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TELECOMMUNICATION
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NETWORK THEORY >

Text Book : Theory with worked out Examples
and Practice Questions



Basic Concepts

Chapter
(Solutions for Text Book Practice Questions)

Objective Practice Solutions

01. Ans: (¢)
Sol: We know that;

d
i(t) = —‘21?)

dq(t) = i(t).dt

i(t), Amps

A

» t(usec)
0 3 4 5 :

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

q=qil+q[*+qs |
= (%x3x5j+[%xlx2+(lx3)j+(%><1><1+(1><3)j
q=15uc

02. Ans: (a)
Sol:

+ +

LA 8V§ R gv=220 - 8V

<

4 A

||||—0

Applying KCL at node ‘b’

I+4=4
=1=0A
And§:4
R
= R=2Q

03. Ans: (a)
Sol: The energy stored by the inductor (1€2, 2H) upto

first 6 sec:

Estored upto 6sec = J. PL dt

= j(Lm.i(t)j dt
dt

_{(,[d 8 NN
- ! (2{5(30} 3tj dt+ ! (2[dt (6)} 6] dt
S([d
+£(2[a(—3t +18)}< (—3t+18)jdt

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

=36+0-36=01J
(or)
Estoredupto6sec :EL |t=6sec

|

- L. P
2
1 2

=—x2x0°=0]
2

04. Ans: (d)

Sol: The energy absorbed by the inductor (1€, 2H)
upto first 6sec:

Eabsorbed = Edissipated + Estored
Energy is dissipated in the resistor

Edissipated = _[PRdt = I(l(t))z R dt

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

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

=24+72+24
=120J
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Edissipated =1207]
And E =0J

stored upto 6 sec

e Eabsorbed = Edissipated + Estored
= Eabsorbed =120J +0J=120J

0S. Ans: (a)
Sol: Point (-20,0) = V=-20V and I = 0A

Is — 0A
—- ! o A

Is * +
+
Is (D IRs 2Ry y=_20v

o B
By KVL = IsRs—V =0
= IgRs+20=0
= [Rg=-20V ........... (D
Point: (0, -2) > V=0V and [ = -2A
Is A
” . Is =Ii —2A'

+

Is (D ov =Rs V=0V

= I,=—2A a
Substituting s in eq (1)
RS =10Q 1 A
R
Vv -
2A<D 100 oy =100
+
1A ~ 1A
B
From the diagram,;
I=-1Aand V=-10V
06. Ans: (a)
Sol: V4
* linear
1 A * Passive
0 * bilateral
-V

07. Ans: (b)

Sol: +V
* Non linear
-1 I * Active
0 )
* Unilateral
Y

08. Ans: (e)

SO]: +V 4
i
1 - | * Non linear
5 * Passive
* Unilateral
-V
09. Ans: (¢)
Sol: tv
: . * Linear
0 - * Active
v * Bilateral
10.
Sol: vi M\‘
2V 4v
E
1)
6V 8V
/ /\
Va3 lov

()ByKVL=+10+8+E+4=0

E=-22V
(2)ByKVL=+V,-2+4=0
V,=-2V
(3)ByKVL=+V,+6-8-10=0
V,=12V
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Network Theory

11. Ans: (d)
Sol: 30 20
—
I
5V —— (DIA - 2V - 3V
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: T ( - 16 v1)
120 < >
R MWW > >
+ o5 +
L@ v Ese Wi 202 v,
Applying KVL,
V 16V,
-V, +12| I ——L|+2[ [, ——1|=0
5 5
12V, 32V,
—Vl+121m—?1+21m— L=0
49
141, = ?Vl
70
= V,==L . 1
1 49 in ( )
16V
SV = 2(1in —?lj ........... (2)

ACE Engineering Publications

Substitute equation (1) in equation (2)

Vout = 2[Iin 16 701 ]

__X_

49

13. Ans: (¢)
Sol:
8A
n 12A
—1 n +
ViZaV —— v 20 12v {4 [%
—;T— Y%
By nodal =
V-20+V-4=0
V = 12volts
Power delivered by the dependent source is
Paer = (12 x 4) = 48 watts
14. Ans: (d)
Sol: 051
—
; AW
20
AWW

051
4—
I
> —AWW
151 1o I

2Q
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Applying KVL,
= V+ 1.5 +21=0
=>V=-351

15. Ans: (¢)

Sol:
100 Vz 2Vx
MWW—s——<=
/’—' -
AW oVis
50
AW |11
80 | 1
15V =
By using KCL
Vitld v -0 = v,=1v
By using nodal Analysis at V, node
V.15 50 = v,=421V
18
16. A
Sol: “lov
LV 10
MW ———WW—
1Q + I
+
v — @ 10 1Q @ _-
- - 2V *
I =
- T ov

By KVL=1—-1i,—i;=0

i, =0.5A

By KVL=—i,—i, +1 =0

i,=0.5A
ByKVL=V,-05+2+0.5-V,=0
Vo=V, +2V

= 1V

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 Vi =?

Q

1A
+

SQS V=5V

A V¢ =4sin2t

S

. Cdv, d .
I, = = — (4sin2t) = 8cos2t

dt dt
By KCL; -1 -2 +i;+i.=0
ip =3 — 8cos2t
We know that;

di d
Vo =L—% =2—(3 - 8cos2t)

dt dt

= 2(—8)(—2)sin2t
Vi = 32sin2t volt
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19. The behavior of this network is a load resistor
Sol: V=7 Ifpower dissipated in 6C resistor is zero. behavior.
. By Nodal =
10y 60 3Q v, 50
— MWW —T— MWW — TR ———WW— VvV V-=2]
— 0A I+ —+ =0
4
4
20.£0° 6) §JIQ §SQ GDV 3V =28l
- vV 8
Rg=—=-0Q
I, 3
J?—ov
Pgo =0 W (Given) 21. Ans: (a)
.2
= 1,,.6=0 Sol:
60 1A @ 2A
= ign=0(Vea=0) i A
V, -V, R,
—_— = 0, Vi=V, > —
6+ 38 R § 3A | 24 §R —V
By Nodal = = R,
R,
- oV >«
Vl 20£0 +'_1+0:0 1A T4> @ZA

1 _]1

V,=10+/2 £45° =V,
Apply KCL at Node — 1,

By Nodal =
_ I:IR1+IR3:1+1:2A
0+ ﬁ + u = 0
5 5 Apply KCL at Node — 2,
V=2V,=2(10+2 £45°) L=-L-1=-2-2=—4A
SV =204/2 245
20. Ans: (d) 22.

Sol: I v 20 Sol: l

- _e —_ AMA

I' YVvy

: 1F=Z, . \/\/Zl
: I, =

a
v @ §4Q iy 3F Zy
- i

Fig.1
Note: Since no independent source in the
. . 7 7
network, the network is said to be unenergised, Zy=Zn+Zps + ( A BJ
so called a DEAD network”. C
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23.
Sol:

1
7= ——; C=1F
1} 3
Si
3
s
2 3
22 :ZB+ZC+M:L+L+#
zZ, 2s 3s (IJ
S
1
22:—;C:1F
S(1)
Z.7
Zy=7Zp+Zc+ —2=C
ZB
(L
11 s A\ 3s
= 4y NS
s 3s (lj
2s
1 1
Z3;=—— ;C=—F
1] 2
2 1 /\
_F223 lelF
2/\ /\3
||
[
Z=1F
Zab:?
20 4Q
—j4
2o \%I_”_I
i2
2Q 4Q
b

Since 2 * 4 =4 * 2; the given bridge is balanced
one, therefore the current through the middle

branch is zero. The bridge acts as below :

a a e—
20 40
z §8
ab = Zyp= °Q
3
20 40
be—
b
4x8 8
Zab: B~
4+8 3

24,

Sol: Redraw the circuit diagram as shown below:

a

3Q ;39
30
d C ¢ Rab
3Q A4 f 10
b

Using A to star transformation:

10

Rab f—

W

Ra= 14 o
«» Rab 3

Q

W
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28S.

Sol:

26.

Sol:
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On redrawing the circuit diagram

B

R R or 3R or 100R

YWYV

= R or 3R or 100R

> 1

=

AAAA

|
-2

AAAA

=
AAAA
VWi
Z
£

A

As bridge is balanced
So Rag=RIIR~RIR=R/2

Ans: (b)

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

s
&
A

A

()

d
a
d

Fig. |

C
C

N

_ 0.1x0.1 — 0.05yF

| | 0.05uF
0.05uF | B

Cap = 0.1 uF

Note: The bridge is balanced and the answer is

easy to get.

27. Ans:(a)

Sol: Consider a A connected network

Then each branch of the equivalent A connected

NEY AR/

3

impedance is

28. Ans: (a)
Sol: Network is redrawn as

1
a—\WW,
Reg= 1 § § Req
1
be—WW

I{'C
R, =1+1+——

1+R,,

Network Theory
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5 R, 2+2R, +R
= —+ =
1+R,, 1+R,,

R, +qu =2+3R
R -2R_-2=0

R, = (1 +4/3 )Q

29. Ans: (¢)

Sol: Applying KCL
10_259 =2i+i= 31
Ipso=(1-31) A

(1-31)  1/8Q2

WWY
+ —
RV Yol i 120
AW ————WW,
3i 72i =

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

- —=0
8 2 4
S T et
4
i= iA
13
_a_3 1.3
4 4 13 52
30. Ans: (a)
Sol: i e VY 40
v _—_ 0 2,
Applying KCL at Node V

_V+10

X

=V =6i, —10

Put in equation (1), we get
3iy,—5+ix—2.5+,=0

5iy=17.5
ix=15A
V=-1V
Lgependent souce = v _421" =— 14_ 3 =-1A
.. Power absorbed = (Lependent source) (21x)
=D @)=-3W
31. Ans: (d)
Sol: V=7
o
T
2A d) §
Ssa v,
3A
°
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.

32. Ans: (b)
Sol: Redraw the given circuit as shown below:

® +
3A) 15V §SQ Vo
+
}3A
34 0A
By KVL =
~15-V,=0
Vo=-15V
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33. Ans: (d) KVL is satisfied
Sol: Redraw the circuit diagram as shown below: L = 10 _ A
Across any element two different voltages at a S
time is impossible and hence the circuit does not Lo =2A
exist.
Another method: 36.  Ans: (d)
By KVL = Sol: 20 4 20
5+10=0 I N I\A_N\: l N M _
70 5V<i> (1 10V =5Q WV ZQl Vo T+ 2V
Fig. 1
= ov The diode is forward biased. Assuming that the
diode is ideal, the Network is redrawn with node
Since the violation of KVL in the circuit, the A marked as in Fig. 1.
physical connection is not possible. Apply KCL at node A
47V Yo o +2
34. Ans: (d) 2 2 2
Sol: Redraw the given circuit as shown below: 3v, .
)
! v, =§V
IOVCi) @ 1oy 3¢ (Here polarity is different what we assume so
By KVL = -2
~10-10=0 Yo=3
-20=%0 = 37. 0a
Since the violation of KVL in the circuit, the Sol: The actual circuit is
physical connection is not possible.
20 20
35. Ans: (b)
Sol: Redraw the given circuit as shown below: 4V 4V
|
+ 20 10
10v(®) 10Mx) 10VZ50
By KVL =
10-10=0 1
0=0 i ’
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a Voltage across 2A=10+20+10-5=35V
[ .. Power supplied = VI =35x2=70W
39. Ans:(d)
Sol: Vo 10
2A@\> ZQ§ 2Q§ @\ 2A > ‘VVWV
7 7 60 v \
v — O a
+ Vo —
12V
§12 Q
ob
3A 20
GD § 1Q§ @\ 3A Applying KCL at node V
vV-12 V
. +—=V,+V,=0
j 6 12
vV V
a A 6 12
I S 5 Vo =4V
Applying KVL in outer loop
Si0 = —VH+1(Vo) +Vap =0
NOY) <§1Q %Q = V=V -Vy=8-4=4V
(2)4v 0
= = 4V :
Sol: By KVL
20 =Vi-6-10=0
b 2 3 =
0.C. S 0 b Vi= 16V
I b Pyo = (8 * 2) = 16watts — absorbed
. Poa = (24 * 2) = 48 watts delivered
l P3q = (6*2) = 12 watts — absorbed
b Pioy = (10 * 2) = 20 watts — absorbed
38. Ans: (b) + o W
Sol: ,,IAOAQA
_ 6V
-20V+ =
24V 2A
5Q=2 10V VD 10V _<D
10V _— + 0A 42A
—— 2A - @
— 5V Since; Pyo = P,ps = 48 watts. Tellegen’s Theorem
_ is satisfied.
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{ﬁu ACE 12 Network Theory
41. V.= 24
Sol: By KVL in first mesh i 17
=>V,—6+6-12=0 24 60
V.= 12V V3_ﬁ VoltandI—ﬁA
Py = (12 x 9) = 108 watts delivered Psq = 0.663W absorbed
B ;\% N Pso = 64W absorbed
~ A P4a = 69.64W delivered
+ . Pyq =24.91W absorbed
= 1
v ey Doy Pays = 19.92Wdelivered
- Since P4 = Paps = 89.57W; Tellegen’s Theorem
6A 20 is satisfied.
P,o = (12 x 3) = 36 watts — absorbed 43. Ans: (c)
Psy = (6 x 6) = 36 watts — absorbed 1t
. Sol: V.=V, +—|1i_(t)dt
Psv = (6 x 6) = 36 watts — delivered 0 ® ot c -([1‘( )
Pyq = (12x6) = 72 watts — absorbed 0<t<l1:
Since Py = Pays; Tellegen’s theorem is satisfied. i.(t)=2t and
V() =0V
1 1
42. 20 S Ve=0+ —J.tht
Sol: Ve AMN—> 1/2 0
B Tar i
30 éj 16V 240 - " ‘0
3 + _
~ 4V = L 3 J QY - Ve =0V at t=0
4A =2Vatt=1
And V¢ varies as parabolic
Continue to do like this with initial condition.
By Nodal =
\% V 4V
— 44—+ =0
3 22 44. Ans: (c)
S5V 4_92v ) Sol: KCL as well as KVL are applicable to any
6 A lumped electric circuit at any time ‘t’. Statement
By KVL = Iis True.
Vi —2[+4V;=0 The sum of the rms currents at any junction of
5V,—20=0 2) the circuit is not zero in general. It depends upon
By KVL = the nature of the elements connected at the
V=V, 3) junction.
Substitute (3) in (1), we get Statement II is false.
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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 11 is True. of elements 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)
) q 1 Sol: Duals:
Across capacitor, Vv =—=—
C A. Mesh — Node (4)
Energy inserted instantly from B. Outside mesh — Reference node (3)
t=0" tot=0" C. Mesh current — Node voltage (2)
_ l C\V? = l C L _ L D. Number of meshes—Number of nodes (1)
2 2 C? 2C
Statement I is True, Statement II is also True 50.  Ans: (b)
and is the correct explanation. Sol: In Duality resistance equivalent to conductance
Inductance equivalent to capacitance
Loop current equivalent to node pair voltages

47. Ans: (b) Number of loops equivalent to number of node

Sol: If there are (n + 1) nodes in a NW, by selecting a e
datum or reference node.

The node pair voltages of all the other n-nodes 51.  Ans: ()

wrt this datum node are identified.

By knowing V-1 relation of the branch KCL Sol: (A) % = % — (Second)™' (4)
is used at each of the  n-nodes to obtain a set

of n-simultaneous independent equations in n- (B) L = > —>(Radian/second)* (3)
voltage variables, which when solved will

provide information concerning the magnitudes (CO)CR=1 — Second (1)

and phase angles of the voltages across each L

branch. (D) \/g =R — Ohm (2)

The ideal generator maintains a constant voltage

amplitude and wave-shape regardless of the

amount of current it supplies to the circuit.

..Both Statement I and Statement II are true and

statement II is not the correct explanation of

Statement .
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{ﬁu ACE 14 Network Theory
. . . ’7I
Conventional Practice Solutions DL son=0 (1)
2
Right side mesh equation
01. IZ+2IZ+II_Ia:0
Sol: C =30 mF > 1L,=3L+L ()
For0<t<2, VO _ 5y/ms Substitute (2) in (1)
dt 71
= —L+1L,+6,+21, =0
i = C dv(t) 2 2 2 1
dt I
. 1(0.5ms)=30x 107 x 5 x 10° :1151 +7L,=0
=150 A
- I, -11
dv(t) 2
=2 =0
dt t=2.5 ms Il 14
L 1(2.5ms)=0 03.
E = Energy delivered by theA0wTcodii{ S Sol: Convert Y in to A as shown in below figure.
1
=_CV?(7ms) 20x20
2 X, =20+20+ = = 60Q = x, = xs
- % x30x107 x(5)>= 0.375 J
I 40 N
30X doN
02. 15Q /' 600y 2,150
Sol: The currents in all the branches are marked as § %
shown in Fig. . _6, %Wr\
: — W= AWN——
L) L 40V = 150
LI 10)
® 210 \ i
120 } 15><60:le
I s, 5
[ = L14+1 +1 RN
y 2 a’
2 L 60 /’mm& R\f%\
31 ——AWW—E AW -
IX =—L1+1 +Ia A1 12Q
2 40V _|: L 80
Inner Mesh equation:
Ix1+2L+I,x1=0 Convert Ainto Y
3 B 12x12
Ia+2ll+7+lz+la—0 1=T=4=RZ=R3
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04.

Sol:

30V 5

40V 5

Apply KCL at Node 1
L+L+=0

Apply KVL at loop
30 -8L;+10I,=0
8L, — 101, =30
Apply KVL at loop 2
40 - 1215+ 101, =0
121; —101, = 40
[,=0.878 A
L=-2.29

I3=1.418

By applying KVL for V,
12=YV, +(%—3J4

12=3V,-12=V,=8V

2 2
p=Yo _8 _ 6% 3 watts
2 2 2

10
W, =] 32dt=32(10-5)

=160J

05

Sol: (i) Given the mesh equations:

8, -5L-1;=110
-S5L+10L,+0=0
-,+0+71;=115
The NW must have 3 meshes with two
sources and all possible resistances in

general as shown in Fig.1

AW
D
R2 R5
MWW AW
R, L Re
/) § N /D _
110V L I 115V
+
Fig.1
Write the mesh equations
I](R1+R2+R3)—IQR2—I3R3 =110
- IlR2+IQ(R2+R4+R5)—I3R5 =0 (H)

- IlR3—IzR5+I3(R3+R5+R6) =115

Comparing the above set of equations (I)

and (II):

Ri+R,+R; =8, R, =5Q R;=1Q
R,=5Q Ry+R44R5=10 Rs=0Q
R;=1Q Rs=0Q

R3+Rs+Rs="7

S Ri+H5+1=38

o 5+R4+0=10 1+0+Rs=7
Ri=2Q Ry=5Q R¢=6Q
SR=2Q, R =5Q,R3=10Q,
Ry=5Q,Rs=0Q,R; =6Q
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Network Theory

SACE 16
D
(ii) Current in the 110 V source = I, = —- V, i +V, i =5
D 12 12
110 —5 —1 V1+V2:12 ........... (2)
D,={0 10 O By solving equation (1) and (2)
115 0 7 Vi=24
V,=-12
=110 (70) —1(-1150) ?
= 8850
07.
8 -5 -1 Sol: To find the current, I in the wire AC, of
D=/-5 10 0 Fig. 1, assume a ground point D. Feeding
-1 0 7 1 amp at point A and taking 1 Amp from point C
= (8 x 70) + 5(=35) — 1(10) is equivalent to the superposition of two current
=1375 sources as shown in Fig. 2 and Fig.3
~ 8850
L=
Dol dels
118 > )
= ~ 1 % 1 Amp ‘
=236 A b
1 Amp t
06. e . Y e
Sol: . \Lj?plé 18. Fig.2 D
I I Super node { : ‘
40 ,.Yl.-??.Y.YAﬁ'Q C :2 A
AMA !+ + 1A [
= 6Q 120 +
12V<+> § g ( 24V 1 Amp
D Fig.3
Apply KVL at loop 1
Vi=36-V>=0 From Fig.2, 1 Amp is divides equally through
Vi-v2=36 (1) the four wires because of the infinite nature of
Apply KCL at Super node the mesh : I} =0.25 Amp.
Vi+12 _,_i _,_& + VZ__24 -0 Similarly from Fig.3, 1, =0.25 Amp
4 6 12 3
1 1 1 1 . ; ; = [=1 +
V] 4o |+v,| =42 ]+3-8=0 .. Current in the wire, AC= I1=1, + I,
4 6 12 3 =0.5 Amp
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08.
Sol: 2V
\ 30
¥
1Q <
6Q§ 220 §5Q
40
Fig.
Nodal equations:
Node 1:
Vizd V=2 V=V, -2 0...(1)
6 5 3
5(Vi-4) + 6 (V=2) + 10 (V,=V,-2)=0
21V, -10V,-20-12-20=0
21 V=10 V=52 i, (2)
Node 2:
— +2 —
VoVt % %3 g 6
3 2 5

10(V,—Vi+2)+ 15V, +6(V,-3)=0
—10V,+31V,+20-18=0

10V +31 Vo=-2 i, (4)
21V, =52+10V,
= 52410 101 =2)
31
v, (21—@j -
31 31
V) =2.889V

09.

Sol:

10V,=21V,-52
= (21 x 2.483) - 52

V,=0.8675V
. v,
Ammeter reading = EY = 0.434A
Voltmeter reading =2 + V=2 =2.1178V

By applying KCL at V,

_ V,-20 N V,-0.5V, -V,
10 5

Vi=V,=20....... @)

By applying KCL at V,

\/2+\;‘—V2

2

V,-30 V,
2 -+ 24
10 2 5
~V,+8V,=80........ @)
From (1) & (2) -V, + 8(V, — 20) = 80
7V, = 240
V, = 290 _ 3408y
7
Vo=V, -20=34.28 V-20
=143V
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Chapter > Circuit Theorems

Objective Practice Solutions (c) When 2V voltage source is acting alone
01.
Sol: The current “I” =72 IaT § 2Q 1Q 1Q
e o
2D 10 10
1Q 10
+ 2V 20
IV= 1A
— g 2
[ I;= = =0.66A
1Q2 1Q 3
By superposition theorem; [ =1, + I, + I3

I[=0+0+0.66A

By superposition theorem, treating one 1= 0.66A
independent source at a time.
02.
(a) When 1A current source is acting alone. Sol: " 10
—

Ix

10v(+ M)3A <1L 2i

1Q 1Q

20

n@® 192 -
L

19\ 1Q

By super position theorem; treating only one

Since the bridge is balanced; I, = 0A independent source at a time

(b) When 1V voltage source is acting alone (a) When 10V voltage source is acting alone
20 10
1Q VY
10 .

10
10M £ ¢ i
IV_—— 2Q V() > . 2lxl
- —
L
1Q 1Q

+
+

By KVL =
Iz =0A 10 —Zin —iX1 —2iX1 =0
Since the bridge is balanced. i, =2A
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(b) When 3A current source is acting alone

20 vV 1Q
— AWWA—— AW —
_.>
1x2

‘ M)3A <i

2iy,

By Nodal =
A% 3 (V-2i,,)

2 1
3V—4ixz =6
And

o= % SV = D0 e, @)

Put (2) in (1), we get

Rij=3A
Resistive

I Network %R SJ;)V
etwor 3 2_

=

R;

120V

PR3 =60W
For120V —>1,=3 A

For 105V — j, :%x3:2.625A

For120V > V,=50V

For 105V — V, :%XSO:43.75V

60
V,=120V=TIR; =60 W= I= =

3

For Vg=105V

2
py= 105 160} g =450W
120 R,

04. Ans: (b)
Sol:

It is a liner network
..V, can be assumed as function of iy; and iy,

V., = Aisl + Bisz

80=8A+12B (1)
=-8A+4B (2)
From equation 1 & 2
A=25:B=5
Now, Vx = (2.5)(20)+(5)(20)
V=150V
05. Ans: (¢)
Sol:
10 34 30 v
AW S AW (I | oa
2A —_ 5V §§4 o
O b
For finding Norton’s equivalent resistance
independent voltage sources to be short circuited
and independent current sources to be open
circuited, then the above circuit becomes
10 o.C. 30 sC
r/\/\/\/\,——o — \WW\—e—o—22a
) 40
0~CI S.C. ) §
°b

Ry
=Ry=3+4=7Q
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06. Ans: (b) Substitute (2) in (1)
. 20 10
SOlo a o—_;g\/\, AVAM 2V1 _(_E) —I _ O
T 3
=0 Zio 2V
S 7 7 —41
2V, +=1-1=0=2V, =—
bo 3 3
o -21
Excite with a voltage source ‘V’ =V, = 3
a 1 20 vV, 1Q 21 41
- - AW ——— W —— SVEV V=204 -2 =
| v T 3 3
v @ Zio 4]
! =>V=—
! 3
’ vV 4
=>—=—0
Apply KCL at node V; I 3
VvV, V-V 4
-I+t+1—2 = Ry= =Q
1 1 Req 3
=2V, -V,-1=0 ... (1)
07.
Apply KCL at node V, Sol: 30
YooV Moy 20 — W N
+ —— . .
2V, -V, +2v,=0 (2) 100 4()_<~> —1 (e} é]lQ § 4Q v,
But from the circuit, -
V=21 e 3) _ . L _
Here j1Q and — j1Q) combination will act as
Substitute (3) in (2) open circuit.
2V, V, +41= 0 The circuit becomes
4V2 —2V1 +81=0 30
+
From (1), + )
100 20(~) §;J4Q \
2 V1 = V2 +1 -
.'.4V2—(V2+I)+8120 -
=3V, +71=0
71 :>Vm:10040. xj4
= 80£36.86° V
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Postal Coaching Solutions

08.
Sol:

50

30 v

5 5
ﬁ_(l XJ
5 (10 5

Vi =150V, V=100V

R A
+
V) AF
ZQ§YX 10A (J POV Ve
. b
Loy
X—10+X=0
5 5
2V
5
V=25V
oo 2V 2x25
5 5
V=10V

Thevenin’s and Norton’s equivalents across a, b.

10 15
Isc=|—+5|=—A
= p+s]

2
15
Ie=—A
SC B
Vv
Ry = Yo _150 =20Q
ISC E
2
200
AW “a
15
150V(+) = o) 2200
°b

Sol:

Super nodal equation
:>ia—0.2ib + ib -1=0
I=1,+0.8i,

A%
V=280i,; i, = —
bilb= o

- Inside the supernode, always the KVL is
written.

By KVL =

1001, + 2i, — 80i, = 0

:l+0.8xV
102 80 So_mg
\ 1
TR b
102 100
=50.5Q.
R =50.50
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10. 11.
Sol: Ve Sol:
602 80 8Q 60 ~ Q100
AW A
. [ N N . 150
+) 110£10° Va 90.£0°(~) 100£0°(~)
— - = - Ry
By Nodal = The maximum power delivered to “R.” is
Vo 11020° Vv,  90£0° R = R2+(Xg +X,)?

(6+i8) (6+8) (6+i8) (6+j8)

Here Rs=10Q2 ; Xs=10Q2 & Xy =—15
2V =20020° = Vg, = 10020°.

Ry = /10° + (10 -15)°

Rt R =5/5Q.
100.£0°
: gjs0 1= N
180§ . 10+ jl0—j15+5/5)

Powc= [I|".5v/5 = 236W

12.
Sol: B A j10€2

Ry = (6 +38)[I(6+38) X
—JAcC

= (3 +4)Q +
100.£0°(~) I
A - 100

(3j4) :

The maximum power delivered to 10Q load

l

100.20°

@
i
kS

resistor is:
ZL =10 —jXC =10 +j(—Xc)

B XL = —XC
RL:|3+j4| =50 So for MPT; (Xs+ X)) =0
10 — Xc = 0;
100.£0° ¢
[= ——— Xe=10
@+ 10020°
P=IxR, 520°

C(10+i10-jl10+10)
Poax = JI'RL = 5%(10) = 250W
o Prax = 625 watts Piax = 250 Watts

Prax =125%x5=625W
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13. Ans: (b) 14.
Sol: Lo o . Sol:
o o
+V, —
20£0°V - jl0 VAL Z
b 2
For maximum power delivered to Zp,
Z, =27, The maximum true power delivered to “Z;” is :
0
1Q i i1Q (1+Vy) a Vi = & (J5+9) =50/2 £45°
—+’Q]N\/—‘——’Wﬁ9—<——°“"{ -35+35+5
0 + |
! L 0 Svv On Za= (9)II(5+i5) = (5 §5)02
' a
g-ﬁ-l |z
i1 - 5042 245 (~) ‘[ ' Zu=24' = (545 Q
i =(1+V,)x 1_J'1 = (1+V,) (0.5-j0.5)
=]
But b
0
Vo = i, = 507/5445 = 5,/2,45°
) 5=35+5+35
=—(1+Vy) (0.5 —j0.5)
_(fPE 2 & _
1) Vo 1 4V, P=I’5=|5v2 [*.5 =250 Watts
— Vo (-1 —-1) = 1 2o Prmax = 250 watts
1 . : :
Vy=———=-04+j0.2 el a
-2-] Sol: o
Applying KVL 1 A(D %1 o /§/'R
+V,=jl1+V)+V=0
=V=-V, +J1(1+V0) b
) ) ) Maximum power will occurs when R = R,
=0.4—-j0.2+j1(0.6+j0.2)
=>R=10Q
V=(0.2+04)V a
"z _V V=(0.2+j0.4)Q
.. th = — = = . .
1 NO) 210 S0
"2, =2,=(02-04)Q
b
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Network Theory

&:ACE
(3] 1= w
25%of P LIV
4 16
MO L
:

Current passing through ‘R’

I:l)( 1 = 1
1+R 1+R
2
~P=IR= ! 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 72mQ) is correct

16. 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

determine V.

]

A%

iy

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

+
N V=2Vf i JI=2A
Fig.(c)
Now when E = 100 V, and [ is replaced by R
=2Q then V=27
a
E=100V/( % ) N \Y % 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

& independent current sources to be open

circuited.
—a a
N — Rth
] L,
Ru
Fig.(d)
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Fig.(c) is the energized version of Fig. (d) Isc = 6A
. For Ry:
+
R V=2V 1) I=2A i
! § ( Ry —* N = Ra
2 Statement: Fig (a) is the energized version of
= R, =—=1Q
2 figure (d)
. With respect to terminals a and b the
Thevenin’s equivalent becomes.
4
Ry=1Q 10V —
a _
V[h=3OV
Fig (a)
/ 10=Ry. 5
Ry=1Q 4 i by ohm's law
—+ Rth = ZQ
V=30V (F) vZ20 .
— [=4A
b 1Q§ 2Q§ /@ 6A
2
V =30x 71 =20V .
+ .
Fig (b)
S V=20V
_ 6x2
17. (2+D
Sol: Superposition theorem cannot be applied to fig I=4A
(b)
Since there is only voltage source given: 18. Ans: (b)
10 Z Z 4
Sol: =1 2
4 Z,, 2,10
N 10="21, (4)+Z2(0)
Isc N T 30V 4="275 (4) +Z»(0)
. - 1.5Q
. ) —MWW——WW—
Fig (c)
50 § §1Q 6A
By homogeneity and Reciprocity principles to
fig (a);
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1
Z, 105 a7
4
4 20V " R
Zy,=—=1 A
4
6x1 6 b
I, = =——=0.8A 20
®6.5+1 1.5 =Ry =7=30
With respect to terminals a and b the Norton’s
19.  Ans: (b) equivalent of Fig.(b) is
Sol: AA a
20V L N } 1A >0 Ise =3A
| .
b
Fig.(a) .. From Fig.(b)
= ¢ ° a
\% N 60V A ]
+ T v N 60V
+ o— —o——l
Fig.(b) b
Using reciprocity theorem, for Fig.(a) Q
—— V SQ ISC =3A
: pl SE
1A § 20V "
o 5 =V=-15V
b 20.
a Sol: 1Q
R, 10A 20 10A
IL.=3A { N 60V W AW "
o —o——l 20V
° Fig.(c) g 30 + A J:\
s E— §R2 25\’§SQ 502 25V
Norton’s resistance between a and b is - - 3
a — —o— a A A A
N = Ry
5A 5A
’b_.'— —o— b +
) + = 25V = 25UV)5A
Ry Fig.(d) 25V 50 V_<
Fig.(a) is the energized version of Fig.(d) )
B B B
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PAB = PSQ = P25V = P5A = 5%25 = 125 watts

(ABSORBED)
21. 2
Sol:
S0
4V 12V 2V
b
By Mill Man’s theorem;
V' = V,G, +V,G, + V.G,
G, +G, +G,
4 12 2
i_i_{_i —_
S A Tt o e SR EY
(1 1 ) 2%2
—+—+1
2 2

o e

22. Ans: (d)

Sol: ‘
50 §5mH 2puf
+ +
10sin100t ~) 100
— T 10sin200tT _

23.

Sol:

24.

Sol:

28S.

Sol:

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

frequency sensitive

1
ie.,Zy =joL and Z¢c =—— Q.

joc
In the above case if both the source
are100rad/sec, each then Millman’s theorem is
more conveniently used.
Lo 2
[
5F
04 (1) 20 B S0
. j?_ .
20 4Q
— WW———WW—
e
+ X
10V(£) @ §3Q@ ) 5i,
Nodal equations
1=GV
ix = il
10=2i; +3(1;-1,) e (D)
0:4i2+2ix+3(i2 —i1) (2)
Vx = Vl
10 = 2V1*3(V1 —Vz) ........... (3)
0= 4V2 + 2Vx + 3(V2 —Vl) ........... (4)
vV, 30 v,
+ +
10A @ V,220 40 5V,
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26. Thevenin and Norton equivalents are derivable
Sol: When only E, is acting, 'R =18 for linear NW’s only.
=1 = 1/ \/7 29. Ans: (b)
> Sol: Conversion to equivalent T - NW and
Similarly, I 1/ JE application of Thevenin’s Theorem have no
When all sources are acting, relation.
Low =L +1, +14
Maximum power consumed by R is 30. Ans: (d)
tzotal Sol: Z; should be equal to Zs" and n=50 %
. Statement (I) is false but Statement (II) is
1/ +51/ +71/ s
(3"'5"‘7) R 31. Ans: (a)
- 450 W Sol: Diode is a nonlinear and unilateral device.
Minimum power consumed Hence, Thevenin’s theorem cannot be applied.
— 3 (3 +5— 7)2R -2 W Both Statement (I) and Statement (II) are true
R and Statement (II) is the correct explanation of
27, Ans: (¢) Statement (I).
100
Sol: I, = , P =1 R,
R, +4+10 32. Ans: (¢)
Py is maximum, when I is maximum. Sol: A. Load impedance (10 + j 20)"
I is maximum, when R, 1s: r3n§1;11mum ~ 1020 (5)
Statement (I) is True. B. Total impedance Z; + Z; =20 (4)
During maximum power transfer, (i.e., when R, 50
) C.Current — = 2.5 ?3)
=3Q),|Z,|=yR; +4’ =5 Q. 20
. D. Maximum power
“Ri#Z,| @ 5)2x10£625 1)
Statement (II) is false. ’ '
28. Ans: (b) 33. Ans: (b)
Sol: Rg
W ° 34. Ans: (b)
Sol: A. Superposition theorem is applicable for

Vi j() I SR

V= I](Rs + RL)

linear networks only (1)
B. Tellegen’s theorem utilizes the structure of
the NW irrespective (3) of the nature of the

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

D. Reciprocity to

theorem is

Bilateral networks (4)

applicable

35.
Sol:

Ans: (¢)
A. Reciprocity

— Bilateral (2)
B. Tellegen’s

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

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

— Impedance matching (1)

36. Ans: (d)

Conventional Practice Solutions

01.
Sol: The given circuit is shown in Fig 1 with terminals
marked.
20 P2Q R 40 A
— W T °
+ +
60 V 2Q 25 A#} 80 A
| o . °
B B

Fig. 1

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

20
WWA o P
& =
sov (O 20 2
O
Fig. 2 B
1
WP
+
3ov O
O
Fig. B
1Q p 2Q

254

Fig. 4 °B
30
WWA o R
N
v () 354 (N
O
Fig. 5 B
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o R Case (ii):
n < Source ‘1A’ active: =1,
230 .
10A /19 = @\) 25A I, =0.5 A as can be seen from Fig. 2
- o B
Fig. 6 120 80
oR
5 — L
+ J | MWW
sa () 2°° 4Q L
- 1A
Fig. 7 °B T
Fig.2
30
WW—o R 40 8Q

°B
Fig. 8
Fig.3
30
AMAA R ¥ A Case (iii):
. +/]\ Source ‘3A’ active: [ =15
105V () 8Q Wi I f“\N%
g v
: v,

> o >
N 20 3A<I) 250

105 x 8 Fig.4
From fig. (9), V,; = ———— = 56 V %
From Fig. 4,
8
I, =3x—=1A
02. 24
Sol: Case (i): LI=L+L+L=0+05+1=15A
Source ‘V’ active: I =1, Note: The answer can be obtained quickly by
I, = 0, as can be seen from Fig.1 writing KVL equation from the given circuit,
Fig. 5 directly:
12Q
80 "IT 120 8Q T1_3
— o
v W v(®) AW
l 40 L _
4Q
T I o 2
Fig.1 Fig. 5
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03.
Sol: Case (i):

4T+8(1 -3)=(1-1)12
241=36
I=15A

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

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

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

2A 20
“—WW
1 A
[ ]
| 30 40 (T 3A
2AY  0A
Fig.2

Using the superposition theorem, the currents

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

1A 1A 2Q
> “—A\W
" 2 A 2A
6V<> 3Q 40 Q 3A
Fig.3

04.

Sol: v(t)=10sin (2r x 10°) t

0s.

Sol:

1Q

—WW_.—o—.
.
e D .

generated by the

1) Maximum power is

generator when Z; =0

P, (max) = (1—\/%) =50W

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

Under this condition

2
5
12_x1=( x1=125W
ms \/5)

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

i) P, (max) =

Let the Thevenin impedance be R +j X

Magnitude of Zy, = +/ R? + X2

open circuit voltage

short circuit current

= E = 22.36
5.59
With 10 Q resistive load,
125

\/(R+10)2+X2

JR+10)* +X° = 125
4.41

R + X? =499.97
R+ X?+100+20 R = 803.15
20 R + 100 = 303.18

= 4.41

= 28.34
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203.18
R = =10.16 Q ; X=19.91 §+oc ix:EV0
2 2
V=125V, Z4u=10.16 +719.91 Q & _ g 5+20 B 20+5
1 3 2 3
06.
Sol: Vy,is calculated from Fig. 1 07
10 10 *Sol: The circuit is simplified as shown in Fig. (1), (2)
MM MW o A and (3) by using source transformation.
+ P T+
i 202
&k S Vin 120
— l o X
O > >
Fig. 1 ’ 2a(1) 200Z 10002 (1) 14 Load = Ryy
There is no independent source. ; Y
Fig. 1
. Yth_ 0 ' 120
Ry, 1s calculated from Fig. 2 AN o X
(Vo—ix—od)  1Q § A 3a (4 ISQ§
W @
4 1Q
o iy 20 L ! Y
- 30 Q2 X
MWW °
Fig. 2 4+
54 V() % (RL/6)
200+5 0 °
3 Fig.3 Y
—WW———o
A Load:
Y., = 1 N 2 N 3 _ 6
RL RL RL RL
Fig. 3
Zyy = —=
6
' For maximum power transfer to the three
R, = & , i, =V, —-i —ai_+ Vo ~1 resistor load, Zxy
1 X X X 2
X R
—L =30, R, =180 Q
.3 : (3 ) 6
I, ==V, -1, | -+a
2 2 VXY =27V
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Power delivered to Ry = %7)2 = 405W
(27)°
Power delivered to & =790 8.1 W
2
27)?
Power delivered to &= (60) = 1215 W
3
08.
Sol: The given circuit is shown in Fig. 1, where 40 Q
across 50 V can be deleted.
B
%50 Q é 20 Q
2100
40 Q3 . 1
- ——100
50V )/
Fig. 1 A
B—
Re
_ + >
= 10 Q2
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

vV - V,G,+V, G,

¢ G,+G,
50 100

_ 50 20

1 1

- +7
50 20

Postal Coaching Solutions
_ Z4x100 400
7 7
- 1 _ 1 _ 100 0
G+G, 1 1 7
50 20
400 10
Via = x
7100
7
_ 200 ox L _ _400
7 170 17
09.
Sol: Maximum Power transfer theorem:

This is used to find the value of the load
impedance Z; (optimum) that absorbs maximum

power from a given network shown in Fig. 1.

7y

Fig.1

The NW is replaced by its Thevenin’s equivalent

circuit as shown in Fig. 2.

Zs

7y

Fig.2
Z;y =Ry +j X is complex load
Vs is Thevenin’s voltage phasor (RMS Value)
Zs is Thevenin’s equivalent impedance
=Rg+j Xs
V, and Z; can be understood as the source
voltage and source impedance wrt the load

impedance, Z;..
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U Vs B+j4HQ A
Zs+Z,  (Rg+R)+j(X, +X) 7 o
.......... (1 oo
P = Power delivered to 10£-30° @ -] 1 D Zy
V,° R
Z, =|l |2 R, = ZS . 3 ],:))
(Rg+R )" + (X +Xy) Fig. 1
S @) Let Z; = Impedance of Loudspeaker across the
For maximum power transfer to Zy : terminals A, B for maximum power dissipation
Case 1: in it as shown in Fig. 1.
When only X is variable in the load,
oP +3
= 0,2(X, +X4)=0 or X, =~Xs..(3) GriaQ
0X, o A
Then maximum power transferred to Z; = ! :
2 ’ \ P QL <« Zy
V"R i
S—L2 .......... 4
(Rg+R,) B
P Fig. 2
Case 2: When only Ry is variable, =0
L Then Z; = Thevenin’s impedance across
(Rs +Rp)* + (Xp + Xs)’ — Ry(Rp + Rg)2=0 terminals A, B into the network = Zy,
Rg* R +2RsRH(Xp +X5)’ 2R Rs—2R *=0 Z, is found from Fig. (2)
Rsz—RL2+(XL+XL)2:0 or _ (3+J4) (_JS)
in TR
Ry =(R&+(X  +Xs)2 i 5) G=j4-J5
Then maximum power delivered to — 20— j15 4 5(4-33) B+ijh
3-j1 9+1
B Vsz R, J
“TR4R) +R. —R. 1 0.
(Rg+R; )" + R " =Ry 25(12+3—J9+_]4)
V.2
= S (6) 1 . .
2(R, +Ry) = 5 (15-35) =75-325
Case 3 : x
. ZL = Zth
When X; as well as Ry are variable, then from
(3) and (5) X, = —Xs , R. = R =2.=(15-j25Q
Z; (optimum) =Rg—j Xs ............(7)
= complex conjugate of Zg 10.
) Sol: Duality of Thevenin’s and Norton’s theorems:
Then maximum power transferred to Z; = — The NW in Fig. 1 can be represented by the
L equivalent circuit shown in Fig. 2 by Thevenin’s
"""""" () theorem and in Fig. 3 by Norton’s theorem.
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Postal Coaching Solutions

A IL

4_
NwW Vi Load

Fig. 1

Rin A

va () "

Fig. 2

Al

NOR-W

- B
Fig. 3

L1

GL

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

or G, = % 0.

L
R
V. =V =V, — L
AB L th R, R,

| =

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

AvB: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 Q.

Writing KVL equations:
11, + 2(I; — 30) + V4, =20
or3I; + Vg, = 80 R € )
and
o(L-15+1L+2(I,-30)=0
or 9, -90-60=0
150 50
I, = 7 = ? A L (2)
From (1) and (2), V4@ =80-31,=30V
Ry, is obtained from the following circuit, Fig. 2

AMAA
VVVV

6Q
MW 1 AW o A

1Q 2Q

< Ry=3Q[6Q=20

L -

Fig.2
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Thevenin’s equivalent circuit across the

terminals A, B is shown in Fig. 3.

20 A
AW
- 1
30v O 302,
B . J/
Fig.3
V, = 303 _ 15y
11.
Sol: - 4
Y X
20 cos 2t j2 I _V
Sc —J
D Y
V-20/V2 V V
————+—+—=0
2 2 -]

1 1 1) 10
V—+_———_ =——
2 2 j) 2

40j
V:

V2(j2-2)

_ V. _ 40 40
©-i o A2(2-2) (2-i2N2

-]
_40(2+j2)) _10v2245°
20 V2

I = 10£45°A
I, =5v2 cos(2t+45°) A

For Zy :
20 -
\ <—IX
2 < 2=l
e
_(2))
(2+32)
_ 2
)
:M_ =10
2
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Chapter

Transient Circuit Analysis

Objective Practice Solutions

01. _
Sol: i(t)

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

i(t)=e¢'A for t > 0 (given)
Determine the elements & their connection

Response Laplace transform _

T System
Excitation Laplace transform

transfer function

1
1) . (s+3)
ie., V(s) H(s) —l
S
__ 8 o @ O
O RRAATS
L Z(s) = [S”]
S
=1+ ! =R+L

L R=1Qand C= EF are in series

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

K
So T/F=L(LR)= ——
s+2

03.

Sol:

sin 2t k y(®
s+2
K
G(s)=——
®) s+2
. K K
IG(jo)| =

Jo? +22 242
o) T
/G(jo)=—tan'—=—tan'1=—=
(Jo) 5 1

So steady state response will be

S S P
y(t)—z\/zsm(ﬂ 4)

1Q 2H

+W

Sy —
~ V(©) @ _—1IF

10sint

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

Desired response L.T

= System transfer function
Excitation response L.T

@ =H(s)=Y(s)= L _ 1
V) Z(s) (R +SL + lj
SC
H(s) = 5
i2s2 +s+1 )
H(jo) = ——

{1+_1+2ij
jo
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<

II. Evaluating at corresponding w, of the input Req=(2]2)+9=10Q
H(G®)|o-0=0 Leg:
1 1H
H({o)|o-1 = —= £-45 —(Im
2
Leg
III.LS)=H(S) - §2H %21{
V(s)
I(s) = H(s)V(s) ¢
()= 0 x 5+ ——x10sin(t —45°) Ly=Q[|2)+1
72
i(t) = 7.07sin(t—45)A L
. €q
OBS: DC is blocked by capacitor in steady o T = R
state “
2
= — = 0.2 sec
04. 10
A%
sol: V) _ 1) = 7(s)
I(s) 06.
I 1 Sol: ©=R¢ Cqq
Y(s) 1.1 c Rt 5g 10
R sL MWW WW
1 l l
HE) = —— 203 «— Ry
(1 + -+ sj
s 1 '[ I
H(o) | , = f ="%1
(“j*j] Ry =30
V(s) =1(s) H(s) = sin t Coq ! 2F|
v(t) =sin t Volts |
05. Ca | 1F IF
L
Sol: T = —% .
R,
Req : Ceq =1F
20 90 L 1=3x1=3sec
[ ] 2 Q -
? : Ry=2)+9=100Q | 07-
T Sol: t=R,C
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Postal Coaching Solutions

&8 AC.
-y LAy
Req 20 1Q
™ !

Ry =30

L 1t=3x1=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.

24 (1) 2300 _
ir(07) y
X
MWW
20 Q
2A 2A
0A 2A ¥ 0A
00 3 U220
2A T) ov il(07)y ov
> —

Att= 0 : Steady state: A resistive circuit
Note: The number of initial conditions to be evaluated
at just before the switching action is equal to the
number of memory elements present in the network.
(i t=0

i.(07)=2=1(0")

1

E0) =3 Lif(07)

1

= — X

4x2° =8] =E (0"

For t > 0 : Source free circuit

Lh=2A;1 =

t
1, =1, ¢er”
. -5t
1, =2e
di,

L 4 1
— = — sec
R 20 5

for 0 <t< o

= —40e” V for 0<t<

—40
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Network Theory

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

()
A\

i 4 H

b i

200
MWW
+ vV -

Fort>0

2A

i(0")

20Q

+ V(OO —
Att=0": Resistive circuit :
Network is in transient state
By KCL;
-2+ (0 =0
iL(O+) =2A
V(O+) =R iL(O+) |By Ohm’s law
V(0+) =20(12)=40V

By KVL ;

V(0 +V(0)=0

VL(0") = = V(0") = —40V =V, (0] _,.
Observations:

t=0 t=0"

i(0)=2A il(0H=2A
100(0) =0 A 000N =2A
Vaa(0) =0V Vaa(01) =40 V
Vi(0)=0V Vi (0 =-40V

Conclusion:

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

@) iL(t) N
2003 a1 B vy
Fort>0

il(t)=2¢> A for 0<t<oo
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 57t), it discharges from
positive terminal i.e., the current will flow from
negative to positive terminals. (This is the must
condition required for delivery, by Tellegan’s
theorem)

3) Vi(0H)=-40V

V.®]_, =-40V

L IR0 _ g
dt t=0"

di (1) __A0_ 30 _ 0 Assec
dt |, L 4

Check :

i(t)=2e¢"A for 0<t<oo

di. (9 = —10e" A/sec for 0 <t <o
dt

M = —10 A/sec
dt t=0"
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09. " capacitor never allows sudden changes in
Sol: ’{ISV? voltages
Ve(0) = Ve(0) = Ve(0) = 20V
S t=0 Case(ii): t> 0
+
40 O § v ><' % SH
_ + 50Q
— MW
24V — Y i . l
Ve = 20uF i(0+) § 2009 G 0.1A
(0 =24A
+ =
Y(O )= 96_1\()/t To find the time constant T = R(C
() =24¢ " A for 0<t<oo After switch closed
Req=50Q C=20pF
;0'1 i(0") = 0A
o S 732 Q T=50x20pu
d —W—— _
T = lmsec
t=0 v A t/Im
— Ve(t)=V =20
8000 2 + — 50V o(t) TR
2 uF Ve y Ve(t) =20e'™V;  0<t<oo
i 12.

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

t

V() = 50e "7V for t20

dV,
dt

1o =

By Ohm's law

11.
Sol: Case(i): t<0
50Q
MW
+
Ve(0) § 2000

(Do.lA

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

5ip

Sol: After performing source transformation ;

20 Q 100
AW . AMW
+ - + -
+
+ §5H
i
By KVL;
di
51 30i, —-5—L =0
- - dt
dlL+5iL =0
dt
(D+5)iL=0

i) =Ke™ A for 0<t<w

T = — sec
5
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13.
. . VS A
Sol: 1, 0) =10A ; 1 0 =2A
24V
t
iLl ®=1Ier-"
8V
el e ' :
= -— = - == . — + 0
R 1 o0 0c 0 o
iLl(t) =10e" A ot
t Vo =8¢ =8¢V for 0<t< o
Similarly, i, (t) = I, e *
Y LZ() 0 i, = Ve =-16e""' mA for 0<t<ow
L dt By Ohm's law
T=— =2 sec
Tt By KCL:
iLZ(t)=ZOe 2 A ictig=0
ir=—ic=1.6e"""mA for 0<t<ow
14. i
Sol: VCS) ) Observation:
i _ In all the source free circuit, ic(t) = —ve for
Ve(0)
6 mA T) § 4 kQ + § 2kQ t > 0 because the capacitor while acting as a
0VZ 3kQ temporary source it discharges from the +ve
[ terminal i.e., current will flow from —ve to +ve
= 0
= 0V terminals.
Att=0": Steady state : A resistive circuit
By Nodal : 15.
V.(0" V.(0" Sol: By KCL :
—6mA + C()+ C()=O — :
4K 2K i(t) = ir(t) + 1.(t)
Ve(0) =8 V=V(0" Vo) 1
1R R L ‘7
6 mA * 1ic "
c 2 uF Vi (t) . 1
= ———= +1,(0) + — | Vx(t) dt
oma (1) v, Eako - $ 2k0 L(0) L{ (0
| Jom o | 2
L i(t)=4t+5+4t
6mA - < ov (0) [=2see =8+ 16+ 5
. =29 A
Fort >0 : A source free circuit
=2 mA
Vi=6mx4K=24V 9000
T=ReqC=(5K)2pu=10msec 16. Ans: (¢)
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17.
Sol:
4 20 u(-)
20
—00 0 0 (:)+ o
+
iL.(07) Ve(0)
20V (j) -
1 kQ 10 kQ
L
= 0V
Att=0 : steady state: A resistive circuit.
Ht=0"
Ve(0) =20V = V(09

i, (07) = % = 20mA = i,(0")

+
g orn VeI 200 nF

L KO 10 kO

Fort > 0: A source free RL & RC circuit
0.1
1K
1c=200x 107 x 10 x 10° =2 m sec

T = = 100 psec

Te_20; 1. =201,

TL
Observation:
T. < 1¢c ; therefore the inductive part of the

circuit will achieve steady state quickly i.e., 20

times faster.

18.

Sol:

t

V. =20e © V for 0<t<w

t

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

di
V, =L —L
dt By Ohm's law
dVv,
i. = C—=
dt By Ohm's law
Att=0"
MW
8Q)
40
12A (D §SQ
il(0°)
.o 12x8
=i, (07)= =8A
8+4
Att=0"
12A 4A 4A
- - AM/ <
8Q
8A y 40 X
2
12A <T> ! /lc;)h \j §SQ
i1(t) 4 j 8A
4A 4A

S i1 (0h) =-8A

Applying KVL in the loop,
=8(4) +4(8) +VL. =0

=V, =-64
9 - gy
dt
di:—32 A/sec
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19. Ans: (¢) E,-4R=0
Sol: E, =4R
8R—6=4R
4R =6
R=10Q R =150
s 1/2s
21. Ans: (d)
Sol: at t<0
100Q2
WV
AN
V. (s)= W S T C) .
+ ¥ + i
s ' /2s i i m Vo) DI
i Loopl -
2Rs+2+1  s(2Rs+3)
2s Apply KVL in loopl = V(07)-100=0
‘ 5 = Ve(0)) = 100V
V, (0)=V, (s5)-—=0
S 100Q
5 MW
Ve(@) =V (9 += ¢ J
5 1A ¢ VL(0+) — 100V
V. (0)=Lts| ——+— )i
s>0 | s(2Rs+3) s '
3 3 Att=0"
v, (07)=0
20. Ans: (d) 8A s
Sol: att=0 Ldl(O =0
. dt
di(0) -
L =V, (0 6 + (s
dt (0 Ré dl(O ) -0
V, =2x3=6 dt
V, =6V | I 2
o E, Sol: Case-1 at t=0"
E;+6-8R=0 By redrawing the circuit
E,=8R-6 «
? > MWW
R; 4A I 10 J
‘ i I 10V = 202 I
E;
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Postal Coaching Solutions

Current through the battery at t=0" is

10
— Am
3 p
Case-2 at t=o0
MWW
I 1Q l
10V
2Q %

Current through the battery at t = 00 is10 Amp

23.

Sol: ’ 0

+
+ 1Q Gy=10
60V - 3.
ir(0%) Ve(0)

Att=0 : Steady state : A resistive circuit

()t=0:

0

i (0) = % =20 A =i, (0)

V]Q =20V = Vc(o_) = Vc(0+)

60V ic(t)

20V
20 A

_|_c

Fort>0

+
60V ic(0")
20V

Att=0": A resistive circuit :
Network is in transient state

Vi(0) =20V

Nodal :

20 — 60 )

——— +20+i.(0") =0

iC(0+) =—4A

24.

Sol:

25.

Sol:

Repeat the above problem procedure :

di () b Al Y . 0 A/sec
dt | .~ L

ave® _ @) _ o8 vgsee
it | . ¢

Observation: So, the steady state will occur
either at t = 0~ or at t = oo, that depends where

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

network.
10 kQ +ch(00) 12 kQ
+0V —
+ [ [
100 v@) Val@)  40kQZ Ves(0)
L L
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Network Theory

Att=o0: Steady state: A Resistive circuit
ANWN— >
Ve (0) = 220 40K =80V 20 el
! 50K 4Q 4V
+ 2C
F 8V 3 Y
+ 11— ST ic(t)
V() V(o) L § 8V
e—— g0V ———* 3A
+ - | I _|_ C
Fort>0
Vo () = SR gy o
: + and redrawing the circui
? 2+3)uF dred th t
VC()=80X2“F—32V by
’ SuF ic(0)
26.
Sol: 20 0 A
MWW >
+
+ 40 Vac(07)
18V -
- +
i (07) Ve(07)
Att=0": Circuit is in Steady state: Resistive circuit
By Nodal;
(0)=3A=i(0) 12 - 8. 1278 4 0)=o0
V4Q =4 x 3 =12 \Y%
-6 4 . .
_ 7+Z+12C(0)=0
VZC(O’)JF:Z 2C i2c(0) =2 A = ixc(0)
S (O)I__ . %—im(m +3+i.(07) = 0
C _
- - ic(0)=0 A =ic(0)
0 - 12xC 27.
VZC( )_2C+C Sol: t=0" t=0" t=0"
il(0)=5A i (0)=5A
=4V = Ve (07) .
di (07) _ V,(0")
Ve(0) =8V =V(0) Fronini 40
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irR(0)=-5A ir(0) =-1A Vr(0H=-30V
dig (07) By KVL = Vi (t) — Vr(t) - V() = 0
—R 7 = 40 A/ B . )
dt e Vi(0) = Vr(0) + Ve(0)
ic(0)=0A ic(0") = 4A =150-30
=120V
dlcd(:) ) = —40 A/sec By KCL at 2" node;
-5+ lc(t) - lR(t) =0
Vi(0)=0V ic(0)=4A
Vi(0) =120V (iii). t= 0"
+ st
dv,.(0) _ 1098 V/sec By KCL at 1¥ node =
dt —4+hﬁyHﬂ0=0
Vr(0)=-150 V d1 di, (1) ) (0 =
Vr(0)=-30V dt
dvgio ) — _1200 V/SeC V;(t) B RIR(t) |By0}:1n’s law
— Vr(® = R — 1, (D
Ve(0) =150 V dt dt
V(0 =150V By KVL =
+ Vi(t) = V() = Ve(t) =0
dV.(0") _ 108 Visec L(t) = Vr(t) = V(1)
dt dVi() dVe() dVe(@)
). t=0 dt dt dt
By KCL = i (t) + i(t) = 0 By KCL at node 2:
t=0" = i (0) +ir(0) =0 —s+mar4ﬂo=o
R(0)=-5A lc () — g () = 0
VR(t) =R lR(t) |By Ohm’s law
Vr(0) =R ir(07) = 30(=5) = -150 V d i (0') = — (~40)
By KVL = V(t) — Vg(t) = V() =0 dt
Ve(07) = Vi(0) = VR(0) =150 V = 40 A/sec

(ii). Att=0"
By KCL at 1¥ node =
—4+1i(t) +ir(t) =0
—4+1(0%) +ir(0) =0
ir(0) =—i (0" +4
iR(0)=—-5+4

=—1A

Vr(t) = R ir(t) [By ohm’s taw
Vr(0") =R ir(0")

28.

Sol: Transform the network into Laplace domain

+R—

1() @ 2L Q

S - domain
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V(s) =Z(s) I(s) 31.
By KVL in S-domain = Sol: i(0)=0A=i(0")
1-RI(s)—sLI(s)=0 . A%
(5)-sL1(s) i) = Y A
1 1 R
Is) = = —=
L R L
ST T = o sec
i(t) = le_%t A for t20 i(t) = X+ (0 - Xj e " X(1 e '")
L R R R
Ldi(t
29. V, = dl( )=Ve‘R‘/Lfortzo
Sol: By Time domain approach ; t
Ve(0)=5x2=10V =V(0) i(t)
10Q () 120 \'
A , MWW E
te . 0 > t
25v(*) 3 VT(OO) (M) 24 ~
At t =c0: Steady .state: A resistive circuit Ve
v, 25V AR
Nodal = Y =25 Vel _, _ N
10 5 i >t
Ve(o) =15V
T=Req C=(5]10). 1 =(10/3) sec Expontionaly Increasing Response
t
Ve =15+ (10 - 15) ¢ 12 32.
Sol: V(0)=0= V(0"
Ve=15-5¢>"1"V for t>0 ol ¥e(®) c(0)
dv Vc(OO) =V
i. =C dtc =15e7"" A for t>0 t=RC
Ve=V+(0-V)e'"
30, =V(1-¢"%) fort>0
. . r . d
Sol: i(t) ic=C (‘1]; = %e_”RC fort>0
VINinv,
Iy . V(1)
—00 \\v \/ \/ \/ /\/’ t A
Tl LT AV —
©=RCsec
That is the response is oscillatory in nature o |0 "
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Postal Coaching Solutions

=<

I.t) = 20u(t) — 20e™*" u(t)

A
o N,
v
v
'\ .Y Engineering Publications

i(t)

<

7 =RCsec

Expontionaly Decreasing Response

33.

v
i(t)= —, Vt >0 So, 5t =0 sec

i(t)

A

v
R

i.e. the response is constant

34.
Sol: i = 100u(t)-V,
10

i1= (1%@)—%‘2—5}

Nodal =
V, —20i
S i, +L2—011=0

=21, +1i, +L di, _
200 dt

Substitute i;;

9L, 401, =800u(t)

Sol: It’s an RL circuit with L =0 = 1t =0 sec

800

SIi(s) —i(0) +40Ii(s) =

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

800 20

I - _==_ =
) s(s+40) s s+40

20

I(t) = 20(1-e™*") u(t)

1 .
i1 = IOU(t)—@dld—Lt

i; = (10-8¢™*™) u(t)

35.
Sol:

By Laplace transform approach:

1Q

6

2Q V(t)
AMN—e MW . +x
: élc
2Q 2 — IF V.(t)

domain

For t> 0

Transform the above network into the Laplace

20 Y6 10
W ' W Le(s) ’
1
2( 2Q é&s Vis)
s <> __l
. s -
Fort>0
Nodal =
2 1
V(s) - = V(s) - —
S +V(s)+ 125 _ 0
2 2 141
S
V(s)—L
2s
I+
S
) 1 ¢
:>1C(t):Ze > Afor t=20

By KVL = V_.(s) —i—llc(s) =0
2s s
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At t =0 : Steady state : Resistive circuit

t=RC=8sec
Ve=10+(6-10) ¢
Ve=10-4¢""

Ve(0)=6V

. dyv, _ )
i. =C dtc = e =i(t)

Eu = [ 4 dt =167
0

ﬁu ACE 50 Network Theory
V. (s) 1 1 I(s) 37.
= — 4+ —
ctS 2s S ct® Sol:
10A 10 A 7 10 A
1 -
ve® =1-2¢? V for t20 N LA 10 |
1oa( t)ov ov 0@ 5H 10A Y
VC <>— - 0 V_ ®
4 i(t)
1V . N . .
t=2sec Att=0": Network is not in steady state i.e., unenergised
12V e
%0 4 iL(0)=0A=il(0)
Vi(0H)=10x10=100V
ic ,
A
1 -
ZA 10 A D 10Q v (0
4 =
T=2sec I
>t
0 At t = 0: Network is in transient state : A
resistive circuit
() = 10 A (since inductor becomes short)
: By Time domain approach; T = £ = i = 0.5 sec
Vc(0) =6V (given) B L0 }
Ve(eo) = 10 V ilt)=10+(0—-10) ¢
40 =10(1-e ") Afor0<t<o
WW | d . oy
Cov- l X Vi® = L i) = 100 V for 0<t<oo
10V (D V() =10V 1 1
- ELIFSN,”:OO:ELi2 :5><5><102 =250]

38. Ans: (b)
Sol: +VC1(9_)

+ ov=R

V_— I.(0) -

+ —
B Ve(07)

Att=0: Steady state: A resistive circuit
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Postal Coaching Solutions

By KVL =
V-Va4(0)=0
Vai(0-) =V = V¢, (0)
Vea(0) =0V = Vea(07)
iL(0) =0A =i (0")

\% C

F

Fort>0

Fig ()

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

i(07) = ix(0°)

By KVL =

-Ri;(0)-V-Ri;(0") =0

\% ’2(0*)

i1(0+): ;R

—_— =1

OBS: ir(t) = i1(t) ~ is(t)

Att=0"=

iL(0+) = 1;(0+) ~ 12(0+)
=0A

= Inductor: open circuit

39.
Sol: (b) Transform the network given in fig. (a) into
the S-domain.

40.

Sol:

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

Similarly:

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

1
R+SL+§ -SL {II(S)}:{—V/S}
_SL. R4SL+|LE)) [ 0
SC
Evaluation of i (t) and e;(t) for t > 0 by Laplace
transform approach.
iL(0) = 6A; i () = 4A
e1(0") =8V; e (c0) =8V
20 ¢ ) 20
— MWW MW
8
i J—
16V S oosu§ (Ve
-8
T —F
S V(e
Fort>0
Transform the above network into Laplace
domain.
2Q Ei(s) 2Q
— MWW MW
8
J_D °
16 —— s 5
s | g 2 g D 6
i S
]
v i(s)

X0 OB 03 T} T 01 @ IO ITETT) Nl Hyderabad « Delhi « Bhopal « Pune « Bhubaneswar « Lucknow « Patna « Bengaluru « Chennai « Vijayawada ¢ Vizag « Tirupati « Kolkata + Ahmedabad




;@ éﬂ.,cg 52 Network Theory
S-domain :
2Q Ei(s) 2Q . .
W OBS:T=ZSGC=—(D _ 1 _ 1 4
g 3y T T T
J— >< J—
16_1 J—D g 2 8
LT
::§ i l X 0‘)n — l
s ‘ 2 4 S
44
Nodal in S-domain 5= o 4
8 .
-2 =1 (A critically damped system
E6)-16/s B0 E(5)+3 s Y damped system)
5 + g + s - 0
— 2+— 41.
S 2
. 4 oL
8(s” +6s+32 Sol: o)y _ ¢ =tan'| ==
El (S) =7 2 o, A~
s{s”+8s+32
o | ot, = tan 1( j
E,(s)== 1-—% —
s (s+4) +4 )(0.01
50
ei(t) =8 —4e™sin4t V fort >0 X = ( j
A e(t) t, =32.14 x -
t, = 1.78 msec.
So, by switching exactly at 1.78msec from the
8V instant voltage becomes zero, the current is free
U from Transient.
42.
I ( ) EI(S)+3 .
L\ S Sol: ot, + ¢ =tan'(wCR) + —
2+— 2
2
iL(t) = 4+2¢™ cos 4t A 2t, +% = tan”! ((oCR)+§
fort > 0 w, =4 rad/sec
T 4 1 T T T
~ 2t +—=tan | 2| — |]) [+ = =—+—
L0 ° Ty ( (2)@ 2 4 2
\ 2t =L =t =0.785sec
A NP °cT T e
>t 43. Ans: (a)
0 Sol. At t=0" the circuit is

ACE Engineering Publications
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ﬁ éﬂ.,cg 53 Postal Coaching Solutions
2A 1A 46. Ans: (b)
’—@—‘ ’—@—‘ Sol: A —1 : Linearity property
o« e « e B — 6 : Shift property
2H 2H
C —4 : Time differentiation property
D -3 : Integration property
t
F(S)
Inductor never allows sudden change in current .[ f(t)y dt — T .f f(x) dx
but if we allow the current to suddenly change
then  impulse  voltage  will  establish and J‘ f(t)dt — F(S)
redistributing flux and then current become
equal in them.
Now solving using Laplace transform. 47. Ans: (a)
Sol:
4V 2 s 2V
568 111 i(t) 1Q
+- >
v(t) ==IF
I(s) [4s]=4 -2
-2 s \
1 )= YO _sVE)
= I(s)=— 141 s+1
2s S
. B A) v(t)=u(t) ,
Vi)=—, I(s)=— ... )
S s+1
44. Ans: (b) (B) v(t) = r(t)
Sol: For an LTI network: o | 1
S) = , () =——— ... 4
Y =h() * x(0) , Y(5) = H(s) X(5) ®=7 9= @
Statement (I) is True. ©)vt)=5(t) , V(s) =1,
S3(t) —I> 1 S
Statement (II) is True and is not the correct I(s) = s+ (D
explanation of Statement (I). .
D)v=e’u(®) . V(s)=—.
45. Ans: (a) S+
Sol: Statement (I): True I(s) = S
_ S)=——7= . 3)
Statement (II): True & correct explanation (s+1)
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;8' Ans: (d) Conventional Practice Solutions
ol:
Value of | Location | i(t), Fig 01.
R of poles Sol: The relevant circuit is shown in Fig. for t>0.
(A) |R>>Rc |pr=-o1,|(#) R
(Over p2=-02 " I +
damping)
® |R-Re |prm - |0 v CTF w0 O
(Critical | —o l B
damping) Fig.
(©) | R<Re p=atjp | (2) C=1yF
(Under p=a—jp | Sinusoid Neon lamp ionizes at 20 sec and glows when vc-
damping) | o <0 Decaying (20)=75V
D R=0 =j 1 _0
N 8 =J—€B Sl For t>0, (1) = 100 (1 e j . T=RC
damping) (constant "
amplitude) 75 = 100 (1 _ erJ ,
oscillations
_& 1
(1 —e ° J =—,¢ " =
49. Ans: (d)
Sol: A. The internal impedance of an ideal 20 20
current source is infinity (7). e’ =4, — =log 4
Note that for ideal voltage source, the
internal impedance is zero. Tt =RC = 2 = 1442
B. Attenuated natural oscillations, the poles of log, 4
the transfer function must lie on the left R = 14.42 — 1442 MO
hand part of the complex frequency plane, 107
like s=—a,s=—at+jB,a>0(5
C. Maximum power transferred is !
. 5 - Sol: The given circuit is shown in Fig. 1
)i o e i : %
4Q i =40
D. The roots of the characteristic equation give o4y ——
natural response of the circuit. (2) L t=0 _|_ I
So the answer is (d) Fig.1
The behaviour of the circuit at t = 0~ is shown in
Fig. 2
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@ éﬂncg 55 Postal Coaching Solutions
The negative resistance is not valid.
M L
R 0 i%“ﬂ ~R=8Q
24V ] oot At t = o0, the behaviour of the circuit is shown in
L vyi. - (¢ .
] T - Fig. 4. R=80
} A q
Fig2 2i(e0)
. 24
,0)=— 1
L( ) R+4 M 24V —/——
24 x 4 96
ve(07) = = —— 2
«0) = Ris " R+s @
o Fig. 4
i((0)=0 Apply KVL around the mesh APCA:
The behaviour of the circuit at t = 0" is shown in . .
24 = 16 ig(o0) + 4 iy(o0)
Fig.3
2 R : 24
AW ij(0) = — =12A
20
TV 03.
Sol: it 20
w4 ®
Fig. 3 10V F
Givenif(0) =12 A SuH
iL(0) =i (07), ve(0) =ve(07) .......... 3) 0 - o
Let the current through 4 Q be i;.
T=10pus
Apply KCL at P. i .
=i (0) —ig(0) .l @) I(s)=— (1-¢e™ ™) Y
Apply KVL around the mesh APBCA S S+
24 -21 R=4i;=vc(0) = & l (1-e™)
24 —i\(2R + 4) = ve(0) L S(Hj
Using equations (1), (2), (3) and (4) L
24 — (2R +4) 24 -12| = - 10| L |1 1 T
R +4 R +4 = —|=-|--— )
) LIR|s (R
-1.2R —4. L
24— 2R + 4) 24—-1.2R —-4.38 _ 96
R+4 R+4
24(R+4)-2R+4)(-1.2R+19.2)=96 = 1_0 E_L (1-¢™)
24R - (-2.4R>+384R - 48R +76.8)=0 R s+
R*-4R-32 =0 L
R R
R-8R+4)=0 i(t):S(l—e Lt] u(t) - 5 {1—(& o T)} u(t-T)
R=8Q,-40Q
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{ﬁu ACE 56 Network Theory
R 2 20 200 .,
—==x10°=0.4 x10° sec™ = 2

s+1  s+1
i(t) = 5(1—e 0410 i(t) = 20 e u(t) =20 e ' u(t—10"%)
_5 [1_e7 O.4x106(t7|0x1076) u(t _ 10 % 1076)] t:O, 1(0+):20A
t=1ps, i(17) =20 exp(-10~°
i(10ps)=5 (1—e *) =4.91 A hs, 1( +) exp( 6)
and (1) =20 exp(-107) — 20
i(t)t The variation of i(t) in shown in Fig. 3.
491 At-----=- . i 4
i ) N
0 10 " |
0 1 ,'/— ] t(u;sec)
04. Fig. 3
Sol: The RC circuit and its input are shown in Fig. 1 05
V() Sol: Given v(t) can be expressed as follows
1
1oV =333 V(1) = = [x(t) — r(t=to)]
1 usec t

vit)=10[ut) —u(t—t)) ], to=1 usec

The transform equivalent circuit is shown in

Fig. 2. 05
* _ 1
wO w) T
Fig.2
—st,
V(s) = 10{1—e }
S S
Zs) = 0.5+ = ¥
2s 2s
10 “is) 28
I(s)=—(1—e )=
6=

[x(t) —r(t-2)]

V(s) zﬁ(l—ezs)

N~ N

Converting everything into Laplace domain

1Q

_ p ) 5
= V() I(s) -
_ S

l—-e™ 1

25(s+5) =5L(sl+5) B séfsﬂ
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111 1 171 1 ‘ (i1) For v(t) =1 u(t)
OSSR (R o
10{s (s+5)| 10[s s+5 LGS =—— = —+
(s+1) (s+2) s+1  s+2
Taking inverse Laplace transform SO =(¢""~1e2Yu()
i(t)= %[u(t)—e‘“u(t)]— When v(t) = 2 u(t - 3)
i=2[e" V-2 I ut-3)
Llu(t-2)-eu(t-2)]
10 (iii) For V(t) = 8(t) =V(s) =1
So, S
1 =l(s)= ———
i(t) =—{u(t)—u(t—2)+e’St [u(t—2)—u(t)]} (s+1)(s+2)
10
-1 2
= _+_
06 s+1 s+2
: _ —t 2t
Sol: The RLC series circuit is shown in Fig. 1. =13(t) = e u(t) + 2e7u(t)
R I L When V(t) = 35(t -1)
% i(t) = -3¢ u(t=1) + 6e 2 Du(t-1)
V(s) C
o T 07.
Fig.1
R=3Q,L=1H,C=05F e RN IOSHF
’ S L1218 A
I(S) = &
Z(s)
1  LCs*+RCs+l
- SV_ ()
Z(s) = R+Ls+ "~ ©
200V
R 1
L(Sz +LS+LCJ S-domain
B S
1
_ 8743542 (s+D) (5+2) 2000 SL s
’ ’ v
(i) For v(t) = r(t), V(s) = 1/s>
Ir(s):;:U_z ﬂ.}.l/_z m
s(s+1)(s+2) s s+l s+2 =/
200
=i (t) = [%—le_“ +%e_2t)u(t) S
200

When r(t) is magnitude scaled by 12 and
delayed by 2, i.e., v(t) = 12 r(t — 2)

. 1 ey 1 o
i(t) = 12 {E—le 1t-2) toe 2 2)}u(t—2)

1

2
200_ 1) (RESHLCST+1Y)_ (o Rg 1
S CS L~ LS
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Network Theory

]

I(S)zzgo R1 1
(SZ+S+ j
L LC
-1
Llgy st
L LC
200 1
1(S)="—
0.1 SZ+ZOOS+ 1 .
0.1 0.1x100x10™
1
I(S) =2000
®) [Sz+20005+105}

= 2000 !
(S_52)(S+1948)
i(t) = 1.055[¢ ™ — ¢ 1**Y

08.
Sol: K
RZ Ll L2
R, i(t)
V= R; § R4
For t <0, K is opened

Att=0", L is short circuit,

1Q 0 12(0)

1Q§ §1Q

.o~ 10 -
B(07) =25 =4A=L(0")

i,(07)= 1120) —2A

Fort> 0 K is closed

4A 2A
1Q
WW 21219
1H 1H
1OVT 210 10
S- domain
4/S 2/S
1Q : g
WW 1124
S S
10

§IQ

S v
. 4V

0

L(S)
Veq

For Vth = VOC

: S

+
st S ]u&
9 f) Vi(S)

S @ 20 lVg@Vl(S)
10+4

s ~__10 4
(2+S) S(S+2) (S+2)

I(S):S(l— 1 j+i
S St12) S+2

1(S) =
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Vi(S) =1(S) 09.
10 4 Sol:
V.(S)=V,(S)=2+ + _
oc( ) th( ) S(S+2) (S+2) O_\at/o R
AAM
B 2(S* +4S+5) +
S(S+2) v(t) () L §3

For Ry,: Fig.

1Q S

S di(t .
1Q Ry v(t)=L % +R 1(t)

l=(1+5)||1)+s

_(1+8)+(S+2)8  $*+3S+1
" (s+2)  (S+2)

Thevenin’s equivalent circuit is

Ry
MWW

1(S)

Va (D 10

2(S> +4S+5)

\%
(5 =Y ___SE+2)
R,+1 S +3S+1
(S+2)
2(S* +4S+5)/8
18) = 2 )
(S*+3S+1+S+2)
2 2
() =26 +4S+5)  2(S>+48+5)

(s +45+3)  S(S+1)S+3)

_|A, B C
I(S)_[S+(S+1)+(S+3)}

{10/3+ (-2) .\ (2/3)}

S (S+1) (S+3)

i(t)= [?— 2e” +§e3t}u(t)

L %+R 1(t) = Esin(ot+¢)

- .
Phasor voltage, V =E e’

Phasor current, Y =X = E—e”’
Z R+joL
g et

R+’ L?

i (t)= AT sin {cot +¢—tan™ (oa_Lﬂ
T R4’ R

The transient part of current is obtained from the

homogeneous equation:

di(t) R. . -2
+ —i(t)=0, 1. (tH)=Ke "
= B (t) ()

R

i ()=Ke - +i_, i_(0)=0

K= —

E . 4 (oL
—————sin|¢—tan" | —
JR*+0’ I { ( R ﬂ

There is no transient in the current if

oL
i(t)=0 or K=0 or ¢=tan" R
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10. A=l T s 2 5(s402)
Sol: 1di, F1i (1) - 2di, _ 5 —-2s 4s+1
dt L(g) = 464029 5 1
. . 1 - - =
B ﬂ+4&+1i2(t)20 s(s+0.2) s s+0.25
dt dt ll(t) — (5 _ e—042t)u(t)
1,(t) > 1,(8), 1,(t) = L,(s)

(s+DI, = 2sl, = 3
S

—2S11+(4S+1)12:0

A
II(S):XIa
S sl s@as+1)
A =g =—
0 4s +1 §
~20(s+0.25)
S
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Chapter > AC Circuit Analysis

Objective Practice Solutions

01.
Sol: I = =—j (t)dt
=3+0+0=3A
[1 1.,
ms ?J.O 1 (t)dt
W2\ (52
¥+ ——=| +| == +0+0+0
V2 V2
=52A

02.
Sol: V, =V, =— j (t)dt =2V

Here the frequen01es are same, by doing

simplification

1 1
v(t) =2 - 32 (cos10tx — —sin 10t x— )
V2 V2
+ 3cos10t
=2+ 3sin10t V
SO Vims = [(2)° +( * =85V
\/_

03.

Sol: =X :—I tﬁt =

L, A
ms Tj‘ox(t)dt_ﬁ

04. Ans: (a)

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

value of half cycle.

05.
Sol: Complex power, S = VI

I 20

L3 U0

30020V @ —10Q 5 200

I 2Q j12.5Q
——WW 21218

+
30020°V (%) H 438

300£0°
2+3125+4-38

= 1=40£-36.86°
..Complex power, S = VI

=300 £0° x40 £36.86°

= 9600 +j7200
..Reactive power delivered by the source
Q=72000 VAR

=7.2KVAR

=1=

06.
Sol: Z=j1+(11)||(1+j2)=1.4+;0.8
E‘ _10£20
7 By ohm's law 14+_]8
=6.2017£-9.744° A
_I(1+j2)
I—j1+1+;2

=6.2017£27.125°A

1=
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{ﬁu ép@ 62 Network Theory
o Id=gb Network is in phasor domain
Ll-jlel+j2 Nodal =
~3.922/-8131°A v,V V-5
E, = (15 )I, = 8.7705./ —17.875° V 22 =505
— 0
Eo=0.5L,= 1.961£—81.31°V V=6.32218.44
A% 18 140
o= — =3.16£18.44°=3.16¢"*"
07. 2 3
Sol: Since two different frequencies are operating on ira(t) = RP[Iroe™]A .
the network simultaneously always the super = 3.16cos (2t + 18.44°)
position theorem is used to evaluate the By super position theorem,
response. IR(t) = iri(t) + ira(t)
By SPT: (i) =5+ 3.16c0s (2t + 18.44")A
08. Ans: (¢)
10V — 1 1
Sol: ———1I(s 2+2s+—j=0
s”+1 s
Network is in steady state, therefore the network I(S 254265k 1 o 1
10 s s?+1
is resistive. Ig;(t) = ? =5A
I(s) + 25°I(s) + 2sl(s) = —
. s”+1
il
® H A o, 2d% 0 di
- i(t)+ =5 +2—=cost
ira(t) 4 dt
~ ) 5cos2t d2 1 d .
20 >— 2—21+2—1+1(t)=cost
dt dt
Network is in steady state 09
As impedances of L and C are present because ; .
of @ = 2. They are physically present. - i ‘/VR + (VL ~ Ve )
_ 1 V=Vr=1LR
Zi=joL; Z. = j(o_C|w:2 100 =1.20; I = 5A
Vi, V
1 Power factor = cos¢p = —-=—L =1
. P vV Vv,
! li So, unity power factor.
ira(t) +
~)520°
2Q >_ 10.
Sol: By KCL in phasor — domain
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=-1,-L-I=0 vV V
b L =lc= —=—" /90°
13 = _(Il + 12) ZC XC
i;(t) = cos(t + 90°) . vV VvV vV 45t
I =1290°=j1 " 2tjol 2+2 242
_ 0 __ .
L=120"=(1+j0) Therefore, the phasor I; leads I, by an angle
L= 2 Zn+45°= 2 +49 of 135°,
i5(t) = Real part[[;.¢”'JmA
= — /2 cos(ot + 45" +m)mA 14.
i5(t) = —~/2 cos(ot + 45°)mA Sol: I= T +I¢ =10=\T; +8°
I = 6A
11. :
2 2
VvV V \Y4 Li=1=4/1 +(I -1 )
Sok: = — o =8 12418 foE e
Lo fe 10= 6 +(I, ~1.)
[=8+6j Ac Ay
L—Ilc==
1= +100 =10A I, _8—48
12 Ip —8 = —8(Not acceptable)
' v
Sol: By KCL = Since I = Z_ #0.
-1+ IL + IC =0 L
VoV 3.0 LL=16A
IL=—-= = I > Ic
Z joL . 1
L J<3>.U
3 IC =8A
320° 3.20°
L= —/—= 5 =3.,-90° ®
] Z90
I=3/-90°+4.,90° .
=3 +j4=j1 = 190" " 12020
13. Ans: (d)
Sol: I
I = 16A
90 135 =2 rad/ 8
ey I, leads 120.£0° by tan™'| ¢
45
0 (8
I, lags 120£0" by tan | —
L 6
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":ﬁv éﬂ, oo 64 Network Theory
I, I, 1
Power factor cos¢p = — = — Ze=—Q
I I joc
6
=—=06(lag) ASfiiZcT:>Ic~L
10
16.
15. Sol: Psq = 10Watts (Given)
25A 5
Sol: = Pavg = Irms R
10 = L5

ACE Engineering Publications

Network is in steady state.
| v | [30020°| _
Zc| |1/ joc)|

=300 x21 x50x159.23x10°°
Ic=15A

[c| = Ve

=4I +17
25= /I3 +157
Ig = 20A

25
Ic
ot +
36020 ~> +
50Hz -—cC

i
%5

Vg = RIg|By ohm’s law
300=R.20

R=15Q

Network is in steady state

=200 _o4a
15

So the required Ic = V257 — 247

voe =7
360 x27 xf x159.23 x10°=7
f=19.4Hz

OBS: I¢ = i
Z

C

Irms = \/5 A

Power delivered = Power observed
(By Tellegen’s Theorem)
Pr=Ims( 5+ 10)

2
Vims Irmscosp = (\/5 ) (15)
50
2

cosd = 0.6 (lag)

x\/zcos¢=2 x15

17. Ans: (d)
Sol: VL =14V

A

Y
A

Vr =3V

v

VC =10V

V= Vi (Vi Vo) =3 +(14-10)

V=5V
18.
1
Sol: Y=Y,+Y.= —+—
L ZC
1 1
= +
30£40° 1
joc
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. 1 0 21.
=joc + — £-40
30 Sol: V=4/10°and =2 £/-20°
i+ i (cos40° —jsind0°) Note: When directly phasors are given the
30 magnitudes are taken as rms values since they
Unit power foactor = j —~term =0 are measured using rms meters.
oc = Sm;éo Vins =4Vand I, =2A
. A% .
__ sin40° — 68.1F Z:T:2430° ;0=30° (Inductive)
2 x50%30
C=68.1pyF P=104/3W,Q=10VAR
S=10(y3+1) VA
19. Ans: (b)
Sol: To increase power factor shunt capacitor is to be 22. Ans: (a)
placed. Sol: S=VI*
VAR supplied by capacitor = (10 £ 15°) (2 £ 45°)
= P (tand,—tandy,) =10+j17.32
=2x10°[tan(cos ' 0.65) — tan(cos '0.95)] S=P+jQ
=1680 VAR P=10W Q=1732VAR
V2
VAR supplied = — =V’oC=1680
X 23. Ans: (¢)
1 Sol: Py = (Ims)” xR
= 2680 = 337uF NG
(115)"x27mx60 I :1_0
rms \/5
20.
Pr = ( 10 ]2 x100
1 41 o (0] R | ™ —
Sol: Z:X= 602107 —50 =32.,30° \5
I 5,-20°-90°
$=30° (Inductive) & ,
240
160 5 —
Vrm V ’Irms V2 ( j
\/5 ! \/5 Sol: Py, = V2 = 480 watts
R 60
Real power (P) = >< ——xco0s30° V =240.20°
i LoV 20
=200+/3W “ R 60
160 5 1 \Y 240
Reactive power (Q) = IL= —:l:— =6A
222 Z, X, 40
=200 VAR . V V 240 IA
Complex power = P +jQ = 200(+3 +j1) VA c Z_C_X_C_S__
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":ﬁv éﬂncg 66 Network Theory
I. > I¢ : Inductive nature of the circuit. 500 50 i50
—WW——a 21115
1= 12 + (1, -1, )* =+/42+32 =5A 1
L 4 . +
Power factor = T—g— 0.8 (lagging) Ssin 5000069 é i50 = iX.
25. Ans: (a)
Sol:
+yh +ylk WhenI=0,
=30 1Q = impedance seen by the source should be
+ 0
<> 10020 100.0° infinite
0 ~ .
100£0 § 0 -j4Q =7Z=0
- ] . . .
} ;ﬂQ 2 Z = (5045) + (5) || j(5 —Xo)
i . iSxj(5-X,)
| =50+ j5+ 0T 2) o
! P+i6-X.)
NW is in Steady state. =j(10-X.)=0
0
= ms 1
V=100£0 0:>V 100V =X =10=- 10
100£0 wc
= ——— =[] =20=Tjm
(B+j4) C= S000T0 =20 KF
X
100£0° ¥
1= 2Ll = LA =T
(1 - JI)Q V2 27. Ans: (¢)
P= P1 + P2 4 2 4 2
2
= (IlrmS)z-3 + (IZrmS)2'1 Sok Irms :\/3 +(_j +(_j
2 100} \/E \/E
:20-“[3)‘ /25 =5A
P=6200 W Power dissipation = I” R
Q = Ql + QZ = (Ilrms)2-4 + (IZrms)z-(l) — 52 x 10
=3400VAR —250 W
So, S=P +jQ = (6200 +j3400) VA
28.
26. Sol: X=X,
Sol: 00 1mH \mH = ® = My, the circuit is at resonance
1 I Ve =QVs/—90°
L X
\ 0= R
Ssin(SOOOt)GD § ImH —C
4 __ b Xe
o,cR R
= Ve =200-2-90" =200V
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{ﬁu éﬂ.,cg 67 Postal Coaching Solutions
29. 32.
Sol: Series RLC circuit 1 1
Sol: = — + -
f=1f.  PF=cos¢=0.707(lead) Ry +joL Re— o
oC
f=1fy  PF=cos¢=0.707(lag) ) )
! ¢ s R, —joL R.+j/oc
f=f, PF=cos¢=1 = 2 > 2
R +(oL)’ RZ+(1/0C)
30.  Ans: (b) )~ term =0
Sol: Network is in steady state (since no switch is

31.

Sol:
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given)

1x10°20°A(%)

;{ L ic

LetI=1mA

o = my(Given)
=>k=1

I, = QI£-90° = QI
Ie = QI£90° =jQI
IL+1c=0

Ik + L[ = [T -QI|

=1/1+Q* >1

Ir + Ic| = [T +3QI]

=11+ Q* >1

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

A
1 oL
(O]
R &
L0
0 ™

rad/sec

33.
Sol:

10Q

—/

% Fig.

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

where, Z; = (_—J) [ (j4(0 — —Jj
® ®

2:

For circuit to be resonant i.e., ®

1
4

o= — =0.5rad/sec

1
2

", Oyesonance = 0.5 rad/sec




:s
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34. 2
Y= (2) = imho
L o 0,45
Sol: (i) E:R = circuit will resonate for all the 2 +Z
frequencies, out of infinite number of 7 2 o
frequencies we are selecting one frequency. 4
1 1 0
e, m = ﬁ = > rad/sec I= X: 10540 =8.,0°
Z
%
then Z =R =2Q. ¢
0 i(t)=8cos— A
_ % _ 10?0 _ 50" 4
ZL = _]0)0L = J 1Q
— 1
i(t)=5cos— A - - 10
jo,C
1
71 =jooL =j2Q ; Zc = - =—j2Q. o 1
Jooe R (C-h B E ]
. 2+31+2—-j1 4
I(2-32) 1

L= = /45
2+2+2-2 42 ip = —8\/_ cos(i —tan~ (lD
4 2

Lo _lexih N5 @

i 2+51+2—-31 4
e 1 42—
C2+2+2-2 2 85 , (1
5 .= ——COSs| —+tan —
1, =—cos[—+45°jA 4 4
\/5 2 _ 12 2
P _IZ R+IZ R Pavg Iers R+ICrmsR
L(rms)* c(rms) *

5 2\/5 2 2\/5 2
@ 2+ @ 2 :(f} 2+(f} 2
V2 V2 =40 watts

=25 watts
35.

... L s
(i1) E # R” circuit will resonate at only one Sol: (i) Z, =2 +(ZL I Z. I 2)

frequency. =2+ X| - X2
i'e‘a at @y = —:lrad/SCC — 2+ 2XLXC(>§LXC _J2(XL —2XC))
JLC 4 (X, X)) +4(X, -X,)
ThenY = mho J-term =0
R*+— = 2(X,-X¢)=0
C XL = Xc
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69 Postal Coaching Solutions

1 S=VlI
o,L=——
0,C v A" R joL
1 1 1 4/ R + _](OL R - joL
0, =———==—==—rad/sec
* JLC 44 G- V2 VijeL
At resonance entire current flows through R? + ((,)L)2 R? + (@L)2
2Q only. S=P+jQ
(i) Z, =2+4+2=4Q 2
Plozo, Active power (P) = %
X, = X¢ R+ ((DL)
VZ
(i) V,(t)= V. sin[ * |V P=j—)z 2
1 m 4 R 1 + Q
V2
Z=4Q Pr—
2 2
V() v () R°Q
l(t) = Tz = Tsm 4 =1 As Q is doubled, P decreases by four times.
. V. . [t
V=2i, =—= [Zjvzvc =V, 37.
1
Sol: Z¢g=——
. dv, V_ ( t ) joC
1o = =—"c0S| —
a2 4 ©=0;Zc =0 = C:opencircuit =i, =0
. V. ([t
1 = —msm[z + 9OOJA ® = 0; Z- = 0= C :Short Circuit = i, = }IE{m Z£0°
2
¢ Transform the given network into phasor
- _JVL dt=—->= cos ( 4j domain.
[t o Yy ?
= ﬁsm(— -90 jA
4
.o En 400
OBS: Here 1, +1c =0 4t
. . . . . . 0 ~ En 400
= LC Combination is like an open circuit. En 20 (
36. Ans: (d) °
Sol: R Network is in phasor domain.
VW—ED By KCLinP-d = I=1,+1,
«— V — | _EpZ0°
= —m=7
oL R
Q=2
R [ - En40° _E, L0
2oL . 2 1 j
=== - R, +——— S
Q 2 x orginal - Q —doubled ioC oC
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{ﬁu éﬂ.,cg 70 Network Theory
E Ztan™ ! R>=0
m oCR, (b) N /
2 = o~
( %
oC I/ '
E,20° V! /
Q):oo:}lz =nll{— i ,,/'
2 s >E,, £0°
©=0=1,=0A OF g \Rz_oo
0] :(O and oo) j the current phasor I, will always R,
lead the voltage E,, £0°.
39.
E _Z0°
(a) ©=0 o oo Sol: 1=1,+L, [, =——
______ N 1
L \\/ E,£0° 5(» _ B £0°
0 Ey * R,+joL
E L
. :—mé_tan_l [O)_j
Co A CECIC
0 : /E‘ 40050)
E, E, m
‘«Rf R, (1) If "o" Varied
le—— Em —
38. R
o 0 2 o 0
Sol: R,=0=1, =%:EmmCL90° (a) ) L En 20
0+— \*. S
JoC Teeeeo ~ Ve=0
R,=0=1,=0A ® =0

(a)
\ N
E.oc I

= »E,, 20°

(b) '
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{ﬁu ACE 71 Postal Coaching Solutions
ii. If “R,” is varied During negative half cycle D, is forward biased,
R D, is reverse biased so current does not flow
though ammeter.
0 / . A
(@ : »E. 20 Z
Em \\\
(L)L L :I R,
i\ 0 T 2n 3n g
R: =0
Half wave rectifier waveform
E, S A
R R, = " m  Rm 10kxmw
1
0 / 0 0.
(b) o > Eny £0 . W
T g "
N N 42.  Ans: (d)
i R2 ,/I ’ ’
e Sol: For-V,sinwyt —» I, = OL =1,
\Rz -0 ®,
v 2 V
For 2Vysinwpt — I, = 0 = I,
40. Ans: (a) 2o, L
Sol: The givc?n circuit.is a b.ridge. ‘ Ly 8 3V, -1,
Ir = 0 is the bridge is balanced. i.e., Z; Z4 = 3mo,L
Ry R3
Where Z: = R +ioL For 4V, sin ot > I, = 4V, = I,
ere £, = 1_J(0 1, 40)0L
Z,=R, - ] 2
oC, RMS value = /41, = 2],
As R, Rj is real, imaginary part of Z, Z,= 0
R ol 1
(‘OLIR4_ 1 =0 or 1_ 43. Ans: (b)
C, R, oC,R, Sol: X
or Q] = Q4 VL = 6
Where Q is the Quality factor.
10V
41. Ans: (d)
Sol. During positive half cycle of supply D, is
forward biased, D, is reverse biased so current v > 1
flows through the ammeter. ‘
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72

Network Theory

£ACE
V=V +V,
= 100 = V; +36
:>VR:8V
o= 8 _4a
R 2

44. Ans: (b)

Sol: Full wave rectifier
Here each half of secondary winding will
received 2sinot
V, 2
V =_m - - \/5
RMS \/5 \/5
2
Viws. W2
v B
R 10
45. Ans: (b)
Sol: Complex power,
S=VI =(100=j50) (3+4)
=300+200+ ;250 =500+ 3 250
True power = Re[V1 ] = 500 W
Reactive power
=Im[VI ] = 250 W
So Statement (I) is True, Statement (II) is also
True, but Statement (II) is not the correct
explanation.
46. Ans: (d)
Sol: In series RLC circuit,
i(t) is maximum at resonance frequency,

47.

Sol:

48.

49.

Sol:

50.

Sol:

v
Vo= S -
9 1
oC . R°+|oL——
oC
=Vsg for =0
= Q Vg for o=,
=0 for ®—>
V¢ is maximum at ® = 0 (i.e., ® < @) provided
Q<1

Statement (I) is false, but statement (II) is true if

Q<1

Ans: (a)

When the input impedance is purely resistive,
the voltage and current are in phase.

Note that at resonance, power factor is also

unity.

Ans: (¢)

Ans: (¢)
At resonance, the power factor of circuit is
unity.

Hence statement (1) is false.

Ans: (¢)
o o LT R;C o - |
res 0 L— R; C H 0 \/E
Resonance occurs at all frequencies, if
L
R/ =R} = —
C
and the resonant impedance
L
=R, =R, = c

.. Statement (I) is True, Statement (II) is False
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S1. Ans: (@) Conventional Practice Solutions
: V,(jo
Sol: G(ja)=—el®
Vi(jo) 01.
1 Sol: V,=V,=120V,
_](DC 1 R1:ISQ,R2:7Q,P:550W
- 1 1+ 550
R+ 1TIORC P=P (R, +Ry), I’ = 2= = 25 1=5A
JjoC 22
=120 , =0 Let X, and X, be the reactances of the coils.
— 0707 5% | o L SYRZ+ X2 =120 , |1574X0 = 24
’ RC
X2 =247 —15% | X, =424°-15% =187 Q
=0£-90° , ® >
577 +X3 =120, X, =24 -7 =22.96 Q
52. Ans: (¢)
Sol: Curve AA — Current waveform, 02.
having maximum value at Sol: The instantaneous power is given by
O=Oes (1) P =vi=1200cos (377t + 45°) cos (377t — 10°)
Curve BB—|Z| ... ) P =600 [cos (754t + 35°) + cos 55°]
1
. 1 . AcosB = —[cos(A + B)+cos(A-B
Z:R+J((DL_RJ =—jo, =0 e SOk 2[ ( ) ( )]
P (t) = 344.2 + 600 cos (754t+35°) W
Z=R, o=y .
The average power is
Z=jw, 0=c |
i P=—V I cos(6, —6,)
Curve CC» X.=- - Capacitive 2
«Q 1
=—(120){10)cos[45° —(-10°
reactance 3) 2 ( )( ) [ ( )]
Curve DD — Net reactance, =600 cos 55°=3442 W
. 1 .
X=jloL— ... 4) % )
oC Sol: The apparent power is
=i, 0=0 S=V, I, = 20x-2 _240va
=0, o=0w \/5 \/5
= joo, ®= The power factor is
Pf=cos (6, — 6;) = cos (—20°-10°)
= 0.866 (leading)
The pf is leading because the current leads the
voltage.
The pf may also be obtained from the load
impedance.
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{ﬁu éﬂ.,cg 74 Network Theory
:X:M:304_300 05. Super mesh
1 4/10° Sol: oA,/
=25.98-j15Q S i
| JaQ== | NONEEANE+-
Pf cos (=30°) = 0.866 (leading). N Iy :
The load impedance Z can be modelled by a '\é\g\f gg
25.98Q) resistor in series with a capacitor with 10.20°v(F ~ po—t VJ(: ~ 3,0°A
1 L - b
Xe=-15=——
oC
= 1 = ! =212.2uF Meshes 3 and 4 form a super mesh due to the
150 15x1007
current source between the meshes.
For mesh 1, KVL gives
04. ~10+8—2)1, (—2)L, -8 I, =0
Sol: Nodes 1 and 2 forms a super node as shown in B2, + 21, <8, = 10 —cceme )
below figure
Super node For mesh 2
Vl ________ ‘Yz IZ B (2)
) ‘I ------- "7 For the super mesh
3A =j3Q 260 120 (8—J4)L; — 8L, + (6+j5)ls — j51, = 0 ---- (3)

Applying KCL at the super node gives
AR ARA

-3 6 12
36 =j4V, + (1-52)V,
and

Vi=V,+10£45°

3

Substituting equation V; in equation (1) results
in

36 -40£135°=(1+j2) V,
=V,=31.41£-87.18°V

From equation
V=V, +10£45°
=25.78 £-70.48° V

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)[, - 8I;=10+j6
Combines (3) and (4)
=8I + (14+))I3 = —24-j35 ------ (6)

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

equation
8—j2 =8 || 3 10+ j6

[ -8 14+j:|{1j_{—24—j35}
We obtain the following determinants
Ao ‘8 -2 -8

8 14+]j
=112+ 8= 2842 —-64=50—j20
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A= 10+ j6 -8 100400
' 24-35 14+] g_z 24 =T 9
=140+j10+j84-6—-192 - 3280
ek ! V1= 2_]+2 _10040"
=-58-j186 -
current I; is obtained as 100
A, —58-1186 V0= —
[ =ol="20" % 3618,2745°A 3-2j
A 50-320
_ i V£6=27.735/33.69°
The required voltage V is ) o )
. . 0 The given circuit is shown in figure 2. and
Vo=—2(1;-1,) = —j2(3.618£274.5"+3)
) 0 Assume V0 =27.745/33.69°V
=—7.2134-j6.568 =9.756£ 222.32° V
I, 8Q
06- . > AVAVAVAV X
Sol: The given circuit is shown in figure 1. 10040"() <~>27 735./33.69°
v : .
8Q 8Q2
AVAVAVAV —WV\I— (ii)
100207 - 240 ()100.£0° \
© e 2 O Dy | _100£27.735/33.69°
- R
7 O] (ii) [[=9.615-;1.923 ... 2)
7 =8+ ( |l 4) It is clear that from equations (1) and (2)
44 to become circuit (i) and circuit (i)
—g+ V0 =27.735/33.69°
4+34
_ar j4 07.
1+ Sol: The given circuit is shown in Fig.1
_8+12 ] iic ir
1+ ] 10sin2nt (~) 1uF 4%Q
_ 100£0° —‘7
[8 +12 jj ol
1+] The energy stored in the capacitor varies with
[=9.615—-j1.923 ......... (1) time, the stored energy dissipated by the resistor
Apply KCL at node V" over this ir.lterval. The.se are actually two
. completely different questions.
SISO Y e only source of energy in the circuit is
V-100£0 V \% Th | ¢ h
8 4 4 the independent voltage source, which has a
X_ﬂ V 100400 ~0 value of 10sin2nt V. In the time interval of
8 4 4 8 0<t<0.5s.
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The power dissipated by the resistor in terms of

the current ig.

V  10sin2mt
*TR 1000
i, =0.01sin2nt A
and so
P, =izR =(0.01)’ x(1000)sin” 2mt
=0.1sin” 2t

So that the energy dissipated in the resistor

between 0 and 0.5s is

0.5
w = [Pt

0.5
= IO. Isin? 27tdt

0.5
_ 0.11[1—005471‘[}“
0 2
sm4nt

V., (t) =10sin 2t

(0= V. ()x—
R+—
Jo

or
dV (t)
t) =
i.(t)= it
=c.10cos2nt.2n
i (t)=20mx10"° cos2nt

The energy stored in capacitor between 0 and
0.5sis

0.5 dV
o, = [CV=—=dt
T dt

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

_200mx107" °F

2sin 27t cos 2mtdt
2 0
0.5
—100mx107"2 jsm4mdt
0
_100rx10-2| —cosAnt |
41 0

-12
_ M[cos(O) —cos 47t(0.5)]
T

o =07

C

08.

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

S
I 1. N I {L/
+ R R
C = —_—
Y L
— L
Fig.1

The phasor diagram is shown in Fig. 2
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09.
Sol:

For unity P.F, ¢ =0 .

l:Y:jcoC+—,
\Y% R+joL
. R—-joL
= joC + —1—
! R*+w’ L2

R . L
—EQFHW*EETJ
For unity P.F, I and V should be in phase
ImY=0

L

2 C= ———
R*’+o’ 2

At resonance frequency, ® = m,
1
o, L =
o, C
1 1
®, = = = 10’ rad/sec
JLC /1107
1=1% _j0a
10
Power consumed = IR =100 x 10

= 1000 W

6
Z=10+j(m—£j
()]

100 Y’
17| = 100+(c0——j
()]

_ Vv _ 100
|Z]  1Z|
2
Power consumed = * R = |1;0|2 R
5 5
0.1x1000 = 0 |zp = 12 _
| Z | 100
6 2
100+[m—£] = 10°
0]

3

10°
0)__
()

® +300-10° = 0

+30 + /900 + 4 x 10°
T 4 15+10°

= £4/900

+30

0 =
2
=1000 + 15 and 1000 — 15
= 1015 rad/sec and 985 rad/sec
10.
Sol: Z(jo) = ~ IOk _
R+joL oC
R=1Q,L=1H,C=2F
- jo J
Z2(jo) = —— — —
(o) I+jo 2o
_20°—jto  o+jRw’-1)
20(1+ jo) 201+ jo)
_ [0+j2e’~D](-jo)
20(1+w°)

o+’ -1) L Qo -1-w?)
20(1+m%) 20(1+m%)

o (" —1)
1+’ 20(1+0°)

For resonance, Im Z(jo) =0, o’=1,0=1r1/s

.. Resonance frequency, w, =1 1/s
| 1
ReZ(jo) = 5 Q

If the positions of L and C are interchanged,

_%Xl )
Z(jo) = —2  1ie= I +jo
-3 20—
20
B —j+j2c02+(o_ o+j2o’ -1)
20— j Qw-j)
_ [0)+j(20)2—1)] (Cw+))
(40)2+1)
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Im Z(jo) =0, gives 20 2 0" = 1)+ =0
2Qe*-1)+1=0

40°=1, 0)=lr/s
2

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

1

and ReZijo) = 7527 =5
0

1
o changes from 11/s to Er/s and resonant

impedance is resistive and remains the same

as l Q.
2
11.
Sol: The input admittance is
Y=joa(0.1)+L+ 1_
10 2+ jm2
. 2-jm2
=0.14jo(0.1) +
Jo D f

At resonance Im(Y) = 0 and
2m,

=0
4+ 4o,

®,(0.1)—

47%%@3:@0(0.1)
1=02+0.2 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
Y00 7 ) R o
: 1 1

A
= Y(jo)= Y, (jo)+ Y, (jo)
1 1

= . + .
R, +jl0 4-j5
R, —i10 i
Y( )_ L) 4+J5

= +— 1
R +(10)° 16+25 @
For finding resonance frequency
Im[Y (jw)]= 0
From (1) 2_']10 + s =0
R; +100 16+25
10 _ 9
Ri +100 41
Ri =82-100

R, =+4/-18
RL :J\/E

The resistance which is having displacement
angle will not exist. So, the resonant frequency
for above network there can be no value of R;.
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Chapter > Magnetic Circuits

Objective Practice Solutions

01.

Sol: Xc =12 (Given)
Xeq = 12 (must for series resonance)
So the dot in the second coil at point “Q”
Lyg=Li+L,-2M

Leg =Ly +L, —2K4/L|L,

oL =oLl,+oL, -2K/L|L,0.0
12=8+8-2K+8.8
=K =025

02.

Sol: X¢ = 14 (Given)
Xieq = 14 (must for series resonance)
So the dot in the 2™ coil at “P”
Leg=L;+Ly+2M

Lo =L+L+K /L L,
oL, =L, +olL, +2K oL, L,
14=2+8+2K2(8)

=K=0.5
03.
Sol: Ly=4H+2-2+6H+2-2+8H—-2-2
L., = 14H
®  4H2
a A 656‘
\
[ ]
2H 6H+2-2
2H
b v
b 21115
® gH 22

04.

Sol:

0s.

Sol:

06.

Sol:

Ans: (¢)
Impedance seen by the source

Z
Z=—L+(4-j2
16+( i2)

10.£30°
|
16
=4.54-1.69

4-j2)

450

! 2
R, =n"5
For maximum power transfer; Ry = R

n’5=45=n=3

Ans: (b)
5mH | +
30mH k
6V = 30mH
——Y v,
500
Apply KVL at input loop

16-30x10" L 455107 %-50; =0...(1)
dt dt

Take Laplace transform

—§+[—30x 107 (s)=50]1,(s) +5x107 s1,(5)=0..(2)
s

Apply KVL at output loop

di di
V,(5)=30x107 S22 4 55107 S =0
dt dt
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Take Laplace transform By KVL
V,(s)=30x107s1,(s)+5x107 sI,(s)=0 Vs = joL.Ii+joM (0)
Vz = ]0)L2(O)+J (,t)MIl
Substitute I,(s) = 0 in above equation
B M
Vo+5x 107 sIi(s) =0 ......... 3) Vo —Vs[I—LJ
From equation (2)
6 _3 09.
s +(30x107()+30)1,(5)=0 Sol: Transform the above network into phasor
-6 domain
ILS)=——"""""—7 ......... 4
) s (30x107 (s)+50) ) 1Q 40
MW /\
. . b ® [ ]
Substitute eqn (4) in eqn (3) 5£0° C~) I j8Q j4@ 1o
V, ()= ~5x107 (s) (-6) - !
277 5(30x107% (3)+50) |

Apply Tnitial value theorem Network is in Phasor -domain

~5x107 (s)(-6) V=2I
s>o 5 (30x107° (s)+50) By KVL in p-d =
—5%1073 x(=6 520°=1,+j8.1)—j4.1
v, (=210 X0 e
30x10~ 0=T1,+ j4I, — j41,
A _
I, =—':i,(t)=Realpart [IleJ2t ]A
07. A
Sol: R, '=—> =20 1, =220 (()=Realpar(]l, ™ ]A
o: R, '= i 2 =3 h partjl,.
R, =3+R, '=3+2=5Q L(t) = 1.072cos (2t + 114.61")A
L(t) = 1.416cos (2t + 128.65")A
1022
I, = 0£20 =2,20°
I 10.
I—l =n=2 =1,=1£20°A Sol: Evaluation of Initial conditions:
2 i (0)=0A=1,(0")
i (07) = 0A =1, (07)
08. , .
Sol: By the definition of KVL in phasor domain Evaluation of final conditions:
Vs—Vo—V,=0 i1(0) = 5A ; iz (0) = 0A
VZ
V,=V, -V, =V, 1_V_ By KVL =
s : .
S=i(0)+ 4d11(t)_2 di, (t)
V=271 dt dt
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By Laplace transform to the above equations. Conventional Practice Solutions
2=16)+ 4t -5 0 2bn 6)-1,07) |

By KVL = Sol: KVL in mesh @

0=1i,(t)+2 di(zh(t) ) di&ft) Ry + (L) SLoL, 82 i
0=11, 421, 611 0° b, 65, (0°)] M0 M a0 1Mo 0 w0

On solving, we can obtain i;(t) and 1, (t
g 0 2 (1) KVL in mesh @

! 55 55
e NSz [V di di d .
1,(t)y=5-¢ * |:SCOSh( 4 tJ \Bsmh( 1 tHA Ry i, (1) +(L2+L3) 12 _L, dltl M, dt( ) —1p)
cm, 32y d'l oM, 9y (t).cn(2)
23 13 12 — = 2 ......
11. Ans: (¢) % at «
N L, i
Sol: L, :—,14)1 =0, =~ 02.
L N,
1 5sin400t Sol: I = M
oy=7——— Z;,
2 N
Zn=8+j10+j5-j12
/ = N, =N, f =8 +j3=28.54,20.56
—10001/——1581 13 ’ ’
0.2 Va=@+j5-j6)I=(@4-j)1
_ 2.5sin 400t =4.123/-14.03 x 2.34/-0.56
& 1581.13
. =9.65/-14.59 Volts
¢1 = 1.58m sin400t Z4, 1s calculated from the circuit shown in Fig.
01 = QmaxSinwt ;
j6Q2
SO, dmax = 1.58mWb R, (jloo 50\
——AWW— e

12. Ans: (a)

|
- oyt
I

L 1, |
Given, 1i;=1A; ¢;=0.1mWb Fig.
N] = 1000, N2 = 2000 (4 +j 5) ll + (] 6) IZ :VO
k=0.6 GOL+(@+j10)1,=V,
0.6)0.1m 2000 V, 6
M=( X 1)( )=0.12H =" J. + A =V,(4+j4) A
V, 4+j10
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4+j5 'V, : 40(1-k?)
= + A =V,4-j)+A X = j——r——
4+i5 i6 From Fig. 2
"6 4+jlo R

= 16 — 50 + j60 + 36 = 2+j60 N

100
. , |
I, =1+, = Vo B+]3) 20./30° v() ., 1> é;xequ

A _
3 8+j3 . ;
0 2460 Fig. 2
V,  2+j60 Z=R+]jXequ=10+] Xcqu
f B 8+73 e 202307 _ 20 £30° -6,
1 2 2
; _ 3, 2%i60 _ 26+j69 _ 73726935 101X \/10 X
o 8+j3  8+j3  8.54./20.55° X 20
= 8.63 £48.8° Q =5.68 + j6.49 Gzztan_l(lzl“];|l|: / 2
= o. . = 2.060 + J0. 100+ X2,
For maximum power transfer, 2000
Zi=Za' = 8.63/-48.8°=5.68 —j 6.49 P=|I"R = TS
+ equ
03. 100 + X2, = 4000 _ 155
Sol: °
X Xow=25,X,, =5
I Xequ R " s
. it 3 g 400-K)
iX iXa 13-2/40k
o 2
Fig. 1 8(1-k?) = 132440 k
The equivalent reactance between the terminals 8k =2+/40k +5 =0
A, B of coupled inductors (Fig. 1) is given by ’ m L {60 =160
2 k = = 0.79
equ _
(X, +X,-2X,,) If the terminals of one of the coils are
L, L,-M’ interchanged,
" Li+L,-2M o . 40(1-K?)
_ _ JXequ - J—\/_
Xl—(DLl, XZ—O)LZ 13+ 2+/40k
M=k, L L, Xeu:15.07:0'65’I: 204'30
a 22.99 10+30.65

X, = oM =ok,L L,
P—|I|2R——4OOO =39.83 W
= kX, X, = V40 k 100+(0.65)° '
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04.

Sol:

05.

Sol:

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

currents.

Mesh equations:
+tjllo[+(-j60—-j20—-j3w) L=V,

or +jllo—jllo,=V;y......... (D)

and (—jo6o—j20) [ +j3o(l, - L) +j3w0 L +]
220L=0

or —jllo;+j290L,=0........... 2)
VvV, —-jllo
B ‘0 1290 j290V,
Yjlle —jllel —198@’
‘—jll(o 129®
&:—.19_803221.6‘83@
I, 129

.. Effective inductance = 6.83 H.

The given circuit is shown in fig.1 assume input

voltage ‘V’

Li=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

1000><é><10—6

Apply KVL in the above network

loop—1

— V +j81; +j5(i;—12) — j60001; + j6(1;—12)+j51,=0
=V +j8i;+j51,— j51,—j6000i, + j61,— j61,1)51,=0
j(=5966)i,—j111;=V-------- (1)

In loop — 2

j6(ia—1;) —j51; + 31,=0

j612— j61; — j51;+ 31,=0

. .
L, = — |k
3+36

Put ‘1, in equation (V)

DL T
—359661, — 1] ——|i, =V
J 1) {3_”.6}1

(8.066 — j5982.13)i; = V

Z =" =(8.066— j5982.13)Q)

L
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Chapter > Two Port Networks

Objective Practice Solutions 2 1 s _g
vy =| 3 3 Y = B
01. A N ) " 1-S S
Sol: The defining equations for open circuit 3 3
impedance parameters are: 942 _g_ 1
Vl = ZIIII + leIQ Y= 31 23 mho
S
Vo=2Zo1li + Zlh 3 3
10 4s+10 04
—| S S
Z1=11% asii0 @ Sol:
s s e 10 2/ -7 T~
O—M——w—o o 8 AW /\ o
210 AN /
02. Ans: (b)
[ O [, O
-1
v y y lmho 1
Sol: The matrix given is 2 |=|7n 2 3 2
l l Yo Y» o—r—W—F— o—e—MW—-—F—o0
2.2 z 1 1 21
. 5 J— T 5
SINCC Y11 #Y22 ° 3 3 o o—e o
= Asymmetrical, and 2 1 1 1
Yio#ya Y = 3 3 vy =| 2 2
. A 1 2 B 1
= Non reciprocal network -— = -—— 1
3 3 2
iy 4°
03. v_| 6 6
Sol: Convert Y to A : 55
6 3
19 .- M- 10 IF
oo | o | °IF | 0s.
210
%‘(\\ ’S Sol: Convert Y to A : Convert Y to A :
o N0 o 1o 02 T 29’____29\
1 o—eW— —Wﬁ,—o‘/ 2l o—e“W—p—MW—>—o02
1 ho 1F=S mho N E10, N2/
lo 3 AW 02 1o I } 09 | \\\\ /’,’ | | ‘\\\ f}/ |
1 3 l o 02 lo 02
= Lo 5 Lo e :
10 09 1o 02 1o 3 AW 02 o—— MW—0r o
=1 2 =
) ) z Emho J %mho 3 %mho 3 %
Fig:A Fig:B [0 oy o o
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2 1 2 1 08. Ans: (a)
Y, = 3 3lmho Y 6 6 Imho Sol: For I, = 0 (O/P open), the Network is shown in
1 2 1 2 Fi
- = - = 1g.1
3 3 6 6
6 3 1 L 20 =0
—  —— 1 - + o A
_| 6 6|_ 2 W 31 °r
Y=13 6 7| 1 ‘
22 2 210
6 6 2 Vi 3 VELTRE
21
06. -5 o —
Fig. 1
PRI ©
Sol: T,=T, = l_Jl Vi=-21 - (D)
— 1 V,
— Z,=—L=-2
Jl 11 Il
:Fﬂ 1} Vo=6L+Vi )
A, From (1) and (2)
T:= Z=1Q; Z, = © Vo= -61,-21
1 1 or V,= - 81,
5=l \
Z21 = I_2 = —8
T = (T))(T2)(T5) !
. 3 244 Ff)r I, = 0 (I/P open), the network is shown in
T2 B s |
I,=0 é I,
+ o AN o +
07. 2
10 ©
2 1 % L
Sol: T,:Z= Vi Vs
1 2 7
3 - — o —
2 ig.

=0;72,=2Q

Il
H |——| 1
[\)|»—i — N

1[T>

M

Note: that the dependent current source with

current 3 I, is open circuited.

Vlzllz, Zu:&:l
IZ
V2:312, 222:%:3

4- 5 )
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09.
Sol:

10.
Sol:

11.
Sol:

12.

By Nodal
-I,+V, =3V, +V, +2V, -V, =0
-1, +V,+V, -2V, =0

L
-3 2
Z1=Y"

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

writing the equations.

Y

The
impedance parameters are:
Vi=Znhi+Zih
Vo=7Znli+Znh

defining equations for open-circuit

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

(Z) = (Z.) + (Zy)

] [10 2}9

2 7

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= Yiat Y etc

1.4 -04
[Y]= mho
-04 14
Ans: (¢)
I
Y, = 71
Tlv,=0

13.

Sol:

14.

Sol:

15.

Sol:

B/
1+=- Z,
: Z,
(1)'[Ta]: 1
— 1
L Z,
1 Z,
(11)'[Ta]: L 1+£
_ZZ ZZ
[T,] and [T,] are obtained by defining
equations for transmission parameters.
In this case, the individual T-matrices get
multiplied
(T)= (1) x (T1)
(T) = (T))(Tx,) = 1+s/4 s/2) (8 4
- /2 1 )12 5
_(3s+8 3.5s+4
6 7
7 R :&: AV, —BI, _ Vv, =21, ,
" " I, CV,-DI, V,-3l,
V, = 10(_ L )
Zin :Rin :E
13
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16. Substitute (5) in (1)
I
\% -— I, V
Sol: — :le ’ w}Il VL Vl :211 _1+72
L, 1,=0 3 2
0 = = 3 1
=V, =(4[14)1 |, A Vi=Jh Vs (©)
+ Y2 _
v, = (4] 4) |2 2
2 2|11:0 30 §§ éilQ h= 101
3222:29 7 5
By KVL = -y l -1
31 I |2 2
71—\/2—51:0 g_[h] - l E
2 2
V, =1,
= Zn=1Q=2Zp; 17. Ans: (a)
- 2 IQ I
= 1 2 SO]. YZZ — 72 V,=0

2 -1 Just use reciprocity of fig (a)
ol 3 3
Y=272" = __1 g O 1A
3003 N —=
Now [T] parameters; 0.5Ay G—) 1V
V, =21 +1, ....... (1)
V,=1+2I,.......... )
=> L=V 2L ......... 3) Now use Homogeneity
Substituting (3) in (1): 5A
V,=2(V, =21, )+ 1, =2V, =31,......(4) N
2.5Ay T
- [2 3} _> 5V
1 2

I 5
So,Y,, = V—2 vi-o = =1mho
Now h parameters 2 >
A, =1 +V, This has noting to do with fig (b) since fig (b)
I = __Il " & (5) also valid for some specific resistance of 2 Q at
,=—+—=
I, 2 port-1, but Yy, , V,;=0. So S.C port-1
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18. V - IV
1= Va2
sot: Y2-Na_ _~h n
Vl Nl Iz Vz _V1 =1
=4
Vg R
\4 =1, +1,
1 I, -1, I
=V, ==V, —(0)1, 1L L= Lo
n n I I, I,
1 I, 1 1+
>T=5 ° oo g=0
0 n I, n n
‘n 0] [ = (ﬂjll
Tl — Tfl — 1 n
0 —
L nJ [ I+n)\(V, -V,
n 0] / n R
1 _ -l 1
T =T = 0 —
L nJ 1 T, V, —Hvz
. L, =
Now h-parameters 2 ( n j R
1
V, = (O)Il +HV2
I [1+n (n—lj
-1 =2 (=R A
I, =—L+(0)V, v, n nR
n
1] & £ n°R
0 - I, n’-1
g=| _; "
— 0
n J 20.
0 —n]| Sol: -
h= n 0 N
Note: In an ideal transformer, it is impossible to }<
express V; and V, interms of I, and I,, hence the ‘Z’
parameters do not exist. Similarly, the y-parameters. Nz /
19. Ans: (¢) R I, For series parallel connection individual
v h-parameters can be added.
. _" - _
Sol: Z,, T Lo 32 <. For network 1, h, = g’
2 V=0 Vl V2 |
vV, 1 1, e s oy 1o
—_— = 1:n 1 _1 1
VvV, n ]
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Postal Coaching Solutions

21.

Sol:

22.

Sol:

23.

Sol:

24.

Sol:

For network 2, h, = g;l
oAyt -
1o 1] o 1
1 O I -1 2 -1
~h= + =
-1 1 0 1 -1 2
.. overall g-parameters,
2 11" 12 1
g=h'= -
-1 2 311 2
3 2/3 1/3
T3 2/3
Ans: (b)
[Z] = {Zu Z12} C[Y] = {Yn le}
Z, Z, Yy Yy,
For Reciprocal NW, Z1; =75, , Y12 = Y21,

.. [Z] and [ Y] matrices are symmetrical.

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

reciprocal NW’s.

Ans: (a)

Definition :

1(s)=[Y] V() V(s)=[Z]1(s)=[Y] " I(s),
~[Z]1=1Y"]

Ans: (a)

In reciprocal 2-port NW’s, vy, = Va1, Zi2 = 231

h12:—h21, AD-BC=1

Ans: (d)
Convert the middle - =«

T - network as shown in Fig.

of 1Q into a

ame A3)Q 13 (1/3)Q

23130

Fig.

25.

Sol:

26.

Sol:

2 1
Z11:§+§—1—222 .......... (@)
1

Z, =Zy, ZEQ ........... (1)

1 (1/3) L 911 -(01/3)
Z = y = 7 -

1/3)1 81 —-(1/3)1

9 1 3

= = —--x—=—=-mho (3

Yo = Yu g3 3 (3)
9
Y =Yn = P mho . ()
Ans: (d)
Ls 1
2 Cs _ Ls
Ls 1~ LCs+2
2 GCs
Ls Ls

Z (8)=—+——
«() 2 LCs*+2

_ Ls(LCs*+2) +2Ls

2L (s*+2)
. joL (4—o’LC
2L(2-w")
Atow=0and = o0,at ® =0

2
Jic

Ans: (¢)
V, V,
h11 = —t 5 h12 =L
1 l1,=0 \E I, =0
I I
h21 =+ > hzz =2
210,=0 Llv,=0

According to the definitions above, h;; is in
ohms (Q)
hy, and h,; are dimensionless and hy is in

Siemens.
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27. Ans: (b) _1 (r LTI T, +rb +1, T, —OT, T, —rsz
V 1
Sol: A—»4, I,=—" R =R, I, +1,
Rth
. 1 L (r—or) (r,—ar,)
B—>2, hy,=-=> I, +1,
Vs I,=0
CoLl, Yo=Y, Zn=Zy etc V, = {r T, — — (a‘rc+rb):|ll
b
V, A B||-V,
D — 3, =
I, C D|| I, 4D v, (5)
I, +r1,
28. Ans: (d) From equation (3)
vV _ =(ar, +1)1 1
Sol: h, = I—ll — Impedance (1) I, = P + i Ve v (4
A\ . Comparing (5) & (4) with (1) & (2) the
h,, = — — voltageratio (4) ¥
V, matchingin A > 1,B—>4,C—>2,D— 3.
I
h,, = V—Z — Admittance (2) 30.  Ans: (d)
1, ’ Sol: A—>2,B—>4
h, = I_ — Current ratio (3) C>1,D—3
1

29. Ans: (¢)
Sol: Vb = h11 Il + h12 Vv
L=hy I +hyV,

Veo=r. 1) +1o(I; + 1) (D)
Ve=(h+al)re+ (I + 1)1 - (2)
or Vec=(ar.+1,) [ +(t.+1,) I

V. - +1,)1
or I, =YeZ@EFR)L 3)

I, +1,

Substitute I, in equation (1)

V, =r, 1+, [, +1, [V“ —(or, +rb)ll}
I, +T,

r, V.—oa(r, )l _rb2 L,

I, +71,

=11+ +
or, T,

2
r. —T, r.V
=1,|r+r, — b |4+2C
I, +T,

r, +1,
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Postal Coaching Solutions

Conventional Practice Solutions

01.
Sol:

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

(i) Zin=2Zy

(i) Yo=Y

(iii) AD-BC=1

(iv) hj; =—hy,

The two-port circuit shown in Fig.l is
reciprocal.

This is justified by taking 15 V voltage source
and showing Y, = Y, as shown below.

First, convert the (30 Q, 20 Q and 60 Q) T
network into a I network and next get the

overall I'T network (Fig. 3)

10Q
MW

Pl 300 o 20Q R
lo MWW MWW 02

Fig1 60Q

1'o 0 D'

10Q
600
1 MW 02

180Q 120Q2

Fig. 2

(60/7)Q
lo AW 02

180 Q 120

Fig. 3
(60/7)Q2 L

4 1800 1200

R

Fig. 4

60

V,=0
Short circuit current response at port 2 with
excitation, V; =15 V at port 1

L (60/7)Q2
> — A\N\N—29 o
I ;
18002 1200 v,
Fig. 5 °
60
et )
= 4 lxlS =—175A
60
I
Y, = — : _l Q
\'A S 60

When the excitation and response are
interchanged, Short circuit current at port 1 with
excitation, Vo, =15 V at port 2

7
=-—x15=-175 A

60
The ratio of response to excitation remains
constant for reciprocal network when the

response and excitation are interchanged.

02.
Sol: The given circuit is shown in Fig. 1

20 40 L b
& o——WW AMMW—
+ +
v, §109 Vs
’ B v
o 0
Fig. 1
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Vi=AV,-BL, 03.
=CV,-DI, Sol: 10 L 2
Keep I, =0 (Fig. 2) T D
L 20 40 L=0 ! Vi V2=0
o——A\WWW, AMW—<——o0 S - i
" L I+ " 1 ' 2
v, 100 v, v Fig.1
B l _ I](S) = Y11 Vl(S) + Y12 Vz(S)
[e! . IQ(S) :Y21 V](S)+Y22 Vz(S)
Fg.2 For v,(t) = 0, Va(s) = 0, as shown in Fig. 1,
10 5
= —_— = — . 1
v, v 12 6 Vv, Lty=1u®) , L(s) = g
AoV _6_ vi() = (1-e*Hu(®)
vV, s Vel 4
Vo=101, T s s+4 . s(s+4)
C = e io(t) =—¢ " u(t)
v, 1
IL,(s) = -—
Keep V, =0 (Fig. 3) 2 s+3
I (s+4)
L 20 0 1 Y, = v 4
o—— MW AW — !
* Li+k L s(s+4
v, 100 oy, 4(s+3)
B For Rp =1 Q as in Fig. 2
Fig. 3 1 L L 2
I’ I LOINY v, 210
2 2 S — -
_Iz_lemzéll’ 1 2
14 7 Fig.2
_ _ ) 1
D=75=14 (O =u(®), 1,6) = — Va(s) = ~1a(9)
H=(1-e*+te*Hut
v1=211—412=212ﬁ—1—2J = 1e 1 © )ui)
2 V,(s) = — - 2 Ty
Vi=2L(-34)=-681 s s+4  (s+4)
B=6.80Q _ (s+4)’—s(s+4)+s _ 5s+16
A=12,B =68Q,C=0.10,D=14 s(s+4)’ s(s+4)’
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bt)=—¢e""u(t), 04.
1 Sol: Given network
L(s) = -
(s+7)
= Vi(s) = :
s+7

Li(s) =YuVi(s) + Y12Va(s)
1 (4+s) 5s+16 1
(52
S 4 )s(s+4) s+7
_ L_ 5s+16 +Y12[ 1 j

s 4s(s+4) s+7

1 1 1
:>Y12( j 55+16

s 4s(s+4)

(Data given is C; = C, = C, =1 Q. This can not

correct. Assume C; =C,=C,=1F.

_ 4G +4)-55-16

4s(s+4) 1
) 4s+16—5s—16 Use Operational impedance, ;)
4s(s +4) The network is redrawn as follows:
- =l

T s(s+4)  4(s+4)

_—(s+7)

= =
2 4(s+4)

L(s) = Y21 Vi(s) + Y2 Va(s)

—1_%@+®6MJQ+Y( 1)

s+7  4(s+3) s(s+4)’ s+7
1 -1 S5s+16
=Y, ( j = + 5
s+7) s+7 4(s+3)(s+4) In this form, it is easy to see that two passive
linear 2 — port a and b have been put in parallel
2
s*+23s+64 .
Yyp= —o— to form one large two point.
4(s+3)(s+4) (0
For the 2 — port labeled ‘a’; we have
V() 55416 Ilm = Y113V1 T Y, +V, and
_ Vi(s)  5s+
And Z,(s) = L(s) s(s+4) Ly = Yoy Y2, Vs - Q)
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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

(I;a + Lip) at portl and voltage V, and current
(Iza + L) at port2

But from (1) and (2),
Ilm + Ilb = (}’11m TV, )Vl + (Y123 T Vi, )Vz
L,+L, = (3’21a + Yo, )Vl + (3’22n + VY, )Vz

Thus, the overall admittance parameter are,
Yu= (YIla TV, ); Y2 = (Y1za T Vi, );
Yu = (YZla TV, ); and y,, = (}’22a + Y22b)

It now remains to determine the

€q0

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

y — parameters of the 2—port ‘a’:

) B

i—"|| ! $

\4 s Qs V2

_1°1 o
Y,, : short-circuit port-2

. Vi Vi(s+1)s
1a = =
I (l/sl) (2s+1)
")
S
I _ S(S + 1)
I, v, (2s + 1)
Yip,  short—circuit port-1
With a little algebraic work; we get
I —s?
Ty, v 2+l

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

Y5, - From the symmetry of the network, we

Yo

get
_ss+1)
2541

y — parameters of the 2—part ‘b’:

Yo, = Y1y,

By a procedure similar to the above, we get

I+s
Yo, 5 Yo 7 and
2+s
B _ 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)

05.
Sol:

dRy[,

V1 = Il(R1+R3) + Iz R3
V,=1; (R; +dR;) + I, (R, + R3)

R, +R; R,

Vi _ I
V,) \R;+dR, R,+R,/I,

Zyy # 7y
The given two port network is not a

reciprocal network
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06. 07.
Sol: Z- parameters of network: Sol:
Vi=2Zuli + 721
Vo =2l + Zyl,
Z, = &
I 1,=0
AW Ly V= 101,402V, + (I, + 0.6 1) 20
+ +
0 s V,=10L,+0.2 V,+20 I, + 12 1,
< N
\2 3 4 T \* Vs Vl = 3011 + 1212 +0.2 V2
I
V,=20(1,+0.6L)=201;+121,
- o V,1=30L;+ 12 I,+0.2(20L; + 12 I,)
KVL V,=341,+ 1441,
V] = 1011 + 1011 Vz = 20 Il+ 1212
V,=20I, = Z; =20Q |:V1:|_|:34 14_4}[11}
v =
Z, = [_2 vV, 20 12 || 1,
Lln,=0 V=21
KVL, in above circuit, [Y]= [Z]fl _ 1 { 12 —14.4}
-10I, - 10, +V,=0 (34)(12)—(20)(14.4)| —-20 34
V, =201, 1 {12 —14.4}
T 120 2
zZ, £ 200 120 0 37
11,=0 0.1 —0.112
I,=0 (’IIOQ ) V100 L -0.167 0.283
+—>—‘:’W\N W < 3
-
so 08.
v, v, Sol: 3/2Q)
L 1Q L
—— <
- : [ - I
v, 2/3F F == %lg v,
v, 76
Zy = I_ l l
215,=0 )
KVL, V,= 1512 =7yn= 15Q 3/2Q
v 1i(S) 1O Vo(s) 1x(s)
=l =SV =5L=Z,=5Q " ) T
12 +
o 30 1L §1Q
20 5 2 28 6 Vy(s)
[Z] = Q
20 15 3
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I
Y, = 712 v, 0
1)+ 1 (s)= 2 Y20
2% 6
=V, (s)(2S +6)
3/2x i
V,(8)=I,(s) 3 3
— + -
2728
Va()= 18] | e |1

{0
2 S

Vo) _[3_ 1,
I, |2(s+])

(s)

S |y1lyLy
28" 6

_3+ZS+2+1_ —(25+5)

I,

2(s+1) 2(s+1)
L) -2(s+1)
V,(s) (2s+5)
09.
Sol: The given circuit is shown in Fig.1
1kQ
+ | 2-port +
Vs \' network V,
Fig.1

Apply KVL in above circuit

V2 =— IzRL V2 = —200012
V.
B R e — 1
272000 O

1

RL=2kQ

h-parameters:

consider the 2-port NW shown in Fig.2

1 I, I, 2
4+ o—— —<—o 1+
Vl NW VZ
[ C— —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=huli+hp Vs,

L= hyI1+hy, V),

V;=1001,+0.0025V,-----(2)

I, = 20L,+107°Vy----—(3)

Put equation (1) in equation (3)

__a & 201, +107°V,
2000

3V, x107°
I =- 240 4)
Put equation (4) in equation (2)
V, =100| — oV, 7 |+0.0025V,

40x10
-300+100
ey
40x10

V, __40x10°
\%2 200
L =-200
v
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Objective Practice Solutions

01. Ans: (¢)
Sol: n > E +1
2

Note: Mesh analysis simple when the nodes are more
than the meshes.

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

03. Ans: (a)

04.
Sol: Nodal equations required = f-cut sets
=(n-1)=(10-1)=9
Mesh equations required = f-loops
=b-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)

a

06. Ans: (a)

07.
Sol: For a complete graph;

b=n. = “(nz_l) — 66

n=12
f-cut sets = (n—1) =11

08.

Sol:

f-loops =(b—n+1)=55
f-loop = f-cutset matrices = n"?

Ans: (a)

LetN=1

Nodes = 1, Branches = 0 ; f-loops =0
LetN=2

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

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

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

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

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

Therefore, the graph of this network can have at
least “N” branches with one or more closed
paths to exist.
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09. Ans: (b) 15. Ans: (d)
Sol: . __

Sol:
2 2
1 1 ./—,—in
4 \\ I/ \\
3 AN 6 ’ AN 7
AY / AY
2 ’ 4
2
4
3 3

¢ —

Fundamental loop should consist only one link,

therefore option (d) is correct.

10. Ans: (d)
Sol:

16. Ans: (d)

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

and is correct explanation.
(b) 2:334:6 — \/ 18. Ans: (d)

@ 1234 -

Sol: f—loop should contain only one link.
.. Statement (I) is False.

(c) 14,6 — A link with one or more of the twigs forms a

closed loop.

(d)1,3,4,5 - " .. Statement (II) is True.

/ 19. Ans: (b)

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

12. Ans: (d)
13. Ans: (d)

The graph has

Sol: The valid cut —set is No. of nodes =n = 4,

(1,3,4,6) No. of branches =b =6
/ No. of twigs = No. of tree branches
=n—-1=3
14. Ans: (b) No. of independent loops = No. of links =1
Sol: =b-(n-1)=3
2 ) ©)
Order of B matrix or Fundamental loop matrix
© —1xb=3x6
® % @ Correct answeris A =6, B =3,

C=3x6,D=3
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20. Ans: (a)

Sol: 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.

21. Ans: (a)

Sol: 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

Conventional Practice Solutions

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.

2. 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
4 5 3 4 3
6 7 6 7
Fig.1 Fig.2
1 2 1 2
30 \/ o5 3 4 5
/;\
6 7 6 7
Fig.3 Fig.4
1 2
4
3 5
6
Fig.5
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02.

Sol: Let the fundamental loop matrix be B and the

03.

Sol:

04.

Sol:
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fundamental cut-set matrix be Q of the same
oriented G, and let both matrices pertain to the
same tree T ; then

BQ'=0 and QB'=0
If we number the links from 1 to / and number
the tree branches from / + 1 to b, then

B=1[1:F] and Q=[-F"iL] ...... )
10 0 0 0 0'l =1 0 0 0 0]
01000051 0 -1 0 0 0

g _|00 10000 1 0 -1 0 0

f 000100500 1 0 0 -1
000 010'0 0 0 1 -1 0
0000 01:i0 0 0 0 -1 1

=[l :F]
Q=[-F"il]
1 1 00 0 01 0 0 0 0 O]
-1 0 10 0 001 0 0 0 O
J0o-1 01 00001 00 0
10 0-1 0 1 000 O 1 0 O
00 0 0-1-1000 01 0
0 0 0-1 0 100 0 0 0 1|

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 c d e g h 1
n | 1 1 1 0 0 0 0 0 0
o 2 -1 0 0-1 0 1 0 0 0
3 0 -1 0 1 -1 0 1 1
d4A,=|0 0-1 01 0 0 0 1
5 0 0 0 0 0 -1 -1 0 0
° 6 0 00 0 0 0 0 -1 -l
s 7 L0 00 0 0 0 0 0 0
branches
1 2 34 5 6 7 8 9 10 11 12
(ft 1. -1 o 0 0 0 0 0 0 0 O]
Dslo 000 -1 =11 0 0 0 0 0
O3/-1 0 0 00 0 0 0 -1 1 0 0
d4lo 0o 1 1 1.0 0 0 0 0 0 0
€5/0 0 0 0 0 0 -1 1 0 0 0 1
sOlo .10 .10 1 0 -1 1 0 -1 0
7 (000 0 00 0 0 0 -1 1 -1

o»—OoOO'—"

J7x11

Fig.

Dimensions of the incidence matrix is 7 x 12.

The oriented graph with 7 nodes and 12

branches is shown in Fig. 1.

To obtain the fundamental circuit matrix for

these graph, a tree with 7 nodes and 6 branches

is chosen (Fig. 2) .

Number of f-circuits = Number of links
=b-(n-1)=6

The links are the branches 1, 3,4, 6,9 and 11.
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10 Y

r N

v 2 4
1 ~
\\,
@
Fig. 3

f— circuit with 1 : [1, 10, 12, 8, 2]
V1—V2+V8+V10—V12:O
f—circuit with 3 : [3,2, 8,7, 5]

@) 12 @ 7 ©)

2 A ‘/,/
3
o'/
Fig. 4

V2+V3—V5—V7—Vg:O
f—circuit with 4 : [ 4, 8, 7, 5]

Fig. 5
Va—Vs—Vvi—vg=0
f— circuit with 6 : [ 6, 7, 8]

@ 12 @ 7 @

<

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

©

Fig. 7

Vgt Vg + Vg —Vip =

0

f— circuit with 11 : [11, 8, 12]

©

v+t v +vie=0

A

Fig. 8

According to the above f — circuit (tie-set) equations, the tie-set matrix, Bgx, 1S constructed as shown in Table.

f -circuit | Branches
1 2 3 4 6 8 9 10 11 12
1 1 -1 0O o0 O 0 1 0 1 0 -1
3 0 1 1 0 -1 0 -1 -1 0O 0 0
Bexin= | 4 0o 0 0 1 -1 0 -1 -1 0 0 0 0
6 0O O 0O 0 O 1 1 0 o0 0 0
9 0 O 0O o0 O 0 1 1 1 0 -1
11 0O 0 0o 0 0 -1 0O o0 1 1
05. TREE
Sol:
MW —
20
AYAVAYAY, e
1Q I—fww—l
Q ye
X
§2Q §1Q
8V%

X0 OB 03 T T R R IO ITE T N Hyderabad « Delhi « Bhopal « Pune « Bhubaneswar « Lucknow « Patna « Bengaluru « Chennai « Vijayawada « Vizag « Tirupati « Kolkata « Ahmedabad




{ﬁu éﬂ.,cg 103 Postal Coaching Solutions
1 2 3 4 5 6 LHS:
e 1 0 0 -1 -1 -1 [”i*lj [Lij (;LJ
[Ql=e,/0 1 0 -1 0 -1 " S e
el0 01 0 =1 =1 [Q][Yb][QTIetwigs]: ( + —+= - )
3 3x6 2 Y €3 I3x1

[QI[Y5] [QI" [Peving] = [Q] [LIHQ] [Yb][Vi]

l 00 0 O
X
01 0 0 O
0 0 1 (1) 0
[v,]=|0 0 0 7 0
0 0 0 O l
2
0 0 0 0 O
L §
[etwigs]: eZ
Cs 3x1
_+8_
0
0
V,]= I
vI= o]
0
_0_6><1
l 0 0
X
[QI[Ys]=[0 1 0
0 0 1
_1 -1
X 2
] fo 1o !
001 0

S O o O

<= o

6x6

6x1

3%6

3x6

— o O

-1 -1 0
-1 0 -1

-1 -1 —1]

63

[QIIYbIQITle yigl =

(;1} L
i 2y 1 y 2
RHS:
8
-1 =
X
2N
—1 0
3x1

[Q] [I] = [Q] [Ye] [Vi]=

Final LHS = Final RHS

Apply limits (x - 0 & y — ) on both sides.

= -8

= &+iez =| -1

2 2 )

© 3 N 3x1

514_563 31
e=-8 e (1)
e, 3e,
—+—=-1 2
5t 2)
e, 3e,
—+—=-1 3
>t 3)

3x1

3x1

43x1
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By solving equations (1), (2) and (3)
e=-8,e=2ande; =2
Now branch voltages are

[Q]" [emie] = [Vi]

1 0 0 [V,
0 1 0 g v,
0 0 1 \A
2 =
-1 -1 0 V,
2
-1 0 -1 M v
-1 - 1 - 1_ 6x3 _V6 6x1
So V, =2 volts
V; =2 volts
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Chaptel‘@ Passive Filters

Objective Practice Solutions

01.

Sol:

02.

Sol:

03.

Sol:

04.

Sol:

0s.

Sol:

©=0=V,=V,

= Low pass filter
ow=0= V=0

ViR,

©0=0=>Vy=—i2_
Rl +R2

“V,” is attenuated = V(=0

w=0=V, =V,

It represents a high pass filter characteristics.

Vi(s) _S’LC+SRC+1

1(s) SC
. ®’LC + joRC +1
Puts= jo1 =— -
JjoC
03=0:>H(s)=0
mzoo:>H(s)=O

It represents band pass filter characteristics

(020:>V0:O
(D:OO:>V():O

It represents Band pass filter characteristics

(020:>V0:O
w=0=V,=V;

It represents High Pass filter characteristics.

06.

Sol:

07.

Sol:

08.

Sol:

09.

Sol:

10.

Sol:

11.

Sol:

1
H(s)=—
) s? +s+1

®=0:S=0=H(s)=1
w=0:S=0ww=H(s)=0

It represents a Low pass filter characteristics

2
S

H(G)= —>
s s? +s+1

®=0:S=0=>H(s)=0
w=0:S=w=H(s)=1

It represents a High pass filter characteristics

0=0;V, =V,
®w=0;Vy=0

It represents a low pass filter characteristics.

(D:03V0:Vin
®w=0=Vy=Vj

It represents a Band stop filter or notch filter.

S
HG)= 2
) s? +s+1

®=0:S=0=H(s)=0
w=w0:S=w=H(s)=0
It represents a Band pass filter characteristics

2
1
H(s :23_+
s*+s+1

®=0=S=0=H(s)=1
w=0=>S=w=H(s)=1

It represents a Band stop filter

X0 OB 03 T T R R IO ITE T N Hyderabad « Delhi « Bhopal « Pune « Bhubaneswar « Lucknow « Patna « Bengaluru « Chennai « Vijayawada « Vizag « Tirupati « Kolkata « Ahmedabad




{ﬁu éﬂ.,cg 106 Network Theory
12. ) S f
l—s LH(Jco):—tan I
Sol: H (S)z— L
I+s 0
f=0=¢=0"= dmin
®=0=>S=0=H(s)=1 0
0 f=1 = ¢=-45 = dnax
w=0=>S=w=H(s)=-1=1 Z£180
It represents an All pass filter 14. Ans: (b)
Sol:
13. Ans: (¢) Gaijl\(dB)
Sol. R
—\WW, . | [Stop Band __ Pass Band
+ + | :
Vi C — Vo LI | :
B _ 2 | |
[ 4 @ : BW :
0o=0=>V,=V; 0 fIC i:reque?lcy
0o=0=V,=0
First order high pass filter =
1+sT
Vils) |(1 .
Vo (s)= s Phase shift = 90 —tan®T
R sc Max. phase shift is at corner frequency
1
VO(S):H(): 1 w=—
V, (s) SscR +1 T
H(jo)- 1 I Max. phase shift = 90 — tan™' T
=— 1
I+jocR 1+ji =90—tan'(—ij
fL T
. A =90-45
H( o) =45°
1 15. Ans: (d)
L 16. Ans: (a)
\/E Sol: Half power of series RC circuit is at t = T (Time
< BW > Stop Band constant)
—X T=RC
0 f=1 & F !
= requency = ——
L q y RC
1
Where f, = 2 ZRC 17. Ans: (c)
| Sol: Magnitude of voltage gain 0.707 is at half power
|H ( ] Q)X = = frequency
f 1
1+ — 0= ——
f, RC
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Conventional Practice Solutions o __1
VLC
01. _ !
Sol: 77 . RF amlifier J(25x107)0.4x107°)
«—Tuner —» : i =10krad/sec
_ i : 1 .
oF S 'R [> i ®, =, + E(band width)
| / :
| ! 1 .
l /: _______________ . o, = ®, ——(band width)
= Input resistor to amplifier 2
Bw =210y
The frequency range for AM broadcasting is 540 Q 25
to 1600 kHz. We consider the low and high ends 10000
. .y =———=400 rad/sec
of the band. Since the resonant circuit in figure 25
is a parallel type. ®; = 10— 0.2 = 9.8 krad/sec
1 1 98
w, =2nf, =—— C= f =2 =1.56kH
=l o L o Z
@, =10+ 0.2 =10.2 krad/sec
For Low end of the AM band f, = 40 kHz and 1 0 )
the corresponding C is e i =1.62kHz
T
1
C =-— 5 3 — =86.9nF Frequency range is
A x 3407 V1Y 1.56 kHz < £ <1.62 kHz
For High end of the AM band f, = 1600 kHz
. . 03.
corresponding C value is
1 Sol: 1Q I(S) 1,(S)
C, = =9.9nF :
4’ x1600° x10° x 10 4VVVH_|1H
- +
Thus C must be adjustable in the range 1 S
J ; Vo T 193y
(9.9 nF to 86.9 nF) 1
S p—
02.
Sol: RLC circuit band pass filter with R = 10Q,
L =25mH, & C =0.4uF Z(S) = (( H j +1
o _1\F_1 25m 1 [25x10°
*"RVC 10V04u 10\ 4x10” (&Lj
Q=21 =25 T, LS
20 S S
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_(s+1) . 1_(S+1)+Sz+2S (a) w, = centre frequency
CS(S+2)  s(s+2) |
=——==0.5Mrad/sec
Z(S)_s,2+3S+1 VLC
CoS(s+2 3
(5+2) (b) bandwidth = = = 219 _5 00
I V(S) L 0.1
ZS) Quality factor Q = % =25
MORRS
7S) \s As Q> 10,
[ =77 1 s 1 4
1.1, ®, =, ——B.W =5x10° - (2x10*)
S S 2 2
(V(S)) = (50 —1)x10* = 490 k rad/sec
1™ Hada . A\
Z(S)(S + 2) 0 = my + %B.W =510rad/sec
V(S) V(S)S
Vo®) =L (S) =75 =1 (c) Q=25
(s +SS+1)(S+2) (s> +35+1)
5(S+2)
0s.
V, S
H(S =—0=(—) ) === mmmoeeoy
( ) Vs SZ +3S+1 SO]. Rg : RS i Il
MWWN——AWY —
28(00:3 ! ' n
3 ! !
28=3=8=7 6 i §Rp 'V, §RL
mézlzm():lrad/sec i E —T
1 ' R.
1 1 1 4
Q:£:2 3 :Q_E Alternator
)
VR,
. (O 1 ) g
Bandwidth = 6 = 173 = 3rad/sec (Rg +R,+R, )
VO RP
So=—"2=
04, V., R,+R +R,
Sol: The circuit parameters for series R-L-C band R, +R 4R =2
stop filter are R = 2K, L = 0.1H, C = 40PF & P
R — _
wl}r R, =R, (R, +R,)=R, ......(])
R,(R, +R,)
Vs T¢€ R, +R,+R, °®
2
R;+R,R +R,R =R R +R R,
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RZ+R,R, ~R R =0
R; (R; + Ry) =Ry R;
1

From (1) R, + R :Rp[——l
o

l1-a

RgRP(Tj =R.R,

R, =R | =
= iz)

S

a 0.128
=700Q
From (1)
R, +R +R, =£
a

100 +700 + Rp(l_—“j = Rp(
(00

R, =114.29Q

J

R - (l—oc)Rg =(1—O.128)100

1-0.125

0.125

)

(b) Vin=Voe=V,=0.125V,

= (0.125x12)
= 1.5V
Ry = 100Q
MW
Va(E) 15V §RL=509
15 1.5 150x107
100+50 150 150

=10 Ma
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Network Functions

& Synthesis

Objective Practice Solutions

01.

Sol:

02.

Sol:

03.

04.

Sol:

05.

Sol:

Ans: (¢)
s+2

E(s) = #

(s+1)(s+3)
The given F(s) has pole-zero structure as P-Z-P-
Z alternating on the negative real axis of the s-
plane, with a pole nearest the origin at s = —1
and a zero at s = oo . This F(s) corresponds to RC

impedance or RL admittance.

Ans: (b)

For RC and RL driving point functions, the
poles and zeros should alternate on the negative
real axis, where as for LC driving point
functions the poles and zeros should alternate

the imaginary axis.

Ans: (¢)

Ans: (b)

Remember that parallel LC networks in cascade
is Foster -I form and series LC networks in shunt
is Foster -II form. Ladder NW with series
elements as inductors and shunt elements as
capacitors is Cauer-I form and the ladder NW
with capacitors as series elements and inductors
as shunt elements is Cauer - [ form. The given

circuit in this question is Foster-1 form.

Ans: (¢)
2
sis” +1
Given: Z(s) = (2—)
s+ 4
Location of Poles : s = 4j2

Location of Zeros : s =0, 4j1

06.

Sol:

07.

Sol:

08.

09.

Sol:

Poles and Zeros are simple and lie on the
imaginary axis, but they do not alternate.

Hence the given Z(s) is not realizable.

Ans: (b)
Poles and zeros of driving point function
[Z(s) or Y(s)] of LC network are simple and

alternate on the jo axis.

Ans: (¢)
V =127(s)

2 9
+
%4 tan ™ (EJ —tan™ (gj
o +p o B

voltage load the current

tan™ (EJ <tan™ (gj <2(a<p)p>a)
B o) o

V=I

Ans: (d)

Ans: (b)
s=-14%j

(s+ 1) ((st]) +J) ((s+1) —))
(s+1)P+()y =s"+2s+2

- Z(s) = 2(s+3)
Y T 542
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10. Ans: (d)
Sol:

s? +2s)s’ +4s+3(1=i
R
s? +2s
25 + 3)s? +Zs(%:sL

3s
s?+ =

S 1
—)2s+3(4=—
2) ( R

1/2 1/6

y(S): S2 +4s+3
s* +2s

No. of elements = 4

11. Ans: (b)
Sol:

Fig.

s?+2.5s+1

Given Y(s) =
®) s’ +4s+3

(s+0.5) (s+2)
(s+1) (s+3)

Y(s) =

12.

13.

Sol:

Its pole-zero pattern is shown in Fig.

From the pattern it can be observed that

— Poles and zeros alternate on the negative
real axis of s-plane.

— The lowest critical frequency is a zero.

— From the given Y(s), Y(0) = 1/3 and Y(o0) =
1, Y(0) < Y(), Y (o) has +ve slope.
It is an admittance of the RC network, as the

above properties are true for RC admittance.

Ans: (b)
Ans: (a)
, 00
I ok
iNE]
j2
il
o
F(s) = S(s°+4) represents an

S+ 1)(s+6)
LC immittance function with pole-zero pattern
Fig.

as shown in Hence it is p.r.

F(S) — ZS(S2 _24)
(s +D)(s"+6)

zero inthe RHats =2

is not p.r as it has a

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

F(s) =

is not p.r

as the difference in degrees of highest degree
terms in N(s) and D(s) is more than 1. For this
F(s), difference is 2.
4 2
F(s) = s(s”+3s” +1)
(s+1) (s+2)(s+3) (s+4)
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14.

Sol:

ACE Engineering Publications

Ans: (a)
(s> +4) (s’ +16)
s(s*+9)
Out of the given figs., Foster — I form should be

either (1) or (4) and Foster —II form should be
either (2) or (3). Foster—I form can be confirmed

Given Z(s) =

as Fig. 1 by seeing the behavior of Z(s) at s =
and s = 0.
Z(s)=lats=ow,L=1H

9

Z(s)=ﬁ ats=o, C=—F
9s 64

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

L=—| —=1H,ats=w
7 5

7 5 9
and C=—+—=—F ats=0.
192 48 64
The exact realization can be done as shown
form is

below. Foster—I obtained by

expanding the given Z(s) in partial fractions.

k k.s
Z(s)=k s+—2+—2—
)=k, s s°+9
64 35 s
=ls+—+ ———— 1
9s 9 s*+9 )
Ask, = Lim 28
S—> 0 S
64
k, = s Z(s)| 5
s°+9
k= & E2 20|

_ (944 (-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

15.
16.

Sol:

2
Ys) = — s(s +29)
(s“+4) (s“+16)
k, k,
=20 Y ()4, (5)
(s +4) (s +16)
s +4 -4+9 5
k=& Eve| =y
L -4 +16 12
2 —_—
kzzwy(s) _—l6+9 7
o6 -16+4 12
5
725
Y, (s
(s) = "
B 1 B 1
Es+ﬁ Ls+L
5 5s Cs
L = EH C—iF
5 48
It can be seen that Foster — II form

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

corresponds to Fig.

Ans: (a)
Ans: (d)
Given:
2(s’+1) (s> +3)
s(s’+2)
25" +8s*+6
T $42s

ZD(S):

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=owandats=0

7(s)=2,ats=oo, giving L=2 H
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Z(s)= %, at s — oo, giving
C-= lF = (l+LJF
3 4 12

Exact realizations of Cauer — I and Cauer — II
forms can be obtained as shown below:

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

Fraction (CF) expansion given below, which

element as Continued

confirms to the Network in (d).

s3+2s]2s4+8s2+6 [25,
2s* +45s?

457 +6 ]s3+2s [is,
s3+§s
2

%]4s2+6 [8s.

Quotient values

L=2H, C=1F, L =8H, C=LF
4 12

2H 8H
o—TITN TN
1/4F == —— 1/12F
o
Fig.

Cauer - 1II
removal of poles at s = 0.

NW is obtained by successive

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

the first element as C = % F.

Follow the CF expansion below.

2s+s3]6+8s2+2s4 [3 , C= %F
S

6+3s”
5s2+2s4]zs+ s3[i . L=2H
5s 2
2s+is3
—s3]5s2+254[2 s C=LF
S 25
552
254}153{ ! , L=10H
5 S
5
0
(13)F (125)F
o—ll T
11 11
(5/2)H§ %10}1
O

Fig.

So the answer must be the Cauer -1 NW in (d).
It is instructive to find the Cauer - I and
Cauer-1II structures by completing the CF

expansions above.
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17. Ans: (¢) 1 1
3x18 s+— S+ —
Sol: 2 2
F(s Type of F(s B 1 B 1
) | ype of F(s) il l)] sl
(52 —s+4) | zeros in the | Non- 3 3
A. P istd right half | minimum
S +s+ plane phase (2)
(s+4) poles in the | Unstable (4) 19. Ans: (b)
TP 43s—4 |right half Sol: p(s)=s"+s’+2s*+4s+3
plane . X
C. Poles and | RC (5) = evenpart s +2s°+3
s+4 zeros impedance Y oddpart s’ +4s
2 alternate on | (3)
ST H6s+5 the negative s’ +4s)s” +287 +3(s
real axis .With 54+ 4>
first critical
frequency — 252 +3)s’ +4s(—~ = —vequotients
near the 2
origin as a ;3 3s
pole. ; +?
D. multiple Non-positive ) .
$*+3s poles on the | real (1) p(s)isnot Hurwitz
s*+2s741 | OB
Q(s) =’ + 3s” +s missing terms
Q(s) is not Hurwitz
18. Ans: (¢) 20. Ans: (a)
Sol: 3
WW 21. Ans: (d)
1
Z— §3 T3 §6 22. Ans: (b)
Sol: Foster — I form consists of LC tank circuits in
series to realize Z; (s) .
6 6 This form is obtained by taking partial fractions
« < 6 of Z(s).
= S’1+3=3+6SS+1=6 1+3 ®
6+ S+ 7(s) = A Bs
s) =4|ls+—+
s s ) s s’+4
_18s+3+6 9+18s
6s+1 6s+1 o PO [ | | ||
I I
3(18s+9) 3(185+9)
_ \6s+1) _ 6s+1 °
B 18+9 18s+3+18s+9 . . . .
3+ n = 1 with an inductance and capacitance in
6s +1 6s+1 :
series.
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23. Ans: (a) 28. Ans: (a)
Sol: Assertion given is the necessary condition for k (s2+D(s2+5
Sol: Z(s) = gs )(zs )
(s°+2)(s"+10)
For Z(s) to be an LC function, the highest
powers of numerator and denominator should
differ by 1. For the given Z(s), the highest

powers of numerator and denominator are not

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

Y(s) is real for real s.

24. Ans: (d)

(s +1)(s* +9) differing by one. They are same equal to 2.

Sol: The function 10 5 is a valid
s(s™+4)
reactance function as poles and zeros alternate 29. Ans: (a)
. _ . 1
on the jw-axis. Sol: Q o« —
Statement (1) is false, statement (II) 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 ]‘oo
.. Statement (II) is false. o
jv/10
26. Ans: (a) jJ6  splane
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
Fig.

Only PR function can be realized as the driving

point function of a network and PR function has

Ks(s> +2)(s +10)
(s> +1)(s> +6)

It represents an LC driving point impedance

its poles and zeros in the left half of the s-plane. Given: Z(s) =

R is True and is the correct explanation of A.

function because it satisfies the property: Poles
27. Aans: (¢)

Sol: For a system to be stable, all coefficients of the

and zeros interlace on the imaginary axis of the

complex s — plane as shown in Fig.
characteristic polynomial must be positive. This
is a necessary condition for stability, but not a
. .. 31. Ans: (b)
sufficient condition.

A is true, R is false.
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Conventional Practice Solutions

01.
Sol:

02.
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| < (m/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
the Hurwitz

continued  fraction expansion of

test give only real and
positive o’s, and

i1) 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.

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

Fig.

(s*+1) _ (s°+1)

Z(s) = =
®) s(s°+4) s’+4s

Foster — I form:

k k,s
7(s) = L+ =2~
) s s*+4
k =sZ \ .
l_s (S)|s—>O_Z
2 —
k2=s+4Z(s) _ 441 3
S ey -4 4
Z(S):L'F%:L'F;
4s  4(s"+4) 4s 4 16
3 3s

The realization is shown in Fig. 1.

3/16 H
i
|
V4
> Z6) 43 F
° Fig. 1
Foster — II form:
2
Y(s) = s(s2 +4) ks lzzs
(s"+1) s +1
K, = Y(s) 1
S S—> 00
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2
K, = S v = (~1+4) = 3
S §2=-1
Y(s) = 1s+23—S = ls+ﬁ
3 3s

The realization is shown in Fig.2.

[og

g
Y(s) —D > 3

Fig. 2

Cauer - I form:
Start the continued fraction expansion from Y(s)
s’ +4s

Y(s) =
) s?+1

sz+1]s3+4s[ls

s’ +1s
3s]s” +1[/3)s
SZ
1]3s[3s
3s
0

The realization is shown in Fig. 3.

173 H

;(S) - 1 F "mj
il

3F

Fig. 3

Cauer-II form:

1+5s?
4 +s°

Z(s) =

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

53}352 [(3/45)

4F 4/3 F

[ N
(e,
| N

3/16 H

Fig. 4

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

Fig.1
This represents an RC NW.
2
2(s) = (s+1) (s+3) _ s 42-4s+3
s (s+2) s“+2s

Foster - I form:
Taking partial fractions of Z(s):

26s) = k, + X K
s+2 s
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k, = Z(s) =1 The realization is shown in Fig.3.
k, = +2)Z(s)| _, o
_ (241 (2—2+3) _ % Yes) %
- _— 1 »
2 6"
ky =sZ@6)| _,, == o T —I_
S— 2 g
1 3
Z(s) = 1+ 2(s+2) 2_5 Cauer — I form:
1 3 This is obtained from continued fraction
=1+ Js+d + 2s expansion of Z(s).
The realization is shown in Fig. 2
|2|F @3) F s2+ZS]SZ+4s+3[1
o i [ $ 425
oy 2s5+3]s+2s[(1/2)s
. s +=s
Fig. 2 2
Foster — II form: %s]2s+3[4
This is obtained from the partial fractions of not 2
Y(s). but L&) ]
S 3 ES
Y(s) (s+2) {
S (s+1) (s+3) > S
koK 0
s+1 s+3
= (s41) 1) Y(s) _—-1+2 l
s=-1 —1+3 2 The realization is shown in Fig.4.
S -3+2 1
A s
$ lem oW 10 40
Y(s) 1 . 1 o MW MWW
s 2(s+1) 2(s+3) 12F —— 1/6 F—_—
] ] 1 1
S Y(s) = + = + ¢ .
) 2s+2  2s+6 2_'_2 2+§ Fig. 4
s ]
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Cauer — II form: _ (=1+5) (-1+7)
3+4s+s’ L (-1+6) (-1+8)
2(8) = ————
2s+s _ 4x6 24
2s+s2]3+4s+s2 [(3/2s) 5x7 35
3
3+5s
5 _ (=6+5) (-6+7)
Jsts J2s+s? [(4/5) > = Co11) (<6+8)
4.
2S+gS B (_1) (1) B i
ész:i%s+sz {(25/25) -5 @) 10
25
2 (—8+5) (-8+7)
2 1 2 =
¢ s ) 2T (8+1) (—8+6)
3¢ (D EH 3
0 (-7) (-2) 14
The realization is shown in Fig. 5.
24/35 1/10 3/14
) g 7 () = 2439 (10 61y
s | | H s+1 S+6 s+8
2 2 F 1 1 1
P B s Es 3535 10s+60 14112
o 24 24 3 3
Fig. 5
Identifying the elements from the denominators,
03 Foster — I form is shown in Fig. 1.
2
s +125+35 (35/24) F 10F (14/3)F
Sol: Z,(s) = — 3 | | | [ |
s +15s"+62s5+48 | | |
AW | AW | AW
Factoring the numerator and denominator, Zi(s) (24/35) Q (1/60) Q (3/112) Q
 ——
s+5) (s+7 °
Z,(s) = (s+3) ( ) Fig. 1
(s+1) (s+6) (s+8)
This is an RC impedance function. Cauer — I form is obtained from the Continued
fraction expansion starting from Yp(s), which
Obtain partial fractions of Zp(s) to get
has pole at
Foster-I form 1557 1625448
- +62s+
kK k Kk s=o. Yp(s) = — > T2
Zp(s) =——+ + s’ +12s+35
s+1 s+6 s+8
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§ +125+35]5° +155° +625+48 1

s*+12s*+35s

357 +275+48]5° +125+35[(1/3)

s+ 9s+16

35+19]38% +275+48]1s

Identifying the elements from the quotients,

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

13)Q  GRQ  (1/48)Q
° MW AW A
Zo(s)  ——Z1F ——1F Z—8F
e
Yn(s)
Fig. 2

04.

Sol: PR Function:
Positive real function, F(s) is defined as function
satisfying the following two requirements:
Re F(s) >0 for Res>0
or |Arg F(s)| < |Arg s| for |Arg s| < (7/2)
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

ii)the  continued fraction not end
prematurely.

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

necessary and sufficient that

2
A(®”) = mm, —n, n2| have no real

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

Sturm’s theorem.

It can be shown that the function,
, 3 3
ST+ =s +—

F(s) = 4 4 5ot 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 0.8 1 1
(@) =( ) ( ) gaty =l+s+—=—+Cs+—
for 1<mo< \/g S R Ls
The given circuit is showninFigg | ... €]
2
s"+s+0.8
o =2 2T (I1)
From eqn. (I), the Canonic realization is
1F_— 1H Z obtained as parallel RLC network shown in
| .
1 Fig. 2.
2 Fr—— Yi(s
Y(s) 1Q§ e i)
_
4F—— | % H Z, °
Y(s) 1
T 210 ——1F g125H

Fig.

: . : Fig.2
First, Y(s) is obtained:

then its pole-zero diagram can be drawn easily.
Considering eqn.(II), Zeros of Y(s) are obtained

Next, its Canonic realization (with minimum
froms*+s+0.8=0

number of elements) can be obtained.

1 S2+1 _ —1 i1’1_3.2
Y, (s) = =1ls+= = s——2
Z,(s) s S
s _ —1x 322
L) = s?+1 p 2
| 4 (s2+1) = —-0.5%;0.74
Y,(s) = =4s+— =4 2
2 ( 2 S Poles of Y(s) areats=0and s = .
Z.(s) = $ The pole-zero diagram is shown in Fig.3.
’ 4(s>+1)
5 s p i
Z5(8) = Z,() + 2,() = 5 1 O----- L 0.74
4(s> +1) :
Y,(s) = :
o 38 05 | 0 P
— V. ! 0
2 |
Y(s) = 1+ 1 4(s” +1) E
38 O-eed —j0.74
2 2
1 15s +4:1+s +0.8 Fig3
s S
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Network Theory

05.
B s(s> +10)
T (sP+4)(s*+16)

This is clearly a L-C driving point impedance

Sol: Z(s)

function.
Fosters — I: (i.e,) series impedance form
obtained by partial fraction expansion.
2
+1
Z(s) = 2S(S 20)
(s"+4)(s” +16)

The standard form of representing a L-C driving

point impedance in fosters-I form s,
k 5 2k

Z(s)=—"+ ) ——+k,s
s ; sP+o’

But in the given function, There is no pole at
origin and there is no pole at infinity.

So, doing partial fraction expansion

As+B Cs+D

s+4  s*+16

Comparing coefficients

4A +4C=4

Z(s) =

16B+4D=0
By solving, B=0,D=0

N | »

So, +—
s“+16
1 1

+
s 4 s? 16

+ +
s/2 s/2 s/2 s/2

1 N 1
2s+§ 2s+2
S S

1 1
+
Yi(s)  Y,(9)

s*+4

7(s) =

Z(s)=

So, Fasters — I form of realization is,

L "
'\ Ay
2F F
o —
— : i
Z(s) —H o
06.
Sol: Given Z(s) = (s+1) (s+3) (s+5)

s (s+2) (s+4) (s+6)

This impedance corresponds to RC NW
Foster - I form is realized by taking the partial
fractions of Z(s).

Z(s) = é+ B + < D

s s+2 s+4 s+6
_15s_ 5
48 16

(22+1) (:2+3) (-2+5 3
(=2) (-2+4) (-2+6) 16

oo CA4D (-4+3) (445 _ 3
C (—4) (-4+2)(-4+6) 16

D= (=6+1) (=6+3) (=6+5) _ 5

(—6) (-6+2)(-6+4) 16
e &> ' 3 1 5 1
16s 16 (s+2) 16 (s+4) 16 (s+6)
- 1
T (16/5)s  (16/3)s+(32/3)
1 1

+ +
(16/3)s+(64/3)  (16/5)s+(96/5)

The realization is shown in Fig. 1.

(3/32)2 (3/64)2 (5/96)2
(16/5)F
Z(s)
(16/3)F (16/3)F (16/5)F
e
Fig. 1
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