ENG2200
Electric Circuits

Chapter 4
Techniques for Circuit Analysis

Objectives

* Understand and being able to use node-voltage and
mesh-current methods to solve a circuit.

e Understand source transformation and being able to
use it to solve a circuit.

* Understand the concept of Thevenin and Norton
equivalent circuits and being able to construct them
for any circuit.

* Know the condition for maximum power transfer to a
resistive load, and being able to calculate the value
of the load resistor that achieves that.
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Terminology

* Node: A point that connects two or more circuit elements.
* Essential node: A node where 3 or more circuit elements join.

* Path: A trace of adjoining basic elements with no element
included twice.

* Branch: A path that connects two nodes.

* Essential path: A path which connects two essential nodes
without passing through an essential node.

* Loop: A path whose last node is the same as the first
* Mesh: A loop that does not enclose any other loops

* Planar circuit: A circuit that could be drawn on a plane with
no crossing branches.

Planar Circuit (same
circuit).

(b)
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Non Planar Circuit

R,

Rs
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Essential nodes

Essential branches

Meshes
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Simultaneous Equations

* |n a circuit with b essential branches, and n
essential nodes

e Get n-1 equations by applying KCL at n-1
nodes (why not n?)

 Still need b-n+1 equations to solve for the
currents in each essential branch.

e Use KVL on loops or meshes to get the
remaining b-n+1 equations

e Solve them.

Need 6 equations

-y +iy +ig - 1=0

iy -i5 -i3 =0

iy -ip +iy =0

iy Ry+i; Ry+ig(Re+R,) -v,=0

-3 (Ry+Rg)+, Re+isR, -v,=0

i, Rg+i,R -igR,=0
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Node-Voltage Method

* Draw the circuit in a neat way

* |f the circuit has n essential nodes, we need n-1
equations.

e Select one of the n nodes as a reference node
(usually the one with the most branches).

* Define the node voltages for the n-1 nodes (voltage
rise from reference to the node).

e Write KCL for the n-1 nodes as a function of the node

voltage.
1Q 1 20 2
A —e—AW\——¢
10V 50§j/r/ 2100 2A
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Example

8 Q
WV

6A<T> 0,240 Q 80Q v, 1200(
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Node-Voltage and Dependent Sources.

* Another constraint is added by the dependent

source
20 50 20
MWN—— WA *— "W
[.“r)
20V $200 $100 8iy
L G
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Ly
D0 V 1g200 13100 -
X I o
Vo—20 Vvy—Vy ”vli“m e
2 + 5 +2_O—O V2—8|¢+V2_V1+V_2:0
2 5 10
Vi—Va
5
Special cases
(v2-v1)/50
1 100 2 -
*—WN\—@
-} -+ l 50




- V - 50 V 11 Pearson Educaton. Inc. publishing as Prentics Hal
i+-2 +-2-0
5 50 Add these 2 equations. To get
V. . rid of i
3 _4-i=0
100
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When we have a voltage source
between 2 nodes, we can use Vo =50 + Vo N V3

the concept of a supernode to 5 50 100 B
derive the previous equation

Need one more equation in v, and v; to
be able to solve the circuit

v3=10i ¢+v2
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Using the concept of a super
node

M+V—b+v—c—ﬂi8 :0
Ry R, Re

Need 2 more equation to get rid of
Ve and ig

Example

10 Q

lSVCD 330 v,
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Concept of reference node

| 2kQ
2kQ b . a b

S 4KQ
<

12v 12v

C

2 different reference nodes
What is the voltages at a, b, ¢ are they the same?

What about voltage differences?

Mesh-Current Method

* For planar circuit

* A mesh current is a current that exists only in
the perimeter in the mesh

* Mesh current may or may not be an actual
current in a circuit element (i; and i,)
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Is i; an actual current in a circuit

7 branches vs. 4 meshes (the number of '
element? What about i,?

equations you need to solve the circuit

Cogyrght © 2011 Pearson Educason, Inc. publishing as Prentics Hal

R, R,
AN AN

The relation between mesh
currents and currents in a circuit

element.
R, R,
AW AW
Is R5 I iy 5
y »

S e e S —— ——
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R,
® A'A'A%
§ R3 . ‘;h 7)2
y
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laRy + R3(ia —1p) =y
R3(ip —ia) +ipRo = V7
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2Q) 6 Q) 4 Q)
A'A'A% . A'AA% @ A'AA%

40V 8 () 6 () 20V
4'".‘.‘ ? 1"‘|\ § I'_.

ntice Hal
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2i, +8(iy —ip) —40=0
6i, + 6(ip, —ic) +8(ip, —iy)=0
4i; +20+6(i; —ip)=0
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Mesh-Current with Dependent Sources

1Q

-+ ; ,
50V (_) Ly ' § 20 O 151,

¥ N - :
50\() i) is] 32007 i 15,
= y | y

You can easily write 3 mesh-current | — | |
equations. But what about i, o "1 72
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Current Source between two nodes

We do not know v

10 Q

Can NOT use KVL

N

100V<P

i\ . i
+
» 5A B 50V
6 Q) 4 ()
’WV.,,. AT L o

2 equations in 3 unknown

10 Q

i -i,=5

o ~ Supermesh

_|,_
Psov
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We do not know the voltage drop across the current source.

Can not write KVL for mesh a and ¢ without introducing another variable

\
Copyright © 2011 Pearsan Educaion. inc publishng s Prentce Hal

Supermesh
/ Can write 2 equations in

Vot I )Re+1,R,=0

+
_) V('(_'

-
Il
=
I
o

\
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3

unknown, need one more

Rii, +vcc + Re(ic—ib) = V0 =0
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Node-Voltage vs. Mesh Current

* Which is better (less equations)
e Depnds
— Number of equations formed for each
— Any supernode (node voltage)
— Supermesh? (mesh-current)
— Do we have to solve for the entire circuit?

Find power in the 300 ohm R,
which is better

3000 <
YW
1500 | 1000 2500 | 5000
AN —— W\ AW ——WW\
50 iy
256V $200 0 4000 128V
¢ Copyrigh © 2011 Pearion Education, In. publishing 88 Prontics Has ¢
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Mesh current: 5 equations (note that i ;=-iy)

300 <2
NN

I\
1500 | 1000 " 2500 | 5000

Copyright © 2011 Pearson Education, Ine. publishing as Prantics Hal

Which node to choose a a

Node voltages: 4 nodes, need only 3
reference node?

equations
3000 <°
AAAY
1500 A 1000 A 2500 A 5000
AAA " YWV A'A'A
\/j . \
50 LA
256 V 200 O 4003 128V

‘ \\
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reference 300 Q) qj"\ Can not write
YWy KCL at \:1 ortv3
\ WHY?
1500 | 100Q,2°250Q |2,500 Q
WA .' 'A%
+ -
T )2s6v ﬂ 0 5
/‘ | 3
/ | ¥ |
V1 + V3 +V3-|-256_|_V:|_—V2+V3—V2_+_V3—128—V2:0
100 200 150 250 400 500
Vp—Vy Vp+128-v3 Vp-Vg  Vp _ g lAtnode2
250 500 400 300
Vi —V3 = SOIA =50 % Constraint at supernode
3000 <A

150 Q1 o,

Va Va — 256 Va B Vb Va N Vc Node a
+ + + =
200 150 100 300
V.-V, Vv, Vv.+128 v _-v,
+ + + =
250 400 500 300
) V. —V
v, =50i, =50 2"
g A 300

0 Node ¢

Constraint at supernode
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Source Transformation

R
a
e Some times it helps in
reducing the circuit s
complexity b
_ Vs @
R |
Why? * ®3a
!\ R
ob
)
610 410 61} 40

40
—W—s *
¥ 300 200 50
10 Q)
“WWh-

(a) First step

41
ﬁ\f(gw 300 200

(c) Third step

1.6 A

8A ('1\’ 32V
100

(b) Second step

40 120

6V o o 192V

(d) Fourth step

Copytight © 2011 Pearson Education, Inc. publishing as Prentice Hall
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Are these 2 circuits equivalent? Power lost in Rp?

R
a a
= Uy
b b
(a)
R.\

a a
= (O 3

? eh b
(b)
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Thevenin Equivalent Circuit

R'I'h
®a a
A resistive
network containing Ve
independent and L
dependent sources
®h b

Especially useful when we are interested in the behavior of the circuit between two
terminals.

Any resistive network with dependent or independent sources could be represented as
a dependent voltage source Vq, in series with a resistance Ry,.

9/30/2014
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Thevenin equivalent Circuit

Rry

MN ® 2

—* a Viu
Any circuit ‘ <+>
—— b

Vi = the open circuit voltage between a and b
Ry = Viu/l. Where | is the short circuit current froa to b

EXCEPT for an ideal current source

25V 2003 3A 01 Vap

Copyrght © 2011 Pearnon Eduzaton, Inc. publishing a8 Prantics Hal

Find Thevenin equivalent
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g
3

25V Cf) 2003 3A CD v, e
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e

Now find the short circuit current

Norton Equivalent Circuit

Any circuit ‘ I
O

I, = the short circuit current between a and b
Ry = Viu/l. Where | is the short circuit current froa to b

EXCEPT for an ideal voltage source

22



in 41
A e ]
Oii\' %]nlr @ A
. . ah
Steps I,
Source | 1 At A

Step 2
Parallel sources and
parallel resistors combined v

40

Sep 4
Source transformation, producing
the Norton equivalent circuit ¥

i - .
@4!\ 250
[ L

Copyright © 2011 Pearsen Education, Inc. publishing as Prentice Hall

bV

o & N

2 kQ)

30 | 205 v §2SQ Vab
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Note that ix = 0 (why?)
KCL at node a

KVL at the loop to the left get v,, = Vy,

Short circuita and b

I,.=-20 i, find i from KVL o the left

9/30/2014
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5.} 40
A AN ® A Another wat to
calculate Ryy
4T
25V C_) 20 Q) 3A Vab
ob
Deactivate all independent
ISVV‘(\); P w ®a sources and calculate R,

Voltage = short ct.

Current = open ct.

A third way to calculate Ry,

Deactivate all independent

20 v 2250 v, sources

_ Apply a test voltage (or
eb current) from ab

Y

-
ey o . g

Calculate the current I1

5 Ry =V /iy
2kQ - &
WA ® &
l
3op 20i 3250 vr
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Redraw

&
Copyright © 2011 Pearson Education, inc. pubilshing aa Prentice Hall
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O Oy
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Find Thevenin Equivalent
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KVL to the small loop
on to left, find iy

Maximum Power Transfer

e Assume a voltage source, V with internal
resistance R, is driving a load R,

* What is the maximum power R, can get?
* Calculate p(R,,R,) and differentiate =0

 What if it is not a simple source with an
internal resistance?

e Thevenin equivalent

9/30/2014
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Superposition

 When a linear system is excited by more than
one independent source, the total response is
the sum of the individual responses where
each response is the result of one of the
independent sources acting alone.

Find the current here

120V

i’ ' 230 4240 12A
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Find v, using superposition

5Q

A

In

10V

50 0.4?)&,
a0

«_N?-'— E T o @ |

IA

10V 0,320 /3100

2y’
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