Module—1 ML cC
Q.1 | a. | Three impedances are connected in Delta. Obtain the star equivalent of the | 7 | L3 | CO1
network.

b. | For the circuit shown in Fig. QI(b). Find the _\;oi_tagc ‘V*at node by using | 6 | L3 | CO1
nodal analysis.
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¢. | Determine the current in 120 resistor shown in Fig. Ql(c) using source | 7 | L3 | CO1
transformation method.

Fig. Ql(c)
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. | Find the loop currents Iy, Iz, and 13 in the cireuit shown in Fig, Q2(a),

Fig. Q2(a)







Determine the resisiance between the terminals X, Y using ster delta
transformation in the network shown in Fig, Q2(b).
el
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Fig. Q2(b)







Q e. | Use the nodal analysis to find the value of Vy and the circuit shown in Fig.

Q2(c). Such that the current through (2 + j3) £ Impedance is zero.
J .: £ ..







3

Sate and prove Superposition theorem.

The principle of superposition is applicable only for linear systems. The concept of superposition
can be explained mathematically by the following response and excitation principle :

i1 — v

ig — Vg

then. i1+iz— vl + v

Superposition theorem states that,

In any linear circuit containing multiple independent sources, the current or voltage at any
point in the network may be calculated as algebraic sum of the individual contributions of each
source acting alone.

To prove, take any example and solve.



Find the current in the 6 {1 resistor using the principle of superposition for the circuit

© 4 O

As a first step, set the current source to zero. That is, the current source appears as an open circuit
as shown in Fig. 3.2.

§ [§]
> _2A
J+6 9

i1 =

As a next step, set the voltage to zero by replacing it with a short circuit as shown in Fig. 3.3.
: 2x3 6
iy = :
J+6 0

N C_D iy ?r,n I %4 2 Cf)m

Figure 3.2 Figure 3.3

i
L

The total current ¢ is then the sum of 71 and i

12
i =11 +ia = EA

The same answer i sobtained when used KVL on two loops.Thus proved
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. | For the circuit shown in Fig. Q3(b), obtain the Thevenin's equivalent
circuit. P

. | Using Millman's. theorem, find current flowing through (3 + j4) Q

impedance ;ﬁ:!j:ﬂm circuit shown in Fig. 03(c).

Fig. Q3(c)







a. | State and prove Norton's theorem,

Q4

Norton’s theorem states that a linear two-terminal network can be replaced by an
equivalent circuit consisting of a current source iy in parallel with resistor Ry, where 15
is the short-circuit current through the terminals and Ry is the input or equivalent resistance
at the terminals when the independent sources are turned off. If one does not wish to turn off
the independent sources, then Ry is the ratio of open circuit voltage to short—circuit current
at the terminal pair.

O
. — d i
Linear N G) Ry
two=terminal
network
—o0 b Oob

Derivation of Norton’s theorem:

Let us now assume that the linear circuit described earlier is driven by a voltage source v as shown
in Fig. 3.64.
The current flowing into the circuit can be obtained by superposition as

i =g +dp (3.11)

where cpv is the contribution to i due to the external voltage source » and g contains the contri-
butions to ¢ due to all independent sources within the linear circuit. The constants ¢ and g are
determined as follows :

(i) When terminals .- y are short-circuited, v = -
Oand ¢ = i,.. Hence from equation (3.11), )
we find that i = dy = 4., where i, is the v Linear
. . . Circuit
short-circuit current flowing out of terminal -,
which is same as Norton current 7
¥
Thus, dp = iy )
Figure 3.64
Woltage-driven circuit

(ii) Let all the independent sources within the linear network be turned off, that is ¢p=0. Then,
equation (3.11) becomes

= v



For dimensional validity, cp must have the i

—_— X
dimension of conductance. This enforces ¢y = O
1 . . .
& where [7, is the equivalent resistance of the
¢ T .
linear network as seen from the terminals = . ¥ (_) Ry C‘f N
Thus, equation (3.11) becomes
1 ) y
L= Ff' L
1' Figure 3.65 Norton's equivalent of
= Fr‘ i voltage driven circuit
This expresses the voltage-current relationship at the terminals .= 3 of the circuit in Fig.

(3.65), validating that the two circuits of Figs. 3.64 and 3.65 are equivalents.

b. | Find the value of Zp for Maximum Power tmnsfer and the value of
Maximum power for the circuit shown in Fig. Q4(b).
fioste. "
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Fig. Q4(b)




l‘l" c. | Find current ‘I" using Super positior. theorem for rhl:;l_;_irci;il shown in Fig.
Q4(c). 3 X

Fig. Qd{g} A




Q.5

Use the concepts of initial condition to illustrate ﬂie wlmge behavior i in
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b. | In the circuit steady state is reached n:'ilh switch ‘K’ open. The switch is
closed at t= 0. Compute i, di/dt and d*i/de att=10".

i Fig. QS(b)

€. | The switch is moved from position (1) to position (2) at t = 0. The steady
state has been reached before switching. Computer i , di'dt and d%i/di” at
t=0" for Fig. Q5(c).

Fig. Q5(c)  HoV

In the circuit shown in Fig. 4.34, steady state is reached with switch & open. The switch is closed
art =10.

it and g att =07

Determine: i1. 2.
it dt

=0

r'._J‘ j‘fz

102 1002

—‘— 1uF 21

Firsiiwm~ A4 T4
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Att =0, switch A is open and at¢ = 07, it is closed. Att = 0, the circuit is in steady state
and appears as shown in Fig.4.35(a).

20
10+5
e (07) = 10i9(0 ) = 10 x 1.33 = 13.3V

m(0 ) = = 1.33A

Hence.

Since current through an inductor cannot change instantaneously, io(07) = i2(0 ) = 1.33 A.
Also, v (07) =w-(0 ) 133V
The equivalent circuit at ¢ = 07 is as shown in Fig.4.35(b).

oty = 2133 _ 6T

= — =06TA
10 10
3l &
AN —0—C
(07 iy () i,(0%) iy
12 1052 [Ri1#]
0V Ct:) 20V <+>
. -
33V 1.331A
AT} 13.3%
Fort = (7, the circuit is as shown in Fig.4.35(c).
Writing KVL clockwise for the lefi-mesh,
we gel - K .
t i ia
17
ll:lr]—rjq[.']n".' =20 1061
+ 100
i +
s ®
Differentiating with respect to !, we get
dig 1 1uF a1
10—+ i =0 T
Putting ¢ = 07F, we get
Figura 4.35(c)
ot
12107 1 oy =0
ot i
di1 (07) 1 .
= 0%) = 0.67 = 10°A
T TR TR x 10°A/ see
Writing KVL equation to the path made of 207 — & — 100 — 2H, we get
2di
10ip + =2 = 20
ot
Att = 07, the above equation becomes
im0
10i9(0) + —2‘“35':' ) 2
i
inf 0+
= 10x1.33+%=20
i
fin(0t
- ‘ rzE ) _ 3.35A / sec



5.c.|

Lhe switch 15 moved from position (1) o posmon (£) at 1= LU, Lhe steady
state has been reached before switching. Computer i , di/dt and d%i/idr at
t=0" for Fig. Q5(c).

Fig. Q5(c)  HeV




SOLUTION

The symbol for switch /& implies that it is in posi-
tion I at/ = 0 and in position 2 at { = 07. Under
steady-state condition, a capacitor acts as an open cir-
cuit. Hence at! = 0, the circuit diagram is as shown
in Fig. 4.18(a).

We know that the voltage across a capacitor
cannot change instantaneously. This means that
ve (0F) =wve (0 ) =40 V.

v (07) =40V

]

Figure 4.18(a)

Att =0 | inductor is not energized. This means that ; (0 ) = 0. Since current in an inductor
cannot change instantaneously, i | 07) =i (0 ) = 0. Hence, the circuit diagram at { = 07 is as

shown in Fig. 4.18(b).

The circuit diagram for { > 07 is as shown in Fig.4.18(c).

2002
K hVATATAY,
@ C) Uc([l') 40V

Figure 4.18(b)

™

R=20V

IH

A"

@ :

— = luF

Figure 4.18(c)



Applving KVL clockwise, we ger

di 1
Bi+lL—+— [i(r)dr=0
ot rn+('_/’{ )
ﬂ_
. ili
= HJ’+LE+MT{”—U‘
Ati =07, we get
(0t
Ri(o+) + 194 }+r~”(ﬂ+}:n
di (07)
= 20 x 04+ 1— — +40=0
i
ii(0
= ¥= 40A / sec
i

Diferentiating equation (4.4) with respect to /, we get

e r.l'gi i
HR—+l—4+—=—=0
(it + i 2 t IS

Putting { = 07 in the above equation, we get

di(0%) | | di(0t) i(0t)

i . 7 =0
ot di2 &
d%(0%) 0
= R o= (40 L — =0
(40 + L= C
Jl‘l' []+
Hence a07) _ 800A / sec?

2



Q.6 | a. | In the circuit shown in Fig. Q6(a), determine complete solution for current | 10 | L3 | CO3
when switch *K’ is closed att = 0.
A
R=sal
; =o
Fig. Q6(a) .
L:GJH

Jooat(i '

Compute v , dv/dt , d*v/*" at t = 0" for the circuit shown in below | 10 | L4 | CO3
Fig. Q6(b), when the switch K is opened at t = 0.

.

nwn
=

Fig. Q6(b)

6a

In the circuit shown in Fig. Q6(a), determine complete solution for current
when switch “K' is clogsed att =0

g F=dan
Fig. Q6ia) B

. L;GJH
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SOLUTION

The switch is opened at t = (. This means that at t = 0, itis closed and at t = 07, it is open.
Since i7,(07) = 0, we get i7,(0%) = 0. The circuit at t = 0% is as shown in Fig. 4.23(a).

v(r)
l l &"L

Figure 4.23(b)

v (0
L

Figure 4.23(a)

v(07)=1IR
=2 x 200
= 400 Volts

Refer to the circuit shown in Fig. 4.23(b).
For t > 07, the KCL at node v(t) gives

I= @+lfv(1'}fir

4.3
» T (4.8)
0+
Differentiating both sides of equation (4.8) with respect to t, we get
1 du(t 1
LI O (4.82)

R dt L
Att =07, we get

1dv(07%)

1

—_—1 + =
B + v (07)=0
1 do(07) 1
= % dt + I % 400 =10
+
= UE{? ) = —8 x10* V/sec
Again differentiating equation (4.8a), we get
ldztf(t) Ldv(t) 0
R dt? L dt
Att =07, we get
1 d*(0Y) | 1du(0Y) 0
200  dt? 1 dt
d*v(07) 4
= a2 =200 x 8 x 10

=16 x 10° V/sec?
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Q.7 | a. | Using waveform synthesis method to express the voltage pulse interms of | 8 | L3 | CO4
unit step. Find i) L{i(t)} i)y L{fi(n).dt}.
,i\-;-ﬂ‘?
5
1
Fig. Q7(a) R e
ig. Q7(a
g | S
b. | State and prove initial value and final value theorem for Laplace transform. | 6 | L2 | CO4
c. | Obtain the Laplace transform of step and ramp function with relevant | 6 | L3 | CO4
expressions.
N P OR
Q.8 |a. Determine i (t) for t > 0 using Laplace transform for circuit shown in | 10 | L3 | CO4
Fig. Q8(a).
Hn
Fig. Q8(a) e T HH
0-05F =% an
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5.5.9 Initial-value theorem

The initial-value theorem allows us to find the initial value z(0)
directly from its Laplace transform X (s).
If z(t) is a causal signal,

then, z(0) = lim sX(s)

S= 2

Proof":
To prove this theorem, we use the time differentiation property.

du(t)) o [de
5.8{ p” }—.@X(S}—J,(U)— r;ﬂtfd dt
0




348 | Network Theory

If welet s — oo, then the integral on the right side of equation (5.10) vanishes due to damping
factor, e .

Thus, lim [s X (s) — z(0)] =0

= z(0) = lim sX(s)

5.5.10 Final-value theorem
The final-value theorem allows us to find the final value x(co) directly from its Laplace transform
X(s).

If =(t) is a causal signal,

then IFlim x(t) = lin(l}-&‘X(S)

Proof:

d:}:(f.)

dt

The Laplace transform of is given by

sX(s) —z(0) = / dm(t)e_“tdt
0

Taking the limit s — 0 on both the sides, we get

5—0

lim(sX(s) - (0)] = lim f do(t) sty

= z(t)[o°
= z(00) — z(0)
Since, EE:I{I] (s X(s) —z(0)] = £1_1:1(1][5X(s)] — z(0)
we get, z(o00) — z(0) = P_I,%[SX(S) — z(0)]

Hence, z(o0) = il_I%[sX(s)]

This proves the final value theorem
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Q.8 | a. Determine iy (t) for t > 0 using Laplace transform for circuit shown in | 10 | L3 | CO4

Fig. Q8(a).
Han
Fig. Q8(a) el 5 WK

. Ll

i i 0-08F - a2
RARY
560 037
8a

SOLUTION

Att = 0, switch is closed and at t = 0, it is open. Let
us assume that at ¢ = 07, the circuit is in steady state. In
steady state, capacitor is open and inductor is short. The
equivalent circuit at t = 0~ is as shown in Fig. 5.25(a).

l i, (0)

%
ir(07) = % = 1A ’
ve(07) =1 x 8 = 8V s
Therefore, iL(0) =ig(07) =iL(07) =1A
ve(0) = ve (01) = ve(07) = 8V Figure 5.25(a)

For t > 07, the circuit in frequency domain is as shown in Fig. 5.25(b). We will use KVL
to find iz, (¢). Hence, we use series circuits to represent both the capacitor and inductor in the
frequency domain. These series circuits contain voltage sources rather than current sources. It
is easier to account for voltage sources than current sources when writing mesh equations. This
justifies the selection of series representation for both the capacitor and inductor.



8b

Applying KVL clockwise to the right

mesh, we get

-8

20
?Jr ?IL(.‘S) + 4sIp(s)—4+8IL(s)=0 EC"’)

Figure 5.25(b)

8 20 -
= —+4= [— +8+43] Ir(s)
L] ]
2+s (s+1)+1
= In(s)= =
v = F s (s+1)2+4
s+1 1 2
= )= (s+1)2+22 *a [(s+1)2 X 22]
We know the Laplace transform pairs:
—at _ s+ a
gg{ﬂ CObbt} = m
b
_at -
and 5@{6 Slnbf} = m
1
Hence, ir(t) = |e"tcos2t + Ee-‘simzt w(t)A

“Th. Find the Laplace transform of the periodic signal (1) as :ix»wn in |

Fig Q8(h).
At

Fig Q8(b)

AN

l' 1,(s)

45Q

Li(0)
=4x1=4V

.



SOLUTION

From Fig. 5.17, we find that 7" = 2 Seconds.
The signal =(t) considered over one period is donoted as x(¢) and shown in Fig. 5.18(a).

X0 (0 80

Il
I
0 1 2 0

\
~/
\
!

Figure 5.18(a) Figure 5.18(b) Figure 5.18(c)

The signal () may be viewed as the multiplication of 22 4(¢) and g(t).

Thatis, zi(t) =za(t)g(t)
= [t 1][u(t) — u(t = 1)
= z1(t) = —tu(t) + tu(t = 1) + u(t) — u(t = 1)
=—tu(t)+ (t =1+ 1Lu(t —1) +u(t) —u(t —1)
=—tu(t)+ (t—=Du(t = 1) +uw(t = 1) +u(t) —u(t =1)
=u(t) —tu(t) + (¢t — Du(t — 1)
=u(t)=r(t)+rt-1)

Taking Laplace Transform, we get

X](S): ;— 5_2+ 8—26_8
B s—14e°
= 2

Hence, X(s) =
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A, ] Define Z -~ parameters. Determme Y parameters iterms i 7 - ~ parameters. | 6

b. Show that resonant frcquency 1§ geometnic mean of cut off frequency mn | 7 |
series R- L - Ccnrcmt

L3 cos

L3 (“(M

¢ | Apply the two - port network analysis technique to determine ABCD - | 7
| parameters of the metwork shown in Fig. Q9(c). |
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The model of 'a transistor in the CE mode is shown in Fig. QLO(b).
Determine the h — parameters.

' <
A j
Fig. Q10(b) J,! ' Hpc ™y A - f
/ . o

10b







