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Example<29':) Determine the power dissipation in the 4Q resistor of the circuit
shown in Figure 1.36(a).
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Figure 1.36(a)
Solution:

First, we should mark current direction in this network. Refer Figure 1.36(a).
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Figure 1.36(b)
Let us assume three mesh currents I, I, and I; as shown in Figure 1.36(b). Now the
current flow through 4Q resistor is I, - I; in the direction shown in Figure 1.36(b).
I. Mesh equation
=51, -3(1,-L)+60= 0
8,-3L, = 60 wsoiL)

1. Mesh equation
25L-40-)-36-1) =0
3L +91,- 4I3 =0 w(2)
II1. Mesh loop equation
-61,-20-4(,~1) =0
-4 1, +10; =

i
!
n
=1

..(3)
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Using these three equations and form matrix equation
8 -3 0| 60
-3 9 -4li1,|=| 0
0 -4 10|, -20
Here we have to solve the mesh currents I and I;. By applying Cramer’s rule, we c;m
easily find out mesh currents. Let us define three determinants

A, A, and A, as shown in below

8 -3 0
A={-3 9 -4
0 -4 10
8. 60l 0
A, =|-3 0 -4
of —20 10
-
[8: -3 60
Ay={-3 9 0
L0 4 -20
rg -3 o
A={-3 9 -4
L0 -4 10
= 502
g 60 0
A, =|-3 0 -4
[0 -20 10

8 x ((0— (80)) — 60) x (~30~0) = 1160
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8 -3 60
A, =[-3 9
0 4 -2

= 8(-180)-(-3) x (60) + 60 (-12)
—-1440+180+720= —540

[}

L
A 502

Ay =540
A

=-1.074
502

- Power dissipated in 4Q resistor = |, -1, x4

o o =lsieEto va siiaas.
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The three required mesh currents are assigned as shown in figure. Applying
KVL, we can get three mesh equations.

I. Mesh equation

“1,~1)=6-2(0,-L)+ 7 = 0
X 31, -I,-2I;= 1 i)
II. Mesh equation
~2L-3(L,~1)-1(,-1, )= 0
-I;+6I,-3; = 0 i(2)
III. Mesh equation
L-2(;-1)+6-3(I;-L)= 0
~2, -3+ 6l = 6 ..(3)
Using these three equation and form matrix equation.
3 -1 =2[] 1l
-1 6 -3||L| _'lo

-2 -3 6 ||L] 6
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Here we have to solve the mesh currents I;, I, and I3, by applying Cramer
rule. Let us define three determinants.

A, Ay, A, and A, as shown below.

A=

A; =

A =

Ay =

3 -1 -9
-1 6 -3
-5 -3-6

1 -1 -2 3 -1 -2
0 6 -3, A -1 0 -3
6 ~8.6 -2 6 6

-1 6 -3
-2 -3 6

3(36-9)- (- 1) (- 6-6)-2(3 + 12)
81-12-30=39

1 <1 -2
0 6:=3
6 -3 6

1(36-9) - (-1) (0 + 18) - 2(0 - 36)
27+18+72=117

3 -1 -2
-1 0 -3
-2..6 -6

3(0 + 18) ~ 1(- 6 - 6) - 2(- 6)
54+12+12=78
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A, 78

I = X=§=2A
3 -11

Aie -1 6 0
-2 -3 6

= 3(36)-(-1)(-6) + (3 + 12)
108-6+15=117

>

3

AT 39

L =

The three mesh currents are. - 5

L =3A;1, =2A;1, =34 |
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ExamplFind V,» V,, V, by the nodal method for the given circuit.

Figure 1.46

Solution:

Matrix form by inspection method

.0 1

: 11 1 1l 1 } Vi >
- —t-t+— = IV, |=]0
IREA - dali
1 1 A
. LR
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2 -1 -l
A=|-1 225 -1
-1 -1 2

=20@5-1)+1(2-1)-1(l +2.25)

=7-3-325
A =075
|
AV, =| 0 225 -1
10 -1 2

=5(4.5-1)+1(10) =1 (-22.5)
= 175+10+225 = 50

Ay _ 50

\ = = = 66.66V
A 075
2 05 -1
AV, =|-1 0 -1
-110 2
= 2(10)-5 (=2 - 1)= 1 (-10)
= [0+15+10 =45
v, = AV, _ 45
A 075

V, = 60V
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2; i =1 WS

AV, =|-1 225 0
-1 -1 10
= 2(22.5)+1(-10)+5 (1 +2.25)
= 45-10+16.25
AV, = 5125
v, = AV 5125
Aé 7 0m5
A
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Example( 343 Find the voltages of the nodes 1 and 2 in the network shown in
figre 1.47, by nodal method.

Vv, 050 V, 30

Ref. node
Figure 1.47

Solution:

Convert all the voltage sources into their equivalent current sources.

5A 10A A
I 50 310 30(1),2 sa(p),

=+ Ref. node

Figure 1.48
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773
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*73
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blxulllplo, In the circuit given in figure, obtain the load current and power§
delivered o the load. _,

Solution:
4Q 8Q 3Q
fw AN A A .
ks : Load
120V = D 120 QQD 150
=L I I
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Applying KVC, we can get three mesh equations.

Loop 1:
—41, - 12(1; - ) + 120
a1, - 121, + 121,
161, + 121,
161, - 121,
Loop 2:

61, -9, - 1) - 12 (,-1) =
61, - 9L, + 9Ly — 121, + 121, =

121, - 271, + 913
Loop 3:
=31, -151; -9(1; - 1)

31, 15 - 91, + 91, =

91, - 271,

=0
= -120
= -120
= 120 (1)
= (2)
=0
0
=0 (3

Using these three equation form matrix equation.

16 =12 0 ||

s 12 27 9 ||,

: 0o 9 27|L
By applying Cramer’s rule, we can

16
12
0

16

-12 0]
27 9

9 27|
-12 120]
27 0

9 0

120 »
0
0

find out current flow through load {1500}
fesh current 1, is flows through 15 resistor.

16(729 - 81) + 12(-324) = 6480

120(108) = 12960
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Current flow through load resistor (15Q) is 2A
POﬁdelivered to the load= PR = 22x15 = 60W

v N ] At b icnmte cninnliod hy the two hatfteries in the ne
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ceeties R -LeircuithasR=20Qand L = 0.05 H and is connected to 250 volts
50 cycle source. Calculate (a) the impedance (b) current (c) power factor. Draw
the phasor diagram.

Solution: 20Q 0.05H
Inducfive reactance X; = 2xfl, _AQA_—{WLUM
= 2n x50 x 0.05
= 15.708Q —o—
250V

[

Impendance Z=R+jX, = 20+j15.708

25.43.38.15°Q

[

\% 250.£0°

Current I = z° m =9.831 £-38.15°A
Power factor = cos 38.15=0.786 (lag)

V.=250[0°

=B
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In a series RLC circuit, R = 24Q, L = 191 mH and C = 66.3 mF given that the
supply voltage is 240 V 60 Hz, find (i) equivalent impedance (ii) power factor
(iii) current (iv) power and (v) reactive power.

Solution:
Inductive reactance X, = 2nfL = 21 x 60 x 0.191 = 72Q

24Q 191mH 66.3uF
WW—T00—] |
R L c
©;
240V, 50Hz
1 1

Capacitive reactance X: = omic % 60 x 66.3 x10° ~ 40Q

]

R +j(X, - Xo) =24 +j(72 - 40)
24 +j32=40£53.13°Q

Impedance Z

]

Z=40Q

R 24
Power factor cos ¢ = cos(53.13) or Z 20" 0.6 (lag)

cos ¢ = 0.6(lag)

C p1= Y o 20L0° o sm1m RS
IRt =7~ 40753.18° = O

I=6A

Real power = |V| |I] cos ¢ =240 x 6 x 0.6 = 864 W

P =864 W

Reactive power = | V| |I| sin¢ =240 x 6 x 0.8

[ Q = 1152Voltamperereactive
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Example@ In the circuit of Figure 1.26 find using “Kirchoff’s Laws” the currents
in the various elements. Find also the power delivered by the battery.
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Solution:

The currents are marked in the circuit as shown. In muarking the currents, Kirchoff’s
current law is applied at all possible nodes. For instance, at node B, the current I, splits into
L, through the 6Q resistor and (I, ~ 1) through the 8Q resistor A check at node F, shows that
the current law is verified at that node. There are two unknown currents I, and I, Closed
loop equations are written for two loops. Considering AB FG A,

21, + 61, =18 (1)
For BCDFB, 8 (I, - L) + 4(1, - 1,)= 61,
121 -18L,= 0 . (2)
Solving these two equations we get L= 3A1,= 2A
The current in 2Q resistor = 3A
The current in 6Q resistor = 2A

The current in 8Q resistor = I;-1,=3-2=1A
The current in 4Q resistor ' = 1A
Power delivered by the battery =18 x I,

@\0'5 . =18x3=54W
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Txample@ In the circuit of Figure 1.27 ﬁnLd the power supplied to the load. Also
find the voltage at the load.
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—AMA—B 2 AR c
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20V, LOAD $10 T o5v
G F D

Figure 1.27
Solution:

The currents are marked using Kirchoff’s law. We write two closed loop equations
using Kirchoff’s second law and then solve for the two unknowns.

ForABFGA 011 +(,+L)x1 = 20ie, L.11,+L,=20
For CBFDC  02L+ (I, +L)x1 = 25ie,l,+121,=25
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1

Solving, L= E =—-3.125A

1

I, =1 = 234375A
032

The negative sign for I, implies that current flows from B to A rather than from A to B.
Chis means that the current in the load is 20.3125 A.

Voltage across the load = 203125x1
= 203125V
Load power = I2xR=20.3125%x1

= 412.598 W
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Figure 1.35(a)

Solution: .
First assign mesh currents I, and I, to meshes PQSP and QRSQ respectively. It is
shown in Figure 1.35(a).

Mesh PQSP
~301,-10(, - 1L,)+120 = 0
401,-101, = 120 (1)
Mesh QRSQ
~501L,-60—10(L,—1) = 0
~10L,+601, = —60 (2
The two equations are
401,-10L, = 120 ' (D)
~101,+601, = —60 R o)
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Multiplying equation (2) by 4 and adding it to equation (1)
401,-101, = 120
—401,+2401, = -240
Solving these two equations, we can get
I, = -0521A

The minus sign indicates that the direction of I, is anticlockwise. The 1, value is
substituted in equation (1) we get

407, —10 (-0.521)= 120

I 114.79
40
I, = 2.86A
The actual direction of flow of mesh currents is shown in Figure 1.35(b).
300 ; 500

Q
AMN———R

] AV
3 -
5
OV gmn ) — &0V
i 1,=0.521A T~

1,=2.86A

S

Figure 1.35(b)
The mesh Current 1, = 2.86A
I, = 0.521A
Current in branch SPQ I, = 2.86A
Current in branch SRQ I, = 0.521A
Currentinbranch QS = I +1,

= 2.86+0.521

= 3381A




