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At the beginning of each subject, analysis of previous papers are given to improve the understanding

of subject.

| have true desire to serve student community by way of providing good source of study and
quality guidance. | hope this book will be proved an important tool to succeed in GATE examination.

Any suggestions from the readers for the improvement of this book are most welcome.

B. Singh (Ex. IES)
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KCL, KVL and Phasor

Calculations

1.1 Allresistances in figure are 1 Q each. The value
of current ‘I’ is

+ MW
1V—=

1 2
LA A

@ 75 ®) 15
4 8
A S A

© 15 @ 15

[1992 : 1 Mark]

1.2 The equivalentinductance seen atterminals A- B

in figure is ........... H.
4H
Ao 000,
2H
1H §4H
1H
Bo— oo
4H

[1992 : 2 Marks]

1.3 Using Thevenin equivalent circuit, determine the
rms value of the voltage across the 100 ohm
resistor after the switch is closed in the 3-phase
circuit shown in figure.

Re a/c

300 Q 100 Q

T

[3)

400V / \/5 Phase balanced source
[1992 : 2 Marks]

1.4 In the given circuit, the voltage V, has a phase
angle of with respect to V.

+ Vi

—MWW——— 000

17.32Q j10Q

>
_/

[1994 : 2 Marks]

1.5 A set of 3 equal resistors, each of value R,
connected in star across RYB of given figure
consumes the same power as the unbalanced
delta connected load shown. The value of R is

Q.

Ro

400 V 100 Q 50
30

yo [

Bo
[1994 : 2 Marks]

1.6 In the circuit shown in figure, ammeter A, reads
12 Aand A; reads 9 A. A, will read A.

A1

M)

O/

©

Ay As

[1995 : 1 Mark]

1.7 Apractical current source is usually represented
by
(a) a resistance in series with an ideal current
source.
(b) aresistance in parallel with an ideal current
source.
(c) aresistance in parallel with an ideal voltage
source.
(d) none of these
[1997 : 1 Mark]



4 | GATE Previous Years Solved Papers: [33 | MBDE ERSY
1.8 Energy stored in capacitor over a cycle, when (@ 9H (b) 21H
excited by an a.c. source is (c) 11H (dy 6H
(@) the same as that due to a d.c. source of [1998 : 2 Marks]
equivalent magnitude. o o ,
(b) half of that due to a d.c. source of equivalent 1.14 For the circuit shown in figure, the capacitance
magnitude. measured between terminals Band Y will be
(c) zero. R
(d) none of the above [1997 : 1 Mark]
1.9 Two identical coils of negligible resistance when /‘ ’\
connected in series across a 200 V, 50 Hz source B I I J_ Y
draws a current of 10 A. When the terminals of Cs c
one of the coils are reversed, then current drawn T T
is 8 A. The coefficient of coupling between the J=-
two coils is [1997 : 2 Marks] ’

1.10 A 10V battery with an internal resistance of 1 Qis @ C.+ (&) ©) C.+ [&)
connected across a non-linear load whose V-/ © 2 s 2
characteristic is given by 77 = V2 + 2 V. The current
delivered by the battery is ............. A. (©) % (d) 3C,+2C,

[1997 : 2 Marks]
[1999 : 1 Mark]

1.11 The value of Eand I for the circuit shown in figure,
are ... Vand ... A 1.15 The RMS value of a half wave rectified symmetrical

10 10 square wave currentof 2 A is
I
MW MWW oA a) \/E A (b) 1A
> > > 1
>3 >3 >3 c) — d) J3A
E Seo S40  Z1o (© A (d) 3
[1999 : 1 Mark]
[1997 : 2 Marks] 1.16 A fixed capacitor of reactance — j0.02 Q is
. . connected in parallel across a series combination
1.12 Asmusmdal source ofvo.ltage.Var‘wd frequgncyf of a fixed inductor of reactance j0.01 Q and a
is connected to a series circuit of variable . . . .
ot Rand a fixed ; X The | variable resistance R. As Ris varied from zero to
;ii';ea[;;eof tiz cirrlz(rewt pzizzoarnlczs ;’?isev;rci:sz infinity, the locus diagram of the admittance of
om0 16 o is this R—L—C circuit will be
(8) a semicircle with a diameter of V/X. (a) a semi-circle of diameter /100 and center at
(b) a straight line with a slope of R/X. 2610 o , ,
(©) an ellipse with V/R as major axis (b) a semi-circle of diameter 50 and center at
(d) acircle of radius R/X and origin at (0, V/2). 2€10.
[1998 : 1 Mark] (c) astraight line inclined at an angle.
(d) a straight line parallel to the x-axis.
1.183 The effective inductance of the circuit across the

terminals A, Bin the figure shown below is

4H
Ao DO
1H
3H §5H
2H
Bo OO

[1999 : 2 Marks]

When aresistor Ris 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 Ris 4.5 W. The magnitude of the
current source and the value of Rare
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(@) Ji8Aand1Q
(c) 1TAand 18 Q

(b) 3Aand 2 Q

(d 6Aand0.5Q
[1999 : 2 Marks]

1.18 Current/,, I, and I, meet at a junction (node) in a
circuit. All currents are marked as entering the
node. If 7, = -6 sin(wt) mA and 7, = 8 cos(wt) mA,
then 7, will be
(a) 10 cos(wt+ 36.87°) mA

(b) 14 cos(wt+ 36.87°) mA

(c) —14 sin(wt+ 36.87°) mA

(d) —10 cos(mt+ 36.87°) mA

[1999 : 2 Marks]

1.19 The circuit shown in the figure is equivalent to a

load of
20
o 4 MWW
495% <t>21
O
4 8
— ohms — ohms
@ (0) 3
(c) 4 ohms (d) 2ohms

[2000 : 2 Marks]

1.20 The impedance seen by the source in the circuit
in figure is given by
4Q 2 |Q

I 1:4

oy

7, =10230°Q

®

(@) (0.54 + j0.313) ohms
(b) (4 -j2) ohms
(c) (4.54-j1.69)ohms
(d) (4 + j2) ohms

[2000 : 2 Marks]

1.21 Given two coupled inductors L, and L,, their
mutual inductance M satisfies

(@) M=yL5+15

© M>JLL

(Li+1Lp)
(b) M> —

(d) M<LL

[2001 : 1 Mark]

1.22 Two incandescent light bulbs of 40 W and 60 W
ratings are connected in series across the mains.

1.23

1.24

Then
(a) the bulbs together consume 100 W.
(b) the bulbs together consume 50 W.
(c) the 60 W bulb glows brighter.
(d) the 40 W bulb glows brighter.
[2001 : 1 Mark]

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

A

B

co
) Ry=4Q, R;=2Q R.=5Q
b) R,=2Q,R;=4Q R =7Q
a) R,=3Q,Ry;=3Q R,=4Q
a) R,=5Q R;=1Q, R, =10Q
[2001 : 2 Marks]

a

(
(
(
(

In the circuit shown in figure it is found that the
input ac voltage (v,) and current i are in phase.

M

L,L

The coupling coefficientis K = , where M

is the mutual inductance between the two coils.
The value of Kand the dot polarity of the coil P-Q
are

K
10Q . / p\\ Q
AWM 0% —

BQ 8O
L, L,

K=0.25and dot at P
K=0.5and dotat P
K=0.25 and dot at Q
K=0.5anddotat Q
[2002 : 2 Marks]
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1.25 A segment of a circuit is shown in figure V=5V,
Vi = 4 sin2t. The voltage V, is given by

(@) 3-8cos2t (b) 32sin2t
(c) 16sin2t (d) 16 cos 2t
[2003 : 1 Mark]

1.26 Figure shows the waveform of the current passing
through an inductor of resistance 1Q and
inductance 2 H. The energy absorbed by the inductor
in the first four seconds is

0 } } t
2s 4s
(a) 1444 (b) 98J
(c) 1324 (d)y 1684

[2003 : 1 Mark]

1.27 Infigure, the potential difference between points
Pand Qis

>
>
>
>
=
=
=
>

O

(@) 12V (b) 10V
) -6V (d) 8V
[20083 : 2 Marks]

1.28 In figure, the value of Ris

RQ
AAAA
\AAAJ
140 10
VVV% ﬁAAA
10A g 5A
220
100v© 3 ©4ov
(a) 10Q (b) 18 Q
(©) 24Q d) 120

[2003 : 2 Marks]

1.29 Infigure, the value of the source voltage is

1.30

1.31

10 Q 6Q
AAAA Va P 2A
VVVy VWV—70

>
EGQ C)E

1 ACD

AAAA

o0

(@ 12V (b) 24V
(c) 30V (d) 44V
[2004 : 2 Marks]

In figure, the admittance values of the elements
in Siemens are Y, =05 + /0, ¥, = 0 - j1.5,
Y., = 0 + 0.3 respectively. The value of I as a
phasor when the voltage E across the elements is
10£0°Vis

\AAAJ

MO

YLg Y,o= E=1040°V

(@ 15+,05 (b) 5-/18
(c) 0.5+/1.8 (d) 5-/12
[2004 : 2 Marks]

In figure, the value of resistance Rin Q is

100 oA

AAAA
vvvy

100v<j> 100 =
<

\AAAJ
AAAA
\AAAJ

[2004 : 2 Marks]
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1.32

1.33

1.34

1.35

1.36

In figure, R, R, and A_are 20 Q, 10Q and 10 Q
respectively. The resistances R,, A, and R, in Q of
an equivalent star-connection are

(@) 2.5,5,5 (b)
() 5 5,25 (d)

5,25,5
25,525
[2004 : 2 Marks]

The rms value of the currentin a wire which carries
ad.c. current of 10 A and a sinusoidal alternating
current of peak value 20 A is
(@ 10A (b) 14.14A
(c) 15A (d)y 17.32A

[2004 : 2 Marks]

In the figure given below the value of Ris

84 ﬂAZh
100 V= 1OQE§ §§109
(@) 2.5Q (b) 50Q
©) 7.5Q (d) 100Q

[2005 : 1 Mark]

The RMS value of the voltage u(f) = 3 + 4cos (31)
is

(@ Vi7V (b) 5V
©) 7V d B+242)V

[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 Rand L elements each
have a voltage drop ugyg. If the frequency of the
source is changed to 50 Hz, then new voltage
drop across Ris

R

AAAA
yyvy

“® 3.

1.37

1.38

(a) \/g Urms
(© \E Urms

(b) EURMS
(d) \EURMS

[2005 : 2 Marks]

For the three-phase circuit shown in the figure the
ratio of the currents I : I, : Izis given by
]R
RO——>———
Ig
Bo——¢
R1
Iy
Yo
@ 1:1:43 (o) 1:1:2
(c) 1:1:0 (dy 1:1:3/2

[2005 : 2 Marks]

The circuit shown in the figure is energized by a
sinusoidal voltage source V, at a frequency which
causes resonance with a current of 1.

0

Vi

T"
O
The phasor diagram which is applicable to this
circuitis
1 Vv, 2
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(d) Vi
vz0°T(~> R
V, Vvx
0 (<}
X Y
1 VZODT (.s) =C
v, o
[2006 : 2 Marks] Locus of Vi
1.39 Anenergy meter connected to an immersion heater //” Vyx \\\
(resistive) operating on an AC 230V, 50 Hz, AC / \|
single phase source reads 2.3 units (kWh) in 2V ¢}
1 hour. The heater is removed from the supply Locus of Vyy
and now connected to a 400 V peak to peak square o oV Locus of Vyy
wave source of 150 Hz. The power in kW
dissipated by the heater will be (c)
(a) 3.478 (b) 1.739 Lo(;&;—c;f'vyx 2V
(c) 1.540 (d) 0.870 2007 : 2 Mark
[2006 : 2 Marks] [2007 : 2 Marks]
1.40 The state equation for the current 7, shown in the 1.42 A3V (lj_c supply W'th an '”te”‘l?' re&stange of2Q
network shown below in terms of the voltage V. supplies a passive non-linear resistance
and the independent source V, is given by characterized by the relation Vj, = 1,%L. The power
30 02H 50 dissipated in the non linear resistance is
M_ WW (a) 1.0W (b) 1.5W
Vi L ) 25W (d) 3.0W
1.43 The Thevenin's equivalent of a circuit operating at
o = 5 rad/s, has V, = 3.71£-15.9° V and
Z,=2.38~/0.667 Q. At this frequency, the minimal
@) % =14V, -3.75] +§ v realization of the Thevenin's impedance will have
dt 4 a
dr, 5 (a) resistor and a capacitor and an inductor
(b) 5 1.4V, -3.751, 7 \ (b) resistor and a capacitor
(c) resistor and an inductor
©) al _ 1.4V, +3.751, CRY (d) capacitor and an inductor
at 4 [2008 : 1 Mark]
) al _ 1.4V, +3.751, _5y 1.44 Assuming ideal elements in the circuit shown
dt 4 below, the voltage V,, will be
[2007 : 2 Marks] a 20
AV‘V‘V‘V
1.41 In the figure given below all phasors are with

reference to the potential at point "O". The locus
of voltage phasor V|, as Ris varied from zero to
infinity is shown by

w@® v D) @

+
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(@) -3V (b) OV 1.49 For the circuit shown, find out the current
(c) 3V (d) 5V flowing through the 2 Q resistance. Also

[2008 : 2 Marks]

1.45 Inthe circuit shown in the figure, the value of the
current i will be given by

10 30
A a, b

AAA v
>
:mq
>

vvy
5v<i> 103

(@) 0.31A (b) 1.25A
€ 1.75A (d) 25A

[2008 : 2 Marks]

<
+
©
S
|

\AAAJ
AAAA

4V,

1.46 The current through the 2 kQ resistance in the
circuit shown is

\AAA vyvy
A EE 21kQ B
‘b
AAAA AAAA
AAAAJ AAAAJ
1k@ D 1k
I
I
6V
(@ 0mA (b) 1mA
(€) 2mA (d) 6mA

[2009 : 1 Mark]

1.47 How many 200 W/220 V incandescent [ amps
connected in series would consume the same

total power as a single 100 W/220 V incandescent

lamp?
(@) notpossible (b) 4
(c) 3 (dy 2

[2009 : 1 Mark]

1.48 The equivalent capacitance of the input loop of
the circuit shown is

i, 1kQ 1kQ
1kQ 2
Input — 100 pF
100 100 uF
v
o T
(@) 2uF (b) 100pF
(c) 200uF (d) 4uF

[2009 : 2 Marks]

1.50

1.51

identify the changes to be made to double the
current through the 2 Q resistance.

vs=4v<j> I,=5A D

A
LA
N
o)

(@ (5A; Putl;=20V)
(b) (2A;Puti;=8V)

(c) (BA;Put’;=10A)
(d) (7A; Puti,=12A)

[2009 : 2 Marks]

As shown in the figure, a 1 Q resistance is
connected across a source that has a load line
v+ i = 100. The current through the resistance is

i

+
Source \V | |1 Q

(@ 25A (b)
(c) 100 A (d)

50 A
200 A
[2010 : 1 Mark]

If the electrical circuit of figure (b) is an equivalent
of the coupled tank system of figure (a), then

(b) Electrical equivalent

a
b
c
d

A, Bare resistances and C, D capacitances
A, Care resistances and B, D capacitances
A, Bare capacitances and C, Dresistances
A, Care capacitances and B, Dresistances

[2010 : 1 Mark]

(@)
(b)
()
(d)
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m KCL, KVL and Phasor Calculations
11 (d 1.7 () 18 (¢) 112 (@ 113 () 114 (@ 1.156 () 1.16 (a) 1.17 (b)
1.18(d) 1.19 (b) 1.20 (c) 1.21 (d 1.22 (d 1.23 (b) 1.24 (c) 1.25 (b) 1.26 (¢)
1.27(c) 128 (d 129 () 130 (d 131 (b) 132 (@ 133 (d) 1.34 (c) 1.35 (a)
1.36(c) 137 () 138 (@ 139 () 140 (@ 1.41 () 142 (@ 1.43 (b) 1.44 (a)
1.45(b) 1.46 () 147 (d 1.48 (a) 1.49 (b) 1.50 (b) 1.51 (d) 1.52 (b) 1.53 (b)
1.54 () 155 () 156 (d 1.57 (c) 1.68 (b) 1.59 (b) 1.60 (a) 1.61 (c) 1.66 (a)
168(c) 170 (@ 171 (@ 1.74 (o) 1.75 (d 1.81 (d)
KCL, KVL and Phasor Calculations
m (d) . Thevenin’s equivalent circuit:

R=1+[1I1+DHAT+1)+1] e e

AT+ DT+ 1)+ 1] Z,
:%59 i[:%=ﬁ=% 231v<~ Vi, RL§§1OOQ

n Sol. )

Ao ’6'&15‘. .. Voltage across 100 Q resistor

% = 231x& (voltage division rule)
", ng . 100+100
e = =155V
Be L m Sol.

~
|

= Li+L,+L;-2M,+2M,;-2 M,
d+4+4-2x2)+2x1)-(2x1)
= 8H

m Sol.

Vi = Vi = %Ozzsw

Now, to find Z;,, replacing all the independent
voltage sources by short circuit,
We have,

300/] 3001|300
100 Q

5L\|
I

_ j10
L= VX973 710
(Using voltage division rule)
= V,x0.5£60° volts
Hence, V| has a phase angle of 60° with respect
to V..

n Sol.

-+ Only resistor consumes power, neither inductor

nor capacitor.
. Power consumed in unbalanced delta

V2 2 2

connected load = -2 = e = (4007 = 1600 W
R R 100

Power consumed in a balanced star connection

containing a set of equal resistors (in all three

phases), each of value

Ro_ gV | V2 _ (4007
* R R R

X X
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15

-+ According to the ques, power consumed in
both the cases is equal.

(400)2
1 - X 7
600 =
=1 F‘? = 100 SZ

n Sol.

-+ Currents in resistor and inductor will be in
quadrature for same voltage across them.

Iy = I3, +13 =12+ =15 A

(b)

A practical current source is usually represented
by a resistance in parallel with an ideal current
source and a practical voltage source is usually
represented by a resistance in series with an ideal
voltage source.

N ©

When excited by an ac source, capacitor stores
the energy in one half cycle and delivers that
energy in another half cycle. Hence total energy
stored in a capacitor over a complete cycle, when
excited by an ac source is zero.

Case-l L, Case-ll L,
220V \WM,, L 220V \M, .
50 Hz 2 B50Hz 2

iy
|

oLy +L, —2M,,)
%

oL +L, +2My5,)

From above expressions, it is clear that

) > 1|
=~ Taking, |I| =10Aand |l;| =8 A
and putting, V=220V
and L, = L,=L
We have,
0= 200 (i)
200

 0@L+2M,,)

On solving equation (i) and equation (ii)
1

=—L

12 9
Which can be written as:

1 r— 1 —
Nﬂ2 = '§ L'L.:'§ Lq'L2

We get, M

Hence, coefficient of coupling = %

m Sol.

1Q
AAAA 1
\AAA +
1ovV—= % Non-linear
load
Using KVL,
V+1 =10
Given, 71 = Ve 2V
On solving equation (i) and equation (ii)
we get, V=5V
I =5A
111 B0
Ny Vi 12_&% 8V
\ vvvy
1 2A I3
E < <
=6Q sS40 1Q

Voltage across 4 Qresistor=4 x2 =8V
Current through 1 Q resistor,

L= S%_8a
1
I, = I;+2
= 10A
V, = 8+1x10
= 18V
Current through 6 Q resistor,
I = E=3A
6

Current through 1 Q resistor,
I=1+1,=3+10=13A
E Vi+1-1
E=18+13x1=31V

....(ii)
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12 I 1% 1 T
, R X I = ?J.iz(t)dt =7x4x5 = V2 A
0
v f<~> BH ©
Given circuit can be redrawn as:
Bo 1 oY
c
= V, - Lz—taﬁ(i) °
R+ jX R2 4 X2 R C,= —=c, [ =c,
V
For R=0, I=—~,-90°
X R
For R=X I——V £ —45° y
s NED C, = Cs+Cc+ C:CS+SCC
For R=, [I=0£0° 2 2

On plotting these three points we get,

Im

- Re

=

Hence locus of I is a semi-circle having diameter
of VIX.

1.13 [0

L,
Ao 000
Mi,
Mis g L,
Mo
Bo BO0
Ls

L=Li+L,+L;=2M,+2My;-2M,3,
4+5+6-(2x1)+(2x2)—(2x3)
11H

B @
To find: RMS value of i(1)
we have,

i(t)

2A

0O 12 T 3712 2T

Y=1+1
A8~ _j0.02  R+,0.01

ForR=0, VY, = —50=50£-90°
For R=0.01,Y,; = 50
For R=o, Y,z = /60 =50£90°
On plotting these three points,

Im (Yg)

T j50 ‘\
. 50
7 IO 0 Yoas

Hence, locus of Yjg is a semicircle of diameter
j100 and center at zero.

—j50

IRVA (b)
When resistor R is connected to a current source,

®

R P=PR=18W
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When resistor Ris connected to a voltage source m (0
12
VC) r Z= (4—]2)+(Z) x10£30
= (4.54-/1.69)Q
2 (d)
s =
Given, V = I (in magnitude) M= KJLL
= PR = 18 -.(i) Where, K = coefficient of coupling
72 O<K<A1
— =45 (i)
R M < JLiL
On solving these two equations, we get
I=23A 1.22 [T
R=2Q
’
118 U "R
IL+1,+1,=0 Therefore resistance of 40 W bulb > resistance
I = -1, -1, of 60 W bulb.

—[-6 sin(wi)] — 8 coswt

10 Esinmt—icosmt
10 10

= —10[cos(36.87°)cosmt - sin(36.87°)sinwt ]
=-10 cos(mt + 36.87°) mA

119 [Q)

&

|
Q-
AA
vy
N
)

%
L = L
Ty
Current through 2 Q resistor,
V-21
L =
2 2
Total current,
V-21
= I = !+K—[
4 2
= 2l = EV
4
Load = K:§Q
I 3

For series connection, current through both the
bulbs will be same P = 2R (for series connection).
Power consumed by 40 W bulb > power
consumed by 60 W bulb.

Hence, the 40 W bulb glows brighter.

1.23 0]

When Cis open, Ryz=R,+ Rg=6Q
When Bisopen, R, =R, + R,=9Q
When Ais open, Rg,= Ag+ R,=11Q
On solving above equations
R,=2Q,R;=4Qand R,=7Q

1.24 [0

Input ac voltage and current will be in phase only
at resonance condition,
ie. Xo = X

L
112 = |j8+j8+2k\(/8)x(j8) |
12 = 8+8+16k

= k = —i:—l:—O.ZS
16 4

Hence coupling will be opposite

~. Dot will be at Q.

125 [0
By KCL,

Ip+Io+1,+1,=0
2+1+1,+1,=0
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But, I,= Cxﬂ
dt
d :
= 1><E (4sin2t) = (8 cos 21)
I, = —(2+ 1+ 8cos2i)

-3 -8 cos2t

v L(ﬂ) =2 x 2 x 8sin2t
at

= 32sin 2t
Note: KCL is based on the law of conservation of
charges.

1.26 8

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

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

T, .di
EL = J.O Lla dt = EL1 +EL2

2, (di
B o= L;(E)dt

j§2x3tx3dt

o2

18f§tdt=18x%

0

4
18x|=—-0|=
8><[2 O:| 30J

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

4 (di
EL2 = J2 Ll(a) dt
- [2-6-00dt=04

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.

The energy dissipated by the resistance in 4 sec.

@:ﬂﬁﬁm
21nn2 4.0
- jo(st) x1dt+j26 x 1dt

= [J@?)dt + 36[ 10t

2

t3 4 8
= 9x—| +36t, = 9x| = [+36x2
3lo 2 3
=24+72=96J
The total energy absorbed by the inductor in
4 sec
=96J+36J=132J
1.27 §(¥]
Given: Vo=10V
By KCL,
Ve =10 5, % _g (i)
2 8
VO_1O—2+V—O—O (ii)
4 6
2A
T
O/
P WW A MWW Q
20 40
+
10V "D
VAVAVAV AVAVAVA
8Q 6Q

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

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

+
1 14 2
22V, = 660
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V, =30V

Potential diffence between node x and y = 60 V

by taking KCL at node y
40-30

-1-5+ =0
I=5A
=9 10
5
120 [0
0
ﬁAéi V; é;;j& ? ZAA
1A EEGQ
I
a
Method-1:
Using KCL,
u+£_1 =0
6 6
= 2V,-E=6
Where, _—Va =2
= E-V, =12

Solving equation (i) and (ii), we get
V,=18Vand E=30V

g @

Ir

<
Yg <
R<

\AAAJ

I

Y.

Y, =

Al

Iy = Y,E=(05+ j0) x 10£0° = 5 A
/15 A

I, = Y,E=(0-15)x 10£0°

I.= Y.E=(0+03)x 10£0° = 3 A

1=IR+IY+IC
=5+ (-j15) + /3
=5-/12A

131 Q)

100 VCD

10 Q

2A

10Q

AAAA

VWWy
X

10£0° V

E=

Ve 100 Vp
10 10

+2 =0

2V,-100+20=0

A=Y
Transformation

20 Q
10 Q
10 Q

Given:

DD,
I

and

9}

_ F?bf?c
" R,+R,+R,

D

__10x10 559
20+10+10

F?cf?a

2" R,+R,+R,
10x20

20+10+10
F?af?b

5" R,+R,+R,

20x10
20+10+10
Remember: If all the branches of A-connection
has same impedance Z, then impedance of branch
of Y-connection be Z/3.

EEE] @

R.M.S value of d.c current = 10 A =1

R.M.S value of sinusoidal current = (%)A =1,
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R:M:S value of resultant,

— 2 2
IH - \/Idc + 15

2

_ 20 _

- 102+( = 17.32A
\/2)

1.34 [0

The Resultant (R) when viewed from voltage

source = m =125
R+ 10]l10 = 1250
R = 125-10]l10
= 125-5=75Q

EH @

R.M.S value of d.c voltage = V™) =3V
R.M.S value of a.c voltage = VA™S)

()

.. R.M.S value of the voltage
4 2
= 3%(—) = =17V
NG 9+8 =17
136 O
A

t f = 100Hz
Va| = M|

as Rand L are series connected, current through
Rand L is same, so

IR = IX, = IoL
= R =X =o0L
[ - Vin
JR? + X?
_ Vi _ VY
JR?+R? 2R
VR = urms:[R
V v
V, = | A |xR="n
? (\ERJ 2
= In = \/Eurms (I)
At f = 50Hz
X o f

100 2 2
1/ — Vin
R? +(X()?
_ Y 2Vin

Fea()
2

From equation (i),

, 2
VR = E (\/§ Urms )
2.2 8
= f Ums = g Urms
Yl (a)
Ir
_ R L
‘ Vir EE Ry
Viey ;
J Vg ’ \kﬁ
Y T

Assuming phase-sequence to be RYB
Taking Vj, as the reference,

Viy = VLO°
Vig = V£-120°
Vi = Vi£-240°
1= Ves _ _Ver
"R R,
= _ﬂ=14_600
R1 R1
Vg VZ£-120°
[, = B2
R1 R1
Using KCL,

Ip+1,+15 =0

14—6O°+14—120°+[B =0
R1 R1

= I = 3 V. Jo0e
R1

vV Vv
So, I 1, Ig= Eﬁ

%
3\/§—=1:1:\/§
R,
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E] @

~
\AAAJ
~

[T 1
T v 3
Z = Ry+ Rg+ (X, = X,)
Atresonance,
X =X
So, Z=R,+ Ry
Therefore, input impedance is purely resistive, is
minimum, and the input voltage and output current
are in phase.
So, V, and I are in phase
V- v
27 Ry +Rg+j(X, - X¢
but, X = X
V.
V, = !
R, +Rg
Therefore, V, is in phase with V, and V, < V,
Voltage across the capacitor,

)X[RB +J(X, —Xc)]

x Ry

1
Vo=IxX.= [ x——
c c joC

V.= L /g0
oC
So, V. lags the current by 90°.
The phasor diagram on the basis of above
analysis.
I v, v,

1.39 Q)

Assuming resistance of the heater = R
(i) When heater connected to 230 V, 50 Hz source,
energy consumed by the heater = 2.3 units or
2.3 kWhin 1 hour
Power consumed by the heater
energy  2.3kWh
time period ~ 1hour
P, = 23 kW

Rms value of the input voltage

=V, _ =230V
V2
P, = —VI;”S
2
= 2.3x10% = 2307
= R=23Q

(i) When heater connected to 400 V (peak to peak)
square wave source of 150 Hz

V
200V
-200V 7 —
e
T= 1 = i sec.

f 150

V. s value of the input voltage

~ 1.7 ) 1/2
Ve = [ V2ct|

_ 1(cT/2 2 T 2 12
- [T{ [} 2002t + [ (-200) dtH

V, . =200V
VE 2007
e S
=R " 23
= 1.739 kW

) @

Any state equation represents the dynamical
behaviour of the given network. State equations
usually follow a specific ‘format’ while being
represented. On the left side of each state
equation, the derivative of only one variable is
used. On the right hand side a mathematical
function is represented involving any or all the state
variables and the sources.

3Q 0.2H 11+12 5Q 12

AAAA
\AAAJ

+ = +
+ —_
V.

46

Using KVL in Loop-l,
Vo3(, 4+ 1)~ V.- 0.5% - ()
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Using KVL in Loop-l,

dr
05—1-5I,+0.2V, = i
o P =0 -..(ii)
Eliminating 7, from equation (i) and (ii),
we get,
d,

— 1.4V —3.750,+2V
dt 4

141 IO

+ m *
V£0° <~> R
d v, _
0 O
x oy
+
V£0° <~) —cC
)
Let capacitive reactance = X,
V£0°+V£0° 2V
R—-jXc R-jXc
Using KVL,

V(R - jX;)-2VR

R—-jXc
_ V(R+jXp)
(R=jXc)
Method-1:
R+ jX
Vi, = =V c
YX _R—ch:|
When, R =0
0+ jXc
V., = =V =V
x _0—ch]
Viy = —Vx X
=%

Method-2:
Vi = -V M
R—jXc
JR? +X§4tan“(%)
= V£180°x

JR? + X3 £tan™ (%)

V4(1 80°+2tan™" (X—ch

Magnitude of V., =V
So, option (c) and (d) can not be correct, as
magnitude is 2 V in these two options.

Angle of V,,= 180°+ 2tan™' (X?C)

When, R =0
£V = 180° + 2tan™(eo)
180° + 2 x 90° = 360°
When, R = o
£V, = 180° + 2tan"'(0) = 180°
on the basis of above analysis, the locus of V, is
drawn below:

Locus of Vy,

(a)

—WW——
> |
.
=
1

DC ] Non-linear
supply resistor
| { £l
Vi = [I%IL (1)
Vi = E-1yR
where, E=3V
and R=2Q

2
Vi =3-21y = Iy

II%IL +2[NL_3 =0
Iy, =-3Aor1A
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-3 Ais rejected, because the non-linear resistor
is passive and the only active element in the circuit
is 3V DC supply. Which is supplying the power
to the resistor.

So, Iy = 1A

Power dissipated in the non-linear resistor

2
= VNL[NL: UYRIV
= Iy =F=1w

1.43 [0

Thevenin's Impedance:
Z, = 2.38-/0.667 Q
as real part is not zero, so Z, has resistor
Img[Z,] = —0.667
Case-l:
Z, has capacitor (as Img[Z,] is negative)
Case-llI:
Z, has both capacitor and inductor, butinductive
reactance < capacitive reactance.
At o = 5rad/sec
For minimal realization case-| is considered.
Therefore, Z, will have a resistor and a capacitor.

2 @

i=1A
Applying KVL,
Vy—-2i+5=0
V,=-5+2i
=5+2x1=-3V

Note: KVL is based on the conservation of energy.

1.45 Q)

1Q 3Q
MW { 1€ MW
+Vab_
+ . = = .
5V<_) /ID 5;19 E=1Q (12\<t 4V,

By KVL in Loop-1,

5-i,—i; =0
iy = §=2.5A
2
V, =25V
By KVL in Loop-2,
4V, = 3i, + i,
4V,
ig = 2b - Vab

4

Vp = 1xi,=V,,

v, = V-V,
v 2.5
V = —a=—=125V
bop 2
Iy = Vab:Vb
i, = 1.25A

3 @

Bridge is balanced i.e. node Cand node Dare at
same potential. Therefore, no current flows through
2 kQ resistor.

LYl (d)

Let resistance of a single incandescent lamp = R.
Power consumed by a single lamp, P =200 W.
When connected across voltage, V=220 V.

2
So, P = V—
R
2
= 200 = 220
R
= R=242Q

Let n number of lamps are connected is series
across voltage V=200 V.
So total resistance of lamps,
Req. = nR=242n
Total power consumed,

2
p=
Req.
2
= 100 = 220 = n=2
242n
148 QO
i 1kQ 1 kQ
1 AAAA

=< 100 uF

<
(V)
O
g
=
=
V1l

Applying KVL,
Vi,—i,(1+1)-501i,(-X;) =0
= V., = i,[2-/50 X]

Inputimpedance = ﬁ =2-j50X,
I
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As imaginary part is negative, input impedance
has equivalent capacitive reactance X, eq.

XCeq.:5OXC
1 _9%0__ 980 _ 1
0Cyy o0 ox100 20
C, =2uF

eq.

149 [0

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
1.50 [0

A resistor has linear characteristics

ie. V=Ri
= V=i
Load line,
V+i=100
i+i=100
Current through resistance
i = m= 50A
2

El @

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

oo A
)
Where, A = Area of the tank
p = Density of the fluid
g = Acceleration due to gravity

The hydraulic capacitance is represented by A
and 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 Band D.

1.52 {0

Assuming voltage of the node V,

1Q v, R
AMAV AVAVAVAV
Ji
=
2A (4} 1A= 120 -6V
=

V. = 1x12=12V

a

Applying KCL,
2+1+71=0
I=1A
j= Va6 _12-6_6
R R R
= I:E
R
= R=6Q

1.53 [03]

Vo= 1sint=V_sinwt
V. =1Vandw=1rad/sec
Impedance of the branch containing inductor and
capacitor
Z = (X = Xp)

1
(ol 1
j(m mC)

j@x1——LJ=O
1x1

So, this branch is short-circuit and the whole current
flow through it

i(f)
rms value of the current
1

ZUEA

= 108t _ 4 ggint

1.54 03]

V() = 100+/2 cos(100xt)

Voltage represented in phasor form:

Vph = Vrmséq)
Wm=ﬂgflw

i(f) = 10J§sn{R00nr+g)
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