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01.

Sol:

02.

Electric Circuits

[[ 1. Basic Concepts ]]

Ans: (¢)

> t(usec)

We know that;

— dq(t) = i(t).dt

Susec
q= I i(t)dt = Area under i(t) upto 5 psec

0
q=ail¥q2l + g3 |
=1 1 1
(5x3x5J+[5x1x2+(1x3)j+(5><1><1+(1><3)j

q=15uc

Ans: (a)

Sol:

8V svZ R sv320 - 8V

Applying KCL at node ‘b’
[+4=4 = I= 0A and §= 4

=R =2Q

03. Ans: (a)
Sol: The energy stored by the inductor (1Q2, 2H)
upto first 6 sec:
di(t)

Estoredupto 6sec jPLdt = J[L dt .
(2] L3 st )ars [ 2] Lo I
_ﬂz{dt (3t)} 3tj dt+_2[[2[dt (6)} 6} dt
S.[d
+£(2[a(—3t+18)}x(—3t+18)Jdt

4 6
18t dt+ [0 dt+ [(-6[-3t+18] )dt
2 4

i(t)j dt

O© S 1O

=36+0-36=07 (or)

L(l(t) |t:6)z

E

stored upto 6 sec =E L | t=6sec

1

2
1 >

=—x2x0°=0]J
2

04. Ans: (d)
Sol: The energy absorbed by the
(1Q, 2H) upto first 6sec:

Eabsorbed = Edissipated + Estored

inductor

Energy is dissipated in the resistor

Edissipated = _[PRdt = J(l(t))2 R dt

2 4 6
=[ (3 x1dt+ [ (6)* x1dt + [ (~3t+18) x1dt
0 2 4

2 4 6
= j ot> dt + j 36dt + j (9t> +324 —108t)dt
0 2 4

=24+72+24=120]
Edissipated =1201J
And E =0J

stored upto 6 sec
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. Engineering Publications 14 Electric Circuits
. Eabsorbed = Edissipated + Estored 06. Ans: (a)
= Eabsorbed = 120J+OJ:120J Sol: V 4
* linear
05. Ans: (a) -1 ! * Passive
Sol: Point (-20, 0) = V=-20V and I = 0A * bilateral
-v
Is — 0A
—>- t ® A
L ’ 07. Ans: (b)
B MER vy Sol: i
_ * Non linear
*B - 0 I * Active
By KVL
=IsRs—V=0 ~' % Unilateral
— IsRg +20=0 08. Ans: (e)
= IsRs =20V .......... (1) Sol: vy
+5—
* Non li
Point: (0, ~2) = V =0V and [ = -2A y o up on Hneat
0 assive
— /1 i
Is LA * Unilateral
Is=1=-2A v
.
Is OV IR V=0V
_ 09. Ans: (¢)
. Sol: AV
= I=-2A
Substituting I in eq (1), et
_ I - > Linear
Rs =106 * Active
R A -V * Bilateral
! +
® '
2A(4 100 1oy =100 10.
v\, -
1A ~ ’ 1A Sol k\/ ,<\/ >\4V
. O]
From the diagram; . oy
I=—1Aand V=10V b J /\wv
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()ByKVL=+10+8+E+4=0

=-22V
2)ByKVL=+V,;-2+4=0
Vi=-2V
3)ByKVL=+V,+6-8-10=0
V,=12V
11. Ans: (d)
Sol:
30 20

—
1
sV _‘, 6 1A — 2V — 3V

Here the 2V voltage source and 3V voltage

source are in parallel which violates the
KVL. Hence such circuit does not exist.
(But practical voltage sources will have
some internal resistance so that when two
unequal voltage sources are connected in
parallel current can flow and such a circuit

may exist).

12. Ans: (d)
Sol:

Applying KVL,

~V, + 12(1m —%) + 2(1m —%) =0

13.

Sol:

14.

Sol:

—V, +121 —lz%ulm _3Vi_
141, =£V1
5
70
V=—I_ ........ 1
1 49 in ( )

Substitute equation (1) in equation (2)
16 70 j

Vout :2 Iin__x_Iin
5 49

:2[—_25j =20y
7 7
SV, =-7.1431,

Ans: (¢)

%ov
By nodal =
V-20+V-4=0
V = 12volts

Power delivered by the dependent source is
Pger = (12 x 4) = 48 watts

Ans: (d)

0% I

I AR

Ll YVvvy
AAAA
— VW 2
VCB 26 20
<
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051 where Q is the Quality factor.
R
o It 17. .
\(D @ §§2 Q Sol: ——l_()\/'
+ Y 10
Applying KVL, 1v+—__— §§ IQ @ 1V
_ +
=V + 1.51 +2I=0 v
Vz+

=V=-351I -1.0v
15. Ans: (¢) ByKVL=1-1,-1,=0
Sol: 10Q  Vz 2Vx il =0.5A

T T ByKVL=-i,—i,+1=0
Mo V5 ir=0.5A
W - 0. S-V,=
w |I—— ByKVL =V, -05+2+05-V,=0
v Vo=V +2V
By using KCL
v IS 18.
V, +15

16.

Sol:

L2V, =0 = V=1V

By using nodal Analysis at V, node

v, +15

-2=0=>V,=+21V
18

Ans: (a)

The given circuit is a bridge.

I = 0 is the bridge is balanced. i.e.,
Z174=RyR;

Where Z; =R +joL,,

J

Z,=R, -
4 4 ®C,
As R; Rj; is real, imaginary part of
le4:0
R L

oL, R, ——=0 or oL, |

4 R, oCR,
or Q =Q,

Sol: As the bridge is balanced; voltage across (G)

19.

is “0V”.
By KCL at node “A” = — I+ 5m+5m =0
Is=10mA

Sol: Given data:

Vg =5V and V¢ =4sin2t then Vp =?
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°r Vi =102 245 =V,
Y
5QZVe=5V By Nodal = 0+2, V2"V
2A - Ve = 4sin2t 5 5
V =2V, =2(10+2 £45%
2V =20+/2 £45°
21. Ans: (d)
Cdv .
ip=—>F%= i(4sin2t) = 8cos2t Sol: LV 20
dt dt R — WW—
By KCL; -1 =2+ i1+, =0 i I
i =3 — 8cos2t v @ §4Q o
We know that; i
di e
vi=13 94 3 geos2t)
dt dt Note: Since no independent source in the

= 2(—8)(-2)sin2t
Vi = 32sin2t volt

20.
Sol: V =7 If power dissipated in 6Q resistor is

Z€10.

12y o6 j8Q
—WW—— MWW —— W

+

20£0° C

O,
o
0
W
o)
Q)
),
<

Pso =0 W (Given)
= i,5.6=0
:>i6Q:0 (V6Q:0)
NitVy _.VZ =0, V=V,
6+ 38
0
By Nodal = Vi Z20207 Y-{+0 =0
J

network, the network is said to be
unenergised, so called a DEAD network™.
The behavior of this network is a load

resistor behavior.

=21
By Nodal = -1, + %+V L =0
3V =28l :RquX:§Q
I, 3
22. Ans: (a)
R t____vl

Apply KCL at Node — 1,
I:IR1+IR3: 1+1=2A
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Electric Circuits

Apply KCL at Node — 2,
142—12—12—2—2:—4A

23.

Sol: ll

S0 IRATR

Z,
Fig.1

lj
S J—
3
N\
2 Z,=—F
LA :
|
Z,=1F
2
A 2s 3s (lj
s
1
Z,= —= ;C=1F
S(1)
Z,Z
Ly=7Zpa+Zc+ %C

:1+L+M
e

1
2

Since 2 * 4 = 4 * 2; the given bridge is
balanced one, therefore the current through
the middle branch is zero. The bridge acts

as below :
a a* ]
2 Q
Zb3 Ly = E§Q
3
200 40
be——
b
_4x8 8
ab — ==
4+8 3

25.
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Using A to star transformation:

a

1Q a
1Q
1 10
¢ <_Rab Rab >
40
30 1Q 3
b b
4 7
“"Rp=1+—=—-0Q
3 3

26.

Sol: On redrawing the circuit diagram

B
R R
A
R R or 3R or 100R
R
B AN

VYV

—
= R or 3R or 100R

> 1
P
AAAA
|
&
ANAA

RAB
Reg
B
— <>
— R =Ry
A

So RAB:Rlchq:RllR:R/2

27. Ans: (b)

Sol: The equivalent capacitance across a, b is
calculated by simplifying the bridge circuit
as shown in Fig. 1 to Fig. 5. [- C=0.1uF]

- \/K/
c ’%d
x/\
bo b
Fig. 1
) /&’
c d
x/\
bo b
_ 0.1x0.1 — 0.05uF
0.2
a
0.05uF
b
Cab:().l MF

Note: The bridge is balanced and the answer

is easy to get.

28. Ans:(a)

Sol: Consider a A connected network
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:f, Eh@n%bhmﬂons :10: Electric Circuits
Then each branch of the equivalent A 51 _ 1-31 0= ] 3 LA
connected impedance is 32 -z * P

4 4 13 52
29. Ans: (a)
Sol: Network is redrawn as 31. Ans: (a)
| Sol: i 6 VY 4Q
a AN
Req: ] Rq —_—
| -0V _— 20 2
b e—AW T
_ e
Ry =141+ 1+ Applying KCL at Node V
eq
Vo V-2i,
. R, :2+2Req+Req >t +i, =0 cooeinin (1)
1+R 1+R
«a «a i =Yy 6 —i0
R, +R; =2+3R °
Put in equation (1), we get
R,-2R,-2=0 3iy— 5+ iy — 2.5+, = 0
R, =(1+3) 5i,=7.5
iy =1.5A
30. Ans: (¢) v=-1v
Sol: Applylng KCL Idependent souce — v _421X = % =-1A
PP .
lasa=21+1 . 3 .. Power absorbed = (Igependent source) (21x)
loiaso=(1-31) A —(-1)(3)=-3W
(1-3))  1/8Q
W 32. Ans: (d)
AV —>——— AV o Yo
3 121 - °

1A (D

Applying KVL in upper loop.

(1-3i) i3,
8§ 2 4

+
2A

350 Vo
3A

ol
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33.

Sol:

34.

Sol:

Since the violation of KCL in the circuit ;
physical connection is not possible and the

circuit does not exist.

Ans: (b)

Redraw the given circuit as shown below:

.+

3AQ) 15\; 50 Vo

+
3A
3A 0A B
By KVL =
-15-Vy=0
Vo=-15V
Ans: (d)

Redraw the circuit diagram as shown below:
Across any element two different voltages at
a time is impossible and hence the circuit
does not exist.

Another method:

SO v %m

= 0V

By KVL =
5+10=0
150
Since the violation of KVL in the circuit, the

physical connection is not possible.

36.

Sol:

37.

Sol:

v ACE . .
‘;Engmemng Publications Postal Coaching Solutions
By KCL = +2+3=0 35. Ans: (d)

+5=£0 Sol: Redraw the given circuit as shown below:

By KVL =
-10-10=0
-20+#0

Since the violation of KVL in the circuit, the

physical connection is not possible.

Ans: (b)
Redraw the given circuit as shown below:
|
+
10v(®) 10v(x) 10V250
By KVL = -
10-10=0
0=0 L
KVL is satisfied
I5Q = m =2A
5
Iso =2A
Ans: (d)
20 A 20
AW —AWW
4V - 20 2 v, T 2V
Fig. 1
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The diode is forward biased. Assuming that
the diode is ideal, the Network is redrawn
with node A marked as in Fig. 1.

Apply KCL at node A

Vo +2

2

4—v,
2

3vy _

Yo

2

1

Vo ==V

(Here polarity is different what we assume

so V, :_?2\/

38.
Sol: (in the question 4V voltage source polarity is
reversed)

The actual circuit is

|

S
AAAA
\AAAS

20

1Q

|

b

2
AAAA
VVVV

“®

*r—

0.C.

39. Ans: (b)
Sol:

10
§1Q Q
4V
=
= 4V
20
%gﬁ . b
73
b
10Q
—MWW——
—20V + -
5Q Z 10V
—_ +
- 2A
— 5V

—

Voltage across 2A =10+20+10-5
=35V
Power supplied = VI =35x2=70 W

40. Ans: (%)
Sol:

Vv, 10
—— W
Vo
AW — O a
+ Vo —
12V
§12Q
Ob
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Applying KCL at node V
v-o12 +X—VO +V, =0
6 12
:>X—|-X =2 =>V=8V
6 12
Vo =4V
Applying KVL in outer loop
= -V+1(Vo) +Vap =0
= Vup=V-Vy=8_4=4V Pso = (12 x 3) = 36 watts — absorbed
Psv = (6 x 6) = 36 watts — absorbed
41. Pev = (6 x 6) = 36 watts — delivered
Sol: By KVL Pq = (12x6) = 72 watts — absorbed
=Vi-6-10=0 Since Py = Paps; Tellegen’s theorem is
Vi=16V satisfied.
P4 = (8 * 2) = 16watts — absorbed
Pya = (24 * 2) = 48 watts delivered 43.
P3o = (6*2) = 12 watts — absorbed Sol: 0
Piov = (10 * 2) = 20 watts — absorbed Yy :vAvAvAv —
21
+ 40
+ 3Q 16V A
§‘_’3 + 4 )4Vy= L%J Volt
6V 4A
v N 24v (4 )2A
JE. O
o 0A qoa By Nodal =
4
AN Vs _ 0
Since; Py = Pas = 48 watts. Tellegen’s 3 2
Theorem is satisfied. SV - X 1)
6
42. By KVL =
Sol: By KVL in first mesh V; =2I1+4V;3=0
=>V,—-6+6-12=0 5V3=21=0.............. (2)
V=12V By KVL =
Pioy = (12 x 9) = 108 watts delivered v=Vs; 3)

Substitute (3) in (1), we get
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vV, = ﬁ Since the bridge is balanced ; I, = 0A

17 (b) When 1V voltage source is acting
V= 24 Voltand [ = 60 A alone

17 17
P3q = 0.663W absorbed "
P4 = 64W absorbed 1Q 1Q
Pss = 69.64W delivered + 0
Prq =24.91W absorbed IV__"_ AN
Psvz = 19.92Wdelivered b
Since Py = Paps = 89.57W ; Tellegen’s 1Q /3‘1\9
Theorem is satisfied.

I,=0A

2. Circuit Theorems

01.
Sol: The current “I” =7
1Q
AW
1Q 1Q
+ Vo o
V= 1A
A
- I
10 10

By superposition theorem, treating one

independent source at a time.

(a) When 1A current source is acting

alone.

MM
S
)

INORRS

Since the bridge is balanced.

(c) When 2V voltage source is acting
alone
L{Z20 10 10

2\’@ 1Q2 10

By superposition theorem ; [=1; + I, + I3
I=0+0+0.66A

1=0.66A
02.
Sol: 20 1Q
i
10v(x) M)3A <J_r 2i
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ix=7?
By super position theorem; treating only one
independent source at a time

(@) When 10V voltage source is acting

alone
20 1Q
.

Ix1

IOVG_r ¢ T 2y

+

By KVL
10 —2iX1 _ixl —2iX1 = 0
ixl =2A
(b) When 3A current source is acting
alone
20 vy 10
I
1x2
. M3 B2

By Nodal

X _3+ (V'lez) _0
1

3V4ix, =6 ........... (1)

And

Put (2) in (1), we get
. 3
o=—-—A

s

By SPT ;

ix:ixl_'—ixZZZ_

| W

7
5
ie=14A

03

Sol:
Rij=3A

]

. . +
120V Resistive %

R: 50v

| ?\Ietworkr 3 0

R;

P, =60 W

For120V—>1,=3A

For 105 V — il:%xzzz.ézsA

For 120V —> V,=50V

For 105V —> V, =12i(5)><50=43.75V

V,=120V = I’R; = 60 W= 1= /%

3

For V=105V
2
P3=(105 /60J <R, =459 W
120\ R,

04. Ans: (b)
Sol: It is a liner network
.. V4 can be assumed as function of ig; and
is2
V, =Ai +Bi
80=8A+12B — (1)
= -8A+4B —(2)

From equation 1 & 2
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A=25B=5 Apply KCL at node V;
Now, Vx = (2.5)(20)+(5)(20) IR Tl
V=150V 1 1

=2V, -V, -1=0...... (1)
05. Ans: (¢) Apply KCL at node V;
Sol: _
0 10 3A 310 ﬁV u+&+2VX=O
& W— | o4 1
2A — 5V = 2V, =V +2V,=0...... 2)
=4Q . .
7 But from the circuit,
o Ve=2l....... 3)
For finding Norton’s equivalent resistance Substitute (3) in (2)

0.C.

06.

.

|

independent voltage sources to be short
circuited and independent current sources to
be open circuited, then the above circuit

becomes

1Q 0.C. 3Q S.C.

— ANWAN\—eo—eo—e2

S.C.

Sol:

;

R
=>Rx=3+4=7Q '
Ans: (b)
20 1
a o—WW MWW
+ Vi —
S0 =10 2V,
b o

Excite with a voltage source ‘V’

a 2Q VvV, 1Q V,
r - -——AW\——— AW\ ——
: Yoy, T

=2V, -V, +41=0

4V, 2V, +81=0

From (1),

2V =V +1

54V, = (Vo +1)+81=0

i

=3V, +711=0 =V, =

Substitute (2) in (1)

2V1—(—EJ—I:O
3

2vl+11—1=0:>2vl=_—4I
3 3
:>V1:_—2I
3
S V=V 4V = 2I+(—gj _4
3), 3
:Vzﬂ
3
:>X:£Q
I 3
:>Req=iQ
3
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07. \Y%
Sol: 2_V=(10+ th)
ol: 30 5 5
AW o
+ Va _ (XJ)
+ 5 10 5
100205 =10 §j19 §j49 Vin
‘ )
Vi=|—
- 5
Vi =150V, V=100V
Here j1Q2 and — j1Q) combination will act as
o 30 V.50 gy
open circuit. —\WW———\WW—— a
The circuit becomes N
> V +
. 203y, 10A (4} oV Vi
3Q + -
+ .
100406) §J4Q Vi . T b
h = 0V
A 10 +X =0
5
= v, 10020 3% _ g 36860 v 2V 1o
3+ 4 5
V=25V
08. _ 2V _ 2x25
Sol: Thevenin’s and Norton’s equivalents across 5 5
a,b. V=10V
10 15
I[sc=|—+5|=—A
> ( 4 2
2Q§VX Ry = Vo 150 _ 20Q
SC lj
2
20Q
—\WW—ea .2
15
By Nodal 150V i) = 3 /T\) §ZOQ
A% vV V
10+ ——th =
s 10 s 0 b eb
Vo NV Ve
5 5
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"f, Eh@n%bhmﬂons :18: Electric Circuits
9. By Nodal =
e 2.a =
Sol: LN a vV,  110£0°  V,  90.0°
1 ~/ - * . - . + . - . =
iV Yo i, I 6+)8) (6+38) (6+)8) (6+]8)
"""" _ 0 _ 0
IOOQ§ 0.2i, 200 v 2Vip =200£0" = Vi, = 100£0".
Rth:
. b jgg§ §j89
Super nodal equation 3
. .. Ri
=1,—0.21p, + 1, -1 =0 b
1' 1p ‘ 1p 6Q§ %
I=1,+ 0.8, S6Q
V= 801b ) ib = SV_O
R = (6 +38)|/(6+j8) = (3 +j4)Q
- Inside the supernode, always the KVL is 0= (6+8)lI6+8) =3 H4)
written. A
a .
N (3+4)
50,505 100400_6) F R
By KVL = b .
100i, + 2i, — 80i, = 0 B
Ry = |3+4]| = 5Q
_ v N 0.8xV .
102 80 _ 12043
V—R = ! =50.5Q (2+J)
T T T P=IF xRy
102 100 Prax = 125 X 5 =625 W
R; = 50.5Q ". Pmax = 625 Watts
10. 11.
Sol: Viy: | Sol: ,{,%2 100 )
6Q i8Q i8Q 60 T . i
MW 21118 21118 MW .
+ —j15Q2
P T + 100.20°(~
@) 110£10° Vi 900°(>) _<> R,
The maximum power delivered to “Rp” is
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R, = \/Rz (X +X, ) For maximum power delivered to Z;,
S S L
Z =7
Here Rs=10Q ; Xs=10Q & X =— 15 Lo
10 i irQ  (1+Vy) a
R = 4/10% +(10—-15)* W e
RLZS\/EQ :' —_——-j10 T Vo v @lA
B 100.£0° B |
= s
10+ 10— j15+5v5) b ?
. Zi
P = [17.5v/5 = 236W i, =(1+V,)x 1_ﬂ'1 =(1+V,) (0.5-j0.5)
-
But, V() = —ix
12. =—(1+Vy) (0.5-0.5)
Sol: AW, % N (~1-) Vo =14V,
J .
X LS SiXc =Vo(-1--1)=1
0 ~y
10020°C) : 100 V= = 04402
—2—]
* Applying KVL

+V,=il(1+V)+V=0
The maximum power delivered to 10Q2 load o~ )

resistor is: =V =V, +1(1+Vy)

X, = —Xc¢ V=(02+04)V
So for MPT; (Xs + X.) =0 Ly = % =V =(0.2+j0.4)Q
10 - Xc=0; . .
X =10 2, =72,=(02-504)Q
0
_ .1004'0 _ 50" y
(10+;j10-;10+10) . a
Puax = [IPRL = 5%(10) = 250W Sol | .
Prnax = 250 Watts IR PO
50.20°(>) Vi, 7
13. Aans: (b) a 50
Sol: 10 itQ a _. ]3
220 O -
+ Vo —
The maximum true power delivered to “Z;”
20£0° VED — _jlo VAL Z is:
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0 a
Vo= | 2220 ij5+5) =502 245" :
—15+)5+5
Zin = (Hi9)(5+i5) = (5 ~i5)0 A®  Ze R
Zy=(5-j5) b
N
5042 245" (~) ‘[ I ﬁ Zu=74 = (545 Q Current passing through ‘R’
I = 1 X 1 = 1
. I+R 1+R
b 2
.'.P:IZR:(I IR] R=%
+
50:/22£45"
= =54/2245° 2_
(5_]5+5+_]5) :>(R+l) =16R
=R’ +2R+1 = 16R
P=1’5=|5V2 > .5 =250 Watts )
=R -14R+1=0
v Poax = 250 Watts
R =13.9282Q or 0.072Q
From the given options 72m(2 is correct
15. Ans: (¢)
Sol: a
° 16.
Sol: For, E=1V, I=0A then V =3V

a® Zio TR

b

Maximum power will occurs when R = Ry
=R=1Q

q

2 4
25%of P.__ Ly
47416

+
E=1V N Ve 3V
L o
Fig.(b)

Vo = 3V (with respect to terminals a and b)
For, E=0V,1=2A then V =2V

Fig.(c)
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Now when E = 10V, and I is replaced by
R=2QthenV=7?

E=10V

When E =10V,

R=2Q

P

From Fig.(b) using homogeneity principle

E=10V

For finding Thevenin’s resistance across ab

independent voltage sources to be short

circuited & independent current sources to

be open circuited.

Fig.(d)

—Ca a
= Ry,
) E

Ry

Fig.(c) is the energized version of Fig. (d)

+

v=2v o (B =24

Ry 3

= R, =—=1Q

2

~.with respect to terminals a and b the

Thevenin’s equivalent becomes.

Ry=1Q
a
V=30V
b
Ry=1Q a
V=30V e 20
b
2
V =30x =20V
2+1
5. V=20V
17.
Sol:

fig (b)

Superposition theorem cannot be applied to

Since there is only voltage source given:

ks

Isc

- 30V

Fig (¢)

By homogeneity and Reciprocity principles

to fig (a);
Isc =6A
For Ri:
Rth e N =

Statement: Fig (a) is the energized version

of figure (d)
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h . o= 6 _ga
i - 5A 6.5+1 7.5
n +
10V —— 10V SRa
N - 19. Ans: (b)
Sol:
Fig (a) E._o_“A
20V N 1A
r— . |
10= Rth' S by ohm's law
Fig.(a
Rth =2Q). 8 ( )
=4 A \Y4 N _oj_]— 60V
1Q§ 2Q§ M) 6A *
Fig.(b)
i Fig (b) Using reciprocity theorem, for Fig.(a)
6x2 a
2+1) 1A N _°__|_]_ 20V
1=4A b
a
18. Ans: (b) 1
I.=3A Y N 60V
10| |z, Z, |4 o —v——l
Sol: = b
4 Zy, Z,]0 Fig.(c)
10=27y, (4) +Z12(0) Norton’s resistance between a and b is
4= 221 (4) + Zzz (0)
1.5Q a e —° a
AW AMMW— N = Ry
50 § §1Q 6A ’?— - o | b
Ry Fig.(d)

—

0
Z,=—=25

Zz1 =

4
4
4

Fig.(a) is the energized version of Fig.(d)
40 2

20V Ry

b
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21.
=Ry = 20 =5Q
Sol: a
With respect to terminals a and b the *
Norton’s equivalent of Fig.(b) is 20 20 10 [=?
a §3Q
50 I = 3A 4V 12v 2V
b b
.. From Fig.(b) By Mill Man’s theorem ;
a a V' = V.G, +V,G, +V,G,
- N | L = v s e =3A G, +G, +G,
LY A
b b 4 12 2
_ 5375 = 4-12+4 1V
—+—+1
2 2
20. a
Sol: 1O { . I
R, 10A 2Q W 10A 5
> W 30
20V A, SA -1V
30 SAL 3A
+ + v
- Y b
— §Rz 25V§SQ 503 25V
- - V'=-1V
. 1 1 1
—=—t—t—=—+=+1=2
R' R, R, R, 2
A A A |
“R'=-0Q
2
5A 5A 5
+ = 25V = 25WV)5A ! 1 =1 7 A
25V250 - [+3J
= 2
B B B 22. Ans: (d)
Sol:
5Q —2uf
PAB = P5Q = P25V = P5A = 5%25 = 125 watts §5mH H
(ABSORBED) + + §
10sin100t ~ 10Q
- lOsinZOOgD_
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23.

Sol:

24.

Sol:

25.

Sol:

Electric Circuits

Since the two different frequencies are
operating on the network simultaneously;
always the super position theorem is used to
evaluate the responses since the reactive
elements are frequency sensitive

i.e., Z; = joL and Z¢ :.L Q.
joc

In the above case if both the source
are100rad/sec, each then Millman’s theorem

is more conveniently used.

2
1
SF

1020°A(N) 20 %H 210

2Q 40
— Wi —

ix
N
10v(®) @ §39@ > Siy

Nodal equations

i=GV

ix=1

10=21; +3(1; —12) evvnnnnn. (1)
0=41 +2ix +3(12—11) vevvrrnnnn.. (2)
V=V,

10=2Vi-3(Vi =V2) eeoreen.. 3)
0=4V, + 2V, +3(Va=V)) oo, (4)
V] 30 V2

WV\/

10 }\) V%

3. Transient Circuit Analysis ]]

01. l(t)
Sol:

V(t)ql(t)@) N

i(t) = ¢ A for t > 0 (given)
Determine the elements & their connection

Response Laplace transform

v = System
Excitation Laplace transform

transfer function

!
1) _ _(s+3)
" V() He) L
S
N R O
T ey 9T
Z(S):(s+3j
S
14 L R+ L
51] SC
3
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S~ R=1Qand C= %F are in series
02. Ans: (¢)
Sol: The impulse response of first order system is
Ke—Zt
So T/F=L(IL.R) = LZ
sin 2t k y (1)
+2
K
G(s)=——
) s+2
K K
G(jo)| = =
G0 =T "
£G(jo)=—tan" 2 =—tan"1=-=
(jo) an 5 an 2
So steady state response will be
K . I
t)= sin| 2t ——
YO=37 ( 4)
03.
1Q 2H
Sol:

+W

Sy —
, V(©) @ “—IF

By KVL = v(t) = (5 + 10sint)volt
Evaluating the system transfer function H(s).

Desired response L.T

— = System transfer function
Excitation response L.T

I(s) _ 1
V(S) HEm Z() [R+SL+1j
SC
H(S) =
i2s2+s+li
1

H(jo) =

(1+,1+2j03J
jo

II.LEvaluating at corresponding s of the

input
H(j®)|o= = 0
H(®)|o-1 = % £—45
1(s)
I11. =H
V) (s)

I(s) = H(s)V(s)

i(t)y=0x5+ %xlOsin(t—45°)
i(t) = 7.07sin(t-45)A

OBS:
steady state

DC is blocked by capacitor in

04,
Sol: V(s) 1 1
2 Hs) = Z(s) = =
R (Lo dexc]
R sL
I
HE) = ———
(1++Sj
S
. 1
Hio)|, = —— = I

(1+1,+jj
J

V(s) =1(s) H(s) =sin t
v(t) =sin t Volts
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0s. Ceq=1F
. L 1t=3x1=3sec
Sol: T = =&
eq
R 07.
e 20 90
Sol: 1=R¢qC
. o Reg! 5 10
IReq=(2H2)+9=IOQ l AWW MW l
20 § «— R,
Req=(21]12)+9=10Q I T
Leg:
fl}ﬂ}%\ Re=3Q
Ly, H %ZH L1t=3x1=3sec
08.
Sol: Let us assume that switch is closed at

Lg=(]2)+1=2H

L
T:ﬁzizo.Zsec
R, 10
06.
Sol: T=Req Ceq
Req:
20 1Q
20 § — R,
Req=3Q
Ceq: 2F

Ceq I F

- 5 1F

t = — oo, now we are at t = 0~ instant, still the
switch is closed i.e., an infinite amount of
time, the independent dc source is connected
to the network and hence it is said to be in
steady state.
In steady state, the inductor acts as short

circuit and nature of the circuit is resistive.

2A =300 -
ip(0)
e b
AW
200
2A oA 2A oA 0A
2A D 30Q +0V . P N 200
i(00)y ov
— > —

Att= 0" : Steady state: A resistive circuit
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Note: The number of initial conditions to be
evaluated at just before the switching action is
equal to the number of memory elements present
in the network.
(1) t=0"
ir(07) =2=1ir(0")
E.(0) = 3 LiE©O)

1
= S x4x2 = 8] = E(0)

N —
|

4

— W

T

+ vV -
For t > 0 : Source free circuit

IOZZA;r:L:i:1
R 20 5

di

V, =L S = —40e™ V for 0<t<om
dt

i 4

ZA\\

0 >t

VL“

1
t=51t= 5><§ = Il sec for steady state

practically i.e., with in 1 sec the total 8 J
stored in the inductor will be delivered to the

resistor.

ir(0")

2Av “ZA

+ V() —

Att=0": Resistive circuit :
Network is in transient state

By KCL:
—2+i(0)=0
il(0H=2A

V(0") =R iL(0") [By Ohm's law
V(0 =20(2)=40V

By KVL:

V(0 + V(0 =0

Vi(0") = = V() = —40V =V, (1) _.
Observations:

t=0" t=0"
il(0)=2A il(0H=2A
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i00(00)=0A i0a(0)=2A Check :
Vao(0) =0V Vaoo(00) =40 V iL(t)=2¢""A for 0<t<ow
— +\ .
viu0)=ov Vi(0)=-40V M=—106"St A/sec for 0 <t <o
Conclusion: dt
To keep the same energy as t = 0 and to i
P gy. S di, (9 = —10 A/sec
protect the KCL and KVL in the circuit (i.e., dt | _,.
to ensure the stability of the network), the
inductor voltage, the resistor current and its 09
. : : 10Q
voltage can change mSIantaneously 1e., Sol: WA
within zero time at t=0".
@) . oS S s
0N S w00 3 Voo
2003 4H B Vi 24V — Y i
Fort>0 hd
i) =2e>"A for 0<t<oo i(0H=24A
Vi(t) =40 eV for 0 < t < oo V(07)=-96 V
iL(t)=2.4¢"""A for 0<t<oo

Conclusion:
For all the source free circuits, Vi (t) = —ve | 10.
for t > 0, since the inductor while acting as a Sol:

temporary source (upto 5t), it discharges
from positive terminal i.e., the current will
flow from negative to positive terminals.
(This is the must condition required for
delivery, by Tellegan’s theorem)

3) V(0 =—40V

V)| . =—-40V
L IO _ g
dt |
di, (t) __4__40 _ 10 A/sec
dt |_,. L 4

W
t=0 +

+
800 O § 2 ve

N

Ve(0H)=50V; i(0")=62.5mA
t

V() = 50e "7V for t>0

dV,
dt

lc

By Ohm's law
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11. By KVL;
I: i): t< . . '
Sol: Case(i): t<0 51L_301L_5ﬂ -0
AW, dt
S i =
Ve(0) z200 (Poia ar 0
(D + 5) ir.=0

i) =Ke™ A for 0<t<w
Ve(0) =20V & i(07) =0.1A

"." capacitor never allows sudden changes in T = — sec
voltages
Ve(0) = Ve(0) = Ve(0) = 20V 13,
Cse @t Sol: i, (0) =10A ;i _(0) =2A
MW N
e LM =1Ier
Jr 1
Ve 20uF i0h 32002 (o.1A o
. T = R = 1 =1 sec

i () =10¢" A

To find the time constant T = ReqC .

After switch closed Similarly, i, (t) = I, e "
Req=50Q2 C=20uF L

i(0) = 0A r:E:2sec
T=50x20u _t

= Imsec L H=20e?A

Ve(t) = Ve " = 20eV™

Ve(t) = 20eV'™V;  0<t<oo 14.
Sol: Ve(0)
> I
12. 6 mA a0 Vo) 2 2k0
Sol: After performing source transformation; 0VZ3k0
200 100 = ov

MW . AW

T L . At t=0": Steady state: A resistive circuit
S5ip T % 5H By Nodal:

¥ Vo(07) V(0
1L —6mA + C( ) + C( ) =0

4K 2K
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2kQ

Fort> 0 : A source free circuit
Vi=6mx4K=24V
T=ReqC=(5K)2pn=10msec

Vsy
24V
8V
—o0 00 0 0

-t
Ve =8e " =8¢V for 0<t<o0

- dVe

i, = C =-1.6e""' mA for 0<t<oo
d t By Ohm's law

By KCL:

IctirR=0

e ~100 t

IR=—-1c=1.6¢ mA for 0<t<

Observation:

In all the source free circuit, ic(t) =—ve for
t >0 because the capacitor while acting as a
temporary source it discharges from the +ve
terminal i.e., current will flow from —ve to

+ve terminals.

15.
Sol: By KCL:
l(t) = iR(t) + iL(t)

A

1 t
oy _J;OVL(t) dt

_ V0 L
= = +1L(0)+L£V5(t) dt

i()=4t+5+4¢
i(t) |i=250c =8 + 16 + 5 =29 A = 29000 mA

16. Ans: (¢)

17.
4 20 u(-t)
Sol:
20
“oo 00 0 @
N
> —
i0) Y Ve(0)
20v () i -
2 1kQ 10 kQ
= 0V

Att=0 : steady state: A resistive circuit.

() t=0"
Ve(0) =20 V=V09

i, (0) = % = 20mA =i, (0")

iLl 0.1H \;FCJ_ 200 nF
1 kO g 10 kQ

For t > 0: A source free RL & RC circuit
0.1

T = — =100 usec
1K H

1¢=200x 107 x 10 x 10° =2 m sec

fe_20; 1.=2071,
TL

| PaXO 0P D Ten TS e n oo b 18] 161110y kP Hyderabad | Delhi | Bhopal | Pune | Bhubaneswar | Lucknow | Pata | Bengaluru | Chennai | Vijayawada | Vizag | Tirupati | Kukatpally | Kolkata




.:'& 4‘:. A
v v Engi CEI:‘ubhmnons :31: Postal Coaching Solutions
d‘l ..... -("‘ Engneenng
Observation: S 6g =9 - 30 A sec
1L < 1c ; therefore the inductive part of dt dt
the circuit will achieve steady state
quickly i.e., 20 times faster. 19. Ans: (¢
_t Sol:
Vo =20e © V for 0<t<oo
_t
ip =20e ™ mA for 0<t<o R=10Q
VL = di s 1/2s
dt By Ohm's law
i. =C dd\ic
By Ohm's law
5/11
AN
Ve 1
18. Rt o+ g
Sol: Att=0" 5
W __2* 5
80 40 2Rs+2+1 s(2Rs +3)
12A <T> §SQ 2s
10 | 5
Ve, (0) =V () ===0
: 12x8 V (0) =V (s) + 2
=i, (07)= =8A (0) =V (5)+2
8+4
_ nt
Att=0 V, (o0)= Lts. 0 +é
s>0 | s(2Rs+3) s
A 4A i 4A
8Q2 = é +5= &
8A y 4Q L 3 3
12A <T> ! /loh ; §89
"1 _ T8A 20. Ans: (d) i
o “ Sol: Att=0
s i (0 =-8A L di©) _ v, (0) L
Applying KVL in the loop, dt R 6
=8(4) +4(8) +VL =0 V. =2x3=6
=V, =—64 V, =6V II
E;+6—-8R=0 E,
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E,=8R-6 Current through the battery at t=0" is
< 10
— A
R 4A 3 P
E;-4R=0 ‘ Case -2 att=oo
E,=4R | |
8R—6=4R | > MWW
E, I
R= ISQ 10V
2Q %
21. Ans: (d)
Sol: at t<0 1000
AVA Current through the battery att =o0 is 10 A
— Ju(=v +
0 1A=i(0) [ NGo® i | 3 2Q
Loopl | ~ Sol: W
+ 10 gy31Q
60 V ?__ - 4
) _ i1(07) Ve(07)
Apply KVL in loopl = V(07)-100=0 _

= V(07) = 100V

Att=0"
v, (07)=0
L di(0+) _0 IA@: Vi) Ly
dt '
dl( _o
dt
22.
Sol: Case-1 att=0"

By redrawing the circuit

> WW
I 1Q

10V =

20

|
|

Att=0": Steady state: A resistive circuit

(i)t=0:
i, (07) = % =20A =1i,(0")
Via=20V=Vc(0)=Vc(0")

2Q

MWW
%IQ %IQ
+
i

éc(t)
20V
20 A

60V ——

o
iy

Fort>0 c
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At t = oo : Steady state: A Resistive circuit
V. (0) = -0 L 40K =80V
' 50K
T . 2uF 3 yF
60 V B ic(0") I I I I
+ - + —
20V Vea(o)  Ves(e0)
e—— g0V ———
. I
Att=0": A resistive circuit : V. () = 80x3pF = 48V
Network is in transient state @ (2+3)uF
80 x 2uF
N V. (0) = ———— =32V
Vi(0hH =20V ¢, (%) SuF
Nodal :
202_560 +20+i.(0) =0 26.
' Sol: 2Q
ic(0)=—4A "W e l
+
+ 40 Vac(07)
24, 18V —/— -
Sol: Repeat the above problem procedure : iL(07) Ve(0)
di, (t A B
;() = L = 0 A/sec Att=0": Circuit is in Steady state: Resistive circuit
dt | _,. L
i (0 i(0)=3A=i (0"
ave® _O0) 10° V/sec L(0) L(0)
dt (0t C Vio=4x3=12V
+
25. Voc(0) ——2C
Sol: Observation: So, the steady state will occur 12V N
either at t = 0" or at t = oo, that depends Ve(®) T €
where we started i.e., connected the source .
to the network.
10 kQ Val®) 12kQ V,.(0) = 12xC
MW ] S e o—— AN ' 2C+C
v J 4V = V,.(0")
+ [ + = =
100 V(i) Vei() 40 kQ § Ves(o) +2 ¢
9 I _ Ve(0)=8V=V(0)
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irR(0)=-5 A ir(0") =-1A
/\évg\é\’ izi(t) di (O+)
R -
§4Q 4V —ar 40 A/sec
+ ’C o o
18V = T ic(0)=0A ic(0) =4A
lel®) % = —40 A/sec
8V
L 3@3 A '
[ | _|_ C v(0)=0V
V(0 =120V
Fort>0
w = 1098 V/sec
and redrawing the circuit dt
2V 0 Vr(07)=-150V
Vr(0)=-30V
Ve (@) = —1200 V/sec
18V dt
ie(0) Ve(0) =150V
3A8V Vi(0") =150 V
dve©@) = 108 V/sec
= dt
By Nodal; (i) t=0" ' '
12 — 18 12 -8 ] 0" = 0 ByKCL:}lL(t)‘FIR(t):O
T )= t=0"= ir(0)) +ir(07) =0

-6 4 .
7+Z+12C(O)= 0

izc(0+) =2A= izc(o_)
% —1,(0") +3+i.(07) = 0

ic(07) =0 A=ic(0)

27.
Sol: t=0" t=0" t=0"
il(0)=5A il (0)=5A
di, (07) _ V. (0) _

dt L

40

ir(0)=-5A

Vr(t) = R ir(t) [By ohm’s law

Vr(07) =R ir(07) =30(-5)=-150 V

By KVL = V(t) — Vr(t) = Vc(t) =0

Ve(0)=V(0) = Vr(0) =150V
(ii). Att=0"

By KCL at 1* node =

—4+1i(t) +ir(t) =0

—4+i (0 +ir(0) =0

ir(0") =—i(0") + 4

iR(0)==5+4=—1A

Vr(t) = R ir(t) [By ohm’s law
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Vr(0") =R ir(0") V(s) = Z(s) I(s)
Vr(0H=-30V By KVL in S-domain =
By KVL = Vi (t) = Vr(t) = Vc(t) =0 I-RI(s)—sLI(s)=0
VL(0) = Vi(0) + Ve(0) TR
~150-30=120V L(HRJ
By KCL at 2" node; .
Ry
_5+ic(t) —ir() =0 i(t):%eL A for t20
ic(0H=4A
(iii). t=0" 29.
By KCL at 1" node = Sol: By Time domain approach;
— 4+ (t) + iR(t) =0 Ve(0)=5%x2=10V =Vc(0"
d
4. , i,(t)=0 10Q () 120
dt dt A . AW
VR(t) = RIR(t) |By Ohm’s law te
25v(%) MNZ V() @ 2a
iV(‘[)—Rii(‘[) -
dt °© dt © , I
By KVL = At t =co: Steady state: A resistive circuit
Vi(t) = Vr(t) = Vc(t) =0 -
1(®) = Vr(®) = Ve(®) Nodal = Ve(®) = 25 + Vel®) 2=0
dV () dVp® dV.() _ 0 10 5
dt dt dt V(o) =15V
By KCL at node 2: T=ReqC=(5]10).1=(10/3) sec

—5+ic(t)—iR(t):O __t
Vo = 15+ (10— 15) e @

t t) =0
IC() () = Ve=15-5¢7"""V for t>0
d . n s d V¢ _ -3110
aIC(O ) = — (-40) = 40 A/sec 1. it =15e A for t>0
28. 30. i(t)
Sol: Transform the network into Laplace domain Sol: lA I X
\ /\ /\ /\ 1, R
4 R _ o0 \\/\ v__\/__v,v T
© @ poe
S - domain

That is the response is oscillatory in nature
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31.
Sol: i(01)=0 A =i(0" Vel(®)
i(0) = ~ A Vi---os
R 1 =RCsec
>t
T = £ sec —© |0
R
i(t)
i(t) = v + (0 - X) et = v (1-e"")
R R R Vv
E Tt =RCsec
: >t
V. = Ldi(t) =Ve " fort>0 —o |0
dt
it Expontionaly Decreasing Response
Vol
E 33.
— >t Sol: It’s an RL circuit with L =0 = 1t =0 sec
—0o0
i(t) = X, Vt>0 So, 5t =0 sec
Vi R
1 o
T _E secC X
° > 1 R
-0 ( _OO 0 >
Expontionaly Increasing Response i.e. the response is constant
32. 34.
. ~N +
Sol: Vc(0)=0=V(0) Sols i = 100u(t)—VL
V(@) =V e
t=RC .
i 1 di
Ves V01 1= 10000555
RC Nodal =
=V(l-e"™) fort>0 L +VL—2Oi1 .
d -4 LT i~ T
ic=c®e _Voure gt
d R di
: ~2i i, b L =
=i P00 dt
Substitute 1;;
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di, . 2 1
—L 4+ 40i, =800u(t - = V() - —
at 400 =800u(t) VO-§ e DT
2 2 [
STy (s) — L (0+) + 401, (s) = S0 b+
S
iL(0) = 0A =i (0") V(s)— -
2s
)= 20 20 L= ———
s(s+40) s s+40 1+—
Tit) = 20u(t) — 20 u(t) S
u(t) = 20(1-¢™") u(t) —i ()=Le Afor t20
. ¢ 4
1 |1
i =10u(t)- —d=L+
1= 10u(t) -5 =d— By KVL =
i) = (10-8¢™*") u(t) Vo(s) —4——11.(s) = 0
2s s
35. Ve(s) = 1,1 L.(s)
Sol: By Laplace transform approach: 2s s
1 _t

20y 10 Vc(t)zl—EezV for t>0

AMNV—— W o F
l AVC
2 G) 2 2 _é_m V(o Ve
1=2s€ec
! TV IV AY
Fort>0
—o0 O >t
Transform the above network into the
Laplace domain e
1
20 VO 10 N —A
AMWW——— W (o) 4
1 T=2sec
£<i> 20 2 Vis)
S -1 . > t
1 0
s -

For t> 0 36.

Sol: By Time domain approach ;
Nodal = Vc(0) =6V (given)

V(o) =10V
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410 ip(0) = 10 A (since inductor becomes short)
MWW L 5
_ T=—=— = 05sec
oV l + R 10

V(o) =10V

At t =0 : Steady state : Resistive circuit

t=RC=8sec
Ve=10+(6-10)e™*®
Ve=10-4¢"
Ve(0)=6V

i. =C dthC = e = i(t)

0

By = [(™) 4 dt =167

Sol: 10 A 10A 10 A

y
y
Y

0A 0A

+
ovISH 10AY
- - [ ]

i(t)

At t=0": Network is not in steady state i.e., unenergised
t=0:
ir(0)=0A=i(0)
V(0 =10 x10=100 V

At t = 0" : Network is in transient state : A

resistive circuit

iL(t)=10+(0-10)e™""
=10(1-e ") Afor0<t<oo

V() =L %iL(t) =100e V for 0<t<oo

Li’ =%><5><102 =250J

Er |t:5‘t ort=c —

| —

38. Ans: (b)

V(0™
Sol: A c1(_)

1.(07) -
+
T _ Va(0)
Att =0 : Steady state: A resistive circuit
By KVL =
V-V (0)=0
Vei(0-) =V = Ve (01
Vea(0) = 0V = Vp(0)
ir(0) = 0A =i (0")

C

R
it L§ ip(t)
R
+c

Fort>0

Fig (a)
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(5
At t=0": A resistive circuit: Network is in 40.
transient state. Sol: Evaluation of ir(t) and ei(t) for t > 0 by

1i(07) =i(0")
By KVL =
-Ri;(0")-V-Ri;(07) =0

02 i)
OBS: i1(t) = ix(t) ~ is(t)
Att=0" =

1i,(0+) =1;(0+) ~ 1(0+)

= 0A = Inductor: open circuit

(b) Transform the network given in fig. (a)

into the S-domain.

v
S

1/SC

V(s) =Z(s) - I(s)
By KVL in S-domain =

=0
SC

Similarly:

I(s
1162510, 1,6)=0

1
R+SL+§ -SL |:II(S):|=|:—V/S:|

SSL R4SL+|LE) L0

Laplace transform approach.
iL(07) = 6A; i (0) = 4A
e1(07) = 8V; ey(w0) = 8V

20 el(t)MZ\A%
C 8
16V — S 0.5H§ @) 6a
18
T-F
> Vi
Fort>0

Transform the above network into Laplace

domain. 20 g 20
—VW\ AW
16 —— 8 S § (D 6
s 88 2 el
=2 S
i v i(s)
S-domain:
20 Ei(s) 20
—AW
ek @3v
ol o W5
s 13 s
T 5
Nodal in S-domain
8
E,(s)-16/s E‘(S)_g E,(s)+3
+ g + S =0
2 - 2+
S 2
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E ()-8 8% + 65 +32 41.
T s st 485432 _ oL
Sol: o;)t|t _¢ =tan | —
=t, R
8 2s
E\(s)=—|1-—%— ,
s (s+4) +4 ot, = tan
ei(t) =8 —4e™ sin 4t V for t > 0
SO)t ~ tan O 01
et
RS t, =32.14 x
]V m \7.\""7\\,\- to = 1.78 msec.
- o
’u——" So, by switching exactly at 1.78msec from
> sl L the instant voltage becomes zero, the current
is free from Transient.
E (s)+3
1) 23 )S 42.
2+ — -
2 Sol: wt, + ¢ = tan” (@CR) + —
iL(t) = 4+2¢™ cos 4t A 2
for t > 0 w, = 4 rad/sec 2t, += = tan" (0CR )+~
4
iL(t) A
2t += =tan”'| 2 1 M[+Z=24+Z
\\ N 4 2 2 4 2
4A ]\ ;Z\}?X; T
\Z/\//‘ ] 2t :E:to =0.785sec
0’ "
4. AC Circuit Analysis ]]
. 1 1
OBS-rzzseczaw‘I:L: 1 _4 01.
Ve i
278 Sol: 1 =1, =— j (t}dt=3+0+0=3A
1 <o 1 i
» n =2 _ T 22
4 & ms \’?jo 1 (t)dt
4 4
—_——— — = 1
. ) 4

€ =1 (A critically damped system)

:\/32 +(%Jz +(%T +0+0+0

= 542A
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02. B 300£0°
1 2+j12.5+4—38
Sol: V, =V, = [ V(tJit=2v ! !
T = 1=40/-36.86°
Here the frequencies are same, by doing ~.Complex power, S = VI*
simplification =300 £0° x40 /36.86°
v(t)=2- 3\/3(00510t><%—sin10tx%) = 9600 +{7200
2 2
..Reactive power delivered by the source
+ 3cos10t = 2+3sinl10t V Q = 72000 VAR
S0 Ve = |20 + ()’ =85 V =72KVAR
V2
06.
03. Sol: Z=j1+(1-1)||(1+j2)=1.4+j0.8
Ly E 10220
Sol: X, =X, == x(tdt =0 -1 =
ave de T IO ( )1 I 7 ‘Byohm'slaw 14 + J8
X_ = /ijosz(t)dt= % =6.2017£-9.744° A
! 3 10+ j2) :
I[[=—————=6.20174£27.125°A
I—j1+1+;2
04. Ans: (a) 1(1- jl) ]
Sol: For a symmetrical wave (i.e., area of 2= 1—jl+1+12 =3.9222-81.31°A
positive half cycle = area of negative half Es= (15l = 8.7705/~17.875° V
=g ==s. —17.
cycle.) The RMS value of full cycle is same B =05 = 1.961/ —81.31° V
as the RMS value of half cycle. oo .
07.
0s. Sol: Since two different frequencies are
Sol: Complex power, S = VI’ operating on the network simultaneously
always the super position theorem is used to
1 20 j1250
evaluate the response.
30020V @ Q= Z 200 By SPT: ()
0V T v S0
1 i .
Network is in steady state, therefore the
N
30020V @ 4-i8
- D network is resistive. Ir;(t) = % =5A
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08.

Sol:

Electric Circuits

)
o)
N

+
h) 5cos2t

Network is in steady state
As impedances of L and C are present

because of ® = 2. They are physically

present.
. 1
Z1=joL; Zc= ——| .
Lo JO)C| ?
1
. 2
ira(t) —

n
20 (") 520"

Network is in phasor domain

_ 0
Nodal = ~ 4~ Y2320
2 2 -jos

V=6.32,18.44"

gy = % =3.16£18.44° =3.16¢"*

ira(t) = R.P[I2¢?']A

=3.16cos (2t + 18.44%)
By super position theorem,
ir(t) = iRy (t) + ira(t)

= 5+3.16cos (2t+18.44°)A

Ans: (¢)

21 —I(s{2+2s+lj:0
s”+1 S

09.

Sol:

10.

Sol:

11.

Sol:

2
I(S)[2s+2s +1j: 21
S s”+1

1(s) + 25%I(s) + 2sI(s) = —>

s? +1

V= Vi (V- Ve )
V=Vg=ILR
100 = 1.20; 1= 5A

V
Power factor = cosd = 7“:— =1

So, unity power factor.

By KCL in phasor — domain =
—Il —Iz —13 =0

L=~ +1)
i;(t) = cos(ot + 90°)
I =1290°=j1

IL=120"=(1+j0)
L= 2 Zm+450= |2 49
i3(t) = Real part[I5.¢/”'JmA

= — /2 cos(ot + 45" +T)mA

13(t) = — V2 cos(wt + 452 )mA

I:

7| <

+l+l =812 +j18
ZL ZC

[=8+6j
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I =+100 =10A L=1=13+(, -1.)
. 10= 6> +(1, -1.)
Sol: By KCL = I - [c=%8A
“I+I.+1c=0 Ip -8=18
=1+ 1¢ I -8 = —8(Not acceptable)
I = i: \ = 3£0° Since I}, = l # 0.
Z, joL . 1
- J(3>.U '
3 IL -8=8
0 0 I = 16A
=222 5 0 )
i Z£90 IL>1Ic
1=3/-90°+ 4,90 lo= 8A
=—i3+j4=j1=1-90"
) 90"
13. Ans: (d) _] 0 . 12020
Sol: I 920
. h r (IL —IC) = 8A
135 v
90 »=2 rad/sec I =16A
>V
45 8
I, leads 120.20° by tan ! g
I
8
I, lags 120.£0° by tan (—j
I] :Ic: l:lLQOO 6
Z. X L, I,
v v v . Power factor cosd = T
2= —= —= /45
2+jol 2+j2 242 6
= — =0.6 (lag)
Therefore, the phasor I, leads I, by an angle 10
of 135°
15.
14. Sol: 25A
Sol: =4I} +12 = 10= I} +8° . llc R
0 +
I = 6A 020" (~) T ¢ ZR
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Network is in steady state. L= V2 A
| = | A% | |30040°| — Voo Power delivered = Power observed
cl= == =
‘ZC‘ |(1/ ch)| (By Tellegen’s Theorem)
_1 2
= 300 x27 x50x159.23x107° P1=lms (5 +10)
Ic=15A Vims Iimscos = (\/5 )2 (15)
_ 12 2
1=yl +1c %x 2 cosh =2 x15
25 =1} +15°
K cosd = 0.6 (lag)
IR =20A
25
> Jy 17. Ans: (d)
Ic Ir S lo
o + ok AV, =14V
36020 L
HO) |_ ¢ 3
j VR::;V
Vr = RIg|By ohm’s law
300=R.20 Ve 10V
R=15Q
Network is in steady state 5 5 5 5
160 V= V2 +(V, = Vo)? =y(3)* +(14-10)
Ir= T 24A V=35V
So the required Ic = v/25% — 247
18.
veoe =7 1 1
360 x2m xf x159.23 x107° =7 Sol: Y=Y +Ye=——+-—
f=19.4Hz b
v _ 1 N 1
OBS: Ic= — 30240° ( 1 )
Z. —
joc
1
ZC = _Q . 1 0
joc =joc + %4—40
Asfl=ZcT=1cd .
= joc + — (cos40” —jsin40°)
30
16. Unit power factor = j —term =0
Sol: Psq = 10Watts (Given) . 0
_p _1.2R _ sin40
:12vg rms 30
10 = Iis™.5
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. sin40° 63.1uF Note: When directly phasors are given the
C 2mx50x30 H magnitudes are taken as rms values since they are
C =68.1puF measured using rms meters.
Vims =4Vand 1, =2A
19. Ans: (b
: ®) L 7= _2 1300 :0=30° (Inductive)
Sol: To increase power factor shunt capacitor is I
to be placed. P=10/3W, Q=10VAR
VAR supplied by capacitor S = 10( B3 1) VA
= P (tan¢—tan¢y,)
_ 3 -1 _ -1
2x10°[tan(cos  0.65) —tan(cos 0.95)] 22. Ans: (a)
=1680 VAR Sol: S = VI*
2
VAR supplied = ~—=V20C=1680 = (10 £ 15%) (2. £ 45°)
Xe =10+j17.32
= 1680 = 337puF S=P+jQ
(115)" 2760 P=10W Q=17.32 VAR
20. 23. Ans: (¢)
° _g(° Sol: Py = (Inms)” x R
Sol: 7=V - 160210°-90° ., ..o R = (Irms)
I 5 ,-20°-90° L. = 10
V2
$=30° (Inductive) ,
10
160 5 Pr= (—j x100
V. .=Vl . =
Real power (P) = x—>< cos 30’
\/— NG 24. 2
=2003W 240
Vrfns \/E
160 5 1 Sol: P, = = =480 Watts
Reactive power (Q) = \/_ \/_ 5 R 60
V =24020°
=200 VAR
I = V 240 _ AA
Complex power = P+jQ = 200(\/5 +j1) VA R"R 60
LoV_V 240
21. Z, X, 0
Sol: V=4/10°and =2 £-20°
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Ic= i:i:@:3A 26.
Z. X, 80 Sol: 50  |mH ImH
I. > I¢ : Inductive nature of the circuit. I
+
1= \/IZR +(I, —1.) =+4*+3% =5A 5sin(50000(~) §1mH =C
I, 4 .
Power factor = T:§= 0.8 (lagging)
500 50 i50
25. Ans: (a) n
Sol: 5sin(5000tl6’> =X
+£1 +yl
=30 1Q
+ 100.£0°
0 CD 100.£0° when =0,
10020 § 40 .
- S 40 = impedance seen by the source should be
.S j3Q infinite
‘ =7=mo
S Z = (50455) + (5 [[1(5 —Xe)
. Jdxj5-X
NW is in Steady state. =50+35+ % =0
V =100£0° = Vs = 100V ’
o =j(10-X.)=0
100£0
L=T—+~— :>|Il|:20211rms 1
(B+j4) =X, =10=—=10
oc
100£0°
L= =[L=1CA= ]y C=;:20 F
(1-j) V2 5000 x 10 H
P=P,+P,
= (Ilrms)2-3 + (IZrms)z-1 27. Ans: (C)
2
= 2. + [m] ) 2 2
203417 Sol: I, = 32{%} +[%J =25 =5A
P=6200 W
Q=Q:+Q; Power dissipation = 12 R = 5% x10=250 W
= (Lirms) -4 + (Lorms) (1)
=3400VAR 28.
So, S =P+jQ = (6200+j3400) VA Sol: X¢c = Xp = ® = ®, the circuit is at
resonance
Ve =QVsZ-90°
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T S S B u
R R o,cR R 1 oL
= Ve =2002-90" = —j200V R we
29. 5 0
Sol: Series RLC circuit o
f=1f . PF=cos¢=0.707(lead)
f=fy . PF =cos¢$=0.707(lag) 32.
. 1 1
f=f, PF=cos¢=1 Sol: Y:R oL ]
Lt Re———
oC
30. Ans: (b) R, —joL R +j/oc

Sol: Network is in steady state (since no switch is

given)

1x10°20°A() i
|

LetI=1mA

® = wo(Given)
=r=1

I = Q1£-90" = —jQI
Ie = QI1£90°=jQI

I.+1c=0
[Ir + I = [T QI
=11+Q* >1
g + 1| =] +jQI =1y1+Q* >1
31. Ans: (¢)

Sol: Since; “I” leads voltage, therefore capacitive
effect and hence the operating frequency
(f<fo)

= +
R? +(oL)’ RZ+(1/0C)

j—term =0

rad/sec

33.

Sol:
4H 1F

— 0 —|(—

10Q2

©
A Fig. B

The given circuit is shown in Fig.

Zag =10+ 74

where,21= (] 40 ]
Y

_—+j403——J
® ®
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2 2
4 712 Poe = 1L (ms) R+ Ioimg) R
= 0),2 5 2 5 2
. J
jAdo— - _ K/E K/E
[0) 2+ 2

2 V2

. . . 2
For circuit to be resonant i.e., ®" =

-

o= — =0.5rad/sec

1
2

.. Oresonance = 0.5 rad/sec

34.

Sol: (i) %sz = circuit will resonate for all the

frequencies, out of infinite number of

frequencies we are selecting one
frequency.
1.e., Wo= ; = l rad/sec
LC 2
then Z =R =2Q.
0
I= v _10£00 _ 5,0°
V4 2
. t
1(t) =5cos— A
2
. . 1 .
Zy =JjooL=72Q ; Z¢c = - =—2Q).
JO,C
__1e-p) 1,

2+2+2-72 42

ip = i(:05(%—450jA

V2

R (Ch. 2 R WP
2+2+2-32 2

1 :icos(%+45°]A

T2

%

=25 watts

... L S
(11) I # R? circuit will resonate at only one

frequency.

1.€., at g = L=%rad/sec

JLC

2R

Then Y = mho

t
1(t) = 8cos— A
® 2

Zi = jool =j1Q)
Zo-— -jio
10,C

. (€l D —ﬁl.étan'{lj

2+jl+2-j1 4 2

. 85 (t (1
1,= ——cos| ——tan | —
4 4 2

_ e+ —ﬁlé tan ™ (lj
2

2+51+2—-31 4

Io = %cos 1+tan’1 l
4 4 2
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2 2
P Iers R+ICrmsR iL :%JAVL_dt:_;/m COS(%J
2
= ﬁ 2\/_ 2=40 Watts AV t
)7 i = —sin| ——90° |A
2 4
35 OBS: Hereip. +ic=0
’ ) = LC Combination is like an open
Sol: (i) Z,, =2+(Z, [ Z¢ 1|2) cireuit
= 24 X[ Xc||2
_ 2+2XLXC(XLXC _jz(XL _Xc)) 36. Ans: (d)
(XLXC)2 +4(XL _Xc)2 Sol: R
. AW 211)
J-term =0 L
— —2(X~Xc) =0 ) v >
XL = XC
1 _oL
o - 1 lrad/sec Q:h?TL:Zxorginal—)Q—doubled
" JLc \/ 44 4 -
At resonance entire current flows o v R L
through 2Q only. = o
R+ ](DL R - joL
ol =2+42=4Q
o0 G- V' VijeL
K =Xc R +(0L)® R>+(oL)
(iii) V. (t)=V, sinij S=P+jQ
: '
_ Active power (P)=——
Z=4Q (P) R? +(oL)
Vit) V. .
(t)——é)— :’ s (%]:h{ P v?
“R(1+Q)
. [t
V=2i, (—jV:VC =V, v?
! X3
dv. V t ) .
lc dt 5 0s 4 as Q is doubled, P decreases by four times.
1, = —msm[— + 90°JA 37.
1
Sol: ZC =
joC
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0=0;Zc =0 =C:opencircuit =i, =0 ®) ©=0 o
1 oo =w-
. E ~/" \.
® =0;Z, =0 =C:Short Circuit = i, = —2£0° 0 E. E, En 4005
c ' 7R, e e
Transform the given network into phasor 38.
domain. 0
. Sol: R,=0=1,= Eml? =E_©C£90°
0+—
N I I 1k " joC
Ba 20° <~> E, £0° : R, En 20 © | R,=0=1,=0A
- —Q
_—|_ _]o)C AL/RZ = 0
@ T
Network is in phasor domain. I “,\ R;
. Emoc 2/
ByKCLinP-d=I1=1L+1
E,,£0° =7 > 0
[, = Zm 0 \ En £0
Rl R2 =0
E_Z0° E_~£0°
12 - N =— 1 b A R2 =0
R, +; R, S ®) /
JoC oC RS
R
Emétan_l( j I ! \
oCR, [ .'
12 = : /I
2 1 | /
. {mCJ >Ep £0°
E,2£0° 0 E,. \Rz =0
O=0=>], = m R
R, !
0o=0=>1,=0A
. . 39.
®:(0andeo) j the current phasor I, will
L E,£0°
always lead the voltage E,,20°. Sol: =1 + 1, I = R,
(a) =0 = o0 Iz = Emé.oo = Em Z—tan_l[m—L]
________ . /« R,+joL [R2+(WLY R,
- L EnZ0° 5(» (i) If "®" Varied
R,
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B 5. Magnetic Circuits ]]
—— —“m —»
R
0 2 0
»En Z0
(a) : L 01
\ . Sol: Xc = 12 (Given)
- o=
t = o0 Xeq = 12 (must for series resonance)
So the dot in the second coil at point “Q”
Em Em Leq:L1+L2—2M
) o R R, —] ‘ Ly =L +L, —2K,[L L,
®) II 1 '} Em200 oL_ =oL, +oL, -2K,/L,L,0.0
N L, eq 1 2 =2
w=w  ezo0 12=8+8-2K+/8.8 = K=0.25
02.
1. If “R,” is varied Sol: Xc = 14 (Given)
/ Ro=eo Xieq = 14 (must for series resonance)
(a) ° — p En £0° So the dot in the 2™ coil at “P”
E Leg=Li+Ly+2M
E L :I R, Leq = L]+L2+K1l L1L2
/’I oL =oL; +oL, +2K|oL,L,o
g R2 = 0
v 14=2+8+2K,/2(8
=K=0.5
Em
R, | R
(b) = *En 20" | Sol: Ly = 4H+2-2+6H+2-2+8H-2-2
L = 14H
N N
i R/ pe o 4122
:._’/ 'w‘
v \R2 = O °
2H 6H+2-2
/
be Q118
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04. Ans: (¢ i i
© V, (5)-30x107* 312 5103 41
Sol: Impedance seen by the source dt dt
7, = Z, + (4 _ j2) Take Laplace transform
16 V,(s)=30x107 1, (s)+5x107 s I, (s) =0
_ 10430 + (4 - j2) =4.54—-j1.69 Substitute I,(s) = 0 in above equation
16
Vo+5x107sLi(s) =0 ......... (3)
From equation (2
05. ' q 2
N )2 ——+(=30x107(s)+50)1,(s)=0
Sol: Z,_ = (—1] Z, s
N, -6
' I(s)= ——— 4)
R, —n%5 s (30x107 (s)+50)
450 Substitute eqn (4) in eqn (3)
—5x107 (s) (-6
V, ()= _3( ) (=6)
o s(30x107 (s)+50)
n’5 Apply Initial value theorem
o —~5x107 (s)(=6)
s>0 5 (30x107° (s)+50)
F;)r maximum power transfer; Ry, = R 0 5510 x 6) »
nS=45=n=3 2 30x10°
06. Ans: (b) 07.
Sol: 8
smH SO]: R ':_:29
. + in T y2
= v, R, =3+R,'=3+2=5Q
500
- - 10£20 _2.,20"
Apply KVL at input loop I
di di —1:1'122 212:14200A
-6-30x10" —L+5x10" —=-50i =0...(1) 1P
dt dt
Take Laplace transform 08
6 . : ' .
_§+[_30X10 ($)=50]1,(s) +5x107s1,(5)=0-.(2) Sol: Transform the above network into phasor
Apply KVL at output loop domain
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10 40 On solving, we can obtain 1;(t) and 1, (t)
W x
. " ° i(t)y=5-¢ * |:5 cosh[ft} - \/gsinh(\f tHA
szoi@ @ 80 j4£@ 10
| 10.
Network is in Phasor -domain Sol: By the definition of KVL in phasor domain
V=21 Vs=Vo=V2=0
By KVL in p-d = V0=VS—V2:VS(1—£]
520°=1,+j8.1,—j4.1, Vs
0= 12+j412—j411 V=71
A , By KVL
I, ==L:i,(t) = Real part[l,e A a ,
A Vs =joL.I;HjoM (0)
A . V, =joL,(0)+HjoMI
I, =—2;i2(t)=Realpart[lz.eﬂt]A 2 = joLa(0)HjoMI
A M
0 V,=Vq (1 - J
I;(t) = 1.072cos (2t+114.61")A L,
L(t) = 1.416cos (2t+128.65")A
[[ 6. Two Port Networks ]]
09.
Sol: Evaluation of Initial conditions: 01.
i, (0)=0A=i;(0") Sol: The defining equations for open circuit
i, (0)=0A=1, (0" impedance parameters are:
Evaluation of final conditions: Vi=Zulhi+Zilh s Vo=Zo li+Zx]h
i1(0) = 5A ; iz (0) = 0A 10 4s+10
By KVL = =10 3310[?
: : S S
s=i, (t)+ 4d11(t) 5 dlz(t)
dt dt
By Laplace transform to the above | 02. Ans: (b)
equations. -1
5 . . 0 7 Yu Ye
2=1,(s)+ 4[511 (s)-i, (0+ )]_2(5.12 (s)-i, (0+ )) Sol: The matrix given is LT 1E
S — — y21 YZZ
By KVL = 2 2
) ) since yi; #y2
o=1.12(t)+2d12(t)—2d11(t) .
dt dt = Asymmetrical, and
0=1I,(s)+2 [sI2 (s)-i, (O+ )]—[SI1 ()i, ( ! )] Yi2#ya *
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e
= Non reciprocal network ) 1 1 1
YA — 3 3 YB — 3 3
03 _1 2 2
' 303 3 3
Sol: Convert Y to A :
1 2
1Q - M- 10 1F V= 3
o—Mh——m>—o o || o IF =l 2 4
"t;(\ zlQ § 3 3
o N o 1o 02
05.
| Sol: Convert Y to A: Convert Yto A :
— mho 1F=S mho
4 | o—TMh——W—>—02 | o—"M——W—>—07
—l‘nhO =-—1'1’11'10 \\\ éé IQ’/, \\\ §E2Q e
lrc 02’ lrc 02’ \\\ /,/ \\\ //’
l'o AU 02 1o hJ L4 0?2
Fig:A Fig:B o— T W ° W °
LT SR 1z % !
g 1 33 3 63 Je6
Y _ 3 3 _ S _S [og 0 o ro)
§ 12 " 1-S S
33 2 1 2 1
_| 3 3 _| 6 6
S+% —S—% YA—_l gmho YB—_l gmho
Y= < | < 5 mho 3 3 6 6
— JE—— +_
3 6 3 | 1
y=| 6 6|_ 2
04. 3 6 1 1
Sol: 6 6 2
10 10 2 - -<
o—M————MW—o o MW ——o0
210 06.
. . o N R Sol:
1
I+— 1 .
1/3 mho 1/3 mho 1 =1L, = 1 =
z1 21 ! -1
s — S - = E
13 3 0 o . Ty= Z,=1Q; Zy = 0
T 1 1
o 1
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07.

Sol:

08.

Sol:
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T = (T)(T2)(T5)
T { i3 | 2 + j4}
-1+532 33

2 1
T :Z=
1 2
23
T, =
1 2

T2:ZI=O;ZZZZQ

1 0
T,=|1
2

T-mim= -y

Ans: (a)
For I, = 0 (O/P open), the Network is shown
in Fig.1

I 2Q

210
=

3L

Vi

21

o —

Fig. 1

Vi=-21 i
Z, :&
Il
Vo=-61,+V,
From (1) and (2)
Vo= -611-21
or V,=-81;

(D)
=-2

09.

Sol:

10.

Sol:

For I, = 0 (I/P open), the network is shown

in Fig.2
I
L,=0 -— L
+ +
2
10 3|1
VvV, :>l : V,

Fig.2

Note: that the dependent current source with

current 3 I is open circuited.

Vlzllz, le=&=1
IZ
V2:312, Zzz=L =3
Iz
-2 1
[z]=
-8 3
By Nodal

-1, +V, =3V, +V, +2V, -V, =0
-1, +V,+V, -2V, =0

Y{4 _4}0
-3 2
[Z1=Y"

We can also obtain [g], [h], [T] and [T]" by

re-writing the equations.

The defining equations for open-circuit
impedance parameters are:

Vi=ZinlitZily; Vo =ZoitZpl,

In this case, the individual Z-parameter

matrices get added.
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11.

Sol: For this case the individual y-parameter
matrices get added to give the y-parameter
matrix of the overall network.

Y=Y.+Yp
The individual y-parameters also get added
Y11= Yiat Yip ete

14 -04
[Y] = mho
-04 14
12. Ans: (¢)
I
Sol: Y, =—
e 5o s

Y, =I_1:°O
0
13.
V4
1+Z—1 Z,
Sol. (i).[Ta]: 2
o
Z,

14.

Sol:

15.

Sol:

16.

Sol:

1
(L= 1,2

Z

1

1+

Z Z

2 2

[T,] and [T,] are obtained by defining

equations for transmission parameters.

In this case, the individual T-matrices get
multiplied
(T)= (1) (T )
_ _(1+s/4 s/2) (8 4
m=mxm=("7 7 [
_ (3s+8 3.5s+4
s 7
Z =R, _&_ AV, -BI, _ Vv, -21, ,
I, Cv,-DI, V,-3l,
V, =10(-1,)
Zm :Rin :2
13
\% -
+ &—>
1] — Z” A 4'1_1 "Ll
Lo b 2
= =30
= V, = (4 I 4)11 |12:0 ] v 7
+ Y2 _
=71 =20 Vi "
Vo= ()40, 0 2 I
=7 =20
By KVL = e
31 I
_1_\/2 S B
2 2
Vv, =1,
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= 7,=10=71, 17. Ans: (a)
2 1 I
7= [1 2}9 Sol: Y, = 722‘\/1 0
2 ~1 just use reciprocity of fig (a)
y=z"=|3 | ; O 1A
-z N —
’ ’ 0.5A
DAy +
Now [T] parameters; ‘ C—) 1V
V, =21, +1, ........ (1)
V, =1, 421, ... )
1, =Vy2ly oo 3) Now use Homogeneity
Substituting (3) in (1): N oA
V, =2(V, —=21,)+1, =2V, -3L,......(4) 2.5A4 1
R Osv
112
2 -3
1 -l
b=t _[—1 2} SoaYzzz\I/_z‘\q:o =§=1mh0
2
Now h parameters . . . .
This has noting to do with fig (b) since fig
24, =1, +V, (b) also valid for some specific resistance of
- _111 % ......... ) 2 Qatport-1, but Y2, Vi= 0. So S.C port-1
2
Substitute (5) in (1) 18.
-1, V
V=2l —+ -+ Sol: ﬁzﬁzn:_ll
2 2 Vl Nl I2
3
Vi==I,+=V, .......... (6) vV,
2 v n
3l o
h= _21 % :>V1:HV2_(0)12
2 2
1
— 0
1 -t = T=n
g[h]l[2 2 0 n
1 3
2 2 n 0
1 -l
n
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n O 1 1+n
I -1 IL=—1|I
T ' =T7! = [0 l] 2 0 1
n
1+ V, -V,
Now h-parameters I, = = 21 j
{ n R
V= (O)Il +—V, 1
n V,-—V.
[ o= l+n 2 p P
L=—"+(0)V, ? n R
n
1] 1
0 — I (1 +n (n - 1)
— n 2 ==
h= -1 0 v, n nR
n ] Vv, n’R
10 ~n]| I, T n’-1
8 n 0
20.
Note: In an ideal transformer, it is impossible to Sol: ——
express Vi and V; interms of I, and I,, hence the N .
‘Z’ parameters do not exist. Similarly, the y- )<_‘
ters.
parameters N, /

19. Ans: (¢)

V
Sol: Zn:I—l2 R 1,
2 1v,;=0
] e— ~<2
Vo1 Loy *
vV, n I, . Vo
1l —1
| I:'n
Vi==V,
n
Vz_V1:I
R 1
I =1,+1,
P T T
n I I, I,
I 1 I+n
_:_+1:_
I, n n

For series parallel connection individual

h-parameters can be added.

-. For network 1, h; = g’
[ 0‘1_ 1 0
o1 =11
For network 2, h, = g3’
ot o
o 1] o 1

1 0 1 -1 2

+

-1 1 0 1 -1
.. overall g-parameters,

2 -1 1f2 1
21 3|1 2

=h!=
an'=|

~h

|
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7. Graph Theory ]]

01. Ans: (¢)
Sol: n >E+1
2

Note: Mesh analysis simple when the nodes are

more than the meshes.

02. Ans: (¢)

Sol: Loops =b — (n—1) = loops =5
n=7
S b=11

03. Ans: (a)

04.

Sol: Nodal equations required = f-cut sets
=(n—-1)=(10-1)=9
Mesh equations required = f-loops
=b-—n+1=17-10+1=8
So, the number of equations required
= Minimum (Nodal, mesh)=Min(9,8)=8

05. Ans: (¢)
Sol: not a tree (Because trees are not in closed
path)

06. Ans: (a)

07.
Sol: For a complete graph ;

n=12

f-cut sets = (n—1)=11

f-loops = (b—n+1)=55

f-loop = f-cutset matrices =
— 12122 pl0

@2

08. Ans: (a)
Sol: Let N=1
Nodes=1, Branches = 0 ; f-loops =0

Let N=2 \

Nodes = 2; Branches = 1; f-loop=0
Let N=3

Nodes = 3; Branches = 3; f-loop = 1
= Links =1
LetN=4

Nodes=4; Branches = 4; f-loops=Links=1
Still N=4
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Branches = 6; f-loops = Links = 3 11. Ans: (b)
LetN=5 Sol: m=b-n+1=8-5+1=4
p
12. Ans: (d)
J
13. Ans: (d)
Nodes = 5; Branches = 8; f —loops = Links Sol: The valid cut —setis (1,3,4,6)
=4 etc —
Therefore, the graph of this network can
have at least “N” branches with one or more
closed paths to exist. 14. Ans: (b)
. Sol:
09.. Ans: (b) ) @D @
Sol: ) >
1 1 ®
4
: ® @ @
2
4
y : 15. Ans: (d) 3
Sol: et BRI
/’ S~ S
N6 SN T
10. Ans: (d) N 2// 3\\\ 4
Sol: NS \
@ 1,234 — AN
5
Fundamental loop should consist only one
() 2346 — link, therefore option (d) is correct.
8. Passive Filters
© 1456 - O [[
01.
(d)1,3,4,5 e — Sol:
/ 0=0=V, =V,
= Low pass filter
ow=0=V; =0
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Sol:

03.

Sol:

04.

Sol:

0s.

Sol:

06.

Sol:

ACE : .
Engineering Publications 161: Postal Coaching Solutions
07.
V;R 2
COZO:>V0 =12 Sol: H(S :S—
R;+R;, s? +s+1
“Vy” is attenuated = V=0 ®=0:S=0=H(s)=0
w=0=V, =V, w=0:S=w=H()=1
It represents a high pass filter It represents a High pass filter characteristics
characteristics.
08.
Sol: ©w=0;V, =V,
H(S)_Vi(s) _ S’LC+SRC+1 w=00;Vy=0
I(S) SC It represents a low pass filter characteristics.
. ®’LC+ joRC +1
Puts= jo1 =- -
joC 09.
(0=0:>H(s)=0 Sol: ®=0=V,=Vj,
w=00=H(s)=0 ® =00 = Vo= Vi,
It represents band pass filter characteristics It represents a Band stop filter or notch
filter.
10.
0o=0=> Vo= 0 S
(D:OO:>V():O Sol: H(S :m
It represents Band pass filter characteristics
®=0:S=0=H(s)=0
w=0:S=w0=H(s)=0
©=0=V,=0 It represents a Band pass filter
=00 Vo=V characteristics
= 0= Vi
It represents High Pass filter characteristics.
11.
S”+1
Sol: H(s)= -
1 s”+s+1
H(s) =
s’ +s+1 0=0=S=0=H(s)=1
©=0:8=0=H(s)=1 w=0=5=we=H()=1
®=0:S=0w=H(s)=0 It represents a Band stop filter
It represents a Low pass filter characteristics
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12. . 1
1-s |H (J (0] - 2
Sol: H(s)=—— f
) 1+s 1+[ I j
L
0o=0=>S=0=>H(s)=1
w=0w=S=w=H()=-1=1 180" AH(jm):_tan-l[fij
It represents an All pass filter L
f=0=¢=0"= i
13. Ans: (¢) f=1f= ¢ =-45"=
Sol. R
M + 14. Ans: (b) 15. Ans: (d)
A% C = Vo 16. Ans: (a) 17. Ans: (¢)
9. Three Phase Circuits ]]
0o=0=>Vy=V;
w=0=Vy=0 01. Ans: (¢)
v.(s) |1 Sol: Z (star)= 9230 9{30 =3/30°Q
V(o)< (_) 27730
R+— |5
SC
02. Ans: (¢
Vi) A©
\4 (s) SscR +1 Sol: R T
R
. 1 1
H(jo)=——=
I+jocR . f Vi
+j—
Be - '
H G o)t Fig.
\Y
1 Let Vi be the line to line voltage V. = —=
1 "3
E Let the total power in star connected load
. _BW .| \ Stop Band . .
< > with phase resistance as R be P
\ > f Ve VPV
0 f=f " "R "3R R
When one of the phase resistance is
Where f, = 1 removed, the relevant star load is shown in
2nRC

Fig.

Power in this star load
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e,
W
w
w
-

03.

Sol:

04.

0s.

Sol:

(4

b |

>
)

. ACE
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2 2
2 R 2R
P =300Q| [300Q 3000 «—Zn
w2 =50% O
i Fig.3
300
Ans: (d) 2z, =22 2100 Q

I,=1520°+152-120°+152-240° =0

Ans: (a)

The circuit is redrawn with switch open as

shown in Fig.1

P
R T T s
4003V 3oogd] ' 100%
400V n oy
l 300 Q 300 Q Q
B
Y
Fig.1

Open circuit voltage, when the switch is
open = Thevenin voltage

400

—V

NE)

To find Thevenin’s equivalent impedance

Phase voltage, Vg, =

short circuit the voltage sources (Fig. 2 & 3)

Fig.2

06.

Sol:

.. Thevenin’s equivalent circuit across R, n
is shown in Fig. 4 with the switch closed and
100 Q load across P, Q

Zs=100Q R SW p

AW o
1OOQ§

=N
foX

Fig4

. RMS value of voltage across 100 Q

resistor = ﬂ V=115.5V

243

R e
400v 100 i50 O
3-¢ 50 Q)

Y e | |

1

B e

Fig.1

The unbalanced load is shown in Fig. 1.
Power is consumed only in 100 Q resistor.

Power consumed in the delta connected

unbalanced load shown in Fig.l is
given by

V2 2
P1=—ph=(400) = 1600 W

R 100
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The star connected load with ‘R’ in each =3 x 400 x _ 400 x c0s36.86 =38400 W
phase is shown in Fig.2. 846

R Reactive power consumed by the delta
T connected load is
400V Q1 =3 x Vpn x Iph x sin ¢
400 .
Y l 3 x 400 x \/m x sin 36.86
5 Fig2 = 28800 VAR
Active power consumption remains same
Power consumed in balanced star connected even after capacitor bank is connected
load as in Fig.2 is Reactive power consumed by the delta
( 400 I 5 connected load at a powerfactor of 0.9
N _ 400
Py =3 R, Q, = P sin(cos™ 0.9)
x 0.9
But given Py — P 38300 in25.84 = 18597.96 VAR
- 1600 = 400” 5. Q2=18597.96 VAR
R, Reactive power supplied by star
_ 400400 —100 Q connected capacitor bank = Q; — Q,
T 1600 — 28800 — 18597.96
=10202.04 = 10.2 kVAR
07. Ans: (b)
Sol: r—t 08. Ans: (d)
oy 8 4 o Sol: The rating of star connected load is given as
3l-¢ j 1243 kVA, 0.8 p.f (lag)
B < 11? Active power consumed by the load,
Y

Power factor angle of load (¢)

= tan”' [g} =36.86°

Active power consumed by the delta
connected balanced load as in Fig. is

P =3 x Vpn x Iy x cos ¢

P=1243x0.8 x10°=16.627 kW
Reactive power consumed by the load
= 12/3 x sin (cos ™' 0.8) x 10°
Q1 =12.47kVAR
Reactive power consumed by the load at

unity power factor is

Q, = (%x sin(cos™ 1) =0
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-~ kVAR to be supplied by the delta - 230£-120 N 230£+120° _ 17.3913./180°
connected capacitor bank = Q; — Q, Zy Z
Qc=12.47 kVAR Assume that pure capacitor in phase B and
pure inductor in phase C we will get
09. Ans: (b) [ 4L = 230£-120° N 230£+120°
Sol: A3 PO X £-900 X, Z90°
_230£-30° N 230£+30°
XC XL
When we add the two phasors Ig and Ic.
with angles —30° and +30° we will get the
resultant vector with the angle between
—30° and +30°
But,
Is + Ic should be equal to 17.3913 2180°
Which has angle of 180°
.. We have taken wrong assumption
Assume Vay as reference
. .. Now take pure inductor in phase B and
V. =230£0 o '
pure capacitor in phase C we will get
Vi =2302-120 L +1 ~230£-120° +23OL+120°
Ve =230 +120° PO X, 2900 X Z=90°
2 2 o o
Vax —4000= R =29 _ 132250 _230£-210"  230£+210
R 00 X, Xc
\Y 230
L= 27 _173913A B0 e B0 o
R 13.225 (2nx50xL) ( 1 j
Sy = 173913.20° A (2mx50xC)
Given neutral current Iy =0 0732 5100 4 72256.63%C £ +210°
=SIa+IgHc=0
— Iy +Hle = (1) From the given options by substituting
IB +IC =_17.3913 L =7295 mH and C = 139.02 },LF we Wlll
etlg +Ic = 17.39132180°
= Yo, Vox _ 173013 ST
Zy Z L =72.95mH in phase B and C = 139.02 pF
N 23042— 120° N 230£+120° 173913 in phase C should be placed.
B C
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10. Ans: (¢) 12. Ans: (b)
Sol: Assume the resistances are equal
11. Ans: (d) !
Sol: IL=12A v R R
- p
R
V2
=P obeas =3—=060kW ...... (1)
Now, if the resistors are connected in star,
(%) -
=1 = i - v =12A R
R 3R v
Now if the same resistances are connected in —e— R
delta across the same supply
\/g V2 V2
=P =3 =3x—=—
absorbed Y R 3R R
V2
From equation(1), = e =20kW
2
PabsorbedY = V_ = 20 kW
10. Synthesis of Passive Networks
01. Ans: (¢)
Sol: F(s) = _ (+2)
(v] (s+1) (s+3)
=1 = i - 3V _ 3(12)=36 A The given F(s) has pole-zero structure as P-
(I;j 3 Z-P-Z alternating on the negative real axis
of the s-plane, with a pole nearest the origin
at s = —1 and a zero at s = oo . This F(s)
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corresponds to RC impedance or RL Cauer — II form. The given circuit in this
admittance. question is Foster-I form.
02. Ans: (b) 05. Ans: (¢)
Sol: For RC and RL driving point functions, the ) S (52 + 1)
Sol: Given: Z(s) = ———
poles and zeros should alternate on the > + 4
negative real axis, where as for LC driving Location of Poles : s = +j2
point functions the poles and zeros should Location of Zeros : s = 0, %1
alternate the imaginary axis. Poles and Zeros are simple and lie on the
imaginary axis, but they do not alternate.
03. Ans: (¢) Hence the given Z(s) is not realizable.
F(s) Type of F(s)
(Sz —s+4) | zeros in the right | Non-minimum )
A. m half plane phase (2) 06. Ans: (b)
Sol: Poles and zeros of driving point function
B _(s+4) P oles in the right | Unstable (4) [Z(s) or Y(s)] of LC network are simple and
" §24+35—4 | halfplane . .
alternate on the jo axis.
C. Poles and zeros | RC impedance
s+4 alternate on the | (3)
s 1 6s4+ 5 | negative real axis 07. Ans: (c)
with first critical Sol: V=1Z(s)
frequency  near o + o L ® o
the origin as a V=l 0)2+[32 Ztan (a]_tan E
pole.
D s +3s multiple poles on | Non-positive voltage load the current
S 12841 the  imaginary | real (1) 4| @ o o
s tan 5 tan”| — |< a(oc <B)YB>a)
08. Ans: (d)
04. Ans: (b)
Sol: Remember that parallel LC networks in | 9. Anps: (b)
cascade is Foster — I form and series LC Sol: s= 1]

networks in shunt is Foster — II form. Ladder
NW with series elements as inductors and
shunt elements as capacitors is Cauer-I form
and the ladder NW with capacitors as series

elements and inductors as shunt elements is

(s + 1) ((stDH)) (st =)
(s+1)P2+(1)Y=s*+2s+2
K(s +3)

Z(s) =
) s?+2s+2
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2(0) 2(3) 3 3(s+3) — Poles and zeros alternate on the negative

10. Ans: (d)
Sol:

sz+2$sz+4s+3G:4L
R
s’ +2s
2s+3p2+2q%=sL

s2+§
2

S 1
—)2s+3(4=—
2) ( R

2s+
e : 3> E=sL
26
10 Si4 s
Q 2
0
s’ +4s+3
(S): 2
S°+2s
No.of elements = 4
11. Ans: (b)
Sol: I 1
X X
o S >
-3 -2 1 —05 | °
Fig.
2
. s°+2.5s+1
Given Y(s) = ————
s“+4s+3

(s+0.5) (s+2)

YO =T 543)

Its pole-zero pattern is shown in Fig.

From the pattern it can be observed that

real axis of s-plane.

\

The lowest critical frequency is a zero.
From the given Y(s), Y(0) = 1/3 and
Y() =1, Y(0) < Y(), Y(o) has +ve

slope.

\

It is an admittance of the RC network, as
the above properties are true for RC

admittance.

12. Ans: (b)

13. Ans: (a)
Sol: 0

[0)

i3
i1

Fig.

F(s) = s(s> +4)

= represents an
S +D)(E+6) P

LC immittance function with pole-zero

pattern as shown in Fig. Hence it is p.r.
2
-4 : .
F(s) = 2S(S 2) is not p.r as it has a
(s*+1)(s” +6)

zerointhe RHats=2

s* +3s? +2s+1
4s

as the difference in degrees of highest

F(s) =

is not p.r

degree terms in N(s) and D(s) is more than
1. For this F(s), difference is 2.
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. s(s* +3s% +1) It can be seen from equation (1), the first
) = s+1) (s+2) (s+3) (s+4) Foster form corresponds to Fig. I (not Fig.
IV) Foster — II form is obtained by taking
Ans: (a) partial fractions of
2 9)
: (5 +4) (s> +16) V() = S+
Given Z(s) = S +9) © (s> +4) (s> +16)
Out of the given figs., Foster — I form should _ ks n k,s Y, (s)+Y,(s)
be either (1) or (4) and Foster —II form ST+ (& +16)
should be either (2) or (3). Foster—I form can L (s +4) Y(s ) _ -4+9 _ 5
be confirmed as Fig. 1 by seeing the ! ., —4+l16 12
behavior of Z(s) at s =0 and s = 0. s
Z(s)=1ats=o,L=1H k—wY(S) -T2
(s)=Tlats=co, L= 2 s . —16+4 12
64 9 T
Z(s)= — ats=o0w, C=—F
9s 64 R
Y,(s) = 12 _ ! = !
Foster — II form can be confirmed as fig. (3) W =2 T 2 . 48 - Lot 1
12,12 s s TG
as L:7||?:1H,ats=oo
and C= —+—=—F ats=0. 5 48
192 48 64

The exact realization can be done as
shown below. Foster—I form is obtained

by expanding the given Z(s) in partial

fractions.
k
Z(s):k1s+k—2+ 238 P A 2S
s s 49 9s 9 s°+9
.............. (1)
As k, = Lim Z(S) =1
S—> 0 S
64
k, =sZs)| _, = 5
s°+9
k= 6D g

s2=-9
_ (-9+4) (-9+16) _ 35
-9

15.
16.

Sol:

. It can be seen that Foster — II form

corresponds to Fig. III (not Fig. IDIt is

instructive to find out the remaining
elements in Fig. I and III.
Ans: (a)
Ans: (d)
Given:

2(s*+1) (s> +3) 25" +8s*+6
2,522 +3) 25"

s(s”+2) s”+2s

Out of the figs. given (d) is in the form of
Cauer-I network and (a) is in the form of
Cauer-II.

confirmed as (d) by seeing the behaviour of

The Cauer network can be

Z(s)ats=oand ats=0
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Electric Circuits

Z(s)=2,ats=o0, givingL=2H

Z(s)= 3 ,ats — oo, giving
S
c=tp=[Lillp
3 4 12
Exact realizations of Cauer — I and Cauer —

II forms can be obtained as shown below:

Cauer-I Network is obtained by successive
removal of poles at s = . As the given
Zp(s) has a pole at s = oo, removal of it gives
the first element as L=2H. Follow the
Continued Fraction (CF) expansion given

below, which confirms to the Network in

().

s3+2s] 2s*+8s?+6 [25,

2s*+4s?

1
457 +6 ]s3+2s [Z S,
s3+§s

%] 457 +6 [8s,

Quotient values
L=2H, C=1F, L=8H, CoLF
4 12

2H 8H
— ] m

1/4F —— —_— 112F

Fig.

Cauer — I NW is obtained by successive
removal of poles at s = 0.

Zp(s) also has a pole at s=0, removal of it
gives the first element as C = % F.
Follow the CF expansion below.

2s+s’ [6+8s% +2s* [3 , C:éF
S

6+3s”
2
5s2+2s4]23+ s’ [— . L=2H
5s 2

2s+is3

ls3]5s2+2s4 [é . C=—F
5 s

25
55>
25t | Lg L, L=10H
5 10s
1
5
0
(13)F (1/25) F
o—1l| Il
1 1
(5/2)H§ §10H
o2
Fig.

So the answer must be the Cauer — 1 NW
in (d).

It is instructive to find the Cauer — I and
Cauer—II structures by completing the CF

expansions above
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17. Ans: (¢) 19. Ans: (b)
Sol: Sol: p(s) = st 4282 +4s+3
A s?—s+1 zeros in the | Non - y(s) = evenpart _ s*+2s*+3
" s?+s+1 | righthalf plane | minimum odd part s* +4s
phase (4) s’ +4s)s* +2s” +3(s
B s> +s+1 poles in the | Unstable g4 4 4g2
Ts?—s+1 right half plane | (3) S
— 25> +3)s’ + 45(—— = —ve quotients
c g2 _—45+3 | poles and zeros | RL 2
" s> +6s+8 | alternate on the | impedance 4 3s
negative  real | (2) _ ' 2
axis with first p(s)isnot Hurwitz
critical Q(s) =s’ + 3s” +s missing terms
frequency  as Q(s) is not Hurwitz
Zero.
20. Ans: (a)
18. Ans: (¢) 3 21. Ans: (d)
Sol: WW 22. Ans: (d)
§3 11 § y Sol: Foster — I form consists of LC tank circuits
Z- T s in series to realize Zic(s) .
This form is obtained by taking partial
fractions of Z(s).
6 6
S S 6 Z(s) = 4|15+ 2 4 B8
= +3=3+ = +3 s s’+4
1 6s+1 6s+1
6+ —
s s n=3
18s+9 I— ]
_18s+3+6 9+18s [6s+1j ML | | |
6s+1 6s+1 3+18s+9
6s+1 o
3(18s+9)
6s+1
= 23. Ans:
185+3+185+9 msi(a) N
65+ 1 Sol: Assertion given is the necessary condition

3x18(s+1j (s+1j
_ 2) 2
) 36 +1 ) S+1
S 2

3 3

for Y(s) to be positive real because the
definition of positive real function includes

the statement that Y(s) is real for real s.
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25.

Sol:

26.

Sol:

27.

Sol:

28.

Sol:

: The function 10

Electric Circuits

(s> +1)(s* +9)
s(s® +4)

reactance function as

is a valid

poles and zeros
alternate on the jo-axis.

A is false, R is true.

Ans: (a)
For a reactance function, either a pole or

zero should occur at the origin.

As (31—X >0 , poles and zeros alternate on
®

the jw-axis.

Ans: (a)

The poles and zeros of driving point
function should be in the left half of the s-
plane. A is True.

Only PR function can be realized as the
driving point function of a network and PR
function has its poles and zeros in the left
half of the s-plane. R is True and is the

correct explanation of A

Ans: (¢)
For a system to be stable, all coefficients of
the

positive. This is a necessary condition for

characteristic polynomial must be

stability, but not a sufficient condition.

A is true, R is false.

Ans: (a)
k (s*+1)(s*+5)

26) = i 110)

29.

Sol:

30.

Sol:

31.

For Z(s) to be an LC function, the highest
powers
should differ by 1. For the given Z(s), the
highest

denominator are not differing by one. They

of numerator and denominator

powers of numerator and

are same equal to 2.

Ans: (a)

1
Qo =

S
For circuits with high Q, & is less. If
damping is less, the real part of the poles are

close to the jm-axis in the left-half plane.

Ans: (a)

X jeo
A jQ)

jv10

i J6 s-plane
2
il
> o
Fig.
2 2
Given: Z(s) = Ks(s +2)(s +10)

(32 + 1)(52 + 6)

It represents an LC driving point impedance
function because it satisfies the property:
Poles and zeros interlace on the imaginary
axis of the complex s — plane as shown in

Fig.

Ans: (b)
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