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Network Theory

(Solutions for Volume-1 Class Room Practice Questions)

[[ 1. Basic Concepts ]]

01. Ans: (¢)
Sol: We know that;

dq(t) = i(t).dt

i(t), Amps

A

» t(usec
= (usec)

Susec

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

0

q=qiFqf +qs |
(Ex3x5j+[5><lx2+(1x3)j+(5><1><1+(1><3)j
q=15uc

02. Ans: (a)

Sol:
a 1 b 4 A

4A

RV a— 8V§R w320 — 8V

Applying KCL at node ‘b’
[+4=4

= [=0A
And 3 =4
R
= R=2Q
03. Ans: (a)
Sol: The energy stored by the inductor (1Q, 2H)

04.
Sol:

upto first 6 sec:

Estorcd upto 6sec 3 j PL dt
= [ (L di(t) .i(t)] dt
dt

il i[2] L6 |«

_l[z{dt (3t)} 3t} dt+JI2[dt (6)} 6] dt
o [d
+£(2[a(—3t+18)}<(—3t+18)Jdt

=[18tdt+ [0 dt+[(-6[-3t+18] )dt

=36+0-36=01J
(or)

stored upto 6 sec = E L ‘ t=6sec

E

L(it) [, f

N | —

=l><2x02 =0J
2

Ans: (d)
The energy absorbed by the
(12, 2H) upto first 6sec:

Eabsorbed = Edissipated + Estored

inductor

Energy is dissipated in the resistor
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Edissipated = J.PRdt = I(l(t))z R dt

2 4 6
:j(3t)2 x1dt+j(6)2 ><1dt+j(—3t+18)2 x 1dt
0 2 4

2 4 6
= [9t” dt+[36dt+ [ (91" +324-1080)dt
0 2 4

=24+72+24
=120J

. Edissipated = 120 J
And EsmdupmSSCC =0J

". Eabsorbed = Edissipated + Estored
= Eapsorbed = 120J+0J=120]

Ans: (a)
Point (=20, 0) = V=-20V and [ = 0A
Is — 0A
»> o A
+
4]
NONES flﬁs V=_20V
oB
ByKVL=IsRs-V =0
= IgRs+20=0
= [fRg=-20V ........... (1)

Point: (0, -2) = V=0V and [ = -2A

Is A
A N
+
Is (D 0V =Rs V=0V
B
= =-2A
Substituting I in eq (1)
Rg =102

I A
- ¥
AVZR.
2A 100
(D 100 1oV ;
1A 1A
B
From the diagram;
I=—1Aand V=-10V
06. Ans: (a)
Sol: V4
* linear
-1 T~ L * Passive
* bilateral
-V
07. Ans: (b)
Sol: +V
* Non linear
I S I * Active
* Unilateral
-V
08. Ans: (e)
+V 4
Sol: sl
-1 0£ I * Non linear
— L 3 * Passive
v * Unilateral
09. Ans: (¢)
Sol: 1Y%
O \ .1 " Linear
* Active
* Bilateral
-V
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“3 EEngn{o%ngElz’ubhcanons Network Theory
10. 12. Ans: (d)
Sol: " M Sol: v ( Lk Vlj
. 20 ( L ?] v
4V v AN —>- —>
e
+ o5 +
E . 50 3V,
" L) v 20 § Vou
6V 8V
/ /\ Applying KVL
Va [ 3y lov ’
-V, + lz(lm —&) + 2[1in —ﬂj =0
5 5
1)ByKVL=+10+8+E+4=0
(1) By v o1, 12V o 32N
=-22V 5 5
2)ByKVL=+V;-2+4=0 14Im=49V
Vi=-2V 5
(3)ByKVL =+ V,+6-8-10=0 vl . 1)
Vo= 12V 49
Vi = 2(11 - ﬂj ....... @)
11. Ans: (d) 2
Sol: Substitute equation (1) in equation (2)
: 30 20
N \lout:2 I _Exﬂlin
49
5V —— Q)lA - 2V T T3V _95
1%).
7
=50
Here the 2V voltage source and 3V voltage 7 "
source are in parallel which violates the ~V,, =-7.1431

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).

13. Ans: (¢)

Sol: =12V
| %
Lo
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By nodal = By using KCL
V = 12volts ' .
Power delivered by the dependent source is By using nodal Analysis at V; node
V, +15
Pao = (12 x 4) = 48 watts ST o220 =V, =421V
14. Ans: (d)
Sol: 051
4_
L
> MWW
20
Y
e 220
oV
051 .
D ByKVL=1-1,-1,=0
. 1, =0.5A
g CHAA : By KVL = — iy —i,+1 =0
i, =0.5A
VG) m " ByKVL=V,-05+2+05-V,=0
V,=V;+2V
Applying KVL, 7
Sol: As the bridge is balanced; voltage across (G)
= V+1.51+21=0 |
is “0V”.
=>V=-351
By KCL at node “A” = -+ 5m+5m =0
Is=10mA
15. Ans: (¢)
Sol:
ey, 20X
MWW—s e\
S -- - Is
AWy oVss ®
50
AW m
8Q ! | ) 1
15V =
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18. P6Q =0W (Given)
Sol: Given data: = i2,.6=0
Vg =5V and V¢ =4sin2t then Vp = ? .
R ¢ L :>16Q:0(V6Q:0)
N VitV gvi-v,
6+ 38
1A
+
502 v,=5V By Nodal =
A B V¢ = 4sin2t V, -20£0° +£+0=0
1 j]
Vi=10+2 2£45°=V,
By Nodal =
0+ ﬁ + u = O
5 5
S V =2V, = 2(1042 £45°%
CdVv,
= ——¢ = i(4sinzt) = 8c0s2t -V =20~2 £45°
dt dt
By KCL; -1 — 2 + i+, =
' y KCL; it =0 20. Ans: (d)
1L =3 — 8cos2t Sol: .Y o
We know that; 7 AW
di, .d i I
Vo=L—% =2—(3 — 8cos2t ' 1
- dt dt ( ) \ @ §4Q t 21,

= 2(—8)(—2)sin2t
Vi = 32sin2t volt

19.
Sol: V =7 If power dissipated in 6€) resistor is
Zero.
10y 60 BQ v, 50
_/w,_
—> 0A
N
20£0° G) %jlﬁ §5Q GDV
L ov

Note: Since no independent source in the
network, to be
unenergised, so called a DEAD network™.

the network is said

The behavior of this network is a load

resistor behavior.
By Nodal =
g+ X V=21, 0
3V =28l
vV 8
Req =—==-Q
Il
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Sol:

R; § 34 A §R —V

22.

b |
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Ans: (a)

V;
©
2

1A R @2:
Apply KCL at Node — 1,
[=Igtlrz3=1+1=2A
Apply KCL at Node — 2,
Li=--1=-2-2=-4A

1F ZA \/\/Zl
zc /\ I /\
[
Z,
Fig.1
Zl—ZA+ZB+(ZAZBj
ZC
e
11 s\ 2s
s 2s (lj
3s
21:—1 ) C:lF
1] 3
S P
3
5))
2 3
Z,=7,+Z +Z C—L+i+ AL

23.
Sol: Z,, =7

a
20 40
—j4
y— |
j2
20 4Q
b

Since 2 * 4 = 4 * 2; the given bridge is

balanced one, therefore the current through

the middle branch is zero. The bridge acts

asbeIOW'
: > 3
3
4><8
ab — -
4+8 3

| ACE Engineering Publications yderabad | Delhi | Bhopal | Pune | Bhubaneswar| Lucknow | Patna | Bengaluru | Chennai | Vijayawada | Vizag | Tirupati | Kukatpally | Kolkata




[ L]

t?’ ‘fﬂ
'.3‘, | }Ensiné%ﬁncgubﬁcaﬁom Network Theory
2 5 o

Sol: Redraw the circuit diagram as shown below:

a

30 ;‘39
3Q
d c +—Ra
30 f 10
b

Using A to star transformation:

a

1Q 1Q

Ry —»
ab

[SSHIEN

30 1Q

S Rp=1+

Il
w |3
®)

25.

Sol: On redrawing the circuit diagram

R R or 3R or 100R

YWYy

= R or 3R or 100R

> l

P

AAAA

|
&

ANAA

=
AAA
YWy

Req

A

As bridge is balanced
So I{¥\B::I{J|I{cq::I{J|I{::I{/:Z

26. 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]

© }%d
/\r/\
bo b
Fig. 1
c d
/\/\
bo b
_ 0.1x0.1 — 0.05F
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e
a R, +R; =2+3R
R} -2R_ -2=0
| | 0.05uF R, = (1 +/3 )Q
0.05uF | T

29. Ans: (¢)

Sol: Applying KCL
loxso=21+1=3i

Cap=0.1 pF loi2so= (1 -31) A

Note: The bridge is balanced and the answer

be—

is easy to get. (1-31)  1/8Q
> N WW —
L 140 i 120
27. Ans: (a) AW ——— —il-WW
Sol: Consider a A connected network 21§l 2i
1A T)

Applying KVL in upper loop.
(1-3i) i 3i
+—+=

L) =0
8 2 4
Then each branch of the equivalent A 51 _ 1-3i — 10i = 1-3i
) . 3Z Z
connected impedance is —— = — 1
33 L= —A
13
28. Ans: (a) _3_i_ixi_i
Sol: Network is redrawn as 4 4 13 52
1
as—WW 30. Ans: (a)
o i A\
Reg= 1§ §Req Sol: 6Q 4Q
1
be AW —10V E 20 2i,
R, =1+1+—
1+R,, .
Applying KCL at Node V
R 2+2R_+R .
=2+—'—= = = B (1)
1+R,, 1+R,, 2 4 b
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iy ZM:VZ&X ~10 33. Ans: (d)
‘ 6 ‘ Sol: Redraw the circuit diagram as shown below:
PTH n eql'latlon (1?’ we get Across any element two different voltages at
3?" —SF L —-25+,=0 a time is impossible and hence the circuit
S =73 does not exist.
P= I
Iy =1.5A Another method: *
V- By KVL = V@ (Diov 350
V-2i -1-3
Ljependent souce = F=——=-1A =
dependent 1 2 5+10=0
. Power absorbed = (Igependent source) (2ix) 1520
= (1) (3)=-3W Cov
Since the violation of KVL in the circuit, the
3L Ans: (d) physical connection is not possible.
Sol: V(=7
d) e 34. Ans: (d)
2A L Sol: Redraw the given circuit as shown below:
250V,
3A
. By KVL = I
S0E1020 0@ @ oy B0
-20+0
By KCL = +2+3=0
+5#0
Since the violation of KCL in the circuit ; =
p'hy51.ca1 connectlo.n is not possible and the Since the violation of KVL in the circuit, the
circuit does not exist. . .. .
physical connection is not possible.
32. Ans: (b)
Sol: Redraw the given circuit as shown below: 35. Ans: (b)
Sol: Redraw the given circuit as shown below:
°+
By KVL =
— I
By KVL = . 10-10=0 +
~15-V,=0 Q) 1svEse Vo 0=0 10V 10 10VF50
+ KVL is satisfied -
Vo=-15V
f3A I5Q = Q =2A
> >—o0— 5 -
3A 0A Iso = 2A -
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Sol:

37.
Sol
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Ans: (d) a
20 A 20 [
MW —AWW
+ e + > _
AV el
- 20 2 v, 2V 240 208 203 (oA
Fig. 1
The diode is forward biased. Assuming that
the diode is ideal, the Network is redrawn
. s WO 208 102 Qs
with node A marked as in Fig. 1.
Apply KCL at node A
4-vy _ Vo | Vyt2 l
2 2 2
b
3vy _
=1 a .
a
3 §IQ
(Here polarity is different what we assume 4AM) gm o
so V, = =2 (2)4v
= = Y
20
.. b 3
: The actual circuit is 0.C. § %Q b
?a
b
20 20
b
4V 4V 38. Ans: (b) 10Q
0 Sol: _20V+ -
16 5QZ 10V
10V _— +
OO T 24
— 5V
Ob ——"
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Voltage across 2A =10+20+10-5 0A 40
=35V : . gv
.. Power supplied = VI 6V =30 +
—35%x2=70W {) ) wv (1)
10v _
0A 42A
39. Ans:(d) ~ e
Sol: v, 10
——MWW— Since; Py = Paps = 48 watts. Tellegen’s
V() . .
6Q \ Theorem is satisfied.
N ’V\\//OV\V_ - O a
12y 120 41.
Sol: By KVL in first mesh
el =>V,—-6+6-12=0
Applying KCL at node V Vi=12V
- Py = (12 x 9) = 108 watts delivered
V6n+%—%+%:0 R
M\ +
\_/
:%+%:2:V=W' "
V=4V oV (D O] @z v +<t 12v
S Vo= -

Applying KVL in outer loop
= -V+1(Vy) +Vap =0
= Vap=V-Vy=8-4=4V

40.

Sol: By KVL
=>Vi-6-10=0
Vi:16V

P4 = (8 * 2) = 16watts — absorbed
Pya = (24 * 2) = 48 watts delivered
P3qo = (6*2) = 12 watts — absorbed
Piov = (10 * 2) = 20 watts — absorbed

42.

Sol:

Psq = (12 x 3) = 36 watts — absorbed
Py = (6 x 6) = 36 watts — absorbed

Psyv = (6 x 6) = 36 watts — delivered
Prq = (12x6) = 72 watts — absorbed
Since Py = Paps. Tellegen’s theorem is

satisfied.

20
V. AAAA >
W
*o1
30 < 16V 240
§V3 N - 16
+ 4V3: ? Volt

4A
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Sol:
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W w
w W
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By Nodal = By KVL =
X_4 V 4V, ~0 V3 =21+4V;5;=0

3 5V3—21=0..ccoeeonn.., Q)
Nouovy (1) By KVL =

6 V=Vs 3)
By KVL = Substitute (3) in (1), we get
V; =2[+4V;3=0 24
5V3—20=0ocvvern ) T
By VL= V,= 22 voltand 1= 2 A
v=V; 3) 17 17
Substitute (3) in (1), we get P3q = 0.663W absorbed
Vs = ﬁ P4o = 64W absorbed

17 Pss = 69.64W delivered
V= 24 Vortandi= 22 A Po = 24.91W absorbed
17 17 Payvs = 19.92Wdelivered

P3o = 0.663W absorbed Since Py = Pas = 89.57W ; Tellegen’s
Psq = 64W absorbed Theorem is satisfied.
P4a = 69.64W delivered
P, =24.91W absorbed 44. Ans: ()
P4vz = 19.92Wdelivered Sol:

Since Pgey = Pas = 89.57W ; Tellegen’s

Theorem is satisfied.

v 20
T
+ 4Q
10 16V A
§\_/3 + 4+ AV = L?J Volt
4A
By Nodal =
\V4 N 4V, ~0
3
% R A (1)

1¢.
Ve =V, +E'(|).|C(t)dt

0<t<lI:
1.(t)=2t and
V():OV

1
A =0+Lj2tdt
1/29

]
5. Ve =0V att=0
=2Vatt=1
And V¢ varies as parabolic
initial

Continue to do like this with

condition.
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45. Ans: (c) By knowing V-1 relation of the branch

Sol: KCL as well as KVL are applicable to any KCL is used at each of the n-nodes to
lumped electric circuit at any time °t. obtain a set of n-simultaneous independent
Statement I is True. equations in n-voltage variables, which
The sum of the rms currents at any junction when solved will provide information
of the circuit is not zero in general. It concerning the magnitudes and phase angles
depends upon the nature of the elements of the voltages across each branch
connected at the junction. The ideal generator maintains a constant
Statement I is false. voltage  amplitude and  wave-shape

regardless of the amount of current it

46. Ans: (d) supplies to the circuit.

Sol: A=Y transformations are true for any ..Both Statement I and Statement II are true
arbitrary frequency, m. Statement I is False. and statement II is not the correct
Impedances in A=Y vary with frequency. explanation of Statement L.

Statement II is True.
49. Ans: (a)
47. Ans: (a) Sol: All networks made up of passive, linear time
o % invariant elements are reciprocal. Not only
Sol: q= _[1(‘[) dt= IS(t) dt =1 Coulomb o ) i ]
; ¢ passivity and time-invariance but also
q 1 linearity of elements is necessary to
Across capacitor, v = c C guarantee the reciprocity of the NW.
Energy inserted instantly from .. Statement [ is true. Statement II is also
t=0 tot=0" true and correctly explains.
1 , 1 1 1
= CvV'=-C — =—1]
7 v 72 2C 50. Ans: (b)
) . Sol: Duals:
Statement I is True, Statement II is also True
and is the correct explanation. A. Mesh — Node (4)
B. Outside mesh — Reference node (3)
48. Ans: (b) C. Mesh current — Node voltage (2)
Sol: If there are (n + 1) nodes in a NW, by D. Number of meshes—Number of nodes(1)

selecting a datum or reference node.
The node pair voltages of all the other n-
nodes w.r.t this datum node are identified.

S1.

Sol:

Ans: (b)

In Duality resistance equivalent to

conductance
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Inductance equivalent to capacitance Since the bridge is balanced ; I; = 0A
Loop current equivalent to node pair (b) When 1V voltage source is acting
voltages alone
Number of loops equivalent to number of
. 1Q
node pairs. 10 10
3
+
52. Ans: (a) —— 2Q
Sol: (A) % 1, (Second) (4) B L
T
1 ) ) 5 1Q 1Q
(B) 1C = " —(Radian/second)” (3)
(C)CR=1 — Second (1) I, =0A
D) \/E _R - Ohm (2) Since the bridge is balanced. | |
C (c) When 2V voltage source 1is acting
alone
2. Circuit Theorems
01. L{Z20 10 10
Sol: The current “I” =?
1Q 2V<i> 10 %
W 10
N 1Q oAV X 1Q
IvV—_—
T " & Ii= 2 = 0.66A
I 3
10 1Q ..
By superposition theorem ; [ =1, + I, + I3

By superposition theorem, treating one
independent source at a time.
(a) When 1A current source is acting

alone.

@ 195 Grend

[=0+0+ 0.66A

[=0.66A
02.
Sol: 20 1Q
i
10v(®) M)3A <_L 2i
k=7
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By super position theorem; treating only one i i 3_7
independent source at a time e 5 5
(a) When 10V voltage source is acting S =1.4A
alone
20 10
— W——WW— 03 Rij=3A
arad Sol: ’—MA/V}‘
Ix1
10v( ¢ 5y 2i
Resistive % t
120V Network Rs 50v
By KVL = LWW“
R;
10 —2iX1 _ixl —Zixl =0
i =2A P =60W
For 120V —>1i;,=3 A
(b) When 3A current source is acting 105
For 105V — i =2 x3-2.625A
alone ' 120
20 10 _
\V, For 120V > V,=50V
% For 105V — V2=IE><50=43.75V
1 120
‘ M)3A  <{H2ig
V,=120 V= I’'R;= 60 W= 1= /%
3
For Vg =105 V
2
By Nodal = py=[10 |60 | &~ —450W
v (V-2i,,) 120\R, )
v 3 + x2/7 _ O
2 1
3V—4ino=6........... (1) 04. Ans: (b)
And Sol: It is a liner network
i = -V Voo, Q) .. V4 can be assumed as function of ig; and
2 isZ
Put (2) in (1), we get V. =Ai, +Bi,
3 ,
Lo = _EA 80=8A+12B — (1)
By SPT; 0=-8A+4B —>(2)
From equation 1 & 2
A=25: B=5
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Now, Vx = (2.5)(20)+(5)(20) 14 \A N V, -V,
V=150V 1 1
=2V, -V,-1=0 L. (1)
05. Ans: (¢) Apply KCL at node V;
Sol: _
o o 3A . ?V u+£+2vx:0
W S Wh— F——0a 1
A —— .y <. 2V, =V +2V=0 (2)
I But from the circuit,
P V=2l 3)
For finding Norton’s equivalent resistance Substitute (3) in (2)

independent voltage sources to be short
circuited and independent current sources to

be open circuited, then the above circuit

becomes
10 o.C. 30 sc
[T |
o.C. S.C. : 40 §
|
SRy=3+4=7Q R

06. Ans: (b)

) 20 10
SO]. ao AMA M
+V, -
=10 =l 2V,
bo

Excite with a voltage source ‘V’

a 20 Vi 1Q
r--———MWW——+— W\ —9
: Ty, T

Apply KCL at node V;

=2V, -V, +41=0

4V, 2V, +81=0

From (1),

2V =V +1

A4V, — (Vo +1)+81=0
=3V, +71=0

=V, = 1

Substitute (2) in (1)

2\4—[—2}1:0
3

2V, +11—1=0:>2v1 =
3 3
=V, . el
3

SV=V, 4V, = 21+(—%]
_ A

3
:Vzﬂ

3

_V_%4 = Req = 26

I 3 3

41
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07. Vo V V| ~0
Sol: 30 5 5 4
’ T vV_ 10 + Vi
n 5 5
~)  TEL10 §'1Q §j49 [
10040_() ] j Vin v, X+Xj
- 5 10 5

Here j1Q2 and — j1Q) combination will act as
open circuit.
The circuit becomes

——W——=

100200

100£0° xj4
BT

= 80£36.86° V

08.
Sol: Thevenin’s and Norton’s equivalents across

By Nodal =

Yoo+ Y Ve

5

30 vV 5Q ov

Y 0+Y <0
5 5
2_V = 10
5
V=25V
V= 2V _ 2x25
5 5
V=10V
ISC: (24-5) = 1—SA
15
Isc=—A
SC 2
Ry = Vi :@ =20Q
ISC lj
2
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20Q . 10.
W Sol: Vin:
150V(+) = 20 $200 6Q  j8Q 8O 60
= 2 MW g1t 21118 MWW
L b *b + + +
+) 110£10° Vi 90.£0%(~)
09. {
Sol: i
By Nodal =
V.,  110£0° VvV,  90£0°
- + J— =
(6+38)  (6+38) (6+j8) (6+]8)

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

. A%
V=801,;i,= —
b5 1b 20

- Inside the supernode, always the KVL is

written.

50,502

L b

By KVL =
100i, + 2i — 80ip, = 0

Vo 08xV
102 80
\% |
1

:R =
| 1

—+
102
Ry =50.5Q

2V = 200.20° = Vi, = 100.20°.
Rth:

2 111N
NS
)
o

i8Q

Rin = (6 +j8)/|(648) = (3 +j4)Q2

Y J A
MINEE!
100£0°(~) é’ Ry
B
Ry =[3+4| =5Q
[ 10020°
8+ j4)
P=|I> xRy

Prax = 125 x5=625W
oo Prax = 625 Watts
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11. Poax = |I"RL = 5%(10) = 250W
Sol: Prax = 250 Watts
10Q j10Q
. 150 13. Ans: (b)
100.£0°(~) Sol:
- R, 10 fike} a
TS o
+ V-
20£0° VED - j10 v Z
The maximum power delivered to “Ry” is

Ri= RZ+(Xs+X,)’
Here Rs=10Q2 ; Xs=10Q & Xy =—15
R = /10% + (10 —15)?

R =5/5Q.

_ 100.£0°
(10+jl0—j15+55)

Prax= [I|.5v/5 = 236W

12.
Sol:

—3Xc

+
100£0°(~) I
- 100

The maximum power delivered to 10Q2 load
resistor is:
71 =10 —Xc =10+ j(—Xc)
XL =-Xc
So for MPT; (Xs + Xp) =0
10 - Xc=0;
Xc=10
10020°
T (10+j10-j10+10) 0

b

For maximum power delivered to Z;,

"
ZL:Zth
1Q i itQ (1+Vy) a

< e o----1
SV + |
1

' —-jla vy ®1A
4 T
1

i, =(1+V,)x 1‘_%1 =(1+V,) (0.5-j0.5)

But

Vo =—ix

=—(1+Vy) (0.5—-30.5)
(=19) Vo=1+V,
=>Vo(-1-1)=1

V, = # =-0.4+30.2
-2—j
Applying KVL

+V,-jl1+V,)+V=0
=V =-V,+1(1+Vy)
=0.4 —j0.2+j1(0.6+j0.2)
V=024 04)V

"7, = % —V=(02+ 040
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"7, =7,=(02-04)Q Maximum power will occurs when R = R
=R=1Q
14. o
Sol:
NO) 210 S0
b
Z 2
- max = l X 1 = lW
2 4
I 1 1
0 = —X—=—
The maximum true power delivered to “Z;” 25% of By, . 4 16
is a
0
Vi = (&)( i5+5) =502 £45°
_J5+J5+5 1AG> §1Q § R
Zin = (=35)II(5+15) = (5 J5)Q2
b
| aeew Current passing through ‘R
1 1
50\/5445”_9 T N I=1X1+R=1+R
2
. .'.P=12R=( ! j R=L
b 1+R 16
0450 =(R +1)*=16R
= OW2L3S 5 5 sast —R?*+2R+1 = 16R
5-35+5+395) J
=R - 14R+1=0
— 7125 — 2 5 _
P=[IP5=|5V2 " .5 =250 Watts R = 13.92820 or 0.072Q
7 Pimax =250 Watts From the given options 72mQ is correct
15. Ans: (¢) 16.
Sol: Sol: For, E=1V, I=0A then V =3V
L oa
+
NO, Zi0 /§/R E=1V N V=3V
b
b Fig.(b)
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Vo = 3V (with respect to terminals a and b) Fig.(c) is the energized version of Fig. (d)
For, E=0V,1=2A then V =2V .

+
V=2V I=2A
—J'O__I Rth § D
N szvf i JI=2A _
. 2
Fig.(c) = R, = B =1Q
Now when E = 10V, and I is replaced by ~.with respect to terminals a and b the
R=2Qthen V=27 Thevenin’s equivalent becomes.
a Rth: 10
a
E=10V N \% R=20) V=30V
|
> b
Ry=1Q a
When E =10V,
From Fig.(b) using homogeneity principle V=30V e 0
——o03q b
+
E=10V N _ V =30x =20V
V(f_ 30V 241
s 5 V=20V

For finding Thevenin’s resistance across ab
independent voltage sources to be short
circuited & independent current sources to

be open circuited.

—Ca a
N = R

Ry

Fig.(d)

17.
Sol: Superposition theorem cannot be applied to

fig (b)

Since there is only voltage source given:

Isc — 30V

Nk

Fig ()
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By homogeneity and Reciprocity principles 150

to fig (a); AW —— WM —
Isc =6A
For Ry 50 § §1Q 6A
Ry —> N = %Rm
— . Z,, 10 s
4
Statement: Fig (a) is the energized version 7 4_ )
of figure (d) * o4
LU Y Y
6.5+1 7.5
N
10V —
- 19. Ans: (b)
Sol: A
Fig (a)
20V N }IA

10 - Rth' 5 by ohm's law —I_—o—
Ry = 2Q. Fig.(a)

[=4A +V N T 60V

1Q§ 2Q§ 2)6A ‘
Fig.(b)
Fig (b) Using reciprocity theorem, for Fig.(a)

6x2
1= =4A a

(2+1) A L

, N 20V

1=4A - T

18. Ans: (b)

4 Z, Z,]0 I=3A Y N T 60V
10=7Z; (4) +7Z12 (0)

4 =75 (4)+ Zxn(0) Fig.(c)

(@ ake
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Norton’s resistance between a and b is 20.
Sol: 10
R, 10A2Q [ W—y 10A
a — —o0— a T SA
20V
N = Ry l\é\g\/ 5A A
t +
e +
’b—:— —o— b E— §R2 25\§SQ 502 25V
Ry Fig.(d) - B
Fig.(a) is the energized version of Fig.(d) A A A
4 J 5A SA
+
20V Ry + - 25V = 25\(V)5A
25V=50 _
b
B B B
R, =250
= = = = * =
With respect to terminals a and b the Pas = Psq = Pasy = Psa = 5725 = 125 watts
Norton’s equivalent of Fig.(b) is (ABSORBED)
a 21. a
50 Isc = 3A Sol: ‘ :
b 20 20 10 I=?
10
.. From Fig.(b) 4V 12v Al
a b
AV N 1 60V By Mill Man’s theorem;
+ o— ]
b V' = V.G, +V,G, + V.G,
a G, +G, +G,
/50 =3A 122
o \Y Isc= =9 21
+
b (1 + 1 + lj
2 2
=>V=-15V _4-12+4 Y
2%2
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. 24. Loy 2
1 +I Sol: [
— 5F
2
1V %39 10£0°A @ 20 JH §1U
b
~V=-1V ;
Ll:—+i+—:l+—+1=2 25
R R, R, 3 2 ) 20 40
1 Sol: MWW AW
“R'=-0 i
2 +
» _2 10V(£) @ §3Q@ ) 5i,
= =1= 7 A -
>0
2
Nodal equations
22. Ans: (d) 1=GV
Sol: i
‘ 10 = 211 + 3(11 —iz) ........... (1)
s ZsmH g 0 = 4y + 2iy + 3(is —i1) Q)
+ + Vi=V;
10sin100t ~ _
S 10sin200% >_ 10Q 10=2V,-3(V:-Vy) . 3)
0=4V,+2V,+3(V.-V) .l 4)
v, 30 v
. . . r'y IVVV\/ .
Since the two different frequencies are
operating on the network simultaneously; + +
10A @ V,220 40 5V,

always the super position theorem is used to
evaluate the responses since the reactive
elements are frequency sensitive

1

ie.,Zr=joL and Zc =—Q.
joc

23.
Sol: if both the source

are100rad/sec, each then Millman’s theorem

In the above case

is more conveniently used.

26.

Sol:

When only E; is acting, I'R =18

:>11:,[§:3/3

R R
- [2 [2
Similarly, I, =5 E;13_:7 =
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When all sources are acting,
Low =L +1, +14
= G
Maximum power consumed by R is =b @\) § S § Gu
2
P= ItotalR
2 I, = Vy(Gs + Gr)
[fEsfErfE] e
’ RS , ; S ’ - I{L
2 2
==(3+5+7fR
R Thevenin and Norton equivalents are
=450 W derivable for linear NW’s only.
Minimum power consumed
P=3(3+5—7)2R:2W 29. Ans: (b)
R Sol: Conversion to equivalent T — NW and
application of Thevenin’s Theorem have no
27. Ans: () relation.
Sol: IL = %, PL = Ii RL
g T 30. Ans: (d)
Py is maximum, when I is maximum. Sol: Z; should be equal to Zs" and n=50 %
I is maximum, when Ry is minimum .. Statement (I) is false but Statement (II) is
=3Q true.
Statement (I) is True.
During maximum power transfer, (i.e., when | 37 Aps: (a)
R, =3Q), |Z, ‘:,/Ré +4°=5Q. Sol: Diode is a nonlinear and unilateral device.
R ‘ 7 ‘ Hence, Thevenin’s theorem cannot be
~R, #
. ¢ applied. Both Statement (I) and Statement
Statement (II) is false. (IT) are true and Statement (II) is the correct
explanation of Statement (I).
28. Ans: (b)
ARS 32. Ans: (¢)
VVV\l ° . . *
T Sol: A. Load impedance (10 +j 20)
vi() D =R, ~10-20 (5)
- B. Total impedance Z;+ Z; =20 (4)
50
Vi=1(Rs+Ry) C. Current 0 2.5 3)
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D. Maximum power
(2.5 x 10=62.5 (1)

33. Ans: (b)

34. Ans: (b)
Sol: A. Superposition theorem is applicable for
linear networks only (1)

B. Tellegen’s theorem utilizes the structure
of the NW irrespective (3) of the nature
of the elements

C. The equivalent circuit of a NW at two
terminals can be obtained by using
Norton’s theorem. (2)

D. Reciprocity theorem is applicable to
Bilateral networks (4)

35. Ans: (¢)
Sol: A. Reciprocity
— Bilateral (2)
B. Tellegen’s

- Zij (t)iu(t,)=0 (3)

C. Superposition
— Linear (4)
D. Maximum power Transfer

— Impedance matching (1)

36. Ans: (d)

[[ 3. Transient Circuit Analysis

01. )
Sol: i©

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

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

Response Laplace transform _

4 System
Excitation Laplace transform

transfer function

1
I(s) (s+3)
“ Ve VT
S
_ S g b
T ey 9T
Z(s)=(s+3j
S
ST S L
(1j SC
gl =
3
L R=1Qand C= %F are in series

02. Ans: (¢)
Sol: The impulse response of first order system is
Ke ™.
K
s+2

So T/F =L(LR) =
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II. Evaluating at corresponding ws of the
sin 2t k y (1) .
S+2 mput
H(G®)|o=0=10
1 o
H(Go)|p=1 = ——= £-45
G(s) = K V2
s+2
. K K I(s)
G(jo) = = . —= =H(s)
| | Jor+2? 242 V(s)
I(s) = H(s)V
£G(jo)=~tan” £ = —tan 1= -3 () =HE (S)l
) i(t)=0 x 5+ —x10sin(t —45°)
So steady state response will be V2
=K Sm(Zt _E) i(t) = 7.07sin(t-45)A
242 4 OBS: DC is blocked by capacitor in
steady state
03.
Sol: 04.
1Q 2H
Sol:
oo ®) ! !
V(s
_ >~ H(s) = Z(s) = -
5V
-T VO @ “—IF 1) Y6 (1 L L Scj
+ sL
10sint
) H(s) = +
By KVL = v(t) = (5 + 10sint)volt (1 + -4 Sj
Evaluating the system transfer function H(s). S
. ) 1
De.SIre.d response L. T = System transfer function H(jo) o1 1 =1
Excitation response L.T (1 + -+ J]
J
I8) v L 1
V(s) H(s)=Y(s) ZoN V(s) = I(s) H(s) = sin t
Byl v(t) = sin t Volts
HE) = o
(257 +s+1) 0S.
.|
H(joo) = 1 1 Sol: T =
eq
(1 +—+2 jw}
jo
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Req . Ceq = 1 F
20 90 L 1=3x1=3sec
AW AW 1
[ l 07-
20 — o« =
)i § R = (2I2) +9=10 Sol: 1=R C
I Req: 20 10
= —l— =
Req=(2(12)+9=10Q ZQ§ .
Leg:
1H T I
)
Lea % 2H % 2H Req=3Q
B —
S t=3x1=3sec
Lg=Q2|2)+1=2H 08.
L ) Sol: Let us assume that switch is closed at t = —
_ T _ 2 _ ) )
t= R 10 2 S oo, now we are at t = 0 instant, still the
eq
switch is closed i.e., an infinite amount of
06 time, the independent dc source is connected
Sol: T =Ry Ceq to the network and hence it is said to be in
_ steady state.
Rat' 2o -~ In steady state, the inductor acts as short
AW M . . ’ . . . . .
l l circuit and nature of the circuit is resistive.

Reg=3Q
Ceq
. I
Ca ___F TTIF

2A T)

i (0"
X
MW
200
2A 2
0A 2A v 0A
+) 300 =220
2A<> oV o)y ov

| ACE Engineering Publications >Hyderabad|Delhi|Bhopal|Pune|Bhubaneswar| Lucknow | Pata | Bengaluru | Chennai | Vijayawada | Vizag | Tirupati | Kukatpally | Kolkata




[ L]

SR ACE
‘:le ‘:Engineeﬁng Publications :30: Network Theory
Att=0 : Steady state: A resistive circuit i 4
Note: The number of initial conditions to be 2A
evaluated at just before the switching action is
equal to the number of memory elements present 0 >t
in the network.
(1) t = 0 VL A
il(07)=2=1(0")
1 0 >t
E (07) = 3 Lii(07)
1 2 + —40
= —x4x2"=8] =E (07)
2
1
t=51t= 5><§ = Il sec for steady state
2OQ§ \‘/ practically i.e., with in 1 sec the total 8 J
+ stored in the inductor will be delivered to the
resistor.
2 A
©
Fort>0
i 4H
R )
— YIm
A 200
MWW
i fve
+ vV - Fort>0
Fort >0 : Source free circuit
2A
©
[h=2A;1= L_ 4
0~ , T E = 2—0 = — S€C iL(0+) VL(0+)
_t ) —
p=loer 2A 7 $2A
. s 200
1, =2¢” for0<t<oo A
di + V(0H —
V, =L —Lt = -40e” V for 0<t<oo
dt Att=0": Resistive circuit :

Network is in transient state
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By KCL ; temporary source (upto 5t), it discharges
—2+i(0)=0 from positive terminal i.e., the current will
il(0H=2A flow from negative to positive terminals.
V(0") =R iL(0") [By Ohm's law (This is the must condition required for
V(0H)=202)=40V delivery, by Tellegan’s theorem)

By KVL; (3) V(0 =—40 V
VL(0) + V(01 =0 V(0] =-40V
V. (0") = —V(0') = 40V =V, ()] . -
di, (t)
Observations : L st = -40
t=0"
= 0] di 40 40
1 (t
i(0)=2A iLl(0H=2A i =-——=—-— = -10A/sec
T V. dt | L 4
1209(0 ) = O A 1209(0 ) N 2 A Ch k
Vaoa(0) =0V V(0 = 40 V O,
_ S if(t)=2e¢ " A for 0<t<
Vi (0)=0V Vi(0)=-40V d;
O _ ~10 e Afsec for 0 <t <o
Conclusion : dt
To keep the same energy.as t = 'O_ ?mc? to di, (t) _ 10 Asec
protect the KCL and KVL in the circuit (i.e., 17—
to ensure the stability of the network), the
inductor voltage, the resistor current and its 09
: 10Q2
voltage can change instantaneously 1i.e., Sol: MW
within zero time at  t=0".
S t=0
@) . 00 3 v K 3 5w
i(t) i M +
2003 a0 B v %V — Y i
Fort>0 =
iL(t)=2¢"A for 0<t<ow
. + _
Vi(t) = 40 e ¥V for 0 < t < oo iL(0)=2.4A
V(0)=-96V
Conclusion: i(t)=2.4¢"'""A for 0<t<oo
For all the source free circuits, Vi(t) = —ve
for t > 0, since the inductor while acting as a
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10. .S 112 O T=50x20n
Sol: —e . AW T = lmsec
t=0 — + Vc(t) — Voe-t/’f — 20e-t/1m
8000 2 * = 50V i
2 uF Ve B Ve(t) =20e™ "V; 0<t<oo
il T ~
12.
V(0N =50V ; i(0) =62.5mA Sol: After performing source transformation ;
Teo 200 100
V() = S50e V for t>0 AW o AW
+ - + -
; dV, A +
c = 51 5H
dt By Ohm's law e, —
i
11.
Sol: Case(i): t<0 By LV _
500 5i, —30i, —s 3L 2 ¢
AW d
+ di, 5 -0
Ve(0) 22000 (})0.1A i,
(D + 5) 1,=0
i) =Ke™ A for 0<t<w
Ve(0)=20V & i(0)=0.1A
T = — sec
" capacitor never allows sudden changes in
voltages
Ve(0) = Ve(0) = V(') = 20V »-
Case(ii): t > 0 Sol: i, (0) =10A ;i (0) =2A
t
50Q . -
/vvv\, lLl (t) = IO e’
| L 1
- R 2000 = — = — =
VC___ 20uF i(0 )§ 00 G 0.1A T R 1 1 sec
i, () =10 e A
To find the time constant T = ReyC _t
After switch closed Similarly, i, (t) = I, e
Req =50Q C =20pF o b e
i(0) = 0A R

| ACE Engineering Publications /HyderabadlDelhi|Bhopa1|Pune|Bhubaneswar| Lucknow | Pata | Bengaluru | Chennai | Vijayawada | Vizag | Tirupati | Kukatpally | Kolkata




Prd

b |

>
)

. ACE

L
e,
:E‘,; }EngmemngPublimﬁons :33: Postal Coaching Solutions
_t -t
iLZ(t)=2062A Vo =8¢ =8¢V for 0<t<ww
i. = C dVe =-1.6e""'mA for 0<t<o
14. dt By Ohm's law
V(0™ .
Sol: «® l By KCL:
+ ictig=0
V(@) -C R- ~100't
6 mA D Sa@ [ 2 2k0 iR=—ic=16¢"'“"mA for 0<t<oo
0 B kQ Observation:
1 oV In all the source free circuit, ic(t) =—ve for

Att= 0" : Steady state : A resistive circuit

By Nodal :

Ve©)
4K

Ve(0) =8V =Vc(0)

Ve(0)
AU

- 6mA + 0

6 mA T Vic
Ve 2 uF
2kQ
v, 4KO §
| Tomn o Fom
PRTEAE. \ i
6 mA =0V

Fort> 0 : A source free circuit
Vi=6mx4K=24V

T=R;qC=(5K)2u=10msec

VS A
24V
8V
0 0 0 S

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:
i(t) = ir(t) + 1L(t)
Ve® 1
= T + E_J;OVL(t) dt
_ %0

: 1 ;
+1,(0) + E!Vs(t) dt

i(y=4t+5+4¢
i(t) [=25c = 8 + 16 + 5 =29 A = 29000 mA

16. Ans: (¢)

17.

Sol: 20ucy

20

v

00 0 0

—0o0
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Network Theory

1c=200x 107 x 10 x 10° =2 m sec
Te_20; 1. =207,
Ty

Observation:

TL < 7c ; therefore the inductive part of the

circuit will achieve steady state quickly i.e.,

20 times faster.

t

Vo =20e © V for 0<t<oo
-t

ip =20e * mA for 0<t<ow
di

v, =L St
dt

By Ohm's law

K. ACE
v ‘:Ensmeenng Publications :34:
" i i. =C dVe
iL(Oi) VC(O ) d t By Ohm's law
20V D -
1 kQ 10 kQ 18.
! Sol: Att=0"
=0V
MW
Att=0": steady state: A resistive circuit. 8Q2 40
1Ht=0" 12A <T> §SQ
Ve(07) =20V =V(0)) 07
i,(07) = 20 _ 20mA =1i,.(0")
1K i) 12x8 A
1 = =
- 8+4
+ Att=0"
iLl 0.1H Ve 200 nF
’ 124 4A 4A
- - AM <
1 kO 10 kQ SA y 8Q 0 |
12A <T> ! /lom ; gsg
For t > 0: A source free RL & RC circuit 0] . : it
0.1 4A 4A
T = — = 100 usec
o i1 (00) =-8A

Applying KVL in the loop,
=8(4) +4(8) +VL =0
=VL=—-64
di
dt
di,

= —64

=-32 A/sec

19.
Sol:

1/2s
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AV
V. (s)=
R+
/ / 21. Ans: (d)
Sol: at t<0
2 5 100Q2
= S = —W
2Rs +2+1 s(2Rs +3) “H
- - u(— +
2s .
5 0 1A=i(0)1 IO
V., () - V., | ()-—=0 Loopl | ~
s
\ 5
V() =V (s) +—
s
5
V. ()= Lt s.{— + —}
s>0 | §(2Rs+3) s ) -
Apply KVL in loopl = V(0)-100=0
5 20 \
—§+5—? = Vc(0) =100V 1009
—\WW
8A Att=0" 1oy T+ J
20. Ans: (d) 1A vy L 100V
Sol: att=0 -6 + VL( +):0 ‘.' [
di(0 R Wi
LIO_v o = Ldi0)
t i
V, =2x3=6 I I &
= X = a ar
- E2 dl( ) = 0
VL = 6V dt
E,+6-8R=0
E,=8R-6 22.
Sol: Case-1 at t=0"
By redrawing the circuit
> MWW
‘_
E;-4R =0 R; AA 1Q J
Eg =4R 10V =
8R—6=4R ‘ N 202 I
4R =6 | |
R =1.5Q E;
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v EEnginé%ﬁanEl:’ublicaﬁons :36: Network Theory
Current through the battery at t=0" is
10
— Am
3 p
Case-2 at t=wo n
—AW 60V io(07)
I 1q l 20V
10V =
2Q %
Att=0": A resistive circuit :
Network is in transient state
Current through the battery at t = o is10
Amp V(0 =20V
Nodal :
23. 20 —
Sol: 0 60+20+ic(0+)=0
ol: 50
WW ic(0H=-4A
+ 1Q gy310
60V > | . 24.
(0% YC(O ) Sol: Repeat the above problem procedure :
di, (t) _ Vi) _
Att=0": Steady state : A resistive circuit dt - L = 0 Afsec
t=0"
(i) t=0": dVe® | 1) _ 06 visec
dt - C
i,(07) = % =20A =i, (0) =
Via =20V =V(07) = V(0" 25.
0 Sol: Observation: So, the steady state will occur
MW either at t = 0~ or at t = oo, that depends
% 1Q 10 where we started i.e., connected the source
" to the network.
60V —/ io(t) 10 kQ Vo) 12k0
- AW *——o s ——\WW—
L %E) a0 AN 20V +0V -
+ [ ¢
For >0 | T C 100 v(f) VCI(iO)' 40k Z Veso)
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PR  ACE : i
v ;Engmemng Publications :37: Postal Coaching Solutions
At t = oo : Steady state: A Resistive circuit
AMWW—
Ve () = 100 40k =80V 20 % O ?
+
Ty T
T I - cm
Vea(0)  Ves(o)
L <1>
e—— g0V ———*
+ - — T C
V. () = 80 x 3uF _ 43V Fort>0
: (2+3)uF
and redrawing the circuit
Vo (o) = 0x2uE 5y
’ SuF
12V P
0
20 1c(07)
26. ‘0
Sol: 20 0A v
MWW > +
L+
+ 40 Vac(07)
18V -
_ -
i,(0) V(0)
Att=0": Circuit is in Steady state: Resistive circuit
i(0)=3A=i (0"
\E( ! 4x3 1L2( V) By Nodal
T axaT 12-18 12-8 .
5 + +1,.(07) =0
+ -6 4 . .
Vac(0) == 2C _+Z+12C(0 ) =0
12V N . .
Vo(0) —— C 12(;(0 ) =2A= 12(:(0 )
- - -12 . .
. 8-12 L(0) +3+i.(07) =
. ic(0)=0A=ic(0)
v, (0) = 12xC
‘ 2C+C
27.
=4V = Ve (09) Sol: t=0" t=0" t=0"
Ve(07) =8V =V(0") i(0)=5Ai(0)=5A
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P Ny

di, (0") _ V,(0") _

40
dt L
ir(0)=-5 A ir(0") =-1A
M = —40 A/sec
dt
ic(0)=0A ic(0M) =4A
w = —40 Al/sec
dt
Vi (0)=0V
Vi(0H =120V
w = 1098 V/sec
dt
Vr(07)=-150V
Vr(0H)=-30V
M = —1200 V/sec
dt
Ve(0) =150V
V(0 =150V
M = 108 V/sec
dt
().t=0"

By KCL => iv(t) + ir(t) = 0
(=0 = i(07) +ir(07) =0
iR(0) =5 A

VR(t) = R ir(t) [By Ohm’s law

VR(07) = R ir(07) = 30(=5) = —150 V
By KVL = Vi(t) = Vr(t) = Ve(t) = 0

Ve(07) = Vi(00) = VR(0) = 150 V
(ii). Att=0"

By KCL at 1* node =

— 4 +ig(t) +ir(t) = 0

—4+1i(0") +1ig(0) =0

ir(0") =—i (0" + 4
iR(0N)=-5+4
=—1A
Vr(t) = R ir(t) [By ohm'’s law
Vr(0") =R ir(0")
Vr(0H=-30V
By KVL = Vi (t) — Vr(t) = Vc(t) =0
VL(0) = Vr(0") + V(07)
=150-30
=120V
By KCL at 2™ node;
—5+ic(t) —ir(t)=0
ic(0)=4A

(iii). t=0"

By KCL at 1¥ node =
—4+ig(t) +ir() =0
i, |
dt
VRr(t) = Rir(t) [By Ohm’s law
d

d .
— V., (t) = R — t
dt R (D) dth()

By KVL =

Vi) = Vr(t) = V() =0

dV,(0) _dVe® _dve® _
dt dt dt

By KCL at node 2:

—5+ic(t)—ir(t)=0

d .
0+ —1.() =0
T NO,

d d
0+ —i.(t)——i,(t) =0
dth() dth()

d . .. _
alc(o)— (-40)

= 40 A/sec
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28. 30.

Sol: Transform the network into Laplace domain Sol: it) 4

V(s) =Z(s) I(s)
By KVL in S-domain =
I-RI(s)-sLI(s)=0

I(s)=% ! j

(H
t
A for t>20

| =

_R
L

i(t) =

1
—¢€
L

29.
Sol: By Time domain approach ;
Ve(0)=5x2=10V =V(0")

10Q2 V(s) 12Q
Ve() (D) 24

/ l AW
25v<i> S
]

At t =o0: Steady state: A resistive circuit

V(o0) = 25 N Ve(o)
10 5
V(o) =15V
T=Req C=(5]10). 1 =(10/3) sec
t
V. =15+ (10— 15) e '
Ve=15-5¢"""V for t>0

dV,
dt

Nodal = 2=0

i. =C =15e7" A for t>0

o \/\/v\/v ©

That is the response is oscillatory in nature

31.
Sol: i(0)=0A=i(0")
. A\
(o) = — A
() R
T = — SecC
. Vv A% —t/t \4 —t/t
t) = — 0 - — = —(1-
i(t) = ( R) e R (I-e"7)
V, = Ldi(t) =Ve ' fort>0
dt
i(t)
v
R
. >t
—00 0
Vi
v rzksec
R
° > t
—00 O

Expontionaly Increasing Response

32.
Sol: Vc(0)=0=Vc(0")
V(o) =V
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Eﬁsm{.%mcgubmm :40: Network Theory
t=RC i
/ i1 = [ 10u(t)- 9L |a
Ve=V+(0-V)e'" 100 dt
Nodal =
=V(1-¢"*) fort> 0 V. —20i
dv v - il + iL + # =0
ic=C—2=—¢"% fort>0
“ R 2, i+ 4l _
=i(t) 200 dt
Vi(t) Substitute ii;
A dl .
I d—tL +40i, =800ul(t)
Tt =RCsec 800
o & SIi(s) — i(0+) + 4011 (s) = =—
S
i) iL(0) =0A =i (0")
I ()_ 800 20 20
v - s(s+40) s s+40
=RC
R - Tut) = 20u(t) — 20¢** u(t)
—o |0 IL(t) = 20(1-e*%) u(t)
. 1 i
Expontionaly Decreasing Response = IOu(t) ———d—=
100 dt
i) = (10-8¢™*") u(t)
33.
Sol: It’s an RL circuit with L =0 = t=0 sec 35
i(t) = %, Vt>0 So, 5t =0 sec Sol: By Laplace transform approach:
i(t) 20 V() 1Q
A AM a M . + JE—
: )
R —_—
2V 2Q
5 - ®) 2 L ]{C(O
—00
. . For tlz 0 B
i.e. the response is constant
Transform the above network into the
34. Laplace domain
Sol: i, = 100u(t)- Vv,
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(4

20 VB 10

WAV, )
1
3@) 20 3|V
s It
: s

Fort>0
Nodal =
2 1
V(s) - = V(s) - —
S n V(S) n 2S | 0
2 2 1+ !
S
V(s)— 21s
I+-
S

—=i.() =% ¢ Afor t20

By KVL = V. (s) —L—llc(s) =0
2s s
1 1
Ve(®) = —+ - 1(9)
2s S
1 _t
ve() = I—Ee 2V fort>0
Ve
1V
T=2sec
12V
—0 0 >t
ic
LN
4
T=2sec
0 >t

36.

Sol: By Time domain approach ;
Vc(0) =6V (given)
Ve(o)=10V

40
MW
| .

+0V-

10V C)

Ve(0)=10V

At 't = oo : Steady state : Resistive circuit

1T=R C=8sec
Ve=10+(6-10)e™®
Ve=10-4¢"
Ve(0)=6V

. dv .
i.=C—C =¢" =it
c T (t)

By = @) 4dt =167
0

0A 0A
+ + " L]

10A<T>0V ov=10Q ovSsH 10 A Y

i(t)

<

Att=0": Network is not in steady state i.e., unenergised
t=0 :
ir(07)=0A=i(0")
V(0)=10x10=100 V

| .
10Q VL(?*)

10 A D
|
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Eﬁsm{émcg’ubhcaﬂons 142 Network Theory
At t=0": Network is in transient state : A v
resistive circuit
i(0) = 10 A (since inductor becomes short)
1,(0 i(0
T:L:izo.Ssec R Q Q
R 10
iL(t)=10+(0-10)e""
=10 (1 - e—t/0-5) A for 0<t<oo At t=0": A resistive circuit: Network is in
Vi =L d . © =100 V for 0<t< transient state.
= —1 = (5] or ST
L dt " (07 = 1ix(0")
EL|t=5‘rort=oo:lL ZlXSXlO2 250J BYKVL:>
2 2 -Ri;(0")-V-Ri;(0) =0
AR,
38. Ans: (b) i(07)="2=1.07)
Sol: OBS: iL(t) = i1(t) ~ ia(t
Veiltd LE ) = 11(t) ~ 1x(t)
+. - Att=0 =
. N iL(0) = i1(04) ~ ia(0+)
+ ovs R .
v — 1,(0) _% = 0A = Inductor: open circuit
-7 +
_ Vc2(0_)
I 39.

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

V-Vg(0)=0

Vei(0-) =V =V (01

Vea(0) = 0V = Vp(0)

ir(0) = 0A =i (0")

Sl

R
ii(t) L ip(t) %
R

L.

Fort>0 Fig (a)

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

into the S-domain.

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

Similarly:
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Sol:

143

Postal Coaching Solutions

Evaluation of ir(t) and ei(t) for t > 0 by
Laplace transform approach.

iL(0") = 6A; i (0) = 4A

e1(0") =8V; e)(0) =8V

20 ¢ p) 29
—AM
8
i —
16V — s 0.5H§ V) 6A
£ 8
=2F
S V()
Fort>0

Transform the above network into Laplace

domain.
20 g () 20
— MWW AW

8
£>§ s

s L8

-—° S
s
v ir(s)
S-domain :
20 g () 29
— MW
f 8 3V
DRI e
=
1 8 s
S 2

Nodal in S-domain
8
S

E (s)-16/s N E\(s)-
2 8
s

8(s* +6s+32
E,(s)==| F5—m
) s(s2+85+32j

S T

el(t)=8—4e™ sin 4tV fort >0

Aei(t)

IL(S)= El(s)+3

24>
2

iL(t) =4+2¢™ cos 4t A

for t > 0 w, = 4 rad/sec

O

4A\7\hﬁ(ﬁ';;

1 1

_XO‘)n -

4 g
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41.

Sol:

42.

Sol:

43.

Sol.

EEngné%nanEl:’ubhcanons 144 : Network Theory
4 4 Inductor never allows sudden change in
o, 4 current but if we allow the current to
€ =1 (A critically damped system) suddenly change then impulse voltage will
establish redistributing flux and then current
become equal in them.
oL Now solving using Laplace transform.
(i)t|t — tO = tan_l (?j
4V 2% 25 2V
l(ij vy
ot, =tan | —
R @
2 .01
2n(50)t, = tan™ (—n (505)(0 0 )J
I(s) [4s]=4—-2=2
t, =32. 14X180° ®) 1
t, = 1.78 msec. = I(s) = 2_s
So, by switching exactly at 1.78msec from |
the instant voltage becomes zero, the current i(t)=L1" [I(S)] = EA
is free from Transient.
44. Ans: (b)
Sol: For an LTI network:
oto + ¢ = tan (0CR) + g y(t) = h(t) * x(t) , Y(s) = H(s) X(s)
Statement (1) is True.
T - T
2t, t7= tan~' (0CR )+ = S(t) — 1
Statement (II) is True and is not the correct
i 4 1 T T 7
2t, + i tan (Z(Ej (l)j + 572 + 5 explanation of Statement (I).
T
2t0 = E = to = 0.785 Sec 45. Ans: (a)
Sol: Statement (I): True
Ans: (a) Statement (I1): True & correct explanation
At t=0" the circuit is
46. Ans: (b)
2A 1A
Sol: A —1 : Linearity property
B — 6 : Shift property
2H 2H C —4 : Time differentiation property
D — 3 : Integration property
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( (A) R>>Rc | pi=-01,| )
j f(t) dt — —2 + - j f(x) dx (Over A
damping)
F(S) B) R=R¢ pi=p2=-oc | (3)
and J‘ fde - (Critical
damping)
© R<Rc p=otjB | (2)
47. Ans: (a) (Under p=0—if Sinusoid
Sol: damping) <0 Decaying
i(t) 10 (D) R=0 p1=jB (1)
b > (No p2=-iP Sustained
damping) (constant
v(t) ==1F .
amplitude)
o oscillations
I(s) = V(S’l) _S V(ls) 49. Ans: (d)
1+g SF Sol: A. The internal impedance of an ideal
current source 1s infinity (7).
() V(O = u(t) . \ LA
Note that for ideal voltage source, the
1 1 . . .
V(s) = S I(s) = ne_~ (2) internal impedance is zero.
B) v(t) = r(t B. Attenuated natural oscillations, the poles
B v = r() of the transfer function must lie on the
Vi)=— , I(s)= 56 +1) .......... 4) left hand part of the complex frequency
plane, like s=—oa,s=—0+jB,a
©v()=5() . V() =1, -0
I(s) = A . (1) C. Maximum power transferred is
(s+1) BV B2
1 (—j xR = — (3)
D) v =e"u®) , V(s)= 1 2R 4R
s+
D. The roots of the characteristic equation
I(s) = ﬁ ........... 3) give natural response of the circuit. (2)
s+
So the answer is (d)
48. Ans: (d)
Sol:
Value of R | Location i(t), Fig
of poles
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01.

Sol:

02.

Sol:

03.

Sol:

04.
Sol:

3
9

EEngné%nanEl:’ubhcanons Network Theory
- - - 05.
4. AC Circuit Analysis ]] Sol: Complex power, S = VI*
L33 1250
I =1 —le'(t)dt—3+0+o—3A - .
e A B 30020°V @ J10Q== 2 200
e,
Irms - ?J‘O 1 (t)dt
I 20 j12.50
21215

Vi =V, = % [} vt =2v

Here the frequencies are same, by doing

simplification

v(t)=2- 3ﬁ(cos10txi—sin10txi)

2 72
+ 3cos10t =2+3sinl10t V

SO Vims = .[(2)° +(iz)2 =85V

NG

X s =1[%IOTX2(t)dt = %

Ans: (a)

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.

&/
1
L

N
L.
o0

+
30020°V (-

300£0°
T2+ j125+4- 8
= 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=il+(15D)[(1+j2)=1.4+]0.8

5‘ _ 10420

Z PO 448
=6.2017£-9.744° A

11+ 72)

-l 2

I:

=6.2017£27.125°A
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. Icis in oh .
_ I'(l Jl)' —3.000/-8131°A Network is in phasor domain
I-jl+1+32 Nodal =
E,= (1411, = 8.7705£-17.875°V V V V=5.0°
Ey=0.51,=1.961£-81.31°V P2 2 -j0.5
V =6.32218.44°
07.
_ \ _ 0_ j18.14°

Sol: Since two different frequencies are Iro = 5 3.16/18.44"=3.16¢

operating on the network simultaneously ira(t) = R.P[Iro¢?]A

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

= 5+3.16cos (2t+18.44°)A

always the super position theorem is used to
evaluate the response.
By SPT: (i)

10V —
08. Ans: (¢)

1 1
Network is in steady state, therefore the Sel; s? +1 - I(s{2 & _) =0

s
network is resistive. Ir(t) = % =5A ( 25+ 282 +1 1
I(s =
(ii) s s* +1
- IF .
0 . I(s) + 25°I(s) + 2sl(s) = oo
20 Scos2t 7. v
B i(t)+2d21+2$:cost
dt dt
2.
o d—21+2i+i(t)=cost
Network is in steady state dt

As impedances of L and C are present

because of w = 2. They are physically | 09.

present. Sol: V= /VZ +(V, -V,)
. 1
ZL=joL; Zc= —|,, V=Vg=LR
joC
1 100 =1.20; I =5A
. 2 \
20 v Power factor = cosd = Ve Ve _ 1
| vV oV,
ira(t) +
0 ~>_ 50" So, unity power factor.
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Sol:

11.

Sol:

12.

Sol:

3
:'5
1“,“‘&

Engin%ngcgubﬁcaﬁons :48: Network Theory
13. Ans: (d)
Sol:
|
By KCL in phasor — domain = 90 133 =2 rad/sec
I -I,-I3=0 45 >V
= —(Il + Iz)
i1(t) = cos(ot + 90%) L
I =1290°=]1
L=1£0"=(1+j0) I =Ic= %:%4900
L= 2 sn+45°= 2 4 N\
i3(t) = Real part[[5.¢*'JmA e P A/ V_ 450
i3(t) = Real part[I;. = = =
ks /4 >~ JijoL 242 242
= — V2 cos{et 45 LA Therefore, the phasor I; leads I, by an angle
i3(t) = — /2 cos(wt + 45")mA of 135°.
14.
vV V V
[= —+—+— =8-j12+j18 Sol: I, = |12 +12
R Z, Z. 4 oF 27 AN Tl
[=8+6j = 10= 41} +8’
I = +100 =10A Ir = 6A
L=1=4T; +(I, -1.)
_ [ 2
By KCL = 10= 467 +(1, 1)
—I+I.+1c=0 I — Ic =+8A
I=1I.+1c I, -8 =418
I vV V 3£0° I —8 = —8(Not acceptable)
L= —= - =
L Job j(3).(1j Since I = - #0.
3 L
0 0 IL-8=28
I - 34.0 :3400 —3./-90 L
] 290 I = 16A
1=3/-90"+ 4,90 IL>1c

=—i3+j4=j1=1-90"
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Ie
+
360.0° +
50Hz "’) L C
) o » 120£0° ‘
I, =10A
(I. —Ic) = 8A Vr = RIg|By ohm’s law
300=R.20
R=15Q
I. =16A ..
Network is in steady state
0 1 § 360
I leads 12020 by tan™ | ¢ Ix = Ts =24A
I, lags 120.20° by tan' (§j So the required Ic = v/25% — 247
6 voe =7
Power factor cos = A& = 1& 360 x21 xfx159.23 x107° =7
I 1 f=19.4Hz
6 \%
= — =0.6 (lag) OBS: Ic= —
10 c 7
15. Zo=——Q
Sol 25A joc
ol: S
ilc %R Asfl=Zc T =10
+ +
30020° (m *
50Hz ) =cC % K 16
‘ Sol: Psq = 10Watts (Given)
=Pue = Ims° R
o avg rms
Network is in steady state. 10=1.25
0
| C| = %Z\/ §:§1210/040)§ =VvVoc Irms: \/EA
¢ Joe Power delivered = Power observed
=300 x27 X50X159.23X10_6 (By Te]legen’s Theorem)
IC =15A PT = Irmsz( 5+ 10)

1=+ Vims Imcost = (V2] (15)
2521/IZR+152 %xﬁcosd):ZXlS
Ir = 20A 2

cosd = 0.6 (lag)
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17. Ans: (d) 19. Ans: (b)
Sol: Vi =14V Sol: To increase power factor shunt capacitor is
Il to be placed.
VAR supplied by capacitor
v = P (tan¢—tan¢y,)
Ve =3V = 2x10°[tan(cos™" 0.65) — tan(cos™'0.95)]
=1680 VAR
v : v
VAR supplied = —=V- 0C=1680
Ve=10V XC
: : - 1080 _ 395
V=V +(V, - Vo) (115)* x27x60
=J(3)* +(14-10)
20.
V=5V
0 __on°
Sol: Z=X= (A0 0 =32/30°
18. I 5 ,-20°-90°
Sol: Y=Y,+Y.= ZL + ZL ¢=30° (Inductive)
& ¢ 160 5
1 1 Vims === Vi L =
- + V2 ﬁ
30£40° 1
joc Real power (P) = \/_ \/_ x c0s 30"
= joe + %4—400 =200/3W
. 160 5 1
—joc + % (cos40° —jsind0°) Reactive power (Q) = TXTXE
Unit power factor = j —term =0 =200 VAR
o Complex power = P+jQ = 200(43 +j1) VA
_ sin40
30
.0 21.
-S40 Sol: V=4/10°and =2 £-20°
21x50x30 oY ameime e
— 68 1uF Note: When directly phasors are given the
C— 68. luF magnitudes are taken as rms values since
o they are measured using rms meters.
Vims =4Vand I, =2A
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A% o o . I, 4 .
Z:T =2/30°;$=30° (Inductive) Power factor = T=§= 0.8 (lagging)
P=10/3 W, Q=10VAR
S=10(43+j1) VA 25. Ans: (a)
Sol:
22. Ans: (a) Jé
Sol: S=VI* :
+ 0
= (10 £ 15°) (2 £ 45°) S I
. 10020°\_~ 40
=10+j17.32 ) Sua T
S=P+jQ ) %7 30
P=10W Q=17.32 VAR ‘
23. Ans: (¢)
Sol: Pg = (Iny)® x R NW is in Steady state.
« 'R = (Lims
0 V =100£0" = Vs = 100V
Lms = — 0
rms 1 /
\/5 IZL,O :>|Il|:20211rms
oY (3+4)
Pg = (—j 100 0
\/E 122—10040 :>|12|:mA:I2rms
(1-j)o 2
24. P=Pi+P
— 2
V2 [ j — 2023 + [m] i
Sol: Py = —= */650 = 480 Watts V2
V =24020° |
- v 240 Q=Q +Q
IR = E=E: 4A = (Ilrms)2-4 + (IZrms)z-(l)
540 =3400VAR
IL= vV _V_20_ 6A So, S =P+jQ = (6200+j3400) VA
Z, X, 40
o= YoV 240 44 26.
ZC XC 80 Sol: 50Q 1mH ImH
—WW——ae 41215
I > Ic : Inductive nature of the circuit. I
I= \/12 1 ~1, 5sin(5000t)GD §1mH =—C
= N4> +37 =5A
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50Q 50 j50 _ 1 X,
W ekl o,cR R
= Ve =2002-90° = —200V
+
5sin(5000t)C~) § 50 —-iXe
- 29.
Sol: Series RLC circuit
f=1f . PF=cos¢=0.707(lead)
when =0, f=f PF=cos=0.707(lag)
= impedance seen by the source should be
oo f=1, PF=cos¢=1
infinite
=7=o
. Z = (50+j5) + (j5) || j(5 =Xo) NG N\
B ! e ! ) Sol: Network is in steady state (since no switch is
= JPxij5-X,) .
=50+ 5+ —"——-= given)
PHIG-X)
=j(10-X.)=0 + i
1 1102 20°A(*) L.
=X, =10=>—=10 %R L
a1y ‘
C= 1 W 20 pF
5000x10 H Let=1ImA
o = wo(Given)
27. Ans: (¢) =>k=1I
2 p I = QI/-90° = QI
Sol: 1, =3+ 2 1 0_:
o 1= + E + ﬁ IC: QIZ9O :JQI
IL + IC =0
=425 =5A :
= Ik + 1| = I 5QI
Power dissipation = 17 R 1 11Q7 >1
=5"x10=250 W :
Ir + Ic| = I+ QI
— 2
28. =I1y1+Q° >1
Sol: Xc = X = ® = g, the circuit is at
31. Ans: (¢)
resonance . .
0 Sol: Since; “I” leads voltage, therefore capacitive
Vc = QVsZ—90 .
effect and hence the operating frequency
Q= b _ X _ (f< o)
R R
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b e, (5
A 1
1 oL _ 4- E
— - ] . 2
R cC jdo— e
0}
> o For circuit to be resonant i.e., ®" = —
0 ®0 4
1
o= 5 = 0.5 rad/sec
32.
. . " Oresonance = 0.5 rad/sec
Sol: Y= — 4 .
R; + joL R )
C
oC 34.

R, —joL N R.+j/mc
R’ +(oL) RZ +(1/0C)’

j—term =0

rad/sec

33.

Sol: 4H IF

102

A Fig. B

The given circuit is shown in Fig.
Zag =10+ 74

where,7,= (40 ]
G)lwe2)

_—J+j4o)——J
® o

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

frequencies, out of infinite number of

frequencies we are selecting one

frequency.
1.€., Wy = L = l rad/sec
LC 2
then Z =R = 2Q.
0
-V _10£07 _ 5,0°
Z 2
i(t) = SCosiA
2
. ) 1 )
Zy =jooL=72Q ; Z¢c = - =—2Q.
JO,C
= M = LL—450

Y orpi2-2 2

ip = i(:05(%—450jA

NG

- 1('2+12)' _ L s
2+2+2-32 2

1 :icos(%+45°jA

T2
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Pavg = Ii(rms) R + Ii(rms) R Pavg = Iirms R + IérmsR
2 2 2 2
5 5
_ K/E 4 K/E 5 :(%j .2+£%J .2=40 Watts
=25 watts 3s.
(ii) % # R circuit will resonate at only one | S0l () Z, =2+ (Z. 1z 112)
= 24 X[ Xcl2
frequency. .
1 1 _ 2+2XLXC(XLXC _.]2(XL _Xc))
1e., at o = E=Z rad/sec (XLXC)Z +4(XL _XC)2
j—term = 0
2R J
ThenY = h
- L - = -2(X1-Xc) =0
C XL =Xc
1
Y = 2@ _ imho o, L=—r-
22 405 ©oC
* ® —L—L—lrad/sec
z-2a T JLC Jas 4
4 At resonance entire current flows
0
I= V_10£07 _ 8.,0° through 2Q only.
Z S
A (i) Z,|,_, =2+2=4Q
i(t) = SCosi A XL =Xc
[t
Z1 = jool = j1Q (1) V, (t) =V_ sm[ZjV
Zo= =10 Z=14Q
10,C
J5 1 (t) Vl—(t) Vmsi( ]—1
—1 - - — IR
__1@=) 5 I.Ltan'{_j Z 4 4

24ijl+2-jl 4

.85 [t 1(1)
1L, = —COS — —tan —
4 4 2

= —I(.2+J1) - =£Iétan_l(1j
2+51+2—-31 4 2

i.= %cos ithan’1 1
4 4 2
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Z—IVL dt =

b

(tj 0=0;Zc =0 = C:opencircuit =iy =0
- COS

4 ® = 0; Z. = 0 = C:Short Circuit

v
i =~ sin 1—900 A i =Ea g
2 4 2" R
2
OBS: Here i +ic =0 Transform the given network into phasor
= LC Combination is like an open domain.
circuit. I
36. Ans: (d) [ B L0 4%
Sol: = .
R B /0" <~ Ewm £0 1
AW 211) A 1
L C
«— V ———» T
Q= oL Network is in phasor domain.
R By KCLinP-d = I=1,+1,
Q :Z(i)TL:Zxorginal—)Q—doubled e E,Z0°
1 R,
S=VlI
V. R-joL - Emm1 _ En 0
= J
R+J(0L R - joL R, +jc07C B
- V. VieL e
R>+(oL) R?+(wL) : Fm < tan (mCRZJ
. 2=
S=P+jQ R2 +( 1 J
V2 oC
Active power (P)= —
R” +(oL) E,,£0°
O=0=],)=
P V2 R2
“R(1+Q?) 0=0=1, =0A
V? ®:(0andeo) j the current phasor I, will

22
R7Q always lead the voltage E,,£0°.

as Q is doubled, P decreases by four times. @ =0 o
37. L / E,/0° Sm
1 0 B
Sol: Z¢c=—-— R:
joC
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(1) If "o" Varied
(b) =0
‘ R o= oo
0503 f— Em —>
0 ‘4_57“1 L E, | En 20 —
R, R, ! 0 R,
, : 0
(a) r »En £0
\\ 12 //
38. Seeo_-- -7 ®= O
Sol: R,=0=1,-2m%% g cr00° ©0=®
0+—+
joC
R,=0=1,=0A E. E_
A/RZ =0 ) O‘_ 1 R, _’| .
@ T1 - j End0”
Enoc | | b2 ‘:'\Rz oz® =0
e v E- 0" i. If “R,” is varied
O m
\R2 =0 R,=w
0 /
(a) _ p En £0°
N R;=0
(b) / E_ N\
E- \\‘\ R (,OL I :I R,
1 \ 2 /I
I E ‘| //
9% i
i /,’I \Rz =0
T >Enm £0° '
0 ‘—’|
E, \RZ P E
Rl R_m /R2 =00
1
39. b)) —2 oL > By £0°
E,£0° A
Sol: =1, +1, [;=—m_ N
Ry I\ | i
_ E,Z0° L Ry
> R,+joL § -
SNR,-0

_ E

=™ /—tan” (m_Lj
JR2+(WL) R,
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40. Ans: (a) 42. Ans: (d)
Sol: The given circuit is a bridge. ) V,
] ] i ) Sol: For-Vosinwgt — I, = =1,
I = 0 is the bridge is balanced. i.e., o, L
Z:7Z4=Ry;R;3 2V,
. For 2Vysin mgt = I, = |
Where Z; = R, +joL, * 20,L
j
Z,=R,- . 3V,
oC, For3Vosinwot = I, = 3o, L =1,
As R, Rs is real, imaginary part of
For 4V si I, = Vo _ I
Z:74=0 or 4V sin oot —> 4_4(00L_ o
R, oL, 1
OLR= T T R T aoR, RMS value = /412 = 21,
or Q =Q,
where Q is the Quality factor. D)
Sol:
41. Ans: (d) ‘V iy
Sol. During positive half cycle of supply D; is o
forward biased, D, is reverse biased so 10V
current flows through the ammeter.
During negative half cycle D, is forward
biased, D; is reverse biased so current does v >
R
not flow though ammeter.
Vi=Vi+V;]
io = 100 = Vg +36 = Vg =8V
Ve 8y
m m R 2
0 n 2n n 44. Ans: (b)

Sol: Full wave rectifier

Half wave rectifier waveform Here each half of secondary winding will

| _I_m Vo, 4 received 2sinmt
Oavg - -
7 Rz 10kxrx
\Y 2
Vius :_m:_:\/E
04 NG
0avg _7m ,
2
P, = =(*/5) =02W
£ R 10
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45. Ans: (b) Note that at resonance, power factor is also

Sol: Complex power,

—_—

S=VI =(100-j50) (3+j4)
=300+200+ j250 = 500+ j 250

—_—

True power = Re[VI | =500 W

Reactive power

—_—

=Im[VI ] = 250W
So Statement (I) is True, Statement (II) is
also True, but Statement (II) is not the

correct explanation.

46. Ans: (d)
Sol: In series RLC circuit,

i(t) is maximum at resonance frequency,

A
max R
V.
V.= S : =
®C \/Rz +[coL—]
oC
= Vg for =0

= Q Vg for o=y

= 0 for ®—> o
V¢ is maximum at ® = 0 (i.e.,, ® < ®o)
provided Q <1
Statement (I) is false, but statement (II) is
trueif Q<1

47. Ans: (a)
Sol: When the

resistive, the voltage and current are in

input impedance 1is purely

phase.

unity.
48. Ans: (¢)
49. Ans: (¢)

Sol: At resonance, the power factor of circuit is
unity.

Hence statement (II) is false.

50. Ans: (¢)

* res 0 L B R; C H 0 \/ﬁ

Resonance occurs at all frequencies, if

L
R; =R = =
and the resonant impedance
L
=R, =R, = 3

". Statement (I) is True, Statement (II) is

False
51. Ans: (a)
Sol: G(jm)zm
Vi(jo)
A
joC 1
R4_L  1+joRC
joC
=120 , ®=0
=0.707 e'¥ o):L
RC

=0/-90° , ® >
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52. Ans: (¢) Xieq = 14 (must for series resonance)
Sol: Curve AA — Current waveform, So the dot in the 2™ coil at “P”
having maximum value at Lg=Li+L,+2M
O = Wres i (1) Leq:L1+L2+K1/L1L2
Curve BB—>|Z| (2) oLy, = oL, +oL, +2K oL Lo
. 1 .
Z=R+J{(0L——Cj =—joo, =0 14 =2 + 8+ 2K./2(3)
®
=K=0.5
Z=R, 0=
Z=] =
)55 @mee , 03.
Curve CC— X, =- % , Capacitive | Sol: Ly =4H+2-2+6H+2-2+8H-2-2
®
Lab = 14H
reactance . 3)
®  4H122
Curve DD — Net reactance, de—
2H
| 1 \
X=j|loL—| . 4 °
] ( . Cj 4
2H
= — joo, 0=0
=0, o=wp ¥
= jo, ®=00 0 A S,
s 6H+2-2
[[ 5. Magnetic Circuits
04. Ans: (¢)
01 Sol: Impedance seen by the source
' Z :
Sol: X¢ = 12 (Given) Z,= T+ (4-j2)
Xeq = 12 (must for series resonance) .
So the dot in the second coil at point “Q” = IOng +(4-72)
=4.54—j1.69
Ly =L;+L,—2Ky/L|L,
05 45Q
oL =oLl, +oL, -2K|/L|L,0.0 .
2
12=8+8—-2K+8.8 Sol: Z. :[&J Z, e
m N ~
— K =025 : 'S5
R, =n’5 .
02. For maximum power transfer; Ry = Ry
Sol: Xc = 14 (Given) n’5=45=n=3
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06. Ans: (b) 07.
Sol: 8
. |l5mH + SO]: Rin'zz—zzzg
o L 30mH S 0mi
— \& R, =3+R, '=3+2=5Q
500
- = 10£20 _ 2.0
Apply KVL at input loop I
di i —L=n=2=1,=1£20°A
26-30x10° 2 +5%10" 22 2501 =0......(1) I,
dt dt

Take Laplace transform 08

—§+[—30x10’3 (s)—50]1,(s) +5x107 sI,(s)=0.-....(2) Sol: By the definition of KVL in phasor domain
S

Apply KVL at output loop Vs—Vi-V2=0
i . v,
Vz(s)—30x10‘3d#+5x10-3ﬂ:0 V0=VS—V2=VS(1_V_}
dt dt s
Take Laplace transform V=71
By KVL

V,(s)=30x107s1,(s)+5x107 sI,(s)=0

Vs =joL:.I;+joM (0
Substitute I>(s) = 0 in above equation s = JoL.I1HjoM (0)

V2 = J®L2(0)+J (DMI]

Vo+5x107s(s)=0  seeeiiii.. 3)
From equation (2) V, = Vg [l - LMJ
—§+(—30>< 107 (s)+50)1,(s)=0
S
09.
I(s)= =6 4) Sol: Transf the ab twork into ph
: 5 (30x10° (s)+50) ol: Transform the above network into phasor
) ) domain
Substitute eqn (4) in eqn (3)
12 j4Q
V, (s)= —5x107 (s) (=6) MWW /
277 $(30x107 (3)+50) + 4By o
5£0°(=2 80 ] 1Q
Apply Initial value theorem _C) @ 18 @
—5x107 (s) (=6)
s> g (30 % 10—3 (S) + 50) Network is in Phasor -domain
—5x107 x(—6) V=21
v,(t)= =+1 :
(0= 0x107

By KVL in p-d =
5/0°= Il+j8.11—j4.12
0= 12+j412—j411
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A .
I, :—‘;il(t):Realpart[Ileﬂt]A But N _ L_ - Ly
A N, VL, L,
=22y (t)=Re alpart[I .ejZI]A
AT ? 1/ —1581 13
Li(t) = 1.072cos (2t+114.61%)A
L(t) = 1.416c0s (2t+128.65)A ¢, = M
o ' ' 158113
¢; = 1.58m sin400t
10. '
Sol: Evaluation of Initial conditions: 01 = Pmarsineot
i2 (0= 0A =1 (07)
12. Ans:
Evaluation of final conditions: = 1(:1) .
N N
i) =5A iz (®)=0A Sol: M =Nz KN,
i i
By KVL = \ ’
Given
: 4di, (t) . di,(t) ’
5=1,(t o2 -
i(0)+ dt dt L= la
By Laplace transform to the above ¢1=0.1mWb
equations. N; = 1000
5 ./ o N, =2000
- I,(s)+ 4[511 (s)-i, (0 )]_2(5'12 (s)-i, (O )) k=06
By KVL = M = (0.6)0.1m)2000) _ 0120
i,(t i (t
0=1.i2(t)+2d12( ) 40
dt dt
0-11,6)+281, (-1, 0 )bt 691, 0°) BT Faeiiots |
On solving, we can obtain 1;(t) and 1, (t)
01.
(B a5
h(H)=5-¢ I:S COSh(4 tj \Esmh(TtHA Sol: The defining equations for open circuit
impedance parameters are:
=Zn 1+
11. Ans: (c) 2}71 ;“? ?2?
) =Lt 2ol
N Li
Sol: le%i’l:q)l: 1\111 10 4s+10
1 1 .
RN
1 5sin400t 10 3s+10
(I)l = S S
2 N,

| ACE Engineering Publications yderabad | Delhi | Bhopal | Pune | Bhubaneswar| Lucknow | Patna | Bengaluru | Chennai | Vijayawada | Vizag | Tirupati | Kukatpally | Kolkata




[ L]

SR ACE
v ¥ Engineering Publications 162: Network Theory
e
02. Ans: (b) . |
—mho 5
o ! o "
o WW- o o—eo—W—r—o0
Sol: The matrix given is 2 oY e !
1 1 y y =1 z1 s1
[ 21 2 - s T3
2 2 o 3 3 ] o—e 0
SINCE Y11 #Y22 5 1 1
= Asymmetrical, and v, - 3 3 Y, = 2 2
¢ 1 2
Y 12#y21 33 —% 1
= Non reciprocal network
7 5
y=| 6 6
03. 5 5
Sol: Convert Y to A : 6 3
1Q _ - M- 10 1
o—W——wW>——o | o I I o IF 05
% E10 § :
, Sol: Convert Y to A : Convert Y to A :
° NP2 ° 1’ o 02
10 - R 20 -, R
1 10_@«»__&6?;;,_02 1 . 2 2
~ mho 1F=S mho N Z10 ,,' 220 ,/'
1 O——3M——02 10 I } ) \\\ ,,’ ‘\\ ,,/
§§lmho gilmho lo 02 1o )
1 09 1o 02 1 1
— Mo o A o
Fig:A Fig:B Sl | 3, £,
=73 STy =1 g1
2 1 S O ° .
EYEY S -S
y, =3 3 Y, =
1 2 -S S
3 3 2. 1 2 1
_| 3 3 _| 6 6
< . | Y, = | 9 mho Yg = . 2 mho
+_ — —_— —_—— —_ —_—— —
v 3 lmho 3 3 6 6
S L S 2
STy oty 6 3 | 1
y=| 6 6|_ 2
3 6 1 |
04. 6 6 2
Sol:
10 10 2 - .
AW MM o :uu \/ o
L \\ §E 2 //
21Q
° ° o \\ I/ o
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06.
f 2Q L=0
I+ 1 e Wy o+
— jl 3L
Sol: T, =T, = 1Q
b LI v, § WL v,
—il
N 2
_[1+] 1} ., o
L)1 Fig. 1
T:= lelﬂ; 7, =0
11 Vi=-2I e (1)
=10 4 v
L le = I—l = — 2
T = (T1)(T2)(T3) l
]3 2+]4 V2:—6 I] +V1 ........... (2)
- {_14_ 2B } From (1) and (2)
V2 = —6 Il -2 11
07. or V,= —-81;
V.
2 1 =2 _ _
Sol: TI:Z:{1 2} Zy = I, =&
) 3 For I, = 0 (I/P open), the network is shown
1 L 2} in Fig.2
1
T):2,=0;Z,=2Q =0 | 7 L
S AW o +
. 2
Tl 1Q I ©
2 ! \g %l ? V,
o
T=[T][T.]
35 3 - o - o —
T ={ 5 2} Fig. 2
Note: that the dependent current source with
08. Ans: (a) current 3 I, is open circuited.
Sol: For I, = 0 (O/P open), the Network is shown Vi=11, Z, = Vo 1
in Fig.1 I
V.
V2:312, 2222—223
IZ
-2 1
[z]=
-8 3
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09. I,
Sol: By Nodal Sol: Y, = _1 -
-1, +V, =3V, +V, +2V, -V, =0
-1, +V,+V,-2V, =0
Y:{ 4 _4} (6] 2
-3 2
[Z]1=Y"
We can also obtain [g], [h], [T] and [T]" by .
re-writing the equations.
10. I
Sol: The defining equations for open-circuit Y, =61 =&
impedance parameters are:
=Z L+
Vi=Ziuli+Z1h 13.
Vo =2+ Zxl; Ty
In this case, the individual Z-parameter 1+Z_1 Z,
matrices get added. Sol: (i). [T, ]= | ’
(2) = (Zo) + (Zo) 7
L2
10 2 _
2=, S . Y &
(.r,]=| L |, 2
_Z2 Z2
11. [Ta] and [Tb] are obtained by defining
Sol: For this case the individual y-parameter equations for transmission parameters.
matrices get added to give the y-parameter
matrix of the overall network. 14.
Y=Yt Yo Sol: In this case, the individual T-matrices get
The individual y-parameters also get added multiplied
= +
Y1i= Yo+ Vi ete (1)= () (1)
14 -04
[Y]:{ }mho _ _(1+s/4 s/2) (8 4
04 14 ()= (T)(Tw) ( 2 1) l2 s
_ [3s+8 3.55+4J
12. Ans: (¢) 6 7
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Sol:

Postal Coaching Solutions

= V, = (4 I 4)11 |12:0 10 2

= 211 =20
V,=(@4]4)L]

=

VVVV

= 77 =20 R~ §

By KVL =

<

AA
VVVV

AAAA
VVVy

31 I .
_1_\/2 S )

2 2

vV, =1,

= Zzlzlgzzlz

Now [T] parameters;
V, =21 +1, ........ (1)

= 11 = V2—212 ......... (3)
Substituting (3) in (1):
vV, =2(V, =21,)+1, =2V, - 31,

)]

S 2 -3
-1 2

Now h parameters

21, =-1, +V,
-1 \Y
IL=—+—2 5
P, 2 ©)
Substitute (5) in (1)
-1, V
V, =21, —+-—2%
2 2
3 1
Vl :511 +§V2 ........... (6)
3 1
SN Y
o BN
2 2
Iy =1
_mFr o2 2
g—[h] - l E
2 2
Ans: (a)
I
: Y22:722‘v1_0

Jjust use reciprocity of fig (a)

1A

N <

0.5Ay @) v

Now use Homogeneity

S5A

N <

2.5Ay @) sV
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S0, Y,, :I_Z‘V:O _ 5 mho Note: In an ideal tr.ansformer, it is impossible to
v, 5 express V) and V; interms of I, and I, hence the
This has noting to do with fig (b) since fig ‘Z’ parameters do not exist. Similarly, the y-
(b) also valid for some specific resistance of | Pparameters.
2 Q at port-1, but Y2, Vi=0. So S.C port-1
19. Ans: (¢)
18. Sol: Z,, :V—l2
cors Yo Na_ -l Ll
V, N I
N Vo 1L R
V) —n V, n ]
Vl 1 ! .+_ +2
1 Vl = HVZ \/1 V2
=V, ==V, -(0)L, el )
n V _V I:n
2 1 - Il
1 R
T=|= 0
=~ 1= I =1, +1
0 n
o 1_1_2_112—11_112_1
Tl :T—l — 1 n Il Il Il
0 —
L n] I
~ _ -2 = l +1 = 1+_n
n O Tl n
T'=T"= 1
0 — 1 +n
. nJ I, = y 4 I,
Now h-parameters
I+n)\(V, -V,
1 1 _ 2 1
V1:(0)11+HV2 : ( n j R j
L="hy (0)v V,--V
27, 2 - l+n 2 p 2
1 2 n R
0o -
_ n
R L [H_n n_—lj
n vV, n nR
n 0 I, n’-1
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22. Ans: (a)
— Sol: Definition :
N, - . - -
. 1(8)=[Y]I V() V() =[Z]1(s)=[Y] " 1(5),
VAEINa
N,
23. Ans: (a)
. . o Sol: In reciprocal 2-port NW’s , yi2 =y21, 212 =
For series parallel connection individual N b AD_BC -1
h-parameters can be added. 21, 2 = B
.. For network 1, h; = gl"l
24. Ans: (d)
-
_[r o] [ 0} Sol: Convert the middle - = of 1Q into a T —
|11 -1 1 network as shown in Fig.
For network 2, h, = g
) . ) (1/3)Q (1/3)Q (1/3)Q (1/3)Q
ot -
1o 1] [0 1 213)0
L 1 0 . 1 -1 2 -1
~h= = Fig.
11 o 1| =1 2 A
. overall g-parameters, 2 1
4 Z11_§+§—1—Z22 .......... (4)
B 2 -1 112 1
eTh= 0 5 T3l 2 1
- Z,y = Z, _EQ ........... (1)
_|2/3 13 1(1/3 1 —(1/3
813 23 R )y:Z_lzg -(1/3)
1/3)1 8| —(1/3)1
9 1 3
Ans: (b) Yo=Y = —gxgz—gmho 3)
[Z] — |:le ZlZi| , [Y] — |:Yll Y12:| 3 3 9 h 2
Z, Z, Y, Y, Yiu=Yp = ymho (2)
For Reciprocal NW, le = 221 , Y12 = Y21 ,
.. [Z] and [Y] matrices are symmetrical. 25. Ans: (d)
[Y]=[Z]" is true for reciprocal as well as Ls 1
non-reciprocal NW’s. Sol: -2 Cs _ Ls
Ls N 1 LCs*+2
2  GCs
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Ls Ls V
Z. (s)=—+ h,, = — — voltageratio (4
lS( ) 2 LC 2 +2 12 V2 g ( )
2
_Ls (chi(tz)Z;st h,, = L3 — Admittance (2)
S™+ 2
Z..(jo) = joL (4-0’LC) 0 h, = II—2 — Current ratio (3)
* 2L(2-w7) !
2 _ _
Atco:Oand\/E = o0,at ®=© 29. Ans: (¢)
Sol: Vb = h11 11 + h12 Vc
Iz = h21 Il + h22 Vc
26. Ans:
ns: (¢) Vo =re Ly + (I, + 1) e (1)
Sol: h11 = % 5 h12 = % Vc:(lz+a11)rc+(11+12)rb (2)
=0 @ < or Ve=(arc+1p) [ +(re +1p) I
V., - +1,)1
hy =2 | hy =2 or I, = ez @L*R)L 3)
V, =0 I, Y I +r,
According to the definitions above, hy; is in Substitute I in equation (1)
ohms (QQ) N, AN |:Vc_(arc+rb)llj|
b~ “e ™l b1 b
hi» and hy; are dimensionless and hy, is in I +1,

Siemens. 2
r, V.—o(r,r)Il, —r," 1

— b c b "¢ 1 b 1

=r I +rI +

I, +1,
27. Ans: (b) 2
or r —r, r.V,
V. — y b "¢ b b'C
Sol: A—>4, Iy =—%,R(=R, ' (reHb I+, }Lrb +,
th
B2 - 1, _1, rerb+rerc+rb2+rbrc—ocrbrC —rsz
’ 27y I, +r
VZ I,=0 b c
Co1, Y=Y, Zy=7Z; etc — 1| S (rc—arc)}
Vl A B _V2 L rb +rc
P23 e bl 1 ‘
l ? V, =1, +1, — i (occhrrb)}I1
L re +rb
28. Ans: (d) 4{ £, }V o
Sol: h,, = A\ — Impedance (1) L+E,
h From equation (3)
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i CL ) P SRV a
I, +r, I, +r, .
Comparing (5) & (4) with (1) & (2) the
matchinginA ->1,B—>4,C—>2,D —>3. g
30. Ans: (d) 06. Ans: (a)
Sol: A—>2,B—>4 07
C—>1LD-3 Sol: For a complete graph ;
_ nn-1)_
[[ 7. Graph Theory o> =06
n=12
01. Ans: (¢) f-cut sets = (n—1)=11
Sol: n > b 1 f-loops = (b-n+1)=55
2 f-loop = f-cutset matrices = n™?
Note: Mesh analysis simple when the nodes are — 12122 510
more than the meshes.
08. Ans: (a)

02. Ans: (¢)

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

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
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09.
Sol:

10.
Sol:

€T
1{;5@
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Nodes=4; Branches = 4; f-loops=Links=1 11. Ans: (b)
Still N=4 Sol: m=b-n+1=8-5+1=4
12. Ans: (d)
Branches = 6; f-loops = Links = 3 13. Ans: (d)
Let N=5 Sol: The valid cut —set is
(193’4,6)
Nodes = 5; Branches = 8; f —loops = Links
=4 etc
Therefore, the graph of this network can | 14. Ans:(b)
have at least “N” branches with one or more | SoOl: 5 @ 5
closed paths to exist.
®
Ans: (b
®) ® > o
2 Y2
\ 3
15. Ans: (d)
Sol:
2 8
4 Y- - S~.
3 3
® 2
N6 SN T
Ans: (d) 1 2// 3\\ 4
@ 1234 - L//// \L—————g—————h
Fundamental loop should consist only one
link, therefore option (d) is correct.
(b) 2,346 —
16. Ans: (d)
(c) 1,456 — / ) 17. Ans: (a)
Sol: Statement (I) — True, Statement (II) — True
(d)n,3,4,5 e — and is correct explanation.
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18. Ans: (d) 21. Ans: (a)
Sol: f— loop should contain only one link. Sol: The Tree (1, 2, 3, 4, 5) is shown with thick
.. Statement (I) is False. lines.
A link with one or more of the twigs forms a The dotted lines (6, 7, 8) are links or chords.
closed loop. f — circuit or f— loops are
-, Statement (II) is True. Edge set: L, (1,2, 4, 6) defined by chord 6
Edge set: L, (2, 4, 5, 7) defined by chord 7
19. Ans: (b) Edge set : Ly (2, 3, 5, 8) defined by chord 8
Sol: Note that the twigs or tree branches can be
drawn so that they do not cross each other
8. Passive Filters ]
\_/ 01.
Sol:
The graph has 0=0=V, :Vi} = Low pass filter
No. of nodes =n =4, w=0=V,=0
No. of branches =b =6
No. of twigs = No. of tree branches 02.
Ry Sol: w:O:VO:&
No. of independent loops = No. of links = | Ry +R,
=b-(n-1)=3 “Vy” 1s attenuated = V=0
Order of B matrix or Fundamental loop w=0=V, =V,
matrix =1>xb=3x6 It represents a high pass filter
Correct answeris A =6, B =3, characteristics.
C=3x6,D=3
03.
20. Ans: (a) V(s) S’LC+SRC+1
Sol: If 1, 2, 3 and 8 are the co-tree branches or | Sol: H(s)= 1) = SC
chords or links, and then 4, 5, 6 and 7 , ‘
should be Tree branches or twigs. Puts= joi =- oLC + JORC +1
f— cutset (1, 2, 3, 4) is defined by 4 and f — joC
loop (6, 7, 8) is defined by 8. 0=0=H(s)=0
w=0= H(s): 0
It represents band pass filter characteristics
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04. It represents a Band stop filter or notch
Sol: ®=0=Vy=0 filter.
0=0=Vy=0
It represents Band pass filter characteristics 10.
Sol: H(s = ZL
05. s +s+1
Sol: ©=0=V,=0 ®=0:S=0=H(s)=0
0o=0=V,=V; w=0:S=w0=>H(s)=0
It represents High Pass filter characteristics. It represents a Band pass filter
characteristics
06.
11.
Sol: H(S = 2;1 )
S”+s+ 1
Sol: H(s)= ZS—+
o=0:S=0=H(s)=1 s”+s+1
w=0:S=0w0=H(s)=0 ®=0=>S=0=H(s)=1
It represents a Low pass filter characteristics w=0=S=w=H(s)=1
It represents a Band stop filter
07.
s? 12.
Sol: H (S) = 2—1 1
+s+ -
> TS Sol: H(s):—S
®=0:S=0=H(s)=0 1+s
w=0:S=0=H()=1 ©=0=8=0=H(s)=1
0
It represents a High pass filter ®=0=S=w=H(s)=-1=1Z180
characteristics It represents an All pass filter
08. 13. Ans: (¢)
Sol: ©=0;V, =V, Sol. R
— M .
®w=0;Vy=0 i 1
\% C — Vo
It represents a low pass filter characteristics. - -
09. 0o=0=> Vo = Vi
Sol: ®w=0=Vy=Vjy 0)2003\/0:0

| ACE Engineering Publications /HyderabadlDelhi|Bhopa1|Pune|Bhubaneswar| Lucknow | Pata | Bengaluru | Chennai | Vijayawada | Vizag | Tirupati | Kukatpally | Kolkata




8. . ACE
Xy v Engineering Publications

y :73: Postal Coaching Solutions
at s = —1 and a zero at s = o . This F(s)
Vo(s)= Vl—(sl) [iJ corresponds to RC impedance or RL
R+§ ¥ admittance.
Vo ) =H(s)= ! 02. Ans: (b)
Vi (s) SscR +1
Sol: For RC and RL driving point functions, the
H(jo)= I+ jocR 1 l F poles and zeros should alternate on the
+Jg negative real axis, where as for LC driving
point functions the poles and zeros should
H( o)/t alternate the imaginary axis.
11 03. Ans: (c)
E 04. Ans: (b)
< BW > Stop Band Sol: Remember that parallel LC networks in
‘T‘f cascade is Foster — I form and series LC
0 f=1f - networks in shunt is Foster — II form. Ladder
NW with series elements as inductors and
Where f, = ! shunt elements as capacitors is Cauer-I form
mRC and the ladder NW with capacitors as series
|H (j COX _ 1 2 elements and inductors as shunt elements is
f Cauer — II form. The given circuit in this
1+[fLJ question is Foster-I form.
ZH(jo)= —tan” [LJ 05. Ans: (c)
f A _s (s2 + 1)
o ol: Given:Z(s)= ——
f=0=¢=0" = dmin s"+4
f=1 = ¢=—-45"= Pmax Location of Poles : s = 4j2
Location of Zeros : s =0, 4j1
[[ 9. Synthesis of Passive Networks ]] Poles and Zeros are simple and lie on the
imaginary axis, but they do not alternate.
01. Ans: (¢)
Hence the given Z(s) is not realizable.
Sol: F(s) = _ (5+2)
(s+D)(s+3) 06. Ans: (b)
The given F(s) has pole-zero structure as P- | gqJ: Poles and zeros of driving point function
Z-P-Z alternating on the negative real axis [Z(s) or Y(s)] of LC network are simple and
of the s-plane, with a pole nearest the origin alternate on the jo axis.
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07. Ans: (©) )5 i3
Sol: V=1Z(s) 82428
2462 No.of elements = 4
V=l 0)2 +oc2 Atan_l(gj—tfm"1 it
o +p o B
12 1/6
voltage load the current e
2 214
tan”'| 2 | < tan™ (gj <2(a<p)p>a) ' Ta
B o) o
11. Ans: (b)
08. Ans: (d)
Sol:
09. Ans: (b) o
Sol: s=-1%] T
(s + 1) ((stD)+) ((s+1) ) - o—o >
(s+1)P2+(1)Y=s*+2s+2 ¢ I s ‘
Z(S) _ 2I<(S + 3) Fig.
s +2s+2
K(3) 2
Z(O):T:3 —~K=2 Given Y(s) = Sz+2.55+1
s"+4s+3
2(s+3
- 79 =2633) V(s = (405 (5+2)
S“+2s+2 (S+1) (S+3)
Its pole-zero pattern is shown in Fig.
10. Ans: (d) .
Sol From the pattern it can be observed that
oF . — Poles and zeros alternate on the negative
s +25)s” +4s+3(1= R real axis of s-plane.
s’ +2s — The lowest critical frequency is a zero.
25 +3)s? +2s(> =sL — From the given Y(s), Y(0) = 1/3 and
2
L 3s Y(o) =1, Y(0) < Y(), Y(o) has +ve
) slope.
E)zs +3(4= 1 It is an admittance of the RC network, as
2 o+ the above properties are true for RC
g admittance.
3) = (==sL
26
S 12. Ans: (b)
2
0

| ACE Engineering Publications /HyderabadlDelhi|Bhopa1|Pune|Bhubaneswar| Lucknow | Pata | Bengaluru | Chennai | Vijayawada | Vizag | Tirupati | Kukatpally | Kolkata




[

b

13.

Sol:
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Sol:
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Ans:
ns: (a) Z(s)zﬁatszoo,C=iF
, 0 9s 64
L jo Foster — II form can be confirmed as fig. (3)
i3 L—2||2—1H at s = o0
2 7 5 9
j1 and C= —+—=—F ats=0.
192 48 64
© The exact realization can be done as
Fig. shown below. Foster—I form is obtained
by expanding the given Z(s) in partial
g fractions.
F(s) = ZS(S +24) represents an a9
(s"+1)(s” +06) k, ks 64 35 s
Z(s):kls+—+—2 =ls+— + — 5
LC immittance function with pole-zero s s°+9 9s 9 s°+9
pattern as shown in Fig. Hence itispr. | ... (1)
2a Z(s
F(s) = ZS(S 24) is not p.r as it has a As k; = Lim Z6) =1
(s"+1)(s” +6) so° 8
zero in the RH at s =2 k, = SZ(S)|S=0 _ 64
3 2 9
SS+3s"+2s+1 .
F(s) = 1s not p.r (s> +9)
4s k, = Z(s)

as the difference in degrees of highest
degree terms in N(s) and D(s) is more than
1. For this F(s), difference is 2.

s(s* +3s* +1)

F(s) =
(s+1)(s+2) (s+3)(s+4)
Ans: (a)
Given Z(s) = (s2+4)2(s2+16)
s(s™+9)

Out of the given figs., Foster — I form should
be either (1) or (4) and Foster —II form
should be either (2) or (3). Foster—I form can
be confirmed as Fig. 1 by seeing the
behavior of Z(s) at s =0 and s = 0.

Z(s)=lats=ow,L=1H

p s2=-9

_ (-9+4) (-9+16) _ 35
v —9 9

It can be seen from equation (1), the first
Foster form corresponds to Fig. I (not Fig.
IV) Foster — II form is obtained by taking

partial fractions of

Y(s) = s(s* +9)
(s*+4) (s* +16)
ks k,s
(s +4)+(s +16) LEE)
K, = (s? +4)Y() _ 449 _ 5
-4+16 12

2oy
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(s’ +16) -16+9 7 Zp(s) has a pole at s = oo, removal of it gives
k,=—Y(s) =——=—
21 -16+4 12 the first element as L=2H. Follow the
5 Continued Fraction (CF) expansion given
1 S 1 1 below, which confirms to the Network in
YO=30 17 & 1 (d)
S —s+-— Ls+— o
5 Ss Cs Quotient values
L-2y c-2F L=2H, C=LF, L=8H C=_F
5 48 4 12
. It can be seen that Foster — II form 2 H S H
corresponds to Fig. III (not Fig. IDIt is g— i
instructive to find out the remaining
— 1/4F —=— —— 1/12F
elements in Fig. I and III.
15. Ans: (a) Ty
16. Ans: (d) Cauer — II NW is obtained by successive
Sol: Given: removal of poles at s = 0.
Z.) 2(s? +1) (s> +3) Zp(s) also has a pole at s=0, removal of it
D §)= 2
SCE gives the first element as C = % F.
25" +8s’+6
= S +2s Follow the CF expansion below.

Out of the figs. given (d) is in the form of
Cauer-I network and (a) is in the form of
Cauer-II. The
confirmed as (d) by seeing the behaviour of

Cauer network can be

Z(s)ats=oandats=0
Z(s)=2,ats=o0, givingL=2 H

3 ..
Z(s) = —,ats — o, giving
s

c=tr=[L+Lllr
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 = c. As the given

1

2s+s3]6+852+2s4 [3 ,C=—F
S 3
6+3s’
532+254]2s+ g3 [i , L =£H
5s 2
4
2s+—s°

l53]552+2s4 [2—5 , C :LF
5 S

552
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(13)F (125)F 6 6
o— 1 S s 6
= +3=3+ = +3
1 6s+1 6s+1
6+—
(5/2)H g %10 H S s
_18s+3+6 9+18s
° Fig, 6s+1 6s+1
So the answer must be the Cauer —1NW 3( lfs +19J
: 3 s+
in (d). T 18549
It is instructive to find the Cauer — I and 3+ 65+ 1
Cauer—II structures by completing the CF 3(1 8+ 9)
expansions above 65+ 1
~ 18s+3+18s+9
17. Ans: (¢) 6s+1
Sol: s 1 1
F) Type of F(s) i S R LY
(52 —s+4) | zeros in the | Non-minimum - l ™ 1
A m right half plane | phase (2) 36/ s + 3 1 3
(s+4) poles in the | Unstable (4)
"s213s_4 | righthalf plane 19. Ans: (b)
C. Poles and | RC impedance Sol: p(s) = st s’ 4257 + 45 +3
s+4 zeros alternate | (3) © evenpart s*+2s°+3
_ . S) = =
s? +6s+5 | onthenegative 4 oddpart s’ +4s
real axis with )
first  critical s’ +4s)s* +25% +3(s
frequency near st +4s’
the origin as a 5 S ]
—2s% +3)s’ +4s(——~ = —vequotients
pole. 2
D. multiple poles | Non-positive , 3s
$i3s | on the | real (1) St
s' 1252 4] | maginary axis p(s)isnot Hurwitz
Q(s) =5’ + 35> +s missing terms
18.  Ans: () 3 Q(s) is not Hurwitz
Sol: Ww
1
- - 20. Ans: (a)
3 =
Z— § S § 6
21. Ans: (d)
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22. Ans: (b) ... Statement (I1) is false.
Sol: Foster — I form consists of LC tank circuits
in series to realize Zy¢(s) . 26. Ans: (a)
This form is obtained by taking partial Sol: The poles and zeros of driving point
fractions of Z(s). function should be in the left half of the s-
A Bs plane. A is True.
Z(s) = 4 [15 + S + 214 } Only PR function can be realized as the
driving point function of a network and PR
'—'mm—| function has its poles and zeros in the left
° d1ih H H half of the s-plane. R is True and is the
correct explanation of A
. . i ) 27. Ans: (¢)
n = 1 with an inductance and capacitance in )
) Sol: For a system to be stable, all coefficients of
series
the characteristic polynomial must be
positive. This is a necessary condition for
23. Ans: (a) - . ..
] ) ) P stability, but not a sufficient condition.
Sol: Assertion given is the necessary condition . .
W A is true, R is false.
for Y(s) to be positive real because the
definition of positive real function includes
. 28. Ans: (a)
the statement that Y(s) is real for real s. y ,
k 1
Sol: Z(s) = gs ; )(ZS le(?
+ +
24. Ans: (d) (5+2)(s"+10)
(s> +1) (s> +9) For Z(s) to be an LC function, the highest
Sol: The function 10 s(s” +4) is a valid powers of numerator and denominator
. should differ by 1. For the given Z(s), the
reactance function as poles and zeros )
] ) highest powers of numerator and
alternate on the jw-axis. . o s
. ‘ denominator are not differing by one. They
Statement (I) is false, statement (II) is true.
are same equal to 2.
25. Ans: (0) 29. Ans: (a)
Sol: The existence of two poles or two zeroes in 1
Sol: Q o« —

successive on the real frequency axis of the
s-plane requires that the slope be negative
So the

slope of reactance curve may be negative.

over part of the frequency range.

g
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.
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30. Ans: (a 2 2
(a) Given: Z(s) = Ks(s2 +2)(§ +10)
Sol: X joo (s +1)(s +6)
A jo It represents an LC driving point impedance

/10 function because it satisfies the property:

j. J6 s-plane Poles and zeros interlace on the imaginary

J\/E axis of the complex s — plane as shown in

jl Fig.

> o
Fig. 31. Ans: (b)
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