ELECTRONICS &
COMMUNICATION
ENGINEERING

GATE | PSUs

NETWORK
THEORY

Volume - | : Study Material with Classroom Practice Questions



Page No. 2

Study Material with Classroom Practice solutions

Network Theory

CONTENTS
01 Basic Concepts 03-14
02 Circuit Theorems 15-24
03 Transient Circuit Analysis 25-139
04 AC Circuit Analysis 40 - 49
05 Magnetic Circuits 50-51
06 Two Port Networks 52 -57
07 Graph Theory 58 -59
08 Passive Filters 60 -61




01.
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Chapter

Basic Concepts

(Class Room Practice Solutions )

Ans: (¢)

Sol: We know that;

02.

dq(t) = i(t).dt

» t(usec
0 3 4 5 7 (hsec)

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

0

q=qi[+tqe| +qs |

= l>< X l>< X X l>< X X
_(2 3 5j+[2 1x2+(1 3)j+(2 Ix1+(1 3)}

q=15uc

Ans: (a)

Sol:

(A — 8V§R w320 8V

4 1
Applying KCL at node ‘b’

[+4=4
=1=0A

03.

Sol:

04.

Sol:

and §=4
R
= R=2Q

Ans: (a)
The energy stored by the inductor (1€2, 2H)
upto first 6 sec:

= [Pt

stored upto 6sec

o, di(t)

= J(L o .1(t)} dt

B 2 i y 4 i y
_l[z{mf30} 3tJdt+£[2[dt«ﬂ} 6jdt

+j(2[é%(—3t+18)}x(—3t+18)Jdt

4 6

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

I
S C— 1O

=36+0-36=01J
(or)
Estoreduptoésec :EL |t:6sec

=%L&0kﬁz

=lx2>< 0°=01J
2
Ans: (d)
The energy absorbed by the inductor
(1€2, 2H) upto first 6sec:

Eabsorbed = Edissipated + Estored
Energy is dissipated in the resistor

Edissipated = J.PRdt = J.(l(t))z R dt
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2 4 6 A
=30’ x1dt+ [ (6)’ x1dt+ [ (-3t+18)" x1dt R,
0 2 4 +
V —
2 4 6 10Q
= [0t dt+ [36dt+ [ 9" +324-1080)ds R0, o 1OV
0 2 4 1A _41A
=24+72+24 B
_ From the diagram;
- 1200 =—1Aand V=-10V
Edissipated =1201J
And EStoredupto6sec =0J 06. Ans: (a)
Sol: VA
. Eabsorbed = Edissipated + Estored * linear
= Eapsorbed = 120J + 0J = 120J B A * Passive
0 * bilateral
05. Ans: (a)
Sol: Point (—20, 0) = V = — 20V and I = 0A v
I — OA.A 07. Ans: (b)
L ¥ Sol: v
+ * Non linear
fs (D ISRi R v=-20v . * Active
_ 0 ! * Unilateral
oB
ByKVLSIsRs—V:O -V
— IsRs +20 =0 08. Ans: (e)
Sol: Va
= IsRs=-20V ........... (1) sl ‘
* Non linear
N . *Passive
Point: (0, —2) = V=0V and I = 2A 0 * Unilateral
—/4 3
oo " v
] li=1=—2A
+
NORNES V=0V 09. Ans: (¢)
- Sol: AV
B * Linear
-1 »1  FActive
=L =-2A 0 * Bilateral
Substituting I in eq (1)
Rs =10Q2 v
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Postal Coaching Solutions

6]

% 8V
Ve 3) l0v

()ByKVL=+10+8+E+4=0
E=-22V
(2)ByKVL = +V,-2+4=0

V1:—2V
(3)ByKVL=+V,+6-8-10=0
V,=12V
11. Ans: (d)
Sol:
30 20
—_
I
[ A— 6 A —— 2V T3y

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: L [ 6%
120 s mos
- , ,

MWW > >
i
5
W@ v Eso Wi 20F v,
Applying KVL,
-V, + lz(lm —&j + ZLIin —ﬂj =0
5 5
-V, +121, —12%+ 2L, - 32V _ 0
141, = 4—59V1
70
Vi=—1I ........ 1
1 49 in ( )

SV, =-7.1431,

13. Ans: (¢)

Sol:
1Q V=12V 4A
AN > —a <
J > <
8A
" 12A
—1 " +
V=20V — Vi
— 12V <10 12v {4 5 =4A
Lo
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14.
Sol:

15.
Sol:

_ACE =
Engineering Publications Network Theory
By nodal By using nodal Analysis at V, node
:>V—20+V—4:0 Vz+15_2:0
V = 12volts 18
Power delivered by the dependent source is V,=+21V
Pger = (12 x 4) = 48 watts
16. Ans: (a)
Ans: (d) Sol: The given circuit is a bridge.
051 Ir = 0 is the bridge is balanced. i.e.,
— Zl Z4 = R2 R3
[ "y Where Z; = R HjoL,,
20 j
AN Z,=R,- oC
O & 220 U
As R, Rs is real, imaginary part of
Zl Z4 =0
L
0.51 oL, R, - Ri g oor Qo 1
— oC, R, oC,R,
:I AN or Q =Q,
1o ! where Q is the Quality factor.
v(O) m 20 17.
1: =
So —TOV
Vi
Applying KVL, MWW .
= V4 151420=0 o y
v — i) 1@
=>V=-351 O
- -/
Ans: (¢)
1oV
00 v, 2UX =
WW—e—<— ByKVL=1-1,-1,=0
_______ -7 i1 =0.5A
MM o Vo .
50 ByKVL=-1,-1,+1 =0
Wy | | | I i i =0.5A
15V = ByKVL=V,;-05+2+05-V,=0
By using KCL Va=Vi+2V
VvV, +15
X + _ 2VX — 0 18.
Sol: As the bridge is balanced; voltage across (G)
V=1V is “0V”.
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Postal Coaching Solutions

By KCL at node “A” = - I+ 5m+5m =0
Is = 10mA

19.
Sol: Given data:

Vr =5V and V¢ = 4sin2t then Vi = ?
Q

[ ]
1A
+

A Ve = 4sin2t

i = CdVe = i(4sin2‘[) = 8cos2t
dt dt

ByKCL;-1-2+1i+i,=0
1, =3 — 8cos2t
We know that;

di,

d
VL=L—= =2—(3 — 8cos2t
e T g )

= 2(—8)(—2)sin2t

Vi = 32sin2t volt

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

10y, 6Q  i8Q vy, 50

20.20°

| fz\\+

O,

L
0

VW
2

0

N\
<

Lov
Pso=0W (Given)
=1i,,.6=0
jr— i6Q =0 (ng = 0)

Vl _Vz _

. 0; Vi=V,
6+ 38

By Nodal
0
_ Vi-2020° | LJFO ~0
1 _]1
Vi =102 245" =V,
By Nodal =

0+£+u :0
5 5

V =2V, =2(10y2 £45°
-V =204/2 £45°

21. Ans: (d)
Sol: L v 20

L

Note: Since no independent source in the
network, the network is said to be
unenergised, so called a DEAD network”.
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The behavior of this network is a load 1 1
: . 71=——; C==-F
resistor behavior. 1 3
S J—
By Nodal = 3}
=21
—II+X+V ! =0 IF_Z‘ 1
4 E N zZ, = EF
3V =28l /\
|
Rg=~ =30 i
I, Z,=1F
2 s
. Ans: (a) 25 )l 35
Sol: Z2 :ZB+ZC+ZBZC :L+i+#
N 2s 3s (1)
S
1
1 Zz ===, C=1F
R, = s(1)
YAV4
Z3=7Za+7Zc+ ATTC
ZB
L))
1 1 s A\ 3s
=t —
s 3s 1
Apply KCL at Node — 1, 2
[=Iritlrs=1+1=2A
J— 1 . — 1
Apply KCL at Node - 2, 2= C=5F
L=-L-1=-2-2=—4A Szj
?i- 24.
oF Sol: Z,=?
1F=Z4 Zs Z, a
=
3F Zy 20 40
X N l i
7 Ly = I_”_|

Fig.1

Z,=7Za+t7Zp+ ZAZB
ZC

" )

1
—+
S

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 :
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Postal Coaching Solutions

20 4Q

Zab = Zab =

20 4Q
be—
b
g A8 8
4+8 3

25.

Sol: Redraw the circuit diagram as shown below:

a
3Q 30
30
d C < Rmb
3Q 10

Using A to star transformation:

10 1Q
dg c Rap
30 1Q

MWW
w | oo
)

(93]

a
1Q
Rab b
40
b

4
'. Ra = 1 + -
° 3

Q

w |3

26.
Sol: On redrawing the circuit diagram

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

R

B MW
= R =
_ R= R =Ror3Ror 100R
p— >
A MWW
R
Rap
Re

B
—_— =
p— R :E Req

A

So Rss=RIR=RIR=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]

a o

X
P

bo
Fig. |
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a o Re
a R, =1+1+ 1
1+R,,
c d
> 5l R, :2+2Req+Req
/\/\ 1+R,, 1+R,,
bo b
R, +R; =2+3R
_0.1x0.1 _0.05F
0.2 R -2R_-2=0
a
R, =(1++3)
| | 0.05uF
0.05uF T T 30. Ans: (C)
Sol: Applying KCL
Iprs0=21+1=31
b
Cab =0.1 MF 10,12592 (1 -3 1) A
Note: The bridge is balanced and the answer
is easy to get. (1-31)  1/80
> MWW\
28. Ans: (a) + -
: i 4 140 i 120
Sol: Consider a A connected network AL A
3 120 -
ia (1)
Applying KVL in upper loop.
Then each branch of the equivalent A (1 - 31) i 3
——4+—+==0
. Bz z 8 2 4
connected impedance is = —
V3 si1-3i
29. Ans: (a) 4 8
Sol: Network is redrawn as 10i = 1-3i
. 1
as—A\W\ 1= —A
13
R 12 ERa i3 13
1 4 4 13 52
be—WW
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31.
Sol:

32.
Sol:

R ACE
Vi v Engineering Publications :11: Postal Coaching Solutions
Ans: (a) 33. Ans: (b)
Sol: Redraw the given circuit as shown below:
i e VY 4Q
*+
Loy E o 2i, By KVL = )
T —15-Vy=0 3A<D 15V §SQ Vo
+
Vo=-15V b3A
Applying KCL at Node V
—2i 3A 0A )
X+V 1X+1X=0 ........... (D)
2 4
X:V+10:>V:6ix—10 34. Ans: (d)
Sol: Redraw the circuit diagram as shown below:
Put in equation (1), we get Across any element two different voltages at
3ix =5 +ix— 2.5+ =0 a time is impossible and hence the circuit
5i, =75 does not exist.
i, =15A Another method: I
V=1V By KVL = sv@  (Diov 5@
V-2, _-1-3 5+10=0
Liependent souce = == =-1A
dependent 4 4
15+#0 —
.. Power absorbed = (Igependent source) (21x) -
=-D3)
=-3W Since the violation of KVL in the circuit, the
physical connection is not possible.
Ans: (d)
Vo=2? 35. Ans: (d)
oA é + Sol: Redraw the given circuit as shown below:
50 Vo
3A By KVL = I
° -10-10=0 10\ @ 1ov 30
ByKCL=  +2+3=0 —20#0
+5%#0
Since the violation of KCL in the circuit; ) o ) o
physical connection is not possible and the Smce; the VIOIatl(?n Of KVL in the circuit, the
circuit does not exist. physical connection is not possible.
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36. Ans: (b)
Sol: Redraw the given circuit as shown below:

By KVL =

I
10-10=0 +

10v(®) 10MZ) 10V250

0=0

KVL is satisfied

10

[so=— =2A
507 %
Iso=2A
37. Ans: (d)
Sol:
20 A 20
AMN———AWW\,
_i e T > _
4V - 20 Sy, T: 2V
Fig. 1

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
A=Vo _ Vo | Vot2

2 2 2

3vy _
2

1

\A =§V

Here polarity is different what we assume so

-2
VO :?

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

is reversed)

The actual circuit is

2A@\> ZQ§ 2Q§ @)zA

3aV) 20

W
D
W
)
(99
>

ce—o9
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Applying KCL at node V
a _
Vo2V yoev, =0
I a 6 12
' ' . V.oV
:>€ + T =2
INOY) % 10 §IQ 56, V=238V
3 o Vo=4V
Applying KVL in outer loop
= (+)4V
On = G = —V+1(Vg) +Vep =0
= Va=V-V;=8-4=4V
. 2 =2
0C. 220 39 . 41. Ans: V;=16V & Pga= Py, = 48W
Sol: By KVL
b =Vi-6-10=0
Vi=16V
b P4 = (8 * 2) = 16watts — absorbed
Pya = (24 * 2) = 48 watts delivered
P3qo = (6*2) = 12 watts — absorbed
39. Ans: (b) Piov = (10 * 2) = 20 watts — absorbed
Sol: 10Q A 40
—AMW— v
—20v+ L1- AT
502 10V 6V 230 +
— + : - 24v (4 )2A
10V _— VD oy <>
T 2A
0A 42A
— 5V -
T Since; Py = Paps = 48 watts. Tellegen’s
' Theorem is satisfied.
Voltage across 2A =10+20+ 10 -5
=35V 42. Ans: V=12V & Pge1 = Paps = 144W
. Power supplied = VI Sol: By KVL in first mesh
_ =>V,-6+6-12=0
~ %2 V=12V
=70 W X
P12y =(12 x 9) = 108 watts delivered
40. Ans: 4 Volts ov
Sol: Vo 1Q
——AWW—
Vo
mv v o
+ 0V, -
12V
§12 0
Ob
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Psq = (12 x 3) = 36 watts — absorbed ﬂ R S (1)
Psv = (6 x 6) = 36 watts — absorbed 6
Psyv = (6 x 6) = 36 watts — delivered By KVL =
P.q = (12x6) = 72 watts — absorbed Vs —21+4V5=0
Since Py = Paps: Tellegen’s theorem is SV3=21=0..oe )
satisfied. By KVL =
v=V; .. 3)
43. Ans: 1= %A &Pge1 = Paps = 89.58W Substitute (3) in (1), we get
24
Sol: . AZA?A Vs = 17
| o V, = 24 Voltand1= 2L A
. ‘o 17 17
3Q §v3 16V+ Ny, Lﬁj Velt P30 = 0.663W absorbed
- VAR P4q = 64W absorbed
A P4a = 69.64W delivered
P2q =24.91W absorbed
Psvz = 19.92W delivered
]i]y Nodai/: 4V Since Py = Paps = 89.57W; Tellegen’s
3 4+ = +-3 =0 Theorem is satisfied.
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Chapter

Circuit Theorems

(Class Room Practice Solutions )

01.
Sol: The current “I” = ?
1Q
AW
1Q 1Q
+ 2V 20
IV—= 1A
—>
- 1
10 1Q

By superposition theorem, treating one

independent source at a time.

(a) When 1A current source is acting

alone.
Z /%

Since the bridge is balanced ; I; =

IO IQ§

(b) When 1V voltage source is acting
alone

+

1V S

10 10

IL=0A
Since the bridge is balanced.
(c) When 2V voltage source is acting
alone
L{Z20 10 10

ZVC—D 10 10

Iy = 2 0.66A
3

By superposition theorem ; [=1; + I, + I3

I=0+0+0.66A

I=0.66A
02.
Sol: 20 1Q

—AMA—— W —
i
10v(®) M)3A <i 2i

k=7
By super position theorem ; treating only
one independent source at a time

(a) When 10V voltage source is acting

alone
20 1Q
>

Ix1

10w X 5 2i,

+
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By KVL = For 120V —> V,=50V
10 =21 =1 =21 =0 For 105V — v, =19, 50-43.75v
Ix = 2A 120
(b) When 3A current source is acting Vo,=120V=TPR; =60 W = 1= 60
alone R,
20 10 For Vg=105V
Wy 105 [60 )
e Py=| 22 |20 (R, =459 W
| = 120 | R,
' M3 B2
04. Ans: (b)
Sol: It is a liner network
By Nodal = .. V4 can be assumed as function of ig; and
. isZ
A" (V-21_,)
PR Rl V, = Ai, +Bi,
3V—-4ip=6........... (1) 80=8A+12B — (1)
And 0=-8A+HB —(2)
="V L vo ... -
2T ——=V= 2y From equation 1 & 2
Put (2) in (1), we get A=25:B=5
. —EA Now, Vx =(2.5)(20) + (5)(20)
2 s Vy= 150V
By SPT ;
=i i =2 3.7 05. Ans: (¢)
5 5 Sol:
S =1.4A 10 3A 30 v
1 @ AV ?l I 04
03. 2A T 5V =0
Sol: o
Ry j=3A . , ) )
For finding Norton’s equivalent resistance
j independent voltage sources to be short
circuited and independent current sources to
Resistive + be open circuited, then the above circuit
120V I Network % Ry 50v becomes
I _
' ' 10 o.C. 30 sc
——o T MMN\—e—eo——92
= R
Py, =60W ’ o.C. scC. | 40 §
For120V—>1,=3 A

For 105V — i, =Ex3=2.625A
120

| -

= Ry=3+4=70Q R
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06. Ans: (b)
Sol:
20 10
a o—WW MWW
+ Vx _
S0 =0 2v,
bo

Apply KCL at node V,

&_’_VI_VZ
1 1

-1+

Apply KCL at node V;
YoV, + % +2V =0
2V, =V +2V4=0...... (2)

But from the circuit,

Substitute (3) in (2)
=2V, -V, +41=0

4V, -2V +81=0

From (1),

2V, =V +1

54V, — (Vo +1)+81=0

=3V, +71=0
I

:>V2:—7—
3

Substitute (2) in (1)

2[5 )10
3

:17: Postal Coaching Solutions
2V, +ZI—I:0:>2V1 _-4
3 3
=V, = -2
3

_a
:>V:ﬂ
3
:>X=EQ =R = ﬂQ
I 3 3
07.
Sol: 30
—A\WW o

1004019 ::—jlﬂéjlﬂ §j49 Van

Here j1Q and — j1€Q) combination will act as
open circuit.
The circuit becomes

30
4
+ .
1004()_(~> §;J49 Vi
100£0° x j4
o 344
= 80/36.86° V
15

08. Ans: vy, =150V, I . = AR, =Ry =200

Sol: Thevenin’s and Norton’s equivalents across
a, b.
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Network Theory

By Nodal =
X_10+ X_Vth =
5 5
Vo YV Ve

5 5 4

2_V: 10+£

5 5

5 10 5

Vi =150V, V=100V

30 Vv 5Q oV

MWW
+
AV +
20 x
§Y 10A (J ) OV
Lov
X—10+X=0
5 5
2_V:1()
5
V=25V
VX:Z_V: 2x25
5 5
V=10V
10 15
Isc=|—+5|=—A
o= L0+s)
15
Isc= —A
SC 2

ISC

V,
Ry = 2 2@ =20Q
ISC E
2
200
—MW—a .a
15
150V(+) = Rno) §2OQ
b .

09. Ans:50.5Q
Sol:

Super nodal equation
=1,—0.2i, + i, -[=0
I[=1,+0.8i

.. Vv
V=801 ;1= —
b5 b 20

- Inside the super node, always the KVL is
written.
By KVL =

1001, + 21, — 801, = 0

50,502

_ V., 08xV b
102 80
X=RL— 1 =50.5Q.
I 1 1
7+7
102 100
RLZSOSQ
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Postal Coaching Solutions

10. Ans: 625'W

Sol: Vin:
6Q2 18Q 180 60
AW 21118 ' 21118 MW
+ + N
i) 110210° {Vm 90.20° 9
By Nodal =
v,  110£0° Vv, 90.£0°
— + — =
(6+38) (6+)8) (6+)8) (6+8)

2V = 200.20° = Vg, = 100.20°.

Rth .

j89§ 80

@z T %Q

Rip = (6 +8)[|(6+4]8) = (3 )2

2

MENEET)

100.20°

Y

En

Ry = [3+j4] = 5Q

|- 100£0°
®+]4)

P=xRe
Prax = 125 x 5=625 W

. Pmax = 625 Watts

11. Ans: 236 W
Sol:

10Q i10Q
.\ L 150
100£0°(~)
— Ry

The maximum power delivered to “Ry” is

Ry = R +(Xs+X, )’
Here Rs=10Q ; Xg=10Q & X =—-15

R = /10> +(10—15)?

R =5/50Q.

100.20°

I:
10+ j10— j15+54/5)

Punax = [I".54/5 = 236W

12. Ans: 250 W
Sol:

— e

+
100£0°(~) I
- 100

The maximum power delivered to 10Q2 load
resistor is:

Zy =10 —jXc = 10 + j(-Xc¢)

XL:—XC
So for MPT ; (Xs+ X1)=0
10 - Xc=0;
XC: 10
0
10020 s

C (10+jl0-jl0+10)
Poax = |['RL = 5%(10) = 250W
Prax = 250 Watts
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13. Ans: (b) 14. Ans: 250 W
Sol: Sol:
10 irQ a —-j5Q a
S A ]
20£0°V GJ) - jlo VAL Z +
A 0™ L ove
b

For maximum power delivered to Z;,

ZL = Z:h

1Q i irQ  (1+Vy) a

+V(]— + '

i = (1+V,)x 1__1;1 ~(1+V,) (0.5-0.5)

But
Vo =—iy
=—(1+Vp) (0.5-j0.5)
(1) Vo=1+V,
=Vo (-1 --1)=1

vV, = ; =-0.4+j0.2
—2—j
Applying KVL

+V,=jl(1+V)+V=0

=V =V, +1(1+Vy)
=0.4—j0.2+j1(0.6+j0.2)
V=(0.2+04)V

Ly = y_ V=(0.2+j0.4)Q

1
©Z,=7,=(02-04)Q

The maximum true power delivered to “Z;”
1S :

0
Vo= | 2220 |i545) = 5042 £45°
-15+)5+5

Zin = (=39)II(5+j5) = (5 j5)Q

Z4=(5-j5)
+

5042 2450 ~>

71 =Zy = (54j5) Q

_ 5032245
(5-j5+5+)95)
P=|I’5= |52 5
=250 Watts
o Poax = 250 Watts

=54/2.,/45°

15. Ans: (¢)
Sol:

)

RO, Zi0 T

b

Maximum power will occurs when R = Rg

=R=1Q
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. Vo = 3V (with respect to terminals a and b)
° For, E=0V,1=2A then V =2V
NO) 210 20 B
N v=2v(1)I=2A
b
2 Fig.(c)
(1 1= 1
P = B 1= ZW Now when E = 10V, and I is replaced by
11 1 R=2Qthen V=7
25%of P, =—x—=—W a
4 4 16
a E=10V N \% R=2Q
|
b
NO) i R
When E =10V,
From Fig.(b) using homogeneity principle
b
—O a
current passing through ‘R’ n
1 1 E=10V N V=30V
[=1x = _

I1+R 1+R —ob
CP_TR - 1Y R = 1 For finding thevenin’s resistance across ab
U “l1+R 16 independent voltage sources to be short

5 circuited & independent current sources to
=R +1)"=16R be open circuited.
=R’ +2R+1 = 16R
=R’ - 14R+1=0 °a 4
R = 13.9282Q or 0.072Q N = s
From the given options 72mQ is correct :b—‘ b
Ry
Fig.(d) "
16. Ans: 20V

Sol: For, E=1V, I= 0A then V =3V

‘—o a
+
E=1V N V=3V
L ob
Fig.(b)

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

N
Ra § v=2v (B) 1224
= R, :gz 1Q
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. with respect to terminals a and b the Statement: Fig (a) is the energized version
Thevenin’s equivalent becomes. of figure (d)
Ry=1Q
a +
10V —
V=30V _
b
10=R ret
th: 1Q a — Tuh 5 by ohm's law
v R =2Q.
V=30V ¢
V) Vg0 1=4A
b 102 203 (1A
V =30x———=20V .
2+1 _6x2 Fig (b)
- V=20V 2+1)
1=4A
17. Ans:4 A
Sol: Superposition theorem cannot be applied to
fig (b) 18. Ans: (b)
Sol:
Since there is only voltage source given: 10 _ Z, Z,][4
. . 4 Z,, Z,10
Isc N i——_30V 10=271; (4)"‘212 (0)
. '_ 4 = 221 (4) + Zzz (0)
Fie (¢ 1.5Q
g(©) VW
By homogeneity and Reciprocity principles ‘
6A
to fig (a); 3 § §1Q @
ISC = 6A 10
Z, =—=2.
For Ry: 1y >
4
e * Z21 = Z = 1
o : ) o 6x1 6
X
M . I, = =—=0.8A
6,541
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19. Ans: (b) 20
Sol: =Ry = 2 5Q
4A With respect to terminals a and b the
ZOV—[ N }1 A Norton’s equivalent of Fig.(b) is
I__o_ a
Fig.(a) 5Q Isc=3A
_ o—— —01 b
A% N 60V .. From Fig.(b)
+ —v——l_
a
Fig.(b) - 1
\4 N 60V
Using reciprocity theorem, for Fig.(a) + o— _U_T
: — b
1A ¢ N 20V
. ] 2
b
- VE ISC : 3A
: pl 3
— Y 60V
lie=3A o N =>V=-15V
b
Fig.(c) 20.
Sol:
10
Norton’s resistance between a and b is R, 10A 2Q B 10A
4% ¥ a
20V MM SA
5A A
n 30 N !
a ——— —o0— a ==
E— §Rz 25V§SQ 50225V
N — RN — - —
B
’b_.'— —o— b
Ry Fig.(d) A A A
Fig.(a) is the energized version of Fig.(d) A oA n
+ = 25V = 25 5A
4A @ 25V=50 _
20V ==
1\Y Ry : B :
b PAB = PSQ = P25v = P5A = 5*25 = 125 watts
(ABSORBED)
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21, Ans: — 2 A evaluate the responses sinpg the reactive
7 elements are frequency sensitive
Sol: a i.e.,Zr =joL and Z¢ :; Q.
* joc
2Q 20 10 =? .
23. Ans: Millman’s theorem
§SQ Sol: In the above case if both the source
4V 12V AY are100rad/sec, each then Millman’s theorem
. is more conveniently used.
By Mill Man’s theorem ; 24.
V' = ViG, +V,G, + VG, Sol: 1 2
G, +G, +G, b
4 12 2
_ o,y 241244 10£0°A() W Em 310
11 2%2 a
(2 + ) + lj .
l +I . T .
=-1V 2 %39 =
-1V 25.
SV =1V 5 Sol: 20 40
1 1 1 1 1 1 _ %‘“‘“ W
—=—t—f+—=—+—+1=2 :
R' R, R, R, 2 2 Lk
ri-lg IOVJ—D@ §BQ@ 1) 5i,
) _
1= _1‘1
[2 + 3} Nodal equations
i=GV
=24 x=1
7 10=21; + 3(1; —i2) «vuvnnnen (1)
0=4i +2ix +3(2—11) cevvrnnenen. (2)
22. Ans: (d) V=V,
Sol: 10=2V-3(Vi=V2) cevrrerrrnn 3)
0=4V,+2V,+3(V2-V)) eeennn.n. 4)
50 gsmH = ouf
V1 30 VZ
+ + AW —
10sin100t ~ § 10Q
— 7°10sin200tT _ + +
10A())  V,220 40 5V,

Since the two different frequencies are
operating on the network simultaneously;
always the super position theorem is used to
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Chapter

01.
Sol:

02.

Sol:

3 Transient Circuit Analysis

(Class Room Practice Solutions )

i(t)

V(H)=u(t) i) N

i(ty=e>'A fort>0 (given)
Determine the elements & their connection
Response Laplace transform

— = System
Excitation Laplace transform

transfer function

1
. I(s) ~ H(s) = (s+3) _ s
V(s) 1 (s+3)
S
1
=y(s) = %
L Z(s) = [i]
]
=1+ L R + 1
1 SC
gl =
3
S~ R=1Qand C= %F are in series
Ans: (¢)

The impulse response of first order system is
Ke ™.

So T/F =L(I.LR) = K
s+2
sin 2t k y(@®
s+2

K
G(s)=——
) s+2
. K K
GGol= Jor+22 242
£G(jo)=—tan™ % — —tan"'1= _g

So steady state response will be

_ K gl
y(t)—z\/zsm(m 4]

03.

Sol:
1Q 2H

LFTMM_W

5V — v . |
L ® i) =

10sint

By KVL = v(t) = (5 + 10sint)volt

— IF

Evaluating the system transfer function H(s).

Desired response L.T

Excitation response L.T

1

= System transfer function

1

16) _ e =
Ve HO=YE)

H(s) = 5
i2s2 +s+1i
1

H(ow) = "
(1 +—+ ijJ
jo

Z(s) (R +SL+ slcj

II. Evaluating at corresponding s of the input

H(jo)|oz0 = 0
H( 0o = —

7

/45
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L,=Q212)+1=2H
28— = ||L )
V(s) LT = —4 = 2 0.2 sec
I(s) = H(s)V(s) R, 10
1
i(t)=0 x5+ —x10sin(t —45°)
NG 06. B
i(t) = 7.07sin(t-45")A Sol: 7=Req Ceq
OBS: DC is blocked by capacitor in steady Ra: 5o 1Q
state l WW W l
04. 202 — R,
Sol: V(s) 1 1
2L = H(s) = Z(s) = -
I(s) Y(s) ( % N LL .\ st I T
| ) Ry =30
HE) =
(1++sj Cog : . |2F|
S | |
H(jo) |,_, = 1 N 1 Caa | IF I F
(1 + -+ jj
J .
V(s) =1(s) H(s) =sin t
v(t) =sin t Volts Ceqq=1F
L t=3x1=3sec
05.
Sol: © — L, 07.
o TER Sol: T=R, C
eq
Req: Req: 20 10
A M .
20 9Q l ww l
A M .
WW l 20 § — Ry
' 20 -
' § Req = (2||2) +9=10 Q T I
T Req=3Q
LTt=3x1
Ryq=(212)+9=10Q =3 sec
Leg: 08.
1H Sol: Let us assume that switch is closed at
—m t = — oo, now we are at t = 0~ instant, still the
L switch is closed i.e., an infinite amount of
-, % 2H % 2H time, the independent dc source is connected
to the network and hence it is said to be in
. steady state.
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In steady state, the inductor acts as short
circuit and nature of the circuit is resistive.

2A D

AW
(08
(e}
e)

It

iL(0)
N
AW
200
2A 2A
0A 2A v 0A
00 = f TZ200
2A T) 0OV o)y ov

—_
Att=0": Steady state: A resistive circuit

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.

(i) t=0
il(0)=2=i(0")

E (0) = % Lil(0) = %x4>< 2> =8J = E (0"

4 %iA 2OQ§\_/

Vi

20Q
WW
+ vV —

For t > 0 : Source free circuit

Io=2A;r=£=i=lsec
R 20 5

t

1, =1, er-

i =2¢ for 0<t<oo
\2 =L% = —40e™ V for 0<t<w

iL“
2A

0 > t
VL“

0 > t
—40

1

t=51= 5><§ = 1sec for steady state

practically i.e., with in 1 sec the total 8 J
stored in the inductor will be delivered to the
resistor. 2 A

()
/

4H

it
p m

20Q

Fort>0 t V-

i(0)

2AY +2A

+ VOO~

Att=0": Resistive circuit : Network is in transient state
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By KCL ; (3) VL0 =—-40V
—2+i (0 =0 V)|, . =—-40V
i(0H=2A

V(O+) =R 1L(0+) |By Ohm’s law
V(0)=20(2)=40V

By KVL ;
V(0 + V(0 =0
VL(0") = =V(0) = —40V =V, ()] _.

Observations :

t=0" t=0"
il(0)=2A i(0H=2A
i200(0)=0A 000 =2 A
V20a(0)=0V Va0a(0) =40V
Vi (0) =0V V(0 =-40V

Conclusion :

To keep the same energy as t = 0 and to
protect the KCL and KVL in the circuit (i.e.,
to ensure the stability of the network), the
inductor voltage, the resistor current and its
voltage can change instantaneously i.e.,

within zero time at t=0".

(2)
ir(t) n
200 § 4H Vi(t)
Fort>0

iL(t)=2¢"A for 0<t<o
Vi(t)=—40e™' Vfor0<t<oo

Conclusion :

For all the source free circuits, Vi(t) = —ve
for t > 0, since the inductor while acting as a
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)

L IO _ g
dt t=0"
diL® | __40_ 40 0 Assec
dt |_,. L 4
Check :
iL(t)=2¢""A for 0<t<oo
di =—-10e”" A/sec for 0 <t<
dt
M = —10 A/sec
dt | _.
09. 0o
Sol: MWW
S X t=0 %
+
5H
w00 3 v .
24V — 1
il(0H=24A
V(0 =-96V
iL(t)=2.4¢"""A for 0<t<oo
10.
Sol:
5 S 732 Q
t=0 +

+
8000 3 2 uF ve

N

V(0 =50V ; i(0M) =62.5 mA
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t

V() = 50e "7V for t2=0

i C dd\ic

By Ohm's law

11.
Sol:
Case(i): t<0 500
MW
|
Ve(0) 22000 (})o.1a

Ve(0) =20V & i(0)=0.1A

"." capacitor never allows sudden changes in
voltages

Ve(07) = Ve(0) = Ve(0') = 20V

Case(ii): t >0

50Q
MWW

Ve == 20uF i(o*)§ 200Q CD 0.1A

To find the time constant T = R¢qC
After switch closed
Req=50Q C=20puF

i(0) =0A
T=50x20pn
T = lmsec

Ve(t) = Ve = 20eV™
Ve(t) =20e"™V; 0<t<oo

12.

Sol: After performing source transformation ;

51

13.
Sol:

14.
Sol:

O e L

200 100
AW . AW
+ - + -
+
+ §5H
By KVL;
di
5i, -30i, -5—+L =0
L L dt
di+5iL =0
dt
D+5iL=0

i) =Ke™ A for 0<t<w

T = — Sec
5

iLl(O) =10A ; iLZ(O) =2A
t
LM =1Ier
L 1
T=—=-=1 sec
R 1
iLl(t) =10e" A

t

Similarly, i, () =1, e °

L
T=— =2 sec
R

t
i (H)=20¢2A
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Att=0": Steady state : A resistive circuit V, () 1 ¢
By Nodal : - 111 + L ,[VL(t) dt
—6mA+VC(O)+VC(O)=O V. (0) L
4K 2K = S 4 (0) + — [ V() dt
Ve(0) =8V =V¢(0) 10 L3
. i()=4t+5+4¢
“fie ] i = =
6 mA Ve CZMF i(t) [f=2sec=8+16+5=29 A
6mA (1) vy, S4aka - S 2k0
S 310 16. Ans: (¢)
l 6 mA
v XX 17.
6 mA ——
= 0V .
Sol: 1 20 (-
Fort> 0 : A source free circuit
Vi=6mx4K=24V 20
T=ReyqC=(5K)2pn=10msec o o >
—o0
VS A l +
24V <> i (0) Ve(07)
20V (T -
8V 1 kQ 10 kQ
—0 (I)7 0 (I)+ o |
=0V

t

V. =8 e I0m _ g o100l 7 fol <t < oo Att=0": steady state: A resistive circuit.

i. = C dd\ic =—-16e¢"™" mA for 0<t<o (1) t=0

P O o Ve(0) =20V =V(0)
By KCL: i,(0) = 22 = 20mA = i,(0")
i +ir =0 1K
iR=-ic=1.6e""'mA for 0<t<ow .

iLl 01H VeI~ 200 nF

Observation: _
In all the source free circuit, ic(t) =—ve for 1 KO 10 kQ
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 For t > 0: A source free RL & RC circuit

+ve terminals. T = 0.1 = 100 psec
1K
15. =200 x 1077 x 10 x 10’ =2 m sec

Sol: By KCL : T
i(t) = ir(t) + ir(t) izzo ; 1.=201,
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Observation: 19. Ans: (¢)
1L < 1¢ ; therefore the inductive part of the Sol: B <_ch(S)
circuit will achieve steady state quickly i.e.,
20 times faster.
-+ R=10Q
Vo =20e © V for 0<t<oo
_t 1/s
i, =20e * mA for 0<t<w 1/2s
v, -1 4
dt By Ohm's law
5/11
i. =C dVe ()= M
1c V. (s)=
d t By Ohm's law R + % + %S
18 N
! - 2s’ 5
Sol: Att=0 = =
° " DRs+2+1  s(2Rs+3)
80 2s
40 5
12A (D §SQ VCZ (00) — Vc‘l(s) _ g =0
il(0°)
V,(0) =V, (5) 42
s
. 12
=i, (0)=28 _ga 5 5
8+4 V()= Lts| —————+=
Att 0" s>0 | s(2Rs+3) s
- 5 20
=—+5=—
12A  4A 4A 3 3
- - AM/ <
sy 40 20. Ans: (d)
> . ns: 8A
NORES % S50 Sol: Att=0
g : T4a L 910 _ V, (0) L
n " dt R 6
V, =2x3=6 =
S (0 =-8A VL =6V N
. . E,+6-8R=0 | |
Applying KVL in the loop, E, = 8R — 6 E,
=8(4) +4(8) +VL =0
4—
:>VL =—-64
_ E,—4R =0 R 4A
di, _ —64 E;=4R
dt 8R—6=4R Ol
:ﬁ——32A/sec e |
dt R=1.5Q E,
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21. Ans: (d) 23. 0
: < :
Sol: Att<0 1000 Sol W
—AW +
. + 1Q oy 310
u(—t + 60V =/ -7+
5 1A=i (0 Y f\‘%«” 1A - (0" Ve(0)
Loopl - -
Att=0 : Steady state : A resistive circuit
Apply KVL in loopl = V(07)-100=0 () t=0:
= Vc(0) =100V
o i,(0) = % =20A =1i.(0")
Att=0" = oov T _ .
Viag=20V = Vc(O ) = Vc(O )
v, (07)=0 1A<&: VIO0) Ly 20
e MWW
L dl(O _0 - [
dt 1Q 1Q
dl(O )= 0 +_ B
dt 60V ic(t)
20V
22. L % 20 A
Sol: Case-1 at t=0" c
By redrawing the circuit Fort=0 —|_
I 1Q J
10V = 20 E [
+
60V " ic(0)
current through the battery -
10 20V
at t=0" is — A
3
Case -2 at t=o0
——\WW Att=0": A resistive circuit :
I 1Q l Network is in transient state
10V 2,0 Vi(0h) =20V
Nodal :
20260 94 i.(07) =0
current through the battery at t = o 25
is 10 Amp ic(0)=—4A
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24, iL(0)=3A=i(0)
Sol: Repeat the above problem procedure : Via=4x3=12V + +
: + Vzc(oi) —_—2cC
i | _ Vi0) _ e . :
dt | . L L
- Ve(0) —— C
dVe® = 1) _ 00 vise V,.(0) = 12xC _
dt | _, C ‘ 2C+C
=4V = V,.(0")
25. . Ve(07) =8 V=Vc(0")
Sol: Observation: So, the steady state will occur
either at t = 0" or at t = oo, that depends WW B
. 20 2
where we started i.e., connected the source %
to the network. 4Q 4V
10 kQ Vea()  12kQ + 2C
AL - e . e A —— 18V = 1
oV - B ic()
+ 4 o +
100v(E) Vol 40k0E Vea(e0) L §7{b3 AN Y
) ) — C
T
. . T . Fort>0
At t = oo : Steady state: A Resistive circuit
Ve () = 51(())10< < 40K = 80V and redrawing the circuit
12V (09
2 uF 3»| pllF
| |
IR
V(o) Ves(e0)
—— g0V ———*
N I
V. (0) = 80>3uF _ gy
: (2+3)uF
V. (o) = 0x2uE_ 5y
’ SuF
By Nodal; =
26. 12-18 12-8 . .
WW >
l -6 4 .
+ — +—+1,.(0") =0
+ 40 Vac(0) 2 Tt
18V N i2c(07) =2 A = ixc(0")
i (0~ V(0™ - . .
il(07) _c( ) 8 412_12C(0+)+3+1C(0+) _ 0
At t=0": Circuit is in Steady state: Resistive circuit ic(0)=0A=ic(07)

| ACE Engg. Publications Hyderabad | Delhi | Bhopal |Pune |Bhubaneswar | Bengaluru | Lucknow |Pama|Chennai | Vijayawada | Vizag | Tirupati |Kukatpally | Kolkata




R ACE
v v Engineering Publications :34: Network Theory
27. ir(07) =—ir(07) + 4
- + +
Sol: t=0 =0 t=0 RON=-5+4=-1A
0)=5A i0)=54 Vi(t) = R ir(t) [y o
di, (0) _ V,(0%) Nt
Ldt = LL = 40 VR(O ) = R lR(O )
. V(0 =-30V
1Rf0 )=-5A ir(07) = 1A By KVL = V() — Vr(t) - V() = 0
diy (0) _ —40 A/sec Vi(07) = Vr(07) + Ve(0)
dt =150-30=120V
ic(0)=0A ic(0") =4A By KCL at 2" node;
di.(0") -5 +ic(t) - r() =0
T = —40 Alsec 1C(0+):4A
e At
V(0 =0V (i11). t=0 )
V(0 =120V By KCL at 1" node =
dv, (0% —4+i(t) +ir(H) =0
—L—= =1098 V/sec di () d
dt 0+?+aik(t):0
Vr(07)=-150 V ,
VR(0+) —_ 30V V(i{(t) =R 1R(t) |By(;)hm’s law
* — V() = R — i, (t
% = —1200 V/sec TR TR
Ve(0) =150V ByRvL=
(0 =
0= 150V Vi) = Vr(® = Ve() =0
4V.(0°) dVi(® _dVe® dVe® _
# = 108 V/sec dt dt dt
_ B By KCL at node 2:
()-t=0 —5+ic(t) —ir(t) =0
By KCL = ir(t) + ir(t) =0 d d
t=0"= i (0)+ir(0) =0 0+ ric® - i® =0
iR(0)=-5A d
VR(t) =R iR(t) |By Ohm’s law a 1c (0 ) = — (—40) = 40 A/sec
Vr(0) =R ir(07) =30(-5) =-150 V ”
By KVL = Vi(t) = Vr(t) - V() = 0 Sol: Transform the network into Laplace domain
Ve(0)=V(0) - Vr(0)=150 V R
MWW
(ii). Att=0" -
By KCL at 1* node = 1<J_r @ §sL Q
—4+i(t) +ir(t)=0 -
. + . +\
—4+i(0) +ir(0) =0 S - domain
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V(s) = Z(s) I(s) 31.
By KVL in S-domain = Sol: i(07)=0A=i(0")
. Y A
1-RI(s)-sLIs)=0 i) = %
1 1 T = — sec
I(s) = —
(s) L (S R j g y y
L t - 0 _ —t/t - 1_ —t/T
i(t) R + ( R) e R (I-¢"7)
1 -
it)y=—et A for t>0 .
L V. = Lilt(t) =Ve ™ fort>0
29. .
Sol: By Time domain approach ; I(P
Ve(0)=5x2=10V =V(0) v
10Q () 120 R
A ! MWW - >t
+} —o 0
50
2s5viE V(o) 2A
® : < v
. - L
At t =o0: Steady state: A resistive circuit \ T :E sec
. > t
—o0 0‘

Ve(®) =25 V() _
10 5

Nodal = 2=0

V(o) = 15V
=Ry C=(5]/10). 1= (10/3) sec

t
Vo =15+ (10-15)¢ "
Ve=15-5¢71"V for t>0
dv,

i. =C Tl 1.5¢7"" A for t>0

30.
Sol:

i(t) 1

That is the response is oscillatory in nature

Expontionaly Increasing Response

32.

Sol: Vc(0)=0=Vc(0")
Vc(OO) = V
t=RC

Ve=V+(0-V)e'"

=V(1-e" fort >0

. dv A\
ic=C—==—¢e"R fort>0
dt R
=1i(t)
V()
A
V ,,,,,,,,,,,,,,,,
t=RCsec
>t
—00 0
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Network Theory

R 1 =RCsec

Expontionaly Decreasing Response
33.
Sol: It’s an RL circuit with L =0 = 1 =0 sec
i(t) = %, Vt>0 So, 5t =0 sec
i(t)

v
R

i.e. the response is constant

34.
Sol: i] =

i1 = (mu(t)—idi—LjA

100 dt

100u(t)- Vv,

Nodal =
vV, —20i,
20
1 di,
200 dt
Substitute 1;;

di .
d—tL +40i, =800u(t)

-1, +1, + =0

=21, +1; +

SIL(S) — 1L(0+) + 4OIL(S) = @
S
iL(0) =0A =i, (0")
800 20 20
L) ra0) s sed0
I t) = 20u(t) — 20e™**" u(t)
IL(t) = 20(1-¢*") u(t)

. 1 i
1= lou(t)_ﬁdld_Lt

i) = (10-8¢™") u(t)

3s.
Sol: By Laplace transform approach:

G -
WW AW i +
2V 20 lvé
® 2 T IF | v

Fort>0

Transform the above network into the
Laplace domain

20 VGO 10

A

WW MW 1(s)
1
<i> 20 :!I[ 2s V(s)

m‘l\)

o =]

Fort>0
Nodal =
2 1
V(s) - = V(s) - —
s . V(s) N 2s _ 0
2 2 I+ !
S
V(s) -
[.(s)=
1+l

S
:ic(t):%e; Afor t>0
By KVL =

1o
Ve(@®) ————-1.(8) = 0
2s S

11
Ve(s) = =+~ 1c()

t
VC(‘[)=1—%e2 V for t>0
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Ve t=0:
I il(0)=0A=i (0"
Ve V(0 =10 x10=100 V
T=2sec
12V l
Jr
PSS >t IOA(T) §IOQ Vi(0)
|
1
ZA At t= 0" : Network is in transient state : A
resistive circuit
T=2sec . . .
(o) = 10 A (since inductor becomes short)
>t
0
r:%:%zo.Ssec
36. . —t/t
Sol: By Time domain approach ; iL(t)=10+(0-10)¢
Ve(0) =6 V (given) =10(1-e ") Afor0<t<oo
V() =10V d . o
40 VL(t):LalL(t):mOe V for 0<t<w
WW 1 1
+ 0V - l N Er | esc orteso = —Li% = —x5x10> = 250]
10V C) V() =10V 2 2
B 38. Ans: (b)
o Sol:
Att= oo : Steady state : Resistive circuit Vei(00)
+ —
t=RC=8sec .
Ve=10+(6-10)e™® J
Ve=10-4¢™" + | ovZR
Vc(0)=6V | 1L(07) -
dv, - R
i.=C—S =¢e" =it _ Va(0)
C dt (t) I

By = [() 4 dt =167
0

37.
Sol: 10 A 10 A 10 A
0A 0A
+ + n
10A<T>OV ov 100 ovasSH

ic(t)

10 A Y

At t=0": Network is not in steady state i.e., unenergised

Att=0": Steady state: A resistive circuit
By KVL =

V-V (0)=0

Vei(0-) =V =V (0")

Vo (0) =0V = Vp(07)

i(0) = 0A =i (0")
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v C V(s) = Z(s) - I(s)
F By KVL in S-domain =
vV I(s
:, r )Y s )1, 6) =0
in(t) L§ in(t) SC
R J_ Similarly:
C
- I(s
| 1162 s1,60-1,6)=0
Fort>0 Fig (a) 1
R+SL+§ -SL {Il(s)} { V/S}
v SSL R4SL+|LE)] L0
40.
11(0") i,(0) Sol: Evaluation of iy (t) and ei(t) for t > 0 by
R Laplace transform approach.
iL(0") = 6A; i () = 4A
e1(0") =8V; ey(0) = 8V
At t=0": A resistive circuit: Network is in 20 20
transient state. a0 ©
i(0) = ix(0")
By KVL = 3
~Ri;(0)-V—Ri;(07) =0 16V — S o5 (VD6
L8
(N =V L, —ZF
i =——=i
0)=3Y =100 T e
OBS: ir(t) = i1(t) ~ ix(t) Fort=0
Att=0" = Transform the above network into Laplace
) . . domain.
IL(0+) = 11(O+) ~ 12(O+) 20 Ei(s) 2Q
—WW MW
= 0A = Inductor: open circuit
)8
39. 16 — s %g V)6
Sol: (b) Transform the network given in fig. (a) s 18 S
into the S-domain. s
v ir(s)
S-domain: B (s) 20
—
n 8 3V
ol WY
=
138 S
s ‘ 2
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Nodal in S-domain 4 4
E, (S) - o, 4
E (s)-16/s s El(s)+3_0
) + 8 + 5, S - € =1 (A critically damped system)
— + J—
S 2
8(s” +6s+32 41.
Bis)=—| 5 oL
s\ s’ +8s+32 Sol: (ot| =tan!| —
° t= tO R
8 2s
E\(s)=—|1-—5%—
sl (s+4) +4 (oL
TE (Oto = tan —_—
ei(t)y=8—4e" " sin4tVfort>0 R
‘fl(t) 2n(50)t, = tan™ (—271(505)(0.01))
t =32.14x "
8VU N L 180°

t, = 1.78 msec.

' > So, by switching exactly at 1.78 msec from
the instant voltage becomes zero, the current
is free from Transient.

()= E,(s)+3
24>
2 42.

iL(t) = 4+2¢™ cos 4t A
fort > 0 w, =4 rad/sec

(0

’ \A/\/\

0
1
OBS: t=-sec=——| 1 _
N T
1 1
_xmn:_
4 3

Sol: ot, + ¢ = tan” (0CR) + g

2t, += = tan" (@CR )+ —
4 2

2t0+E:tan’1 2 l (l) +E:£+E
4 2 2 4 2

2t =1

0

=t, =0.785sec
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Chapter

‘ 4- AC Circuit Analysis

(Class Room Practice Solutions )

01.
1 (T,
Sol: Iavg=1dc=¥j0 i(t)dt=3+0+0=3A
e,
rms _J-Ol (t)d't
wW2Y (52Y
= 3%+ —=| +| —=| +0+0+0
\/ (ﬁj (f]
=542A
02.

Sol: V, =V, = % [ vitdt=2v

Here the frequencies are same, by doing
simplification

1 1
v(t) =2 - 342 (cos10t x — —sin10tx— )
A2 N2
+ 3cos10t =2+3sin10t V

SO Vims = /(2)%(% 2 =85V
03.

Sol: X, =X, =% [ x(the =0

Xms=1/%fxz(t)dt = %

04. Ans: (a)

Sol: For a symmetrical wave (i.e., area of
positive half cycle = area of negative half
cycle.) The RMS value of full cycle is same
as the RMS value of half cycle.

05.
Sol: Complex power, S = VI"
I 20 {1250
—D—JVVV\/ 2121
10020V S10Q = § 200

I 20 {1250
—— W
+ .
30020V (v) 448
300£0°
=1

T2+ jl2.5+4- 38
= 1=40/-36.86°
-.Complex power, S = VI’
=300 £0° x40 £36.86°
= 9600 +j7200
..Reactive power delivered by the source

Q=72000 VAR
=7.2 KVAR

06.

Sol: Z=j1+(14)|(1+j2)=14+;0.8
E‘ _10£20

7 By ohm's law 14+_]8

= 6.2017£-9.744° A

I:
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07.
Sol:

Postal Coaching Solutions

L= H12)  _oo017.07.125°A
I-j1+1+;2

G e AT T ILT
I—j1+1+32

E,= (15D, = 8.7705£-17.875°V
Eo=0.5,=1.961/-81.31°V

Since two different frequencies are
operating on the network simultaneously
always the super position theorem is used to
evaluate the response.

By SPT: (i)

10V ——

Network is in steady state, therefore the

) .. 10
network is resistive. Ig;(t) = ? =5A
il
(i) 0o
ira(t) .
20 Q 5cos2t

Network is in steady state
As impedances of L and C are present
because of ® = 2. They are physically
present.

. 1
Zi=joL; Zo= —],,
joC >
20y JF

iRz(t) +
~ 0
a0 (s

Network is in phasor domain

Nodal =
V V V=520°
2 2 —-j0.5

08.

Sol:

09.

Sol:

10.

Sol:

V =6.32/18.44°

gy = % =3.16218.44° =316

iRz(t) = RP[IRzelzt]A
=3.16cos (2t + 18.44%)
By super position theorem,

iR(t) = iRl(t) + iRz(t)
= 5+3.16cos (2t+18.44%)A

Ans: (¢)

21 —I(s{2+2s+lj:0
s”+1 S

2
I(s)[2s+2s +1j: 21
S s”+1

I(s) + 25°I(s) + 2sI(s) =

s® +1
2. .
i(t)+ 2d21 + 2ﬂ =cost
dt dt

V=V (V- Vo)

V= VR =1.R

100 =1.20; I =5A
Vv

Power factor = cosd = Ve Ve _ 1
VoV,

So, unity power factor.

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

= —(Il + Iz)
i1(t) = cos(ot + 90°)
I =1290°=j1

L =120"=(1+j0)
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Ii=+/2 Zn+45°= 2 ") 14.
i5(t) = Real part[I5.¢/*"JmA Sol: =12 +1> =10= .13 +8
= —+/2 cos(wt + 450+n')mA Ir = 6A
CN 0
1;3(t) = \/Ecos((;)t +45")mA L=1=413+ (IL _ Ic)2
11.
10= /6> +(1, —1.)
Sol: 1= X+i+i =812 +j18
: R ZL ZC J J IL - IC =+8A
[=8+6j I -8 =48
1= J100 = 10A I -8= —8(1\\I/0t acceptable)
12, Since I = —L # 0.
Sol: By KCL =
I+ +1c=0 L-8=8
I:IL+IC IL:16A
=t >l
oL .
L m@
IC =8A
0 0
1 = 220 =3400 =3.-90° ®
j Z90
1=32/-90"+ 4,90 > 120.20°
=—i3+j4=j1=12£90"
I, = 10A 1L 1)~ 8
13. Ans: (d) (e
Sol: I
IL=16A
8
90 \13° =2 rad/sec I, leads 12020° by tan™ 6
45 "V
I; lags 12020° by tan™' (gj
I
|
[ =I¢= l:llgoo Power factor cos¢ = —-
ZC XC I
N S S 7 _6
2+joL 2+j2 242 10
(])"?Tgesfoore, the phasor I; leads I, by an angle ~ 0.6 (lag)
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16.
25A Sol: Psq = 10Watts (Given)
. = Paye = I’ R
J:" ' 10 = Ins™.5
+ + ms -
300.£0° ~> * c R Los = V2 A
OHz T - Power delivered = Power observed
L (By Tellegen’s Theorem)
Pr=Im( 5+ 10)
Network is in steady state. Ve L0864 = ( \/5)2 (1)
I |_|v| 300.20°| 50
cl= = . - —_ =
AR e =2x13
=300 x21 x50x159.23x10°° cosd = 0.6 (lag)
Ic =15A
er— 17. Ans: (d)
— 2 2
P vherle Sol: V=14V
L=
25 = (I} +15° 4
Ir =20A
25 v
Ic *IR Ve =3V
36040"+ tt i
sory () ‘_ c %15
" VC =10V
300 = R.20 ViV -Vo)
R =150 =3’ +(14-10y’
Network is in steady state V=5V
Ir= 360 _ 24A
15 18.
So the required Ic = +/25° —24° Sol: Y=Y, +Y,= 1,1
voe =7 Z, Zc
360 x21 xf x159.23 x107° =7 1
f=19.4Hz 30240° (1]
OBS: I¢c = Zl | 108
c = joc + — £-40°
1 30
Zc= _Q . 1 0 - . 0
Joc =Jjoc + 3—0(c0s40 —jsin40")
Asfi=ZcT=1cl Unit power factor = j —term = 0

| ACE Engg. Publications Hyderabad | Delhi | Bhopal |Pune |Bhubaneswar | Bengaluru | Lucknow |Pama|Chennai | Vijayawada | Vizag | Tirupati |Kukatpally | Kolkata




144
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30
_ sin40°
21 x50x%30
C=68.1uF

= 68.1uF

19.
Sol:

Ans: (b)
To increase power factor shunt capacitor is
to be placed.

VAR supplied by capacitor
= P (tan¢;—tand,)
= 2x10’[tan(cos™" 0.65) — tan(cos'0.95)]
=1680 VAR

2
VAR supplied = )\é—szmC=l680

C
~ 1680 ~
(115)2x2 60

337uF

20.

,_V _160£10° —90°

- =32./30°
I 5,-20°-90°

Sol:

$=30° (Inductive)
160 5

——V',Irms_
N RN}

160
X
2

v

ms

i i>< cos30°

V2 W2
=200/3W

160 5 1
V222

=200 VAR

Real power (P) =

Reactive power (Q) =

Complex power =P +jQ
=200(~/3 +j1) VA

21.
Sol: V=4/10°and =2 £-20°

Note: When directly phasors are given the

22,

Sol:

23.

Sol:

24.

Sol:

magnitudes are taken as rms values since
they are measured using rms meters.

Vs =4Vand I =2A

Z=¥ =2/30°;0=30° (Inductive)

P=1043W,Q=10VAR
S=10(+3+j1) VA
Ans: (a)
S=VI*
=(10£15°) (2 £45°)
=10+j17.32
S=P+jQ
P=10W Q=1732 VAR
Ans: (¢)
Pr = (Ims)” X R

= 480 Watts

11, > Ic : Inductive nature of the circuit.
T= 2 +(1, -1} =4 +3% =35A

I
I

Power factor =

w | A

= 0.8 (lagging)
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25. Ans: (a) when [ =0,
Sol: g‘ L = impedance seen by the source should be
210 0 infinite
+ 100.£0° =>Z=w
100.£0° C’D § 0L 0 5 Z = (5045) + (5) || i(5 —Xe)
- S5 40 e
. gy SO
‘ B+Ii6-X.)
NW is in Steady state. | =1 (10-X)=0
V =100£0° = Vg = 100V X, =10= =10
0 ®c
I]ZM :>|Il| =20 = Iims 1
(B+j4) C=———=20pF
. 5000x%10
I2= M :>| I2| = mIAXZIZrmS
(1-j)Q V2 27. Ans: (c)
P= Pl + PZ = (Ilrms)z-3 + (IZrms)z-1 4 2 4 2
) Sol: 1 =.[3° +(_j +(—]
=203+ {mj y V2) V2
V2
P = 6200 W =25 = 5A
Q=Q1+Q Power dissipation = > R
= (lims)”4 + (lms) (1) =5 % 10=250 W
=3400VAR
So, S = P+jQ = (6200+(3400) VA 28.
Sol: X¢c = X = ® = g, the circuit is at
26. 00 resonance
. ImH
Sol: o, AmH b Ve =QVs/—-90°
I
oo Ol X,
+ R R
5sin(5000t)_6) g ImH =C X
o,cR "R
= Ve =2002-90° = —j200V
500 j5Q i50
— WW——aee 21112
I 29.
Sol: Series RLC circuit
+
55in(50000(~) g js0 =X, f=f, . PF = cosd=0.707(lead)
- f=1fy . PF=cos¢=0.707(lag)
f=1,, PF=cos¢=1
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30. Ans: (b)
Sol: Network is in steady state (since no switch is

given) + i

R§L - C
|

1x10°20°A(*)

LetI=ImA

o = wo(Given)

=>r=1

I = Q1£-90" = —jQI

Ie = QI1£90°=jQI

IL+1c=0

Ik + 1| = I QI
=1y1+Q* >1

Ir + Ic| = [I +jQI
=1y1+Q* >1

31. Ans: (¢)
Sol: Since; “I” leads voltage, therefore capacitive
effect and hence the operating frequency

(f<fo)
1 oL
e
o
>
0 o
32.
Sol: Y=R 1' L+ ! -
+
L TJO RC_L
oC
R, —joL R, +j/oc

= +
R} +(oL)’ R +(1/0C)

rad/sec
33.
Sol:
4H IF
—p0r—|
10Q2
—VW— IF
B A
(=)
A Fig.v B
The given circuit is shown in Fig.
ZAB = 10 + Z]
where, Z; = (_—J) | (j403 - —Jj
® o)
L)oo
_\o ®
T j4e-
) ®
1
4 —
_ o’
jdo— 2
(o)
.. ) , 1
For circuit to be resonant i.e., ® = 2
1
o= 5 = (0.5 rad/sec
.. 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.
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0
1.e., Wy = L = % rad/sec 1= %:10540 =8.,0°
LC A
then Z =R =2Q. ) t
0 i(t) =8cos— A
_ vV _10£0" _ 5.0 4
7 2 Zy =jooL =31Q
1
e t Ze= — =—1Q
i(t) = SCOSEA Jjo,C
. 1
- 5., H
= 1 = 1 . = = _‘ I = —:_I.ltan
Zy =jooL =j2Q ; Z¢ o 1202, L 2rili2—j 4 2
IL= —1(2 —J2) = L /—45° L, = ﬂcos(l —tan ™ (lD
2+2+2-2 2 4 4 2
s (o, Lo Je+ih N5 (1
IL=ECOS(5—45 jA 2+jl42—-j1 4 2
[(2+j2) I 0 i = ﬁcos L tan L
+2+2—
5 J J Pavg = Iirms R + I?IrmsR
t
1 = _ 0 2 2
1C—ﬁcos[2+45jA ~ 25 5 25
=22 2422 2
2 h
Pavg = Ii(ms)R + Ii(rms)I{ = 40 Watts
7 ? 7 ? 35.
) WANP N S PR Sol: (i) Z,, =2+(Z, 1| Z [12)
2 V2 = 24X, X2
— 95 watts _ 2+2XLXC(XLXC _.]2(XL _Xc))
2 2
L .. (XLXC) +4(XL _Xc)
(i1) c # R’ circuit will resonate at only one j-term =0
frequency. = —2(X1-Xc) =0
11 K =Xc
i.e., at @y = ——=—rad/sec 1
JLC 4 Ob=C
2R 1 1 1
ThenY = mho ®», =——=——=—rad/sec
R24+ L " JLC a4 4
C At resonance entire current flows
through 2Q2 only.
Y = 2(2) Zimho N £ 5 2}’_49
22 4 4 5 (1) Z,, oo, =2+2=
4 XL =Xc¢
5
2=, (iii) V,(t)=V,, sin(%)V
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Z=4Q %
~ 2 2
(t)_Vl—(t)_Vm Sl 1 :1R R Q
4 4 4 : -
¢ as Q is doubled, P decreases by four times.
V=2i, i (ZJV =V. =V,

v, Vv
i.=C—= :Jcosﬁij
i 2 4
i = Yo ginf L1000 |a
2 4
|
lL —EJ VLdt
V. (4
= COS| —
2 4
v
i = ~minf £ 90 |A
2 4

OBS: Here iL+ iC =0
= LC Combination is like an open

circuit.
36. Ans: (d)
. R
Sol: T —)
ook L
R «— V ——
Q= 203TL = 2 xorginal - Q — doubled
S=VlI
B \% R joL
‘R +]0)L R —-joL
S— V? _ VijoL
R’ +(wL)’ R’ +(wL)
S=P+jQ
V2

Active power (P) = m

V2

37.

Sol:

1
Zc="7—
joC
0=0;Zc =0 = C:opencircuit =1, =0

®=0;Z. =0=C:Short Circuit = i, = R—‘“LO"
2
Transform the given network into phasor

domain.

—p

[ Em 400
+ 0
B /0° <~ En £0
_]O)C

Network is in phasor domain.
ByKCLinP-d = I=1+1,
E,£0°
Ry
E, £0°
1

R+ R,—
joC oC

I]=

_ B, Z0°

I,=

0=0=1, =0A

®:(0andw) j the current phasor I, will

always lead the voltage E,,20°.
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@ ©=0 ®= o (i) If "o" Varied
L / En20° 5@
0 B, — Em —
R, -
) R
®) ©=0 (a) 0 : 2 »E,, 2£0°
1 === e ® \\ 12 /I
// \\\ 0) \\\ //,
0 ‘«Em L E, | Em 4005 See-- - ®=0
R, R, I
1 2 (0 — w
38.
Sol: R,=0=1,= Em 20 =E_©C£90° E_ E_
O - — —
- _]O)C 0 1 R2 _’| -
R,=0=1,=0A (b) \ I /] Em200
Iy R2 = 0 M SN . B
® =00 o=0
(a) u——\\\\\
I \\\ R;
Enoc 2/
" ; (i) If“R,”is varied
> By £0° _—
oK
R2 =0 /
(a) ° _ p En £0°
® 4 el Eol [\
R ol I 'R,
: P . R2 II
|9% i
I i \Rz =0
~Ep £0°
0 Em \RZ =00 E_m R, = oo
Tm , =
R, R, /
(b) —2 . . En 20
39. . .|
E,£0° ' \
Sol: I=1,+1,, [[ =—2%— ! i
Rl i R2 /I
%

E, Z0° E S
,=—n— = = Z—tan [—j
R, +joL \/Rg—i-(WL)Z R,

\RZZO

v
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Chapter

Magnetic Circuits

( Class Room Practice Solutions )

01.
Sol: Xc =12 (Given)
Xeq = 12 (must for series resonance)
So the dot in the second coil at point “Q”
Leg=Li+L,-2M
Lo =L;+L, -2K4/L|L,

oLy =ol, +oL, -2K|/L|L,0.0

12=8+8-2K+v88 =K =0.25

02.

Sol: Xc =14 (Given)
Xieq = 14 (must for series resonance)
So the dot in the 2™ coil at “P”
Leq:L1+ L,+2M

Leg = Li+L+K (/L L,

oL, =oL, +oL, +2KJoL,L,0
14=2+8+2K{2(8) =>K=0.5

03.
Sol: L., = 4H+2-2+6H+2-2+8H-2-2
L., = 14H
®  4H12-2
ie et 1115
2H
\ .
2H 6H+2-2
2H
b e v
i smz

04. Ans: (¢)
Sol: Impedance seen by the source

zs=ﬁ+(4—j2)

16
10£30° )
= +4-32
412
=4.54-j1.69
05.
N 2
Sol: Z_=|—-|.Z, 450
N2
R, =n’5
C~> n%5
For maximum power transfer; Ry = Ry
n’5=45=n=3
06. Ans: (b)
Sol:
SmH | +
6V — 30mH 30mH
J—— V,
500
Apply KVL at input loop
di, di

-6-30x10" 1 +5x10"—+-50{ =0...(1)

dt
Take Laplace transform

841 30x100 (5)=50]1,(s) +5x10" s1,(s)=0...(2)
S
Apply KVL at output loop
V,(s)-30x10"° dl+5><10’3 ﬂzo
dt dt

Take Laplace transform
V,(s)=30x107s1,(s)+5x107 sI,(s)=0
Substitute I,(s) = 0 in above equation
Vo+5x 1072 sLi(s)=0......... (3)
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From equation (2 A -
6 a ) I, =—2;i2(t):Realpart[lz.eﬂt]A
-3 _ A
——+(-30x107(s)+50)I,(s)=0 0
S I(t) = 1.072cos (2t+114.61")A
_ _ 0
I(s)= 736 _________ ) I(t) = 1.416co0s (2t+128.65")A
s (30x107 (s)+50)
Substitute eqn (4) in eqn (3) 09
-3 °
V,(s)= —5x10 3(5) (=6) Sol: Evaluation of Initial conditions:
s(30x107" (s)+50) i1 (0)=0A=1i,(0)
Apply Initial value theorem i (0—) =0A=1, (0+)
-3
—5x107 (s)(=6) Evaluation of final conditions:
s>e 5 (30x107° (5)+50) i1(0) = 5A iz (00) = 0A
— _3 —|
V=300 BykVL=
30x10 5=, (t)+ ll(t)_z i, (t)
dt dt
07. By Laplace transform to the above
Sol: R, '= Ziz _10 esquatlons.
==1,(s)+4|sI, (s)-i, 10" )}-2Is.I, (s)—i, (0"
R, =3+R,'=3+2=5Q S 1() [ 1() 11( )] ( 2() 2( ))
By KVL =
I] = 10£20 =2.,20° Y di (t) di (t)
0=1i,(t)+252 %
L dt dt
—=n=2 . + . +
I, 0=1I,(s)+ 2[512 (s)-i, (O )]—[SI1 (s)-i, (0 )]
=L =1£20°A On solving, we can obtain 1;(t) and i, (t)
3t
08. i(h=5-¢ * {5 cosh[\/g tJ -5 sinh[\/g tﬂ A
Sol: Transform the above network into phasor 4 4
domain
’b\?ﬂ j4Q 10.
v ./ \ Sol: By the definition of KVL in phasor domain
+ * =
32000 @ j8Q 145@ 10 Vs=Vo-V2 =0
_ \Y%
V,=V,-V,=V|1-—2%
0 S 2 S{ VS ]
Network is in Phasor -domain V=71
V=21 By KVL
By KVL in p-d = Vs =joL;.I;1HjoM (0)
520°=1+8.1,-4.1, Vs = joLy(0)+HoMI,
0= Iz+j412—j411 M
A ) V, =V, (1 — j
I, :Xl;il(t):Realpart[Ilem]A UL
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‘ 6 Two Port Networks

Chapter
(a i i 2 !
ass Room Practice Solutions ) S+= -S——
Y = 3 3 Imho
1 2
-S—— S+=
01. 3 3
Sol: The defining equations for open circuit
impedance parameters are: 04.
Sol:
Vi=Zuli+Zx1h 0 . 2 e .
Vo= 2011+ 27l M i, e
10 4s+10 10 1
—| S S Ry
[z]= 10 35410 Q o o ° o
S S
—mbho %
o 3w o o—e—MW——7-—F———o
02. Ans: (b)
-1 gl £l gL
0 — 13 3 3
Sol: The matrix given is 1 % = {y” ym} ° ° o °
- Y Yo 2 1 1 1
2 2 vo_|3 3 y_|3 3
. A — B
SINCE Y11 #Y22 _l 2 1 2
= Asymmetrical, and 3.3 3 3
Y £y ¢ 2
= Non reciprocal network ! 3
Y:
2 4
03. 303
Sol: Convert Y to A:
1Q - -~ 10 1F 0s.
o—MW——wW>——o o I I o 1F Sol: Convert Y to A: Convert Yto A:
K2 210 N
S o 1o 02 12y 0oy
1 o—<—MM——MMrﬁ;—02 1 o—<\—'WW——'WW—7—02
lmho 1F=S mho \\\\ EE 1!2;’/, \\\ 5:29/ ’
3 | l o) \\ /’ \\ /,
to—7 = W———2 1o I 2 I'o NG 02 lo N 02
§§ lIl’lhO £ —mbho
10 09 o 02 |
Fig:A Fig:B — M o o m .
2 1 - = - =
- -z _ -5 : - : R
v |3 3 v |5 -8 : : 3 3
A 1 2 B -S S ° 0 < o
3 3
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2 1] 2 1 08. Ans: (a)
13 3 6 6 Sol: For I, = 0 (O/P open), the Network is shown
Yu = 12 mho Yp= 12 mho in Fig.1
3 3] 6 6
6 3] 1 L 20 1,=0
- —— 1 - + o A
|6 6| 2 W ot
Y = = 1
3 6 1 §
-z = -~ 1 10
6 6 | 2 vV, < \l/ 3L V,
21,
06. ~
Sol: ° °
1 Fig. 1
I+— 1
T =T. = _Jl Vi=-21 (1)
1 2 1 V
— 1 Z,=—-1t==-2
-]l I
1+j 1 Vo=-61L+Vieeiiii . (2)
= i1 From (1) and (2)
Vz = -6 Il -2 11
Ts= 2,=1Q; Z, = © or V.= —-81],
i V.
T3 = 1 1 Z21 = —2 = —8
0 1 I,
T = (T))(To)(Ts) For I; = 0 (I/P open), the network is shown
~ ] in Fig.2
T 13 2+ 4
= : : I
—“1+2 3 =0 < I,
- + o :‘Wv 0 +
2
07. 10 I ©
2 1 Vi % ’ \
Sol: T,:Z= ?
1 2
T = 23 - ° Fig.2 o
Pl o2
T,:7,=0:2,=20 Note: that the dependent current source with
) | O’ current 3 I; is open circuited.
Tz{l 1] Vi=11,, ZIZ:&ZI
2 2
v
V=31 Z.. = 2 =
T=[T][T] S 2, 70
-2 1
T=[3.5 3} [z]{ . 3}
2 2 -

| ACE Engg. Publications Hyderabad | Delhi | Bhopal |Pune |Bhubaneswar | Bengaluru | Lucknow |Pama|Chennai | Vijayawada | Vizag | Tirupati |Kukatpally | Kolkata




R ACE
v v Engineering Publications : 54 : Network Theory
09. 12. Ans: (¢)
Sol: By Nodal I
Sol: Y,, =—
_Il +V1 _3V2 +V1 +2V1 _V2 :O 1 V,=0 50 50
MMN——WW

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

4 —4}
(6)
2

¥

[Z]=Y"'

Y

We can also obtain [g], [h], [T] and [T] by
re-writing the equations.

10.

Sol: The defining equations for open-circuit

impedance parameters are:
Vi=Zh+Zlh

Vo =2+ 2l
In this case, the individual Z-parameter

matrices get added.
(2) = (Za) + (Zv)

a3 3

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 Yo etc

-04
mho
1.4 }

1.4
-0.4

v-|

50 50
I
Y, _61 =0
13.
1+é Z,
Sol. (i). [T, ]= 2
1
— 1
ZZ
1z,
(11)' [Ta]: L 1+£
Z2 ZZ
[T,] and [T,] are obtained by defining
equations for transmission parameters.
14.
Sol: In this case, the individual T-matrices get
multiplied
(T)= (1) (1)
8 4
(T) = (T)(Tay) = [1+574 572 ( ]
/2 1 )\2 5
_(3s+8 3.5s+4
6 7
15.
Sol: Z —R_=Yi_AV:-BL _V,-2L,
I, CV,-DI, V,-3l,
V,= 10(_ Iz)
in = in =£Q
13
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16. Substitute (5) in (1)
-1, V
Sol: -4 =7, I V, =21, —L 42
+ & > 2 2
1 1,=0 A I Il
V_l "E 3
= V,=[@4[[4)L, ], 2 V=21 4=V, e, 6)
= 0 = =30 2
=71= 2Q _+. v, . i l
v, SES
=7 =2Q 3Q 2 =10 2 2
By KVL = ] ] 1 _1
31, I ¥ o2 2
2oy, -L=p e g=[h]" =
2 2 3
2 2
Vv, =1,
=7,=1Q0=7, 17. Ans: (a)
2 1 Sol: Y. —1—2\
Z= Q oL Y, = V,=0
2 -1 just use reciprocity of fig (a)
Y :Z—l _ 3 3 U lA
-1 2 N —
3 3

0.5Ay @) v

Now [T] parameters;

V, =21, +1, ........ (1)
V,=1,+2L,.......... (2)
Now use Homogeneity
= 11 = Vz—ZIz ......... (3)
5A
N <
Substituting (3) in (1):
g (3)in (1) 25AL N

V,=2(V, =21, )+1, =2V, =31,......(4) ~)5V

23
T=

o
T1=T71: 2 -3 SO’YZZZI_ZV:O

-1 2 A
= 3 =1mho

Now h parameters 5
21, =-1, +V, This has noting to do with fig (b) since

1 v fig (b) also valid for some specific resistance
I, =I_1+72 ......... (5) of 2 Q at port-1, but Y, , Vi= 0. So S.C

2

port-1
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18. VamVi
Sol: &:&:n:_Il R 1
V1 N1 Iz Ilz = 12 +Il
vy 1_L_L-L L
Vv, n 1 I I,
1 1
:>V1:_Vz_(0)12 I_Z:l 1——1+n
n [, n n
1
— 0 1+n
= T=|, = —11,
0 n n
n 0] I = I+n)\(V,-V,
T =T = 0 l n R
-0 V, -~V
om0 p_fL+n 27, 2
T'=T"=|, 1 ? n R
L n |
Now h-pararrlleters i (1+n)(n-1
V=), +—-V, v, n nR
n
-1, VvV, _n’R
L :T"'(O)Vz I, n*-1
.
0 - 20.
h= -1 Sol:
— 0
n _ 1
0 —-n| N
g:|:n 0 | )Q'
Note: In an ideal transformer, it is impossible to N> /
express V) and V; interms of I, and Iy, *

hence the ‘Z’ parameters do not exist.
Similarly, the y-parameters.

19. Ans: (¢)

\Y
Sol: Z,, =—*+ R
12 V,=0
] —
vV, 11, + 12
, n |\_/1 Yz
1 e/ 1:n 2
VvV, =—V,
n

For series parallel connection individual
h-parameters can be added.

.. For network 1,

hi =g
[t o]
IR
1o
R
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For network 2,

h, = g

.. overall g-parameters,
g="h"

23]
- 2]

[2/3 1/3
87113 273
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Chapter

Graph Theory

(Class Room Practice Solutions )

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
~b=11

03. Ans: (a)

04.

Sol: Nodal equations required = f-cut sets
=(n-1)=(10-1)=9
Mesh equations required = f-loops
=b-nt+l1=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) a
C
g
06. Ans: (a)
07.
Sol: For a complete graph ;
bon, =10 _ g
: 2
n=12

f-cut sets = (n—-1) =11

f-loops = (b—n+1) =55

f-loop = f-cutset matrices =
— 2122 pl0

L2

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
StillN=4

Branches = 6; f-loops = Links = 3
LetN=5

Nodes = 5; Branches = 8; f —loops = Links
=4 etc

Therefore, the graph of this network can
have at least “N” branches with one or more
closed paths to exist.
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09. Ans: (b)

Sol:
2 2
4
3

10. Ans: (d)
Sol:
(@ 1,234 —
i

11. Ans: (b)

Sol: m=b-n+1=8-5+1=4

(b) 2346 —

©) 1456 —

(d)n,3,4,5 -

12. Ans: (d)

13. Ans: (d)
Sol: The valid cut —set is

(1,3,4,6) /
14. Ans: (b)

Sol:
0 ® o 5

® o @

15. Ans: (d)
Sol: 8

¢ —

Fundamental loop should consist only one

link, therefore option (d) is correct.
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01.
Sol:

02.
Sol:

03.
Sol:

04.
Sol:

05.
Sol:

.3

Chapter

Passive Filters

(Class Room Practice Solutions )

©=0=V,=V,

= Low pass filter
ow=0=V; =0

ViR,
Rl +R 2
“Vy” 1s attenuated = V=0

COZOZ>V0 =

w=0=V; =V,
It represents a filter

characteristics.

high  pass

H(S):\]i(s)

_ S’LC+SRC+1
SC

Puts= joi
_ o’LC+joRC+1

joC
®=0=H(s)=0
w=0= H(s)= 0
It represents band pass filter characteristics

0o=0=> Vo= 0
0=0=Vy=0
It represents Band pass filter characteristics

0o=0=> Vo= 0
W =0= V() = Vi
It represents High Pass filter characteristics.

06.

Sol:

07.

Sol:

08.

Sol:

09.

Sol:

10.

Sol:

11.

Sol:

1
H(s)=———
( ) s? +s+1
o=0:S=0=>H(s)=1
w=0:S=w0=>H(s)=0
It represents a Low pass filter characteristics

2
S

H(s)=———
( ) s’ +s+1
®=0:S=0=H(s)=0
w=w0:S=w0=H(s)=1
It represents a High
characteristics

pass filter

0=0;V, =V,
0=0;Vy=0
It represents a low pass filter characteristics.

0o=0=> Vo = Vin

0w=0=>Vy=Vp

It represents a Band stop filter or notch
filter.

S
H(s)=———
) s’ +s+1
©=0:S=0=H(s)=0
w=0:S=w=H()=0
It represents a Band
characteristics

pass filter

S? +1

s’ +s+1
0o=0=>S=0=H(s)=1
w=0=>S=w=H(s)=1
It represents a Band stop filter

H(s)=
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12.
l—s Where f; __1
Sol: H(s)=— 2mRC
I+s {
0=0=S=0=H(@s)=1 H(jo)= -
w==S=w=H(s)=-1=1,180" 1+(f]
It represents an All pass filter f,
13. Ans: (¢) N o f
Sol. ) LH(JO))— tan [fLJ
—WW———
N —: f:0:>(1):00:(|)min
v c/ v f=1f = ¢=—45" = dmax
¢ * 14. Ans: (b)
0o=0=> Vo = Vi
w=0=V,=0 15. Ans: (d)
V2 1 16. Ans: (a)
vol)=| 18|
R+ SC
5¢ 17. Ans: (¢)
Vo (s) 1
vV ( :H( ):
; s) SscR +1
1 1
H(jo)= =
(Jm I+jocR I+ f
+j—
fL
H G o)t
1
L
V2 . BW - Stop Band
: > f
0 f= fL
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