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THE NODE-VOLTAGE METHOD

, 5Q 2 . N
. L+ 3Conzlder Sthle circult v?tt}}ll
nodes. Select one of the
SALV, %29 v §Q 2A hodes as the reference
— 3 — node and assign voltages
to two remaining nodes
as V,and V.,

Since the number of elements connected to node 3 1s the
greatest, choosing this node as the reference node will simplify
the equations. Now apply KCL to nodes 1 and 2
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Assuming the entering currents to be negative and leaving
currents to be positive
V-0 V-V
-3+ 12 +— 5 2=0=05V,+02(V,-V,)=3
V,-0 ¥, -VW
T +(-2)=0=-02V, +12V, =2

V,=5V V,=25V
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EXAMPLE
C TA
, Find 1 using nodal analysis.

Iy 4Q+t |2
VWV vV, V.-V
+ + 4 7203 -V, =12
Ay 220 V,260 2 4
1 n-v.. v
— — +—-T7=0= -3V, +5V, =84
== 4 6
V=2V V,=18V
=V 18-2
[ = = =44
4 4
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EXAMPLE

T 5 n Using nodal analysis, find
4Q§ \_/'1 T 6A § 40 Vla V29 and V3.
V, There are 3 nodes 1n the
3 AG) \}L §QQ circuit. Choosing the bottom
_2 - node as the reference, assign

1

= voltages to nodes as V, and

Sl T Ve
4 4

Vo=V, .V
L4 134+—2L45=0
4 2
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V,=20V  V,=-4V

From the figure V,=V,=-4V and V,=V,=20V. As you see
they are node voltages. But, since V, 1s not defined with

respect to the reference node, it is not a node voltage. It is the
voltage across 4Q) resistor and 5A current source. It can be
calculated as

V,=V +V,=20=V -4
V. =24V
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50 Vi

WY, =50 " "
i _ +—+—-3=0
50 ' lbl 100 ICJ 40Q IA > 1040
V. =40V

. 50-40 > 4 Pso, = =501, =100 (delivering)
I = =
’ 5 Dy, = —3v, = —120W(delivering)
i, = 40 — 44 ps = (2)*5=20W (absorbing)

10

40 Do = (4)°10 = 160 (absorbing)
=30~ 14 .y = (1)°40 = 40 (absorbing)
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EXAMPLE

20 Vi 50V, 20

VVV \/\_/\/> VVV V1—20 Vl Vl_Vz
' 5 T 5 VY
20V 200 1002 Qi
2V, =V, V2—81a_0
5 10 2
- . =V
l:
a 5

V=16V V,=10V i =124
ps=(12)°5=72W
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50

SUPERNODE
10i,

V, 50 VLO V,
VA 4
T vV, =501
2 $4A

1
400 5 1000

L

To write the KCL equation at node 2 or node 3 we cannot
express current through the dependent source in terms of V,

or V,. To do so, we consider nodes 2 and 3 to be a single

node (replacing the voltage source by a short circuit) . This
node is called a supernode. KCL must hold for the
supernode
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supernode

Vi 50 Vg// _____ N
4_.\/\/\/—\\ ________ R
1,
50 %OQ 500 IOOQ§ 4A
L
A
5 50 100
V.-V, =10i,
V=50
lb:
5

V,=60V V,=80V i =24
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EXAMPLE

Vl
* V=2V V,=-2i
v 20 %19 Y
X 2V V.==5i  V,=2-V
. 9A 2Q 3 y 4 X
Y (~Yor—vn— V. V-V
4 XY,V gy =0
210 Y30
2 — /%y V=N V.=V
. Q 21 l—ly—2Vx-I-314=O
* =¥V, =
~3V, +10i, = 22 2
~V,-8i, =4

V=4V i =-14

y
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MESH-CURRENT METHOD

R, R,
VY VY L =1+
1 . 1 . .
V, S l R, 2 Vv, Vi=iR + LR,

— Vz — isz - i3R3

Solving 1, from the first equation and substituting into the
other equations results

V,=i(R +R)—-iR, TV;/O thua;iogs. candb§
W, =—iR +i(R, +R,) solved to find 1, and 1,.
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1,, 1,, and 1, in the example are branch currents. Same problem

can be solved by mesh currents. A mesh current 1s the current
that exists only in the perimeter of a mesh. Consider the
following circuit

Rl R2
\VAVAVA VNV ]
q q i_and i, are mesh currents
\4 <i> l Ry <i> V, with arbitrary directions.
V1 — iaRl +(ia B ib)R3
- Vz — (ib — ia)R3 + isz
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Vi=i,(R+R)—- iR,
— Vz — _iaR3 + ib(Rz + R3)

These equations are 1dentical with the previous equations

when the mesh currents 1, and 1, replace the branch currents
1, and 1,. Note that the branch currents can be expressed in
terms of the mesh currents as

I =1 =1 L=1I—I

a
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EXAMPLE

2€)

60 4C)
\VAVAVA
) sd i) ze )

Use the mesh-current method to determine the power
supplied by each source.

20V

i =564 i,=24 i =-084
Dy = —40i = —224W
Doy =200 = —16W

10i, — 8i, = 40
—8i +20i,—6i =0
— 6, +10i =—20
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EXAMPLE

10
WV
, Use the mesh-current method
50 2 to find the power dissipated
AV W in the 4Q) resistor.

. i o |
sov(*+) h J 20Q° )/ +5151 235 =355 =205 =50
la —5i, +10i, -4, =0

— 20§, —4i, +24i; = -151,

Lb=h—h

i, =264 i,=284
=(i,—1,)’4=(2y4 =160
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SUPERMESH

When a branch includes a current source, the mesh-current
method requires some modifications. Consider the following
circuit

1002

VVV When we attempt to write the
q KVL equation for left or right
20 mesh containing the SA current

\/\1/\/ source, we cannot write the
3 voltage drop in terms of 1, and
Qsov

_|_

100V 5A
1,. This difficulty can be solved

using the supermesh concept.

Jﬁgg
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A supermesh is created by removing the current source from
the circuit.

10€2 For the upper mesh
q —3i, +15i, - 2i, =0
i
30 0 For the supermesh
VW VW 304 —4,) +2(4,—1,) +50
" q q +4i, +6i, —100 = 0
IOOV@ b ' EQ OV 90 Z5i 160, =50
A VA f—i=5
6C2 40
SUper  j =1754 i, =1254 i,=6.754
mesh
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EXAMPLE

2.5Q)

S e

7.5€)

Using both the node-voltage and mesh-current methods, find
the voltage V  1n the circuit.
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193=10i +10i, +10i + 0.8V,
i —i =04V =08i

V,=-75i i —i =05

160 =80i =i =24
V,=193-20=173V
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%Y _|_\/\/\/
+ VvV,
0.4V a
193V, VO%D a 0.8V,
_ +V, -
= VWV y
602 7.5Q "2 8Q
v, ~193 v, -V,
: — 04V, +—2—=
ViV, s, im (4087
2.5 10
£+O.5+V2+O'8V”_V1 =
7.5 10
V-, +08V,
Vb:—V2 V _ 1 ( 2 b) 2

¢ 10
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SOURCE TRANSFORMATIONS

A source transformation allows a voltage source in series
with a resistor to be replaced by a current source 1n parallel
with the same resistor or vice versa. Following figure shows
the source transformation.

R a We need to find the
(VAYAY; a . :
relationship between v
- .
v, <i> 1, <D § R and 1S.that. guarantees the
b b two circuits to be

equivalent with respect to
nodes a and b.
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d

I R iLgRL

b

iL:RVSR I, = X l
T " R+R "

From the equations it 1s seen that P

N

vy
R
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EXAMPLE

40 6 50

VWV Using successive source
30 900 4 transformations, find the
6 § § 0 ov delivered (absorbed) by the
10Q)
VWV 6V source.
40) 60
o |15=4Q
20]|5=
6V 2300 2200 $5Q(71)8A 1o
10Q (8)=
VY 40 6Q 40
VAV
6 2300 32V
10Q)
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4+6+10=20Q 32/20=1.6A

40
30/|20=12Q
6 300 §209 16A 12(1.6)=19.2V
40  12€Q) 192 —6
VWV i ) _ 08254
T 9.2V 16
oV Per = (0.825)(6) = 4.95W (absorbing)
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EXAMPLE

SQ

Using the source

the voltage across
100€2 resistor.

8A :
250V %} %2 5 QCD §1 000 150 transformations, find

o0

Find the power developed by 250V voltage source in the circuit.

250 502
\VAVAVA \VAVAVA
250\/%} SA $100Q 2150
Osman Parlaktuna Fall 2004
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; 25(1100]|20=10Q2
10A 8A 1000 2200
3A <100 10-8=2A

_ V,,,=2(10)=20V

Current supplied by the 250V source 1s

. 250 250-20
I = + =1124
© 125 25

Dasor = (250)(11.2) = 2800
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SUPERPOSITION

A linear system obeys the principle of
superposition, which states that when a
linear circuit is driven by more than one
independent source of energy, the total
response is the sum of the individual
responses. An individual response is the

result of an independent source acting
alone.
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Circuit Analysis |

EXAMPLE

Use superposition to find the
12 A branch currents in the circuit.

h-120 ¥V,

6 3 2+4
. 120-30 .30
Ly = =154 i,=—=104
3
.30
B = Ly :?:514
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6€2 V, 20V, h n h-V
VWA VAN +—+ =0
N G 3 6 2
12 . 32 B
3€2 2 4
- V,=-121 V,=-24V
-V, 12 V.

=i, ti,=5+12=174 =T = =24 = =44
=15 +1,=10-4=064 -, -12+24
=i, +i,=5+6=114 T, T T
i, =i, +i,=5-6=-14 1.42:%:_6/1
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EXAMPLE

superposition to find V_

0.
\5/\% " é—Jr Use the principle of
10

i
> Vo %209 o V, 2100 SA in the circuit.
b
_ A
50 0}\&% Since V, =-(0.4V_)10=-4V _,
YW+ + V,,=0. Then the branch
10 I V01§2OQ - V.2100 containing two dependent
B 21, B sources is open.
-+
V., = 10=8V
20+5

Circuit Analysis I Osman Parlaktuna Fall 2004



W

i,
_ @ _
Vir
O.4Vaz+10 -5=0=V_,=10/V
Vo Ve
+——-04V,=0="V, =16V
20 5

V=V +V, =8+16=24V
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