0.1. Mesh Analysis

0.1 Mesh Analysis

Steps to find a current flowing in a circuit using
Mesh Analysis

1. Identify loops or meshes in a circuit and Label
a mesh current to N meshes

2. Apply KVL to each mesh with the correspond-
ing mesh current to generate N equations.

3. Solve the resulting simultaneous linear equa-
tions for the unknown mesh currents using
Cramer’s Rule.

Q 1) In the circuit shown in Figure 53 determine
all branch currents and the voltage across the 5 (2
resistor by loop current analysis.

3Q 20
50\ 5Q 25V
M\ M\
6Q 8Q
Figure 1
Solution:

In the given circuit there are two meshes and named
as i1 and i9 as shown in Figure 2.

Figure 2

Applying the KVL for the loop abcda. The loop is
passing through 3, 5 and 6 € resistors and it touches
negative terminal of the battery of 50 volts. The 5
Q) resistor is common to loop currents 4; and 7. For
loop1 the current io in 5 €2 resistor is opposite to the
i1 current. Hence loopl equation is.

311 + 5(’i1 — ’iQ) +611—50 = 0
1431 — 51 = 50

Similarly for the loop befcb , The loop2 is passing
through 2, 8 and 5 2 resistors and it touches positive
terminal of the battery of 25 volts. The 5 € resistor
is common to loop currents i; and 7. For loop2
the current i; in 5 §2 resistor is opposite to the io
current. Hence loop2 equation is.

219 + 819 —|—5(’i2 —’il) +25 = 0
—511 + 159 = —25

The two simultaneous equations are:
1441 — 5i9 = 50 (1)
—5i1 4+ 1569 = —25 (2)

Multiply eqn 1 by 3 and adding with equation 2

4277 — 19 = 150
—5i1 + 151 = —25
371, = 125
i1 = 3.3784A iy = —0.541A

Tap = 3.3784A i = —io = 0.541A
ipe = 11 — 12 = 3.3784 — (—0.541) = 3.9194A
voltage across the 5  resistor is bip. = 19.597V

Q 2) In the circuit shown in Figure 3 determine the
mesh currents 1, 72, i3

Figure 3

Solution:
Applying the KVL for the loop abcdea
1(41 —i2) +2(i1 —i3) +6—-7 = 0
3ip —ig —2i3 = 1
For the loop cfgdc
219 + 3(i2 — ig) + 1(i2 — il) =
—i1 + 61 — 3i3 =
For the loop dghed
3(ig —ia) + 2(iz3 —i1) +i3 —6 =
—2i1 — 3ig +6i3 = 6
The three mesh equations are,
3i] —ig — 2i3 =
—i1 + 61y — 3i3 =
—2i1 — 3ig + 6i3 =

Solving these equations Using Cramer’s rule

3 -1 =2 11 1
-1 6 =3 12 | =10
-2 -3 6 13 6

ZI =V

(o=
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0.1. Mesh Analysis

i1 Figure 4
I= 2 Solution:
13
- Applying the KVL for the loop abcda
U1
V=1 v 8i1+4(i1—i2)—42 =0
| U3 1241 —4ip = 42
Z Zis Z
7 Z; Z;; Z;i Similarly for the loop befch
Z31 Zsz Zs3 6io +4(iz —i1) —10 = 0
[ v, —1 =2 i —441 +10i0 = 10
V2 6 -3
v3 —3 6 Simultaneous equations are
1= — A =
where A is 12y —diy = 42
—441 +10i5 = 10
3 -1 -2
A=| -1 6 -3 12 —4
5 3 g A= ’ i ‘ = 12x10—(—4x—4) = 120—16 = 104

3[6x6—(—3x—=3)]+1[-1x6—(—2x —3)]
—2[—1x =3 — (=2 x 6)] 42 —4
=3(36-9)+1(-6-6)-2(3+12)=81-12-30=39 10 10 | 420440 460

i = =— =442A
" A 104 104
(1) _61 _g ‘ 12 42 ‘
- —4 10 120 + 168 288
. 6 -3 6 1(36 — 9) + 1(18) — 2(—36) ig = = 0+ = — =2.769A
i = A = 39 A 104 104
Q 4) In the circuit shown in Figure 57 determine the
27+ 184+ 72 _34 current I
39 8A ~
©
|
3 1 —2 b 8Q . 20 o 10Q
_fM_
10 -3 ’
o -2 6 6 | 3(18) —1(—6 —6) —2(—6) 40 >30 =50
2T A B 39 100 % %
a d f h
54+ 12+ 12
39 =24 Figure 5
Solution: For the given circuit there is current
3 -11 source, to apply KVL current source has to be
-1 6 0 converted into voltage source, the modified circuit
172 =3 6] 3036)+1(=6)+1B+12) 5 as shown in Figure 58
13 = =
A 39 | -
b 82 . k20 o 100
108—6+15 Sanl
i1 =3A i3 =2A i3 =34 100
Q 3) In the circuit shown in Figure 51 determine all a d f h

branch currents by mesh current analysis.
Figure 6

Applying the KVL for the loop abcda

8iy + 4(iy — i) — 100 = 0
12y — 4iy = 100

(o=
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0.1. Mesh Analysis

For the loop cefdc

219 + 3(22 — ig) + 4(22 — il) =
—4i; 4+ 99 — iz =
For the loop eghfe

103 + 5i3 + 3(ig —i2) +80 = 0
011 — 312 + 1813 = —80

The three mesh equations are,

1247 — 4io 4+ 0ig = 100
—441 4+ 919 — 3i3 = 0
021 — 319 + 1813 —80

12 -4 0
A=| -4 9 -3
0 -3 18

12[162 — 9] + 4(=72 — 0)] + 0[12 — 0]
— 1836 — 288 = 1548

100 —4 O
0 9 -3
|80 -3 18
11 = A
~100(162 — 9) + 4(0 — 240)
- 1548
15300 — 960 + 0 _ 14340 — 9.96A
1548 1548
12 100 O
-4 0 =3
. 0 —-80 18
19 = A

12(0 — 240) — 100(—72 — 0) + 0(0 + 720)

1548

—2880 + 7200 +0 4320
1548 1548

= 2.T9A

12 —4 100

-4 9 0
, 0 -3 —80
13 = A

12(—720 — 0) + 4(320 — 0) + 100(12 + 0)

1548

—8640 + 1280 + 1200 —6160
1548 1548
i1 =9.26A4 iy =2.79A i3 =—3.97A

Q 1) In the circuit shown in Figure 7 determine all

branch currents by mesh current analysis.

=—-3.974

5Q 5Q 5Q

10A 10Q2 2200 30Q 100 vV

Figure 7
Solution:
Converting current source to voltage source and

then 10 € is in series with 5 2. The redrawn circuit
is as shown in Figure 8

150 50 50

Figure 8
Applying the KVL for the loop
3511 — 20i2 + 0i3 = 100
—2071 4+ 5519 — 3013 = O

0iy — 30iy + 35i3 = —100
35 —20 0
A=|-20 55 =30 |=35(1925—900)+20(—700)
0 —30 35

A = 25875 — 14000 = 21875

100 —-20 O
0 55 =30
. —100 —-30 35
11 — A
~100(1925 — 900) + 20(—3000)
N A
42500
= 51875 1.9428A
35 100 0
—20 0 —30
. 0 —-100 35
19 = A
~ —105000 + 2070000)
A
_ —35000 _ 164
21875
35 =20 100
-20 55 =30
‘ 0 —30 —100
13 = A
_ —192500 + 40000 + 60000
N A
—92500
= 51875 —4.2285A

7
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0.1. Mesh Analysis

Q 2) In the circuit shown in Figure 9 determine all Figure 12
branch currents by mesh current analysis. Applying the KVL for the loop

10Q 10 Q

Wy Wy 30i; — 10i2 — 10i3 = 200
100 —1071 + 3019 — 1023 = O
10 A § 100 —10¢; — 1099 + 4473 = 0
4 AN
100V (£
100 %249 i1 =8.99TA iy =3.97TA i3 =2.9414
Figure 9 Q 3) In the circuit shown in Figure 13 determine the
Solution: current I by mesh current analysis.
Converting 100V voltage source to current ,%/5\2 1’\MQ
source and then 10 2 is in parallel with current v
source. The redrawn circuit is as shown in Figure 10
10 1A
20
10Q
—
2V G‘) 2V |
g 1 10
10a/ 00 Q
10Q
10 A | @ _
2100 Figure 13
100 24Q Solution:

Converting 2 V voltage source to current source
Figure 10 and then 1 € is in parallel with current source. The

10 A current source and 10 A current source are redrawn circuit is as shown in Figure 14

in parallel which are added and become 20 A 10
100
AMN—
1af 310 20
100 oA ry
1 100 210 2V
20A® L —AM— 10
2100 X 10
10 Q 24Q)
? Figure 14

2 A current source and 1 A current source are in

Figure 11
parallel which are added and become 3 A

Converting 20 A current source to voltage source

and then 10 €2 is in series with voltage source. The 10
redrawn circuit is as shown in Figure 12 wWv
100 10Q 1Q -
M 3A(R 2
—> S1Q Xy
10 Q2 10 10
|
! Figure 15
200 ()

Converting 3 A current source to voltage source
and then 1 Q is in series with voltage source. The
redrawn circuit is as shown in Figure 12

£
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0.1. Mesh Analysis

Ve = 3(i3 —i2)
104

Va

8

11 =
i3 —11 = = 0.125V,
i3 — 10 = 0.125 x 3(23 — ig)
73 — 10 0.375i3 — 0.375%2
0.375i2 +0.625i3 = 10

Figure 16
Applying KVL to mesh i
Applying the KVL for the loop

4i2+3(i2*i3)+5(i2*i1) =0

311 —19—13 = 3 =511+ 1249 — 3i3 = 0
—11 4+ 4i9g — 213 = —2 —5x1049i9 —4i3 = 0
—11 — 219 +4i3 = 2 1249 — 313 = 50

The simultaneous equations are

fx-100MS /fx-115MS /fx-570MS /£x-991MS/
0.375i5 + 0.625i3 = 10

Press MODE MODE MODE 1 EQN 3 12i5 — 3i3 = 50
Then al 3= bl -1= ¢l -1= dl 3= A= ‘ 0'5’275 Of? ‘ — _1.125 — 7.5 = —8.6255
Then a2 -1= b2 4= ¢2 -2= d2 -2= ' 10 0.625 ‘
50 -3 —30-3125 —61.25
19 = = = =T7.1A
Then a3 -1= b3 -2= ¢3 4= d1 2= A —8.6255 —8.6255
x=1.5 0.375 10
y=0.4166 . 12 50 18.75 — 120 —101.25
2=1.0833 8= A =~ 8625 soxmy T4
The current through 2 € resistor I is " 72};16 three loop currents i1 = 104,72 = 7.14, 43 =

I =13—1I,=1.0833 —0.4166 = 0.6667A

Q 5) Find the loop currents i1, 42,43 in the circuit
shown in Figure 17

i
—AM——
10A D/D AV
Ve

BOMONE S

602

Figure 17

Solution:

o
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0.2. Supermesh Analysis

0.2 Supermesh Analysis

e If there is a current source between meshes
which is common for meshes, then we have to
combine meshes which is called a supermesh.

e In supermesh write a KVL equation combining
meshes.

Q 1) In the circuit shown in Figure 18 determine the
current through 2 €2 resistor.

4Q 6Q

OB

MN
20

10V(®) ®e6vV

Figure 18

Solution:

Figure 19

I; and Iy are the two meshes in which 2 A current
source is common to I; and Iy meshes which is as
shown in Figure 19.

Draw a supermesh by combining two meshes I; and
I5 as shown in Figure 20.

Figure 20

Apply KVL to the supermesh as

4 + 6, +6+2I,—10 = 0
41 + 81, = 4

Ih -1 =2

41+ 81, = 4
L — I -2

Solving the above equations
L =—-1A b =1A

Current through 2 € resistor is I = 1A

Q 2) In the circuit shown in Figure 21 determine the
current I,

Jany
o
<

2Q 20

2A
40

Figure 21

Solution:

Figure 22
KVL for I is

2([1 — IQ) + 2([1 + Ig) —10 = 0
4 — 21, +2I3 = 10

KVL for supermesh is

415 + 2([2 — Il) + 2(—[3 — Il) — 813
AL, 4+ 615 — 10I; =

For current source

12+13:2

410 — 21, +2I3 = 10

—4I1 + 61, — 1013 =

0L +1+ 135 =

Solving the above equations
I =3.667TA I, = 2.167A, I3 = 0.16TA

Current through 8 € resistor is I3 = 0.167A

Q 3) In the circuit shown in Figure 23 determine the
current I,

Figure 23

Solution:

o
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0.2. Supermesh Analysis

Figure 24

I =-1A
KVL for Supermesh is

2([2 — Il) + 2([3 — Il) +6I3—10 = 0

—4[1—1—2[2—1—8[3 = 10
—4(—1)—{—2[2—{—8[3 = 10
2y + 813 =
I3 —1, =2
Iy— I3 = —2
2l +8I3 = 6
ILh—13 = —2A

Solving the above equations

L =-1AL = 1A, I; = 1A

Q 4) In the circuit shown in Figure 25 determine the

current [,

40 60

Solution:

Figure 26: Example

441 + 619+ 219 —20 = 0
431 + 8o + 219 = 20

Vy = 2i2

. ) Vg 2ip 13
ip-h ===

4

10 —

19 — 11 = 0.512

11 — 0.5t =0

441 + 819+ 219 = 20
11 —051 = 0

4 8
A‘ . _0'5‘—2—8—10
‘20 8 ‘
0 —05 ~10
" A ~10
4=6
i1 — 0.5io
1—05iy =
is = 2A

Q 5) In the circuit shown in Figure 27 determine all
the loop currents

Figure 28
KVL for Supermesh

121 + 2(i1 — i3) -+ 4(12 — i3) +10 = 0
3i1 +4ip — 613 = —10

KVL for i3
3ig + 4(i3 — ig) + 2(i3 - il)
—211 —4io + 93 =
10— =205

1] — 12 = —H

o
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0.2. Supermesh Analysis

311 +4ig —6i3 = —10 Q 7) In the circuit shown in Figure 31 determine the
—2i1 — 4is +9i5 = 0 current I,
11 —19+0i3 = =5 40

=-j2 Q
Solving the above equations 50" A /_ID

I =5.556A I, = —0.556A, I3 = —1.4814A

20£90° V

= -j2Q

Q 6) In the circuit shown in Figure 29 determine the
all the mesh currents

Figure 31

N Solution: Applying KVL to mesh I3
81 + j10(1y — I3) — j2(1; — I) 0
" (84 j8)I1 + j2I> — j10I; = 0
M)
Applying KVL to mesh I
Figure 29 —j2(I2 — I) + 412 — j2(I2 — I3) +20£90 = 0

Solution: g2l + (4 — j4) o + j2Is = —204£90

For the given circuit there is current source, to apply For mesh I3, I3 = 54

KVL current source has to be converted into voltage

source, the modified circuit is as shown in Figure 30 (8+78)I1 + j2Is — j10I3 = 0

(8 4+ j8)11 + j2I> — j50
(84 48)11 +j2I» = ;50

I
o

G2Iy + (4 — j4) Iy + j2I3 = —20£90
§2I; + (4 — j4) I + j10 = —3520
J2hi+ (4= j4) = —;30

Figure 30

8+ i8I + i2, = 3§50
KVL for I is (8 +78) 11 + j2I5 j

g2l + (4 —j4)I, = —330
2+ 4(I, —I3)+2(I, - 1) = 0 ‘
—2I1 +8I, —4I3 = 0 A= 8+58  j2 = 32—5324732+32+4 =68
KVL for supermesh I is ' 50 2 ‘
21, — I) +4(I3 — 1)+ 8I3 — 6 = . —j30 4—j4 | 5200+ 200 —60
21 — 61, + 1213 = A 68
140 + 5200
L-Iy = 3 08
214.13Z
Is = 1 -3 = 21413255 = 3.15/55
68
‘ 8+ 58 3450 '
oL 4+ 8L —4l; = 0 I — 52 —3530 _ —7240 + 240 + 100 _ 340 — 5240
oI — 61, +12I3 = A 68 68
L +0,—1I3 =
416.174 — 35.2
Solving the above equations - 68 6124 = 3521 = 6.122144.78
I, =3.4736A I, = 1.105A, I3 = 0.4736A I, =—1,=6.12/144.78

o
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0.2. Supermesh Analysis

Q 8) Use loop analysis to find V,, in the circuit shown 100
in Figure 32 such that the current through 2+ J3

is zero. I
50 24130 10 50£0° V T 1
30£0° V T/'D 5 Q/D 260 @T v Figure 33

Solution: Applying KVL to mesh I

Figure 32 1051, + j10(I; — I,) — 5040 = 0O
Solution: Applying KVL to mesh I (10 + j10)I; — j10I, = 5020
S+ 35(I _. L) - 3(.)40 =0 Applying KVL to mesh I
(5+75)1 — j5l, = 3040
(8 +j8)]2 + 10([2 — 13) + le(IQ — Il) = 0
—j100 + (18 + j18)I —10I3= 0

Applying KVL to mesh I

(2—|—j2)]2—|—6([2 —Ig)+j5([2—[1) = 0
—j5I; + (84 j8) s —6I5= 0 Applying KVL to mesh I3
Applying KVL to mesh I3 1513+ 10(I3 — 1) +V, = 0
0I; — 10, + 2515 = -V,
AI3+6(I3—L)+V, = 0 1 2+ 20l3
0I; — 61, +10I3 = -V,
. ‘ 104410  —j10 0
b5+j5 =55 0 A=| —j10 184,18 —10 |=
A = —75 8+38 —6 0 —10 25
0 -6 10
= (5 4+ 75)(80 + j80 — 36) + j5(—750) (10 + j10)(450 + j450 — 100) + j10(—;250)
(5+55)(44+4780)+250 = 220+5400+5220+400+250 (10 + 710)(350 + 5450) + 2500
870 + 5620 = 1068./35.47 3500 4 74500 + 73500 — 4500 4 2500 = 1500 + j8000
5445 30 0 1500 + 58000 = 8139.4./79.38
-5 0 -6
0 -V, 10 . . 10+410 50 O
I = A = (5+45)(—6Vz)—30(—;50) —j10 0 —10
0 -V, 25
Since I I = A

0= (5+ j5)(—6V,) + j1500
j1500 150090

Since I

6V, = Vo _ : B YA
G1j5) 707745 0= (10 + j10)(—10V,) — 50(—4250)
Ve = 35.36£45 (10 4 510)(—10V,,) + 512500 =
Q9) Use loop analysis to find V,, in the circuit shown 10V, = ‘7125(,)0 = 12500290
in Figure 60 such that the current through 24 J3 (10 +410) 14.14245
is zero. V, = 88.4/45

(o=
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0.3. Question Papers

0.3 Question Papers

Q 2019-DEC 1 b) Use mesh analysis determine the KVL for supermesh is
current I, Is, Is as shown in Figure 34
) 1([1—]2)+3(Ig—]2)+2[3—10 = 0

'1\/\% 1, —4I,+ 513 = 10
O
E IL—-1I3 = 5
o . 1— 13
I1+6I,—3I3 = 0

2v@@ 1A@

20 L —4AL +5I; = 10
Il—f—OIg—Ig = 5

_Wv

Figure 34: 2019-DEC-1b(2018-scheme) Solving the above equations

lution:
Solution I, = 5.357TA I = —0.714A, Iy = 0.357A
%
J y JAN-2018-CBCS 2-a Determine the loop currents

10 =2 10 1y, I, I3 and I, for the network shown in Figure 38.
W] 4V 4V
ZVCDA@ \ 1:;}) %’29
H 2

Figure 35 1Q§ /D A Dng
WO

Q 2019-JAN) Using mesh analysis determine the 1Q 1A
current I, I, I3 shown in VFigure 36 ID 10 D§ 10
(<) _
N o
2A 5V

Figure 38: 2018-CBCS-Question Paper

Solution:

Figure 36

Solution:

For the given circuit there is current source between
meshl and mesh2. Convert the modified circuit is
as shown in Figure 37

b_____ c f
/D 10 9 20
; 1 3Q
=t
10v® 5A®R
A 1,)is2Q
_____________ 1o «i Figure 39
| h
a e
Figure 37 I3 =2
KVL for I is L—1, 3
L+ = 3
2l +3(I, — I3) + 1(I, — ) =
—1I; + 61, —3I3 = 0 L-1I; =1

7
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0.3. Question Papers

Applying the KVL for the Supermesh

A4 1L+ U -5 11— I)
—I—l([l—fg)—l-fl =0

21 + 1, — 213+ 21, = 13
21 + 1, —2x2+4+2I, = 13
20+ I, + 21, = 17

Simultaneous equations are

L1 +1L+0Iy = 3
oL+ -1, = 1
21 + I, + 21, = 17

Solving the above equations

L =2A T, =5A, I =2A, I, = 44

JAN-2017-CBCS Find the voltage across 20 (2
resistor in the network shown in Figure ??7 by mesh

analysis.

b 10Q . 100 . 10Q g
s5v(@) 20 20 )10V
MW
a d 200 f h

Figure 40
Solution:
b 10Q . 10Q ., 10Q g

5v (3 )10V
A
@ d 200 f n
Figure 41

Applying the KVL for the loop abcda

10iy 4+ 2(ip —i2) =5 =
1200 — 210 = 5

For the loop cefdc

1029 + Q(ig — ig) + 2029 + 2(i2 — ’il) =0
—241 + 3440 — 213 = 0

For the loop eghfe

10i5 4 2(i3 — i) — 10 = 0
0iy — 2ip 4+ 12i3 = 10

The three mesh equations are,
1241 — 210+ 023 =
—2i1 + 34io — 2i3
017 — 210+ 1213 =

10
Solving the above equations
11 =0.429A I, = 0.075A, I3 = 0.8453A
Voltage across 20 €2 is

19 X 20 = 0.075x = 1.56V

JULY 2017 CBCS) Use mesh analysis to determine
the three mesh currents i1, 9,43 as shown in Figure
42

Figure 42

Solution:

Applying the KVL for the loop abcdea

1(iy — ig) + 2(iy —i3) +6—7 = 0
iy — iy — 23 = 1

For the loop cfgdc

219 + 3(i2 — ig) + 1(i2 — il)
—11 + 619 — 3i3 =

For the loop dghed

3(i3 — ’iQ) + 2(’i3 — il) +i13—6 =
—2i1 — 3ig +6i3 = 6
The three mesh equations are,
3ip —ig — 243 =
—11 + 619 — 313
—2i1 — 319 + 6iz =

Solving these equations
i1=3A i =2A i3 =3A

July-2016 1-b Using mesh current method find
current through 10 €2 resistor in the network shown
in Figure 43.

f’: !
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0.3. Question Papers

A I
503 o ’ 100
so0v(® /D /D
4Q GPlOA

Figure 43: July-2016-Question Paper

Solution: Applying KVL to mesh Iy

..............

Figure 44: July-2016-Question Paper

L—-I; = 5

Ir, = 10

Applying the KVL for the Supermesh

513+ 10(Is — In) + 4(I — I) — 50 + 5, = 0
911 — 1415, 4+ 1513 = 50
91 —14 x 104+ 1613 = 50

91 + 1513 = 190
Simultaneous equations are
L—-1I3 = 5
9I) + 1513 = 190

Solving above equations

I, = 11.044, I, = 104, I3 = 6.04A

JAN-2015) For the circuit shown in Figure 60 find
the power supplied 10 V source using mesh analysis.

~ s
>

@
A
ol
o

-
o
<

Figure 45

Solution:

10 3Q
M\

20 ")
D
1AGP FV. -

v, .

O

@

g

10V
Figure 46
Ve, = 4(iz — io)
ihn = 1A
1%
is —i1 = 7”*“ = 0.142V,
iz—1 = 0.142 x 4(i3 — i)
is—1 = 0.568i5 — 0.568i
0.568iy + 0.432i5 = 1

Applying KVL to mesh 9

iy + A(iy — i3) + 2(ia — i1) =
—2i) + 9iy — iz =

—2 X 1+ 9iy — 4ig =

iy — diy =

N O O O

The simultaneous equations are

0.568i2 + 0.432i3

919 —4iz = 2
A= | 0908 04320y o0 3888 = —1.616
9 —4
’ 0.568 1 ‘
9 2 1.136 -9  —7.864
- _ _ — 4.866A
13 A —1.616 —1.616 500

£
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0.3. Question Papers

The power dissipated by 10V source is
10 x i3 = 10 x 4.866 A = 48.66W

DEC-2015) find the power delivered by the
dependent voltage source in the circuit shown in
Figure 47 by mesh analysis.

50
A\
100v @ 150
1002
101, IS 500 250
Figure 47
Solution:
100V
10i 250

Figure 48

KVL for loop i1
5i1 4+ 15(i1 — i3) + 10(i; —i2) — 100 = 0O

30¢1 — 10é2 — 153 = 100
iy = 50(ig — i3) = 50iy — 50i3
KVL for loop 49
10(ig — 1) + 50(i2 —i3) — 10i, = 0
—1041 + 60i2 — 5043 — 10i, = 0
—10i1 + 60iy — 50i3 — 10(50i3 — 50i3) = 0
—10¢; — 44079 +450i3 = 0

KVL for loop i3

25i5 + 50(ig — iz) 4 15(i3 — i)
—15i1 — 50ig + 90i3 =

Simultaneous equations are
30¢; — 109 — 1513 100
—104¢; — 440i3 + 450i3) = 0
—15%; —50t9 +90i3 = 0

30 —-10 -15
A=] —-10 —440 450
—-15 =50 90

30[—39600-+22500] + 10[—900+6750] — 15[500— 6600]

= 30[—17100] + 10[5850] — 15[—6100]
—  —513000 4 58500 + 91500 = —363000

Bridge Network) Use mesh analysis to determine
the three mesh currents i1, 79,73 also determine the
voltage drop across 22 for the circuit shown in
Figure 49

Figure 49

Solution:

Applying the KVL for the loop cadc

3(iy —i2) +6(i1 —iz) —30 = 0
911 — 319 — 613 = 30

For the loop cabc

6io + 2(i2 — ig) + 3(i2 — il) = 0
—3i1+11io — 213 = 0

For the loop abda
2(’i3—i2) +6<i3—i1) + 4i3 0
—627 — 2104+ 12i3 = 0

The three mesh equations are,
941 — 39 — 613 = 30
=311 + 11ip — 243 =
—611 — 219 + 1245 =

11 = 6.6667A is = 2.5A i3 = 3.75A The voltage
drop across 2{2 resistor is

V3 = (i3 —i2)2
— (3.75 - 2.5)2
= 2.5V

(o=
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0.3. Question Papers

Bridge Network) Use mesh analysis to determine the Applying the KVL for the Mesh2
mesh currents iy, 19,143,474 for the circuit shown in

Figure 50 10i2 + 10(ig —41) +80(ig —i3) =30 = 0
—1077 + 1002 — 8013 = 0
100z — 80i3 = —20
iy — i3 = 10A

Applying supermesh

80(ig — i) +20i4 +20—20 = 0
—80ig 4 80i3 +20is = 0

Solving simultaneous equations

' 100i9 — 80¢3 +0iy = —20

Figure 50 Ois —is+i; — 104
—80i2 4+ 80t3 + 2014 = 0

11 = —2A 1o =—bAi3 = —6Ai4=4A

Important: All the diagrams are redrawn and solutions are prepared. While
preparing this study material most of the concepts are taken from some text books
or it may be Internet. This material s just for class room teaching to make

better understanding of the concepts on Network analysis: Not for any commercial
purpose

(=
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0.4. Node Analysis

0.4 Node Analysis

Steps to find a current flowing in a circuit using Node
Analysis

1. Identify nodes in a circuit and Label all the
nodes.

2. Select one of node as reference node.
3. Apply KCL to each node.

4. Solve the resulting simultaneous linear equa-
tions for the unknown node voltages using
Cramer’s Rule.

5. Branch currents can be calculated using node

voltages

Q 1) In the circuit shown in Figure 51 determine all
branch currents by node analysis.

80 60
AMN M
40
42V 1oV
Figure 51

Solution: The circuit is labeled by nodes which
is as shown in Figure 52

8Q A 6Q
40
42V 1ov
= 2 (Ref)
Figure 52
Apply KCL to node V3
Vi—42 Vi Vi+10] 0
8 4 6 -
[0.125 4+ 0.25 4+ 0.167] V; — 5.25 +1.67 = 0
[0.5416]) V7 = 3.58
Vi = 6.61

Current through 8 € resistor is

42661

Ig g =4.42A
Current through 6 € resistor is
1 .61
o= 0H66L ooy
6
Current through 4 € resistor is
.61
Iy = % =1.654

Q 2) In the circuit shown in Figure 53 determine
all branch currents and the voltage across the 5 2
resistor by node analysis.

30 20
MNV MN
50\ 50 25V
MV —NW
6Q2 80
Figure 53
Solution:

The circuit is labeled by nodes which is as shown in
Figure 54

3Q v, 20
50 25V
SOV 80 8Q
MN———W\
= 2 (Ref)
Figure 54
Apply KCL to node V;
Vi—-50 Vi—-25 V;
—| =0
3+6 2+8 * 5
[0.111 4 0.1 4+0.2] V; —5.556 —2.5 = 0
[0.4111]V; = 8.056
Vi = 19.59

Current through 3 €2 and 6 € resistor is

I Vi —50  19.59 — 50
7346 346

Current through 2 Q2 and 82 resistor is

,_Vi-25_ 195925

= —3.37A

= = —0.541A
°T 248 2+8
Current through 5 €) resistor is

8.056
Iy =~ = 3.9184

Voltage across 5 ) resistor is
V =15 x5=30918 x 5 =19.59V

Q 3) In the circuit shown in Figure 56 determine
all branch currents and the voltage across the 5 2
resistor by node analysis.

10
— W

20

2 50

10V

o
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0.4. Node Analysis

Figure 55 Figure 57
Solution: Solution:
10 V, 20 v, For the given circuit there is current source, to apply
4= KCL current source has to be converted into voltage
source, the modified circuit is as shown in Figure 58
10V 5o S0 ®2A
8Q v/, L 20 v, 10080V
= 3(Ref)
Figure 56 5Q2
Apply KCL at node V3 100
Vi—10 E Vi—"V, _ 0 Figure 58
1 5 2
Vi[1+0.2405]—-10—-0.5V, = 0 [Vl_loo 1% V1—VQ] ~ 0
Vi[1+0.240.5] = 0.5V, = 10 8 4 2
1.7V — 0.5V, = 10 [0.1254 0.25+0.5] V; —12.5 - 0.5V = 0

0.875V; — 0.5V, = 125
Apply KCL at node Vs

‘/2 ‘/2 - 80 V2 - V1
Vo VoV 2 — 0
TS + 2 . 1 9 = 0 |:3 + 15 + 5 :|
~0.5V1 + Va[0.1+0.5] = —0.5V1 +(0.33 + 0.067 + 0;] Ve — 57.?;3 =0
—0.5V1 + 0.6V, = —0.5V7 +0.897V, = 5.33

The simultaneous equations are

0.875V7 — 0.5V, = 12.5
1.7vi — 0.5V, = 10 —0.5V1 +0.897V, = 5.33
—0.5V1 + 0.6V, = 2

The simultaneous equations are

A= |08 05 ous 95— 0.5348
17 —05 —0.5 0.897
A= ‘ 05 06 ‘ =1.02—-.25=0.25=0.77 195 —05
5.33 0.897 11.212 + 2.665
10 —-0.5 1= =
5 0.6 6+ 1 A 0.5348
Vi = : — —9.09 _ 13.877 _ 9504
A 0.77 05318 ~ 2
‘ 0.875 12.5 ’
. —0.5 5.33 4. 2 10.91
1.7 10 V = _ 66 + 6 5: 0.9 904V
Vo = —05 2| 3445 10.91 A 0.5348 0.5348
T A oo
Vi—V: 25.94 — 20.4
V1 is the voltage across 5 €2 resistor which is 9.09 V I, = ! 5 2 = =2.77TA
Q 5) In the circuit shown in Figure 57 determine the ) o o
current I. Q 6) Find the loop currents i1, 42,73 in the circuit
’ shown in Figure 59
8A
©
10 i
5 80 . k20 | 100 o V3
MNT>WN—T WN—]
15 AR
3i
40 3Q 502
100
a d f h

Figure 59

o
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0.4. Node Analysis

15A%)
1
Solution: = 3(Re)
Figure 60

Applying KCL to mesh V;

i—-Vo W

115 =
1 + 5 5 0

(1 + 0.5)V1 -V, = 15
1.5V —Vo = 15

2
=
Applying KCL to mesh V;
Vo—Vi Vo .
1 + 3 31 =
—V1+[1+40.333]V, —3i; =
-1+ 1333V, — 3iy =
—V1+ 1.333V, — 3(0.5V;) =

—2.5V1 +1.333V, =

o o o o o

1.5V =V, = 15
—25V1+1333V, = 0

1.5 -1

A:‘—z513%

’:2—2.5:—0.5
15 1
0 1.333 20

- — — 40V
Vi A 0.5

1.5 15
—25 0 | 375

= = =75V
A —0.5

wz‘

Power delivered by dependent current source is

=

—40
71 = — =

= —20
2 2

Vo x 3t = =75 x 3 x =20 = 4.5kW

Q 7) In the network shown in Figure 61 find the

node voltages using nodal analysis

SN

Q
AW
V2

8 Q)
M

240

Figure 61
Solution: Applying KCL to node V3

i—-Vo Vi—-1V3 B
2 4 -3 =0

[0.5+0.25] V4 — 0.5V5 — 0.25V3 =
0.75V1 — 0.5V5 — 0.25V3 =
3V -2V — Vs = 12

Applying KCL to node V5

Vo—-WVi Vo—-Vg Vo
2 sty =0
—0.5V1 +0.875V5 — 0.125V3 =
A1+ Vo = V3 =
R S
e = —
Applying KCL to node V3
Vi-Vi Va-Va oo
1 + 3 +21, = 0
i-Vi V-V Vi-V
2 =
4 + 8 + 2 0
0.75V1 — 1.125V5 + 0.375V3 =
2V =3V + V3 =
Linear equations are
3V =2V, —V3 = 12
—AVi+ TV = V3 =
2V = 3Va+ V3 =
3 -2 -1
A=| -4 7 —1]=3(7T-3)+2(—4+2)—1(12—14)
2 -3 1
=12—-44+2=10
12 -2 -1
o 7 -1
0 -3 1 12(7 - 3)
= = =4.8V
Y A 10
3 12 -1
-4 0 -1
2 0 1 —12(—4+2)
Va A 10 v

o
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0.4. Node Analysis

3 -2 12 4(700) — 1(—200) 2800 + 200)
-4 7 0 66 66 545V
2 -3 0 12(12 — 14) 7T 0 -1
Vs A 10 v -2 100 -1
Q 8) In the network shown in Figure 62 find the -1 0 7
node voltages using nodal analysis Va= A
—1(1 4900 — 1
,\2/8\,9 _ 7(700)66 (100) _ 90066 00) _ 29 73y
50 7T —4 0
VvV, 10Q -2 3 100
\% 2 \%
1 _>V\AI NN 3 B —-1 =2 0
I Vs = A
§10 Q § 50 _ 7(200) +4(100) _ 1400 +400) _ 57 o
® 1A = = 7.27V
Q 9) In the network shown in Figure ?? find the

current I by node voltage method.

Figure 62
Solution: Applying KCL to node V}
30£0° V T
Vi—Vs " i-Vs Wi 0
5 20 10
[0.1+0.2+0.05] Vi — 0.2V — 0.05V5 = 0
0.35V7 — 0.2V, — 0.05V5 = 0 Figure 63
V=4V, —V3 = 0 Solution: Applying KCL to node V4
Applying KCL to node V5 Va4 —30£0 n Va-Vp  Va _
eV V-V . 5 2473 j5
5 T 7% LTI I S IR B S
—0.2V; +[0.24+0.1] V5 — 0.1V = 10 A5 55 2443 Playgsl s
—-0.2V1 403V, —0.1V3 = 10 VB 3040

[.2 — 0.2+

1
S I v —
V43V Vs = 100 3.6456.3] 4736563 5

PR [2—j2+ 277/ — 56.3] Vy — 277/ — 56.3Vp =
PPIYIIS o node 72 [2—j.2+.153 — .23] Vi — 277/ — 563V =
‘/32_0‘/1 Vs 1_0‘/2 % — 0 353 — 43| Vi — 277/ — 56.3V5 =
—0.05V4 — 0.1V + 0.2+ 0.1+ 0.05] V5 = 0 [556£ — 50.6]Va — 2774~ 56.3VE =
—0.05V1 —0.1V3+035Vs = 0 Applying KCL to node Vi
V=241 = 0 Ve —20£0 Vp—Va Vs _
1 21,3 6
W—4n-V; = 0 1 1 1 1 20/
_ Ve |-+ - —V -2 o
V43V V5 = 100 B[6+4+2+j3] A[2+j3} 4
V=2V 4TV = 0 20/
16425+ |y, A 2040
7 4 1 3.6/56.3 3.6/56.3 4
A=| -2 3 —1|=1721-2)+4(—14-1)—1(4+3) [.16 + .25 + 277/ — 56.3] Vg — .277/ — 56.3V4
1 -2 7 _ 277/ —56.3V4 + [16+ .25 + 153 — j.23] Vg =
=133 — 60 — 7 = 66 —0.277/ — 56.3V4 + [0.563 — 50.23] Vi =
0277/ — 563V +0.6£ — 2.3V =
0 -4 -1
1 1
80 _32 ; 0.5562 — 50.6V4 — 02774 — 56.3V5 = 6
Vi= 3 0277/ — 56.3V4 + 0.6£ — 22.3V5 = 5

o
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0.4. Node Analysis

Applying KCL to node Vp

0.556Z4 —50.6 —0.277£ — 56.3

A=| 0977/-563 06/_ 923 Ve—E» VB _
15 10
11 FE5
— 4+ |Vg—= =0
=0.336/ — 72.9 — 0.076/ — 112.6 [10 15] 15
E
0.1+ 0.066] Vi — 1—52 =0
0.1—30.32140.029+50.07 = 0.129—j0.251 = 0.282/—62.79 E,
== = 0.166Vp
15
0.556/ —50.6 6.0 Ey = 2.5Vp
| 02774563 520 |
B = A =
Via=Vpg
_ 2.784£—50.6 4 1.662/ — 56.3
- 0.282/ — 62.79
1764 — 52.148 + 0.922 — j1.38
o 0.282/ — 62.79
2,686 —j3.528 443/ —52.7 Ey = 2.5x354645
0 0.282/ —62.79  0.282/ — 62.79 E, = 88.65/45
= 15.87/10.01
I= Vp _ 158721001 _ 2.64/10.01A

6 6
Q 11) In the network shown in Figure 65 find the
Q 10) In the network shown in Figure 64 find the value of Ey such that current through the 2+j3€ is
value of Fsy such that current through the 84j8(2 is zero.

Z€ero.

50 A 2H3Q g 40

100 A B8+8Q B 150

30£0° V T % JRR® 6Q T
50.0° V T g j10Q c v,
2
=
—— =
= Figure 65

Fi 64
1ete Solution:

Solution:

o o It is given that current through the 2+4j3() is zero
It is given 'that current through th? 8+j8Q is zero this is possible only when V4 = Vi i., V4 — Vg = 0
this is possible only when V4 =Vgi., V4 — Vg =0

Applying KCL to node V4 Applying KCL to node V4

VA—5O+X'/7A _ 0 Vi —30 E _ 0
10 410 5 Jo
1 1 50 1 1 30
o+ )T = 0 Fr|n-F -0
01—-401]Vy = 5 [02—40.2]Vy = 6
0.141£—-45V4, = 5 0.2824 —45V, = 6
Vi = 35.46£45 Vi = 21.27£45

(o=
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0.4. Node Analysis

Applying KCL to node Vp

V-V, Vg
B TB
4 + 6
1 1 V.
Ve
0166+ 0.25] Vg — == = 0
% = 0.416Vp
Ve, = 1.664Vp
Va=Vg
Ve = 1.664 x 21.27/45
Ve = 35.39£45

simultaneous equations are

Q 12) In the network shown in Figure 66 find the

value of V5 using nodal analysis
3O
(000

Vl 1L V2
L]

50

5.,90° A@l 330 603 T )10.0° A

—_—

Figure 66
Solution: Applying KCL to node V;
i 4 i-V, V-V
3 —jb j3

0.33 + j0.2 — j0.33] Vi — [j0.2 — j0.33] V, =
0.33 — j0.133] V; + 50.133V5 =
0.3552 — 22V4 + 0.133/90V, =

Applying KCL to node V;
Voo Vo=V  Vo—-V
€2+ 2_j51+ 2j3 1
—[70.2 — 70.33] V1 + [0.166 + j0.2 — j0.33] V>
70.133V; + [0.166 — 50.133] V>
0.133290V; 4+ 0.212/ — 38.7V,

- 10

+ - +5490 =

—5290
—5790
—-5290

0

10
10
10

0.3554 — 22V; +0.133£90V, = —52£90

0.133£90V; +0.212£4 — 38.7V, = 10

0.3554 — 22

A 0.133£90
~| 0.133290

0.2124 — 38.7

0.07524 — 60.7 — 0.0177£180
0.0368 — 70.0655 + 0.0177 = 0.0545 — 70.0655
0.0852£ — 50.2

0.355/ — 22 —5/90
‘ 0.133290 10 ’

2 A
_ 3.55/—22+0.665£180
N A
_ 3.3—41.33—0.665 = 2.635 — j1.3
- A
_2.93£-26.25
~0.0852/ — 50.2

= 34.38424

o
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0.5. Supernode

0.5 Supernode

e When an wvoltage source appears be-
tween two nonreference nodes and any
elements connected in parallel with it
then combining these nodes is called a
supernode.

Q 1) In the circuit shown in Figure 67 determine the
node voltages

100
—AM—

D
N

f o

Figure 67

2A 7A

Solution:

2A 7TA

o

= 3 (Ref)

Figure 68

There is voltage source between Vi and V5 and by
supernode equation is

Vi Vo
L2 9 -
5 + 1 +7 0
0.5V +0.25V, = =5
Vo—-W1 = 2
Vi-Va = -2
Simultaneous equations are
0.5V1 +0.25V, = =5
Vi—-Vo = =2
where A is
A= ‘ 0-5 0.25 ' =—-0.5—-0.25=-0.75

1 -1

‘ -5 0.25 ‘
-2 -1 5+0.5
Vi= A = Toms o33
‘ 0.5 =5 ’
1 =2 —-1+5
Ve = A T 075 =533

Q 2) In the circuit shown in Figure 69 determine the

node voltages

40

-3A

22V
D

<
AN
3Q

—

1Q§ 50

-8 A

Solution:

-25 A

Figure 69

40

-3A

v, 22V

2

There is voltage

Vs — V3

Vs

4—-
ANA— I
30 o~

1Q§ 50

-25A

Figure 70

source between V3 and V5 i.e.,

22
Vo +22

Va

Apply KCL for node V;

V13V2 V14V3_(_8)_(_3) _ 0
0.5833V; — 0.333V, — 0.25V3 = —11
0.5833V; — 0.333V2 — 0.25(V +22) = —11
0.5833V; — 0.583V, = —5.5 (1)

£
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0.5. Supernode

There is voltage source between Vo V3 and by
applying supernode equation

B-Wi Va Vi-Vi W
3 1 4 5

+(=3)+(—25) =0

—0.5833V4 + 1.333V2 + 0.45V3 = 28
—0.5833V1 + 1.333V5 + 0.45(Va +22) = 28
—0.5833V; +1.783V, = 18.1 (2)

Simultaneous equations are

0.5833V; — 0.583V, = —5.5
—0.5833V; + 1.783V5 18.1
where A is
0.5833 —0.583
A_’ 0583 1783 ’_ 1.04 — 0.339 = 0.7
‘ —5.5 —0.583 ’
18.1  1.783 —9.8410.5
p— p— pu— ]_
! A 0.7 v
’ 0.5833 —5.5 ‘
—0.5833 18.1 10.55 — 3.2
pu— pr— pu— 1 ‘4
i A 07 0.48V

Vi3 =Vo 422 =10.48 + 22 = 32.48

Q 3) In the circuit shown in Figure 71 determine the
node voltages

10Q2

-4 A
20V

4—
MN
2Q2

4Q§ 50

5A ¥)-10 A

Figure 71

Solution:

10Q

-10 A

Figure 72
There is voltage source between V3 and V; i.e.,
V3 — Vs 20
Vi3 = Va+20
Apply KCL for node V;
i—-Va Vi—1V3 _
; (5= (-4 = 0
0.6V7 — 0.5V, —0.1V3 = -9
0.6V1 —0.5V2 —0.1(V5 +20) = -9
0.6V4 — 0.6V, = =7 (1)

There is voltage source between Vo V3 and by
applying supernode equation

Vo—WVi Vo V3-V1 V3 _
5 T 7T 1 +€+(—4)+(—10)_0
—0.6V1 + 0.75V3 4 0.3V3 14
—0.6V1 +0.75V2 4+ 0.3(V2 +20) = 14
—0.6V1 +1.05V, = 8 (2)

Simultaneous equations are

0.6V, — 0.6V, = —7
—0.6V4 +1.05V, = 8
where A is
0.6 —0.6
A = 06 105 ‘—0.63—0.36—0.27
‘ -7 —0.6 ‘
8 1.05 —7.35+4.8
Vi A 0.27 944V
‘ 06 —7 ‘
—0.6 8 4.8 — 4.2
— — =2.22
Ve A 0.27 v

Vi =Vo 420 =222+ 20 = 22.22V

Q 4) In the circuit shown in Figure 7?7 determine the
node voltages Vi, Vo, V3, V4

£
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0.5. Supernode

Vi Vi = 0.2u,
Va =V, 0.2(Vy — V1)
Vs—12Vy = —02V; = —02x (~12)
Vi 12V, = 24
_12V, = 24-V4
Vo = 0.833V53 —2

Apply KCL for super nodes V3 and V4

Vs —V3 Vai-Wi Vi
5 — 0.5V, + 55 +T =

—AVy — BVa+ 5Vs + 1.4V — 5V, =

v, Vi 5Vh+ 5V 14V, — 5(Vh - 1A)

Solution: 0.1Vi — Vi + 0.5V3 + 1.4V}

Va4 0.5V + 1.4V, 1.2

Vs +0.5V; + 1.4(0.833V5 — 2) 1.2
Vo4 1.66V5 = 4

I
o o o o

Simultaneous equations are

2.5V — 0.5V = —10
—Vo+1.66V3 = 4
where A is
2.5 —0.5
A= ‘ 1 166 ‘ =4.15-0.5=3.65
‘ —-10 —0.5 ‘
4 1.66 —-16.6 +2
Vo = = = 4V
2 A 3.65
Figure 73 25 —10
From the figure 73 it is observed that Vs = -t _10-10 oV
& 5 A 365
V,=0.833V3—2=0.833x0—-2= -2
Vi=-12V

Apply KCL for node V5 Vie 12 Vo= 4 Vo=0, Vi= 2

Vo-W"  Va—-V3

—-14 =0
0.5 2
—2Vi+ 2405V 05V = 14 Q 5) In the circuit shown in Figure 74 determine the
—2(-12) + 25V, - 0.5V = 14 node voltages
A MN
There is voltage source between V3 and Vj i.e., ‘
: 22V
o
Vs —=Vy = 0.2V, —AW S
1/3Q
sa® | 25 A
19 1503
V, = Vi-Vi
Figure 74
Ve, = Vo—VWp Solution:

o
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0.5. Supernode

The circuit is redrawn with node labeling is as
shown in Figure 75
1/4Q

25A

Figure 75

From the figure it is observed that there is voltage
source between node V5 and V3
Va — Vo =22
V3 ="Vy+422
Apply KCL for node V;
Vi—Vs n Vi—V;

1/3 1/ +84+3 =0

WV —3Ve—4V3 = -—11

Vi —3Ve—4(Vp+22) = —11
V=TV, = 77T (1)
There is voltage source between V5 and V3 i.e.,

Vo—-WVi Vo Va—Vi V3
2 40 953 —
s "1t Tn T Pl

Vi +AVy + 9V = 28
—TVi4 Va+9(Va+22) = 28

V1 +13V, = —-170
Simultaneous equations are
V=TV = T7
Vi +13V, = —-170
T =7
A—’_7 13‘—91—49—42
' =T ‘
—170 13 1001 — 1190
— = - _4.
" A 42 v
’ 7 7 ‘
-7 —170 —1190 + 539
Vs A 12 5.5V

Vis=Vo+22=-155+22=06.5V

Q 6) In the circuit shown in Figure 76 determine
the node voltages and also current Iy using nodal
analysis

Figure 76

Solution:

The circuit is redrawn with node labeling is as
shown in Figure 77

6Q2
M\

- 2V,

120

Vv,

MV
<+
-
D
(@)
<

602
I

0

—= 4 (Ref)

Figure 77

From the figure it is observed that there is dependent
voltage source between node V; and Vs

Vs = 6V
Vo = Vo
i—Ve = 2V,
Vi = Vo+42V,
Vi = V42V, =3V,

There is voltage source between V; and V5 Apply
KCL for supernode V7 and V;

i-Vs i Vo VoV 0
6 12 6 12 o
2V =2V + Vi +2Vo + Vo = V3 0
12 o
6V, —2Va +3V, + 2V + Vo, — Vs = 0
12V, = 3V,
3 x6
= =1.
1% 5 5V

Vi=3V,=3x15=45

Vi 45
=1 =22 03754
0= 13 = 15 = 0375

Q 7) In the circuit shown in Figure 78 determine all
the node voltages using nodal analysis

o
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0.5. Supernode

40

Vi &, V3

no (M) an

Figure 78 Figure 79

Solution: Solution:

From the figure it is observed that there is a voltage

From the figure it is observed that there is a voltage
& M votag source between node V; and Vs

source between node V; and V5

Vo—-Vi = =15
Vo—V, = 10 -Vi4+Ve+4+0V3 = —15
“Vi+Va+0V3 = 10 There is voltage source between Vi and Vo Apply

KCL for supernode V7 and V,

There is voltage source between V; and V, Apply Wi+ 4V +3 -4V + 1V + TV =TV +25 = 0
KCL for supernode V; and V, 61 +8V —11V3 = —-28
Apply KCL for node V3
—4V; = TVo+16V3 —25—-4 = 0
—4V; = TVo + 16V = 29

8Vi+4Vy —4V34+6+ 10V 43V, —3Vs = 0
12Vi+ 13V —7V3 = —6

Apply KCL for node V3
~Vi+Vo+0Vs = —15

6V1 +8Ve — 11V = —-28
—4Vy = TVa 4+ 16V = 29

—AV, —3Va 412V —4 = 0
—AV, — 3V 4+ 12V =

Solving above simultaneous equations

Vi= 617V Vo = =882V V3 = —0.504V

“Vi+Va+0Vs = 10

12V; + 13V —7Vs = —6 Q 9) In the circuit shown in Figure 80 determine all
—4Vy = 3Vo +12V3 = 4 the node voltages using nodal analysis
@ 2V
Solving above simultaneous equations
30 v, 20
Vi MN Vs

Vi = 5.5V Vo =446V V3 =-0.406V

Q 8) In the circuit shown in Figure 79 determine all
the node voltages using nodal analysis

o
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0.5. Supernode

Figure 80 e The resistor of 2} in series with inductance of
Solution: 5 {2 is connected from node 1 to common node.

From the figure it is observed that there is a voltage
source between node V; and V3

Vs—V1 =
—Vi+0Va+Vz =

There is voltage source between Vi and V3 Apply
KCL for supernode V; and V3

2Vi +3Vi —4Vo +4V3 +2Vs =2V = 0
5V1 =5V +6V3 = 0

The node equations of a network are
Apply KCL for node V5

1 1 1 1 10£30°
_ S | VA /A 3
—3V1+5Ve —2V3 =

1 1 1 1 50Z — 30
) 7 = Ve = — 4
j51+[j5+3+j8+4] 2 4 (4)
-Vi+0Va+V3 = 2 Derive the network
5Vi —=5Va +6V3 = Solution:

—3Vi+5V,—-2V3 = 1
Solving above simultaneous equations

Vi= —1667V Vo =-0.1667V V3 =0.833V

The node equations of a network are

—.ivl + [1 + 1 + 1] Vo = _M (2) The node equations of a network are

jo 75 2435 5 5
Derive the network 1 n i n 1 Vi le _ 502£0° (5)
. 5524 4 5
Solution:
From equation (5) it is observed that 1 1 1 1 50./90
——WV+|-+—+=| Vo= —— (6)
e From node 1 to common node there is 5 Q 4 4 —j52 2 2

resistor in series with 50£0 voltage source. Derive the network

e The inductance of 5 Q is connected between Solution:
node 1 and node 2 5Q V, 4Q V, 20

e The capacitance of 5 (2 is connected from node ’
1 to common node
50./0° T 2o Ti20 l® 50.,90°
Similarly From equation (6) it is observed that -lr

e From node 2 to common node there is 5 € 3 —o—
resistor in series with 50290 voltage source. =
e The inductance of 5 Q is connected between Figure 83

node 1 and node 2

7
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0.5. Supernode

Derive the network for the following mesh equations. 5Q V, 4Q V, 2Q

5445 —j5 0 I 50/30° 500" o TH20 l® 50.£90°
—75 8+38 —6 L | = —~5/0
0 -6 10| |1 —20£0° o
(7) 3=
Solution: Figure 84

f’: L
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0.6 Question Papers

2020-Aug-CBCS 2-b)Find /; in the the circuit shown
in Figure 85 using nodal analysis.

4Q
AL (T
+ 11_4_ .
20[0° V&Y TH2.50 +>2I1 20

Figure 85: 2020-Aug
Solution:
4 Q

AT

B

Applying KCL to node 1

V1 —30 \%1 Vi +10 0
5+415  —510  8—j4b
1 1 1 30 10
— -+ —| Vi = — = .
54415 710 8 —4b 543515 8—735
0.146£41.194V; = 2384 —-97
2.38/ —
i = 58 o7 =16.34 —138.19

0.146£41.194

JAN-2018-CBCS 2-b JAN-2015 1d)For the network

shown in Figure 89 find the value of voltage source

l V such that current through the 42 is zero. Use
200° v ¢+ L #:-jZ.SQ +> 21, % 20 node voltage analysis.
50 5 4Q 5 20
— —WWV MV A
Figure 86: 2020-Aug v @T 20 = 20 )
Applying KCL to node A @ 50j
Vi —20£0 Va Va—-Vp 0
10 —j2.5 g4 N =
1 1 50£90 , )
B + _7]2 Vg — 5 =0 Figure 89: 2018-CBCS-Question Paper
054505 Vs = 25290 Solution:
0.707/45V5 = 25/90 It is given that current through the 42 is zero this
' is possible only when V4 = Vg i, V4 — Vg =0
Ve = 3536245 Applying KCL to node B
Ve —50490 Vg
2019-July-CBCS 2-b)Find the voltage across the 5 + —2 =0
capacitor 10 € reactance of the network shown in 1 1 50290
Figure 88 using nodal analysis. -+ —|Vg——7— = 0
2 —j52 2
i15Q ) [0.54j0.5] Ve = 25290
50 &5}\' -J5|5|2_ 0.707/45V = 25/90
T J_ + ' Vs = 35.36/45
30 V -JIOQ VC @ 10V Applying KCL to node A
-|- ¢ Va—-V n Va 0
- : i
1 1 V
Figure 87: 2019-July [5 + ]2] Va— 5 0
Solution: 1%
50 JISQ . [0.2 — j0.5] V4 — 5 = 0
Vi ‘\?\5\2 J5'§|2_ 0.538/ — 68.2V4 — 0.2V = 0
+ ' 0.2V = 0538/ — 68.2V,
30V 100 =V¢ @vov V = 2.69/—68.2V4
_ Va=1Vp
V = 2694 —68.2 x 35.36£45
Flgure 88: 2019—July V = 9511/ —232

7
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JAN-2017-CBCS Determine all the node voltages of

the network shown in Figure 90 using nodal analysis. Vl ,\}\9\'9
40 A 40 B
T 6V(
2A v 4Q

4Q
10v(®) 05V, 1A V34@ MW Vs

Figure 90
Solution: —1—
Vo=Va—-Vp =
Applying KCL to node A Figure 92
Va—10 Vy -V,
A4 + A4 B 105V, = 0 Va=5
1 1 v Applying KCL to node 3
[+] Va— -2 405V, -25 = 0
474 1 Vit 6-Ve Vs, _
0.5V4 — 0.25VE + 0.5(Va — V) = 2.5 T
_ _ — 1 1 \% 6
0.5V4 —0.25VE +0.5V4 — 0.5V = 2.5 [10 n 1] Vi FZ) Foa =0
Va—0.7Vp = 25
1.1V —0.16V, = —-2.6
Applying KCL to node B 1.1V3 —0.16 x5 = —2.6
1.1V3—-0.8 = —2.6
Vi Vg — 3
LB = 11V = —1.8
4 4 AVy = .
—0.25V4 + 05V = 1 Vs = —1.63
Applying KCL to node 4
Va—0.75Vp = 25 Vi ViV
—0.25V4 + 0.5V = 1 > + R 2 =0
Solving the ab u 0.75V4 —0.25V, —2 = 0
olving the above equations 0.75V1 — 025 x5 -2 — 0
Vi = 64V V=52V 075V —1.25—-2 = 0
0.75Vy = 3.25
JULY-2017-CBCS 2 b)For the circuit shown in Vi = 433
Figure 91 determine all the node voltages.
v, 10Q \% Vi=V3+6=—-1.63+6=4.37
S AW -
CBCS JAN 2017) Find i using nodal analysis for the
6 V<+ <+> 5V network shown in Figure 93
. §4Q .
Va—@—Vv. L <D>—TW
i 0.5i
19% 220 :
= 3V(®) ®2A ® av
Figure 91 4Q <—i1
MWV

Solution: The circuit is redrawn which is as shown
in Figure 92 Figure 93

7
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Solution: Solving above simultaneous equations
) Vai—4
=—5— =05Vy -2 Vi= 15V V=09V V3= —-05V
Applying KCL to node A
Va=3-05n , Va-4 _ DEC-2015 1(c)) Find the current i In the circuit
4 2 shown in Figure 95 using nodal analysis
1 1 0.541 .
-+ | Va— +2-075-2 =0 a0
4 2 4 10Q A
, B
0.75V4 — 0.125i; = 0.75
0.75V4 — 0.125(0.5V4 —2) = 0.75 N
0.75V4 — 0.0625V4 +0.25 = 0.75 20.0°V i, T125Q 2i; T j2
0.6875V4 = 0.5 )
Vi = 0.72Tv g
i1 =0.5V4—2=05x0.727 —2 = —1.636A Figure 95
Solution: v
- . A )
= = j0.4V,
T s T A

JULY 2016) In the circuit shown in Figure 94

determine all the node Voltages using nodal analysis Applying KCL to node A

Va—20 V. Va—-V
A LA YA~ VB

=0
10 —352.5 j4
1 1 1
[ - - ] A— @ -2 =0
V1 30 V 10 54 425 74
MN [0.1 —50.25 4 j0.4] V4 + j0.25Vp =
[0.1 4 50.15] V4 4+ j0.25Vp =
26% 0.18£56.3V4 + 0.25£90Vs =
Figure 94 Applying KCL to node B
Solution:
VB—Va Vg .
From the figure it is observed that there is a voltage 74 + j72 —2h =0
source between node V7 and V3 1 1
70.25V 4 + [ + ] Ve —2(j04V4) = 0
J4 j2
Ww-Vvs = 2 —70.55V4 4+ [—j0.25 — j0.5] Vg = 0
Vi+0Va—Vs = 2 —70.55V, — j0.75Vp =
There is voltage source between Vi and V3 Apply 0.554 =90V +0.754 =90V =

KCL for supernode V7 and V3
2Vi 4+ 3V1 — 3V +4Vs +2V3 -2V, = 0
5Vi —5Va+6V3 = 0

Apply KCL for node Vs 0.18£56.3V4 + 0.25490Vp =
0.554 —90V4 4+ 0.75£ - 90Vp =

Simultaneous equations are

=3V1+5Va-2V3 -1 = 0
—3Vi+5Vp —2V3 =

A | 0184563 0.25/90 ‘

0.55/ — 90 0.75Z — 90
Vi+0Va—V5 = 2

5Vi —5Va +6V3
—3V1+5Vp—-2V3 = 1 —0.0255 — j0.75 = 0.75£ — 92

0.135£ — 33.7 - 0.1375£0 = 0.112 — 50.75 — 0.1375

o
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0.6. Question Papers

2 0.25/90
0 0.754—90 L5Z=90 _, o
A 0.754 — 92 e=Vi_ Vo Vo=V Vi-W Vi-Vs _
2 2 1 2 92
/56.3 2 Vi +2Vo —1.5V3+Vy =
0.18/56.
_‘0.554—90 0‘_—1.14_90_ L6/ +124+2V — 1.5 x 24 + Vo +24 =
" A Tz 92 20, —

"/'2:

The current Iy is also zero

. Va :
= 25 =j0.4Va = 04290 x 222 = 08292 JULY-2014 1(a)) The node equations of a network
are
1 1 1 1 5020
2014-JUNE 1(c)) For the network shown in the [5 + w5 + 4] Vi— ZVQ =5 (1)
Figure 77 find the current in Iy using nodal analysis. J
1 1 1 1 50290
B VA e R 7 2
41+[4 j2+2] 2 2 @)
§ZQ 24 VC-D §ZQ Derive the network
Solution: From equation (1) it is observed that
AMA——WWA—]
2Q) IO 10 e From node 1 to common node there is 5 €2
- - resistor in series with 50Z0 voltage source.
12V() 20 (Ha2av
e 4 () restor is connected between node 1 and
node 2
Figure 96

e The inductor of 2 2 is connected from node 1

olution:
S to common node

From the figure it is observed that Vi = ' o
—12V Vi = 24. Also it is observed that there is Similarly From equation (2) it is observed that
a voltage source between Vo and Vj this forms the

supernode between node 2 and node 4. e From node 2 to common node there is 2 )

resistor in series with 50490 voltage source.

V, Super Node

—— / e 4 () restor is connected between node 1 and
: ; / node 2
§2Q 24 \/!C—bé gZQ e The capacitor of 2 2 is connected from node 1
' : to common node
Vi AW WAy
20 fv, 1@ |®
- ¥ 40
12 V(3 %2{2 P 24v o2 1 2 29
Figure 97
e
Vi—Ve=24 =
Figure 98
Va=Vo+24
JULY-2013 1-b For the network shown in Figure 89
By KCL for the supernode determine the node voltages by nodal analysis.

7
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50 1 4Q , 20
—AM—$—A—$—A—
i —=-j2Q
520° ®T %JZQ ) T@ 5.,90°
3 =

Figure 99: 2018-CBCS-Question Paper
Solution:
Applying KCL to node 1

Vi—520 Vi Vi-Vp 0
5 52 4 N
1 1 1 540 Vs
[5+j2+4]vl_5_4 =0
[0.45 — 70.5] V3 — 0.25V, = 1
0.6724 —48V; —0.25V, = 1
Applying KCL to node 2
Vo — 5290 Va Vo—Vi 0
2 —j2 4 N
|%1 1 1 1 5790
_4+|:4+_]'2+2:|V2_2 =0
—0.25V1 + [0.75 4+ j0.5] Vo, = 2.5£90
—0.25V1 +0.9433.69V, = 2.5290
Simultaneous equations are
0.672/ — 48V, —0.25V, = 1
—0.25V1 +0.9433.69V, = 2.5290
A 0.6724 — 48 —0.25
B —0.25 0.9433.69

0.6£ —14.31 — 0.0625£0 = 0.581 — j0.148 — 0.0625
0.518 — j0.148 = 0.5384£ — 16

1 —0.25
B ' 2.5/90 0.9/33.69 ’ ~0.9/33.69 + 0.625290
! A - 0.538/ — 16
0.75 + j0.5 + j0.625  1.35/56.3
Vi 0.538/ — 16 05337 _16 204123
0.672/ —48 1
. —0.25 25290 | 1.68/42+0.25
2= A T 0538/ — 16
1244112 40.25  1.86£36.9
VA b i e — 3.45/52.9

0.538/ — 16 ©0.5384 — 16

2012-JUNE 1(c)) Find the power dissipated in the
1092 resistor as shown in the Figure 100 by node
voltage method.

12 A

Figure 100

Solution:

Applying the KCL for Node V;

Vi

8

%1

8

Vl_v2—15+12

0.5V1 —0.25V5 — 0V3

Applying the KCL for Node V5

Voo Vo-Vi  Vo-—V3

10 4 2
—0.25V1 4+ 0.85V5 — 0.5V3

Applying the KCL for Node V3

Vs —Va
2

Vs Va-32
1 1
OVi — 0.5V + 113

20

Simultaneous equations are

0.5V1 —0.25V5 — 0V3
—0.25V7 4+ 0.85V, — 0.5V3
0Vy —0.5Va +1V3

20

Vi =181 Vo =24.21 V3 =32.1

Power dissipated in the 10€) resistor is
VE 3212
0=, 10 58.6W

2011 DEC 1(b)) Find the currents in all the resistors
in the circuit shown in Figure 101 by node voltage
method.
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2a(®

Figure 101
Solution:
V, 1Q Vv,
2A(® @%
Figure 102

From the figure it is observed that Vo = 8
Applying the KCL for Node V}

Vi—-Vo V=V
1—V2 N 3

5 =0
1 1
Vi —=Va—V3 =
2V —8—-V3 =

2Vi —V3 = 10

Applying the KCL for Node V3

Vi VimVe W
1 4 4
—Vi — 025V, + 1.5V =

—Vi—025 x84+ 1.5V =
-Vi+ 1.5V3

N O O O

Simultaneous equations are

2Vi =V = 10
-V1+15Vs = 2

10
AWV

10 40

AWV

8V%‘> 40

_ (15 + 2) 851
2
2 10
v -1 2
37 A
441
ECh ) gy
2
Vi — Vs 8.5V —8
g = 12 =054
1 1
. Vi—V3 85V -7
= = =1.5A4
13 T 1 5
VeV 8V T
123 = 1 = 4 =0.25A
R
=B L1754
3 1 1 75

JULY-2001 For the network shown in Figure 103

determine the current I by nodal analysis.

» 20

50 4 4Q

Figure 103: 2018-CBCS-Question Paper

Solution:
Applying KCL to node 1

11 1 5040 Va
Sl 1 VA
[5+j2+4] T 4
0.45 — j0.5] Vi —0.25V, =

0.6724 — 48V — 0.25V, =

Applying KCL to node 2

V2 — 50290 V2 V2 - Vl

2 T2 i
i 11 1 590
‘4+[4+_32+2] 2Ty T
—0.25V1 4 [0.75 4 j0.5] Vo =

—0.25V1 4 0.9£33.69V, =

Simultaneous equations are

0.6724 —48V; —0.25V, = 1
—0.25V1 +0.9433.69V, = 2.5/9

0.672/ —48  —0.25 ‘

A= ~0.25 0.9/33.69

10
10

25290
25290

0

o
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0.6£ —14.31 — 0.0625£0 = 0.581 — 50.148 — 0.0625
0.518 — j0.148 = 0.5384£ — 16

1 ~0.25
B ' 2.5/90 0.9/33.69 ' ~0.9/33.69 + 0.625290
1= A - 0.538/ — 16

075+ 70.5+70.625  1.35£56.3

— - — 92.5/72.
V1 0.538/ — 16 05387 _16 04123
0672/ —48 1
. ~0.25 2590 | 1.68/42+0.25
2= A T 0538/ — 16
124+ 71124025  1.86/36.9
VAt b i e — 3.45/52.9

0.538/ — 16 ~0.5384 — 16

f’: L
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For the network shown in Figure 7?7 determine the

current Node Voltages by nodal analysis.

Figure 104: supernodel0-1
Solution:
Applying KCL to node 1
VlgV{S V1;V2+2_6 _
0.2+0.2] Vi —0.2V5 — 0.2V5 =
0.4V; —0.2V5 — 0.2V =

0

4
4

Voltage between node 2 and 3

Vo—V3 = 10

Apply supermesh for node 2 and 3

Vo—-Vi Vo Va—-Vi V3
-2 2 _943.
t Tt 2435

[—0.2 — 0.2 Vi + Va[1 +0.2] + V3[0.2 + 0.5]
—04V; +1.2V5 4+ 0.7V3

Simultaneous equations are

0.4V7 — 0.2V, —0.2V3 = 4
Vi+Ve—-Vz = 10
—04V1 +12V54+0.7V3 = —1.5

Vi=10V Vo = 35V V3 =-5V

Important: All the diagrams are redrawn and solutions are prepared.
preparing this study material most of the concepts are taken from some text books

or it may be Internet.

—-1.5
—-1.5

While

This material is just for class room teaching to make

better understanding of the concepts on Network analysis: Not for any commercial

PUTPOSE
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