ELECTRICAL
ENGINEERING

ELECTRIC CIRCUITS

Text Book : Theory with worked out Examples
and Practice Questions



Chapter@

Electric Circuits

(Solutions for Text Book Practice Questions)

1. Basic Concepts

Solutions for Objective Practice Questions

01. Ans: (¢)
Sol: We know that;

d
i(t) = —Ccli(tt)

dq(t) = i(t).dt

» t(usec
0 3 4 5 7 b

Spsec
q= Ii(t)dt = Area under i(t) upto 5 psec
0

q=qi[*q|+qs |
:(%x3x5)+[%xlx2+(1x3))+(%x1x1+(1x3)j
q=15puc

02. Ans: (a)
Sol:

+ +
8V —— 8V§ R V=20 —_— 8V

<

an T

Applying KCL at node ‘b’
I+4=4
= I=0A

03.

Sol:

04.

Sol:

And 3 =4
R
= R =20
Ans: (a)

The energy stored by the inductor (12, 2H) upto

first 6 sec:

= [Pt

stored upto 6sec

o, di(t) .

- j (L o .l(t)J dt

K !
—2[(2[5(3‘[)}6‘[} dt+ ! (2{5(6)}@ dt

+2|:[2[%(—3t +18)}< (—3t+18)jdt

=j18t dt+j0 dt+i(—6[—3t+18] )dt
0 2 4

=36+0-36=01
(or)

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

L] )

E

1
2

x2x0% =017

N | —

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

Eabsorbed = Edissipated + Estored
Energy is dissipated in the resistor

Edissipated = '[PRdt = J.(l(t))2 R dt

2 4 6
=[(30° x1dt+ [ (6)* x1dt + [ (-3t+18)’ x1dt
0 2 4
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2 4 6
= j ot> dt + j 36dt + j (9t> +324 —108t)dt
0 2 4

=24+72+24

=120J

. Edissipatea = 120 J
And E =0J

stored upto 6 sec

g Eabsorbed = Edissipated + Eslored
= Eabsorbed =120J+0J=120J

0S. Ans: (a)
Sol: Point (-20,0) = V=-20V and [ = 0A
Is — 0A
—> t o A
Is * &
.
I (D IRs =R y=_20v
oB

ByKVL = IsRs—-V=0
= IfRsg+20=0
= [fRg=-20V
Point: (0, -2) => V=0V and [ = -2A

Is A
] li=1-2A
4
Is (D ov gRs V=0V
B
= [=-2A
Substituting I in eq (1)
Rg=10Q I A
i +
Y4 —
2A (‘) 10Q 10V
i
1A
B

From the diagram;
I=-1Aand V=-10V

06. Ans: (a)
Sol: V4
* linear
_1 A * Passive
0 * bilateral
Y
07. Ans: (b)
Sol: +v
* Non linear
I I * Active
0
* Unilateral
-V
08. Ans: (e)
Sol: vt
+54
1 / | * Non linear
0 k, * Passive
* Unilateral
-V
09. Ans: (¢)
Sol: tv
- . * Linear
0 i * Active
Y * Bilateral
10.
o N
2V 4v

6V

a

Va

/SV
N

3) 10v
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()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
—WW——W
e

5V 2V —-— 3V

O T

Here the 2V wvoltage 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: % [Im—l(’v')
120 i s ’
T > >
5
YORRELL Wi 203 v,
Applying KVL,
-V, + 12(1in —&j + Z[Iin —ﬂj =0
5 5
-V, +121, —12%4- 21— 32V, _ 0
141, = %Vl

14.

Sol:

70
V=L .. 1
1 49 in ( )
SV = 2(1in - 16V1j ........... (2)
5
Substitute equation (1) in equation (2)

Vout = 2(Iin _%XEI j

49 ™
{2,
7

1Q V=12V 4A

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

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

Ans: (d)

v—

O & 220
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0.51
4—
I
> — W
L3 10 I

O NV 20

Applying KVL,
= V+ 1.5 +2I=0
=V=-351I

15. Ans: (¢)
Sol:

100 Vg ZVx
AW —e—<

Y <
AW o Vx5
5Q

AW |11
8Q

By using KCL
V, +15

—2V, =0 = V=1V

By using nodal Analysis at V, node
Vv, +15
18

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

ByKVL=1-i-i;=0

i, =0.5A

ByKVL = —i,—i, +1 =0

i,=0.5A

By KVL =V, - 0.5+2+0.5-V,=0
Vo=V, +2V

17.

Sol: As the bridge is balanced; voltage across (G) is
“ov”.
By KCL atnode “A” = -+ 5m+5m=0
Is= 10mA

18.
Sol: Given data:
Vr =5V and V¢ = 4sin2t then V| = ?

Q
1A
+
5Q=Vi=5V
A Ve = 4sin2t

S

i, = CdV. = i(4sin2t) = 8cos2t
dt dt
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By KCL; -1 -2 +i+i, =0
ip =3 — 8cos2t
We know that;
VL= Ldl—L = 22(3 — 8cos2t)
dt dt
= 2(—8)(—2)sin2t
V1 = 32sin2t volt

19.

Sol: V =7? If power dissipated in 6C2 resistor is zero.

10y 60 8Q v, 50
— W———AWW— T —— W

20£0° C

W
et
5
A |
3

PGQ =0W (Given)
=1i.,.6=0

= 10=0(Ven=0)

Vl _Vz
N =0;Vi=V,
6+ 38
By Nodal =
0
Vi —20£0° L+0 _0
1 _]1
V,=10+/2 245°=V,
By Nodal =
V, V,-V

0+—=+———=0
5 5

V =2V, =2(10+/2 £45°)
-V =20~/2 £45°

20. Ans: (d)
Sol: v

2Q

AAMA

VVVV

L

21

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

The behavior of this network is a load resistor

behavior.
By Nodal =
vV V=2
_Il + — 4+ A
4
3V =8I,
vV 8
Req=—=-0Q
1, 3

21. Ans: (a)

Sol:

1A @ 2A
1A
R,

R; " A R —WV
S —— Rz
%
1A WO o
o @O

Apply KCL at Node — 1,
I[=Ixtlgs=1+1=2A
Apply KCL at Node — 2,
L=-L-1=-2-2=-4A

X O OB 0 Ty) LT ST el T TV TNV (0 Bl Hyderabad + Delhi + Bhopal + Pune + Bubaneswar + Lucknow + Patna + Bengaluru + Chennai + Vijayawada + Vizag + Tirupati + Kolkata + Ahmedabad




& ACE 6 Em

22. 23.
Sol: l Sol: Z,,=7?
1F=2, 7 /\/ z, a
=
3F Z
Ze kﬁ I 4
/| 1
/\ A = \%l—«m—'
j2
Fig.1
7,7
Zi=Zy+Zp+ | 2L b
Zc
(lj[lj Since 2 * 4 =4 * 2; the given bridge is balanced
_1 + 1 + \sA\2s) one, therefore the current through the middle
s 28 ( 1 j branch is zero. The bridge acts as below :
3s
1
7= —— C= _E

w | oo

a a &e—
ZQg %}49
(IMIJ \ \\% Ty
7,7 2s )\ 3
Z2 :ZB+ZC+ B &C —L+i+¥ 0 40
Z, 2s 3s 1 b
S b

Zo=—~ ;C=1F
2 Sl) 4X8 8

Zab =

418 3
Z3:ZA+ZC+ ZAZC 24.

B Sol: Redraw the circuit diagram as shown below:
i a
3s
s 3s 1 30 30
2 :

1
; 1)
A 3Q
2 lezs\/\/ 1 e
2 Z,=—F
/\ /\ 3 b
||

Z,=1F
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Using A to star transformation: ao a
a \/\’j
1Q c | d
a
10 N
10 10
R, b —> bo b
d ¢ T Rs ’ Fig. 1
4a
3 a o
30 1Q a
b c d
4 7 N
ARp=1t—=-0Q <
3 3
bo b
25.
Sol: On redrawing the circuit diagram _ 0.1x0.1 — 0.05uF
B 0.2
R R a
A
R R or 3R or 100R L ::O.OSHF
0.05uF
R
B AW
L R L
_ RE R =Ror 3R or 100R po——r b |
— —
A AW
R
Rap R Cup=0.1 pF
B : Note: The bridge is balanced and the answer is
L easy to get.
— R =Ry
A 27. Ans:(a)
As bridge is balanced Sol: Consider a A connected network
So RAB:R”Req:R”R:R/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]
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Then each branch of the equivalent A connected

NEY AR /

RE

impedance is

28. Ans: (a)

Sol: Network is redrawn as

Y
Reg= 1§ §Req
b

RC
R, =1+1+—~=

eq
1+R,,
5. R, _ 2+2R +R,
1+R,, 1+R,,

R, + qu =2+3R
R: —2R_-2=0

R, =(1+3)0

29. Ans: (¢)

Sol: Applying KCL
lp2so=21+1=3i
Ipi2so= (1 -31) A

(1-31))  1/8Q

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

—=0
8 2 4

30. Ans: (a)
Sol: i 6 V 40

-10V

Applying KCL at Node V
A
X+ V IX +ix :0 ........... (1)
2 4
_V+10

X

=V=6i —10

Put in equation (1), we get
3iy,—5+ti,—2.5+,=0
S5ix="17.5
i,=1.5A
V=-1V
V-2, -1-3
4 4
.. Power absorbed = (Lependent source) (21x)
=(-1)(3)=-3W

=-1A

Idependent souce

31. Ans: (d)
Sol: Vo=7?

+
2A

50V,

o

3A

ol
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32,

Sol:

33.

Sol:

ACE Engineering Publications

By KCL = +2+3=0

+5+#0
Since the violation of KCL in the circuit;
physical connection is not possible and the

circuit does not exist.

Ans: (b)
Redraw the given circuit as shown below:
.+
3A<D 15V §SQ Vo
+
}3A
3A 0A

By KVL =
-15-V,=0

Vo=-15V
Ans: (d)

Redraw the circuit diagram as shown below:
Across any element two different voltages at a

time is impossible and hence the circuit does not

exist.
Another method:
By KVL =
5+410=0
150
I
sv(2) G 10V =5

ov

Since the violation of KVL in the circuit, the

physical connection is not possible.

34.

Sol:

3S.

Sol:

36.

Sol:

Postal Coaching Solutions
Ans: (d)

Redraw the given circuit as shown below:

1
M) @1ov 59

By KVL =

~10-10=0 -

20 %0

Since the violation of KVL in the circuit, the

physical connection is not possible.

Ans: (b)

Redraw the given circuit as shown below:

I
By KVL = *
10-10=0 10V 10(z) 10VE50
0=0
KVL is satisfied
10 =
o= — =2A N
5Q 5
ISQ =2A
Ans: (d)
20 A 20
AW —AWWW,
LI > i —_ _
4V - 20 2 v, —'_—+ 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
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d—v, vy oV +2 a a:
2 2 I a
3Vo _ §IQ
4AR) % 10 Q
— 2 \V4 3
Vo —E (i 4V
(Here polarity is different what we assume so 4V
V, = =2 %2 Q
- b
37. 0.C. T3
Sol: The actual circuit is Qa b
20 20 b
38. Ans: (b)
v©® o Ov | s 100
—VWV——
-20V+ -
202 10 5Q2 10V
10V _— 4
o) (D T 2A
— 5V
a o
[ Voltage across 2A =10+20+10-5=35V
Power supplied = VI =35x2=70W
280N 202 202 (eA 39. Ans:(d)
Sol: v, 10
W
Vo
’\6/\/§\2/\v Al — O a
+ Vo —
2V §12 o
3A<> 2Q§ 1Q§ QT\ 3A
Ob
J Applying KCL at node V
vV-12 V
b ——+—=V,+V,=0
6 12
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V V Pyo = (12 x 3) = 36 watts — absorbed
S f—=2 V=8V s=(12x3)=36w
6 12 Pgsv = (6 x 6) = 36 watts — absorbed
5o Vo=4V Psv = (6 x 6) = 36 watts — delivered
Applying KVL in outer loop Pyo = (12x6) = 72 watts — absorbed
= -V+1(Vg) +Vap =0 Since Pye = Paps; Tellegen’s theorem is satisfied.
= V=V -V,=8-4=4V
42. 20
Ve AW—
40. Sol: e
Sol: By KVL R
y 30 § + lev =4Q A 6
= Vi-6-10=0 Vs + . 4v3:ij°n
Vi =16V
4A
Psq = (8 * 2) = 16watts — absorbed
Pya = (24 * 2) = 48 watts delivered
P3q = (6*2) = 12 watts — absorbed By Nodal =
Pjov = (10 * 2) = 20 watts — absorbed IC., VOmalire
0A 40 3 2% 2
.
- +
0 N ssove (1)
6V S3Q +* 6
\2 - 24v (4 )2A By KVL =
J L mO y
V3 21+ 4V3 =0
B 5V,—21=0 @)
By KVL =
Since; Pyo = P,ps = 48 watts. Tellegen’s Theorem V=V, 3)
is satisfied. Substitute (3) in (1), we get
24
41. T

Sol: By KVL in first mesh
=>Vi-6+6-12=0
V=12V
P15, = (12 x 9) = 108 watts delivered
6V

V3,=ﬁ Voltand I = @A
17 17

P3;q = 0.663W absorbed

Pso = 64W absorbed

Psa = 69.64W delivered

Pyo =24.91W absorbed

Psv3 = 19.92Wdelivered

Since Pge = Paps = 89.57W; Tellegen’s Theorem

1s satisfied.

—+ -
Vx
ACE Engineering Publications
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43. Ans: (¢) t=0" tot=0"
l¢.
Sol: V. =V, +—[i ()dt :lcvz :lciz :LJ
€Y 2 2 C 2C
0<t<l: Statement I is True, Statement II is also True
i(t) =2t and and is the correct explanation.
V=0V
1 47. Ans: (b)
.-.VC=0+Lj2tdt . .
1/2% Sol: If there are (n + 1) nodes in a NW, by selecting a
S datum or reference node.
=2 ‘o The node pair voltages of all the other n-nodes
- Ve =0V at t=0 wrt this datum node are identified.
=2Vatt=1 By knowing V—1 relation of the branch KCL
And Ve varies as parabolic is used at each of the = n-nodes to obtain a set
Continue to do like this with initial condition. of n-simultaneous independent equations in n-
voltage variables, which when solved will

4. Ans: (c) provide information concerning the magnitudes

Sol: KCL as well as KVL are applicable to any and phase angles of the voltages across each
lumped electric circuit at any time ‘t’. Statement branch.

Lis True. The ideal generator maintains a constant voltage
The sum of the rms currents at any junction of amplitude and wave-shape regardless of the
the circuit is not zero in general. It depends upon amount of current it supplies to the circuit.

‘.[he r.1ature of the CICmen \SRERRICEENNRINEE ..Both Statement I and Statement II are true and
Junction. statement Il is not the correct explanation of
Statement II is false. Statement I

45. Ans: (d) 48. Ans: (a)

Sol: A-Y transformations are true for any arbitrary Sol: All networks made up of passive, linear time
frequency, . Statement I is False. invariant elements are reciprocal. Not only
Impedances in A-Y vary with frequency. passivity and time-invariance but also linearity
Statement II is True. of eclements is necessary to guarantee the

reciprocity of the NW.

46. Ans: (a) .. Statement I is true. Statement II is also true

0, 0, and correctly explains.
Sol: q= [i(t)dt= [8(t)dt=1 Coulomb
0- 0- 49. Ans: (b)
) 1 Sol: Duals:
Across capacitor, vV = 4__ 0 Has
cC C A. Mesh — Node (4)

Energy inserted instantly from

B. Outside mesh — Reference node (3)
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C. Mesh current — Node voltage (2) 02.
D. Number of meshes—>Number of nodes (1) Sol: The currents in all the branches are marked as

shown in Fig.
50. Ans: (b)

o . L) R 1
Sol: In Duality resistance equivalent to conductance ! 2 2

Inductance equivalent to capacitance
210

Loop current equivalent to node pair voltages @
Number of loops equivalent to number of node

pairs. Fig.

51. Ans: (a) I =I_1+[ +1
2 2 a’

Sol: (A) % _1 — (Second)™ (4)
T

31
[ = 71 + L+
1 _ 2 . 2
(B) L_C = ®" —(Radian/second)” (3) Inner Mesh equation:
(C)CR=1 —> Second (1) Lx1+2L+Lx1=0
31 B
(D)\/%:R—)Oth) Ia+211+7+12+1a—0
I
%4‘12"‘213:0 ........... (1)

Solutions for Conventional Practice Questions

Right side mesh equation

L+2L+1,-1,=0

=>L=3L+; . 2)
Substitute (2) in (1)

01.
Sol: C=30mF

FOI‘OStﬁz,M = 5V/ms

71
dt :>71+12+612+2II=0
= 11—1 + 712 =0
~ 1(0.5ms)=30x% 107 x 5 x 10°
=150 A L, -l
= ==—
dv(t) 0 I, 14
dt t=2.5 ms
L i(25ms)=0 03.
E = Energy delivered by the source till 7 ms Sol: Convert Y in to A as shown in below figure.
20x20
=1 evi(ms) X, =20+ 20+ " = 600 = x, = x5
2

_ % x30x107 x(5)2 = 0.375 J
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12 =-2.29
II 40 II \‘ _
J0x 4 "\ I,=1.418
15Q / 60Q\' 15Q
N~ 04.
60 ,/’,6_?,W,.\:\ Sol:
AW — g —— + Y Vo2
4v 150 \%
—[’—’WW 12v (£ 70 2Q 3A 8Q
L
8Q v,
0% ? Vo
I 4Q
VT R, By applying KVL for V,
120 } 15><60_IZQ
J 75 vV,
N,’ ~e 12=V0+ 7—3 4
L 60 R RZ%\
L AWMA—E AW 2 12=3V,—- 12 = V,=8V
VT g0 y" Ve 8 64
—I;—'WW P=—2=—=—=32Watts
2 0 2
. 10
Convert Ainto Y W, = J 32dt = 32(10 - 5)
5
12x12
R1= =4.=]K2=]K3 =160J
36
05
Sol: (i) Given the mesh equations:
30V 8L, -5L-1;=110
SL+10L+0=0 ... ()]
-, +0+71;=115
40V = ]
T The NW must have 3 meshes with two
sources and all possible resistances in
general as shown in Fig.1
Apply KCL at Node 1
11+Iz +I3:O ........... (1) ’V(R/\A‘A,
Apply KVL at loop /I)
30 — 81, + 10, =0 & ’ 5
8, - 10,=30 ... 2) R R
Apply KVL at loop 2 /> § R, /> -
40 - 1213+ 10, =0 110V L I3 115V
121, -10L,=40 ... 3) i

I,=0.878 A

Fig.1
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Write the mesh equations 06.
I](R1+R2+R3)—IQR2—I3R3 =110 Sol:
- 11R2+12(R2+R4+R5)—I3R5 =0 (II)
- 11R3—12R5+I3(R3+R5+R6) =115
Comparing the above set of equations (I -
paring q @ 12V <
and(I):
R1+R2+R3 8 R2 5Q R3 =1Q
RZZSQ R2+R4+R5:10 RSZOQ
R,=1Q Ri=00 Apply KVL at loop 1
R3+R5+R6: 7 - 36 — VZ = 0
R1+5+1:8 Vl_V2:36 ......... (1)
. 5+R40=10 1+0+Rg=7 Apply KCL at Super node
R, =2Q Ry=50Q Rg=6Q Vitl2 ViV, V,-24
SRI=2Q,R=5Q,R;=10Q, & o2 3
Ryi=5Q,Rs=0Q,Rs =6 Q v, 1 1 +V, 1 1 +3-8=0
D 4 6 12 3
(ii) Current in the 110 V source = I, = —- 5 5
b Vl(—j+\/2(—j =5
110 -5 -1 12 12
D,=[0 10 0 Vi+Vp,=12 (2)
115 0 7 By solving equation (1) and (2)
Vl =24
=110 (70) -1(-1150) Vo =—12
=
= 8850
8§ -5 -1 07.
D=|-5 10 0 Sol: To find the current, I in the wire AC, of
-1 0 7 Fig. 1, assume a ground point D. Feeding
= (8 x 70) + 5(=35) — 1(10) 1 amp at point A and taking 1 Amp from point C
=375 is equivalent to the superposition of two current
8850 sources as shown in Fig. 2 and Fig.3
' 375 C‘ : ‘A
_ s G
s 1 Amp 1 Amp ‘
=236 A D
1 Amp
Fig.1 Fig2 D
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{ ‘ Node 2:
C I A -V +2 _
< VicVit2 WV N3 )
[ 3 2 s
10 (Vo= Vi +2)+ 15V, 46 (V,—3)=0
LA —10V,+31V,+20-18=0
P 1OV 431 Vo= e @)
. 21V =52+10V,
D Fig.3 0V -2
~sp10 10Y22) 311_ )
From Fig.2, 1 Amp is divides equally through 100 20
the four wires because of the infinite nature of V, (21 - ?j = 52 — 31
the mesh : I} =0.25 Amp.
Similarly from Fig.3, 1,=0.25 Amp Vi=2.889V
10V,=21V,-52
*. Current in the wire, AC= I=1, + 1, =(21x2.483) - 52
\'A
Ammeter reading= — = 0.434 A
08. 2
1: , V, -2
So v, 2|.V 30y, Voltmeter reading =2 + — =2.1178V
| I
09
1Q 2
6 Q§ %2 Q 50 Sol: By applying KCL at V,
40 2:V1—20+V1—0.5V1—V2
10 5
Fig. Vi-V,=20........ (1)
By applying KCL at V,
Nodal equations: AV
Node 1: V.-30 V V2+?1—V2
V-4 V-2 V,-V,-2 o T2 s 0
LT 2 0 2 0L (])
6 5 3 -V, +8V,=80........ 2)
5(Vi—4)+ 6 (Vi=2)+10 (V,-V,-2)=0 From (1) & (2) -V, + 8(V;—20) =80
21V{—-10V,-20-12-20=0 7V =240
20Vi=10 V=52 i, 2 240
! 2 2) V, =2 23428V
V,=V,-20=34.28 V-20
=143V
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2. Circuit Theorems (c) When 2V voltage source is acting  alone
Solutions for Objective Practice Questions
L1320 10 10
01.
1Q
Sol: The current “I” = ? 2\/@) 10 10
1Q
MW
1Q 1Q I;= 2 _ 0.66A
33— —_ - .
+ | 2V 200 3
V1A - By superposition theorem; [=1; + I, + I;
B I
=0+0+
. 10 [=0+0+0.66A
I[=0.66A
By superposition theorem, treating one 02.
independent source at a time. Sol: 20 1Q
= 4

Ix

10v(=) M)3A <i 21,

(a) When 1A current source is acting alone.

1Q 1Q

20 -
INO) IQ§ L=t

_IT By super position theorem; treating only one
independent source at a time
1Q . .
1o \ (a) When 10V voltage source is acting alone

20 10
Since the bridge is balanced; I, = 0A —1>
x1

(b) When 1V voltage source is acting alone
10V<i> ¢ + 2ix1

+

1Q

1Q 1Q

1 2Q

1V —
- e By KVL =
10 —2iX1 _ixl —2ix1 =0
1Q

1Q iy =2A

(b) When 3A current source is acting alone

Iz =0A
Since the bridge is balanced.
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5 60
20y 10 V,=120V=TIR; =60 W= [=_|—
AMNN——AMN— R3
g
| 1x2 For Vg=105V
MN3A  {2i 2
. @ o py= 105 160} g =450W
120 | R,
By Nodal = 04. Ans: (b)
Vv (V-2i,) Sol: It is a liner network
— -3+ ——2= . . .
2 1 .. V4 can be assumed as function of iy, and iy,
3V4ip,=6 (1) V, = Ais] +Bi
And 80=8A+12B (1)
o=0"V o vo i ) 0==8A+4B ... )
. From equation 1 & 2
Put (2) in (1), we get
; A=25: B=5
o= 2 A Now, Vx = (2.5)(20)+(5)(20)
> V,= 150V
By SPT;
=i Fip=2 _3 A 7 05. Ans: (¢)
S 5 Sol:
= 1Q - v
six=1.4A = 38 flfl o,
2A — 5V =
03 =40
Rii=3A 7
Sol: ob
T For finding Norton’s equivalent resistance

Resistive

N % +
120v T | Network R> 50y
L A

=

R;

P, =60 W
For120V —>1,=3 A

For 105V — j =%x3=2.625A

For 120V > V,=50V

For 105V > V, Z%x50=43.75\/

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

1Q O.C. 3Q S.C.
——o —AMAN—e—eo——92a

0%

O.C.

———O

Ry
= Ry=3+4=7Q
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06. Ans: (b) V= =21
Sol: 20 L O == 3
a o—MW W
+V. _
X - = V=V, +V, =21 21
§EIQ EEIQ 2V, V_VX V]— + —?
b o _ 41
3
Excite with a voltage source ‘V’
41
=>V=—
a 1 20 Vi 1Q  V, 3
| tv, T V 4
L = = —==—0Q
\% @ =10 z I 3
e 4
b = Req = EQ
Apply KCL at node V,
e NV 07.
1 1 Sol: 10
=2V, -V,-I=0 ... (1) — W, -
Apply KCL at node V, i
= JE— § Q § 4Q v
v, -V, +%+2Vx=0 100 £0(>) 10 i1 “4Q v,
2V, -V 2V, =0 ) °
But from the circuit,
V. =91 3) Here j1Q and — j1€) combination will act as
Substitute (3) in (2) open circuit.
OV, _V, +4] = 0 The circuit becomes
27Vl -
4V, 2V +81=0 3Q
—W——=
From (1), N
2V =V,+1 I .
S AV, — (Vo + 1)+ 81=0 10020 § 12 vy,
=3V, +71=0 _
71
=>V,=——
100£0° xj4
Substitute (2) in (1) = Va :T'élj
71
2V, —(—?j—ho = 80/36.86° V
7 —41
2V1 +§I—I:0:>2V1 :T
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08.
Sol: Thevenin’s and Norton’s equivalents across a, b. 10 15
ISC =|—+ 5 =—A
30 vy,
15
Isc=—A
SC 2
VvV, 150
Ry = —=—— =20Q
sc E
2

V=150V, V=100V
Super nodal equation

30 vV o 5Q oV

MWWy a =1,—0.2i, + i, —[ =0
I=i,+0.8i,
ZQ§4\_/ 10A (V*j 3 A%
_X 4 _OV Isc V= SOIb N ib = —
80
. 1T b - Inside the supernode, always the KVL is
= 0V written.
N 102y 2o By KVL =
3 > 100i, + 2i, — 80i, = 0
2V a
— =10
5
V=25V V  08xV 50 SQ%
2V 2x25 T102 80
s 5 b
V=10V
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Ve 1 P=[I xRy
| L] Poax = 125 X 5 =625 W
102 100 <. P = 625 watts
=50.5Q.
R =50.5Q 11.
Sol:
10. 10Q2 100
Sol: Ve 150
i i80) +
—_ RL
+ + i
) 110£10° Vi 90.£0°(~) *
- - The maximum power delivered to “Ry” is
Ri= R2+ (X +X,)°
By Nodal
y Nodal = Here Rg=10Q : Xs= 10Q & X, = — 15
V, 11020 | ) ¥, 90£0° B
6+8) (6+8) (6+i8) (6+3) EREVA ')
2V =20020° = Vi = 100.£0°. R =550
Rin: 100.£0°
I: . .
; 10+ j10— j15 +55)
i8Q 18Q
o . P = [543 = 236W
Rin
60F 60 12.
10Q2 ;
Sol: -, j10€2
. . . + _jXC
Ra = (6+ j8)(6+j8) = (3 +/4)0 100.0°0) I 1
A - 10Q
N (3+4) The maximum power delivered to 10Q load
100.£0° 9 g' R, resistor is:
B Zy =10 —Xc =10 +j(—X¢)
° XL = —XC
B So for MPT; (Xs + X1) = 0
R, = [3+j4] = 5Q 10 — Xc = 0;
. 100£0° Xc=10
(8+j4)
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_ 10020° s "2, =7,=(02-504)Q
(10+;j10-3;10+10)
Poax = |I'RL = 5%(10) = 250W 14.
Poax = 250 Watts Sol:
13. Ans: (b)
Sol: 10 ilo a
1118 o
+ Vo - ZL
20.£0° v@) - ji0 DAL Z
P The maximum true power delivered to “Z;” is :
For maximum power delivered to Z;, 20"
. Voo | 2920 is5) = 5042 245"
Z, =7, —15+35+5
1o i i1Q (1+Ve) 4 Zy = (=35)II(5+35) = (5 55
< FEF— O ----7
Vo - + : .
< L A, >, v @ A . Zy=(5-j5)
_ i 5042 245" "D I Zu=74" = (545) Q
o1 _
] -
_i Z
ix:(1+V0)><1 J_I:(1+V0)(0.5—j0.5) b
_J 0
5042445
But = */_ —_ =5.2,45°
5-35+5+35
V() = —ix i )
e (14V0) (0.5—0.5) P =15 =|5v2|* .5 =250 Watts
(—14) Vo=14V, oo Prmax = 250 watts
=>Vo(-15-1)=1
1 15. Ans: (¢)
— — 3 a
VO = T_J =-04+ _]02 Sol: o
Applying KVL
1A R
+V, —jl(1+V)+V=0 ® §1Q /é/
=V = -V, H1(1+Vo)
= 0.4 j0.2+1(0.6+j0.2) b
V=(02+04)V Maximum power will occurs when R = Ry
.'.Zth:¥:V:(0.2+jO.4)Q =R=1Q
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b
2
Pmax:(lj xlle
2 4
25(%)OmeaX=le=L
4 16
NO) S0 z ®

b

Current passing through ‘R’

I=1x I = L
1+R 1+R
2
~P=I'R= ! R:i
1+R 16

=R +1)*=16R

=R’ +2R+1 = 16R
=R*~14R+1=0

R = 13.9282Q or 0.072Q

From the given options 72m(2 is correct

The network ‘N’ shown in figure contains
only resistances.

E=10V and 0V

I=0A and 2A
V =3V and 2V respectively.

If E=100 V and I is replaced by R = 2Q), then

T

determine V.

Sol: For, E=10V, I=0A then V =3V

—O a
+
E=10V N V=3V
L b

Fig.(b)

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

l: N z\if—l I=2A
9

Fig.(c)
Now when E = 100 V, and I is replaced by R

=2Qthen V=27
a
E=100V( { ) N A % R=2Q
b
When E = 100V,

From Fig.(b) using homogeneity principle

—o a
+
E=100V N Vo= 30V
L ob

For finding Thevenin’s resistance across ab

independent voltage sources to be short circuited
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& independent current sources to be open . .
circuited. +
Is¢ N — 30V
—©Ca a . __
N = R, .
' Fig (c)
—] L,
R By homogeneity and Reciprocity principles to
Fig.(d) fig (a);
. . . . . Isc =6A
Fig.(c) is the energized version of Fig. (d)
. For Ry
+ - | .
Ry § V=2v D [=2A Ry —* N = Ra,

2
=R, ==-=1Q : : . .
2 Statement: Fig (a) is the energized version of

-.With respect to terminals a and b the figure (d)

Thevenin’s equivalent becomes.

Rth: 1Q
a +
10V —
V=30V N
b Fig (2)
Ry=1Q a
10 = Ry S by ohm's law
V=30V (1) 20
Ry =2Q.
b .
[=4A
2
V =30x——=20V 1Q§ ZQ§ ) 6A
2+1
S V=20V .
Fig (b)
17.
Sol: Superposition theorem cannot be applied to fig 6x2
I = =
(b) (2+1)
Since there is only voltage source given: [=4A
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18. Ans: (b)

o [ 2]l
4 Z,, Z,1|0
10=27y, (4) +Z12(0)
4="75 (4) +Zx»(0)

z, -9 55
4
4
Z21 :Zzl
6x1 6
I., = =—=0.8A
6.5+1

Fig.(a)

\Y N

Fig.(b)

Using reciprocity theorem, for Fig.(a)

a

1A ¢ N

L=3A v N

Fig.(c)

60V

Norton’s resistance between a and b is

4 — —o0— a

N = Ry
’T._ HP
Ry Fig.(d)

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

44 2
20V —" Ry
b
=Ry = % =5Q

With respect to terminals a and b the Norton’s

equivalent of Fig.(b) is

a
5Q2 ISC =3A
b
.. From Fig.(b)
—
\Y N T 60V
_l’_ o—
b
a_
= V 5Q ISC =3A
+
b
=>V=-15V

O
X O OB 0 Ty) LT ST el T TV TNV (0 Bl Hyderabad + Delhi + Bhopal + Pune + Bubaneswar + Lucknow + Patna + Bengaluru + Chennai + Vijayawada + Vizag + Tirupati + Kolkata + Ahmedabad




5. ACE 2 oo
20. SV =-1V
Sol: 10 1 1 1 1 1 1=2
MWW — =t —t—=—+—+1=
R, 10A 2Q 10A R' R, R, R, 2
“0v” AW SA 1
+ 30 " SA A " I{1 =—Q
- Y 2
e §Rz 25\’§59 502 25V
- B 5 1=~ 1=2%a
1
)
A A A 2
5A 5A 22. Ans: (d)
+ Sol:
+ = 25V = 25V(V)5A |
25V=50 —
g 50 ZsmH 2uf
L + +
B B B 10sin100t ~) 100
— T 10sin200tT _
PAB = Psg = P25V = P5A = 5*%25 = 125 watts
(ABSORBED) , . ) )
Since the two different frequencies are operating
21. a on the network simultaneously; always the super
Sol: ) position theorem is used to evaluate the
20 20 10 =? responses since the reactive elements are
§3 o frequency sensitive
. . 1
4v 12V v ie., Z; =joL and Zc =—— Q.
. joc
b 23.
By Mill Man’s theorem; Sol: In the above case if both the source
V= V.G, +V,G, +V,G, arel00rad/sec, each then Millman’s theorem is
G, +G, +G, more conveniently used.
4 12 2
———+—-  4-12+4
=2 2 1l =" =1V 24. o2
1 +l 41 272 Sol: !
2 2 S5F
a 10£0°A(N) w0 Fm 210
1 %I
2 S
3Q
v % 1

b
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25. 2
20 40 ==(3+5+7)R
Sol: AW A R
—>
) iy =450 W
10V i> @ §3Q @ +) 50, Minimum power consumed
- 2
==(3+5-7 R =2W
R
Nodal equations 27. Ans: (¢)
i=GV
100 2
=i Sol: I, = —, P, =[[ R
k= h " R 444107 ¢ T
10=2i; +3(;-,) 1
0= ai 1+ o (Ji 3 %) ) (2) P; is maximum, when I} is maximum.
42+ 2+ 302 1) @) I; is maximum, when R, is minimum
VX = V1 30
10=2V,-3(V,\-Vy) 3
=>(Vi=V2) ©) Statement (I) is True.
0=4Va 2Vt 3(Va Vi) o e “) During maximum power transfer, (i.e., when R,
30 v _ - 2 2 _
vi 300N 3Q), |2, |= R} +4° =5 Q.
. N "Ry #Z,|
10A @ V.320 40 SVx Statement (II) is false.
. . 28. Ans: (b)
26. }‘m )
Sol: When only E; is acting, IlzR =18 +
/ \F viQ) I ZR
= I = -
2
Similarly, | 1[ =7,= Vi=L(Rs +Ry)
R
When all sources are acting, Thevenin and Norton equivalents are derivable
ILow =1, +1, +1; for linear NW’s only.
Maximum power consumed by R is
12 29. Ans: (b)
P=
lowR Sol: Conversion to equivalent T — NW and
application of Thevenin’s Theorem have no
relation.

ACE Engineering Publications
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30.

Sol:

31.

Sol:

32.

Sol:

33.

34.

Sol:

3s.

Sol:

Ans: (d)
Z; should be equal to Zs* and n=50 %
. Statement (I) is false but Statement (II) is

true.

Ans: (a)

Diode is a nonlinear and unilateral device.
Hence, Thevenin’s theorem cannot be applied.
Both Statement (I) and Statement (II) are true
and Statement (II) is the correct explanation of
Statement (I).

Ans: (¢)

A. Load impedance (10 + j 20)"
=10-;20 5)

B. Total impedance Z; + Z; = 20 (4)

5
C.Current — = 2.5 3)
20
D. Maximum power
(2.5 x 10=62.5 (1)
Ans: (b)
Ans: (b)
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)

Ans: (¢)

A. Reciprocity

— Bilateral (2)
B. Tellegen’s

b
- zvjk (tl)ijk(tz) =0 (3)

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

— Impedance matching (1)

36. Ans: (d)

Solutions for Conventional Practice Questions

01.
Sol: The given circuit is shown in Fig 1 with terminals
marked.
20 P2Q R 40 A
—A\WW T 0
+ +
60V 2Q 25 A 8 Q Vas
. | N
B B

Fig. 1

Source transformation is used successively as
shown in Fig. (2) to (9)

20
WWA o P
3 =
sov (O 2Q =
O
Fig. 2 B
|
MW P
N
30v ()
Fig. HB
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1Q p 2Q

254

Fig. 4 °B
30
MR R
+
30V C) 25 A A\)
Fig. 5 °B
oR
+ S
10 A /@ 30 @\ 25 A
oB
Fig. 6 oR
+ >
3548 (N 230
Fig. 7 8
30

O

Fig. 8

)
W
<
M
U/
o0
o)
AMAA
VWW
<

&

: v,

Fig. 9

_ 105x 38

From fig. (9), V3 = =5V

02.
Sol: Case (i):

Source ‘V’ active: [ =1,

I; =0, as can be seen from Fig.1

12Q 8Q
—
v(®) WY
e
Fig.1
Case (ii):
Source ‘1A’ active: =1,
I, =0.5 A as can be seen from Fig. 2
12Q 8Q
D — D
AW
i 40 L
1A
Fig.2
40 8Q
WW—AWAN—

§8Q

Fig.3
Case (iii):
Source ‘3A’ active: [ =1;
L 40
— AW
2oz 3A
: @
Fig.4

From Fig. 4,
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03.

8

I, =3x—=1A
24

I:II+12+I3:0+0.5+1 =15A
Note:

writing KVL equation from the given circuit,

The answer can be obtained quickly by

Fig. 5 directly:

1_1T 12Q 8Q T1_3
—>I
O oy
4Q
2411 1A 3A
Fig. 5

41+8(1 -3)=(1-1)12
241=36
I=15A

Sol: Case (i):

Due to 6 V source, the currents are shown in
Fig. 1.

1A 2Q
—WW
3A 2 A 1A
+
6V 30 40
Fig.1
Case (ii):

Due to 3 A - source, the currents are shown in
Fig. 2.

2A 2Q
WV
1A
[ L
V32 40 (T 3A
2Ay 0A
Fig.2

04.

Sol:

0s.

Sol:

Using the superposition theorem, the currents

due to both the sources are shown in Fig. 3.

1A 1A 2Q
4 ¥ 2 A 2A
6V_<> 303 1o (D3a
Fig.3
v(t) =10 sin (27t x 10°) t
1Q
—— MWW

v(t) +(> iD /H/Z

i) Maximum power is

generated by the
generator when Z; =0

Pg., (max) = (1—\/%) =50 W

Maximum power is delivered to the load if
ZL =1Q.

Under this condition

i) p (max) = 12 x1 =

ms

2
5
— | x1=125W
(\Ej

iii) Power generated by generator =2 x 12.5
=25W

Let the Thevenin impedance be R +j X

Magnitude of Zy, = w/RZ +X?

__open circuit voltage

short circuit current
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125

= —— = 22.36 2045
5.59 3
With 10 Q resistive load, A
125
= 441
JR+10)°+X° L .
Fig. 3
(R+10)°+X* = 125 28.34 VvV, . . .V, i
4.41 ' Ry ==, i =Vo-i —ai +——
R?+ X2 =499.97 ’
R*+X*+ 100 + 20 R = 803.15 i :EVO_iX(EHXJ
20 R + 100 =303.18 2
203.1 5 . 3
R = 03 8:10.16(2;)(=19.91 (E+aj1x=5V0
Va=125V,Z4=10.16 +j19.91 Q & - 2 5+2a  2a+5
A 3 2 3
06.
Sol: Vg is calculated from Fig. 1 07.
L *Sol: The circuit is simplified as shown in Fig. (1), (2)
10 . .
AW MW—— A and (3) by using source transformation.
+ Ix T+
o iy 2Q Vi 12 Q
—_ % l O X
°B 20032 3 1A _
M 2a(}) 2092 18002 ©) Load = Ryy
There is no independent source. Fig. 1 Y
5o Va=0 120
Ry, is calculated from Fig. 2 AMN o X
(VO_ix_aix) 1Q Iy A 3A CT) 180 §
AMW— AW —
+ 1Q Vl)_lx + v
o iy 20 2 Vo Fig. 2
- _ 300 X
MWW °

Fig. 2 B . V+<> § ®RU6)

]

Fig.3 Y
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Load:

v b, 2,36
RL RL RL RL

P =g

For maximum power transfer to the three

resistor load, Zxy
R, =180 Q

VXY =27V

Power delivered to R = = 405 W

27
0

R (27)
Power delivered to TL = g "4 8.1 W

R (27)°

Power delivered to —= = o 4 12.15 W
3

08.

Sol: The given circuit is shown in Fig. 1, where 40 Q

across 50 V can be deleted.

B
%509 %209
2100
4003 _L 1
Ty 100V
Fig. 1 A
B—
R.
— +
= 10Q
v. e
Fig.2 A

V3ga is found by reducing the given circuit to the
left of BA into a single voltage source, V. and a
series resistance, R. by using Milliman’s
theorem.

The equivalent circuit is shown in Fig. 2

V — \/1G1+V2G2
) G,+G,
50100
_ 50 20
1 1
7_’_7
50 20
_ —4x100 _ —ﬂV
7 7
N 1 _ 1 _ 100Q
G, +G, L 7
50 20
400 10
Vir = — X
7 10
7
_ R
B 170 17

09.

Sol: Maximum Power transfer theorem:
This is used to find the wvalue of the load
impedance Z; (optimum) that absorbs maximum

power from a given network shown in Fig. 1.

Zy

Fig.1

The NW is replaced by its Thevenin’s equivalent

circuit as shown in Fig. 2.
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W@
e

Fig.2

Z; =Ry +j X is complex load
Vs is Thevenin’s voltage phasor (RMS Value)
Zs is Thevenin’s equivalent impedance

=Rs+j Xs
V. and Z; can be understood as the source
voltage and source impedance wrt the load

impedance, Z; .

_ Vs Vs
S Z+Z,  (Rg+R)+j(X, +Xy)
.......... (1)
P = Power delivered to
Vo R
Z, = |Is ’2 R, = 2s - 2
(Rs+Rp)™ + (X +Xs)
.......... )
For maximum power transfer to Z;_ :
Case 1:
When only X is variable in the load,
oP
= 0, Z(XL +XS) =0 or XL = —XS (3)
0X,
Then maximum power transferred to Z; =
V'R
5—L2 .......... 4
(Rg+R )
Case 2: When only R is variable, =0
L
(Rs + Rp)” + (Xp + Xs)* = Ri(Rp + Rg)2 =0
R¢™+R *2RsR; +(X +Xs)*—2R; Rg—2R, *=0
R - R 2+ (XL +X)*=0 or
Ry =yRZ+(X +Xs)? )

Then maximum power delivered to
L= V52 R,
(Rg+R,)* +R? =R

Case 3 :

When X; as well as Ry are variable, then from
(3) and (5) Xy =—Xs,R.=Rg

Z; (optimum) =Rg—j Xs ............(7)

= complex conjugate of Zg

2
S

Then maximum power transferred to Z; =

L
........... ®)
3+j4Q A
[z ] °
10£-30° (v)  "I5Q = ||z
B
Fig. 1

Let Z; = Impedance of Loudspeaker across the
terminals A, B for maximum power dissipation

in it as shown in Fig. 1.

B+j4)Q
o A
 -i5Q =— <z,
: °B
Fig. 2
Then Z; = Thevenin’s impedance across

terminals A, B into the network = Z;,
Z 1s found from Fig. (2)

X O OB 0 Ty) LT ST el T TV TNV (0 Bl Hyderabad + Delhi + Bhopal + Pune + Bubaneswar + Lucknow + Patna + Bengaluru + Chennai + Vijayawada + Vizag + Tirupati + Kolkata + Ahmedabad




Lo,
1% N
v M
v v
=i,

Y Engineering Publications

34

10.

Sol:

_ B+ ()9
" (B3-j4-js
20-j15  5(4-j3) 3+jl)
3—jl 9+1

= %(l2+3—j9+j4)

:%(15—1'5) = 75-j25

ZL: Z:h
7, =(15-]2.5)Q

Duality of Thevenin’s and Norton’s theorems:
The NW in Fig. 1 can be represented by the
equivalent circuit shown in Fig. 2 by Thevenin’s
theorem and in Fig. 3 by Norton’s theorem.

A L
T
NwW _VL Load
B
Fig. 1
Rin A
—MW—o—]
+
Va () R
- B
Fig. 2
AlL
i
WD o [Ja
- B

Fig. 3

Load: R Q From Fig. 2
From Fig. 3

1
or G, = — U .(1
L R, (1)
R
Vi =V, =V L 2
AB L tthh+RL ()
G
Lg=1 =1 L 3
AB L NGN+GL ()
Where, GNZL:L
RN Rth

Equations (2) and (3) are dual equations where
the duality is indicated by the dual quantities
given below:

Voltage across load, Vi
load, I,

Open circuit voltage across— Short circuit

— Current through

current from A to B = Iy

Aa B= Vth
Load Resistance, R;— Load Conductance,
1
G, =—
RL
Thevenin  Resistance, Ry —  Norton’s
1 1
Conductance, Gy = — = —
Ry Ry

The given circuit is shown in Fig.1 with 3 Q
across the terminals A, B.
The current through each element is marked by

assuming I as the current through 1 Q2.

o
Wy 5A
L-15 —>)r
1Q 2Q A
15 A MWW MW
> I] 9 I] - 30 —+
20V @154 & 230
- B
Fig.1
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Writing KVL equations:

1 +2(1, — 30) + Vy, =20

or3[; + Vy, =80 cereeee (D)

and

6(I, —15)+11,+2(1,-30)=0

or 91, -90-60=0

I, = @ = ﬂ A L (2)
9 3

From (1) and (2), V4@ =80-31,=30V

Ry, is obtained from the following circuit, Fig. 2

—I\N\A’—‘
6Q

AAA

AAAA
YWy 1 Wy 0o A

10 20
< Ry=3Q[6Q=20

L s

Fig.2

Thevenin’s equivalent circuit across the

terminals A, B is shown in Fig. 3.

2Q A
MWW
+ T
0v (O 302,
_ \ J,
Fig.3
v, =303 gy
11.
Sol: - ¥
¥ X
20 cos 2t j2 [ =Y
SC —j
LY

V-20/V2 V V
——+—+—=

, -=0
2 2 -]
1 1 1) 10
V44— |=—
2 j2 J 2
1 1) 10
Vi — |=—=
)
(_]2—2)j 10
Vi -
j4 V2
_ 40
V2(j2-2)
oV 405 40
C - A2(2-2) (2-j2N2
-]
_40(2+2)) _ 102245
sC \/5(8) \/5

I = 10£45°A
I, =5v2 cos(2t+45°) A

For Zy :
20 -
% HI <
20 = Z=(2lli2)
oY
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3. Transient Circuit Analysis
sin 2t k y (1)
s+2
Solutions for Objective Practice Questions
K
G(B)=——
01. S+2
Sol: i®) K K
G(jo)|=———==
Jor+22 242
o) =—tan' L= tan'1=_"
V(t)=u(t) J_D N ZG(jo) =—tan = tan” 1= 2
So steady state response will be
K . T
y(t) = sm(2t - —j
4
i(t) = e'A for t > 0 (given) 2\/5
Determine the elements & their connection
Response Laplace transform Ik
. y System | Sol:
Excitation Laplace transform 10 oH
transfer function n +
1 5V — o
I +3 - ), i) —__IF
ie., 16 _ H(s) (s+3) U
V(s) 1 10sint
s P —
s 1
- =y(s) = ——
(s+3) Z(s) By KVL = v(t) = (5 + 10sint)volt
7s) s+3 Evaluating the system transfer function H(s).
L(s)=| ——
S Desired response L. T )
= System transfer function
1 1 Excitation response L.T
Ty M se 1 1
I
5(3] —V(S) HEY ()= = 1
() (s) (R +SL + j
SC
S~ R=1Qand C= EF are in series S
H(s) =
iZs2 +s+1 )
02. Ans: (¢) 1
H(jo) =

Sol: The impulse response of first order system is

Ke ™'

So T/F = L(LR) = K
s+2

[1+,1+2joaJ
jo

II. Evaluating at corresponding ws of the input
H(o)|o-0=0
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1 .
= —— /45

V2
I(s)

III. —— =H
v ©

H(®)lo-1

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

i(t)=0x5+ L><10sin(t—45°)

NG

i(t) = 7.07sin(t—45)A

OBS: DC is blocked by capacitor in steady

state
04.
Sol: Ve = H(s) = Z(s)
I(s)
1 1
Y
©) D + " +sC
R sL
H(s) = ;
[+iw)
l+—+s
S
. 1
H(J(D) -1 = — = 1
w7 ( 1 .]
1+549
J
V(s) =1(s) H(s) =sin t
v(t) =sin t Volts
05.
L
Sol: T = —%
eq
Reg:
20 9Q
MWW MW

«—

|

Ry = (212) +9=10 Q

|

Req=(2]2)+9=10Q
Leg:

Lg=@2]2)+1
=2H

1F

07.

Sol: 1=R,C

1F

ACE Engineering Publications

Hyderabad + Delhi + Bhopal + Pune + Bubaneswar + Lucknow + Patna + Bengaluru + Chennai + Vijayawada + Vizag + Tirupati + Kolkata + Ahmedabad




38

e

Req 20 1Q
l MWW MWW l
203 — Ry
Req=3Q
L 1=3x%x1=3sec
08.
Sol: Let us assume that switch is closed at t = — oo,

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

i (0)
X
MWW
20Q
2A 2A
0A 2A v 0A

+
»
2a (1) 3023 v Loy]  ovE 00

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.
1 t=0

i(0)=2=i(0)

E0) =3 Lif(07)

1

1

= — X

4x2° =8] =E (0"

For t > 0 : Source free circuit

4 1
= — = — sec
20 5

2¢e° for 0<t<ow

—40e V for 0<t< o

h=2A;1=—
_L
i, =1, e"
i, =
v, _ o i
dt
iL‘
2 A
0
Vi1
0
—40
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1
t=51= 5><§ = lsec 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
()

N
i 4 H

b i

200

MWW
+ vV -

Fort>0

2A

i(0")

2AV
20Q

4 2A

+ V(0" —

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

By KCL;

24107 =0

L0 =2A

V(07) =R ir(0") [By ohm’s faw
V(0)=20(2)=40V

By KVL ;

Vi(0H+V(0H)=0

Vo(07) = =V(O0") = —40V = V. ()] _,.
Observations:

t=0" t=0"

il(0)=2A il(0H=2A
100(07) =0 A (0D =2 A
Vaa(0) =0V Vaa(01) =40 V

Vi (0)=0V

Conclusion:

V(0 =-40V

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) .
200 § 4H Vi(t)
Fort>0

ilt)=2¢" A for 0<t<o
Vi(t)=—-40e Vfor0<t<oo

Conclusion:

For all the source free circuits, Vi (t) = —ve fort
> 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)

B) VL (0)=-40V

Vi) . =-40V

L di (t) ~ _ 40
dt t=0+
M =_ﬂ=—ﬂ=—10A/sec
dt | _,. L 4
Check :

i(t)=2e"A for 0<t<oo
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di (t 11.
1#():—106:*“A/sec for 0 <t <o )
dt Sol: Case(i): t<0
di. (¢ 50Q
4. = —10 A/sec AW
dt t=0"
= +
Ve(0) 22000 (})0.1A
09. 100
Sol: AW
Ve(0) =20V & i(0)=0.1A
N S X t=0 % u "." capacitor never allows sudden changes in
40Q § \V4 N voltages
24V g o Ve(0) = Vc(0) = Vc(0') =20V
_ L Case(ii): t >0
=/ 50Q2
= MW
. + l
IL(O ) =24 A VC - 20MF 1(0*) § 2002 G) 0.1A
V(0)=-96V -
if(t)=2.4¢""A for 0<t<oo
To find the time constant T = R.(C
10. After switch closed
Sol: , S 732 0 Reg= 50Q C =20yF
° . WW i(0") =0A
t=0 . L T =50x20p
800 § 2 uF Ve 8§ _50 v 7= lmsec
; l T - Vc(t) — Voe—t/‘r _4 2oe—t/1m
Ve(t) =20e"™V; 0<t<oo
Ve(0) =50V ; i(07) = 62.5 mA gE.
. Sol: After performing source transformation ;
Ve(t) = 50e "V for t>0 200 100
q MW . AW
V - + -
i. = C —= " N
dt By Ohm's law 51 t % 5SH
i
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By KVL; Ve(0) =8V =V(0)
. . di i
5i, —30i, —5—L =0 :
dt 6 mA * lic
. Ve 2 pF
di :
diy L si 6mA<T> v, T4k §2k9
dt l 6 mA 3kQ
D+5)i,=0 Ll 3¢ o 3
Drom=0 o Loy
() =Ke™" A for 0<t<o N
T = - sec Fort>0: A source free circuit
Vi=6mx4K=24V
13. T=R,C=(5K)2pu=10msec
Sol: iLl 0) =10A ; iL2 0 =2A
VS 4
_t
LM =Ier- 24V
T L ! 1 sec
R 1 . .
i, () =10e" A e AN ”
R0 .
Similarly, iL2 (t) [ IO e’ VC =8 e_l()im =8 e—lOOt V for 0<t<w
L
T=— =2 sec i - o = -1.6e" mA for 0<t<ow
dt By Ohm's law
- 20 —% A By KCL:
le()_ © ic+iR:0
ir=—ic=1.6e""mA for 0<t<o
14. _ Observation:
Sol: V) o
: > In all the source free circuit, ic(t) =-ve fort>
+
Ve(0) 0 because the capacitor while acting as a
6 mA T) § 4kQ + L~ § 2 M temporary source it discharges from the +ve
0vz3 kQ terminal i.e., current will flow from —ve to +ve
[ terminals.
= 0V
15.
Att=0": Steady state : A resistive circuit Sol: By KCL :
By Nodal : i(t) = ir(t) + ir(t)
V. (0" V.(0"
—emA + @) VO,
4K 2K

X O OB 0 Ty) LT ST el T T VTNV (0 Bl Hyderabad + Delhi + Bhopal + Pune + Bubaneswar + Lucknow + Patna + Bengaluru + Chennai + Vijayawada + Vizag + Tirupati + Kolkata + Ahmedabad




#5ACE

Engineering Publication:

42

e

Ve (®)

Vs(©

+1,.(0) + %J;‘Vs(t) dt

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

16. Ans: (¢)

17.
Sol:
4 20 u(-t)
20
—00 0 0 (:)+ -
+
i.(07) Ve(0)
20V (D F
1 kQ 10 kQ
1
= 0V
Att=0 : steady state: A resistive circuit.
Ht=0"
Ve(0) =20V =V(0)
20
i,(07) = =20mA =1i,(0")
1K
l +
i 0.1H Ve 200 nF
L kO 10 kQ

Fort > 0: A source free RL & RC circuit

0.1
T = — = 100 psec
1K
1c=200x 107 x 10 x 10* =2 m sec
T
—£=20; 1.=201,
Ty
Observation:

1. < tc ; 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<o
di
vV, =L =t
dt By Ohm's law
. dvV,
i. = C —=
dt By Ohm's law
18.
Sol: Att=0"
AWW
80
4Q
12A <T> §8Q
il(07)
[ 12x8
=1,(0)= =8A
0=
Att=0"
12A 4A 4A
- M{ <
80
8A y 4Q L
12A <T> ! /k;)p\‘; §89
i1(t) 4 j 8A
1A 4A
i1 (00) =-8A
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19.

Sol:

20.
Sol:

ACE Engineering Publications

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

:di:—fSZ A/sec
dt

= —64

Ans: (¢)
R=10Q2
s 1/2s
V‘(s)— 55(125)
¢\ /.1
R+A+AS
S
2Rs+2+1  s(2Rs+3)
2s

V. (0)-V,(5)->=0
S

V() =V, (8)+2
S

5}
+ =
S

V. (0)=Lts| ———
s>0 | §(2Rs +3)
3 3
Ans: (d)
att=20
di(0)
L =V, (0
” L(0)
V, =2x3=6
V., =6V

E,+6-8R=0
E,=8R -6

é

E,—4R=0 E»
E;=4R

8R—-6=4R

4R =6

R=1.5Q

21. Ans: (d)

Sol: at t<0
100Q2

WV

— lu(=b

+
o
0 1A=1,(07) Y m Vg(o) ?) 1A

Loopl

Apply KVL in loopl = V(07)-100=0
= V(07) =100V

1002
—\W

100V +

1A @” vL(OJF) — 100\/J
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2Q
22, ) AW
Sol: Case-1 at t=0
By redrawing the circuit 1Q 1o
+
> MWW ppe— i
I (0 J 60V = ic(t)
20V
L L % 20A
Fort>0 —|_
Current through the battery att = 0" is 7
10
— Am
3 p
Case-2 at t=o0
+
— W 60V = ic(0")
I 1Q l g
20V
10V
2Q %
Att=0": A resistive circuit :
Current through the battery at t = o0 is10 Amp g ransicnt state
23. VL(0+) =20V
Sol: Nodal :
20 20 - 60
MWW ——+20+i.(0") =0
I 2.5
OV — il ic(0") 4A
a i (0" V(0
1,(07) T 4 c(0) 24.
Sol: Repeat the above problem procedure :
Att=0": Steady state : A resistive circuit di. (t V. (0"
di,© - @) 0 A/sec
dt | _ o L
i)t=0": 4V (t L (0
1
o 60 o ave® =Q=—106V/sec
1,(07) = ? =20A =1.(0") dt | _, C
Vig=20V=Vc(07)=Vc0"
25.
Sol: Observation: So, the steady state will occur
either at t = 0™ or at t = oo, that depends where
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ST

we started 1.e., connected the source to the

network.
10 kQ Ve(®)  12kQ
MW -~ « ——WW—
+0V —
+ 4 i
100v(*)  Va@ 40 kK2 Z Ves(e0)
L

Att= o0 : Steady state: A Resistive circuit

100

VCI(OO) = ﬁX‘]‘OK =80V

2 uF
| |

3 uF

V()

+

+ 1=

mi

Ves(0)

e— ROV ——*

80 x3uF
Ve, () = o =h o
(2+3)uF
V. () = SOX2RE 5y
’ SuF
26.
Sol: 20 0A
AW >
+
+ 40 Voc(0)
18V —/( y
- &
iL(07) Ve(0)

Att=0": Circuit is in Steady state: Resistive circuit

i(0)=3A=i(0)
V4Q =4x3=12V

+

12V

+
Voe(0)——2C
+
Ve(0) == C

_12xC

Vae(0) = 2C+C

=4V = V,.(0")
Ve(07) =8V =Vc(0)

AN >
20 ioc(t)
%49 §4v
+ 2C
18V —/— T
ic(t)
8V
Ligg 3A
7€
Fort>0

and redrawing the circuit

By Nodal;
12-18 12-8
_l’_

2

+1,.(07) = 0
_76+%+izc(0+) =0

izc(0+) =2A= izc(o_)

% —1,c(0) +3+ic(0") = 0

ic(0) =0 A =ic(07)
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27. —4+i(07) +ir(0) =0
Sol: t=0" t=0" t=0" ir(0") =—i (0" + 4
il(0)=5A i (0H=5A iR(0)=-5+4
di (0 _ V. (0) _ .o =—1A
dt B L B Vr(t) = R ir(t) [By ohm’s law
in(07)=-5 A in(0)=-1A VR(O:) =R ir(0")
di (0% Vr(0)=-30V
Z—t = —40 A/sec By KVL = V(t) — Vr(t) = V() =0
o oo Vi(07) = Vr(0) + V(0"
ic(0)=0A ic(0) =4A =150 - 30
w = —40 A/sec =120V
dt By KCL at 2" node;
Vi(0)=0V — 5 +ic(t) — ig(t) =0
Vi(0H) =120V ic(0) =4 A
T = 1098 Visec By KCL at 1¥ node =
Ve@) = 150 V —4+i(t) + iR(t) =0
VR(0)=-30V d‘d() it =0
dV, (0
gt == 1200 V/SCC VR(t) =R lR(t) |By Ohm’s law
d d .
Vc(o_) =150V a VR (t) = R a 1x (t)
VL (0) =150V
av.(0%) By KVL =
—4p = 108 Visec Vi(®) = V() ~ Ve() = 0
NP dVi@® dVp® dVe@® _
- tB_ Lt dt dt dt
= 1.(t) T 1r(t) =
Y 1)+ 11 By KCL at node 2:

X ®l O 0 T LTS LTl ) TR () (NIl Hyderabad + Delhi + Bhopal + Pune + Bubaneswar + Lucknow + Patna + Bengaluru + Chennai + Vijayawada + Vizag + Tirupati + Kolkata + Ahmedabad

t=0 = it(0)+ir(0)=0

iR(0)=-5A

VRr(t) = R ir(t) [By ohm’s law

Vi(07) =R ig(07) = 30(=5) = —150 V

By KVL = Vi (t) — Vi(t) - Ve(t) = 0

Ve(07)=VL(07)— Vr(0) =150 V
(i). Att=0"

By KCL at 1* node =

-4+ +iR(®)=0

il ic(t) - iR(t) =0
lc(t) R(t) =0

d
1 1(0) = = (~40)

= 40 A/sec
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28. 30.
Sol: Transform the network into Laplace domain Sol: i) +
MW P A -~
S VAN
+ [,
IGIET gsL 0 Y \/ v v
S - domain That is the response is oscillatory in nature
V() = Z(9) 1(s) W
By KVL in S-domai '
yRVLm S-domain = Sol: i(07)=0 A =i(0"
I1-RI(s)—sLI(s)=0
. \%
I(s) = v {®) = R A
)
T L
L T = — Sec
1 -7 ?
-—t
ity =—e Lt A for t>0
( L i(t)=X+ 0- Y e"”:X(l—e’”’)
R R R
29. Ldilt
: . V, = 1():V e "' fort>0
Sol: By Time domain approach ; dt
Ve(0)=5x2=10V =V(0) i
A
10Q (s 120
A ( ) MWW X
i R
o >t
25\/<i> >Q V(o) C 2A w0
At t =oo: Steady .state: A resistive circuit s
V 25 V, M L
— T=—S€C
Nodal = ~Ye(*®) ¢ Yy R
10 5 = > t
—00 O

ACE Engineering Publications

V(o) =15V

T=ReyqC=(5]10).1=(10/3) sec
t

Vo =15+ (10-15)¢ "

Ve=15-5¢7"""V for t>0

dV,
dt

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

Expontionaly Increasing Response

32.

Sol: V¢(0)=0=V(0")
V(o) =V
t=RC

Ve=V+(0-V)e”

Hyderabad + Delhi + Bhopal + Pune + Bubaneswar + Lucknow + Patna + Bengaluru + Chennai + Vijayawada + Vizag + Tirupati + Kolkata + Ahmedabad




e

=V(1-¢"*) fort>0 o 1 di,
dv, V T A
ic=C Ve =—¢e "R fort>0
dt R Substitute i;;
= l(t) d
L 4 40i, =800ut)
Vi(t) dt
i 800
SIi(s) - i(0+) + 40I.(s) = ——
V | S
=R . _ . +.
PRGee iL(0) = 0A = i( (0"
~o |0 800 20 20
)= 20 =20
i(t) s(s + 40) s s+40
v I t) = 20u(t) — 20e™**" u(t)
— IL(t) = 20(1-e™*") u(t)
R 7 =RCsec 1 .
»t . 1.
i=10u(t)- —d-*=
—o |0 R Hea® o
Expontionaly Decreasing Response iy = (10-8¢™*") u(t)
33. 35.
Sol: It’s an RL circuit with L = 0 = 1t =0 sec Sol: By Laplace transform approach:
\% 20 10
i(t)= - Vt=0 S0, 51=0sec A g
)
. 2V () A 2 Lr Ivc(t)
i(t)
% For t.Z 0 -
% 0 g

i.e. the response is constant

34.
Sol: i, = 100u(t)=V,
10
i1 = [ 10u(t)-—— 9 |
100 dt
Nodal =
V. —20i
_il +iL +LTIIZO

Transform the above network into the Laplace
domain

20 V6B 10

AWV AW 1) +
1
2 (ﬁ) 20 2s Ve(s)

1
S

Fort>0

Nodal =
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2 1
_~ V(s) — —
V(s) .V (s) 9% 40
+ + =0 WW
2 2 14! +0V- l +
S 10V (D V(@) =10V
1 _
V(s)———
I.(s)= 1 At t = o : Steady state : Resistive circuit
I+-
S
L T=RC=8sec
:ic(t)zze’i Afor t>0 Ve=10+(6-10) ¢
11 Ve=10-4¢"*
ByKVL:> VC(S) _2_S_gIC(S) = 0 VC(O):6V
) dv, )
11 i.=C—C =¢" =it
Vels) = = += 1.(9) AT ©
2s s
| - 3 T —t/832 _
Vc(t)=1—EeZV for t=0 E49_I(e y4dt =167
0
Ve
37.
[V - Sol: 10 A 10 A 10 A
T=2sec > > >
v X X 0A ) 0A |
g 10AQ>_OV ov ¥ ov35H 10A Y
—00 0 _ )
i(t)
}F Att=0 : Network is not in steady state i.e., unenergised
1
~A t=0:
4 h & e
il(0)=0A=1.(0")
T=2sec -
Vi(0)=10x10=100 V
>t
0

36.

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

.
10 QQ VL(£)+)

|

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

10 A D

resistive circuit

iL(e0) = 10 A (since inductor becomes short)
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L 5 At t = 0" A resistive circuit: Network is in
T=—=— =205sec .
R 10 transient state.
iL(t)=10+(0 - 10) e 1i(07) = 1(0")
=10(1-e¢")Afor0<t<oo By KVL =
-Ri;(0)-V-Ri;(0") =0
Vo =L Li () =100e™ V for 0<t<w (0)-V-RL(O@)
dt (e —V oL
i,(07)=—=i,(0")
E. | - Ly 2L ska02 22500 R
blesrortze T, 7 OBS: ir(t) = ij(t) ~ ix(t)
Att=0"=
38. Ans: (b) iL(0+) = 1;(0+) ~ 12(0+)
Sol:
+Vc1(9_) =0A
. ‘ = Inductor: open circuit
+
+ | ovV=SR
v — 1(07) - S

+
_ VcZ(Oi)

]

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

V-V, (0)=0

Vei(0-) =V =V¢ (0)

Vea(0) = 0V = Va(07)

i(0) = 0A =i (0)

vV C

F

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:

R0 28 s, )-1,6)=0

R+SL+L
SC

-SL
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I

40.

Sol: Evaluation of i (t) and e,(t) for t > 0 by Laplace
transform approach.
iL(0) = 6A; i () =4A
e1(0N) =8V; e (0) =8V

20 ¢ ) 29
— AWV AW
8
i— —
16V — S 0.5H§ V) 6A
48
—2F
> V(o)
Fort>0

Transform the above network into Laplace

domain.
20 Ei(s) 20
—NMW AW
8
J—D 2
16 —— S 5
s g 2§ D 6
-2 S
S
¢ iL(S)
S-domain :
20 Ei(s) 20
—NMW AW
8 3V
16_| J-D g
LT
18 s
T ‘ 5
Nodal in S-domain
8
E (s)-16/s EI(S)_g E (s)+3
+ g + — 0
2 - 2+—
S

E(S)_§ S2+6S+32
: s|s?+8s+32

Postal Coaching Solutions
2s

el(t)=8—4e™sin4t Vfort>0

EI(S):§ 1-

4ei(t)

8VU |
I (s)= B )0

24>
2

i (t) = 4+2¢™ cos 4t A

for t > 0 w, = 4 rad/sec

O

4A

4

0)]'1
& =1 (A critically damped system)
41.

L
=1, R

ACE Engineering Publications
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ot, = tan™ ((D—Lj
R
2n(50), = _1(2n(50)(0.01)j
° 5
t, =32.14x

42.

Sol:

43.

Sol.

t, = 1.78 msec.
So, by switching exactly at 1.78msec from the
instant voltage becomes zero, the current is free

from Transient.

ot, + ¢ =tan" (0CR) + g

2t, +§: an™ (@CR )+ =

2
2t, +§ = tanl(zej (1)j +

0%, O
— =4 —
2 4 2
T
2t, = ) =t, =0.785sec
Ans: (a)
At t=0" the circuit is
2A 1A
2H 2H

Inductor never allows sudden change in current
but if we allow the current to suddenly change
then establish

redistributing flux and then current become

impulse  voltage  will
equal in them.

Now solving using Laplace transform.

44.

Sol:

45.

Sol:

46.

Sol:

I(s) [4s] =4 -2

= 1(s) = 2Ls

i(t) =L [I(s)] =

Ans: (b)

For an LTI network:

y(© =h(t) *x(t) , Y(s)=H(s) X(s)

Statement (I) is True.

S3(t) ——> 1

Statement (II) is True and is not the correct

explanation of Statement (I).

Ans: (a)
Statement (I): True

Statement (II): True & correct explanation

Ans: (b)
A -1 : Linearity property
B — 6 : Shift property
C —4 : Time differentiation property
D -3 : Integration property
t
jf(t) dt —>iS)+— jf(x)dx

and j F(tydt — 1)
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47. Ans: (a) © R <R¢ p=atjiB | (2)
Sol: (Under p=0—ip Sinusoid
X i) /ll/Q damping) | 4 <0 Decaying
! D) |R=0 p1=ip 6]
v(®) = 1IF (No p»=—jp | Sustained
- damping) (constant
amplitude)
I(s) = V(Sl) _5 V(s) oscillations
142 s+1
S 49. Ans: (d)
(A) v(t)=u(t) , Sol: A. The internal impedance of an ideal
1 1 current source is infinity (7).
Vi)=—, I(s)=— ... 2) )
S s+1 Note that for ideal voltage source, the
(B) v(t) = 1(t), internal impedance is zero.
B. Attenuated natural oscillations, the poles of
1 1
V(s) = &2 I(s) = s@+l) T “4) the transfer function must lie on the left
v : hand part of the complex frequency plane,
©v =30, V(s) =1, like s=—a,s=—a+jp,o>0(5)
I(s) = S O (1) C. Maximum power transferred is
(s+1) E 2 g2
1 (—] xR = — (3)
D) v(t)=e"ut) , V(s)= R 2R 4R
S+
D. The roots of the characteristic equation give
I(s) = Lz ________ 3) natural response of the circuit. (2)
(s+1)
So the answer is (d)
48. Ans: (d)
Sol: Solutions for Conventional Practice Questions
Value of | Location | i(t), Fig
R of poles 01,
(A) R>>Re |pr=-01,| (&) Sol: The relevant circuit is shown in Fig. for t>0.
©ver | p=—o, R
damping) W I
(B) R=R¢ p=p2 =1]() 1 N Neon
(Critical -G 100 V-~ Ca= ve® C Lamp
damping) l -
Fig.
C=1pF

ACE Engineering Publications
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02.

Sol:

Neon lamp ionizes at 20 sec and glows when vc-
(20)=75V

20

Fort>0, v.(t) = 100 (1-61] , t=RC

_2
75=100[1—e‘j,
_20 3 _x 1
l-e " |=—,¢ " =~
4 4

20

e’ =4, E: log, 4
T

T =RC = 20 _ 14.42
log, 4
R = 140—462 = 1442 MQ

The given circuit is shown in Fig. 1

— W
R 40 S 240
24V
L t=0 c
_|_

Fig.1

The behaviour of the circuit at t = 0~ is shown in
Fig. 2

R L
0T g 340
—24V ._/H§+
L vyip CT_VC
Fig.2
24
L(O0)= — 1
£(07) R4 (1)
24 x 4 96
v.(07) = = ——— 2
() R+4 R+4 @
5(0)=0

The behaviour of the circuit at t = 0" is shown in
Fig. 3

Fig. 3
Givenif0)=12A
iL(07) =i(07), ve(0) = ve(0) ... 3)
Let the current through 4 Q be i;.
Apply KCL at P.
i =i(0) —iy(0")
Apply KVL around the mesh APBCA

24—2i1 R—4i1 :Vc(0+)
24 — ;2R + 4) = ve(0)
Using equations (1), (2), (3) and (4)

24 - (2R +4) N -12| = %
| R+4 R+4
24 — (2R + 4) 24—-12R —-4.8 _ 96
i R+4 R+4

24(R+4)—-2R+4)(-1.2R+19.2)=96
24R - (24R*+384R—-48R+76.8)=0
R°-4R-32 =0
R-8)R+4)=0
R=80Q,-40Q
The negative resistance is not valid.
L R=8Q
At t = oo, the behaviour of the circuit is shown in
Fig. 4.
R=8Q

A e—— W
2i4(o0)

24V —/—
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Apply KVL around the mesh APCA:

24 = 16 iy(o0) + 4 i(o0)

i) =22 _12aA
20

03.
Sol: i 20
w4 1(t)
10V "
SuH
>t —
0 T °
T=10pus
10 1
I(s)=— (1-e™ ™
) S ( ) Ls+R
10 1
- - - " 1_ -Ts
L ( Rj( e )
S| S+ —
L
=E£l_ 1 (1-e™)
L|R]|s o
1 1 1
— _0 - - (1_e—TS)
Ris R
-t - (t=T)
i(t)y=5/1-¢ * Ju(t)—S{l—e L }u(t—T)

=50 e 04 1061)

_5 [l—e_ 0.4 x lob(t—leloi()) u(t _ 10 x 10—6)]

i(10ps)=5(1—-e %) =491 A

04.

i(t)h

491 At-----=-

Sol: The RC circuit and its input are shown in Fig. 1

v(t)

10v

—2F

1 psec t

Fig. 1

v(t)=10[u(t) —u(t—to) ], to=1 usec

The transform equivalent circuit is shown in Fig.

2.

V(s) = 10 F - e}
S

0.5
AAA
WW

* 1
WO e T

Fig. 2

S
1 s+1
Z(s) =05+ —=—
®) S 2s
10 N\ 28
I(s)=—{—-e™ )—
6=t
_20 20
s+l s+l

i(t) = 20 e u(t) =20 e 7 u(t—10"%)

t=0,

i(0=20 A

t=1ps, i(1) =20 exp(—10~%)

and

i(17) =20 exp(—107%) — 20

ACE Engineering Publications
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The variation of i(t) in shown in Fig. 3. So,
. 1 -
i(t) 4 1(t)=ﬁ{u(t)—u(t—2)+e5'[u(t—2)—u(t)]}
) N
06
_ > Sol: The RLC series circuit is shown in Fig. 1.

\

(=]
—_

t(p’sec)

\

e
@ ~--f-----
[5%) \

05.

Sol: Given v(t) can be expressed as follows

V() = % [x(t) — 1(t=to)]

% [x(t) — r(t=2)]

V(s) =21?(1—e‘2s)

Converting everything into Laplace domain

1Q

l—e> 1} 1 ™
2s(s+5) 2|s(s+5) s(s+5)

1|1 1 1|1 1 25
I(s)=—| =— |
(5) IOL (s+5)} IOL s—i—S}e
Taking inverse Laplace transform

i(t):%[u(t)—e"“u(t)]—

1

—[u(t —2)—eu(t —2)]

10

R I(s) L

s T
o

Fig.1
R=3Q,L=1H,C=05F
I(s) = Y
Z(s)
2
Z() = RiLss L = LCS+RCstl
Cs Cs
L(s2+Rs+j
~ L LC
- S
s?+35+2  (s+]) (5+2)
- S \ S
() For v(t) = r(t), V(s) = 1/s*
L) L vz eh 2

=s(s+1)(s+2)_ s s+l s+2

- | T G
= i()=|-—-le"+= t
1.(t) (2 e 5 ¢ )U()

When r(t) is magnitude scaled by 12 and
delayed by 2, i.e., v(t) = 12 r(t — 2)
. 1 “1(t— | Y
ity = 12 [5 —1e'7 4 Se 2 ﬂ u(t—2)
(i1) For v(t) =1 u(t)
1 _1 -
(s+1) (s+2) s+1  s+2
=it =(le'' = 1le?Yu()
When v(t) =2 u(t — 3)
it)y=2[e" P -2 I uit-13)
(iii) For V(t) = 8(t) =V(s) =1

Iu (S) =

S

== s+ 2)
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-1 2 1
=—+t——F I(S) =2000| — 5
s+1 s+2 S”+2000s+10
=is(t) = —¢'u(t) + 2e”u(t)
When V(t) = 35(t -1) 1
s —(t=1) ~2(t-1) = 2000
i) =-3e " “u(t-1) + 6~ u(t-1) (S_52)(S +1948)
i(t) = 1.055[¢ ™ — ¢ 1**Y
07.
Sol: 200 0.qH  100WF
seer—f K
08.
Sol: R, L L,
R .
N 1 i(t)
o/ 1
200V V= R; § R,
S-domain
xd
20002 S C”S For t <0, K is opened
1321 I\ v L
Att=0, L is short circuit,
1Q §,0) 1(0)
——WW— W —
() 1Q
=/ §
200 L 10
- — 1Q
4 10 = §
200 1
—= I(S)(R + LS+ —j
S CS 10
200 RCS +LCS? +1 R. 1 L(0)=75=4A=10)
S:I(S)(C/‘S\J:L[SZJ’_LSJ’_E :
. () 1(0)
0 )=—"1F=2A
200 1 i,(07) 7
I(S) =
L (52 +RS+IJ For t> 0 K is closed
L LC
4A 2A
1Q2
L S+ —S+—— 1H 1H
L LC
10V — § 1Q 1Q
200 1
I§)=— T
0.1 g, 200g, !

0.1x100x10°°

0.1
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S- domain For Ry
4/8 28 W A
S
AIQ gi: 1Q Ra
W “Sn S l=(1+S)||1)+S
10 L
S §1Q §1Q
_(1+8)+(S+2)8 87 +3S+1
" (S+2) 0 (S+2)
Thevenin’s equivalent circuit is
1Q
VWV “S“ ( > 1(S) Rp
S MW °
10 v Sl I(s)
S ED § 1Q Veq Vin C-D 10
2
For Vi, = Voc 28" +45+5)
S) = Vo _ SS+2)
. W R,+1 S*+3S+1
—WwW—re{_ ) + (S+2)
10 i & 2(S?+4S+5)/S
+4S+
27 Vi(S) I(S) =
S —) I(S) §IQI on(fill(S) ®) (Sz+3S+1+S+2)
BN l I(S)_:Z(sz+43+5)_2(sz+43+5)
T S(S? +4S+3)  S(S+1)S+3)
A B C
10 IS)=|=
st 10 4 ® {S+(S+1)+(S+3)}
(S)=2—= +
(2+5) S(s+2) (S+2) _[10/3+(—2)+(2/3)}
I(S)zs(l— 1 j+ 4 S (S+1) (S+3)
S S+2) S+2 ' 0 . 2 .
Vi(S) = I(S) 1(t):[?—2e +§e }u(t)
10 4
V,.S)=V,S)=2+ +
oc( ) th( ) S(S+2) (S+2) 09. =0 R
_2(S7+45+5) Sol: N °—\§/ WW
S(S+2) V(t)<> L §
Fig.
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di(t A
v()=L IO i(t) I(s)=—1,
A
di . . 5
La+Rl(t):Esm(mt+¢) A =5 —2s|_5(4s+])
1
0 4s+1 S
Phasor voltage, V =E ¢! _ 20(s+0.25)
N jo
Phasor current, I :X = L s+1 —2s
Z R+jolL A= = 55+1=5(s+0.2)
—2s 4s+1
. (oL
B () Lo 46025 51
R2+o’ 2 : s(s+0.2) s s+0.25

. E . L (oL i,()=(5-e"Yu(t)
N0 e — t+h—t oL
i (1) ST sin {co + ¢ —tan ( R ﬂ

The transient part of current is obtained from the 4. AC Circuit Analysis
homogeneous equation:
dl(t) &8 Solutions for Objective Practice Questions
(t) 0, i,(H)=K e L'
R 01.

(H=Ke L +i_, i,(0)=0

Ho Sol: = :—_[ t)dt
E . 4 (oL
K= ——sin|¢—tan~ | — _ v
,R2+0)2L2 l:d) (Rj:| =3+0+0=3A

There is no transient in the current if | =1/lJ‘Ti2(t)dt
O)L rms T 0

i(t)=0 or K=0 or ¢=tan" (?j

10.
Ldi o di = 5+2A
Sol: ——L 41 (t)-“S2 =5
02.
di, di
—2—+4—2+1i,(t)=0 . _ _ _
4 T O Sol: V, =V, = j (t)dt=2V
1,(t) = L,(s), 1,(t) > L,(s) Here the frequencies are same, by doing
5 simplification
(s+DI, —2sI, =— 1 1
S v(t) =2 — 32 (cos10tx — —sin 10t x— )
“2sL+(@As+1)L=0 V2 J2

+ 3cos10t
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=2+ 3sinl0t V =300 £0° x40 £36.86°
) 3., =9600 +j7200
S0 Vims = ,|(2)" + (ﬁ) ..Reactive power delivered by the source
N Q=72000 VAR
=VeS =7.2KVAR
03. 06.
Sol: X =X :lrx(tﬁt =0 Sol: Z=j1+({15|(1+j2)=14+j0.8
avg dc T 0
= E, ‘ ~10£20
1 ¢t A T~ |Byohm'slaw ~ 7 , .o
X = ¥0X2(t)dt=T V4 1.4+ 38
3 ~6.2017.£-9.744° A
04. Ans: (a) I = LJZ)
Sol: For a symmetrical wave (i.e., area of positive ™l
half cycle = area of negative half cycle.) The =6.2017£27.125° A
RMS value of full cycle is same as the RMS Lo I(1-jl)
value of half cycle. o142
05. =3.922/-81.31°A
Sol: Complex power, S = VI* E,=(-1)I, = 8.7705£-17.875°V
I 29 12,50 Ey=0.5L=1.961£-81.31°V
1121
L 07.
30040°VJ:GD E °\ | § T Sol: Since two different frequencies are operating on

the network simultaneously always the super

position theorem is used to evaluate the

response.

I 20 j12.5Q By SPT: (i)
——WW £:113

+ —
30020°V (%) H 4-j8 VS

Network is in steady state, therefore the network

300£0° 10

=1= 2+312.5+4-38 is resistive. Ig;(t) = 53 =5A

= [=40£-36.86°
-.Complex power, S = VI*
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08.

Sol:

ACE Engineering Publications

(ii) F
ia(t) N

20

Network is in steady state

As impedances of L and C are present because

of ® = 2. They are physically present.

Zy=joL; Zc= ——|
- (oC| ?

20y

iRZ(t)

1
+

20 ~) 54"

Network is in phasor domain

Nodal =

vV V V-520°
—t =
2 2 -30.5
V=632,18.44°

v
lpy= — > =3.16,18.44° =3 16"’

iro(t) = R.P[Iro¢']A
= 3.16cos (2t + 18.44%)
By super position theorem,

1R(t) = 1ry(t) + ira(t)
= 5+3.16cos (2t+18.44°)A

Ans: (¢)

21 —I(s{2+2s+lj=0
s”+1 S

09.

Sol:

10.

Sol:

11.

Sol:

2
I(S)£2s+2s +1j: 21
S s”+1

I(s) + 2s%I(s) + 2sI(s) =

di

241

2.
i(t)+ 2d 1 +2—=cost
dt

2
2d—+2d—+1(t)=

dt?

dt* dt

cost

V= \/Vé +(VL _VC)2

V=Vz=IR
100 =1.20; I=5A

VR

V
Power factor = cosd = :V—R =1

v

So, unity power factor.

By KCL in phasor — domain
=-I,-IL-15= 0

L

L=120"=(1+j0)
L=2 £n+45°=

L=—(I+ 1)
i;(t) = cos(t + 90°)

=1,90"=j1

ﬁ el +45)

i5(t) = Real part[[;.¢“'JmA

1=

= — \/5 cos(ot + 45°+m)mA
i5(t) = — /2 cos(ot + 45%)mA

v
z

V100 =10A

=812 +j18
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12. IL - IC =+8A
Sol: By KCL = I, -8=48
“I+I.+1Ic=0 Ip —8 = —8(Not acceptable)
I=1.+1
e SinceIL=l #0.
I = vV V.  3Z0° zZ
L= —= =
Z joL . 1 _8=
Lo ﬁ){] 88
3£0° 3£0° L>lIe
L= ——=""0 =3/90° L= SA
] Z90 €

[=3/-90"+4.,90°
=3 +j4=j1=1-90°

» 12020°
13. Ans: (d)
I, =
Sol: : (I —1c) = 8A
I
I, = 16A
135
90 ®=2 rad/sec 8
73 Y I, leads 120£0° by tan"' '
0 -1 8
1, I, lags 120£0" by tan (gj
vV V P fact o Lo Le
ower ractor cos¢p = — = —
L =Ig= —=—o /90" I 1
ZC XC 6
= — =0.6 (lag)
Vv Vv Vv
I /45" 10

Y 2t+jol 2+i2 242
Therefore, the phasor I, leads I, by an angle of 15.

o 25A
135°. Sol: >

Ic + Ir
+ +
14. 300.£0° ~> iy

50Hz  _ =
Sol: =13 +I. =10=4/1; +8&

I =6A Network is in steady state.
L=1= 1 +(1, -1, )} v oosoe]

N : e
10_\/6 +(IL_IC)
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=300 x21 x50x159.23x10™° 50
aliitade 8 —X\/Ecos¢=2><15
Ic = 15A 2
1= I + 12 cosd = 0.6 (lag)
25= I} +15° ’ 17. Ans: (d)
Iz = 20A an # Sol: V=14V
Ie Ir A
+ +
36020 +
50Hz "D -—C 15
— _‘ _ v
Vi = RIg[By ohm’s law Ve =3V
300=R.20
R=15Q M
Network is in steady state Ve =10V
360
L= =2A V= VZ+(V,-V,)’
2
So the required Ic = V257 — 247 :\/(3) +(14-10)°
voe =7 V=5V
360 x27 xf x159.23 x107°=7
f=19.4Hz 18. i 4
A% Sol: Y=Y,+Y.= —+—
OBS: Ic = Z_ 1 ZL ZC
C
1 1
1 = o+
Ze=—Q 30240 ( 1 j
joc .
e
Astd =zt =1 !
1
=joc+ — /-40°
16. 30
. - : 1
Sol: Psn = 10Watts (Given) =joc + — (005400 —jsin40°)
= Paye = Ims’ R 30
10 = L,,>.5 Unit power factor = j —term =0
_ sin 40°
s = V2 A oo =
Power delivered = Power observed 30
(By Tellegen’s Theorem) _ sin40° 68.1uF
Py =T 5+ 10) T 2mx50x30 ¢
2 —
Vims Lims€OSG = (x/E) (15) C=68.1pF
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19. Ans: (b) P=1043W,Q=10VAR
Sol: To increase power factor shunt capacitor is to be S=10(43+1) VA
placed.
VAR supplied by capacitor 22. Ans: (a)
= P (tan¢;—tan¢,) Sol: S=VI*
=2x10°[tan(cos ' 0.65) — tan(cos '0.95)] = (10 £ 15°) (2 £ 45°)
=1680 VAR =10+j17.32
N S=P+jQ
VAR supplied = X—C:V oC=1680 P=10W Q=17.32 VAR
= 12680 = 337uF 23. Ans: (¢)
(115)"x27mx60 Sol: Py = (In)® x R
Lo 10
20. rms ﬁ
160£10° —90° 2
Sol: szz 50410" -0 =32/30° P, = 10 %100
I 5,2-20°-90° )
$=30° (Inductive)
160 24.
V=2Vl = 240\’
\/_ \/_ V2 f
30° Sol: Py, = I‘:’S o0 = 480 watts
Real power (P) = ——=XCOS
*/_ */_ V =240/0°
=200+/3 W V240
[r=—=——=4A
Reacti Q) 160>< 5 ><1 R 60
eactive power = —X—=X—
b 2 A2 2 Vv 20
= —=— =" =
=200 VAR Z, X, 40
Complex power = P+jQ = 200(43 +j1) VA . V V240 IA
© Z. X. 80
21. I. > I : Inductive nature of the circuit.
Sol: V=4/10°and =2 £-20°

Note: When directly phasors are given the
magnitudes are taken as rms values since they

are measured using rms meters.
Vims =4Vand I, =2A

Zz% =2./30°;¢=30° (Inductive)

= 4% +3> =5A

I 4
Power factor = —~=—
I 5

o+ - Ie)

= (.8 (lagging)
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25. Ans: (a)

Sol:
éh +yI»
=30 1Q
+ 100.20°
~ 100£0°
100£0° <> 40
- ) § 14Q
=3 j3Q
NW is in Steady state.
V=100£0° = V,ms = 100V
100£0°
L= ——— =1 =20=TIjm
(3+j4)Q
100£0°
= S|LI=1YA=1
-0 PR DC?
P= P1 + P2
= (Ilrms)z-3 + (IZrms)2-1
2
=20°3+ @] \
[6 1
P=6200 W
Q=0Q;+Q
= (Lirmsy” -4 + (Torms) (1)
=3400VAR
So, S = P+jQ = (6200+j3400) VA
26.
Sol:
5002 1mH 1mH
—WW——a 21118
I
+
5sin(5000t)6) § ImH

50 50 i50
—WW——ar 41115
I
+
SSin(SOOOt)Q‘D é j5Q
When 1=0,
= impedance seen by the source should be
infinite
=>7Z=w

S Z = (50455 + (5 [15(5 —Xo)

=50+ )5+ ——= =
B+IG-X,)

=i (10-X.)=0

:>Xc:10:>L=10
mC

C=———=20pF
5000x10

27. Ans: (¢)
4 (4Y
Sol: I = [3%+—— —
e J [ﬁ] (ﬁJ
—J25 =5A

Power dissipation = Ifms R

=5°x 10
=250 W
28.
Sol: X=X,
= ® = My, the circuit is at resonance
Ve =QVs/-90°
o,L X,
= T = ? =

PxjS=X) _
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1 X
= :_C =2 A
o,cR R
1 oL
_ 0 —
= Ve =200£-90 oc
= —j200V R Q
29. 0 >
Sol: Series RLC circuit ®o0
f=1fL . PF=cos¢d=0.707(lead) 32.
f=fy A PF=cos$=0.707(lag) Sol: v~ 1 ., 1 .
f=1f, PF=cos$p=1 Ry +joL Re -
oC
R, —joL R.+j/oc
30 Ans: () "R+ (oL)’ TRy (1/wC)
Sol: Network is in steady state (since no switch is n ¢

31.

Sol:

X O OB 0 Ty) LT ST Rl T T VTNV (0 Bl Hyderabad + Delhi + Bhopal + Pune + Bubaneswar + Lucknow + Patna + Bengaluru + Chennai + Vijayawada + Vizag + Tirupati + Kolkata + Ahmedabad

1x10°20°A(%)

given)

;{ L ic

LetI=1mA
o = wy(Given)
=Rr=1

I, = QI/-90° = QI
Ie = QI1£90° =jQI
LL+1c=0

Ir + 1| = [T QI

=14/1+Q* >1

g + Ic| = |I +jQI|

=1y1+Q? >1

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

j—term = 0

1
0, = rad/sec
* JLC
33.
4H 1F
Sol: — N —]—
10Q2
——VWW—— "
|/
Ay
©
A Fig. B

The given circuit is shown in Fig.
ZAB =10+ Zl

where.z,= (1 40~ J)
()l

_—J—i-j4(x)——J
® ®
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I

1 5/ Y 5/ Y
4 —
a3 [ 2a], [ el
i4p- A2 V2 V2
o
1 =25 watts
For circuit to be resonant i.e., ®* = — L
4 (i1) E # R? circuit will resonate at only one
1
o= E = 0.5 rad/sec frequency.
1 1
"+ Oresonance = 0.5 rad/sec i.e., at gy = ——=—rad/sec
VLC
34. ThenY = mho
Sol: (i) L:R2 = circuit will resonate for all the R + E
frequencies, out of infinite number of v 2(2) _ i mho
frequencies we are selecting one frequency. 22 | ﬂ 5
i ! ; rad/se 4
e, = — = — c
JLC 2 z-29
then Z = R = 200. :
0
ZXZM—SZOO I:%=10540 =8.0°
Z 2 A
. t t
i(t) = 5cos5 A i(t) = 8cosZ A
Zi=jool =2Q; Ze = —— =—2Q. Zi =jooL =10
JO,€ 1 .
Z.= 1 =] 1Q
I1(2-32) I 0 j0,C
LS A T £=45
2+J2+2—_]2 2 I(Z—Jl) \/g B l
5 o L Y aegie2-g 4 2
iL:TCOS(E—“-SO]A +‘] + ~
: ; i, = %cos i—tan"1 l
PR (O 2O N SOV, g 4 2
2+4242-2 2 _ 5
: 5 t 0 c = 1(2 +—J1) N :—514 tan_l l
1, :ECOS 5+45 A 2+j1+2—-31 4 2
P =1y R+ R i.= ﬁcos ! tan (lj
4 4 2
Pavg = Iirms R + Iérms]K
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2 2 V
_ 25 2+ 205 2 i = —“‘sin(i -90° jA
NG NG 2 4
OBS: Here i +ic=0
=40 watts
= LC Combination is like an open circuit.
35.
. 36. Ans: (d)
Sol: () Z,, =2+(Z, [ Zc 12) Sol: R
=2+ X1||-)Xcl[2 L
— 2+2XLXC(XLXC _jz(XL _Xc)) v
(XLXC)2 +4(XL _Xc)2 Q_(D_L
j—term =0 R
= “2Xi=Xc) =0 Q= Ak _ 2 x orginal - Q — doubled
X, = Xc¢ R
1 S=VlI
o,L=—— .
0,C . \Y% y R - joL
| /4 ‘R+joL R-—joL
®, =———=—==—rad/sec
" JLC 44 4 - Vi VijeL
At resonance entire current flows through R? + (COL)2 R’ + ((DL)2
2Q only. S=P+jQ
ii) Z =2+2=4Q 2
R Active power (P) = %
X, = Xe R’ +(oL)
(iii) V,(t) =V, sin| = |V p- ¥
AV R W R2(1+Q?)
7= 4Q V2
P ~ R2 Q2

Ig

=20 )

v
V=2i, = T‘“sin[ij\/ _V,. =V,

dv Vv
c—&t=-—m cos(ij
dt 2 4

i = Vognl 000 |a
> Mg

Ic

C

iL:%J.VL.dt:_zm

COS| —
4

37.

Sol:

As Q is doubled, P decreases by four times.

Zoe L
JjoC

0=0;Zc =0 = C:opencircuit =1, =0
.. B
® = ©; Z~ =0 = C :Short Circuit = 1, =R—40

2
Transform the given network into phasor

domain.
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38.
E £0°
Sol: R,=0= =E,,oC£90°
0+—~
joC

[ Enm 40"
+ 0
Enm 20° G En 20
_](DC

Network is in phasor domain.
ByKCLinP-d = I=L+1,

- E,,Z£0°
1 Rl
E _Z0° EmLO°
I,= =
R, +— —i
joC oC
O 1
E  Ztan
oCR,
I, =
R*® +(1)
oC
E,£0°
(,0:00:>I2 ___m=>
R,
(,O:()Z>Iz =0A

ol :(0 and oo) j the current phasor I, will always

lead the voltage E,20°.

(a) =0 = oo
L / E20° 50)
0 E,
R2
(b) ®=0
W= o0
I PEE
0 (0]
0‘ E,. | E, | EméO
—lm Lu
R, R, I

R,=0=1,=0A

@ T

E.oc

- >E, £0°

) 4

O \R,
I/ \
L
Lo >Ep £0°
’ E, \RZZOO
1{1
39.
E,£0°
Sol: I=1,+1, [} =—"2——
R
B Z0°
R, +joL

E

. 4| oL
2 2

(i) If "®" Varied
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E,. Where Z, = R;+HjoL,,
R j
0 2 R 0 Z,=R,—
(a) : L , >Em £0 ! ! oC,
\‘~\ /,/ As R, Rj is real, imaginary part of Z, Z,= 0
“““ o=0
R ol 1
® = oL, R, ——=0 or L=
oC, . oC,R,
B E or Q =Q,
P R_m — Where Q is the Quality factor.
0 ! 2 .
®) '\ | En20°
—1 m 41.  Ans: (d)
o= oo\ ----- - 0 Sol.  During positive half cycle of supply D, is
= ol
forward biased, D, is reverse biased so current
ii. If “R,” is varied flows through the ammeter.
Ry=g0 During negative half cycle D, is forward biased,
D, is reverse biased so current does not flow
@) 0 / % though ammeter.
o io f
E I :I R»
VV\RZ 7! 0 i 27 3n ”
E Half wave rectifier waveform
R, / R 1, =l _ 4
1 Oavg = ==
b) 0 | SE 00 7 Rr 10kxrx
MRS ¢ m
oo 0.4
1 R 1y, =—md
: \ T
I ! i
i R2 /I
oS 42. Ans: (d)
o v
R,=0 Sol: For-V,sinwyt — I, = 0 = I,
v 0‘)0 L
2V,
40. Ans: (a) For2Vysin gt —> I, = 0 = I,
Sol: The given circuit is a bridge. 2o, L
Iz = 0 is the bridge is balanced. i.e., Z; Z4 = R,
R;
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3V Reactive power
For3Vysin wpt = I; = L = 0 _I_)*
3o,L =Im[VI ] = 250W
For 4V sin ot —> 1. = 4v, So Statement (I) is True, Statement (II) is also
0 0 - -
! 4m,L ’ True, but Statement (II) is not the correct
lanation.
RMS value = 1] = 21, explanaion
46. Ans: (d)
43. Ans: (b) Sol: In series RLC circuit,
Sol: kV iy i(t) is maximum at resonance frequency,
=
o — 1
10V 0~ /—L_C )
Imax = &
R
> | v
A%
R VC =) S
1 2
R*+|oL-——
V2=V 4V} (’JC\/ (w (on
=100 =V, +36 = Vg =8V = Vs for ®=0
\% 8 = QVs for o=
[ =2 =2=4A U ’
R = 0 for @
V¢ is maximum at ® = 0 (i.e., ® < @) provided
44. Ans: (b) Q<1
Sol: Full wave rectifier Statement (I) is false, but statement (II) is true if
Here each half of secondary winding will Q<1
received 2sinwt
\'A 2 \/_ 47. Ans: (a)
Vius :ﬁ :E =2 Sol: When the input impedance is purely resistive,
5 ) the voltage and current are in phase.
— Viws — (\/E) —02W Note that at resonance, power factor is also
avg
R 10 unity.
45. Ans: (b) 48. Ans: (C)
Sol: Complex power, 49. Ans: (c)
S :Vi* = (100-j50) 3+j4) Sol: At resonance, the power factor of circuit is
=300+200+j250 = 500+ j 250 unity.
. Hence statement (I1) is false.
True power = Re[VI ] =500 W

ACE Engineering Publications
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50. Ans: (¢) Curve DD — Net reactance,
L-R;C 1 : 1
Sol: &, =0, .|[——= , 0 = —— X=jloL-—~| ... 4)
L-R5C A LC oC
Resonance occurs at all frequencies, if =—joo, ®=0
L = =
R12 _ Rg _ L 0, o=w
C = jo, @@=

and the resonant impedance

L Solutions for Conventional Practice Questions
=R, =R, = /=
C
.. Statement (I) is True, Statement (II) is False 01.
Sol: Vl = VZ =120 V,
51. Ans: (a) Ri=15Q,R,=7Q,P=550W
i 550
Sol: G(jo)):M P=FP[R,;+Ry), I’ = == =25 1=5A
Vi(jo) 22
1 Let X, and X, be the reactances of the coils.

joC 1 S\RI+ X7 =120 , |15°+X] = 24

R4+ 1+joRC X2 = 24> —15°, X, =424°-15° =187 Q

JoC
L 0 o 577 +X3 =120, X, =24 77 =22.96 Q
= , 0):
h 1
=0.707 " |, o= B 02.

Sol: The instantaneous power is given by
P =vi=1200cos (377t+ 45°) cos (377t-10°)
P =600 [cos (754t + 35°) + cos 55°]

=0/£-90° , ® > x

52. Ans: (¢) )
Sol: Curve AA — Current waveform, cosAcosB = E[COS(A +B)+cos(A - B)]

having maximum value at
P (t) =344.2 + 600 cos (754t+35°) W

=0es i 1 :
0=0 (1) The average power is

Curve BB—>|Z| ... (2) 1
P= EVmIm cos(6, —6,)

Z=R+j (mL—Lj =—joo, =0
oC

1

=—(120)(10)cos[45° —(-10°
Z=R, ® = oy 2( )() [ ( )]
Z=jo, ®=0o =600 cos 55°=3442 W

Curve CC—» X, =- J ,  Capacitive
oC

reactance ... 3)
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03.

Sol: The apparent power is
120 4

= — X —
V2 V2

The power factor is

Pf= cos (6, —0;) = cos (-20°-10°)

= 0.866 (leading)

The pf is leading because the current leads the

S=V_ 1 =240VA

ms- rms

voltage.
The pf may also be obtained from the load
impedance.
:X: 120£—-20° —30./-30°
I 4./10°
=25.98—-315Q

Pfcos (-30°) = 0.866 (leading).
The load impedance Z can be modelled by a

25.98Q) resistor in series with a capacitor with

1
Xe=—15=——
¢ oC
= ! = ! =212.2pF
150 15%x1007
04.
Sol: Nodes 1 and 2 forms a super node as shown in

below figure

Applying KCL at the super node gives

-3 6 12
36=j4V; + (12)Vy cecnennen... )
and

Postal Coaching Solutions
V] = V2+104450

Substituting equation V; in equation (1) results
in

36 —-40£135°=(1+2) V,

=V, =31.41£-87.18°V

From equation

V=V, +10£45°=25.78 /-70.48° V

05. Super mesh
Sol: A /
Pp— o — S —
—j4Q == | 260
j AN OIS i
ANN——— 1 —
8Q 50
1020°V(Z 20— v, 3£0°A
- /1\ Vo /I}

Meshes 3 and 4 form a super mesh due to the
current source between the meshes.

For mesh 1, KVL gives

—10+(852)I; -(2),-81; =0

82 +j2I, 83 =10 ------- (1)
For mesh 2
=3 - @)

For the super mesh

(8415 — 8I; + (6+j5)I, — jSI, =0 -—-- (3)

Due to the current source between meshes 3 and
4, at node A
Instead of solving the above four equations, we
reduce to two by elimination

Combines equation (1) & (2)

(8+2)1; — 813 = 10+j6 ------ 5)

Combines (3) and (4)

=8I + (14+))I3 = —24-j35 ------ (6)

From equations (5) and (6) we obtain the matrix

equation

ACE Engineering Publications
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8—j2 -8 JL] [ 10+j6 [=9.615-j1.923 ... (1)
-8 14+j| 1, C—24-— i35 Apply KCL at node ‘V’
We obtain the following determinants m + X + X =0
-2 -8 8 ‘4
-8 14+] X_ﬂ X_IOOLO" _0
=112+ 8- 128+2-64=50-j20 8 4 4 8
| 10+j6 -8 1 1(_100£0°
1_‘—24—1'35 14+ ] V{g 4+4 g
=140+j10+j84-6—-192 - 3280 1-2j+2 100.20°
~ 58186 V[ 8 }: 8
current I; is obtained as 100
A, —58-il86 ) VA =o—r
Ilzjzwzamszzm.s A 3-2j
. ~ ' V£0=27.735/33.69°
The regulred Voltage Vo 18 f The given circuit is shown in figure 2. and
Vo =32(h-1) = 2361822 74°35:3) Assume V.0 = 27.745./33.69°V
=_7.2134-j6.568 =9.756£ 222.32° V
I, 8Q
> AVAVAVAV
06. - i
Sol: The given circuit is shown in figure 1. 102}40 () <~ 27.735/33.69°
8Q2 v 8Q
——AW— (ii)
1002097 ; 100£0° 0
v e o O, Qv - 100427.725433.69
Zr @) (ii) [,=9.615—;1.923 ... 2)
s =8+ (J 4| 4) It is clear that from equations (1) and (2) to
‘ become circuit (i) and circuit (i) VZ£0 =
gy 27.735./33.69°
4+ 14
et j4 07.
U1y j Sol: The given circuit is shown in Fig.1
_8+12j
z 1+ ] e i
10sin2nt (~ 1uF 4 kQ
[ 100£0° © g
8+12]
1+] Fig.1
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The energy stored in the capacitor varies with
time, the stored energy dissipated by the resistor
over this interval. These are actually two
completely different questions.

The only source of energy in the circuit is the
independent voltage source, which has a value
of 10sin2nt V. In the time interval of 0 <t <
0.5s.

The power dissipated by the resistor in terms of

the current ig.

i :X _ 10sin2xt
R 1000
. =0.01sin27t A
and so
P, =i2R =(0.01) x(1000)sin* 27t
=0.1sin” 27t

So that the energy dissipated in the resistor

between 0 and 0.5s is

0.5
w = [Pt

0.5
- j 0.1sin? 2mtdt

0.5
=O.II{I_COS4nt}dt
7 2

B L{t B sin4mt T'S
20 4 |,

V_(t) =10sin 2t

(0 =V, (O)x—
R+—
Jo

C

or
LAV
i.(t)= i

=c.10cos2nt.27
i.(t)=20mx10"° cos2mt

The energy stored in capacitor between 0 and
0.5sis

o, _jcvﬁdt

0.5
~10° j 10sin 27t.207tx 10~ cos 27t dt
0

-12 0.5
= M I 2sin 2mtt cos 2mtdt

0

[=]

5

=1007x107"* | sin 4ntdt

S

~ 1007 % IOIZ[LSWTS
0

4r

=12
_ M[COS(O) —c0s47(0.5)]

®,=01J

Sol: The given parallel circuit is shown in Fig. 1

1 | I +
C \
: R Ve
C J— R
vO T
_ L
Fig.1

The phasor diagram is shown in Fig. 2
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Fig. 2
0 = tan_l[w—Lj
R
For unity P.F, =0 .
I .
—=Y=joC+ ———
A% R+joL
R—-joL
= joC +
! R’+@’

L
R*+w’L?

For unity P.F, T and V should be in phase

ImY=0
L
L C= ———
R*+o’ L’
09.
Sol: At resonance frequency, ® = m,
1
o,L =
o, C
®, = L _ 1 = 10’ rad/sec
JLC  f1x10°
I = @ =10 A
10
Power consumed = IR =100 x 10
=1000 W
6
Z =10+ (m - &j
o

10 Y’
17| = 100+(m——j ,
()]

_ V10
1Z]  |Z|
2
Power consumed = ° R = |120|2 R
5 5
0.1 x 1000 = 102 , | ZP SRLUNTIE
| Z | 100
6 2
100+[m—£} = 10°
0]
6
03—& = +£4/900 = £30
0]

2

= 1000 + 15 and 1000 — 15
= 1015 rad/sec and 985 rad/sec

10.
Sol: Z(jo) = RJ.COL _
R+joL oC
R=1Q,L=1H,C=2F
, jo J
Z(jo) = —— — =
(o) = e 20
_j20’-jto _ o+je’-])
20(1+jo) 20(1+jom)
_ [o+jQe’-D](-jo)
20(1+o°)
_o+toe’-1) . (2o’ -1-0)
20(1+w°) 20(1+»)
) . (0 =1)
40> " 20(+0°%)
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For resonance, Im Z(jo) =0, ®* =1,0= 1 1/s

.. Resonance frequency, oo =1 1/s
ReZ(jo) = %Q

If the positions of L and C are interchanged,

—Zixl
Z(jo) = —"—+jo= -+ jo
1 2m0-]
2m
_ —jti2e’+o  0+jQe’-1)
2o-] (2o-))
_ [0+jQe’~D] Co+j)
(do’ +1)

Im Z(jo) = 0, gives 20 2 o* = 1) + © =0
2Qe*-1)+1=0

1, m:lr/s

4 o’

.. Resonance frequency, o, = %r/s

1

and ReZ(jo) = 757 %5
0

Q

1
o changes from 1 1/s to Er/s and resonant

impedance is resistive and remains the same as

Lo
2
11.
Sol: The input admittance is
. 1 1
Y =jo0.1) + —+ -
10 2+ jm2
. 2—-jm2
=0.1+jo(0.1) +
100D+

At resonance Im(Y) =0and

20
®,(0.1) - 0 =0
(0D 4+40]
2m,
———=0,(0.1
4+40} (0D
1=02+02 o
o; =4
®, =2rad/s

12.

Sol: The given bridge circuit is shown in Fig.1

Fig.1

From Fig.1
Z,(jo)=R, +jl0

Z,(jo)=4+(-j5)

1 1
Y, (jo)= =
l(J ) Zl(j“)) R, +]jo
. 1
Y, (jo)= =
Z(J ) Zz(jw) 4-35
2 Y(jo)=Y,(jo)+ Y, (jo)
1 1
= +
R, +3j10 4-35
. R, —jl0 4+ 35
Y =—2t - 4= . 1
(i) R +(10)° 16425 M
For finding resonance frequency
Im[Y (jo)] =0
From (1) —J10 i3

5 + =0
R; +100 16+25

ACE Engineering Publications
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10 5 03.
R} +100 41 Sol: L,, = 4H+2-2+6H+2-2+8H-2-2
R? =82-100 La = 14H
®  4H#2-2
R, =+/-18 L e——
2H
RL = J\/ﬁ \ °
The resistance which is having displacement -
angle will not exist. So, the resonant frequency
for above network there can be no value of R;. 2H
b a \4 W
5. Magnetic Circuits ® ¢Ho2
6H+2-2
04. Ans: (¢)
Solutions for Objective Practice Questions Sol: Impedance seen by the source
Z .
01. ZS=—g+(4—J2)
Sol: Xc =12 (Given) h
\ 10430 .
Xeq = 12 (must for series resonance) = N + (4 - J2)
So the dot in the second coil at point “Q” )
=4.54-j1.69
Leq = L1 + Lz— 2M
) 450
oL, =L, +oL, - 2K\L,L,00 Sol:
12=8+8-2K+8.8 C")
_ n’.5
= K=0.25
02. 2
. Nl
Sol: Xc = 14 (Given) Z =|—1|.7Z,
Xieq = 14 (must for series resonance) N,
So the dot in the 2" coil at “P” R, =n’5
Leg=Li+L,+2M For maximum power transfer; Ry = R
L., =L+L,+K,/L L, n’5=45=n=3
oL, =oL, +oL, +2K,/oL,L,®»
o v 06. Ans: (b)
14 =2 + 8+ 2K,/2(8) Sol: SmH M
30mH .
=K=0.5 6V — 30mH v
T soa ’
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Apply KVL at input loop I ne2 L= 1/ 20°A
di 1, t
16-30x10" 2 L
dt
Take Laplace transform 08.
—§+[—30>< 107 (5)=50]1,(s) +5x107 81 (s)=0-..(2) Sol: By the definition of KVL in phasor domain
S VS—VO—V2 =0
Apply KVL at output loop v
di, di, V,=V,-V, =V, 1-—=

V,(s)=30x107° —2+5x107° —1=0 co S[ V}

(&)~ dt dt >

V=171
Take Laplace transform
_3 R By KVL

V,(s)=30x107sI,(s)+5x107 sI,(s)=0 Vs = LI oM (0)
Substitute I(s) = 0 in above equation V, = joLa(0)HoMI,
Vo+5%x107 sIi(s)=0......... (3) N
From equation (2) Vo = Vs (1 9 LIJ

6
——+(=30x107*(s)+50)1,(s)=0

S 09.
I (s)= ~a _ A d (4) Sol: Transform the above network into phasor

1 s (30x107(s)+50) e
Substitute eqn (4) in eqn (3) 1 Q 40
—5x107 (s) (-6) /

V,(s)= + \

s(30x107° (5)+50)
Apply Initial value theorem
—5x107 (s) (—6)

s>2 5 (30x107 (s)+50)
—5x107 x(-6)

v,(t)= =+1
(0= 50107

07.

Sol: R, ' 2%=ZQ
R, =3+R, '=3+2=5Q
. _10£20 _, 00

ACE Engineering Publications
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54oiQ Q j4§@

Network is in Phasor -domain

V=21
By KVL inp-d =
5.20°=1;+j8.1,—4.1,
0 = L4141,

I :% (t)= Realpart[l eJZt]A
A, 2
I, :X i,(t)= Realpart[l e’ ]A

I,(t) = 1.072cos (2t+114.61%)A
L(t) = 1.416cos (2t+128.65")A

Hyderabad + Delhi + Bhopal + Pune + Bubaneswar + Lucknow + Patna + Bengaluru + Chennai + Vijayawada + Vizag + Tirupati + Kolkata + Ahmedabad




#5ACE 80 oo
10. 12. Ans: (a)
Sol: Evaluation of Initial conditions: Sol: M ko, N, ko,N,
. — . + ol: = - = -
1; (0)=0A=1,(0") 1, 1,
i2 (0)=0A=1(0) Given, i, =1A; ¢ =0.lmWb
Evaluation of final conditions: —1000: N, = 2000
i1(c0) = 5A £ iz (0) = 0A K= 0.6
By KVL = (0.6)0.1m)(2000)
4di,(t)  di,(t) M= =0.12H
5=i,(t)+ —~~L 222
dt dt
By Laplace transform to the above equations. Solutions for Conventional Practice Questions
5 (s (e
3 = Il(s)+4[sl1 (s)—11 (0 )]—2(s.12 (s)—l2 (O ))
01.
By kKVL = 0 0 Sol: KVLinmesh (T7)
. di,(t di, (t di di d
0=1i,(1)+2=2=-2=0 R+ (L L) S, S, iy
D (o . A d
0=1.12(s)+2[s12 (s)~i, (0 )]—[sll(s)—11 (0 )] +Mlzall(t)+M13 (0 + Moy 12(t)— vi(1) ...(1)
On solving, we can obtain i;(t) and i, (t) KVL in mesh @
3[
i(t)=5-¢ * [5 cosh[% tj NG sinh[gtﬂA
; di di d .
Rsi,(t) +(L, +L3)£ - L, dltl +My; dt( 2 —1p)
I1. Ans: () VIR R VLTSV R S
N ¢ Li dt dt dt
Sol: L, =—1=¢ =—
11 N]
0 1 5sin 400t
2 N, 02.
N L L 20£20°
But_lz _1:>N1=N2 1 Sol: I:Z—
2 LZ L2 in
0.5 Zn=8+j10+j5-j512
N, =1000 7= =1581.13 =8 +j3=8.5420.56
. _ 255in4001 - 20220 _ 534,056 A
1T 58113 8.54 £20.56
b1 = 1.58m sin400t Va=@+]j5-j6)I=4-)I
01 = Pmaxsinot =4.123/-14.03 x 2.34/-0.56
S0, Gmax = 1.58mWb =9.65/-14.59 Volts
Z 1s calculated from the circuit shown in Fig.
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The equivalent reactance between the terminals

. j6Q
R, .ngd h A, B of coupled inductors (Fig. 1) is given by
—AMWW—n L1110
40 : (Xl X, _Xﬁa)
+ X

@ X 4 X,-2X,)

=
@/v Vo _()T Io_>R2 40 . L L,-M’
I — = "

! “ 7L +L,-2M

Fig. X =oL, X;=oL
G+ L+ o)L=V, M =k.L, L,
i6)1,+(@4+j10) L=V
G )1V( J‘6)2 ’ X = oM =ok4L,L,
0] .
- + A =V,(4+j4) = A _ _
VSV 4410 0 (4+J4) = kX, X, = V40 k
, . 40(1-k?)
4+i5 V. _ X = .Ad=kK)
= A =V (4-jh)=A 1 = 9375 a0k
j6 Vo
From Fig. 2
4+i5 6 A R
= _._IV\N\,—
i6  4+il0 100
+
=16 - 50 + j60 +36 = 2+j60 204300\()2_’ > §jxequ
i 1
I = [ +1, = 2o 8+ (8A+J3) -
B 8+i3 Fig. 2
®2+j60 Ay o
Z=R+]Xequ=10+j Xcqu
2+60
% - 8“,3 202300 20 £30°-9,
° * 104X\ 10°+X2,
2+j60 26+ j69 73.7 £69.35° !
Zy =3+ 00 = = ; X
+i3  8+j3  8.54.20.55 D = tan_l( equ] =20
2 4 -
= 8.63 £48.8° Q =5.68 + j6.49 J100+X2,,
For maximum power transfer, P=|I’R = 4000 )
7L =Zy =8.63/-48.8°=5.68 —j 6.49 100+X2,
03. 100 + Xiqu = M =125
Sol: iX,, Xou =25,X =5
lequ ® hd .
. 88 g s 40(1-k*)
iX iX 13-2+/40k
° Fig, 1 8(1—k%) = 13 — 2+/40 k
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04.

Sol:

— 2440k +5 =0
L 2440 + /160 160 0.79
16

If the terminals of one of the coils are

interchanged,
i iy 40(1-k%)
w =3 a0k
15.07 . 20230°
22,99 ’ 10+j0.65
P=|I’R ﬂ—w.&%w
100+(0.65)*

Refer to Fig. 1, where I, and I, are mesh

currents.

50 SH A<—2H _W/
+/]\> %
Vl 6H O<3H 90
1 12 9H
O 0O- |
Fig. 1

Mesh equations:
+tjllo[+(-j60—-j20—j3w) L=V,
or tjllol—jlloL,=V,.........
and (—j6o—j20) [ +j3o(l, - 1) +j3ml, +]
230L=0

or —jllo[+j290L,=0........... 2)
VvV, —-jllo
[ = ‘0 129w _ 1290V,
"jlle  —jllo]  -198w’
‘—jllw i29®
2
;/—11:—_],129982 =683 ©

.. Effective inductance = 6.83 H.

05.

Sol: The given circuit is shown in fig.1 assume input

voltage ‘V’

Ly=8mH X;,=WL,= 1000x8x107°=8 Q
L,=6mH X, =WL,= 1000x6x107=6 Q
M=5mH X,=om= 1000x5x107=5Q
C = é“F Xe= é

=X, = ! = 6000 Q

1000xéx10_6

i8Q —6000Q2
aF ° Mol _
i1 « ’,, i2</
L4
Fig.1

Apply KVL in the above network

loop—1

— V +j81;195(11—12)—-j60001,+j6(1;—1)+j51,=0
—V+j8i,1j51;— j51,—j6000i,+j61,— j6i,1)51;=0
j(=5966)i;—j11i,=V-------- (1)

In loop — 2

j6(i—11)—351,1+31,=0

j61— j61,—j51,1+31,=0

; ji1
r 3+_]6

Put ‘1, in equation (V)

Jll : _V
3+j6

(8.066—5982.13)i; = V

- 359661, —j1 1{

7-Y

i

= (8.066— j5982.13)Q
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6. Two Port Networks 2 1
v -| 3 3 Y - S -S
. . . . . A 2 B -S S
Solutions for Objective Practice Questions -- =
3
01- S+—= —-S——
Sol: The defining equations for open circuit Y= o 1 - 2 mho
impedance parameters are: 3 3
Vi=ZulitZ1h
Vo=ZoitZx], 04.
10 45+10 Sel: )
i 10 10 o= ~..
_|s s o—MWh— M—o o—<“ W o
Z1=1% 353102 32
S s 210 Nl
[ Io) [og \\,’/ O
. 1
02. Ans: (b) lmho 2
3 2
0 __1 AW ) o—eo—MW——-7F——0
Sol: The matrix given is 1 % = {y“ le} g1 £1 g!
— i= Yo Y=» 3 3 2
2 2 0 o—e 0
since y; #
Yu Yzz' ) ) 1 1 1
= Asymmetrical, and '3 " EVE 2
Y%y ¢ Ll 2 1 1
= Non reciprocal network 3.3 2
L >
03. =| 6 6
Y 55
Sol: Convert Y to A : vl
6 3
1Q _ -~ 1Q 1F
oMo o 1 °13 05
% Z10 & )
S Sol: Convert Y to A : Convert Y to A :
o N o 1o 02
19,70, 20, -y
lmho 1F=S mho 1 o—&XAM——W%—OZ 1 o—(—‘WW——ZZ’\%\Mr%—OZ
lo— 3 Mh——r 02 |o I } ) N Ele S N\ 20/
=E 1 EE 1 \\\ /’/ \\\ /’/ |
¥ —_mho ¥ —mho o A 4 02 1o A4 02
1o 09 1o 02 1
Flg‘A Flg:B o 3MM' o ° AW °
FIR s 1 = =
:-3 $-3 21 £
6 6
(e, 0 o rs)
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06.

Sol:

07.

Sol:

2 1 2
Y, = 31 23 mho Y, = 61
3 3 6
6 _3 . 1
6 6]|_ 2
b B R i R O
6 6 2
1+L'1 1
T,=T,=| [’
_Jl

I+5 1
L 1}
Ty= Z=1Q; Z, =
T :{1 1}

o 1
T = (T)(T2)(T5)

3 2+j4
T= . :
-1+52 33

2 3
T, =
B

TZ:ZI=O;ZZ=ZQ

1 0
T, = l 1

2
T=[T][T,]

35 3
T=
.

08. Ans: (a)

Sol: For I, = 0 (O/P open), the Network is shown in
Fig.1
L 20 I, = 0
to W o+
3L
1Q
v, E Vi,
21
- o—
Fig. 1
Vi =-21 (D
V,
Z, = e 1= 2
L
Vp=-6L+Vy ()
From (1) and (2)
V2 = —6 Il -2 I]
or V,= —81;
V.
Z,=—*=-8
Il

For I, = 0 (I/P open), the network is shown in
Fig.2

I
Il - 0 é Iz
+o AMN o +
2
10 I °©
V1 §\L : V2
o]
- o - o —
Fig. 2

Note: that the dependent current source with

current 3 I; is open circuited.

Vlzllz, Zu:&—l
IZ
V2:312, 222:%:3
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I

09.

Sol: By Nodal

-1, +V, =3V, +V, +2V, -V, =0
-1, +V,+V,-2V, =0
[ 2o
-3 2
[Z]1=Y"

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

writing the equations.

Y

10.

Sol: The for
impedance parameters are:
Vi=Zuli+Zx1,

Vo =ZnlitZy],

In this case, the individual Z-parameter matrices
get added.

(Z) = (Zs) + (Zv)

2] {10 2}9

2 7

defining  equations open-circuit

11.
Sol: For this case the individual y-parameter matrices
get added to give the y-parameter matrix of the
overall network.

Y=Y,+Y,

The individual y-parameters also get added
Y=Yt Y ete

14 -04
[Y] = { }mho
-04 14

13.
s % Z,
Sol: (i).[T, | = 2
1
— 1
LZ,
1 Z,
(ll)[Ta]: L 1_{_5
_Z2 ZZ
[Ta] and [Tb] are obtained by defining

equations for transmission parameters.

14.
Sol: In this case, the individual T-matrices get

multiplied
(T)=(11)x (Txy)
1+s/4

s/2) (8 4
1/2 1 25

B 3s+8 3.5s+4
6 7

(M) =(T)(Tx1) = (
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15 Lo [2 —3}
T =T =
Sol: Zin=Rin=&=AV2_BIZ=V2_212’ -1 2
I, CV,-DI, V,-3l, Now h parameters
V, =10(-1,) 21, =-1, +V,
-1, V
Zin:Rin :EQ 12=_1+—2 ......... (5)
13 I, 2
Substitute (5) in (1)
16.
-1, V
Vv e A'Il Vv, =2, —+-2
Sol: I_l =le w}Il VL 2 2
11,= >y 2 1
e o 2 L v, =21 iy, 6)
= =3Q
= Vi =@I4)0 1, ig
+ 2
= le =20 Vi " % %
h=
V, =4 4)L,], | <R
=0 Y = 210 P
=7,©b=2Q 1
By KVL = { % “71
e. -1
31, I, g=hl"=|7 3
—Lov,-1=0 -
2 2 2 2
Vv, =1,
= Z,=10=Z 17. Ans: (a)
I
2 1 Sol: ' Y,, =—2%
7 — 0 2 V=0
5 | Just use reciprocity of fig (a)
3 3 1A
vozl- 3 3 -«
a2 N
3 3 0.5A¢ G) v
Now [T] parameters;
V, =21 +1, ... (1
V,=1 +2I,.......... 2) Now use Homogeneity
= Il = V2—212 ......... (3) 5A
Substituting (3) in (1): N <+
V, =2(V, =21,)+1, =2V, =31,......(4) 2.5A4 +> o
2 3 T
T=
o
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I 5 19. Ans: (c
So,Yzzz—z‘v=0 ===1mho )
v, 5 AV
Sol: Z,, =—*
This has noting to do with fig (b) since fig (b) I, Vo
also valid for some specific resistance of 2 Q at
rt-1, but Ya, , V,= 0. So S.C port-1 A/} s
port-1, 22, V1= U. . - -~
V, n ]
1 b 12
18. Vl = HVZ V] V2
V, N -1 o 5
Sol: —+=—2=n=—2" V.-V ! I:n 2
Vi N, I, 2 v _q
R 1
v, 1
v, = I,=1,+1,
1 1L _L-L Lo
=V, ==V, _(O)Iz n I I I,
n
I, 1 1+
LI 2470
=T=|4 I, n n
0 n
)
_n 0_ 2 = @ 1
T'=T" = 1
0 —
 nl 0 :(l+nj V, Vlj
0] n R
T'=T"'= 1
0 = V,-—V,
L n] [ = I+n n
Now h-parameters : ( n j R
1
Vi= (O)Il +—V, |
n I (1 +n (n — lj
-1 A% n nR
I, = — (O)Vz ?
no V, n’R
0 1 I, n’-1
g=| _, "
— 0
n | 20.
_ Sol: 1
0 —n N
h { 1 ]
n 0 |
Note: In an ideal transformer, it is impossible to )<—A
express V; and V, interms of I, and I,, hence the ‘Z’ N, /
parameters do not exist. Similarly, the y-parameters.
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For series parallel connection individual h-
parameters can be added.

.. For network 1, h; = gl_1

:E ﬂ {—ll ﬂ

For network 2, h, = g;l

1oy

o1

I 0 1 -1
~h= +

-1 1 0 1

.. overall g-parameters,

L2 At o2
g:h = = —
1 2 301 2
273 13
87113 23
21. Ans: (b)
Z,. Z Y, Y
SO]: [Z] — |: 11 12j| \ [Y] ~ I: 11 12j|
ZZI ZZZ Y21 Y22

For Reciprocal NW, Zi, = Z51 , Y12 = Yo
[Z] and [Y] matrices are symmetrical.

[Y]=[Z]" is true for reciprocal as well as non-

reciprocal NW’s.

22. Ans: (a)

Sol: Definition :
1(9)=[Y] V() V($)=[Z]1(s)=[Y] " 1(s),
~[Z]1=1Y"]

23. Ans: (a)

Sol: In reciprocal 2-port NW’s, yi, =Va1, Zip = 71

h12:—h21, AD-BC=1

24. Ans: (d)
Sol: Convert the middle - © of 1Q into a T —

network as shown in Fig.

ame 43)Q 13 1/3)Q
2(13)0
Fig.
2 1
Z11=§+§_1_222 .......... (4)
1
Z, =7, =§Q ........... (1)
1(1/3) L o9[1-@/3)
(1/3)1 8 —(1/3)1
9 1 3
Yo=Y = —§X§=—§mh0 3)
9
Y= Yn = g mho .. 2)
25. Ans: (d)
Ls I
sol: —2 €8s — LZS
§+L LCs™+2
2 Cs
Ls Ls
+ ) 2 LCs*+2
| Ls(LCs*+2) +2Ls
2L (s +2)
) oL (4—w’LC
Ziy (o) = 12 > L _o
2L(2-o7)
Atw=0and = o0,at ®@=o0

2
Jic
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26.

27.

Sol:

28.

Sol:

29.

Sol:

X ®l O 0 T LTS LTl ) TR () (NIl Hyderabad + Delhi + Bhopal + Pune + Bubaneswar + Lucknow + Patna + Bengaluru + Chennai + Vijayawada + Vizag + Tirupati + Kolkata + Ahmedabad

Ans: (¢)
V, V,
h11 = I_l > h12 = 71
1 l1,=0 21=0
I I
h21 = 72 > hzz = 1_2
21,=0 Llv,=0

According to the definitions above, h;; is in
ohms (Q)

h;, and h,, are dimensionless and hy, is in

Siemens.
Ans: (b)
V
A—4, I ZR_Z’RN =R,
I2
B—>2, h, =—
VZ I,=0
C— 1, le = Y21, Zz] le etc
\2 A B||l-V
D — 3, =
I C D|| I

Ans: (d)

Vl
h, = T — Impedance (1)

1

V, .
h,, = — — voltageratio (4)

V2
h,, = L — Admittance (2)

VZ
h, = II_ — Current ratio (3)

1

Ans: (¢)

Vo=h; [} +h;p V,

L=hy Il +hyV

Ve=r. I +r,(I; + 1)
Ve=(h+tal)re+ 0+ L)1

or Ve=(ar.+r,) I +(rc+1) I

L (1)
. Q)

30.

Sol:

V, —(ar, +1,)]
r+71,

or I, =

Substitute I, in equation (1)

- +1,)1
V, =r,1 +r1, IlJrr{VC (@r+1,) 1}
I, +T,

2
r, V.—a(r,r)l, -1
_ b "¢ b "¢ 1 b 1
=r, I+ +

I, +1,
ar T, —r,° r,V
=1,|r+r, ——>—> |+-2>C
I, +r, I, +r,
1 [T, +I,T, +rb +1, T, —OLT, T, —rb2
: I, 41,
L, (r.—or,
=1 |r+2—< b (I )
I, +r,
V, =|r1, +1, — (ocrc+rb) [
I, +rb
+[ b }VC ........... (5)
L, +1,
From equation (3)
—(ar, +1,)1 1
it = (@1, +r,)l, - V. e (4)
I, +T, I, +T,

Comparing (5) & (4) with (1) & (2) the
matchinginA —->1,B—>4,C—>2,D— 3.

Ans: (d)
A—>2,B—>4
C—>1,D->3

Solutions for Conventional Practice Questions

01.

Sol:

A two-port circuit can be declared as a
reciprocal circuit, if the 2-port parameters satisfy
the following relations:

(i) Z1n=7Zy




5 ACE % oo
(i) Y=Yy Short circuit current response at port 2 with
(iii) AD-BC=1 excitation, V; =15 V at port 1
(iv) h;z =—hy,

. . : . I (60/7)Q2
The two-port circuit shown in Fig.l is
reciprocal. T "
C . 180Q2 120Q \A
This is justified by taking 15 V voltage source
and showing Y, = Y, as shown below. . i
First, convert the (30 ©, 20 Q and 60 Q) T Fig. 5
network into a IT network and next get the V, =1 (6())
overall I'T network (Fig. 3) 7
7
10Q =—-—x15=-175A
AW 60
P| 300 20Q |R
Lo AW Ao 2 y. = Ao __T
P 2 Vilul, 60
Fig.1 6oQ -
o ' < When the excitation and response are
IOQ interchanged, Short circuit current at port 1
with excitation, V, =15V at port 2
1 7
=—-—x15=-175A
18002 1200 60
0 02 The ratio of response to excitation remains
FIfQ constant for reciprocal network when the
i (60/ Q response and excitation are interchanged.
[ 02
180 Q 120 Q
% % 02.
l'o — 02! Sol: The given circuit is shown in Fig. 1
(60/7)Q2 I 2Q 40 L b
+ @ o> —MWW——F AWW—<—0
+ +
180Q2 120Q v § 00 v
F1g.4 . - v
a2 o 0
60 Fig. 1
V,=-L| —
7
Y21 :I_2 :—lQ V]:AVZ_BIZ
Vil 60 ,=CV,-DI,
Keep I, =0 (Fig. 2)
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L 20 40 L=0
o——\WW, AMW—<——0
+ I Lr +
\7 e g vy, \%
o l o

Fig. 2
1
V, =V, 9 = évl
12 6
A=t =Son
vV, 5
Vo=101,
C = = = 01Q
\£

I 2Q 4Q I,
o—— W A —=
+ IL+1
\Z 10Q Vy=0

Fig. 3
B-- p--L
IZ IZ
10 5
L= x— =21,
S VA
D=_-14
5

V1:211—412:212(II—1—2J

2
Vi=2L(-34)=-681
B=680Q

A=12,B=68Q,C=0.10,D=14

03.
Sol: 1 I L 2
° -
1 v, V2=0
S —
: X

Fig.1

Li(s) = Y11 Vi(s) + Y12 Va(s)
Iz(S) = Y21 V](S) + Yzz Vz(S)
For vy(t) = 0, Vu(s) = 0, as shown in Fig. 1,

Lty=1u®) , L(s) = é

Vi) =(1-e ") u(®
1 1 4
V = — — =
®) s s+4  s(s+4)

bt)=—¢>'u(t)

L(s) = - L

1 L L 2
+ +
- v, Vv, 210
s — J—
i 2
Fig.2

H(0 = U, 1) = =, Vi) = 109)
vi)=(1—-e *'+te *)u(t)

11 1
Vi =gt (s+4)
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_ (st+4)’ —s(s+4)+s _ 5s+16 04.

s(s+4)* s(s+4)> Sol: Given network

(1) = — ¢ u(o),
L(S) = — —— = Vi) = ——
2 (s+7) ’ s+7

Il(S) = Y11V1(S) + Y]sz(S)
l:(4+sj 55+162+Y12( 1 ]
S 4 )s(s+4) s+7

1 5s+16 ( 1 )
= ==+ Y, | —
s 4s(s+4) s+7

- YH(LJJ— 5s+16
s+7) s 4s(s+4)
_ 4(s+4)-5s-16 (Data given is C; = C, = C, = 1 Q. This can not
4s(s+4) correct. Assume C; = C, = C, = 1 F. Use
_ 4s+16-5s-16 o ) : 1
45+ 4) perational impedance, ;)
—s -1 The network is redrawn as follows:
Cds(s+4) 4G+4)
- _ —(s+7)
7 4s+4)

I(s) = Y21 Vi(s) + Y22 Va(s)

-1 —s(s+4) (5s+16) 1
= T+ Y| ——
s+7 4(s+3) s(s+4) s+7
:YD( 1 j: -1, 5s+16
s+7) s+7 4(s+3)(s+4)
_ 87 +23s+64
2 a(s+3)(s+4)
And Z, (s) = Vis) _ Ss+16 In this form, it is easy to see that two passive

o 2
L) S(s+4) linear 2 — port a and b have been put in parallel

to form one large two point.

For the 2 — port labeled ‘a’; we have
Ilm = Y118V1 + Y, +V, and

L, = Yoy, t Y223V2 """ (1)
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For the 2—port labeled ‘b’, we have
Ilb = YIlel + Y12bV2 and

Izb = Y21bvl + Y22bV2
The overall 2—port has voltage V; and current
(Ija + L;p) at portl and voltage V, and current (I,
+ 1) at port2

But from (1) and (2),

Ilﬂ + Ilb = (YIIE Y, )Vl + (YIza Y, )Vz

L, +1,, = (3’21a T Yo, )Vl + (Y223 TV, )Vz
Thus, the overall admittance parameter are,

Yu= (YIla Y, ); Yo = (}'12a + Y, )3
Yu = (YZla + Yo, ); and y,, = (Y2za + YZZb)

It now remains to determine the

[P

a p—
parameters & ‘b’— parameters.
Addition will give the overall y—parameters.

y — parameters of the 2—port ‘a’:

by NI

i—"| | ! i

V] E 1Q ; V2

7{"1 > o
Yy, ¢ short—circuit port-2

CVi(s+1)k
(1/s) — (2s+1)

B s(s+1)

~ (2s+1)

V,=0
¥y, : short—circuit port-1
With a little algebraic work; we get

I
Yia,= v,

vieo 2s+1

0s.

Sol:

¥, : Because the network is reciprocal, we get
CT 25+

Y5, - From the symmetry of the network, we

Yo

get
_s(s+1)
25 +1

y — parameters of the 2—part ‘b’:

Yo, = Y1y,

By a procedure similar to the above, we get

_y =[1F8)
Y, = Yoo, 2+s

_ _ 1
Y2, = Y2, )

Now the overall 2-part parameters and be found.
(The network given is called a twin-T network

and it is parallel connection of two T-networks)

Vi=L(R+R3) + L R;3
V=1 (R3 +dRy) + 1, (R, + Ry)

Vv, R, +R; R, I,
(VJ :(R3 +dR, R, +R3j (IJ

Ly # 72y
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06.

Sol:

The given two port network is not a

reciprocal network

Z- parameters of network:
Vi=Zuli + Zlh
Vo =Znly + Zxl,

V,
_ V1
le I_
1 1,=0
I, 10Q 10Q2 1L,=0
—AW AW o
+ +
21]
/f‘~~
v 5Q ; \\
LD | A
" o
KVL

V] = 1011 + 1011
V= 2011 =71= 20Q

Z, =2
21 Il

1,=0
KVL, in above circuit,
—1011 — 1011 + V2 =0

V2:2011
V.
Z, =2 =20Q
1 1,=0
I,=0 .', 10Q \‘, 100 L
—H_/WW L <+—O
K W AWW °
L
5Q
V[ VZ
0o
. 0
2 = I
2175,=0

KVL, V,= 1512 =7y»n= 15Q

7 Y

2

:>V1:5122>212:SQ

I,=0

20 5
Q
20 15

[Z]=

V=101, 0.2 V, + (I,+0.6 I,) 20
V, = 101,+0.2 V,#20 I, + 12 I,
V= 301,+121,+0.2 V;
V=20 (1, 40.6 L) =201, + 121,
V,=30L,+12 L,+0.2(201, + 12 L)
V,=341,+ 1441,
V, =201+ 12I,

MEERAH

V=2ZI
[Y]=[z]"= 1 { 12 —14.4}
(4)(12)— (20)(14.4) | -20 34
112 144
_ﬁ{—zo 37 }
0.1 -0.112
{—0.167 0.283 }
3/2Q
11_’_ 1Q ) I,
T T
Vi 213K 2F =~ —_oVW
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3/2Q
1(S) 190 V(s) Ix(s)
) _| 1 1
%Q s T §gQ Va(s)
|
Y, = 712 v\~ 0
1)+ () =2 )
2% 6
=V,(s)(2S+6)
3/2><3S 11
VZ(S)=II(S) T +1 //Z—S//g
2 28
9/4S

V,(8)=-1,(s) 3—1
(1 + j
2 S

VAONERR
I, |2(@s+D)

(s)

+1

_3+28+42 | ~(25+5)

2(s+1)
_LO) =26+
PTV,(s) (2s+5)

09.

2(s+1)

Sol: The given circuit is shown in Fig.1

1kQ

+| 2-port +
Vs Vi|  network V,

Fig.1

I,

R =2kQ

Apply KVL in above circuit
V,=-DLRg V,=-2000I,

A (M
2000

h-parameters:

= 12:—

consider the 2-port NW shown in Fig.2

1 I, I, 2
+ o——— —<—905+
V| NW VZ
[ U— —o’ —
1 2

Fig.2

h-parameters relate the input and output port
currents, I, and I, as a linear combination of the
input and output port voltage, V| and V..
Vi=hili+h,V,
L=hy;I;+hy, V,
V1=1001;+0.0025V,-----(2)
L =201,+107V-----(3)
Put equation (1) in equation (3)
v,

2000

[ = 3Vax 107
: 40

Put equation (4) in equation (2)

=201, +107°V,

“)

3

V, = 100{— 3V,

40x10

} 0.0025V,

<

~300+100
{ 40x10° }
40x10°
200

=-200

<< <=
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7. Graph Theory f-loops = (b—n+1)=55
f-loop = f-cutset matrices = n"?
Solutions for Objective Practice Questions =122 =12"
01. Ans: (c) 08. Ans: (a)
| b 1 Sol: Let N=1
Sol: n> E * Nodes=1, Branches = 0 ; f-loops =0
Let N=2

Note: Mesh analysis simple when the nodes are more

than the meshes.

02. Ans: (¢)
Sol: Loops=b—(n—1) = loops =5
n=7 S b=11

03. Ans: (a)
04.
Sol: Nodal equations required = f-cut sets
=(n-1)=(10-1)=9
Mesh equations required = f-loops
=b-n+1=17-10+1=8
So, the number of equations required
= Minimum (Nodal, mesh)=Min(9,8)=8

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

06. Ans: (a)

07.
Sol: For a complete graph ;

b=nc, o=l g
2

n=12
f-cut sets = (n—1)=11

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

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

Nodes=4; Branches = 4; f-loops=Links=1
Still N =4

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

Nodes = 5; Branches = 8; f —loops = Links =4
etc
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Therefore, the graph of this network can have at 14. Ans: (b)

least “N” branches with one or more closed Sol:

2
paths to exist. @ ©)
®
09. Ans: (b)
Sol: ® %) @
2 2
1 1
4
3 15. Ans: (d) 8
Sol: et BN
4 \\\ 6 ) /II \\\ 7
3 1 \\\ ,/I 3 \\\ 4
\\ I/ \\'
5

10. Ans: (d)
Sol:

Fundamental loop should consist only one link,

(@) 1234 therefore option (d) is correct.

17. Ans: (a)
Sol: Statement (I) — True, Statement (II) — True

and is correct explanation.

(b) 2346 -

/
v 6. Ans: @)
4 U

() 1,4,5,6 -
18. Ans: (d)

(d)1,3,4,5 N Sol: f—loop should contain only one link.

... Statement (1) is False.
A link with one or more of the twigs forms a

closed loop.

.. Statement (II) is True.
11. Ans: (b)

Sol: m=b-n+1=8-5+1=4
19. Ans: (b)

12.  Ans: (d) Sol:

13. Ans: (d)
Sol: The valid cut —set is
(1 737476)

/ The graph has

No. of nodes =n=4,
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20.

Sol:

21.

Sol:

No. of branches =b =6
No. of twigs = No. of tree branches
=n-1=3
No. of independent loops = No. of links =1
=b-(n-1)=3
Order of B matrix or Fundamental loop matrix
=Ixb=3x%x6
Correct answer is A =6, B=3,
C=3x6,D=3

Ans: (a)

If 1, 2, 3 and 8 are the co-tree branches or
chords or links, and then 4, 5, 6 and 7 should be
Tree branches or twigs.

f—cutset (1, 2, 3, 4) is defined by 4 and f — loop
(6, 7, 8) is defined by 8.

Ans: (a)

The Tree (1, 2, 3, 4, 5) is shown with thick
lines.

The dotted lines (6, 7, 8) are links or chords.

f— circuit or f— loops are

Edge set: L; (1,2, 4, 6) defined by chord 6
Edge set: L, (2, 4,5, 7) defined by chord 7
Edge set: L3 (2, 3, 5, 8) defined by chord 8
Note that the twigs or tree branches can be

drawn so that they do not cross each other

Solutions for Conventional Practice Questions

01.

Sol:

A tree is a connected sub-graph of a connected

graph containing all the nodes of the graph but

containing no loops.

Properties of trees:

1. A connected sub-graph of a connected graph
is a tree if there exists only one path
between any pair of nodes in it.

Every connected graph has atleast one tree.

3. The number of terminal nodes of every tree
are two.

4. A connected sub-graph of a connected graph
is a tree if there exists all the nodes of the
graph.

5. Each tree has (n — 1) branches, where n is
the number of nodes of the tree.

6. The rank of a tree is (n — 1).

The given connected graph has 7 nodes and
12 branches. Five different Trees are shown
below from Fig. 1 to Fig. 5.

1 2 1 2
3 4 5 3 4 5
6 7 6 7
Fig.1 Fig.2
1 2 1 )
3 \/ o5 3 4 5
/;1\
6 7 6 7
Fig.3 Fig.4
1 2
4
3 5
6 7
Fig.5

02.

Sol: Let the fundamental loop matrix be B and the
fundamental cut-set matrix be Q of the same
oriented G, and let both matrices pertain to the

same tree T ; then
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BQ'=0 and QB"=0 .............. (D) =[1 ‘F]
If we number the links from 1 to / and number BTy
the tree branches from / + 1 to b, then Q=[-F:4]

B=[1:F] and Q=[-F"i[] ...... )

11 00 0 010 0 00 0
10 0 0 0 0'1 -1 0 0 7 -1 0 10 0 001 0 0 0 0
01000 0:11 0 -1 0 0-1 01 0 00 0 1 0 0 O
0010000 1 01 0 0 o 0o-10 1000 010 0

Be=l0 001000 0 1 0 0 -1 00 0 0-1-100 0 01 0
00001000 0 1 -1 0 L0 0 0-1 0 100 0 0 0 1|
(0000 01:i0 0 0 0 —1 1|

03.

Sol: The eleven branches a, b, c,.., k are marked on the graph (Fig.). The incidence matrix is written with the

usual convention: example: branch ‘a’ leaving node 1(taken as 1) and entering node 2 (taken as —1).

branches

a b ¢ d e f g h i j k
n 1 1 1 0 0 0 0 0 0 0]
o 2 -1 0 0 -1 1 0 0 0 0 O 1
3 0 -1 0 1-1 0 1 1 0 0 0
d 4 A, =10 0-1 01 0 0 1 0 0
5 0 0 0 0 0 -1 -1 0 1 0
¢ % 0 00 0 0 0 0 -1-1 0 1
s 7 L0 0 0 0 0 0 0 0 0 -1-1|
Fig.
04. Dimensions of the incidence matrix is 7 x
Sol: 12.
branches The oriented graph with 7 nodes and 12
1 2 3456 7 8 910 11 12 branches is shown in Fig. 1 .
. [1 1 -1 0 0 0 0 0 0 0 0] To obtain the fundamental circuit matrix for
0 2000 0 0 -1 -1 1.0 00 00 these graph, a tree with 7 nodes and 6 branches
_93|-1 00 0 0 0 0 0 -1 1 0 0 ) )
A= d 4 0 0 1 1 1000 0 0 0 0 is chosen (Fig. 2) .
eS5lo 0 0 000 -1 1 0 0 0 1 Number of f-circuits = Number of links
sO6lo 10 -1 0 1 0 -1 1 0 -10 —b—(n-1)=6
1o 000 0 0 0 0 0 0 -1 1 -1 .
B ) The links are the branches 1, 3,4, 6,9 and 11.
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A
A

10 Y 8

Fig. 3

f— circuit with 1 : [1, 10, 12, 8, 2]
Vi—=Vot+vg+vig—vp=0
f— circuit with 3 : [3, 2, 8, 7, 5]

' N

A

10 v 8

Fig. 4
Vatvs—vs—v;—vg=0
f—circuit with 4 : [ 4, 8, 7, 5]

Fig. 5

Vi—Vs—Vv;—vg=0
f—circuit with 6 : [ 6, 7, 8]

Fig. 6
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Vet vs+vg=0
f—circuit with 9 : [ 9, 10, 12, 8]

@ Fig. 8

Fig. 7

Vgt vy tvip=0
vgtvotvig—vip=0
f— circuit with 11 : 11, 8, 12]

According to the above f — circuit (tie-set) equations, the tie-set matrix, B, is constructed as shown in Table.

f -circuit | Branches
1 2 3 4 6 8 9 10 11 12

1 | 0 0 0 0 1 0 1 0 -1
3 0 1 1 0 -1 0 -1 -1 0 O 0

Bexo= | 4 0 O 0o 1 -1 0 -1 -1 0 O 0 0
6 0 O 0 O 1 1 0 O 0 0
9 0 0 0 0 0 1 1 1 0 -1
11 0 0 0 0 0 -1 0 O 1 1
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0s. N
Sol [etwigs]: )
ol:
€3 3x1
[+8] 0]
0 0
0 0
V. |= I1l=
VAR I A
0 0
_0—6X1 —1_6><1
R e
X y
1 -1
QIYs=|0 1 0 —~ o =t
2 y
0o 01 o L -1
> 2 yJ3><6
1 IR B _
- 00 — — —— 1 0 0
X 2 2y 0 1 0
T ! -1 0 0 1
[Q][YbIQ ]: -~ _; ’ 7 -1 -1 0
-1 1 -1 0 -1
001 0 — —— R
L 2 Yl -
LHS:
)3 (19
Xy 2y 2y
€]
: bl (2] [24] 2 3
[QI[Yo] [Q]" [Pewing] = [Q] [LI-[Q] [Youl[Vi] 2 2 2l
— - (T;j Y (;*;)
l 00 0 0 O
0 1+—+— e + l+le + l+ie
0100 00 poae R ) S e
0 0 1 (1) 0 0 [QIYDIQITletyyig] = (l+l]el N [i +l}2+ 163
[Yb]: 0 0 0 — O 0 2y 2y y
2 1+1 . 1 X 3+1
L A L, 3,10,
0000 50 2 ) 2 2y331
2 - =X
0O 0 0 0 O l
- y-6><6
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RHS: 8. Passive Filters
8
-1 X Solutions for Objective Practice Questions
QU= =) QI =1 9
-1 3xl 0 01.
_ . Sol:
8
—(1+—j 0=0=V, =V,
X 0 = Low pass filter
[QII]-[QI[Ys] [Vi=| -1 O=0=V, =
-1
L 3x1 02.
Final LHS = Final RHS Sol: ®=0=> Vo= ViR,
Apply limits (x - 0 & y — o) on both sides. ’ 0 Ri+R,
I | “V,” is attenuated = V(=0
¢ -8
e 3 w=0=V, =V,
= |2+=e,| =|-1
2 2 It represents a high pass filter characteristics.
€ n é e, -1 3
L 2 2 | 3x1 03
«a=s TP == D V(s) S’LC+SRC+1
e 3e Sol: H(s)= ) =
51 + 72 =-1 A ¥ @) 1(s) SC
d o’LC+ joRC +1
e 3&2_1 ______ 3) Puts= joi =-— e
2 2 I
By solving equations (1), (2) and (3) ®=0=H(s)=0
e1=-8,e=2ande; =2 oazco:H(S)zO
Now branch voltages are It represents band pass filter characteristics
[Q1" [envig] = [Vs]
(10 0] Vi ] 04.
o 1 0 _3 V2 Sol: ®=0=V,=0
o0 1G]y om0
2 1, ! It represents Band pass filter characteristics
-1 0 -1 4|,
__1 -1 _1_6><3 _V6_6><1 05
So V, =2 volts SO.l' 0 V=0
. - 0 —
V; =2 volts ©=0= Vo= Vi
’ It represents High Pass filter characteristics.
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06. 12.
1 I-s
Sol: H (S) = Sol: H (S):—
s”+s+1 1+s
®=0:S=0=H(s)=1 o=0=S=0=H(@)=1
®=00:S=w=H(s)=0 o=0=S=w=H(@E)=-1=1-180°
It represents a Low pass filter characteristics It represents an All pass filter
07. 13. Ans: (¢)
2 Sol.
S R
Sol: H(s)=——— o— MM .

( ) s? +s+1 . W e
©=0:S=0=H(s)=0 Vi CT
w=0:S=w=H(s)=1 . °
It represents a High pass filter characteristics

08. 0=0=V,=V;
Sol: OJIO;VO ZVi 0o=0=V,=0
®w=00;Vy=0
0 V, ) Vis) [( 1
It represents a low pass filter characteristics. 0\8)= Rl A
sc
09. VO(S):H( ): 1
Sol: ®=0=V,=Vj V; (s) SscR +1
03:00:>V0:Vin H( ) 1 1
JO)=— b
It represents a Band stop filter or notch filter. I+jocR ; f
fr
10. g
< H( o)t
Sol: H(S = 1
s”+s+1 .

=0:S=0=>H(s)=0 o
© (s) NG
w=0:S=w0=H(s)=0 < BW > Stop Band
It represents a Band pass filter characteristics \

> {
0 f= fL
11. !
9241 Where f, =
Sol: H(S)zz— 2nRC
s”+s+1 |
©=0=S=0=H(s)=1 H(jo) =

w=w=>S=w=H(s)=1

It represents a Band stop filter

f 2
1+ —
g
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14.

Sol:

15.
16.

Sol:

17.

/H(jo)=—tan™ [fij

L
f=0=¢=0"= Pmin
f=1f = ¢=—-45"= dpax

Ans: (b)
Gain (dB)
A

Stop Band  Pass Band

1E---2-2 (I

BW

&
<

N

Freque?lcy

fc

First order high pass filter =
1+sT

Phase shift = 90 —tanoT
Max. phase shift is at corner frequency

1
Q):_

T
Max. phase shift = 90 — tan"'@T

=90—tan" (l X Tj
T

=90 —45
= 45°

Ans: (d)
Ans: (a)
Half power of series RC circuit is at t = T (Time

constant)
T=RC

Frequency = —
RC

Ans: (¢)

Sol: Magnitude of voltage gain 0.707 is at half power

frequency
1
0) = —
RC

Solutions for Conventional Practice Questions

01.

Sol:

RF amnlifier

A

cA L

; 4

Input resistor to amplifier

The frequency range for AM broadcasting is 540

to 1600 kHz. We consider the low and high ends

of the band. Since the resonant circuit in figure

is a parallel type.

794

JLC o, L

For Low end of the AM band f, = 40 kHz and

the corresponding C is

C=" 21 6 6
41 x540° x10° x10

For High end of the AM band f, = 1600 kHz

corresponding C value is

B 1

~4n? x1600% x10° x 107

Thus C must be adjustable in the range

(9.9 nF to 86.9 nF)

0, =2nf, =

=86.9nF

=9.9nF

G,

02.

Sol:

RLC circuit band pass filter with R = 10€2,
L =25mH, & C =0.4uF
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1 [L 1 [25m 1 [25x10° 1 1
QO_R\E_IO\/OAM_IO\/ 4x107 Z<S>—( 3 HSJ“
Q, = 300 _ 25 S+1
20 73
__ 1 1 148 1+s
" JLe s g
- ! (S+1) . (S+1)+S*+28
-3 -6 = =
V25x107 Jo.4x107) S(S+2) S(S+2)
=10krad/sec S?+3S+1
S)=
o, = o, +~(band width) S(s+2)
2 _VE)
o, = 0, —%(band width) Z(S)
V(S) )1
Bw =210, [2(3) j(sj
Q 25 S
—+—+1
= 10000 =400 rad/sec
__(ve»)
®; =10-0.2 =9.8 krad/sec 1= Z(S)(S + 2)
9 8
f,=—— =1.56kH V(S V(S)S
' on ‘ V,(S)=1,(S) = G 3si1))(s+2) & +(3;+1)
®, =10+ 0.2 =10.2 krad/sec 5(S+2)
10.2 \Vs S
f, =—= =1.62kHz = Yo _
T 2m HO =y = ias+1)
Frequency range is 250023
1.56 kHz < £ <1.62 kHz ’ ;
26=3=>0=—
03.
2 — =
Sol: 10 1(S) 1(S) 0, =1 = oy =1rad/sec
_/MM'_—’_—|H N Q _ l
s ﬁ 3
vo®  F 123w 2
S _ Bandwidth = Q = # = 3rad/sec
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04.

Sol:

05.

Sol:

ACE Engineering Publications

The circuit parameters for series R-L-C band
stop filter are R = 2K, L = 0.1H, C = 40PF

R L

(a) o, = centre frequency

= ; =(.5Mrad/sec

JLC

(b) bandwidth = % _

Quality factor Q = % =25
As Q> 10,
0, = 0, — FBW = 5x10° — - (2x10)
2 2
= (50 —1)x10* = 490 k rad/sec

Wy = m + %B.W =510 rad/sec

() Q=25
Rg : Rs : Il
MW——AWV —
i Lt
VgG—_) i ;Rp i Vo § RL
: : *j.
| | Req
Alternator
V _ VgRP
) =
iRg +R,+R, )
Vo RP

> 0=
V, R, +R +R|

= Rg+RS+Rp:7pj
R, =R, |[(R,+R,)=R..cc..(l)
R,(R, +R,)

2 -

R2+R,R +R,R =R R +R R,
2 —

R2+R,R -R R =0

R, (R, +R) = R,R,

From (1) R, + R :Rp(l—lj
o
l-o)
R, R, 0 =R.R,
nf
la
Rg:MR o1 8-128 100
o ¢ 0.128
= 700Q2
From (1)
RP
Rg+RS+Rp:F
10047004 R (=% |_g (120125
U a "L 0.125
R, = 114.29Q

(b) Viy= Voo = Vo =0.125V,
= (0.125x12) = 1.5V

Ry, = 100Q
AW\

Vﬂ(@ 1.5V §RL:SOQ
15 1.5 150x107
100+50 150 150

I=10Ma
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9. Three Phase Circuits

Solutions for Objective Practice Questions

01.

Sol:

02.

Sol:

03.

Sol:

ACE Engineering Publications

Ans: (¢)

9 /30" 9 £30°
27/30°

=3/30°Q2

Z (star)=

Ans: (¢)

1
Vi
|

B .
Fig.

Let V| be the line to line voltage
VL

3

Let the total power in star connected load with

\Y

p

phase resistance as R be Py

b g Vi ViV
: R 3R R

When one of the phase resistance is removed,
the relevant star load is shown in Fig.

Power in this star load

2 2
AR 7
2 R 2R
.&:50%
Pl
Ans: (d)

L=15£0°+15/-120°+154-240° =0

05.
Sol: The circuit is redrawn with switch open as

shown in Fig.1

P
R T T f/
4003V 3009|j] Vi 100

400V 4 Ny

J 300 Q 3000 Q
B
Y

Fig.1

Open circuit voltage, when the switch is open =

Thevenin voltage

400

V3

To find Thevenin’s equivalent impedance short

Phase voltage, Vg, =

circuit the voltage sources (Fig. 2 & 3)

R
R o
300 — Zy
n Lo}
300Q 000
B
Fig.2
= 300Q| [300Q 3000Q +—Zn
O
Fig.3
300
Ly, =—=100 Q
.. Thevenin’s equivalent circuit across R, n
is shown in Fig. 4 with the switch closed and

100 Q load across P, Q
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Zth’\:/\}\;‘)vOQ R SW= P
R Va :%O \Y% 10003
Figd " Q

.. RMS value of voltage across 100 Q resistor =

400

—— V=115.5V
243
06.
Sol:
Re
400 V 100 150 Q
3-¢ -i50 Q
Y e |
[ ]
B e
Fig.1

The unbalanced load is shown in Fig. 1. Power

is consumed only in 100 Q resistor.

Power consumed in the delta connected
unbalanced load shown in Fig.1 is given by

V. (400)
Plz—ph:—( ) = 1600 W

R 100

The star connected load with ‘R’ in each phase

is shown in Fig.2.

Fig.2

Power consumed in balanced star connected

load as in Fig.2 is

[400]2 ;
Tr 400
PZ = 3 X \/g = R
R, .
But given P, =P,
2
- 1600 = 290
RX
- 400x400 ~100 O
1600
07. Ans: (b)
Sol:
)
8
400 V 8 »
50Hz . )
3+ i6
B l A 21113
8 i6

Y

Power factor angle of load (¢)

= tan™' (gj =36.86°

Active power consumed by the delta connected
balanced load as in Fig. is
P =3 x Vi x L x cos ¢

=3 %400 x __490__ x c0s36.86 = 38400 W

{8 +67

Reactive power consumed by the delta
connected load is
Q1 =3 x Vpn x Iy x sin ¢
=3 x 400 x x sin 36.86
8 +6°
=28800 VAR

Active power consumption remains same even

after capacitor bank is connected Reactive

ACE Engineering Publications

Hyderabad + Delhi + Bhopal + Pune + Bubaneswar + Lucknow + Patna + Bengaluru + Chennai + Vijayawada + Vizag + Tirupati + Kolkata + Ahmedabad




Lo,
/% N
v M
v v
=i,

Y Engineering Publications

110

e

08.

Sol:

09.

Sol:

power consumed by the delta connected load at

a power factor of 0.9
P . 0
=—xsin(cos™ 0.9
0, 0.9 ( )

= 38900 Gin2s 84
0.9

=18597.96 VAR

- Q,=18597.96 VAR

.. Reactive power supplied by star connected

capacitor bank = Q; — Q,
= 28800 — 18597.96
=10202.04
~10.2 kVAR

Ans: (d)
The rating of star connected load is given as
1243 kVA, 0.8 p.f (lag)
Active power consumed by the load,
P=124/3x0.8 x10° = 16.627 kW
Reactive power consumed by the load
=12+/3 x sin (cos™" 0.8) x 10°
Q, =12.47 kVAR

Reactive power consumed by the load at unity

power factor is
| a1

Q= —xsin(cos™ 1) =0
@

.kVAR to be supplied by the delta connected

capacitor bank = Q; — Q,
Qc = 12.47 kVAR

Ans: (b)
A ? "
230V R
In
& < NIB
O_/@/g
C
Bo

Assume Vy as reference

T VAN

120° 120°

120°

VCN VBN

V. =230£0°

AN
Vo =230£-120°
Vo =230£ +120°

Sl e 2307

=4000=>R = =13.225Q
R 4000

I, = _ 20 539134
R 13225

S IA=17.391340° A

Given neutral current Iy =0
= +Ig+lc=0

= Ig Hc=—a)

Ig tIc =—17.3913

%+h:—l7.3913

B C
230£-120°  230Z£+120°
= +
ZB C
230£-120°  230£+120°
= 7 +

=

=-17.3913

=17.39132180° A

B C
ssume that pure capacitor in phase B and pure

inductor in phase C we will get

230£-120°  230Z£+120°
I +1. = +
XoZ£-90° X, Z£90°

_230£-30° | 230£+30°
XC XL
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11.

Sol:

ACE Engineering Publications

When we add the two phasors Iz and Ic. with
angles —30° and +30° we will get the resultant
vector with the angle between -30° and
+30°

But,

Ig + I¢c should be equal to 17.39132180°

Which has angle of 180°

.". We have taken wrong assumption

.". Now take pure inductor in phase B and pure

capacitor in phase C we will get

230£-120°  230Z£+120°
I +1.= +
X, £90° XoZ£-90°

_230£-210°  230£+210°
X X,
230 230

om0 ((2n><;0><C)j

Z—=210" +72256.63xC £+ 210°

L

Z-210° + Z+210°

07321

From the given options by substituting L =
72.95 mH and C = 139.02 pF we will get Iz + I¢
= 17.39132£180°

L =72.95mH in phase B and C = 139.02 pF in
phase C should be placed.

Ans: (d)
I =12A
+ @ >  J
R
v
fe—— o R

R

)
=1 = B Vo4

R V3R

Now if the same resistances are connected in

delta across the same supply

’
IL
+ @ >

v R

‘@\ R

. Yy
R

Transforming A into equivalent Y

> I
R/3

R/3 R/3

=3(12)=36 A

12. Ans: (b)
Sol: Assume the resistances are equal
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& Solutions for Conventional Practice Questions

= Pabsorbch = 3? = 60kW ...... (1)

01.

Sol: The voltage can be expressed in phasor form as
V., =200£10°V,
V,, =200£-230°V,
vV, =200£-110°V
We notice that V,, leads V., by 120° and V, in
turn leads Vi, by 120°

Hence, we have an acb sequence.

Now, if the resistors are connected in star,

+o ’

lZ
‘/_ =3 V_Z_V_Z 02.

3
= Pisoeay =3 R < 3R R Sol: The apparent power is
V2 S=~3V,I, =/3(220)(18.2) = 6935.13VA
From equation(1), = — =20kW _ )
R Since the real power is
V2 P=S cosb = 5600 W
Pitsorbeay = R 220kW The power factor is
P 5600
pf =cosO=—=————=0.8075
13. Ans: (b) S 6935.13
Sol: There are pulsations in power in a balanced 3 -
¢ system. 03.
The three- phase generators produce sinusoidal Sol: The given 3 - phase circuit is shown in Fig. 1

voltages and current.

Both are correct but Statement—II is not correct

explanation for Statement—I

14. Ans: (b)
Sol: In delta connected three-phase balanced circuit.

Y
— N

1. line current = phase current X \/§ .

Y

2. line voltage = phase voltage.

For balanced 3-phase circuits the three voltages V=400V, Zr=(4+]8) Q,
are equal in magnitude and displaced by 120°. Zy=(3+j4)Q, Zp=(15+j20)Q
Both are correct but Statement—II is not correct Viy = 400.20°, Vi = 400 /-30°
explanation for Statement—I V3
Vyp = 400£-120°, Vyn =2312-150°
Vg =400£120° Vin =231£90°

Total power absorbed load is calculated as:
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I = 231£-30 —925826,-93.43

(4+]8)
AV/ —
Iy= XN = 21z ,150 =46.2/156.86
Z, 3+ 4
\Y
[= —N :M =9.24,/36.86
Z, 15+j20

P=1.R, +IR, +I.R,

= (25.826)* x 4 + (46.2)* x3 + (9.24°x15)
P =10.349 kW
(OR)
P3.4 = VIcosOr + V4lscos04 + V3Igcos0s
P3, = 10.351 kW.

04.
Sol: The 3-phase, 4-wire, CBA system is shown in
Fig. 1
Ia
A —>
+ +
‘[ Vo V40
— -3 N
VAB A T -
Vi =V£120
l +l 20/-30°Q
B—— >
o
Ven =VZ£-12
c b

The phase sequence has been specified as CBA
(which is the same as ACB). Phase angles of the

line — to — neutral voltages have been marked
accordingly. (VBN leads VAN and VCN, the
angle of lead or lag being 120°).

The supply can be assumed to be balanced.

Hence magnitude of each line voltage = \/g V;

which is given as 169.7 V. Hence V=98

V. Line current I, = current in phase A =

Postal Coaching Solutions
98
——F = 49/30° A. By symmetry
(20£-30°)

(load also is balanced);

I; =4.9£150° A and TC =4.92-90° A.

Phasor diagrams are shown below.

Vi =V2120°

1, = 141505 1, =1230°

30°

VAN =V.£0°

00 90

V=V, =3VZ-30°

v

Ver=Ve =V, =3VZ-150° T, =1/-90°

Phasor diagram showing, all the line to neutral,
line to line voltages and phase currents.
V=98V, [=49 A

0s.
Sol: The 3-phase supply A - connected load is shown
in Fig.
C >
s
+ 7 7
V=200V
J{ - A I B
Iy Z
k|
I Z=15/30°
A
Fig.
VCB = VL =200V
Phase Current, I, = 200
200 40
= - = — /=30
15430 3
I, - Via _ 200 £-120 _ 40 _150°
4 15 230° 3
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e

_ Vi _ 20021200 _ 40 o
15 230° 3

IAC 7

Line current, I = I — I,

=ﬂ4—30° —ﬂ490°
3 3

527
=20 6o
V3
IB = IBA_IBC
40 40

= —Z£-150" — — «£-30°
3 3

= ? [-0.866 — j0.5 — (0.866 — j0.5) |

_ _?x2x0.866 _ 0 g0

NE)
40 40

I, =—= £-300" = — £60°

V3 V3

06.
Sol: Voltages and currents are marked in the star

connected unbalanced load as shown in Fig.1.

: b
S

Fig.1

With phase sequence RYB and {/YB as the

reference phasor,

Vrs

R
N
~
1
1
I
I
I
L

Vi

Viy = V,Z120°

Vop = V, £ -120°

where V| is the magnitude of the line voltage.
Apply KCL at ‘N’ :

I, +I,+1, =0
joC (VB+VYB+\7RY)+%+% =0

v, [jcoC " %j +joC (V, +V, £120°) + % V, =0

V, = _—VL(l +joC + (oC1210°j
20N R
[+J¢0Cj
R
-V %+0)C cos(2107)
(f{ﬂij + joC + joC sin(210%)
\73 _ —VL |:(1 _ﬁ OJC] + J((‘)Cj:|
( , j R 2 2
+joC
R
Vy = Vp+Vyy
[1_3mCJ+J~(ij
R 2 2
=V, |1- 5
+ju)C)
R
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Vi =

\% (
(;2 + o Czj
VB
R
.. Ly glows brighter than Lg .

(OR)
(Another method)
The given star connected load is reoriented as

Vy>Vg I, =2 | [, =

Iy>1g,

shown in Fig. 1, which is convenient for

applying mesh analysis.

N
Fig. 1

( —L] [ -RI, = V,Z120° ...... (1)
oC
—R11+2R12:VLZOO ......... (2)

Multiply (1) by 2:

2[ —LJII “OR L, =2V, 120 .......... 3)
oC

Add (2) & (3):

I, [R —j mch =V, + 2V, cos(120°) + j2V, sin (120°)

=V +2V, (—;j +j2V, (\6]

2

:.]-VL\/§

IY=IZ_II

R+j[ﬁR—2]
VL

_ Vo oC)| i3V,

2RI (2 Roj 2
oC oC

R+j|-2RV3 +BR - 2
\'S oC

2R
( - ZJ
oC

: J {R—j[ﬁR+m2CH

ZR[R -j—
oC

Vi

From the numerators of Iz and Iy , it can be seen
that|Iy|>|IB| .
.. Lamp Ly glows brighter than Lg.
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10. Network Functions & Synthesis Location of Zeros : s = 0, 4j1
Poles and Zeros are simple and lie on the
Solutions for Objective Practice Questions imaginary axis, but they do not alternate.
Hence the given Z(s) is not realizable.
01. Ans: (¢) 6. A b
. Ans:
(s+2) ®) .. . .
Sol: F(s) = m Sol: Poles and zeros of driving point function [Z(s)
s s
or Y(s)] of LC network are simple and alternate
The given F(s) has pole-zero structure as P-Z-P- . .
on the jo axis.
Z alternating on the negative real axis of the s-
plane, with a pole nearest the origin at s = —1 07. Ans: ()
and a zero at s = oo . This F(s) corresponds to RC Sol: V=12(s)
impedance or RL admittance. > 5
o +a 4 ® 4 ®
V=1 |———5<tan (—] —tan [—j
02. Ans: (b) o +p o p
Sol: For RC and RL driving point functions, the voltage load the current
poles an.d zeros should alternate on ‘fh'e negati.ve tan-! [ < tan-! [ < o (a < B)(B S a)
real axis, where as for LC driving point B a/) o
functions the poles and zeros should alternate
the imaginary axis. 08. Ans: (d)
0. A 09. Ans: (b)
- Ans: () Sol: s=—1+j
s+ 1) ((stD)H) ((st1) 5
04. Ans: (b) ( )2(( )2 7) (2( )1
. (s+1)y+(1)y=s+2s+2
Sol: Remember that parallel LC networks in cascade K ( 3)
. . : +
is Foster — I form and series LC networks in Z(s)= %
shunt is Foster — II form. Ladder NW with series i 4
elements as inductors and shunt elements as 7(0) = K(3) -3 >K=2
capacitors is Cauer-I form and the ladder NW 2
with capacitors as series elements and inductors ) 2(S +3)
L) =————
as shunt elements is Cauer — II form. The given s +2s+2
circuit in this question is Foster-I form. 10. Ans: (d)
Sol:
05. Ans: (¢)
2
sis” +1
Sol: Given: Z(s) = (2—)
s+ 4

Location of Poles : s = 4j2
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s 4 2)8” + 4s+3(1:i — Poles and zeros alternate on the negative
R real axis of s-plane.
2
S 432 — The lowest critical frequency is a zero.
S
25+3)s” + 25(5 =sL — From the given Y(s), Y(0) = 1/3 and Y () =
o 3s 1, Y(0) < Y(), Y(o) has +ve slope.
2 It is an admittance of the RC network, as the
%)25 +3(4 =% above properties are true for RC admittance.
2s +
— 12. Ans: (b)
3> St
26 13. Ans: (a)
s Sol: , 00
2. o
0 Jo
i3
12 1/6
10 S il
Q
c
2
s"+4s+3 2.1
Y(S) =T 2 4 F(s) = — S(s > ) represents an
s +2s (s> +1)(s* +6)
No. of elements =] LC immittance function with pole-zero pattern
1. Ans: (b) as shown ir: Fig. Hence it 1is pur.
. s(s”—4 . .
Sol: F(s) = —; ( 5 ) is not p.r as it has a
iy (s"+D)(s" +6)
T zero in the RH at s =2
X X
o » 3 2
) +3s"+2s+1
-3 e 1 0% ‘ y F(s) = 3 > i is not p.r
4s
Fig. as the difference in degrees of highest degree
terms in N(s) and D(s) is more than 1. For this
5 F(s), difference is 2.
Gi Y(s) s“+2.5s+1 ) ,
iven = —
2 +45+3 F(s) = s(s”+3s” +1)
(s+1) (s+2)(s+3) (s+4)
Y(s) = (s+0.5) (s+2)
(s+1) (s+3)
14. Ans: (a)
Its pole-zero pattern is shown in Fig. ) )
. . (s"+4)(s" +16)
From the pattern it can be observed that Sol: Given Z(s) = ( 5 5
s(s™+
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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 = o
and s = 0.
Z(s)=lats=ow,L=1H

9

Z(s)—ﬁ ats=o, C=—F
9s 64

Foster — II form can be confirmed as fig. (3) as
12 12

L=—||—=1H,ats=w
7 5

and C = L+i :iF ats=0.

192 48 64
The exact realization can be done as shown
below. Foster-I form is obtained by
expanding the given Z(s) in partial fractions.
ks

Z(s)= ks+k—+
s s°+49

64 35 s
+_
9s 9 §*+9

_ Lim 2O

S—>®© S

As k, =1

64
k, = sZ(s)|S=0 =

(s +9)

ky = Z(s)

s?=-9
_ (-9+4) (-9+16) _ 35
-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

Y, (s)+Y,(s)

= +
(s +4) (s’ +16)

15.
16.

Sol:

s’+4 -4+9 5
K = )Y(> )
L -4 +16 12
s’ +16 -16 +9 7
ko = )Y() -
6 -16+4 12
5
725
Y, (s) =
1(s) s’ +4
B 1 B 1
Es+ﬁ Ls+L
5 5s Cs
LZEH C—iF
5 48
It can be seen that Foster — II form

Il (not Fig. IDIt is
instructive to find out the remaining elements in
Fig. I and IIL.

corresponds to Fig.

Ans: (a)

Ans: (d)

Given:

ZD(s)=2 (s +12) (s°+3)
s(s”+2)

25" +8s7+6

C o $ 425
Out of the figs. given (d) is in the form of Cauer-
I network and (a) is in the form of Cauer-II. The
Cauer network can be confirmed as (d) by
seeing the behaviour of
Z(s)ats=owand ats=0

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

3
Z(s)= —, at s > o, giving
S

C:lF: l+i F
3 4 12
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Exact realizations of Cauer — I and Cauer — II Follow the CF expansion below.
forms can be obtained as shown below:
Cauer — I Network is obtained by successive 25+53]6+8s2+254 [2 L C-= lF
removal of poles at s = c0. As the given Zp(s) has s 3
o 6+3s”
a pole at s = oo, removal of it gives the first
. 2 4] 3 [ 2 )
element as L=2H. Follow the Continued SsT+2s [2s5+s S5 L= 3 H
Fraction (CF) expansion given below, which - 4 K
confirms to the Network in (d).
ls3]5s2 +2s4 [2 , C= LF
s3+25]254+8s2+6[25, 5 , S 25
25* + 45> 2
4 1 3 1 _
4s2+6]s3+25[%s, Zs}gs {—S,L—loH
13
s+ %s 58
0
S]as?+6 [8s,
2
452 (13)F (1125)F
oI I
6ls[s Il
2 12
. (512)H % glo H
2
0 o

Quotient values

L=2H, C:lF, L=8H, C-Lp
4 12

2H 8 H
o—THIN .
V4F == —— I/I2F
[0
Fig.
Cauver — I NW is obtained by successive

removal of poles at s = 0.

Zn(s) also has a pole at s=0, removal of it gives

the first element as C = % F.

Fig.

So the answer must be the Cauer — I NW in (d).
It is instructive to find the Cauer — I and Cauer—

II structures by completing the CF expansions

above
17. Ans: (¢)
Sol:
F(s) Type of F(s)
(s> —s+4) | zeros in the | Non-
A "§®1s+4 |right  half | minimum
plane phase (2)
(s+4) poles in the | Unstable (4)
" s’ +3s—4 | right half
plane
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C. Poles and | RC 1 1
s+4 Zeros impedance 3 18(8 ! 2) (S " 2}
s +6s+5 |alternate on | (3) - 3 6( S+ 1] B S+ 1

the negative 3
real axis with
first  critical 19. Ans: (b)
frequency Sol: p(s)=s"+s’+2s*+4s+3
near the

evenpart st +2s%+3

.. ) = _
onei @ g ¥e) odd part s’ +4s
pole.
3 4 2
D. multiple Non-positive s” +4s)s” +2s” +3(s
2 +3s poles on the | real (1) s* +4s’
s*+2g% 41 | imaginary —2s*+3)s’ + 4s(—E = —vequotients
axis 2
;5 3s
s +—

18. Ans:
ns: (¢) p(s)isnot Hurwitz

Sol: 3
WW
1 Q(s) =’ + 3s” +s missing terms
7~ § 3 T a § p Q(s) is not Hurwitz
20. Ans: (a)
é g 21. Ans: (d)
_ S 33,8 _ 6 43 22. Ans: (b)
6 _’_1 6s+1  6s+1 Sol: Foster — I form consists of LC tank circuits in
S S series to realize Z; (s) .
_18s+3+6 9+18s This form is obtained by taking partial fractions
6s+1 6s+1 of Z(s).
18+9 A Bs
3 — 2
_ [6S+1J “9 4[ls+s+s2+4}
B 34 185+9
6s+1 e Tl
I I
3(18s+9)
_ 6s+1
185+3+18s+9 °
6s+1

n = 1 with an inductance and capacitance in

series
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23. Ans: (a) 28. Ans: (a)
Sol: Assertion given is the necessary condition for k (SZ +1)(s2 +5)
Y(s) to be positive real because the definition of Sol: Z(s) = (52 +2) (SZ +10)
positive real function includes the statement that For Z(s) to be an LC function, the highest
Y(s) is real for real s. .
powers of numerator and denominator should
differ by 1. For the given Z(s), the highest
24. Ans: (d) .
) ) powers of numerator and denominator are not
Sol: The function 10 (s +D(s”+9) is a valid differing by one. They are same equal to 2.
s(s? +4)
reactance function as poles and zeros alternate 29. Ans: (a)
on the jo-axis. 1
Jorax . ) Sol: Q o« —
Statement (1) is false, statement (I) is true. &
For circuits with high Q, § is less. If damping is
25. Ans: (¢ less, the real part of the poles are close to the jo-
Sol: The existence of two poles or two zeroes in axis in the left-half plane.
successive on the real frequency axis of the s-
plane requires that the slope be negative over 30. Ans: (a)
part of the frequency range. So the slope of Sol:
reactance curve may be negative. X Joo
... Statement (II) is false. e
J~10 1
: c s-plane
26. Ans: (a) v . . J\/g P
Sol: The poles and zeros of driving point function j \/E
should be in the left half of the s-plane. A is il
True. > G
Only PR function can be realized as the driving Fig.
point function of a network and PR function has ) )
. . . Ks(s® +2)(s* +10)
its poles and zeros in the left half of the s-plane. Given: Z(s) = > S
. . i (s +1)(s +6)
R is True and is the correct explanation of A
It represents an LC driving point impedance
27. Ans: (c) function because it satisfies the property: Poles
Sol: For a system to be stable, all coefficients of the and zeros interlace on the imaginary axis of the
characteristic polynomial must be positive. This complex s — plane as shown in Fig.
is a necessary condition for stability, but not a
31. Ans: (b)

sufficient condition.

A is true, R is false.
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Solutions for Conventional Practice Questions

01.

Sol: The realizable function used for driving point
synthesis is known as Positive Real (P.R)
function.

PR function:

Positive real function, F(s) is defined as function

satisfying the following two requirements:

ReF(s)>0 for Res>0

or |Arg F(s)| < |Arg s| for |Arg s| < (n/2)

and F(s) is real when ‘s’ is real.

It is easier to test the P-R character of a function,

F(s) by means of the following equivalent

necessary and sufficient conditions:

a) Y(s) must be real when s is real.

b) If Y(s) = p(s)/q(s), then p(s) + q(s) must be
Hurwitz.

This requires that:

i) The continued fraction expansion of
the Hurwitz test give only real and
positive a’s, and

ii) The continued fraction not end prematurely.

c) In order that Re Y(jo) = 0 for all o, it is

necessary and sufficient that

2
A(w”) = mm, —nn, | . have no real
(0]

s=j
positive roots of odd multiplicity. This may
be determined by factoring A(w?) or by the

use of Sturm’s theorem.

02.
Sol: i) The pole-zero plot of impedance is ~ shown

in Fig.

v

Fig.

(s> +1) B (s*+1)
s(s°+4) s’+4s

Z(s) =

Foster — I form:

k k,s
ZS :_1+;
®) s s’+4
k =sZ _ 1
l_s (S)|s—>0_z
2
k2:S+4Z(s) _ 4+1:§
S s -4 4
Z(S):L_F%:L_F;
4s  4(s"+4) 4s ﬂS+E
3 3s

The realization is shown in Fig. 1.

3/16 H
L
|
V4
> Z6) 43 F
O
Fig. 1
Foster — II form:
2
+4 k
Y(s) = —5(52 ) _ ks + 228
(s"+1) s“+1
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K = 1 -1
S S—
s +1
k, = Y(s) = (-1+4) =3
S $2=-1
Y(S)ZIS-FS—S :154‘%
3 3s
The realization is shown in Fig.2.
1
—H
Y(s) — § 3
—_—3F
° Fig. 2

Cauer - I form:

Start the continued fraction expansion from Y(s)

s’ +4s
s?+1

Y(s) =

sz+1]s3+4s[1s

s’ +1s
3s]s2+1[@/3)s
SZ
1]3s[3s
3s
0
The realization is shown in Fig. 3.
1/3H
(e,
Y(s) £
—_— 1F T 3F
[ |

Cauer-II form:

2
Z(s) = 1+s

4s +s°

4s+5’ 1+ §* [(1/4s)
J4tg
4
3 2 3
o8 Jas+s*[16/3s)
4s

53}252 [(3/45)

4F 4/3 F

[ N
(e,
| N

- 3/16 H

Fig. 4

i1) The pole-zero plot of impedance is shown in
Fig. 1

Fig.1

This represents an RC NW.

(s+1) (s+3) _ s’ +4s+3
s (s+2) s*+2s

Foster — I form:

Z(s) =

Taking partial fractions of Z(s):

26s) = k, + X K
S+

S
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= Z(s) =1

= 8+ Z(s)|_,
_ (24D (=2+3) _ 1

-2 2
k3 =SZ(S) 650 =5
Z(s) =1+ 1 +i
2(s+2) 2s

=1+ ! 4-£1

2s+4 2s

The realization is shown in Fig. 2

2F
10 I I (23)F
o— MM— [
AW
(1/4) Q
Fig. 2

Foster — 11 form:
This is obtained from the partial fractions of not

Y(s), but L&)
S
Y(s) (s+2)
s (s+1) (s+3)
_ kLK
s+1  s+3
K = (+npY® ) _Zi2 1
s |, -1+3 2
Kk = (s+3) | _3%2 1
s |, -3+ 2
Yo o1 ]

s 2(s+])  2(s+3)

S S B 1 1

+ = +
2s+2  2s+6 2+2 2+§
s s

S Y(s) =

The realization is shown in Fig.3.

c %
Cauer -1 form:

This is obtained from continued fraction

Y(s)

N\»—
c\\»—‘

|
bl

expansion of Z(s).

s +2s]s> +4s+3[1
s*+2s
25+3 s> +2s[(1/2)s
sS4+=s

1

—s]2s+3[4

2

2s
3 ls (1/6)s

2
1
—S
2
0

The realization is shown in Fig.4.

1Q 4Q
o MWW MWW
12F == 1/6 F —_—
e}
Fig. 4
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Cauer —1II form:

3+4s+s’

Z(s) =

2545

25452 [3+4s+52[(3/25)
3

3+=s
2

%s+52]25+ s> [(479)
25+ 42
5

1752}3“52[(25/25)
5 2

sz}%sz[(l/S)
1.
gS
0
The realization is shown in Fig. 5.
|| | |
° || |
2 lF
—F
3 2925 §SQ
4
o]
Fig. 5
03.
2
s"+12s+35
Sol: Z,(s) =
o(®) s*+15s% +625+48

Factoring the numerator and denominator,

(s+5) (s+7)
(s+1) (s+6) (s+8)

This is an RC impedance function.

Zy(s) =

Obtain partial fractions of Zp(s) to get
Foster-1 form

k k k
Z,(8) =——+—"2+—=2

s+1 s+6 s+8

(145 (-147)
"~ (=146) (-1+8)
4x6 24
5x7 35
_(=645) (=6+7)
T (=6+1) (=6+8)
I GHIO Y
-5 @ 10
_(-845) (-8+7)
© (-8+1) (-8+6)
_ (3 3
(=7)(-2) 14
(24535)  (1/10) (3/14)
s+1 s+6 s+8
1 1 1
3535 " 10s+60 14112
24 24 373

Identifying the elements from the denominators,

1

2

3

Z,(s) =

Foster — I form is shown in Fig. 1.

(35/24) F 10F (14/3) F
|| || ||
InnEoninninnl
AW AW AW
Zn(s)  (24/35)Q (1/60) Q (3/112) Q
e —
Fig. 1

Cauer — I form is obtained from the Continued
fraction expansion starting from Yp(s), which
has pole at

$*+158* +62s+48
s?+12s+35

§S=00.

Yp(s) =
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04.

Sol:

§ +125+35]5° +155° +625+48 1

s*+12s*+35s

357 +275+48]5° +125+35[(1/3)

s+ 9s+16

35+19 352 +275+48]1s

Identifying the elements from the quotients,

Cauer — I form is obtained as shown in Fig.2.

(1/3) Q (3/)Q  (1/48)Q

o MW MWW A
Zp(s)  —Z1F ==1F ==8F
———
Yn(s)

[

Fig. 2

PR Function:

Positive real function, F(s) is defined as function
satisfying the following two requirements:

Re F(s) 20 for Res>0

or |Arg F(s)| < |Arg s| for |Arg s| < (n/2)

and F(s) is real when ‘s’ is real.

It is easier to test the P-R character of a function,
F(s) by means of the following equivalent
necessary and sufficient conditions:

(a) Y(s) must be real when s is real.

3s*+19s

85+48]3s+19[(3/8)
3s+18
1]8s+48[8s
8s
48]1[(1/48)
1
0

(b) If Y(s) = p(s)/q(s), then p(s) + q(s) must be
Hurwitz.

This requires that:

1) the continued fraction expansion of  the
Hurwitz test give only real and  positive
a’s, and
i1)the  continued fraction not end
prematurely.

(c) In order that Re Y(jw) = 0 for all o, it is

necessary and sufficient that

A(®w’) = m;m, —n, n2| have no real

s=jo
positive roots of odd multiplicity. This may be
determined by factoring A(®”) or by the use of

Sturm’s theorem.

It can be shown that the function,
, 3 3
sT+—s +—
F(s) = # is not P-R as it does not
s“+s+4

satisfy requirement (c) above.
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A(0”) = (0 - 3) (o — 1) is negative for 1 <

<3

The given circuit is shown in Fig.1

[o]

l1F—— 1H Z
1
ZF—— Ys(s)
Y(s) IQ§ s —
1
4F—— —H %
4
e,

Fig.

First, Y(s) is obtained:
then its pole-zero diagram can be drawn easily.
Next, its Canonic realization (with minimum

number of elements) can be obtained.

2
Y, (s) = :ls+l:s+1
Z,(s) s S
S
Z() = s?+1
2
Y,(s) = =4s+£—4(S D
5 S S
S
%6 = 1e
5 s
Z,(s) = Z,(8) + Z,(s) = g >
4(s* +1
Y;(s) = (55 )
2
Y(s) = 1+ 4(sSS+1)

1 5s*+4 s+0.8
=14+—= =1+
5 S S
=1+s+%:—+Cs+—
S S
....... (D)
2
_ s Ast08 (aIn)

From eqn. (I), the Canonic realization is

obtained as parallel RLC network shown in Fig.

§19 ——IF 125H

Fig. 2

Considering eqn.(II), Zeros of Y(s) are obtained
froms’+s+0.8=0

_ —1x41-32

s = N 2 B

—1+j422
2

= —0.5+j0.74

Poles of Y(s) areats=0and s = .

The pole-zero diagram is shown in Fig.3.

A j(,)
O-----1 - j0.74
: ¥ »----X
-0.5 0 o o
O----- 4 - 0.74
Fig.3
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05. So, Fasters — I form of realization is,
2
+ 10 | L 1L
Sol: Z(s)= ZS(S > ) oF o
(s"+4)(s” +16) —
This is clearly a L-C driving point impedance o 1
— lH —H
function. ) 8 32
Fosters — I: (i.e,) series impedance form
obtained by partial fraction expansion.
06.
2
s(s”+10)
Z(s)=— > . (s+1) (s+3) (s+5)
Sol: Given Z(s) =
(57 +4)(s” +16) ®) = S 6+2) 5+4) (546)
The standard fi f ti L-C drivi
.e > an. aré form o fepresen mea r1v11'1g This impedance corresponds to RC NW
point impedance in fosters-I form is, . . . .
Foster - I form is realized by taking the partial
Z(s) = k_O + Z% +k s fractions of Z(s).
S i=1 S +O_i Z(S) _é+ B C N D
But in the given function, There is no pole at s s+2 s+4 s+6
origin and there is no pole at infinity. 155
So, doing partial fraction expansion T 48 16
Z(S)=A28+B+028+D g o (24D (22+3) (2+5) _ 3
s"+4 s°+16 (=2) (-2+4) (-2+6) 16
Comparing coefficients oy (=4+1) (-4+3) (-4+5) _ 3
AA+4C=4 ... (1) (—4) (=4+2)(-4+6) 16
16A+4C=10......(2)
| | D (=6+1) (-6+3) (-6+5) _ 5
By solving, A = 5 = E (=6) (—6+2)(—-6+4) 16
B+D=0....... 3) Ze—o g3 1 (3 1 5 1
16B+4D=0 . @) 16s 16(s+2) 16(s+4) 16 (s+6)
By solving, B=0,D=0 _ 1 n 1
s s (16/5)s  (16/3)s+(32/3)
. Y 1 1
So, 52—+ = T 16/3)5+(64/3)  (16/5)5+(96/
214 2416 ( )s+(64/3)  (16/5)s+(96/5)
1 1 The realization is shown in Fig. 1.
Z(s)=—; +—
S 4 4 - 16 32)Q 3/64)Q 5/96)Q
s/2 s/2 s/2 s/2 (16/5)F G G G
Zs)= 18+ 132 z;)—| }_—H— —
2s + N 2s + N (16/3)F (16/3)F (16/5)F
1 1 °
Yi(s) Y, (5) S
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