,..

For V,.=6V,R, =1Q,1=7/3

Vi, = IRy, +Rp)
7
Vi, = 5(2+1) =7V ..(iv)

*» The network is linear and non-reciprocal, it
may contain dependent voltage source.

Vy, =aV+b (V)
= 9=3a10+b  [Fromequation (iii)]
and 7=a6+b [From equation (iv)]

Solving, we get, a = % and b=4

Vi, = %+4=§+4=8V
For 8 V source.
(©)
From the above solution:
When, Ve =10V
Vi, =9V
and Ry =2Q
When, R, =7Q,1=7?
Vi = IR, +R))
__Vm
R +Rp
= 9 =1A
2+7
Sol.

When two, 2-port networks are connected in
parallel then individual Y-parameters are
added. Therefore, from the given network,

39:18
3
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For network (1) Y-parameter is,

1 1 1
373 3
1= 1
—_ _+_
. 3
Similarly for network (2),
; 1
= 2
-~ 1
L 2
5 3
Thus, Y=Y +Y,=| 3 56
6 3
L =Y,V +Y,V,
5 5
= ng —sz ..(0)
L =Y,V + Y5V,
5 5
= __Vl +—V2 (11)
3
Al h, = 2
50, 2= 1.
V2 I1=0
From equation (i), we get,
1
v, = EVZ ...(iii)
and from equation (ii) and (iii), we get
I, 15
h,, = 4==—=1.25
2 v, 12

25 WU

The cascaded network is,

1/Cs 1/Cs

It It
+T It < T N
Viis) L)) R @ R Vi(s)
Applying mesh analysis to determine the
current I,(s).

eNetwork Theory

We get,
(R+éj I1(8) = RI,(s)=V,(s) ..()
(R+éj12(s)—RIZ(s) =0 .(ii)
Also, V() = I(s) xR ...(iii)

From equation (i) and (ii), we get

- [R+éjx[1+%csjlz(s)—lﬂz(s):Vl(s)

RCs+1\( RCs+1
- (R (A e -rne -we
RC2s2V.
or, I,(s) = 0 (V)

(1+RCs)? —R?*C%s?

Using equation (iii) and (iv), we get

Va(s) s?R2C?

Vi(s)  1+3RCs+s2R2C2 ~(v)
R = 10 kQ, C=100 uF and RC = 1

Vs(s) s?

Vi1(s) 1+3s+52

©

Converting IT-network to Y-network, we get,

30Q

10 N MW % 02
. L +
100 e 60 Q
!
1o : 0?2
1 2
30 180 +
6Q
1o 02

Z-parameter,
Z,=30+6Q=9Q
Z21,=2,=6Q
Z,,=18Q2+6Q=240Q

9 6
21 = {6 24}
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For reciprocal network, AD - BC=1,

I 50 L
o—>»——
+ + |T| =1
<>
vV, 10Q EE 10Q v, Sol.
For T-network,

Zu Zb
-
1o 02
le = Za + Zc
V, =6l +4l, Zy=2Z,+Z,
V, = 4L +6l, and Ziy=Zy =27,
a5 ¢ . [z e
46 iven, 2= jo 3+2j0
1/6 -4 03 -0.2 Therefore,  Z,, = j2
Y= %04 6]7|02 03 and Z,, = 3+2j0=3+jo+jo
Ignoring negative sign: =t Z =R Fjot+Z,
R,=3Q
03 02
M= 102 03 @)
Redrawing the circuit,
®) )
 G+4Q G-4Q
30
1 1
6Q
LA
2/
Vil _[A Bl[V,
L| |C DL o+ v, -4
When, L =0
V. =5+ z, = A_slle-20
L =G+4+2) 1 n- o
vV, =2l v, = 3x1,,
1% 7+j4 .
A= =l 3545 - 3w x2=op
V2 I=0 9
Va
Zy = ——=-2
C = I Y I
Vali, oo 2
2= Vs
Now, Z,,= = =3lle=20

From here only (b) option matches.
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KW Sol.
V1=_6x169=_6)<[2x§=_2 - 0
9 For ideal transformer on # : 1, the scattering

2 2 matrix is,
a-\5 5]
-2 2 n? -1 2n
|:511 512:| ﬂ2 +1 ﬂ2 +1
30N~ AL Sy Sy 2n 1-n?
n2+1 (1+n2
+ o+
v, 2 2(2 4
?- 521= Zn = 2( ) =-=08
n“+1 2°+1 5
6Q

@

Consider the two-port network,

\% -
o oo ;@ 2 (B &

v, 10 >3y, 10 v,

-4 R I

For Y-parameters:
L= ynVit

kYA Sol.

When, V, =0 (i.e., when port-2 is short-circuited)

Y T L =ynVi+ ¥V,
By KCLat (V)
i iV,
h¥sva=9+7 9
I =2V, -4V, (1)
Vo VoW
! ByKCLat(V,), I, = T+T
1 = =
20+(0ll2Q) 240 I=-V,+2V, )
: ; 50 -5V, From equation (1) and (2),
= — X =
27 150420 240 I, =2V, -4V,
I, =-V, +2V
B Vl 24 2 1 2
So, B = —E—?Q—ALSOQ |:]/11 ]/12:| ) |: 2 _4:|
yn y»| |12
33. Sol.
From maximum power transfer theorem, @
Z, = Zny Forl,=0: V,=Vo=5V
For Thevenin’s resistance Ry,
7 =z, t1xn
Th 22 R.+ 711 V, A
For given data,
60x60
= 120-——=48Q
Z1h 10+40
Z, =48 Q _I; e
T 20mA
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For -I,=20mA,
V,=0
Ige = -1,

Igc = 20mA

Ry, = Yoc _ 5 103 22500
Isc 20

Network is replaced by Thevenin’s equivalent,

250Q 4,

1kQ
5V

10V

e

10-5
2 1.25x10°
5

x10™2 A =4 mA

0000

Answers . EE Two Port Networks

1. (b) 3. (b 4. () 5. (b)
10. (a) 11. (o)

18. (d) 19. (0.5)

7. (d) 8. (d) 9. (b)

15. (a) 16. (3555) 17. (20)

Solutions . EE Two Port Networks

Bl o

For reciprocity,
hyy = <ly
For symmetry,
M1 o
ho1 hap

Sol.

Using KCL,
Vl V1 _VZ 1 1
L= 20" 10 1770 2
Again using KCL,
_ ﬁ+‘/2—_‘/1=—ivl +1V2
27 10 10 10 5
02 -01
Hence, [yl=1| o1 o2

B o

2 1
[yl = [1 J

—
N
=L
I
—
<
=
kN

E o

For a passive two-port network, output power
cannever be greater than input power.

B o

Using KVL,

E, =21 +2(I, +1,)
Again using KVL,

E,=2L,+2(I, +1,)

4 2
= [z]={2 4}
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vl = [

_ 1 4 -2
_(4><4)—(2><2).{—2 4}

Y Y] _[1/3 -1/6
B o
E;
hy, = E, -0

or hy, is ratio of E; to E, for the input open-
circuited condition.

Two method are provided to solve the problem.
Assuming, =0

L=0 40Q 20 1 20 1,

x

! 20 40

oO=<«—— ™
O=«— ™

E; E>
I, = =
2+(2+4)l14 4
L= 2
o (2+2)+4
_I_z_l(E_zj_E_
2 204 8
E,) E
El = 2Ix :2(?)27
E
=L =025
E,

09 02
[ = [0.2 0.6}

[0.6 —o.z}
ol = [ = L0209

- [0.9x0.6-0.04]

12 -04
=|1-04 18

Y,, = 1.8

El o

vy = (i + i)z

=zl + 741 (1)
Uy = 2yl +2y(iy +1p)
=z + (2, + 2, I, (i)

From equation (i) and (ii),

. 7 z
z-matrix =
1 71 + Zn

Ea v

7, =10£30°
I‘l I‘l ; 12 b T
; I v
l . i
vV, =AV,+BI,
I, = CV,+DI,
Vy= 2y + 1) (1)
I
C=—
V2 Ir=0
Putting, I, = 0 in equation (i),
V, =2,
P V, 1 1
:> 5 = — = —= —O
L Iy=0 C 0.025245

Z,=40/-45° Q

@

Output voltage = V= AV,
V,=100x1x10%=1V
[Given: A=10°V/V, V.=1pV)
To calculate input impedance, V_ source is

connected at input port,

Ve Ct) v AV, v,
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Input impedance,
V.,
7 = d
1 IZ
as loop is not closed, I, = 0
V.
So, Z. = % — 0

To calculate output impedance, V,_ source is
connected at output port,

VvJr <*>AVv 1%
LT )

Output impedance,
VO IORO +AVl
Z() = — =
Io Iy
As, V.=0
7, oA g ioq
0

!

Since port-1 is open-circuit,

=0
Port-2 is short-circuit,
v, =
I 0
gu=y| 370
1 Ip=0 1
I 0
812 I =70
2 =0 2
Vs 0
Sn=v1 ~y70
1 Ip=0 1

v, 0
8»= 1= =7 =0
1 =0 2
So arameters = [gn 312} = {0 0}
P &P 821 8»] |00
©
Lo1Q I,
e °—>—’VVV\,—0— —-«—0°C
v/ Vil P v,
f o—lo]— —<—od
Vit = ZyL + Zyy, (1)
V, = Zyl, + Zopl, (i)

As 1 Q resistor is connection in series with the
network at port-1.
V, does not get affected,

v = v a1«
=Zyl+Zplh+ 1
=(Zy+t )L+ 272l
Modified Z-parameter
|:Z11 +1 Z12 :|
L 2 7y

®)
(i) vV, =10V; V,=3V
I,=-3A; V,=AV,-BI,

10 = 3A +3B (i)
(ii) V,=5V
IL,=-2A
10=5A+2B .(ii)
10
A= 9 ...(iii)
20 )
B = 9 .(iv)
Given, V, =8V
(Voc =7
L,=0
V, = AV,-BI,
8 = A(Vyoc-0
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(©)
Given, V, =10V, V,=(-7L)
= AV,-BI,

10 = —7I,A—BI, :—?IZ _0,

9
IL,=-1A
(-ve) sign signifies that current is drawn.

(@)

Z(s) —> = 1/s —1/s

Driving point impedance, Z(s) is

Z(s) =S+

2 2
s +1 +l S S
s s
et s2+1 B s2(s2 +2)+s2 +1
s(s2 +2) 3 +2s
76) st43s?+1
or, Z(s)=
$5+2s
Sol.
100 |, L
+ +
20V Vi [Z] Va
Given, Z,=40Q, Z,,=60Q
Z,, =80Q, Z,,=100 Q
From the figure,
V, = =201,
and V, =401, + 601,

V, = 80I, + 1001,

From equation (i) and (iu), we get

S0, -201, = 801, + 1001,
2

= 12 = —511

(

-.(0)
(i)

.. (i)

Using equation (ii) and (iv), we get
S0, V, = 40I, + 601,

= 40[1 +60(_?211j

V=0
From the figure,
20 = 10L, + V;
Since, V,=0
So, L[ =2A
4
So, I, = —EA

Power dissipated in
2
Py, = IRy =(§j x 20

= %XZO =35.55W

Sol.
To find impedance seenby V,
V.
7 = =
S IS
V) =2
L 20 4 20
——WW— MW
+ V‘l -
VSCD 30 D av, 40
Applying KCL atnode A,
Va Va
Lravi= 5
Va=V-V
and V, = 21,
V=21, Vy-2I
So, [+8] = 2 +——F
s s 3 6
= 541 =2V -4l +V_-2I
= 3V, = 601,
Vs
— =200
I



GATE Previous Years Solved Paper O |161

@

For two port networks we can write,

AB_AlBl Ay By
C D| |C Di||C, Dy

or, A=AA,+B.C, (1)
B=AB,+BD, ..(ii)
or, V, =AV,-BI, ..(iii)

To get, V. (I, =0), from equation (iii),

W Vi

Vo= Vp=lo
2 T A AlAZ +B1C2

To get, Z,(V=0), from equation (iii),
V, = AV,-BI,
0=AV,-BI,

&_E_ A1B2 +B1D2

21 L, T AT AjA 1 B,C,

Sol.

=0
. <
By KCL,
V,-1 +£+ V,+214 0
1 1
3V, +2 =1 (0
1- Va ..
I = 1 (i)
Substitute equation (ii) in equation (i),
V. =-1
1-V, 1-(-1)
I = 2= =2
1 1 1
i 1
h,, = —==—=05Q
11 Il 2

0000
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ELECTRONICS ENGINEERING
(GATE Previous Years Solved Papers)

Q.1  Thecircuit of the figure represents a

(@) low passfilter (b) high pass filter
() band passfilter (d) band reject filter

[EC-2001:1 Mark]

Q.2 The RC circuit shown in the figure is

o—MW— | o
+ C +
Vi R =c V
o o

(@) alow-pass filter
(b) ahigh-pass filter
(c) aband-pass filter
(d) aband-reject filter
[EC-2007 : 1 Mark]

Q.3 Two series resonant filters are as shown in the
figure. Let the 3 dB bandwidth of filter 1 be B,
and that of filter 2 be B,,. The value of B, /B, is

o L,
{1 5

+ O
+ O

[« 3]
ol

Filter-1

Q4

Q.5

C,=4C, L,=L,/4
o {1 T o
+ +
Vi R Vo
o °
Filter-2
(@) 4 (b) 1
1 1
o — d) —
© 5 @

[EC-2007 : 2 Marks]

The driving point impedance of the following

network, is given by
Ze)= s? +%iss +2
o
20 E L =C R
©

The component values are
(@ L=5H,R=05Q,C=0.1F
(b) L=01H,R=05Q,C=5F
(0 L=5H,R=2Q,C=0.1F
(d L=01H,R=2Q,C=5F
[EC-2008 : 2 Marks]

If the transfer function of the following network

is,
Vos) 1
Vi(s) 2+sCR
R
o——AWW o
+ +
v, c—= R, v,

[
=]
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Q.6

Q.1

Q.2

The value of the load resistance R, is
(@) R/4 (b) R/2
(© R (d) 2R
[EC-2009 : 1 Mark]
The transfer function V,(s)/ V,(s) of the circuit

shown below is

100 pF
It

+T 1y T+
10 kQ

Va(s)

_i 1OOHFT i_

0.55+1 3s+6
a
@ > o ==
s+2 s+1
2re d) 2=
© s+1 @ s+2

[EC-2013 : 1 Mark]

ELECTRICAL ENGINEERING
(GATE Previous Years Solved Papers)

The equivalent inductances seen at terminals

A-Bin figure is H.
4 H
Ao T
2H
S
1H
%‘4H
1H
Bo T
4H

[EE-1992 : 2 Marks]

Figure shows a dc resistive network and its
graph is drawn a side. A “proper tree’ chosen
for analysis the network will not contain the
edges:

=

Q.3

Q4

Q.5

Q.6

(@) ab, bc,ad
(c) ab,bd,cd

(b) ab, b, ca
(d) ac, bd,ad
[EE-1994 : 1 Mark]

Two identical coils of negligible resistance when
connected in series across a 200 V, 50 Hz source
draws a current of 10 A. When the terminals of
one of the coils are reversed, then current drawn
is 8 A. The coefficient of coupling between the
two coils is

[EE-1997 : 2 Marks]

A major advantage of active filter is that they
can be realized without using

(b) inductors
(d) capacitors
[EE-1997 : 1 Mark]

(@) op-amps

(c) resistors

The effective inductance of the circuit across the
terminals A, B in the figure shown below is

4H
Ao IO
1H
3H §5H
2H
Bo oI
6H
@ 9H (b) 21H
© 11H d) 6H

[EE-1998 : 2 Marks]

The impedance seen by the source in the circuit
in figure is given by

40 —jzfl
I

T

(@) (0.54+0313)Q (b) (4-j2)Q
() (454-71.693)Q (d) 4+/2)Q
[EE-2000 : 2 Marks]
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Q.7

Q.8

Q.9

Q.10

Electronics Engineering eNetwork Theory
Given two coupled inductors L, and L,, their
Wo——
mutual inductance ‘M’ satisfies 1:1.05
Li+L b=
@ M=yI3+13 () M>% gm% S—ov
(C) M > JLle (d) M< 1/L1L2 Xo— | L{, 7
[EE-2000: 1 Mark]
(@) 12 and 80 (b) 100 and 80
In the circuit shown in figure it is found that the 100 100 100 100
input ac voltage (V) and current ‘i’ are in phase.
’ 100 100 80 80
(€0 ——=and — (b) and —
. L M 100 100 100 100
The coupling coefficient is K = , where

JLL,

M is the mutual inductance between the two
coils. The value of ‘K" and the dot polarity of the

coil P-Q are
K
2L 100 / P \1 Q
TS X 70T X
80 80
L, L,
v; yi
o

(@) K=0.25and dotat P
() K=05and dotatP
(¢ K=0.25and dotatQ
(b) K=0.5and dotatQ

[EE-2002 : 2 Marks]

A first order, low pass filter is given with
R=50Qand C=5 pF. What is the frequency at
which the gain of the voltage transfer function
of the filter is 0.25?
(@) 4.92kHz
() 2.46kHz

(b) 0.49kHz
(d) 24.6 kHz
[EE-2002 : 2 Marks]

The following arrangement consists of an ideal
transformer and an attenuator which attenuates
by afactor of 0.8. Ana.c. voltage V,,,, =100 V is
applied across WX to get an open-circuit voltage
Vy, across YZ. Next, an a.c. voltage
V.., =100V is applied across YZ to getan open-
circuit voltage V,,, across WX. Then V., /
Vs Vivxa/ V2, are respectively.

C=10pF

[EE-2013 : 2 Marks]

Two identical coupled inductors are connected
in series. The measured inductances for the two
possible series connections are 380 pH and
240 pH. Their mutual inductance in pH is

[EE-2014 : 1 Mark]

Find the transformer ratios a and b such that the
impedance (Z, ) is resistive and equals 2.5 Q
when the network is excited with a since wave
voltage of angular frequency of 5000 rad/ sec.

L=1mH

o—] 0L 1:
Z, —> }—% % R=25Q
° 1:b

(@ a=05b=20
() a=10,b=1.0

(b) a=2.0,b=05
(d) 2=4.0,b=05
[EE-2015 : 1 Mark]

Two identical coils each having inductance L
are placed together on the same core. If an overall
inductance of aL is obtained by interconnecting
these two coils, the minimum value of a is

[EE-2015 : 2 Marks]

If an ideal transformer has an inductive load
element at port 2 as shown in the figure below,
the equivalent inductance at port 1 is
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---------- : Q.15 The following figure shows the connection of

s % anideal transformer with primary to secondary
! g é <~ % L turns ratio of 1 : 100. The applied primary
i r } voltage is 100 V(rms), 50 Hz, AC. The rms value
o E__________Ji of the current I, in ampere, is
Port-1 Port-2 X =100 0 R=80kO
2 00 ' MWW

(@) nL (b) n-L i

n q n? 100V H X =40kQ =%
© 1 @

[EE-2016 : 1 Mark] [EE-2016 : 1 Mark]
0ooo

Electronics & Electrical Engineering
GATE Previous Years Solved Paper

{Answers & Explanations }

Answers . EC Network Functions

1. (d 2. (0) 3. (d) 4. (d) 5. () 6. (d)

Solutions . EC Network Functions
@ Ato=wo;

Analyzing the circuit for ® =0and o = . R~ o o
o—MMW—
Ato=0;
o A RA ASA Vs RL VU
. c [1.
‘“ R
Yo _ L__ (finite value)
VS RL + RS

® = 0,Ind = wL=0(SC)

1
= —=mw(0C
cap = —~=»(0C)
Yo _ Ry (finite value)
‘/S RL + RS

Iy
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1 Bandwidth of filter 2;
Ato=—;
JiC s o R__R__ar
R, 27 L, L1/4 L
—MWW——o o—
So, B—l = 1
! B, 4
@ [ En
B o
o 2(6) = . 0.2s
v, =0 s°+0.1s+2
2
At ® — oo, capacitor — short-circuited £ ' o8
Circuit looks like, = 55+05+ E
5
o AAAA
+ R ! g Comparing with
1
Y(s) = Cs+—+—
v, R v, () Is
1
_ - C=5F, R=—=20Q
o o 0.5
v
=0 L= L-01H
i
At ®— 0, capacitor — open-circuited
5.
Circuit looks like, - (©)
o—WW o
o—MW——o + R +
* R
v, z v,
Vi
o o
o R;
Yooy 27 TasR,C
i Hes) = zZ Ry
So frequency response of the circuit will be ®) 74+R (R, +R)+sRR;C
A If, R = R,
1
HE) = 5re
B o
g 10x10°+ 1
So the circuit is bandpass filter. V5 (s) _ XA 100106
V1(s)  10x10% + 1 + 1
() 100x10°s  100x10~s
Bandw%dth of s.eries RLC circuitis R/L Vo(s) _ sx10% +10% B 104 (1+5)
Bandwidth of filter 1; Vi(s) sx10* 110 +10%  10% (s+2)
g = X Vo(s) s+1
1 -

L Vi(s)  s+2
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Answers
A EE Network Functions
1. (8 2. (b) 3. (1/9) 4. (b) 5. (0) 6. () 7. (d) 8. (0
9. 10. (b) 1. 35)  12. (b) 13. (0) 14. (b) 15. (10)
Solutions .
A EE Network Functions
Sol. and putting, V=220V
L and L,=L,=L
1
T 200
Ao i we have, 100= ——F—7— ..(i)
M, (2L -2My»)
3 200
M. S _ .
13 S L, 8 = o2L+2Myy) ..(id)
Mz On solving equation (i) and equation (i),
Bo TTO 1
L, we get, M, = §L
L=L+L,+Ly-2M;, +2M,; - 2M,, Which can be written as,
=4+4+4-(2x2)+(2x1)-(2x1) 1 1
=8H M12= g\jL'ng\/L'L
®)

Tree must not contain any closed loop.
Hence option (b) is correct.

Sol.
Case-I Case-II
Ll Ll
T Y C C C Y [YAVAY)
20V \ M, L 220V \ My, L
50 Hz 2 50Hz 2

il = o(Ly +Ly —2My)
bl = s
o(L; +Ly, +2Mq5)
From above expressions, it is clear that,
L] >[I
. Taking, || =10A
and |12| =8A

o

1
Hence, coefficient of coupling = 9

(b)
Inductive coils are bulky in nature.
©
LI
Ao 00
MIZ
M13 % LZ
M23
Be 00
L3
L=L+L,+L,-2M,, +2M,, -2M,,
=4+5+6-(2%x1)+(2x2)-(2%x3)
=11H
©

1 2
Z = (4- j2)+(zj x10£30°

= (4.54 -{1.69) Q
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100
Hence, VWX2 = 125 =80V
M=K L1L2 ’
Vi

Where, K= coefficient of coupling = 4 100
0<K<1 Vivxq 100
M < \’LlLZ Vyi - ﬁ
Vivx, 100

El o

Input ac voltage and current will be in phase
only at resonance condition.
ie, X=X,

12| = |j8+ j8+2k(78)x(j8)|

12=8+8+16k

= k = —i:—lz—O.ZS
16 4
Hence coupling will be opposite.
. Dotwill be at Q.

El o

R
+T T +
v, c= v,
TF = e 1oC 1
Vi g, L1 1tjoCR
joC
. 1
|Gain| = —
1+ (wCR)?
1
0.25 = 3 >
J1+(0x5x10° x50)
Onsolving,
o = 15.49 x 103 rad/sec.
= = 15.49 =2.46 kHz
T

| 10. JO

Vi =100 x1.25 % 0.8
=100V
In second case when 100 V is applied at YZ
terminals, this whole 100 V will appear across
the secondary winding.

Sol.

The two possible series connection are shown
below:

Let the mutual inductance be M

(i) Additive connection,
Leq' =L, +L,+2M =380 uH

(ii) Subtractive connection,
Lg =L+ L,-2M=240 uH
Thus, L,+L,+2M =380 uH ()
and L, +L,-2M = 240 pH ..(ii)
Solving equations (i) and (ii), we get,
4M =10 uH or M =35uH

Mutual inductance,
M = 35 uH
®)
C=10uF L=1uF
o—| O[oLok
—~ gls sls gro2s0
I||e S S
Zin
° A 1:0b B l:a C
2.5
(Rog)p = )
25 . _
2e)s = L—zﬂw(mo 3)}
25 . 3
(2eq)A = |:(12+]0)(1><1O )j|
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, 25, jo(1072) N 1 (b)
" b jo(10x107) o— T
Lo |
L 5x10°x107° 1 LSl e
n = 22 T 5x10? x10x10°6 8 E ; %L
(i) . . |
From problem, Smmmmeeee- ' |
Z =25 ..(ii) Port-1 Port-2
From equation (i) and (ii), Atport1i.e., high voltage side impedance will
a*b? =1 (i) be high and current will be low, So n%L.
5 1
————=5 =0 15. Sol.
v 3x10° he ab ircui bed b ferri
—  5x5x102 = b2 T eadove c1.rcu1.t can .e raw1.r1d y transferring
- b=05and a=2 secondary circuit to primary side.
10/ Q
Sol. T
Case-I: ! 80000 |
Leff, = Ll + L2 =2L, a=2 100 VC~> (100)2
Case-II: 40000
2 1007/
L, =2 L, o5 T oo
*ohirl 2L 2 100 V 100 V
Case-IIL: I=8+10j-4)0 ~ Br6)Q
If both zlre dlféerentlally coupled then, So the rms value of I will be 10 A.
off.

Minimum value =0 000



Questions from GATE 2023/2024 -EC /EE Papers

1. Basics of Network Analysis

Q1. In the circuit shown below, the current flowing through the 200Q

resistor is....... (Rounded off to 3 decimal points) (GATE EC 2023)
1 mA
T
U/
1 kQ
2V
2 kQ $)1mA g 200 Q
2 k€

Q2. In the diagram shown below, the Voltage V1 = 8v and I; = 8A, The value of
voltage Vag is....... (Rounded to 1 decimal point) (GATE EE 2023)

05Q + V. b

MWW

30
I, CD Vs és Q

g

%]
[
[

:

(e ]
[
o~

Q3. In the given circuit, the current [, (in mA) is .(GATE EC 2024)




1000 1,

D
“~/
1kQ 1 kQ 1 kQ
5 mA D
1y 2 mA I,
Q4. The number of junctions in the circuit is (GATE EE 2024)
A) 8 B) 6 C)7 D)9

Wv— W

T

] |
/1

—
———

:

Q5. The power delivered by the 10V voltage source is ....(GATE EE 2024)

A) 100 w B) O C) Depends on a D) 50w
o Q 2Q
—— W WA——

(j 10V §1 Q G 10A




2. Sinusoidal Steady State Analysis

Q6. For the circuit shown, if i = sin(1000t), the instantaneous value of the
Thevenin's equivalent voltage (in Volts) across the terminals a-b at time t = 5

ms is (Round off to 2 decimal places). (GATE EE 2023)

4

lll-uL

10 Q ;’

=108 gm

G i = sin 1000t

bhe

Q7. A series RLC circuit has a quality factor Q of 1000 at a center frequency
of 106 rad/s. The possible values of R, L and C are

(
(B)
() R=001Q,L=1pHand C=1 puF
(D) R=0.001Q,L=1pHandC=1pF

>

) R=1Q,L=1uHand C=1puF
R=0.1Q,L=1uyHand C=1 uF

Q8. For the circuit shown in the figure, the source frequency is 5000 rad/sec.
The mutual inductance between the magnetically coupled inductors is 5 mH
with their self inductances being 125 mH and 1 mH. The Thevenin's
impedance. Zt, between the terminals P and Q in Q is ___ (rounded off to 2

decimal places) . (GATE EE 2024)

P 4Q 20
o MWWy MWWy /SmH\

) — 2y, 4ﬁ§ 125mH§ §1mH ]-50|.|F

Zg

{

Source (

De




3.Network Theorems

Q9. In the network shown below, What is the value of Ry, in Ohms for which

the power delivered to it is maximum ? (GATE EC 2024 )

2Q 3Q

—WW———WW—
V.
W
20

. v,
50 V{Z Ry

4.Transient Analysis

Q10. The switch S1 was closed and S2 was open for a long time. At t = 0,
switch S1 is opened and S2 is closed, simultaneously. The value of i¢(0+), in
amperes, is...... (GATE EC 2023)

A) 1 B) -1 C)0.2 D) 0.8

.
v
'

S, . l ®
© 100 Q ‘7'( S2

1AG) == 0.01F 25Q
g‘IH




Q11. In the circuit shown below, switch S was closed for a long time.
If the switch is opened at t = 0, the maximum magnitude of the voltage Vg, in

volts, is (rounded off to the nearest integer). (GATE EC 2023)

<
1
A
<
1|

Q12. The value of parameters of the circuit shown in the figure are:
R1 = R2 = 2 ohms, R3 = 3 ohms, L = 10mH, C = 100uF
For time t < O the circuit is at steady state with the switch 'K' in closed
condition. If the switch is opened at t = O the value of the voltage across
the inductor VL at t =0+ in Volts is (Round off to 1 decimal

place). (GATE EE 2023)

1

+

W
K W

R

Oy = rs:grh




Q13. The circuit shown in the figure is initially in the steady state with the

switch Kin open

condition and R_ in closed condition. The switch K is closed and R_ is opened

simultaneously at the instant t = t1 , where t1 > 0. The minimum value of t1

in milliseconds, such that there is no transient in the voltage across the 100

uF capacitor, is _ (Round off to 2 decimal places). (GATE EE 2023)

i) =
sin 1000t

veE (D

~ 100 pF

AW

10 5V

Q14. In the circuit given below, the switch S was kept open for a sufficiently

long time and is closed at time t=0. The time constant (in seconds) of the

circuit for t > O is

3H

e

t=0

(GATE EC 2024)

G 5A ézgz

4 E’lg

zg._
-

Q15. As shown in the circuit, the initial voltage across the capacitor is 10 V,
with the switch being open. The switch is then closed at t = O The total energy
dissipated in the ideal Zener diode (V. = SV) after the switch is closed (in mdJ,
rounded off to three decimal places)is__

(GATE EC 2024)




MOuF= V(0")=10V

Q16. The circuit shown in the figure with the switch S open, is in steady
state. After the switch S is closed, the time constant of the circuit is ( Sec)

(GATE EE 2024)

s 18 1H
AW
10
mCD N, 1Hg gm
A) 1.5 B) 1.25 Q)0 D) 1

5.Two Port Networks

Q17. For the two port network shown below, the [Y]-parameters is given as

2 [? _41]
100 |1 -
3

The value of load impedance Z. , in ohms, for maximum power transfer will be

__ (rounded off to the nearest integer). (GATE EC 2023)




10 Q

120V [Y] 4

Q18. The admittance parameters of the passive resistive two-port network
shown in the figure, Y11 = 5SS, Y22 = 1S, Y12 = Y21 = -2.5S
The power delivered to the load resistor Ry in Wattis _

(Round off to 2 decimal places).

(GATE EE 2023)

3Q
— |
1 Resistive 2

Two-Port
20V Network g R=6Q

|

1,2

Q19. For the two port network shown, the value of the Y,; parameter

(in siemens) is . (GATE EC 2024)

I 20

1 —— MW <2

4 Q

8V,




Q20. Two passive two-port network P and Q are connected as shown in the

figure. The impedance matrix of network P is Zp = [gg 16000] Q
. . . _[ 5 =25
The admittance matrix of network Q is Yo =. [_ oe 1 ] 1/Q

Let the ABCD matrix of the two-port network R in the figure be [j g] Q

The value of fin Qis __ . (rounded off to 2 decimal places) (GATE EE 2024)

Two-port network R

KEY - Questions GATE 2023/2024 -EC / EE

Q1 1.36 Q2 6V Q3 2mA Q4 (B) Q5 (B)
Q6 -12V Q7 (D) Q8 5.33 Q9 2.5 Q10 (B)
Q11 4V Q12 8V Q13 1.57 Q14 0.75 Q152.5

Q16 (B) Q1780 Q Q18 238W Q19 1.5 Q20 19.8




Solutions - Questions GATE 2023 / 2024 - EC / EE

Q1. Let the Voltage at 2V source connected node be V; and
across 200Q be Vo,

2V Vi
>
A
2 kQ CD‘ImA v §200Q
2 kQ
V-2 Vv V.=V
L -+ 2+ 1mA+—--2=1mA....Eqn ]
2K 2K 1K
V-V \%
ImA + +—2 = 2 ....Eqn 2
1K 200

Solving these equations gives, V2 = 0.27 Volts, V1 = 0.63Volts
Finally I = 1.36 mA

Q2. The voltage V1 is parallel to 0.5Q series (3Q2 parallel 3Q)
Vab = = x8 = 6V

Q3.

1 kQ 1 kQ 1 ke2

2 mA




Consider the two unknown node voltages as Vi and Va,

Yy ) 9%1073 = 5x1073
10 10

Vi+Vz2=3 -Eqnl

At Node with V1 voltage, I, = 1‘%

3
VZ - Vl = 100010 = Vl
VZ = 2V1 —Eqn 2

This gives, V, =2 Vand I, = 2 mA

Q4. A junction forms with a connection of at least three elements

Q5. Apply Super position theorem,
The current in the voltage source branch due to current source is

10X 1/ (1 + )

The current in the voltage source without the current source is
10X 1/ (1 + )

Both the directions being opposite, net current is zero.

Q6.
4i,
+o E—ww—m—
10Q 10

10 Q

Vin .
GDUO +10)V
{ 10Q =
i,

-0
Applying source transformation at the current source,
Vth = (10 -j10) Ix

In the inner loop, apply KVL,

0+j10=(10+j10) Ix - 4Ix + (10 - j10)Ix

Ix = (10 +j10)/16 and Vth = 12.5V

Vth in phasor form = 12.5 sin(1000t)

Vth at Sms = -12V




Q7. Q=wL/R ® = 1/V(LC)

Q8. Impedance at the input of primary of coupled inductance

— X4 (wm)?
= JXL2+7Zy,
20
~MW— 5mH -
7N

125 mHg 51 mH ==50pF

jXL1 =j 5000 x 125 mH = j625 Q
jX12 =3 5000 x 1 mH =j5 Q
ZL=-jXc=j1/ 5000 x 50 uF =-j4 Q

(wm)?

JXL2+Zy,
The circuit is purely resistive with Zth =4 + 4/ /2 = 5.33Q

Substituting for jX;; + , This value is O

4 Q 2Q

A4

4 Q 125 mHg

Q9. The Vx dependent source can be replaced with a 3ohm resistor as the

parallel circuit has similar elements of 2Q and Vx voltage,
The voltage source being short circuit,

Req=Rth=5//5=2.5Q

Q10. The circuit conditions before transients and switching is,




100 Q

1A CD +v(;(O_) ; 25 Q

IL = 0.2A and Vc = 20V

The circuit conditions just after transients and switching is,

I.x
iﬂ
20V %A 250

=20/25=0.8A, I.=0.2 A

Capacitor current is outward and discharging = -1 A

Ix

Q11. The inductor current at t=0+ is 2A
With 1Q open circuit, current in 2Q is 2A and Vr = 4V

Q12. As the inductor is replaces with short circuit and capacitor with open

circuit, the initial condition after switching are obtained as

IL at t = O+ is BA
Vcatt=0+1is 12V

ww— ()
12V Y;




The current through the inductor being 6A, capacitor current is 4A,
2x6+VL=2x4+12,
VL = 8V

Q13. The circuit is being switched from a AC voltage to DC voltage.
If the value of AC voltage at the switching instance is equal to DC
voltage, there will not be transient,

Reactance of the capacitor = -j/(1000 x 100uF) = -j10

10
10—j10 °

= sin(1000t) (5-j5) = 7.07 sin(1000t — 459)

AC voltage across capacitor = sin(1000t) . -j10

This voltage should be equal to 5 volts for zero transients,

7.07 sin(1000t — 459) = 5, This gives t = 1.57 milli-seconds
Q14.
Time constant = L/R, R=2+4//4 = 4ohms
L/R=3/4 =0.75 seconds
3H
e

gzu gqgl guz

The equivalent circuit with current source open is show above.

Q15.
Capacitor starts discharging through 10 K resistor and zener diode
Zener diode remains on till V. becomes S V.

V(t) = 5 - (5- 10)e~t/RC
I(t) = C dV/dt = C x 5e~t/R¢ é = 0.5 e t1/RC

Total energy dissipated in zener diode is,
W= ["V,xI()dt= [~ 5 x05e /R dt=0.25 mJ

Q16.
Leq = 1+1+(1||1)=2.5H
Req = 2 Q




Q17.Using the Y parameters to model the network into a Pi network

VWA

Zb

1 2 —41]
100 |—1 3

With output short circuit, input impedance = Za//Zb
With output short circuit, input admittance Y11 = Ya + Yb
Similarly, Y22 = Yb + Yc, Y21 = Y12 = -Yb
This gives, Za = 100Q2, Zb = 100Q2 and Zc = 300Q

The Thevenin equivalent resistance as seen from load is,

100Q

—/ VW VWA

100

<i> 120V % 100 % 00 —

Zth = 300 //(100 + (100//10)) = 300 // (109.1) = 80Q

Q18.Y parameters for 3Q resistor in series as a 2 port networks

Y of the unknown 2 port network = [_; 5 _3.5]




16 8.5

Y total of the combination is sum of both = 38_5 43
3 3
. -8.5 4
Overall Y parameters give, I = — VvV, + 3 Vo

With V, = -I Ry and V1 = 20V
-8.5 4
=22 + = _
Io . x 20 . I, 6,

This gives I> = 6.3A, Power to load = 6.3 x 6.3 x 6= 238Watts

Q19.

V1 = 2[1 + 4‘(11 +Iz) T 8V1 =0

But I, = =+

2

6V1 = 412
Y>1=1.58S

Q20. Converting both the network parameters into Z parameters

For the P network, from it’s Z parameters
gob-fE )
Cl Dl g Z

For the Q network, from it’s Y parameters

A, Bz]=[0.4 0.4]
C, D, -05 2

The overall Transmission parameters are
— Al B 1 A2 BZ]
r-[e ol e o

The parameter $ = 0.5 X 0.4 + (-10)x2 =-19.8 Q




	1NT-PYQS-GP-2025
	NT-FirstPages
	NT-PYQS-GP-2025

	2NT-PYQS-GP-2023-24



