CHAPTER 3

NODAL AND MESH ANALYSIS

Problem 3.1

Apply nodal analysis to find ¥} and ¥V, . Then, find the current / that
passes through the 2Q resistance.
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Figure 1

Solution

As it is shown in Fig. 2, we define arbitrarily the directions of current I,

and /,. The nodal equations have the following form

node V: [+ +3=2=1+1=-1



Nodal and Mesh Analysis

node V,: I+3=L,+1=1-1,=-2
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The currents as functions of the node voltages are given by

IZVI_VZ
2
3
V.
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Now, we substitute the current in the node equations:

h=nrh h__
23

1

h=-n n_,
2 6
or

5V, -3V, =6
3V, +4V, =12

Thus, we obtain a linear system of two equations, that is symmetric in
relative to the main diagonal. The solution of this system gives the following
values
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Chapter 3

7,=1.091V and V, =3.818V

Thus,
= hh _ -1.364A
2
Problem 3.2
Apply nodal analysis to find voltage V; and current I, .
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Solution

In the circuit of Fig. 2, the application of the KCL leads to the following
nodal equations:

node b: 7, +0.5=1,

node c:l;+1,+1,=0

The branch currents can be expressed as

I :Va_Vb
o
Va
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Substituting to the nodal equations we get

@+%+VG—VC—1:O

VuVi

a

v,—V,

C

+0.5=

%_n+n—n;ﬂ

or

10V, -3V, —6V, =6
V. =2V, +V, =-1
2, 4V, —5V, =2

The solution of this system gives the following values
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V,=1154V, V, =1.231V and V, =0.308V
Consequently

V,=V,=1231V
and

I, =V,—V,-1=-0.154A

Problem 3.3

Find current /.

1A (T) 4Q | 4 _I_ZVl

Figure 1

Solution

We define, as the reference node, the negative terminal of the voltage source.
As it is shown in Fig. 2, the voltages at nodes c and d are known. Therefore,
we must obtain the nodal equations for the other two nodes a and b:
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Nodal and Mesh Analysis

node b: I, =1+1;
Also

V.-V, =W
V=20 =20, -2V,
The currents can be expressed as

L=V, -V.=V,-Q2V,=-2V,) ==V, +2V,

]2:Va_Vb
4
[3:Va_Vd: a
5 5
Ve=Vy 2V, =20,
14: =
3 3
v
I.=-L
)

Substituting the currents in the nodal equations we get

—Va+2Vb+V";Vb +%=1:>—11Va+35Vb:20

Va_Vb:1+ﬁ:»Va—3Vb=4
4 2
Consequently
{20 35}
4 3| —60- -
v | _—60-140 _-200 _, .\,
-11 35| 33-35 -2
_1 _3_
11 20]
1 4| -—44- -
I/b:-: = = a4 20: 64:32V
-11 35] 33-35 =2
_1 _3_
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Thus,

I, ==V, +2V, =—100+64 =36 A

Problem 3.4

For the circuit in Fig. 1, find (as a function of the circuit elements) the
voltages at nodes a and b.
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Figure 1

Solution

We define the currents as it is shown in the circuitin Fig. 2 and we get the
equations at nodes a and b.

R

1

Figure 2

node a: I, =1,+1,

75



Nodal and Mesh Analysis

The currents are equal to

Ib :ﬂl
R
g:@;@,
3
I,==t, and
2
e
Ry

Substituting the currents in the nodal equations we get

or

Lo Lllg,-Lg -y

Rl R3 3

p_1 Ea+(L+L+Lij:0
Rl R3 R3 2 RL

The solution of the above system gives

_ Ri(RsRy + RoRy + Ry Ry )
“ RyR, +R,R, + R,Ry + RR; + RR, + R,R; b

and

— RZRL (Rl — bR3 )Is
R:R; + RyR; + RyRy + RIR; + RR, + R,R; b

L,
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Problem 3.5
Find I in Fig. 1 using mesh analysis.
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Figure 1

Solution

We define the mesh currents as shown in the circuit of Fig. 2. We have two

obvious equations, i.e. J; =5 mA and J; =-2 mA.

SKQ
1KQ
SmA IOKQ C\
1V
3

Figure 2
The equation for the second loop has the form

~10000.J, +16000.7, —1000.J; = 1

Substituting the current values we finally get
-50+16000J, +2 =-1
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Problem 3.6

Find I in Fig. 1 using mesh analysis.
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Solution

We define the mesh currents as in Fig. 2. We observe that

J, =-5V;

Figure 2

Then, as a second step, we apply the KVL to mesh 1 and 3:

—2J,-2J,+5J;=0
However
Vi=J3=J,=-5J5
Substituting the value of J, we lead to the following linear system
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—2J,+15J;, =0

whose solution gives

leiA and J3:LA
42 63
Therefore
5
J,=-5J,=——A
2 3 63
and
I=J-J, =i+i=0.198A
42 63
Problem 3.7

Calculate the voltage V.
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Solution

A node has an obvious voltage of 1V. The equations at nodes a, b and c are

node a:
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:>1_Va+2:Va_Vb+Va_Vc
5 20 1

node b:
3L, +1;+1, =1

=V, VaVy VoV
5 20 20

=4

node c:

:>V[’_V"’+VQ—VC=£
20 4

From the above relations we obtain the following system of linear equations

25V, —V, — 20V, = 44

—V,+18V, -V, =16

—20V, —V, +26V, =0

The solution of this system gives

vV, =4827V
v, =1366V
V,=3.766V
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Problem 3.8

Find current /, and the node voltages.
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Solution

The two nodal equations are

2—

node a: Q+u+21x =1
10

node b: 27, +V"+1—2O_Vb:1x +E

At node b, the voltage is equal to
v, =51,
Substituting V, we get the system
W, +301, =16
201, —V, =2
The solution of the above system gives
I, =0.176 A and V,=1.529V

Therefore

V, =51 =0.882V
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Nodal and Mesh Analysis

Problem 3.9

Find current I.
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Solution

We have two current sources. Therefore, it is preferable to apply mesh
analysis with obvious equations. Specifically, we observe that
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Figure 2
Writing KVL for mesh 1 and mesh 2, we obtain
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-3J,+9J,-J3; -5/, =—4=-3J,+9J,=-9.5

The solution of the above system of linear equations gives
J;=-0292A and J,=-1.153A

Therefore

Problem 3.10

Use nodal analysis to find current/,.
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Figure 1

Solution

As we can see in Fig. 2, there is a supernode that includes nodes b and c.
The equations at supernode and at node a, are

supernode:

L+ =1,+1 (1)
node a:

L+1,+1;=1 (2)

From the supernode we also have the following equation

Vv, =5 3)
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The node currents can be expressed as

L=V,~V, (4)
- ®)
=t e (6)
1=t (7)
=t (8)

Substituting the above relations in Egs. (1) and (2) we get

Ve-V. ¥, . V.
V -V, +-4—¢=-b, ¢ 9
a b 3 4 ( )
A Yo VamVe (10)

6 10

or
33V, — 407, —10.57, =0 (11)
76V, — 60V, — 6V, = 60 (12)

Eq. (3), (11) and (12) form a system of three equations with three unknowns.
The solution of this system gives

V,=V,=3V and V. =-2V (13)
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Therefore

I,=V,~V,=0A (14)

Problem 3.11

For the circuit in Fig. 1 find 7 if V, =0 .
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Figure 1

Solution

In the circuits of Fig. 2, we have the following equation at nodes ¥V} and V,:

n-10.n h-hh

5 10 10
u+£+2[1:I
10 20
However
and
10
50 7, 100 v,
s +
10V<_> 100 21 20Q A <T> I
Il -
P4 —l— ®
Figure 2
Therefore
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Nodal and Mesh Analysis

V1_10+ﬁ+5=0:>1/1:5\/
5 10 10

and

u+£+2[1 =1
10 20

:>_—V1+2ﬁ=1:>1=ﬁ=0.5A
10 10 10

Problem 3.12
Use mesh analysis to find the voltage V. .
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Solution

Let as define the currents loops as in Fig. 2.
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We have the following obvious equations
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The equation in the second loop is
Substituting the current J;, we obtain

—10+6J,—-2V, =6

_8+V,
3
However, in the 2Q) resistor we have

=J,

V. =2(J;=Jy)=10—2J,
Therefore

_8+10-2), 18
3 5

J, A
Thus,

V.=10-2J, =10—2§:> v, =%

Problem 3.13

Determine the mesh currents.

4V—

— 6V

Figure 1

Solution
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Nodal and Mesh Analysis

From the current source it is obvious that J; =2A. Also
I=J,-J,
=>1=J,-2
The KVL in loops 1 & 2 gives the following equations

I=2]-6
or
Therefore

Problem 3.14

In the circuit of Fig.1 determine:
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Figure 1

Solution

(a)We define the loop currents as in Fig. 2.
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From the first loop we have J, =1, , and

(Ry +R)Jy =V + b,

Vg + ﬂVce‘

R, +R

From the second loop we obtain
HV e

I, R
= — + ANNN—e «

A A

(o
7 —AM— R
be G Vce § L

Vg

K2
+

Figure 2

Vg + Ve,

:>J2 =—a
R, +R

From the third loop we have J; =1_, and

If we divide /. and I, we obtain
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Nodal and Mesh Analysis

(b) To obtain 4, = Vee we work as follows
be

Vee Vee
=y =R
be Ay — 1V,
IR, AR,

Thus,

a L

- Ry (Ry+R)(R - uR,)—aR,
R, +R;

Problem 3.15

Find R, and R, sothat /;,=-0.5A and 7, =-23A.

Figure 1

Solution

We have the following loop equations
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(I, —1)R, +21, =-10
If we replace the values of the currents we get
—0.5R, +1.8R, =5
—-1.8R, -4.6=-10
The solution of this system gives
R =0.8Q
and

R, =30

Problem 3.16

Find R, and R, so that V=1V and V, =2V.

3A<T> ng §R2 <T> 5A
' Re

Solution

The nodal equations can be written as

h nh-n

=3
R 05
V2 V2 Vl =5
R, 05

The solution of this system regarding R, and R,, gives
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h_ s h-n
R, 0.5
__n  _
:Rl—W—O.ZQ
0.5
nh _ h-Nn
R, 0.5
5_V2_Vl 3
0.5
Problem 3.17
Find [, and I,.
10V 0
A
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Figure 1

Solution

The circuit, except of the reference node, has three other nodes. We will
solve the problem following the nodal method using matrices. The first step
is the determination of the branch conductance matrix G. In this matrix

the branch conductances G,,, are located on the main diagonal and the

transconductances G,, are located on the intersection of mth row and nth
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column.

Thus, the branch conductance matrix is equal to

i 1 1 1
2 9 2
G= L l+l+l+1 -1
9 4
_l -1 1+l+_
i 2 2

The current matrix is

10 ]

12+7 17
o0
L 2]

Therefore, we have the following system of linear equations

i 1 1
3 2 9
1 1 1 1
—— —+—+—+1
9 9 4 6
1 1
L 2

The voltage V, is equal to

Substituting I; the system becomes

i 1 1
3 2 9
5 1 1 1 1
——— —+—+—=+1
3 9 9 4 6
1 1
i 2

Solving this system we get

vl [17
v, |=| =51,
v, 1
v [17
v, |=| 0
v.| |1
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V,=13.19V

V,=-16916V

V.=-5326V
Therefore

I = V? =4397A

h=Ye—13324
4

Problem 3.18

Find I, in the circuit in Fig. 1.
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Figure 1

Solution
This circuit has three nodes except of the reference node. As in the previous

problem, we will solve the problem following the nodal method using
matrices. The branch conductance matrix is equal to
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111 1 1]
4 4 2
G-l -1 1., t. 1 1
4 5 05 4 0.5
1 1 1
2 05 05 2 5]

The current matrix is equal to

—0.5+2—1
2 05
I= Q+E = 3
5 05 0
[_05
0.5

Therefore we have the following linear system of equations

- 1 1 1]
2 41 2 1 4 1 2 v, ~0.5
—— §+2+— -2 Vy|=| 3
V. 0
1 -2 2+l+l
L 2 2

The solution of the above system gives

v, =187V
V, =4.296V

V,=3.528V

Therefore

1 =%:O.705A

(o)



Nodal and Mesh Analysis

Problem 3.19

Find V), in the circuit in Fig.1 using mesh analysis.

2A
y 8Q
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200 40
— \\N——AAN\—2
0V — X 120 DR
T ?
Figure 1

Solution

In the circuit of Fig. 2-we observe that /;=2A and I, =-3A. The mesh
equations for meshes 1 and 2, respectively, are

30J, -10J, —20(2) =10-2
—10J, +26J, —4(2)—12(=3) =2
or

30, —10J, = 48

~10J, +26J, =26

2A
y 80
@~
200 4QG

Ji

10V — X
2V — J,

:

Figure 2

The solution of the above system is

J,=1453A
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J, =—0.441A

Finally, the voltage V), is calculated as

Ve =8x2+4(2—J,) +10(J; - J,) = 44.706 V

Problem 3.20

Determine the voltages at the nodes for the circuit in Fig. 1.

30
A

+ Vy -

2Q§ 10A G
"

Figure 1

Solution

As it is shown in Fig. 2, nodes 1 and 2 and nodes 3 and 4 as well, define
supernodes. The equations for the two supernodes can be written as

The branch currents are then substituted in terms of the circuit node
voltages:

%+%:10+%:5VI+VZ—V3—2V4=60 (3)

V1;V4:V3;V2+ﬁ+%:>41/1+2V2—5V3—16V4=0 (4)

We need two additional equations. From the supernode we can observe
that

Vi=7,=20 (5)
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Nodal and Mesh Analysis

Figure 2

At node 4 we also have the following equation

L =3Vp+ls= NV o

3(N=Va)+V, (6)

=8V, -5V, =0 (7)
The solution of the system of equations (3), (4), (5) and (7) gives

V,=10.714V, ¥, =-9.286 V, V; =—50V and V, =17.143V

Problem 3.21
Find V, in the circuit in Fig. 1.

10V
a  SQ
1|1
|
3A
b

AYAAY
6A<b SQ%\®\

40
Ay

Figure 1

Solution
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In the circuit of Fig. 2, the equation at node a has the form
v,-10

%+6+3+ 0

Thus,
V,=V,=-13.125 Volts

a

. 50 1|0V
* AVAVAY || I
6A (D 30 ) 3A
L b
40
AVAVAY,
Figure 2
Problem 3.22
Find V, in the circuit in Fig. 1.
20 I,
1Q 30
AN\— b
40
4 L1
Vs
L
Figure 1

Solution

(@) Nodal technique.

The nodal equations are
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V.-V, V,—V, 41
a +-4 +L=1=>=V,-=V,=1,-1,+V]
1 3 2 1 3 a 3 b 1 2 1
Va_Vb_i_Iszb_VZ lea_lVb:_Z_ﬁ
3 4 3 12 4

From this system we obtain
Vo 71 -3, +7V +V,
L 8

% :II+312+V1+V2
’ 2

Therefore
31,151, + 3V, -3V,
g

Vab

(b) Mesh technique.
As we can see in Fig. 2, we suitably choose the loops in order to have the

obvious equations J, =1, and J; =1,. Thus, we need to extract only the
equation in the second loop:

8
20 1

1Q a
NV

\v 4Q

+
O (4@ -
V
Figure 2

Finally

31, —151, + 3V, —3V.

8
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Problem 3.23
In the circuit of Fig. 1

(a) Obtain the voltages V, and V).

(b) Calculate the power in the current source of 9A and find if this source absorbs or
delivers power.

(c) Calculate the power in all sources and resistors and confirm the power
balance.

9A 16 A

20Q

Solution

(@) Although we want the node voltages it is better to solve the problem
using mesh analysis. This is because we can easily obtain the loop currents
from the current sources. Specifically, for the circuit in Fig. 2 we conclude
that

Jy=14A, J,=9A, J;=—16A and J, =—6A

Current /, is equal to
I, =J,—J;=-6-(-16)=10A

The voltages V, and V), are

V,==20J, +41(J, - J,)+7.5]_ =100V

V, =5(J, = J3)+ 7.5, =200V

(b) The power in each source is equal to

R=V,l,=WV,-V,)9=-900W
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Nodal and Mesh Analysis

Rg =~V =V 6 =—16[5(J, = J3) +3.5J, ~15J;] = ~6400 W

B, =-14V, =-14[41(J, - J,) + 7.5(J, = J3)| = —3920 W
Py =6V, =—6(-3.51,+7.5],)=-240W
Py, =(J;=J4)(7.51,) =1500 W

Thus, all independent sources deliver power to the circuit, whereas the
dependent source absorbs power.

(c) The power absorbed in each resistance is equal to

Py =20(J,)" =1620W
P =5(J,-J5)" =3125W
Bs=15(J;)° =3840W

Py =41(J,-J,)" =1025W

Figure 2

Ps=3.5(J,) =350W
From the above we conclude that
Pietiverea = Fo + A + R4 + Fg =—11460 W
Pipsorbed = Bys + Pog + F5 + Rs + By + Py s =11460 W

a
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Problem 3.24
(a) Find the node voltages in the circuit in Fig. 1.
(b) Confirm the power balance.

1A 2A
) Q . — ¢
_/
80 20
8A<D 1Q G> 3A
70 30
h d
6Q N 4Q
7A (D 50 <D .
() —
9 NI . e
6A 5A
Figure 1

Solution
(a) In Fig. 2 we observe that
J,=kA, k=1,2,..,8

Now, the node voltages are calculated as follows
V,=8(Jg—J,)=88-1)=56V

V,=1(J,-J,) =(1-2)=-1V

V,=2(J,—-J;)=22-3)==2V
V,=3(J;—Jy)=33-4)=-3V
V,=4(J,—J5)=4(4—-5)=-4V
Vi =5(Js—Jg)=5(5-6)=-5V

Vy=6(Jg—J7)=6(6-7)=—6V

V, =7(J; —Jg)=7(1-8)==TV
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1A 2A
b
: () c
— —
NI
J
G <
sa( 1 R0 10 ! )s3a
(o
@79 30
h d

Figure 2

(b) The power in each current source is equal to
P=1(V,-V,)=1(56+1)=57TW
P =2(V,~V,)=2-1+2)=2W
P=30V.-V;)=3(2+3)=3W
P=4V,-V,)=4(3+4)=4W
P =5(V,~V,)=5(-4+5)=5W
Fo=6(V;—V,)=6(-5+6)=6W
P=10V,-V,)=7(-6+7)=TW

B, =8(V, —V,) =8(~7—-56) =—504 W

From the above results it is clear that only the source of 8A delivers power
to the circuit. The total power of the sources is equal to

8
P =) B=—420W
=1

1

On the other hand, the total absorbed power by the resistors is
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8
P.=Y Ri; =IxP’+2xP +..+7x> +8x 7 =420W
i=1

Thus, we find that the delivered power is equal to the absorbed power.

Problem 3.25

For the circuit in Fig. 1 find the node voltages and the power of each source.
What is the total power delivered by the sources to the circuit?

40 20

a

3Q

Figure 1

Solution

(b) Because of the short circuit, the voltage at node h is zero. Therefore,
due to the voltage sources we have

V,=12V, V. =8V and V, =-6V

The application of KCL in b, d, e and g nodes gives the following equations

node b: Vb_lz+Vb_8=2:>Vb=12V
node d: &JrVd—_gz8:>Vd =8V
1 11
node e: £+Ve+6=—3:>Ve=—12V
5 10
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Vet+6 V,—12
node g: < + 3 =—4=V,=-2V

(b) In order to calculate the power at each one of the voltage sources we
must determine the currents of the sources. We consider that the direction
of the currents in the voltage sources is from + to - . Therefore

Source 12 V

12 —

V,-12 p,—12 -2- _
 C12 p-12_ 2-12 12-12 14
3 4 3 4 3

Power: B, =121, =-56 W
Source 8 V

jVa=8 Vp=8 88 128
11 2 T 2

Power:  B=8l;=16 W

=2A

Source 6 V

-6-V, —6-V, —6+12 -6+42 -1
I = + = + =—
10 6 10 6 15

Power: B, =61, = —% =-04W

We know the voltages of the current sources. Therefore
Source 2 A

Power: P, =2(-V,)=2(~12)=-24W

Source 8 A
Power: P =8(-V;)=8(-8)=-64W

Source 3 A
Power: B3 =3V,=3(-12)=-36 W

Source4 A
Power: P, =4V, =4(-2)=-8W

Thus, the total delivered power by the sources is equal to
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Footal =Fria+ Fs+Bg+ P+ Pg+ P53+ Py

S

=-56+16-0.4-24-64-36-8=-172.4W

Problem 3.26

For the circuit in Fig. 1 determine ¥V and /.
50Q 10Q

Figure 1

Solution

The two current sources are connected in parallel. Thus, they can be

substituted with a current source of 2-0.2V, . The new equivalent circuit is
depicted in Fig. 2. The application of the KVL in the three loops gives

J, =02V, -2 (1)

-10J,+20J, -10J; =41 (2)

60J, -10J, +100J; =100+ 41 (3)
Also

V,=10J, (4)
and
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Figure 2

Substituting eq. (4) into eq. (1) yields
J=2J,-2 (7)

Now, we substitute /, ‘and /; into equations (2) and (3)

or
102J, +96J, =212 (11)

The solution of the above system gives the following results

J,=0.087A and J; =2.116A (12)
Thus,
V,=10J, =087V (13)
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Problem 3.27

For the circuit in Fig. 1 determine the node voltages.

20

+ V, -

21, 47,
+ : «— AVAVAY,
10A (D 40 % 30 I“l 40 (D 5V
L

Figure 1

Solution

We can observe that there is a voltage source that connects two nodes.
Therefore, as it is shown in Fig. 2, we consider a supernode that includes
nodes 1 and 2.

We have the following nodal equations:

supernode: %+u+%=10+4lfb (1)
node 3: %+V3;VI+V31—5+4Vb=O (2)

NG
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Also
.
I,=—2 3
«=7 3)
Vy=N—Vs (4)

7

VI—V2=2]a:>V1—V2=24:>2V1—2V2—V3=O (5)

If we substitute V), from equation (4) into equations (1) and (2) then we
obtain the following system of linear equations

—39V, + 4V, + 42V, =120 (6)
14V, =9V, =20 (7)
2V, =2V, —V; =0 (8)

The solution of the above system gives

V,=7.673V, V,=2816V and V; =9.714V

Problem 3.28

For the circuit in Fig. 1 determine the node voltages.
10V

(Y

20 2 20

40 5A §SQ

||}—4

Figure 1

Solution

We observe that the source of 10V connects the nodes 1 and 3. Therefore,
as we can see in Fig. 2, a supernode is defined that includes nodes 1 and 3.

The supernode equation is
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Figure 2

At node 2 we have the following equation
Li=1+5 2)
At the supernode we also have the following obvious equation
Vi +10=V, 3)

Substituting the currents in equations (1) and (2) with the node voltages
we lead to the following system of linear equations:

=V _h-" +5+5:>6V1—8V2+5V3:0 (4)
2 2 g8 4
VZ;V3:V1_V2+5:>—V1+2V2—V3:10 (5)

The solution of the system, consisting of the equations (3), (4) and (5),
gives the node voltages:

V=10V, ¥, =20V, and V; =20V

111



Nodal and Mesh Analysis

Problem 3.29

In the circuit of Fig. 1 determine /,,/, and I; .

10V

2 svi_/ 1

Figure 1

Solution

We observe that the circuit includes two current sources. Therefore, it is
better to solve the problem by using mesh analysis.

As we can see in Fig. 2, there is a superloop. In the loop 3 it is clear that
Jy=4A
At branch c-d we have
J—J,=1A
The superloop equation is
6J,+6J,—-6J5—-4J,=-10
Finally, the KVL in loop 4 yields
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Figure 2

Substituting J; we get the following linear system

1 -1 o[ [1

whose solution is
J;=3A, J,=2A and J,=4A
Therefore

Problem 3.30
In the circuit of Fig. 1:

(a) Find the voltage V_ and the current I.

(b) What is the power in the current source?
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2IA:

6Q 50 4Q
— AWM —AM—— AN —

+V, -

+ Q §
12V <_> 3 120 C> 19V
1

®

Figure 1

Solution

(@) We apply nodal analysis to the circuit in Fig. 2.
The node equations may be written as

node1: A-12. M W=V ,,;
6 3
node 2: £+V2_19+V2_VI:—21
12 4 5

2]A:

Also

Substituting the current I we obtain
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AN AN
6 3

= 21/, —11V, =60

B =B Bl Vo gy o, 1425
2 4 5 6

The solution of the above system yields
V,=7.54V and V, =8.94V
Therefore

1 =£= 0.745A
12

and
Vo=V-Vy,=-14V

(4]

(b) The power of the current source is equal to
P=-V21=—(-1.4)x0.75=2.086 W

Thus, the current source seems to absorb 2.086 W power.

Problem 3.31

Find the node voltages v;,v,,v;,v, and vs.
24V

I/l V2 3Q
'_@ AN
3Q§ I,

N
1
x] 2 A 120
20
L AAA
Figure 1

Solution
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As it is shown in Fig. 2, we consider a supernode.
We have the following obvious equations:

V,~Vs =12V
Vz - V4 = 41)(
Also
L
9

The equation at node 3 is

9 S 3

Finally, the equation at supernode gives

V=V, (Vi=242V, () Vs
5 3 12

=0

Figure 2

Eliminating the current /, we will get the following linear system
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0 0 1 -1
1 —g -1 o |["2) (12
1 il
e = —— 0 ||V, ] |8
39 5 b
11|\
—— _+_ —_ —_
3 5 3 5 12

The solution of this system is

V, =15.975V, ¥, =22.528V, ¥, =5.963V and V; =—6.037V

Thus,

V, =24+V, =39.975V

Problem 3.32
In the circuit of Fig. 1 find

(@) The node voltages

(b) The power in each one of the sources

60 a 40 b

5 d 60 A

4Q

Figure 1

Solution

(@) We apply nodal analysis.

As it is shown in Fig. 2, we define a supernode that gives the following
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equations:
V,-V,=3V

a

Vum12 V=Vy Va=Ve Va_
6 4 6 4

0

= 5V, =3V, =2V, +5V, =24

At nodes b and ¢ we also have

@+%:5:>—Va+21/b:20

£+M+5=O
10 6

= 8V, +5V, =150

The solution of the above system of the four equations gives
V,=03.828V,V, =11914V, V, =-18.233V

and

V,=0.828V

Figure 2
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(b) The power in the sources can be found as the product of voltage and
current. Specifically

P, = 12(Va ;12) =-16.435W (delivers power to the circuits)

The current flowing through the 3V source is equal to the sum of currents
that flowing through the 6() and 4(Q) resistances. Therefore

6
Py=V,=V.)(-5)=-152.802W (delivers power to the circuits)

P, =3(12_Va 0 ;Vaj=10.151w (absorbs power)

Problem 3.33
In the circuits of Fig. 1 find:
(@ I, and 7,

(b) The power in the current sources 10A and 3V,. Define if these sources
deliver or absorb power.

30 I
M\ —>
20V 3V
v, R
0—@ * » «— ®
202 10A 40 210
+ .
Figure 1

Solution

(@) Using Norton to Thevenin conversion, the circuit takes the equivalent
form shown in Fig. 2. In order to solve the circuit, we will apply nodal
analysis. As it is shown in the circuit of Fig. 2, a supernode is defined that
includes nodes 1 and 2. In the supernode, we have the following obvious
equation

V,—V, =20
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30 I,
MWV —>
20V 3Vr
/\VA v,
Vl —{(+ I} ® <« ]
2 I s40 Yl
202 $10
40V
=
Figure 2

The node equations at the supernode and at node 3 are

N-Vs i, Va=40

Wy =L+ Lty =3V, - 13) =
R 1 2 3 (1 3) 3 7 4

Vi =15 Vs

1

L, =3Vy+1,= =30 =-V;)+
The solution of the above system gives

V1 =6.383V V,=-13.17V and V;=10.21V
Therefore

RSN

(b) The current source of 10A absorbs power equal to
Poa =V5(-10) =(-13.17)x(-10) =136.17W
Finally, the depended source delivers the following power

Py =V =V3)(=3Vg) = (V, = V3)(=3(V, = V3)) = —273.558W

Problem 3.34
Find I in the circuit in Fig. 1.
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a I,
1Q
20 2 1© T )i1sv

A V., -

b MWA—=e ¢
20

Sap, 2. 340
Figure 1

Solution

For pedagogical reasons, we will solve the circuit by applying both mesh
and nodal analysis techniques.

Mesh analysis

In the circuit of Fig. 2 we have the following loop equations

31, -1, =21 +3V, (1)

-1, +41,-21,=-15 (2)

21, +61; =21, (3)
Also

L=, (4)

Ve=2(l;-1) (5)

From equations (3) and (4) we have
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a 1Q 1,

Figure 2
Therefore, from equations (1) and (2) we obtain
3,-31,=3(2L,)=> 1, =-1, (7)
—-1,-4l,=-15=1,=3A (8)
and
I=1,-1,=2I, =6A

Nodal analysis

From the original circuit we have the following nodal equations:

y

a

—Vb V,=3V, V—15 v,

node a: =0=>2.5V, -V, ~V,=15+1.5V, (9

2 1
nodeb: ¥, =-21, =-2(V,-15-V,) =2V, +V, -2V, =30 (10)
Vo VeV

nodec: V,-15-V, = 4 =4V, +2V, -7V, =60 (11)

If we multiply eq. (10) by 2 and then subtract it from eq.(11) we will find
that V. =0V . Since V, =V, -V, =V, from eq. (9) we get

2.5Va—2.51/},:15:>I:Va—Vb:%:6A
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Problem 3.35

Find I; in the circuit in Fig. 1.

5V
50
A @
| 30 3 150
gu=
I
2A ll 1Q 10V
120
! AW
2
Figure 1

Solution
The circuit has four nodes. As shown in Figure 2, in order to apply the node

method we consider a supernode consisting of nodes 2 and 3. Thus, we
have the following nodal equations:

node 1: L +L,+1;=2

supernode: I, +Ig+Is+1; =2

where
11:E11E2’ 12:E1;E3, 13:E15+5
15=_—E2 and 16=_—E3
12 15
50 5V
G-
e
I
. 30 3 150
—\VVWV —\ANN——
i A
Il ? ’
@ Nz Qv o
C 120
Figure 2
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Substituting the above expressions to the nodal equations we get

E,~E, Ej-Ey E+5_
1 3 5

2

E, —E; _E3+_Ez+E1_Ez _

+ 2
3 15 12 1

or

80E, —65E, —24E; =120
But

E;=E,+10

Substituting E; we lead to the following system
23E, —20E, =65
80E, —89E, =360

The solution of the system is
E;=-3166V and E,=-6.8%

Thus,

Problem 3.36

Find I, in the circuit in Fig. 1.

4Q
NN
40 30
AVAYAY — \N\\—2
1.
1Q
+
2A
av, X §SQ
<y
Figure 1

Solution
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The circuit has four loops. We select the loops as shown in Fig. 2 in order
to have the following obvious equation

The application of the KVL in the other three loops gives the equations

6], —2], =4V,
~2J,+10J,-3J,+8J, =0
-3J,+7J3-3],=0
In the depended source we also have the relation
Va=lh-1
Substituting 7, we get the system
Ji+1,=0

~2J,+10J, -3/, =-16

—3J,+7),=6
40
NN
AAAY NVA—

1Q§
+ J
4V _ 2 2A
’ Q v C} §SQ
4
IQ§V

L4 ®

Figure 2
The solution of the system is
Ji=1253A, J,=-1253A and J;=032A
Thus,

I =],+],=0747A
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Problem 3.37

In the circuit of Fig. 1 find V, and /,.

5Q
—\\—t .
—
]y
s 10
" 2Q
10V <) <T> 1A
T +
v, 40
B 21,
Figure 1

Solution

In order to take advantage of the two current sources and simplify the
solution, we solve the circuit using mesh analysis. Thus, we select the loops
as shown in Fig. 2. It is clear that

50
AVAVAY < ’
—
Iy
v (|20
AI ZQ
+ 1
10V<> — \N\—o 1A
— I,
_l_
4Q +
V§ O
x I
B 3?25
@

Figure 2
The equations in loops 1 and 3 are

y
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However

I,=1,
and
1

Thus, the loop equations become

1
127, +12V7, —6(Iy —Zij+1 =10

1
61, =8V, + 6[5 _Zij =21,

or
61,+13.5V, =9
21,-9.5V, =0
Thus, the solution of the above system yields

I,=1.018A and V, =0.214V

Problem 3.38

In the circuit of Fig. 1 find the power in the voltage source of 4V.

2000

+

(8]
S
e
AVAYAY
AN
<
&
W
S
o)
AVAYAY
N

Solution
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In the circuit in Fig. 2 we observe that we have the following obvious
equations

Vv, =4V

V, -V, =5V, =V, —4=5V,

+

Figure 2
At node c, the node equation can be written as
5%0 +V§T_04: 20x107
From the above equation we get
V.=6.25V
Therefore

V, =4+5V, =3525V

Now, we can determine I, and Is:

I=—I 1 = —%—% = 25.833mA

4-V,
Iy =——L-20mA =-72.083mA
600

Thus,
Py, =(V, —4)I5 =-2253W
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Problem 3.39

Use nodal analysis to find current /,.

Figure 1

Solution

As we can observe in Fig. 2, the circuit has a supernode. The Supernode
constraint equation is

Ve =Va =3V, (1)

At node a we also have

v, =10V ()

Figure 2
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The node equations at node b and at supernode are

_ _ 10—
supernode: 2 Ve pop e 197V (3)
4 Y 3 2
V.- 10—
node b: C—Vb+4+u=0 (4)
4 1
We also have
V.=10-V, (5)
Vy =10V, (6)

Substituting V¥, into equations (1), (3) and (4) we lead to the following
system

0 11 2 ' 5
A v |=| 25
4 4 6 (7)
s v, | =14
220
4 4 |

From the above system we get

38 426 378
V,=—V,V.=——-V and V, =— 8
T ¢ 11 4711 (®)
Thus,
1, =—%’=—%A —_11.455A (9)
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