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Previous Years GATE Question

1. Basic Network Analysis and Network Topology

Q1.1. The resonant frequency of the series circuit shown in figure is:
1 1 M=1H
(a) Hz (b) — Hz \
472 4r /
© —1_Hz @ —L_Hz © 355_355:‘“ °
27410 4r2 ® 2H 2H 2F
[GATE-1990]
Q1.2. The response of an initially relaxed linear constant parameter network
to a unit impulse applied at ¢t = 0 is 4e-2.. The response of this network to
a unit step function will be: [GATE-1990]
(a) 2 [1 —e2 u(?) (b) 4 [e! e2] u(t) (c) sin 2¢ (d) 1 —4e*) u®
Q1.3. Two resistors R1 and R: (in ohms) at temperature 71 and T1 K
respectively, are connected in series. Their equivalent noise
temperature is: [GATE-1991]
R R +R, +R, R +R,
Q1.4. For the compensated attenuator of figure, the impulse response under
the condition R1C1 = R2C: is:
R L R R,
(a) R ZR 1=e™% lu(t) (b) 7 ZR 5(@) ~W—
+ 4y + 4y ?"’ |_| Fl +1\
R, R L C,
¢ d 2 |1+eR% |u@t) Vvt
© g 10 ()R1+R2{ e }u() ) C.x SR, Vi)
b -
[GATE-1992]
Q1.5. Relative to a given fixed tree of a network: [GATE-1992]
(a) Link currents form an independent set
(b) Branch voltage form an independent set
(¢) Link currents form an independent set
(d) Branch voltage form an independent set
Q1.6. The two electrical sub network N1 and N2 are connected through three
resistors as shown in figure. The voltage across 5 ohm resistor and 1
ohm resistor are given to be 10V and 5V, respectively. Then voltage
across 15 ohm resistors is:
u 10V -
(a) —105V (b) +105V ——N\YA—
© -15V @ +15V N ANSW— N
M__
[GATE-1993]
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Q1.7.

Q1.8.

Q1.9.

A network contains linear resistors and ideal voltage sources. If values

of all the resistors are doubled, then the voltage across each resistor is:
[GATE-1993]

(a) Halved (b) Doubled (c) Increases by four times (d) Not changed

The RMS value of a rectangular wave of period T, having a value of +V
for a duration, (71 < T) and -V for the duration, T — T1 = T2, equals:
[GATE-1995]

T -T, 1% T
(CYAY b) ——=2V (©) —= (d) =V
T J2 T,
The number of independent loops for a network with n nodes and b
branches is: [GATE-1996]

(ayn-1 (b)b—n ©b-—n+1 (d) Independent of the number of nodes

Q1.10. In the circuit of figure, the current ip through the ideal diode (zero cut

in voltage and forward resistance) equals )
'y

(a) 0A (b) 4A Y D’]..J
) 1A (d) None of - iQ
these 10V 4 10 2A

[GATE-1997]

Q1.11. In the circuit of figure, the equivalent impedance seen across terminals

a,bis:
16 8 ki
—|Q =1Q
(a) ( 3 ] (b) (3J
N B2
8 .
(© | —+12j | (d) None of these
3
4]
o
[GATE-1997]
Q1.12. The voltage ‘V’ in figure is: [GATE-1997]
(a) 10V ®b) 15V . ,m
) 5V (d None of these ¥+
Y 10V
=
Q1.13. The voltage ‘V’ in figure in always equal to:
202
(a) 9V ®b) 5V
© 1V (d None of *
these v Y
o
[GATE-1997]
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Q1.14. The voltage ‘V’ in figure is equal to:

@) 3V ®) -3V &
() 5V (d) None of these IS .E.E oo O
342 i
"—"‘M.U'l.vnt

[GATE-1997]

i = 5A i = 3A
(a) 12A (b) —12 A - ryyye hryyyy
() 4A (d) None of these Sy = :E
& N = 2 =
A L
L=7 LEan
[GATE-1997]
Q1.16. The nodal method of circuit analysis is based on: [GATE-1998]
(a) KVL and Ohm’s law (b) KCL and Ohm’s law
(¢) KCL and KVL (d) KCL, KVL and Ohm’s law
Q1.17. A network has 7 nodes and 5 independent loops. The number of
branches in the network is: [GATE-1998]
(a) 13 (b) 12 (c) 11 (d) 10
Q1.18. Identify which of the following is NOT a three of the graph shown in
figure:
(a) begh (b) defg
(¢c) adhg (d) aegh

[GATE-1999]

(a) 2V ) 1V
() -1V (d) None of these

[GATE-2000]

Q1.20. In the circuit of figure, the value of the voltage source E is:

(a) 16V (b) 4V v oY
© -6V @ 16V MY v
E=7

V,U/:\: Svl\. 10V

[GATE-2000]
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Q1.21. The voltage eo in figure is: [GATE-2001]
(a) 48V (b) 24V 24
© 36V d) 28V
Q1.22. The voltage eo in figure is: [GATE-2001]
4Ly H}
(@ 2V b) =V AW
3 [ S S}
:
4V d 8V = s
(© (d) - wZ e e
e

Q1.23. The minimum number of equations required to analyze the circuit

shown in figure is: [GATE-2003]
C C

(@) 3 ®) 4 I—-ﬂ—]

() 6 @ 7 WA AN
R R

Q1.24. Consider the network graph shown in figure which one of the following

is NOT a ‘tree’ of this graph? [GATE-2004]
(A) ¢’ N (B) v
(C) i Q o O
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Q1.25. If R1 = R2 = R4+ = R and R3 =1. 1R in the bridge circuit shown in figure,
then the reading in the ideal voltmeter connected between a and b is:

(a) 0.238V () 0.138V
() -0.238V  (d) 1V

10V t:’
[GATE-2005]
Q1.26. Impedance Z as shown in figure is: s [GATE-2005]
%] j 22
(a) j29Q ®) joQ o A

. . L
() j19Q (d j39Q j mﬂk_) 126
I ° j 1002

x

Q1.27. In the following graph, the number of trees (P).and number of cut-sets
(Q) are: [GATE-2008]

(@ P=2,Q=2 (b) P=2,Q=6
© P=4,Q=6 (d P=4,Q=10

Q1.28. A fully charged mobile phone with a 12V battery is good for a 10 minutes
talk-time. Assume that, during the talk-time, the battery delivers a
constant current of 2A and its voltage drops linearly from 12V to 10V as
shown in the figure. How much energy does the battery deliver this talk-
time? [GATE-2009]

(2) 220 J () 12 kJ v(t)
(c) 13.2 kJ (d) 14.4 kJ

12V
P
10V i
0 10 min

Q.1.29 In the circuit shown, the power supplied by the voltage source is:

(@ OW b)) 5W
(0 10W (d 100W 10
M1ov
10
[GATE-2010]
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2. Initial Conditions, Time-varying Current & Differential
Equation, Laplace Transform

Q2.1. The necessary and sufficient condition for a rational function of s. T'(s)
to be driving point impedance of an RC network is that all poles and
zeros should be: [GATE-1991]
(a) Simple and lie on the negative axis in the s-plane
(b) Complex and lie in the left half of the s-plane
(c) Complex and lie in the right half of the s-plane
(d) Simple and lie on the positive real axis of the s-plane

Q2.2. The voltage across an impedance in a network is V(s) = Z(s) I(s), where
V(s), Z(s), I(s) are the Laplace transforms of the corresponding time
function v(#), z(t) and i(¢). The voltage v(#) is: [GATE-1991]

t
(@) v(®) = z(t) v(®) M) v(t) =[i(r)-2(t-1)dr
0
t
(© v(t) = [i(z)2@t +7)dr () v(®) = 2(2) + v(@)
0

Q2.3. Condition for valid input impedance is that maximum powers of the
number of denominator polynomial may bigger at most by: [GATE-1993]
(a) 2 (b) 1 (c)3 (do

Q2.4. In the circuit shown in figure, assuming initial voltage and capacitors
and currents through the inductors to be zero at the time of switching
(t = 0), then at any time ¢ > 0:

(a) Current increases monotonically
with time
(b) Current decreases monotonically
with time L
(¢) Current remains constant at V/IR
(d) Current / first increases then
decreases :
[GATE-1996]
Q2.5. The voltages Vci, Vez, and Ves across the capacitors in the circuit in
figure, under steady state, are respectively
2F
(a) 80V,32V, 48V 1 2H 25K
(b) 80V, 48V, 32V Ve, N
(© 20V,8V,12V —1F 40K IF__ VG
(d 20V,12V,8V —I_
[GATE-1996]
Q2.6. In the circuit of figure, assume that the diodes are ideal and the meter is
an average indicating ammeter. The ammeter will read:
D,
(@ 0.4v2 A (b) 04A o . N )
0.8 0.4 * T
© —2A @ —ZA D,
7 7 4si 10k
SImt 10k
_cvolt 7
[GATE-1996]
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Q2.7. In figure, A1, A2 and A3 are ideal ammeters. If A2 and A3z real 3A and 4A
respectively, then A should read: [GATE-1996]
(a 1A (b) 5A I—
(0 7TA (d) None of these
R
&
Q2.8. In the circuit of figure, the voltage V(¢) is: [GATE-2000]
163 19
(a) eat — ebt (b) et + ebt y

(¢) aeat—bebt  (d) aew + bebt

o

Q2.9. In figure the switch was closed for a long time before opening at ¢ = 0.

The voltage Vx at t = 0* is: [GATE-2002]
(a) 25V ®) 50V ' e
c) 50V d 0V
( ) ( ) 20 ;ag 2.54
- rwmn—]l
20 52
e W e

Q2.10. Ii(s) and Ix(s) are the Laplace I

transform of i1(f) and ix(?) &5 &

respectively. The . equations L

for the loop currents Ii(s) and 2 7w " R
Ix(s) for the circuit shown in i 20

figure, after the switch is

brought from position 1 to T T
position 2 at ¢ = 0, are:

[GATE-2003]

_ ) _ )
11, (s)
-L R+—|-2 0
L s " Cs | -
R+Ls+ Lt —Ls | %
Cs I1 (8) -
®) ARG INEN
-L R+— |12 0
L s " Cs | -
R+Lsi——  -Ls 1%
Is  RLs+—| ®] |9
L Cs
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1
R+Ls+ s -Ls I (s) v
@ 1|1 BN
“Ls  R+Ls+ 1|l @l | g
Cs
Q2.11. At ¢t = 0%, the current i1 is: [GATE-2003]
[}
-V -V [ RS
@ o5 & = &4
2 S " %n
_V i () it
(© iR (d) =zero V= R L Tc

Q2.12. The circuit shown in figure has initial current i1(0-) = 1A through the

inductor and an initial voltage v.(0-) = -1V across the capacitor. For
input v(t) = u(t), the Laplace transform of the current i(¢) ¢t > 0 is:
190 H
s s+2
D b W
® s?+s+1 () s?+s5+1 S—
Aif)
52 5+2 vt B
© 5 —— @ S T"
s +s5+1 s +s+1
o—

[GATE-2004]

Q2.13. The equivalent inductance measured between the terminals 1 and 2 for

the circuit shown in figure is: [GATE-2004]
(@ Li+L:+M ' O - T w!
(b)y Li+Ls—M L L

© Li+Ls+2M
d) L1+ L —2M

20

Q2.14. A square pulse of 3 volts amplitude is applied to C-R circuit shown in
figure. The capacitor is initially uncharged. The output voltage v, at

time t =2 sec is: [GATE-2005]
0.1 uF
() 3V b) -3V M o— o
(c) 4V d —4V
Vi ki Mo
- O O
FE

Q2.15. In the circuit shown below, the switch was concentred to position 1 at
t <0 and at t = 0, it is changed to position 2. Assume that the diode has
zero voltage drop and a storage time &s. For t <1 <t Vg is given by (all in
volts): [GATE-2006]

(@ VR=-5 (b) Vr=+5

© 0<V,=5 () -5<V,<0

2l
5V
T
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Q2.16. In the figure shown below, assume that all the capacitors are initially
uncharged. If Vi(t) = 10u(t) volts Vo(t) is given by: [GATE-2006]
(a) 8 ¢0-004t Volts 1k
(b) 8 (1 — e-10:004) Volts V VV
(©) 8 u(?) Volts R N -
4uF
(d) 8 Volts Vilh) e 1pF V(D)

Q2.17. A 2 mH inductor with some initial current can be represented as shown
below, where s is the Laplace transform variable, the value of initial

current is: [GATE-2006]
(a) 0.5 A (b) 2.0A | (S)
() 1.0A (d 0.0A
0.002s
+ 1 m\/
Q2.18. In the following circuit, the switch S is closed at ¢ = 0. The rate of change
of current %(OH is given by: [GATE-2008]
S
R.I
0 STS
(a) (b) 7
© EEl @ s R,

Q2.19. The driving-point impedance of the following network is given by

Z(s)= 20# The component values are: [GATE-2008]
s +0.1s+2

@ L=5H, R=05Q, C=0.1F °
® L=0.1H, R=050, C=5F Z(s) L

© L=3H R=20, C=01F l—> ==C -
d L=0.1H, R=2Q C=5F
( ) b Y c_

Q2.20. In the interconnection of ideal sources shown in the figure, it is known

that the 60 V source is absorbing power. [GATE-2009]
20V
- &
! 60V
128
X >
Which of the following can be the value of the current source I?
(a) 10A (b) 13 A (15 A (d) 18 A
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Q2.21.

Q2.22.

Q2.23.

Q2.24.

Vis) 1

If the transfer function of the following network is = the
V.(s) 2+sCR
value of the load resistance Ry is: [GATE-2009]
(a) R4 (b) R/2 +0—~/V|\q/\, ot
(© R d 2R i
Vi C R, Vo

I I

The switch in the circuit shown was on position a for a long time, and is
moved to position b at time # = 0. The current i(¢) for ¢ > 0 is given by:

~125¢ 10k a b
(a) 0.2e u(t) mA O—J,-()
1(t
(b)) 20" u(t) mA
~1250¢ ooV 0.2nF §SkQ
(c) 0.2¢ u(t) mA
(d) 20e%u(t) mA 0.5pF ~ 7K 0.3uF

[GATE-2009]

The time-domain behavior of an RL circuit is represented by
i V,
L%+Ri =V,(1+ Be™"sint)u(t). For an initial current of i(0) = - the

steady state value of the current is given by: [GATE-2009]
(@) i(t) > % (b) i(t) > % © i) — %(1 B @ i) > %(1 +B)

In the circuit shown, the switch S is open for a long time and is closed at
t = 0. The current i(¢) for ¢ > 0+ is: [GATE-2010]

100

(@) i(t) = 0.5 —0.125¢-1000t A /vv\j
)

() i) =1.5—-0.125¢-1000t A B .
(© i(¢) = 0.5—0.5e-1000t A 1.5 -
(d) i(t)=0.375e-1000t A i(t)l i

3. Two-port Network

Q3.1.

Q3.2.

Q3.3.

The open circuit impedance matrix of the two-port network shown in
figure is: [GATE-1990]

-2 1 -2 -8 Ly 20 <l
) {_8 3} ) L 3} . 22

0 1 -2 -1 VvV, 210
© L 0} () {_1 3}

(= O

Two two-port networks are connected in cascade. The combination is to
represented as a single two-port networks. The parameters of the
network are obtained by multiplying the individual: [GATE-1991]
(a) z-parameter matrix (b) h-parameter matrix

(c) y-parameter matrix (d) ABCD parameter matrix

For a two-port network to be reciprocal [GATE-1992]
(@ Z,, =2, ®) Yoy = N1o () hy, =-h,, (d AD-BC=0
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Q3.4. The condition that a z-port network is reciprocal, can be expressed in
terms of its ABCD parameters as: [GATE-1994]
(a)AD-BC=1 (b) AD-BC=0 (c)AD-BC>1 (d)AD-BC<1

Q3.5. The short-circuit admittance matrix of a two-port network is:

0 -1/2
1/2 0

The two-port network is: [GATE-1998]
(a) Non-reciprocal and passive (b) Non-reciprocal and active
(c) Reciprocal and passive (d) Reciprocal and active

Q3.6. A two-port network is shown in figure. The parameter h21 for this

network can be given by: [GATE-1999]
I

() ~1/2 (b) +1/2 N -——
O—WWWW—\WW—20

(c) -3/2 (d) +3/2 + = R b
v, R ié W,

q- [

o— —0

Q3.7. The Z parameters Z11 and Z21 for the 2-port network in figure are:

6 16
(@) ZH:_H Q; Zm:HQ 1, 20 Iz
6 4
b) Z . =+—Q;, Z, =—Q
M) Z, 11" 21T 7 4102 T
\ E; E
© z,=+20q 2z, -850 I :
11 11 o0&
4 4 D
d Z =—@: Z, =—0 o o
@ Z, 11 211

[GATE-2001]

Q3.8. The admittance parameter Y12 in the two-port network in figure is:
L 200 L

(a) -0.2 mho (b) 0.1 mho
(¢) —0.05 mho (d) 0.05 mho

[GATE-zoo?]
Q3.9. The impedance parameters Zi11 and Zi2 of the two-port network in figure
are: [GATE-2003]
@ Zu=2750 and Z2=0.25Q  10—AAW A A
b) Z1=3Q and Zi12=0.5Q
() Zu=3Q and Z12=0.25Q
(d) Z11=2.25Q and Z12=0.5Q

10r . 0z
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Q3.10. For the lattice shown in figure, Z

a

= j2Q and Z,=2Q. The values of the

z, z
open circuit impedance parameters Z = |:ZH 212i| are: [GATE-2004]
21 22
[1-7 1+
®) 1+ 1+ } Z,
- g . / . 1 o= 1 a3y
) 1-75 1+
-1+j 1-j Z,
[1+) 1+
CHE ’} 2
:11_] ) l_i . z =
+j -1+
(@ S } Z"
—1+) 1+
Q3.11. The h parameters of the circuit in figure are: [GATE-2005]
_ Iy [
@ |01 01 o [0 Y —
-0.1 0.3 1 0.05 '
30 20 10 +1
(© (d)
120 20 -1 0.05
Q3.12. The ABCD parameters of an ideal n : 1 transformer shown in figure are
0
|::)l X} The value of X will be: [GATE-2005]
..|1 J2
(a) n (b) 1/n > <
(c) n? (d) 1/n2 v, v,

n:1
Q3.13. A two-port network is represented by ABCD parameters given by
Villa B||V,
I,||C D||-I,

If two-port is terminated by Ri, the input impedance seen at one-port is

given by: [GATE-2006]
A+BR AR, +C DR, + A B+ AR

(a) ——L (b) —L "~ (c) =—L"— (d) =————r
C+DR, BR, +D BR, +C D+CR,

Linked Answers and Questions: Q14 to Q15 carry two marks each

Statements for Linked Answers and Questions 14 and 15:

A two-port network shown below is excited by external DC sources. The
voltages and the currents are measured with voltmeters Vi, V2 and ammeters
A1, Az (all assumed to be ideal), as indicated. Under following switch condition,
the readings obtained are:

@) S,-Open, S,-Closed . S 5,
A =0A, V. =45V, V, =15V, A, =1A [‘." i 5 M ‘@' +
(ii) S, —Closed, S,-Open = Networ| @) 15V
A =4A, V. =6V, V,=6V,I,=0A T -
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Q3.14. The z-parameter matrix for this network is: [GATE-2008]
(1.5 1.5 (1.5 4.5 (1.5 4.5] 45 1.5
@145 1.5} ® 115 4.5} ©@lis 15 @ L 5 4.5}
Q3.15. The h-parameter matrix for this network is: [GATE-2008]
(-3 3 -3 -1 3 3 ] 3 1
@14 0.67} ®) 5 0.67} Ol oe7] @ {—3 —0.67}
Q3.16. For the two-port network shown below, the short-circuit admittance
parameter matrix is: [GATE-2010]
050
4 -2 1 -0.5
S b S 1 2
(@ {—2 4} ®) {—0.5 1 }
0.5Q 05Q
© 1 05 g @ 4 2 S
05 1 2 4 10 il 3 02

4. Network Theorem

Q4.1. A generator of internal impedance ‘Z¢’ deliver maximum power to a load
impedance, Z, only if Z, [GATE-1994]
(@ Z, <Z, o) Z, >Z, () Z,=2, ) Z, =27,

Q4.2. A ramp voltage, v(t) = 100¢ volts, is applied to an RC differencing circuit
with R=5 kQ and C =4 uF. The maximum output voltage is: [GATE-1994]

(a) 0.2 volts (b) 2.0 volts (c) 10.0 volts (d) 50.0 volts

Q4.3. The value of the resistance, R, connected across the terminals A and B,
(ref. figure), which will absorb the maximum power is: [GATE-1995]

(a) 4.00kQ (b) 411 kQ
(c) 8.00kQ (d) 9.00 £Q 3KkQ 4k

S ‘
i,

Q4.4. Two 2H inductance coils are connected in series and are also
magnetically coupled to each other the coefficient of coupling being 0.1.
The total inductance of his combination can be: [GATE-1995]
(a) 0.4 H (b) 3.2 H (c)40H (d) 3.8 H

Q4.5. Superposition theorem is NOT applicable to networks containing:
[GATE-1998]
(a) Nonlinear elements (b) Dependent voltage sources
(c) Dependent current sources (d) Transformers

Q4.6. A delta-connected network with its Wye-equivalent is shown in figure.
The resistances Ri, Rz, and R3 (in ohms) are respectively. [Gz}TE—1999]

(@) 1.5,3and9 (b) 3,9and 1.5
(¢ 9,3and 1.5 (d) 3,1.5and9

562

1540

b c
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Q4.7. The value of R (in ohms) required for maximum power transfer in the
network shown in figure is: [GATE-1999]
S 4
(a) 2 (b) 4
(© 8 ) 16 N
__|_ 25V R
Q4.8. The Thevenin equivalent voltage Vry appearing between the terminals A
and B of the network shown in figure is given by: [GATE-1999]
. . . . - A
(a) j16 (3 —j4) (b) j16(3 +j4)
(c) 16 (3 +j4) (d) 16(3—j4) L
:o@;@j 2 =
Q4.9. Use the data of Fig (a). The current i in the circuit of Fig (b) is:
(a) 24 b) 2A i o
() —4A d 4A i B R, R
(b)
[GATE-2000]
Q4.10. If each branch of a delta circuit has impedance +/3z, then each branch of
the equivalent Wye-circuit has impedance [GATE-2001]
Z Z
(a) 332 (b)3Z (€ = @ =
J3 3
Q4.11. In the network of figure, the maximum power is delivered to RL if its
valueis: [GATE—ZOOZ]
| —
(a) 16 Q (b) 40 O
3 4082
0.5, S R
© 60 Q @ 20 O <T> A L
Q4.12. Twelve 1Q resistance are used as edges to form a cube. The resistance
between two diagonally opposite corners of the cube is: [GATE-2003]
5 6 3
—Q b)1 Q —-Q d) —Q
(a) 6 () (© 5 (d) 2
Q4.13. A source of angular frequency 1 rad/sec has a source impedance
consisting of 1Q resistance in series with 1H inductance. The load that
will obtain the maximum power transfer is: [GATE-2003]
(a) 1Q resistance
(b) 1Q resistance in parallel with 1H inductance
(¢) 1Q resistance in series with 1F capacitor
(d) 19Q resistance in parallel with 1F capacitor
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Q4.14. For the circuit shown in figure. Thevenin’s voltage and Thevenin’s
equivalent resistance at terminals a, b is: [GATE-2005]
(@) 5Vand?2
(b) 7.5V and 2.5
(c) 4Vand2

(d 3Vand25

Q4.15. The maximum power that can be transferred to the load resistor Rr from
the voltage source in figure is: [GATE-2005]
T £
(@ 1W (b) 10W
(c) 0.256W (d) 0.5 W
Q4.16. An independent voltage source in series with an impedance Zs = Rs + jXs
delivers a maximum average power to a load impedance Zr when
[GATE-2007]
(a) ZL = Rs + jXs (b) ZL = Rs (€) Zr= jXs (d) ZL = Rs —jXs
Q4.17. For the circuit shown in the figure, the Thevenin voltage and resistance
looking into X - Y are: [GATE-2007]
(a) 4/3V,2Q (b) 4V, 2/3Q 1 0 -
© 4/3V,2/3Q @4V, 20 A flj %
A
2i é (4 (ol
1 ni 2 .a?|' 2 ﬂ‘| :
¢ Y!
Q4.18. The Thevenin equivalent impedance Zth between the nodes P and @ in
the following circuit is: [GATE-2008]
1 1w 1F
(a) 1 (b) 1+S+—
S P
1 S*+S+1 1£2
24+ S+= d) ———
© S @ S%+2s+1 3, 12
10V 1A
Qe
Q4.19. In the circuit shown, what value of Rr. maximizes the power delivered to
R1? [GATE-2009]
@) 2.4 O () % 0
() 4O @ 6 Q
R.
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5. Sinusoidal Steady State Analysis, Resonance, Power
in AC Circuits, Passive Filters

Q5.1. The transfer function of a simple RC network function as a controller is

G.(s)= s: %L The condition for the RC network to Act as a phase lead
s 1

controller is: [GATE-1990]

(@pi<=z1 b)p1=0 (c)p1=2z1 (d) p1> 21

Q5.2. In a series RLC high @ circuit, the current peaks at a frequency:
(a) Equal to the resonant frequency [GATE-1991]
(b) Greater than the resonant frequency

(¢c) Less than the resonant frequency
(d) None of these

Q5.3. Of the four network, N1, N2, N3 and N: of figure, then network having

identical driving-point function are: [GATE-1992]
2 2
(8) Niand Ni ) Neand Ny [¥56—— ‘
(©) Niand Ns @ NMandNs o 2 4 1,
. 2 }
N, ) N,
2 1 z
1
9 1
| € | €
N, N,

Q5.4. For the series R-L circuit of Fig. (a), the partical phasor diagram at a
certain frequency is shown in Fig. (b). The operating frequency of the

circuit is: [GATE-1992]
(a) Equal . to ~“the resonance * + - + - Ve
O— MWV
frequency V. v
(b) Less than the resonance o+ o7
frequency v Ve ~
(¢) Greater than resonance
frequency ° Ve
(d) Not zero
(A) (B)
Q5.5. In figure and Ai, A2 and A3z are ideal ammeters. If A; reads 5A, Az reads
12A, then As should read: [GATE-1993]
(a TA (b) 12A
(c) 13A @ 17A
100sinemt
-
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Q5.6.

Q5.7.

Q5.8.

Q5.9.

Q5.10.

Q5.11.

Q5.12.

The response of an LCR circuit to a step input is over damped. If
transfer function has: [GATE-1993]
(a) Poles in the negative real axis

(b) Poles on imaginary axis

(c) Multiple poles on the negative real axis

(d) Multiple poles on the positive real axis

A series L-C-R circuit, consisting of R =100, |X,|=20Q and |X.|=209Q, is

connected across an AC supply of 200V rms. The rms voltage across the
capacitor is: [GATE-1994]
(@) 200<-90°V  (b) 200 < +90°V (c) 400 <+90°V (d) 400 < -90°V

A series R-L-C circuit has a @ of 100 and an impedance of (100 + j0)Q at

its resonant angular frequency of 107 rad/sec. The values of R and L are:
[GATE-1995]

(2) 100Q,10°H (b) 10Q, 10°H (c) 10000, 10H (d) 100Q,100H

The current, i(f), through a 10Q resistor in series is equal to 3 +
4sin (100t + 45°) + 4sin(300¢ + 60°) amperes. The RMS value of the current
and the power dissipated in the circuit are: [GATE-1995]
(a) Ja1 A, 410 W, respectively (b) V35 A, 410 W, respectively
(¢) 5 A, 250 W, respectively (d) 11 A, 1210 W, respectively

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:
[GATE-1995]
(a) 0.362 (b) 0.500 (c) 0.632 (d) 1.000

ADC voltage source is connected across a series R-L-C circuit. Under

steady conditions, the applied DC voltage drops entirely across the:
[GATE-1995]

(a) R only (d) L only (c) C only (d) R and L. Combination

A communication channel has first order low pass transfer function. The
channel is used to transmit pulses at a symbol rate greater than the half-
power frequency of the low pass function. Which of the network shown
in figure can be used to equalize the received pulses? [GATE-1997]

Cr e, A L -0

o A I 0 ——AWA ! :
(A Irpust [ Cuitpaat gy Input R T Cutput

o I 5 o O

() It R Oulput {m

O o -
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Q5.13. In the circuit of figure the energy absorbed by the 4Q resistor in the

time interval (0, © ) is:

(a) 36 Joules (b) 16 Joules

(c) 256 Joules (d) None of these

10V

441

[GATE-1997]

Q5.14. The parallel R-L-C circuit shown in figure is in resonance, In this circuit:

(@) |I;|<1mA

) |Ip+1,|>1mA
© |Ip+I.|<1mA
@ |I,+1,|>5mA

Q5.15. When the angular frequency
o in figure is varied from 0 to
o, the locus of the current
phasor I:is given by:

(A)

)

I

h

tﬁ
T,
he(® R L T
[GATE-1998]
ey
J 140 oA
-lh HI
E, cos ul u:") EE R,
- _|_ G
E=E_ /0%
Eny w=0 E=E, £0°
Ry
0y - .
R, .
E,
‘-:\‘ M= as

[GATE-2001]

Q5.16. If the 3-phase balanced source in figure delivers 1500 W at a leading
power factor of 0.844, then the value of Z1 (in ohm) is approximately:

(a) 90,32.44°
() 80.32.44°
) 80/-32.44°
(d) 90/ -32.44°

&l
IPHASE A0
BALANCED
SOURCE

2

[GATE-2002]
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Q5.17. The dependent current source shown in figure is: [GATE-2002]
(a) Delivers 80 W WTH.'

(b) Absorbs 80 W ’f'_\

(¢) Delivers 40 W

i |+

j

|}
=

i

P
=
=
Lh
=
=
J\-!{
P

(d) Absorbs 40 W

Q5.18. An input voltage v(t) = 10v2 cos(£+10°)+105 cos(2t+10°) V is applied

to a series combination of resistance R = 1Q and an inductance L = 1H.
The resulting steady state current i(f) in ampere is: [GATE-2003]
(a) 10 cos (t + 55°) + 10 cos (2t + 100 + tan-! 2)

(b) 10 cos (t + 55°) + 10\/2 cos (2t + 55°)
(¢) 10 cos (t—35°) + 10 cos (2t + 10° — tan-! 2)

(d) 10 cos (t—35°) + 10\/§ cos (2t — 35°)

Q5.19. The current flowing through the resistance R in the circuit in figure has

the form P cos 4t, where P is: [GATE-2003]
(a) (0.18 +;0.72) T~ 024
(b) (0.46 + j1.90) L 3 )
(© —(0.18 +j1.90) e R=3%20
(d) —(0.192 + j0.144) A
W=2oos 4

Q5.20. The differential equation for the current i(#) in the circuit of figure is:

(a) 23—:2+2%+i(t):sint
(b) Z—;+2%+2i(t):cost
(c) 23—tzi+2%+i(t):cost
(d) %+2%+2i(t):sint

[GATE-2003]

Q5.21. A series R-L-C circuit has a resonance frequency of 1 kHz and a quality
factor @ = 100. If each of R, L and C is doubled from its original value,
the new @ of the circuit is: [GATE-2003]
(a) 25 (b) 50 (c) 100 (d) 200

Q5.22. Consider the following statements S1 and S2 (S1: At the resonant
frequency the impedance of a series R-L-C circuit is zero; S2: In a
parallel G-L-C circuit, increasing the conductance G results in increase
in its @ factor). Which one of the following is correct? [GATE-2004]
(a) S1is FALSE and S2 is TRUE (b) Both S1 and S2 are TRUE
(c) S1is TRUE and S2 is FALSE (d) Both S1 and S2 are FALSE
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Q5.23. For the circuit shown in figure, the initial conditions are zero. Its
transfer function is: [GATE-2004]

1
ST T 10k
106 +
b)) ———
®) s*+10°s +10° 4

10° vl 100 uF v 1
© S i
s°+10°s+10

10 &
d -
@ s +10°s+10°

10 mH

_V,9)

of an R-L-C circuit is given by
V.(s)

Q5.24. The transfer function H(s)

10°

H(s) = 4—————. The Quality factor (@ - factor) of this circuit is:
s +20s+10
[GATE-2004]
(a) 25 () 50 (¢) 100 (d) 5000
Q5.25. For the R-L circuit shown in H
figure the input voltage vi(t) = O—W—
u(t). The current i(f) is:
i % 20
i) )
-
i it}
QLG frrsessssimmnmrm ey 0.5 f s
(A) 0.3 foemy O pan
2 2 (o8] 72 t(sec)
if if}

{ (sech
[GATE-2004]

iz {58t

Q5.26. For the circuit shown in figure the time constant RC = 1 ms. The input
voltage is vi(t) = sin 103 . The output voltage v.(t) is equal to: [GATE-2004]
]

(a) sin (103t — 45°) o A o
(b) sin (103¢ + 45°)
(c) sin (103t — 53°)
(d) sin (103¢ + 53°)

hY|

Vi) ~C Vit

o O
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Q5.27. The circuit shown in figure with R= % Q,L= i H,C=3F has input
voltage v(¢) = sin 2t. The resulting current i(t) is: [GATE-2004]

(a) 5 sin (2f + 53.1°) o ,.{T]

(b) 5 sin (2t —53.1°)

(©) 25 sin (2t + 53.1°) " A % 1€

(d) 25 sin (2¢—53.1°)

O

Q5.28. For the circuit in figure, the instantaneous current ii1(¢) is: [GATE-2005]
10 \/g 2 6 =21

- o L1
(a) 2 Z£90° Amps I_/‘\’\"f‘ ) I )
(b) % Z-90° Amps e A 1080

|
0

(¢) 5£60° Amps
(d) 5£-60° Amps

Q5.29. Which one of the following polar diagrams corresponds to a lag

network? [GATE-2005]
MJ Im Im
{Cy
L3 T =1
m o " e
| Re I " Re
(B}
m I 3
{Im [
3 fr— w={)
r 3 -

a0
| ‘\_ _/ Re

Q5.30. In a series RLC circuit R=2kQ, L =1H and C = 1/400 pF. The resonate
frequency is: [GATE-2005]

(a) 2x10* Hz (b) l><104 Hz (c) 10" Hz (d) 27 x10* Hz
T

Q5.31. The condition on R, L and C such that the step response y(#) in figure has

no oscillations, is: [GATE-2005]
L
1 |L L y
R>= |Z R> |2 YA — 0
@ E=54\¢ ®) \E
NG 0
© Rzz\ﬁ G) R:\/Z m() -
C C e
’e)
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Q5.32. A negative resistance Rn.s is connected to a passive network N having
point impedance Zi(s) as shown below. For Z:(s) to be positive real:

@ |R.|<RZ(jw)ve ‘\F;\"K

b) |R.| < Z,(jo)| Vo » = | N
© |R.| < IMZ (jo)|, Voo

@ |R..| <27 (jo). Vo 29 209

[GATE-2006]

Q5.33. The first and the last critical frequencies (singularities) of a driving-
point impedance function of a passive network having two kinds of
elements, are a pole and a zero respectively. The above property will be

satisfied by: [GATE-2006]
(a) RL network only (b) RC network only
(¢c) LC network only (d) RC as well as RL networks
Q5.34. In the AC network shown in the figure, the phasor voltage Vas (in volts)
is: [GATE-2007]
A
(@ 0 (b) 5-30° T
(¢) 12.5£30° (d) 17£30° %3 < 53
5490 A G} j
T -isna=— j;aq
T
B
Q5.35. In the circuit'shown, V. is.0 volts at ¢ = 0 sec. For ¢ > 0, the capacitor
current i.(f) where t is in seconds, is given by: [GATE-2007]
(a) 0.50exp (25 ¢) mA 20 k02 I'L.
(b) 0.25 exp (—25.¢) mA YWy -
(c) 0:50 exp(-12.5 {) mA r + Ly
(d) 0.25 exp (—6.25 f) mA 10V C.) 20k EE —4 ¥F

Q5.36. Two series resonant filters are as shown in the figure. Let the 3-dB

B
bandwidth of Filter 1 be B: and that of Filter 2 be Bs. The value of Fl is

2

= i ?:L 4
@ 4 ) 1 Tl
1 1
2 d =
© 3 @ 7
Filter | Filter 2
[GATE-2007]
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Q5.37. The circuit shown in the figure is used to charge the capacitor C
alternately from two current sources as indicated. The switches S1 and

S2 are mechanically coupled and connected as follows: [GATE-2008]
For2nT <t<(@2n+1)T a1 P1 Q2 P2
(n=0,1,2,..) o + .
S1 to P1 and S2 to P2 LY CLELLEED (SRR TREET s2
For Cn+1)T<t<(2n+2)T C
0.502 = V1) 10
(n=0,1,2,..) 1F
S1 to Q1 and S2 to Q2 L % L
1A 1A

Assume that the capacitor has zero initial charge. Given that u(f) is a
unit step function, the voltage Vc(t) across the capacitor is given by:

(@) (-1 tu(t - nT) ®) ut)+2> (-1 u(t - nT)
© tu®)+2Y ()" -nDut-nT) (@ 3[0.5-e D 10,5077

Common Data for Questions 38 and 39:

The following series RLC circuit 1H 10
with zero initial conditions is

—
excited by a unit impulse function
5(t). a(t) 1F== V.t
O
Q5.38. For t > 0, the output voltage [GATE-2008]
9 (L & 2. 4k 2 L 2 L \/5
(a) —=|e? —e (b) —te 2 (c) —te 2 (d) —=e 2 sin| —t
Q5.39. For t > 0, the voltage across the resistor is [GATE-2008]
3 1, S
(a) %(e 2! —€ 4 ] (b) e 2! {cos[%}—%sin(%ﬂ
(c) le%z sin @ (c) ie_%t cos @
J3 2 J3 2

Q5.40. An AC source of RMS voltage 20V with internal impedance Zg = (1+2j)Q
feeds a load of impedance Z; =(7+4j)Q in the figure below. The

reactive power consumed by the load is: [GATE-2009]
Z=(1+27)Q
(a) 8 VAR (b) 16 VAR
(©) 28 VAR () 32 VAR
2020V [] Z,=(7+4)Q
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Q5.41. For parallel RLC circuit, which one of the following statements is NOT
correct? [GATE-2010]
(a) The bandwidth of the circuit deceases if R is increased
(b) The bandwidth of the circuit remains same if L is increased
(¢) At resonance, input impedance is a real quantity
(d) At resonance, the magnitude of input impedance attains its minimum value

Q5.42. The current I in the circuit shown is: [GATE-2010]
20mH
(@ —1A (b) J1A
© OA @ 204 o
o=10%rad/s
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Answers with Explanation

1.1. Ans. (b)

For resonance

—— =wLe
,C G

M=1H
Leq =L +L,-2M / \I
=2+2-2x1=2H o— - K o
® oy 2H ¢ 2F

, 1 1 1
- = =—; o =—
° 2x2 4 ° 2
1
=— Hz
fo ar

1.2. Ans. (a) Response of linear network = 4 2
When unit impulse applied A(t) = 4e™*
If input is unit step then output is y(f)

Y= HEUE) =051 T3 1]

S+2 s 2|s s4+2
() = 2[1 - e'z‘Ju(t)

1.3. Ans. (b) Teq = M (Equivalent noise temp)
R +R,

1.4. Ans. (b) Input is impulse signal = 5(t)

According standard result V(t) = 7 RZR V.(¢) (for compensated network)

1 2

R
Vi) == 5
R +R,
1.5. Ans. (a, d) Relative toa given fixed tree of a network
Link currents form an independent set
Branch voltage form an independent set

1.6. Ans. (a)
Using KCL for cut-set, that means
current entering and leaving a cut-set L 4 10v
is equal to zero _)Ml\;_
L
L+1,+1,=0; E+Iz+§=0 N, N,
5 1 —)M—
I,=-T7TA . "+' v '193‘.
Voltage across 15 Q resistances 5V
1.7. Ans. (d)

1.8. Ans. (a) R.M.S. value of rectangular pulse = }%Lfﬁ(t).dt

1% L+, V? V?
A0 v [ e ad < [Pne i en -]

2
= V?[Tl +T,]. But, T,+T,=T=V
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1.9. Ans. (¢)

1.10. Ans. (c)
By analysis it is found that diode
in feedback and current flow

. 40
through diode only due to voltage I,
source. T> DI
Applying KVL in loop (i) 10v ©«g o “ . A
10V -4, +1,)-41,=0
10V-41,+81,=0 @)
Applying KVL in loop (i1)
I +2-41, = 0; 12:11:2 (id)
10—411—M; 10-61,-4=0 -5 _1a
4 6
1.11. Ans. (b) It is balanced Wheatstone bridge.
So, impendence across ab = 8x4 = 8
12 3
1.12. Ans. (a) V=10V (it is parallel to 10 V source)
1.13. Ans. (d) Apply Thenvine theorem across AB
20
B

So calculation of Vag is not possible with network information, so (d) option

1s correct.
1.14. Ans. (a)
_ Note: — 5V and 4V source in L.H.S. can
be combining and net voltage is 1 V.
1V av Apply KVL in ABA loop
3V 4-V-1=0
+‘/\/‘_ B y V=3V

1.15. Ans. (b) KCL at node P

i +i,+i, =0 = —i, =i +i, > —i,=5+7 = i, =-12A
1.16. Ans. (b) Nodal method of circuit analysis is based on KCL and ohm’s law
1.17. Ans. (c) In network number of independent loop =b —n + 1
1.18. Ans. (¢)

Adhg not a tree because it made a

closed loop and in a tree close loop ! 8
is not possible.
d ¢]
aé - ¢ 5
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1.19. Ans. (d)
First we find bising of diode for

that find voltage across AB

Suppose Vap=V
By super position theorem

Vap=1V
That means diode in feedback
So,
Apply KCL at node A
VA—4+£+VA+2 _o
2 2 2

2 2

VA :g, VA: VO’ VO:_g

1.20. Ans. (a)

Applying KVL x/

<

~10-5+E—-1=0 Y
=16

.

1.21. Ans. (d)
By super-position theorem:

I1
Case 1: Only current source 1s
active (voltage source will be short 120

12!2

\ 2

12 Q resistances.

By current source conversion
_80 N I - 6 . 30 30 0
" 16 18 18

Case 2: By _current source

circuit) then find current through 80V .|-

|
suppression only voltage source 120

120
will be in active mode
= E; I = E
12 24
168

Total current through 12Q resistance = 30 + 16 _ M =
18 24 72 72

So, e, :@ 12 =28V
72

1.22. Ans. (c¢)
Current through 4Q =1A

So,e0=4%x1=4V

1.23. Ans. (b)
Minimum number of equations required for analysis of network
Number of equation=b-n+1

Where, n = number of nodes; b = number of branches in the question
n=4; b="17
So number of equations required=7—-4+1=4
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1.24. Ans. (b) Tree of network graph will not have any close loop.

1.25 Ans. (c) V, = R, x10 = L x10=5V
R +R, R+R
= R, x10 = L1R x10=£x10=w
R, +R, 1.1R+R 2.1 21

v -v, =5-19__ga3gy
21

1.26. Ans. (b) Total impedance Z =5+ 2j + 2j + 10j — 10/ = 9j

1.27. Ans. (c¢)
1.28. Ans. (c) Energy delivers during talk time
t=600Sec —t
E=| VIdy 1 =24; V=—"+12
=0 300
So, E = j6°°2 b o)a
0 300
E =13.2kJ
1.29. Ans. (a) By superposition (I is current delivered by 10 V source),
Lo=2.5A; L=-0.5A; IL=-2A; 1=0A, P=0OW
2.1. Ans. (a)
2.2. Ans. (b)

2.3. Ans. (b) Other than (more than one), impedance physically not possible.

2.4. Ans. (c) Inductor will be like as short circuit because voltage source is D.C.

\% .
So, current through R = 7 current remains constant at V/IR

2.5. Ans. (b)
10K 1H 2f 2H 25K
Vc,
+ + +
100V} ) o 1F 40K 3F_ Ve
T T
After steady state 100
L N c2f 5K At steady state I = SOk =2mA
‘°K+l ) *ve, So, Ve, =100-10x 2mA x10° = 80V,
® . $ Hve.  but Ve =Ve,+ Ve, (by KVL)
& 40K ot 1
We know VaE

— So voltage across will be higher than C3
— By option checking only option B satisfy this condition Vcz + Ves = 80 V and

Vea > Ves
2.6. Ans. (d) A: reads current that flow through this in, half cycle (average value)
1 1 V., 4 04

m m

b for half cycle - T - 107 107

T
2.7. Ans. (b) Current through A1 will be vector sum of current through Az and As

|A|= A+ A =V16+9 =25 =5A
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2.8. Ans. (d) Voltage across inductor = v(t)
Current flowing through inductor = %Iv(t)-dt
Applying KCL at middle node ¢ + ¢ = % [o(t)-dt

Differentiate both side L =1H; v(t) = ae” + be"

2.9. Ans. (¢)
At t = 0~ inductor will like short e o
circuit and 2.5A current flow
through inductor at ¢ = 0* 206 )25
V=2.5x%x20=50V _2.5A
but Vx=-V =-50V 200
NN
+ V -
2.10. Ans. (d)
KVL in loop (1) 1s_c
So, ol
\% v L
I(s)- R+—+I (s) +[I (8)-1 (s)]sL 0 g F /?1:3) E}(ls)iR
_ a_
Il(s){R+—+sL}—Iz(s)'sL:—V T sc
sc s
KVL in loop (i1)
[L,5)~ L) L+ L) R+ L,(s)—=0; . =I,(s)-sL+1, (s){R +sL+ l} —0
sc sc
1
R+—+sL -sL 4
+SC+S S |:II(S):|: _?
—sL R+sL+l L,®) 0
sc
2.11. Ans. (a) Att — 0" inductor behaves like open circuit and capacitor as short circuit
-V
S t)=
0.i(t) = o
Ldz(t)

2.12. Ans. (b) V(&) = Ri(t) + ——2 + — j i(t)- dt

Take laplace transform in both side

V() = RI@) + Lsl(9) - 1100 + 22+ 00 Lo g g1 100 L
S S
I(s)=—"12
s +s+1

2.13. Ans. (d) Equivalent impedance Leq = L1 + L2 — 2M

2.14. Ans. (b) Time constant of circuit 7= Req.Ceq =1x10°x0.1x10° =1x10™ sec, but
applied pulse duration is 2 sec, so upto 2 sec capacitor will become fully
charge Ve = 3V and output voltage Vo = -Ve = -3V.

2.15. Ans. (a) Immediate after F.B. to R.B. diode show, same resistance as in F.B. till all
storage charge at junction not removed. So, for 0 <t <ts, V, will be -5V

and after t >ts, V, will be become 0.
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2.16. Ans. (b) Method 1:

We Know capacitor in unchanged capacitor behaves like short circuit and
fully change condition behave like open circuit. So, in Vo(f) function if we

put t —> o0 Vo(t) will be equal to = %uo — 8 Volt.

So, by option checking method (b) option satisfy this condition only.

Method 2:
_t
V, () = V() -[V(0)-V(0)]e T
V() = 8V; V() =0V, T=R,C,; R, =4]1=0.8kQ

C,=4+1=5puf; T =8x5x10"x10" = 4msec
V,(t) =8-(8-0) 110001 _ g(1 _ ontI0.001)
2.17. Ans. (a)

- V= Lﬂ
L o.0o0z2s ) dt
Take L transform both side V(s) = sLI(s) —LI(0)

_ By the initial condition LI(0)=1 mv

LAmv I(o)=Io) =05 A
So, I(0) = 0.5 A

2.18. Ans. (b) At ¢ = 0 when switch will close, inductor L will behaves like open circuit.

Total voltage Is Rs will drop across L
IR, - L di(0+) { di(0+) i I R,
v dt dt L

0.2s
s?+0.1s+2

Circuit is parallel RLC

2.19. Ans. (d) Z(s) =

2
Y=t =8 018, 2y _per 110
Z(s) 02s 0.2s 0.2s 2 s
= Y(s) = Cs+l+L
LS
C=5F, R=2Q, L=0.1H
2.20. Ans. (a)
20V Direction of current that flowing
I, & through 60 shown in figure
! 60V Apply KCL at X
I+1 =12
I-12-1, ()
12A . .o .
> Only option (a) can be satisfying this
X condition.
2.21. Ans. (c) ) __ 1 ()
V(S) 2+sCR
RL
o _V(S) 1+sRC RL )
Given in question —2 = = (i1)
V() R, _p SRRC+(B B
1+sR,C
Compare (i) and (i) then R = R,
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2.22. Ans. (b)

When switch on position for long time 1
that means number of current will
through because V(o’) 100

capacitance become fully charged. S - §

+
S -
C, =(0.5+0.3)[1(0.2) uF = 0.16 uF

flow circuit

RC,, =5x10°x0.16x10"° = 0.8x10™
Total potential across C, =100V Cly =5x107x0.16x107 = 0.8x10

. _V(0+) Yo _100 —t/8x107
Now when switch turn to position b )= R ¢ wt) = 5 ¢ u(®)

equivalent circuit diagram =20e " u(t) mA

2.23. Ans. (a) Take Laplace in both side and put initial conditions, then solve.
2.24. Ans. (a)

S0, i, (0) =0.75A P

But at ¢ = 0+, switch is closed l iL®

and i(0") = i(0*) = 0.75 A 1.5A 100

So, value of i(t) at ) 100
t:0:M:0_375A

and at ¢ = o0, value of i(¢) iHics

will be i(t =) = = = 0.5 iy
Because 15 mH, inductor will 1.5A 10A 15mH
be short circuited. " These HER

conditions are full-filled only

in option (a).

3.1. Ans. (a)

Vi=Z,I +Z,1;; V,=2,1 +Z,], l 20 3L 1,
V. =-21 + 1 V,=2I,-6I -V,
V, =-81 +3I,

MESTH

3.2. Ans. (d) Transmission parameters will be multiplied.

3.3.Ans. (b,c) Y, =Y,; hy, =-h,
3.4. Ans. (a)
3.5. Ans. (b)
_O -1 So, network is non-reciprocal because Yis
[Y] _ 2 {Y £y } is negative that mean either energy
1 o 12 e storing or providing device available, so
_5 network is active also.
3.6. Ans. (a)
V1] [h ST
|: 1:| =" h13:| |: ; :|; {Where, V1 = h11I1 +h12Vz’ I1 = h21I1 +h22Vz}
12 th hZZ 2
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Applying KVL in R.H.S.
R, +I1,)+I,R=0;  RI +2RI,=0; %:%
1
. I, .
if V,=0; i =hy, @)
1
3.7. Ans. (¢)
i
1 ‘ Z11 = E
=+ 0 -+ Y )
40 at 1,=0
E, @ . é@ = Apply KVL in loop (i)
_ ‘ - E -2i -4i +10E, =0; 11E, =6i
E_6_
i 11 "
E,
Z, = TZ
= Vat i, =0
KVL in loop (i1)
E, - 4i +10E, =0; E1=%i1; E2—4i1+@i1:0
__16.. E, -16_
T i 11
3.8. Ans. (¢)
It is 7 network I 200=2, L2
[Y]: NtYs — Vs }E{yu y12:| o=> VN <0
| =5 Yot 05 Va1 Yoz 5Q 10Q E
(1 1 1 E, =z, =4
_+_ —_——
O

2.75 0.25
0.25 2.75
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3.10. Ans. (d) Given circuit is lattice network
So, Z parameters (according standard result)
Z,+2, Z,-Z,

7 9 2 _ 1+j -1+j
Z, -7, Z,+27Z, -1+j 1+j
2 2
3.11. Ans. (d)
P NN <O =D AN €
+ 100 + + 100
10Q2
V, V, Vv,
- 5 -
Vi=h I +h,Vy; I, =hy 1, +h,,V, 1 =-1; I_z =-1=hy,; V=101
\%4 1 !
ifV,=0; L= d-2=h Vv
s g ~tand 3=y TH=10=h; k=10 hy, =1

1

Note: — Only option d satisfy this values we can solve for hiz and hze by

making I1 = 0.
I, V. n I, =nI
3.12. Ans. (b) 2=-—1L1=—; 2 1 .
ns()I1 vV, 2 ‘/1:”"/2} @)

KA

But according the question

e ol

A=n, B=0,C=0,D=x

So, V. =AVy; ~ I--pI; =2-p-lip-l_x
I, n n
3.13. Ans. (d)
[Vl} [A B} { v, } Two-port is terminated by Rz
L| |c D||-I, ! ]
V., =AV,-BI, (i) v, : RV,
I =cv,-pI, (i)
Vo--Lr, (i)
Vi_AV,-Bl, -AR[I,-BI, AR, +B_ input impedance
I, CV,-DI, -CR,I,-DI, CR,+D
3.14. Ans. (c)
|% 4.5
Vi=Z,I,+Z,1,; V,=2,1 +7Z,1,; Z, :I_l/llzo =—=45
2
V. 1.5 \% 6 V. 6
ZZZ_I_:/IFO:T:1'5; ZH:I—II/IZZOZZ:]..5; le:I_IZ/11:0:Z:1‘5
. 1.5 4.5
So z — parameter matrix =
1.5 1.5
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3.15. Ans. (a)
. V. 4.5 .. V, 1
@ hy, :V;/Ifo :5:3; (i0) hy, :Vz/H :5:0.67
V
@iii) Ay, = I—ll
Vo=2,1,+7Zy,I, =0; I, :_ZmL
Z22
V.-Z.1+7, _Zy1, = Kz Z. _ZyyZy, _h -15- 4.5x1.5 _ 3
Z,, I Z,, 1.5
(iv) hmzﬁ/vzozﬁ:ﬁ:_L :[_3 3 }
L " Z,, 1.5 -1 0.67
1 1 1
3.16.Ans.(a) lelzﬁ"rﬁzll; Y12=Y21— 2, Y22: +ﬁ:4
4.1. Ans. (c) According maximum power transfer theorem
4.2. Ans. (b) Ramp voltage = 100¢
dv.(t)

Output of RC differentiating circuit = Rcd—t =5x10° x4 x107° x100

=20x107" = 2 volts

4.3. Ans. (a)

th th 3KQ 4KQ
Rt across A.B for R . V?ltage —AV— —WV—]
source become S.C. and circuit will 5
like as

3x6 4x4
o X X B b 6KQ Ko
R = 9 + ) =2+2=24kQ So, value of R should be equal to Rth,

according maximum power transfer
theorem.

44.Ans. ) Ly, =L+ L+ K\JLL, =2+2+0.1J2x2=2+2£0.2=3.8 or 4.2

4.5. Ans. (a) Super position theorem application only for linear and bidirectional
element.

5x30
50

_5x15
50

_15x30 _
50

90

4.6. Ans. (d) R = 30 R, =1.50; R,

4.7. Ans. (¢)
For maximum power transfer value of R 40

AN

should be conjugate symmetric with
1mpe?dance of  circuit (accordu.lg 50 200,
maximum power transfer theorem) in R,
circuit only resistance the R should be
equal to require of circuit after

removing R, for that find R across R.

_5%20 4 g0

Terminal (Voltage source = ss.c and R"
Current source = open circuit) So. R=80
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4.8. Ans. (a)
Voltage across xy =100£0 X_AAA :’,°‘
By voltage division rule 1000 J_ 3¢
1 j2 'jG H vTH
V™" =100£0 ,i =j16(3-4)) T "
]4 + 3 7o)
y B

4.9. Ans. (¢) By reciprocity theorem position and value of excitation change and double
respectively so current will be double in magnitude, direction of source

change so direction of current also will change.
4.10. Ans. (a) Impedance of each branch of Wye-circuit =

4.11. Ans. (a)
For maximum power delivered to
Ry calculate Rt across Rr terminal
connect voltage source V across AB
and current provided by V is [

3Zx\3zZ Z
3V3Z

Na

Asl, Al
40R
= St 5, 20R 40 8
— 50V
B B
(4) (B)

then z:R‘h; I-1
1
KCL at A I-1, ,
L i
I1+05 ——-—=0
+ 1 20 40 .51, 200 400 v
14 V V.V "'
I =—; +—=—+—
40 80 20 40 o
-yl 1
20 40 80
V_80_ 169,
I 5
So, R, should be =16Q
4.12. Ans. (a)
1 1/6
VAB_£XR+£XR+£XR I' y‘? 1/3 |
3 6 3 A “Jus
I
Ro1q, Yw_5q . R
I 6 s 116 / B
T
4.13. Ans. (¢)
Zs=17,
Note: —Load impedance should be conjugated symmetric with source
impedance, for maximum power transfer.
4.14. Ans. (b)
Apply KCL at node a " 50
Vth Vth ~10 v A A
— + =1 Y L
5 5 51,4 5oy AT
V* =75V ) ?
For Rth calculation make independent current source
open, and 1ndepend§nt voltage source short circuit, and R" =~ R L =5115=250Q
dependent source will not change. a
www.iesacademy.com Email: iesacademy@yahoo.com Page-36

25, 1st Floor, Jia Sarai, Near IIT. New Delhi-16 Ph: 011-26537570, 9810958290




India’s No 1
IES Academy Chapter 1

4.15. Ans. (¢) For maximum power transfer
R, = R,
Vv? V?  10x10
P= or =
4R, 4Rs 4x100

=0.25 W

4.16. Ans. (d) For maximum power transfer from the source to the load impedance, load

impedance should be complex conjugate of the source impedance. So, if
source impedance Zs = Rs + jXs, then = Rs— jXs.

4.17. Ans. (d)
Apply KCL at X 10
Vth Vth Vth _ 2l AN/ \ | p O“K':
2=—t+—+——— > —
2 1 1 2i 191: b T Vm

2

But i= V—, So V™ =4 volt ‘ 2A |
1 oYd

I, =2A (if we short xy, V" =0)
th Vth 4 th th
So,R"==——=-=2Qand V" =4 volt, (R =2Q}
I 2

sc

4.18. Ans. (a)
Independent voltage source will D 1
become short circuit, and S ? S

independent current source will
become open circuit

193 319

VA =(s+1)||(s+lJ=1
S

4.19. Ans. (¢)
For Pmax
Ri= Req
Apply Thenvin Theorem.
Apply KVL in aba VX 40
41 =1)+Vy -V, 41, =0 ~I10 y II, |
I b
41 -4l —-41, =0 I == Vx+ a
N T Ve AT Byery
Again apply KVL in aba loop
1=41 +41, =8I, :8><§
T-R, =10
5.1. Ans. (d)

5.2. Ans. (a) In series RLC high @ circuit, the current peaks at a frequency equal to the

resonant frequency because at this condition circuit impedance minimum
and current maximum.

.. . . .V I . . .
5.3. Ans. (¢) Driving-point function is I—l or 71; A = driving-point impedance
1 1
. I, . . . . Vo
function v = driving-point admittance function by analysis — 1is equal
1

for N1 and Ns.

1
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5.4. Ans. (b, d) According to phasor diagram current is leading to voltage. So, net
behavior of circuit is capacitive. So, operating frequency < Resonant
frequency.

5.5. Ans. (c) |A3| = |A1|2 +|A2|2

5.6. Ans. (c) For over-damped multiple poles on the negative real axis.
5.7. Ans. (d) A series L-C-R circuit R=10Q, |X,|=20Q, |[X,|=20Q circuit in

200

resonance. So, current flowing in circuit = =20A rms voltage across

capacitor = 20 X 20 = 400, but voltage is lagging to current. So, voltage
across ‘¢’ =400/ -90.

5.8. Ans. (a) A series R—L—C circuit has

Q =100; Z =100+ j0 =R,
L 7
o, =107radlsec; R=1000; @ =22 — @ —100=202L, 1 _1¢s
R 100

5.9. Ans. (¢) Current through resistance
i(t) = 3+ 4sin(100t + 45°) + 4 sin(300¢ + 60°)
R.M.S. value fo current = \/izlrms 1 L
where, i, = 3; i, = 4sin(100¢ + 45°); i, =4s1n(300¢t + 60)
i, =3 lyyms = i§ byyms = =
rms rms \/5 3rms \/5
i..=v9+8+8=5A

Power dissipated in circuit = i*, xR =25x10=250W

rms

5.10. Ans. (b) Energy store in C:%CV2 :%XCV2 total energy provide by source = 2

e |
times energy stores in capacitor required ration = zCVZ = 5" 0.5
1 1 .
5.11. Ans. (¢) Impedance offered by C=——= ol o; impedance offered by
w 0.

L=wL =0.L=0. So, DC voltage drop entirely across = C.

5.12. Ans. (b)
5.13. Ans. (b)
Applying KVL in closed loop circuit 4Q
10 = i) + = [i(t)-dt W
C
Take Laplace in both side +
o s Vo 10V 2F = V,(0)=6V.
O _ype+ 11 VO)
S 2 S s
W0, [8851],6 s8] e o 8
S 28 S 28 S 8S+1
it) = e
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Energy absorbed by the 4 Q resistor in (o, o« ) interval

o | © o eft/4 .
W= jo 2(R-dt = jo e284.dt = 4j0 e®4.dt = 4 —| =-16[0-1]=16 jouls

4 Jo

5.14. Ans. (a) At frequency of resonance the network represent a resistive network, input
voltage and current are in phase; input admittance has minimum value so,
that input impedance has maximum value current drawn by network from

mains has minimum value.

2 2
1=V LZ+[(0C—LJ . but (a)C—ij ~0; V=I,R @)
R oL wL

because current in lagging with

Current through inductor =-——,
JjoL
voltage.
So, [I +1,|<1; Similiary |1, + I,|>1 and |T.|<1
5.15. Ans. (a)
Method 1: Method 2:
. E  cosat
o = 2 et o) )
2 +— -_—— I,
]a)C . -~ ~ N
E _
L,(E)=—"=0 {at a):oo} r 10T
. * .. . 3 Em > Em E=E, 20’
In this condition we can find only 7R, 2R,
maximum possible value by case E  cos ot
limitation. i, () = m—1
. _E,. Zi,(t) _ Ry+——
Ly —?, 2 atw:O—90 . o joC
n @ /90 -tan" wCR,

2
<0 _ —r—
e =0 L+ @CR

By option checking only option (a) at w — 0; |i2(t)| =0, Zi(t) =90°

satisfy both conditions. E
at @ — oo; |i2 (t)| = N |L(t)| =0
2

5.16. Ans. (d) In star connection total power supplied =3V, I, cos8 or V, I, cosd

Vi Vi -.cos@ =1500

V3 '3z,

3V.2cosd
SOV 080y 400V

L™ 83%1500
- 3x1600x0.844 _ o
3x1500

Power factor is positive, so load will be capacitive and @ = —ve value
6 = —cos(0.844) = -32.44°; Z, =90/ -32.44°

5.17. Ans. (a)
Applying KVL
20

1/1—51—5(1+%j:0 =V, =20V; 20—51—5[I+?):0 =1=0
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. . V.
That means current flow in 5Q resistor only due to dependent source 31:

% =4A. So, power delivered dependent source = I’R=16x5=80W.

5.18. Ans. (c¢)
Input voltage
V()= 10\/5005(15 +10) + 10\/5008(2t +10)V; Z=R+jol=1+jol=1+ jo
Steady state current i(t) =?

V(t) 1042 cos(t+10)+1oJ5 cos(2t+10) 102 cos(t+10)+10\/g cos(2t +10)

)=
)= 1+ jo 1+ jo 1+ 1+ 2
10*5608(”10) , 10V5cos(2¢ +10) =10cos(t—35)+10cos(2t +10—tan™ 2)
V2245 J5/tan™(2)
5.19. Ans. (*) Incomplete question (value of L1 is not given)
5.20. Ans. (c)
V() = Ri(t) + Ld‘(t) 1 j (0)-dt
. 2dl(t) dl(t) 2d2l(t)
sint = 2i(¢) + 7 +1j i(t)-dt; cost = 2 7 ot it)
5.21. Ans. (b)
1 1
9=t - L
B.w 2z JLC 1 |L
R =w\e
Bw = 7 for series (RLC)
If R, L, C all element doubled them @' = g = % =50
5.22. Ans. (d) (i) At resonant frequency impedance of series RLC circuit is purely
resistive
(i1) For parallel RLC circuit
c 1]C .
QZ}Q/EIE\E {if G T them @ {}
So, S1 and Sz both statements are wrong.
1
i 1 6
5.23. Ans. (d) Vow _ SC = L = /Ij{C 1 ¢ 1? s
& R+SL+ L SLC+SLR+1 g ok 1 S§+10°S+10
SC L LC
5.24. Ans. (b)
10° o’
H = = n
(®) §*+20s+10°  §*+2¢m,5+ @)
_10° _
Q— BW {a)n =10" and BW—ZO}
103 1000
= = 250
Q= 20
L R
Note: — In series circuit of RLC, BW= I
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5.25. Ans. (c)
. L 1 i(t)
Time constant=— === 0.5sec. At steady
R 2 | S —
state, L behaves like short circuit. So, 31
current through R = % =0.5V. |
% t(sec)
5.26. Ans. (a)
1 1
. . 3
By voltage division rule Vo(¢) =V, (t)LC; =25in10°t w
joC jx10°C
1
Zsinlogt M
1 4
jx102C
2sin10%t +
| J/10°RC +1

But RC =1x107*

Vo(t) =2 sin10%t {L} = 2 sin10% x - /=45 = sin(10°t — 45°)
j+1 NG

5.27. Ans. (a)

Circuit is parallel RLC circuit i(¢)=v(t)Y = sin2¢ {l + L + ja)C}
R joC

= sin 2t l+,L+ja)C
R joC
Note: — w.=2 (sin2t = sin a)t)

i(t) =sin 2t +jx2x3

I
V!
2x—
A JX ><4
=sin2t[3 - j2+ j6]=sin2¢[ 3+ j4 |=5sin (2t +53.1°)

5.28. Ans. (a)

By superposition theorem, when 520°A source inacrive and remove 10Z£60A
(Open), then i, = -5-20°, when 10 £60A in active and remove 520 (open)

J3 V3. 1043

i, +10£60. So, totalcurrent—10><—+10><?] 5x1= 10— A——LQOOA

5.29. Ans. (d) If o increases, phase shift is decrease for lag network.
5.30. Ans. (b)

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

:—><2O><103 :lx10“ Hz

1
\/LC o I V1
1><— 10™

www.iesacademy.com Email: iesacademy@yahoo.com Page-41

Resonant frequency =

25, 1st Floor, Jia Sarai, Near IIT. New Delhi-16 Ph: 011-26537570, 9810958290




India’s No 1

IES Academy Chapter 1
5.31. Ans. (c)
Transfer function of the circuit L R
1
Y(s) . s + y@®
UGs) 1 ue () c
R+sL+— T
sc
O
1
Y(s) _ 1 ¢ . @
U(s) s'’LC+sCR+1 o R 1 =~ s"+2e0,5+0]
L LC
, 1 1 R 1 R \F R \F
=— e > 20 = =2 =2 o= e
o, LC:>a)n m:fa)n L:gx\/ﬁ L:>/.f LZHEZL

For no oscillation condition & >1; %\/g >1.

5.32. Ans. (a)
For Z, (s) — positive real Rneg
W
RZ(s)=|R,,| =|R,,|<RZ (jo)
for all . I 2
Z(9)

Z,(s)

5.33. Ans. (b) If first critical frequency = pole; second critical frequency = 3ero

Then, passive network is RC network only
5.34. Ans. (d)
Phasor voltage V,, is = ?
Vs = Current x impedance
=5/30x(impedancebetween A & B)

=5230x[(5—-j3) || (5+j3) = 5430{

5—-j3+5+j3
Z5,30x| 227 B+1649) o g, B4
10 10

5.35. Ans. (a)
We know I,(t) = 1,(0) — [ () - I,(0)]e™""
where, I,(0) = current through capacitor at— «

(5-73)x(5+j3)

|

Note: — We know capacitor behaves like short circuit at ¢ = 0, but open circuit at

t—> .80, 1,(0)=0

. 10V
Ll =50k

T'= time constant of charging of capacitor = R, C
R,, = (20kQ) || (20kQ) = 10k
T =10x10°x4x10° = 40x10"° = 40msec

=0.5mA

t x 1000
40

SO’ Ic(t) = O - [O - 05] et/405ec = 0.597( ] — 0.56725[ mA

I(t) = 0.5exp(-25¢t)mA
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5.36. Ans. (d) 3-dB bandwidth of Filter 1 is B: and 3-dB bandwidth of Filter 2 is Be.

Note: — Filter is RLC circuit and band width of series RLC circuit is = % So,

for Bl,BW:E forBZ,BW:E
L L

1 2

ot
i: Ll:&: 4:1 (where,Lzzﬂj
B, IV L L 4 4
L2
5.37. Ans. (c¢)
Time constant of discharging of capacitor is \}
double than, time constant of charging of <~ C,K
capacitor. So waveform of V¢ is 1
Ve = tu(t) - 2(t = T) u(t - 2T) + 2(t - 2T) u(t - 2T) A\ 2T /\ 5
- T v t
= tu(t) + 2 (-Dn(t - nT)u(t - nT) -1 *
n=1
5.38. Ans. (d)
Voltage across capacitor
Vols) = 2 V,(s); Vis) =1
1) s
(s +1+ J
s
_t
Vc(t)Z;l'l; Vc(t)=%e Zsin(gt]
(s +1+ ] 5 3
s
5.39. Ans. (b)
Voltage across resistor
1 1
1 s 59 9
Vi(s) = x1

DT (2] )

Vp@) =e ™ [cos[g tJ - %sin{g tﬂ

5.40. Ans. (c)

I= .20 - = 10 .:Eé—tan’l § =2/60
1+2j+7+4; 4+3] 5 4

6=—tan™ [§)
4

Reactive power = VI sind = 20 x 2x sin {tan'1 [%ﬂ =40xsin(37°) = 24 VAR

5.41. Ans. (d)
. 1 1 1 1 1 .. .
Bandwidth = —, — = —+ — + —. Thus it is maximum at resonance.
RC'Z R X, X,
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5.42. Ans. (a)
20mH —+[20j & 50 uF —-20
Now apply KCL
V-V, _ %, %

205 1 —20j
=>V-V, =@20)V, -V,
=V =20,V Q)
V. = 2 =1 with angle —90°
20

205

20 j

So, I = % =1 with angle —90°
So, I =(-1))
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