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Network Theory

Basics, Circuit Elements,
CHAPTER Nodal & Mesh Analysis
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Solution:
3 Q and 6 Q resistors are in parallel because they are connected to same two nodes ¢ and b. Their combined

resistance is

30ll40 = X0 59
3+6
Similarly, 12 Q and 4 Q resistors are in parallel since they are connected to same two nodes d and b.
Hence, 12Qll4Q = 12x4 50
12+4

Also, 1 Q and 5 Q resistors are in series, hence combined resistance,
1Q+5Q=00Q
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Further 3 Q and 6 Q in parallel gives equivalent resistance = ——— =
(3+6)Q
This 2 Q is in series with 1 Q.
Given equivalent as (2 + 1) Q = 3 Q as shown below.
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Now 2 Q and 3 Q parallel's combination in series with 10 Q resistance.
Hence, R.p=FRee=100+20l130Q)
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=10+ =11.2Q
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Use resistance and source combinations to determine the current i in figure shown and power delivered
by 80 V source.
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Solution:
The circuit can be redrawn as,
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Further combining the three voltage sources into an equivalent source of 90 V as shown below.
All the resistance, combined in series as,

F?eq=(10+7+5+8)§2=309

Simply applying kVL,  -90 + 30i = 0 sy~ D S0
Hence, i=3A <
Power delivered by 80V source = 80V x 3 A =240 W
The following mesh equations pertain to a network:
81,-51,-1; =110
=61, +101,+0=0
-I,+0+7I;=115
Draw network showing each element.
Solution:
All the mesh equations can be rearrangement as,
81,-51,-1; = 110
= 5, ~1,)+ (I, -1+ 2, = 110 (1)
~51, +10L,+ 0 =0
= 5(,-1,)+51,=0 ..(2)
=1, +0+71;=115
= (I,—1,) + 61, = 115 .(3)
On the basis of equation (1), (2) and (3), we can draw the network as,
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X} Find mesh currents in the circuit,
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Solution:
iy—iy = 3A (1)
BY KVL for super mesh,
2(i, —i,) + Alis—1i,) + 8iy; = 6
2i, —6i, + 12i; = 6 ..(2)

By KVL for second mesh,
2iy + iy —i5) + 2(i,—iy) = O
8i,—4iy—2i; = 0 ..(3)
Solving equations (1), (2) and (3), we get

i, = 3473A
i, = 1.105A
i, = 0.473A
[EX] For the circuit shown in the figure determine V,/Igusing nodal analysis.
v
MW oV,
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Solution:
V= Ib (1) v 1Q (@
Node (1), o AW @ oV,
b
(4 S1a 210 D3, =10

V-V, =1, ) ® 3 3 UL

Node (2),
é+v01_v+31b =0 Ri=R,=Ry=R,=1Q,1=3

2V,- V=3I, .(3)
From equation (1), I, = Vputinequation (3)

2V,-V=-3V

2V =-2V

= V=-V,
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Putting, V = -V, in equation (2)
3(=Vy) -V = I
-4V, = I
Yo - =-0.25
I 4

m For the circuit shown in figure, determine the currents i,, i, and i; using nodal analysis.
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Solution:
o 4V
© @
24v<:> 60 Zs0 O
L) i3
-
By nodal analysis, ~i;—i,+i=0
— H + _M +17 _O
2 6 -
v-24 V =0 (1)
2
V,=V-4
KCL at node 1,
—1+£+3 =0
8
V-4
=|—+3 2
: ( - j @
Combining (1) and (2),
V-ea V. V-4 . 3_9
2 6 8
Solving, V=12V
V, =8V
o 2412 g
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ih=—-—=-2A
2 6
i=i3+3 ...i=i1+i2
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Determine equivalent inductance at terminal ‘1-2 for circuits.

3H
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Solution:
(a) Allthe inductances are in parallel thus overall equivalent inductance is
1 1,11
g L L L
1 1 1 1
— = + +
Leg 20mH 30mH 10mH
. 60
On solving, Leg = EP mH = 5.45 mH

(b) This problem can be best solved utilising star to delta transformation.
Let us first convert the interconnected inductances to an equivalent delta. This is shown in figure (a)
Hence the equivalent circuit configuration of figure given becomes as shown in figure (b).

141+ 120 -5
1414+ Wpr

04
(b)

Redrawing circuits,
Thus the equivalent inductance across 1-2 is given by

1.5%3

Lip= L+ L)=1508= 22

Hence, Ly, = Leq: 1H





