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3.1 Motivation (Jsiadll/dadlal)

If you are given the following circuit, how can we determine:

(1) The voltage across each resistor, 60
(2) Current through each resistor, WW
(3) Power generated by each current

source, etc.

What are the things which we needto.knowein order to determine the answers?

Things we need to know in solving any resistive circuit with current and voltage
sources only:

= Kirchhoff’s Current Laws. (KCL);

= Kirchhoff’s Voltage Laws (KVL)

= Ohm’s Law

How shouldwe apply these laws to determine the answers?
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3.2 Nodal Analysis

It provides a general procedure for analyzing circuits using ‘nasgwaltages as

the circuit variables. ol 6Q
W

A@® §2n 7ﬂ§ @ A

Steps to determine the node voltages: o o

24y

1. Select a node as the reference nade;fornexample 0 (ground).

2. Assign voltages v,,v,,...,V, 4 t0 theremaining n-1 nodes. The voltages are
referenced with respectto the reference node.

3. Apply KCL to each of«the n=1 non-reference nodes. Use Ohm’s law to
express the branch currents in terms of node voltages.

4. Solve the resulting simultaneous equations to obtain the unknown node
voltages.

Note: Cunrent flows\from a higher potential to a lower potential in a resistor.

i — Vhigher ~Viower
R
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Example 3.1.

Calculate the node voltages in the circuit shown in

Fig.(a).

Solution:

Consider Fig. (b).

= The reference node is selected (ground), and.the
node voltages and are now determined.

= The branch currents are determined.

= At node v,, applying KCL and Ohm’s law gives

=i i, 5= +V1_O:>3vl—v2:20 @
4 2

= At node v,, we do the same thingand-get

Yi—Vs q0e iy Y20

L+, =L+, =
—=3v,+5v, =60 (2)

= Using the elimination (u=ssxdlly sdall=cLa8Y1) or
Cramer’s rule (matrix form) techniques, gives:

v,=13333V; v,=20V
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Example 3.2. 80
Determine the voltages at the nodes in | )
Flg(a) 1 i m \ ""-E'g""-";'ﬂ.-"'u 3
Solution:
Consider Fig. (b). INCY éﬂﬂ <+> 2,
At node 1, Vo —V. V. —V
3=i+i, 3= 234+1 2 0
4 2 L
At node 2. = 3v,—2v, -V, =12 (1) (@)
— — _ 4160
i i o iV VeV Vo0 | a |
2 8 4 TI1 5o . _,-2.. - _,«i 1\"1
= —4v, +7v, =V, £0 (2) "W WA i
At node 3, 3at| g | 47
_ 4 _ 3A a0 ¥ > 2
i +i, =20 < Vi—V, n Vo Vs 2(V, —V,) ) = <>
8 2
= 2% -3V, +V, =0 (3) =
By solving theseq. (1), (2)and (3) we get: °
Vv, =48V, v,=24V, v,=-24V
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3.3 Nodal Analysis with Voltage Source

CASE 1. If a voltage source is
connected between the reference node
and a nonreference node, we simply set
the voltage at the nonreference node
equal to the voltage of the voltage

source. In Fig. , for example, v, =10 V

CASE 2. If the wvoltage source
(dependent  or  independent) .is
connected between two nonreference
nodes, the two nonreference fledes form
a supernode; we apply_ both KC€L“and
KVL to determine the nodeoltages.
At the supernode, KCL gives:

I, +1, =1, +l,

and KVL gives -V, +5+v, =0

¥y

40
SO /Supernnde
VAL
i 5V T
o g T
ah T

§Bﬂ gﬁﬂ

23-Sep-18 Dr. Eng. Hassan Ahmad




Example 3.3
For the circuit shown in Fig., find the node
voltages.
Solution
Applying KCL to the supernode as shown in
Fig.(a) gives

e 2:i1+i2+7<:>2:V1_O+V2;0+7

=V, =—20-2yv, 1)
To get the relationship between v, and '\, We
apply KVL to the circuit in Fig.(b).
-V, =24+V,=0=vVv, =V, +2 " (2)

From Egs. (1) and (2), we write
V, =V, +2=-20-2V,
=V, =-7.333V, Vv,=-5333V
Note that the 10-€ resistor does not make any

difference because ' it Is connected across the

supernode.
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Example34 S
Find the node voltages in the circuit of 0V 7 @i NN S T
Solution |
We apply KCL to the two supernodes 203 TV <40 $10
as in Fig. (a).
At supernode 1-2, I
: L V; —V V,—V, V
i, +10=i +i, © 2>—%2+10=21—244+1 20
0 3 AN
=5v,+Vv,-Vv,—2v, =60 (1) b +ov, - "
At supernode 3-4, L1‘L:Wﬂ:__13 ceedvn
Ti- g I3 I EEEEEELS
L V=V, M=V, Y
=i+, +ii o t—2="2_24 443 ' {is Lis
3 6 1 4 20 OLEL §4n 10
= 4v, +2v, —5v, —16v, =0 (2)
—
(a)
9

23-Sep-18 Dr. Eng. Hassan Ahmad



We now apply KVL to the branches AMVA

involving the wvoltage sources as T T q
I I Loop3
Is:hovlvn mlFlg.(b). oy \ jf\
or loop 1, o | N =— ~
P n N n h“ﬁ"g' ” N

-V, +20+v,=0=>v,-Vv, =20 (3)

51'1 @ "':ei 51'3 @ "45
For loop 2, g ; ; 5

______________________________________________________

-V, +3v, +Vv, =0, butv, =v, -V,
=3v,-V,—2v, =0 (4) (b)

Forloop 3, v —3v +6i,—20=0, ~but ‘6iy=v,—v,and v, =v, —v,
Hence, —2v, -V, +V, +2v, =20, (9)

Solve the Egs. (1), (2), (3), (4) and (5)
we get:
V;=26.67 V, v,=6.667V

v, =173.33V, v, =—46.67 V
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3.4 Mesh Analysis

1. Mesh analysis provides another general procedure for analyzing eircuits using
mesh currents as the circuit variables.

2. Nodal analysis applies KCL to find unknown valtages,insa given circuit, while
mesh analysis applies KVL to find unknown currents.

3. A mesh is a loop which does not contain any otheg.loops within it.

Steps to determine the mesh currents:

1. Assign mesh currents iy, I,, ..., in to thesn meshes.

2. Apply KCL to each of the n meshes, ¥se,Ohm’s law to express the voltages in
terms of the mesh currents.

3. Solve the resulting n simultaneous,equations to get the mesh currents.

a i"‘ R b E|--- R c
NOTE. AV p
Formesh1: I, =i —i, 3 |
V. (+ h @ T
For mesh 2: I, =i, =i, ‘ C—) q g R, C_) v,
F - d
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Example 3.5

For the circuit in Fig., find the branch currents 1, 1,, and 1, usingsmeshyanalysis.

Solution ; |
LN 0 2 60
For mesh 1, AR AW
15450, +10(, —i,)+10=0=>3i, —2i, =1 (1) "
For mesh 2, 100
6i, +4i, +10(i, —i,)-10=0=i =2i,-1 (2) = "V D (i @ 40
(Fov
By solving the Egs. (1) and (2) we get:

i =1A, i,=1A=
=i =1A, 1,=i,=1A, I, =i,~i,=0A
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Example 3.6
Use mesh analysis to find the current I in the circuit of Fig.

Solution [ AR
For mesh 1, | [t ~ |
244100, 1) 120 )= 0= 11, 5, 61 —12 ) o waz () Zaa

28y, (%) @ njﬁv
For meSh 2, 12 © % @ <l' 4,
24i, +4(i, —i,) +10(i, —i,) = 0= —5i, + 191, 2i;= 0 (2) f

Formesh 3, 41, +12(i, —i,)+4(i,~i,)=0y but 1, =i —i,
A, —i,) +12(i, —i) +4(is=i,) =0= —i, —i, +2i, =0 (3)

By solving the Egs. (1) and (2) we get: i =2.25A, i,=0.75A, i,=15A
=1, =i —-1,=15A
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3.5 Mesh Analysis with Current Source

CASE 1.
1Q 30

When a current source exists only in one mesh. "y

AWV
Consider the circuit in Fig.
VY ﬂ) gﬁﬂ @ (d)sa

We set I, = — 5 and write a mesh equatienfor the other mesh in the usual way; that

s, —10+4i, +6(i,—i,) =0 = i, =-2A
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CASE 2.
When a current source exists between two meshes, a super-mesh is resulting.

Consider the circuit in Fig.(a).

60Q ST 100
s | 60 100

/20 § AN AN
20v (¥) @ : | @ 240 s ~

I‘. i 20 G_") ; KH) @ ' § 40

|-' ﬁ_ﬂ C‘) .II : :

JT “H. ﬂ-_._-“ .l-; 1“\“*-..\_

- Excludeghese (D)
(a) elements

We create a supermesh byaexcloding“the current source and any elements

connected in series with it, as shown In Fig.(b). Thus,

. Applying KVL to the supermesh in Fig.(b) gives —20+61, +10i, +4i, =0 (1)

« Applying KCL to@ node in'the branch where the two meshes intersect (node 0)
In Fig (a) gives i, =i+6 (2

By solving Egs. (1) and (2), we get i=-32A i,=28A
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Example 3.7
For the circuit in Fig., find i, to i, using mesh analysis.

20
- ""IFW'\"

Solution e
Apply KVL to the larger supermesh, § ﬁ) .
2, +4i, +8(i, —i,) +6i, =0 at] i 'o o

: : : - P ) A AN
=i, +3i, +6i,—4i, =0 1) | | o W
Apply KCL to node P: 60 § @ <+> 3, (i § 80 @ () wov

iz - i1 +9 (2) L ______________________________
Apply KCL to node Q: %
i,=i;+3l, but I =-i, =i, =I,-3i (3)

Apply KVL inmesh 4, 2i, 48(i, —i,) +10 =0 = 5i, — 4i, = -5

By solving Egs«(1)n. . (4), We get

i =—7.5A, i,=-25A, i,=3.93A, i,=2.143A
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QUESTIONS

The end of chapter 3
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