EECS2200 Electric Circuits

’ Chapter 4

‘ Techniques for Circuit Analysis

| Objectives

Know how to use node-voltage method to solve
a circuit

Know how to use mesh-current method to solve
a circuit.

Be able to choose the appropriate circuit analysis
method to use for a particular circuit

Know how to use source transformation to
simplify a circuit.

Be able to calculate the Thevenin and Norton
equivalents for a circuit.

Understand and be able to use the condition for
maximum power transfer to a load.
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EECS2200 Electric Circuits

‘ Terminology

| Terminology

Node: A point that connects two or more circuit elements
are joined.

Essential node: A node where 3 or more circuit
elements are joined.

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 contain any other loops

Planar circuit: A circuit that could be drawn on a plane
with no crossing branches.
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Essential Nodes, Branches

Essential nodes

§R, T)’ Meshes

Planar Circuit

R R,

A A R
R
v, R "SR,
Rs R,
A A

A4

(a)

R, R,

ANV
R, §
v, @ R,, R“ R;
Rs R,
AN AM-

a4 >

(b)

Camwt © 2911 Powrson Loveaton. v publoheg s Prordos Hat

(a) and (b) are the same.
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‘ Non Planar Circuit

| Activity 1

‘ How many essential nodes does this circuit have?

SmA
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| Simultaneous Equations

‘ In a circuit with b essential branches, and
n essential nodes.

We can get:

n-1 equations by applying KCL at n-1 nodes.
b-n+1 equations by applying KVL on loops or

meshes.

| Activity 2

| Write simultaneous equations for below circuit.

R,

y Jon

4

i, 3R (Dr
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EECS2200 Electric Circuits

‘ Node Voltage Method

| Node-Voltage Method

‘ Based on writing KCL equations at essential
nodes
Solves for node voltages
The “recipe”:
Identify the essential nodes
Pick a reference node
Label remaining essential nodes with voltage values

Write a KCL equation at each non-reference
essential node

Put equations in standard form and solve
Check your solutions by balancing power
Calculate quantities of interest




‘ Node voltage method

Step 1 —identify the essential nodes

50

5()V5 %l()ﬂ %40&2 ¢3A

‘ Node voltage method

Step 2 — pick a reference node

54

y

S50V 10 Q 40 O JA

<

a4
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| Node voltage method

Step 3 — label the remaining essential nodes with
voltage values

N

Q1
WA

50V<_> 0,210 Q) 40 Q) C

RS

_/
(8]
>

| Node voltage method

Step 4 — write a KCL equation at each non-
reference essential node

50 1
AAA%
50V 2,210 Q 40 Q) 3A
Aty 20 M v 5
5 10 40
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| Node voltage method

‘ Step 5 — put the equations in standard form and solve
501

Sn\'qg« 10 Q2 %JUQ ¢_“ A

v'_50+£+l—3=0
5 10 40
(1 1 1) 50
= V=+—+—|[=3+—
5 10 40 5
- 40)|v (1+i+i) = (40)[3+10]
"\5 10 40
= v,(8+4+1)=520
= v, =520/13=40 V

| Node voltage method

‘ Step 6 — check your solutions

50 40\

"W\ 5 . 4
mv@ }mn §um d)‘u\

> >

i = 50;40 =2A  p,=-(50)(2)=-100W

ps =52 =20 W
Do = (40)7 /40 =40 W

Py = (40)*/10 =160 W
p, = —(40)(3) = 120 W

2p=—100+20+160+40—120=0
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| Node voltage method

Step 7 — calculate any other quantities of interest

50 40\

VWW~——<®
50V }mn ic o
v

40 Q 3A

— W —0

| Activity 3

‘ Find voltages and currents for each resistor.

1Q 20
MN—— W\ —@

10v<f> 50% 2100 (DzA

Yy —
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| Node-Voltage and Dependent Sources

‘ Another constraint is added by the dependent

source
20 50 20
AN —9— AW — 98— AW
[.1(,
20V $£200 3100 iy
o ©

APy © 2071 Paanon Bacanon W pubisteng i Prastcs Mat

+ (’,
2ov<_> 13200 13100 8.,

APy © 2001 Paanon Bacanon, W pubinieng s Prastcs Hat

at Node 1: 1220, =V v 5, A=)
5 20 ¢ 5
v, =8, v-v, v,
at Node 2: ¢ - +—=2=0
2 5 10

15-09-23
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EECS2200 Electric Circuits

‘ Node Voltage Method -
Special Cases

| Special case 1

essential nodes, node voltage method can be
simplified.

A voltage source is the only element between two

'100v<f> 13250 1,3500 <D5A

15-09-23
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| Special case 1

In the circuit below, v,=100V, so we can write a
KCL at Node 2 to find v,.

(v2-v1)/10
1 100 2.°
o 2'A'A% L

'100V<1L> 13250 13500 (DSA

| Special case 2

A dependent voltage is between two non-reference
essential nodes

10,

1 50 2 3 3
%’ ;\M |
<i>50v1-1§4091'“1;§50Qi m§l()09<f>4A
I ® ®

ST © 001 Padren b W (g s Presten Fat
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| Special case 2

| Applying node voltage method, we have two KCL
equations at nodes 2 and 3.

V2_50+v—2=0, at Node 3: -3 —4-i=0
50 100

at Node 2: i +

v, =50 v v
2 o2 03

50 100

adding two equations :

107,

A

4\/‘/\:—3—@
00 1 ﬁion’ m(m@m

5Q

Special case 2

The concept of a Supernode:
When a voltage source is between two essential
nodes, we can combine those nodes to form a
supernode - to write one KCL

\/2—50+v2 L
5 50 100

4=0

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

v3=10i,+v2

500 ,.3100Q 4A

15-09-23
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| Activity 4

Use supernode concept to find ig.
(Same circuit as in Chapter 2 Activity 10)

| Chapter 2 Activity 10

The circuit represents a
common configuration
encountered in the
analysis and design of R, 41
transistor amplifiers.

Assume that the values of Ve e O‘u

2
Ry, Ry, Re, Rg, Vcand V,, T 42 @
i

i
% R,

are known.

Find iz in terms of the '

!

.
o Ry
circuit element values. §
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| Chapter 2 Solution

| Apply KCL to nodes a, b, ¢, and 1, we have:

@) i +i.—i=0

(2)iz+i,-i;=0

3)i,—iz-i.=0

(4) ic = Piy

Apply KVL to 2 loops bcdb and badb, we have:

(5) V, +i.R, —i,R, =0
(6) —i,R +V..—i,R, =0

| Chapter 2 Solution

| Solve Eq.(6) for i; and substitute i, into Eq. (2)
i = Vee LR,
1 Rl
Vee =R, =i +i, =i, = Vee iR,

R, R +R,

Substitute i, to Eq.(5), solve for ig

Vo + iERE Vcc - iBRl

(Vcc - iBRl )Rz _

4

R, R +R, (R +R,)R,

R

E

15-09-23
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| Chapter 2 Solution

Substitute i¢ into Eq. (3), and use Eq.(4) to eliminate i in
Eq.(3), we have:

(Vcc _iBRl)RZ _ Vo
(R +R,)R, R,

_ Vcch/(Rl + Rz) - Vo
RR,/(R +R,)+(1+B)R,

=i, (1+ )

;)

EECS2200 Electric Circuits

Mesh-Current Method

15-09-23
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| Mesh-Current Method

| Uses KVL equations around meshes
Solves directly for currents

Special cases for dependent sources and for
current sources in a mesh
The “recipe”:
Identify the meshes
Label each with a mesh current
Write a KVL equation around each mesh
Put equations in standard form and solve
Check your solutions by balancing power
Calculate quantities of interest

| Meshes in a circuit

| 4 meshes versus 7 actual currents (for R~R)

15-09-23
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| Mesh currents & actual currents
I

R R The relation between mesh
1 2 currents and currents in a circuit
WV WAV element.
) - ) Ed

m g I
0y C) Iy 2Ry <> Vs

— ¥ - —_

R, R,
2'AA% A'AA

| Mesh Example

‘ How many meshes does this circuit contain?

30 Q)
AN
50 90 ()
'A% A\ o]
80V 26 Q) $80

15-09-23
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| Mesh Example

‘ Find the power
associated with the ‘
voltage source and the xuv@
8Q resistor.

50 Ly 900

00

>
2602 | 280

iy mesh: —80 +5(i, —i,) +26(i, —i,) =0
i, mesh: 30(i,) +90(i, - i;) + 5(i, —1,) = 0
i, mesh: 8(iy) +26(i, —i,)+90(i, —i,) =0

1,(5+426) +1,(=5) +1,(-26) =80
Standard form:  1,(-5)+1,(30+90+5)+1,(-90) =0
1,(-26) +1,(-90) +1,(8 +26 +90) =0

Solution: i, =5A; i, =2A; i;=25A

| Mesh Example

‘ Power balance

Component Equation p W]
80V -(5)(80) -400
5Q (5-2)%5) 45
90 Q (2.5 — 2)%(90) 22.5
30 Q (2)2(30) 120
26 Q (5 — 2.5)%(26) 162.5
8Q (2.5)2(8) 50

15-09-23
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| Activity 5

‘ Find currents in iy, i,, and i,.

R, R,
WA ) A
i i)
D 1": l § R3 (%)
| Activity 6

‘ Use the mesh-current method to determine the
power associated with each voltage source in the

circuit.
20 60 40
MWN\—@ +’V\N *+—" W\
+
40V 8030, 260 <_> 20V
L 7 <

15-09-23
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EECS2200 Electric Circuits

Mesh-Current Method:
Special Cases

| Special Case 1

‘ Mesh-Current with Dependent Sources

S0V

10
2'A"A%
50 40
AN @ A AA%
1,,,'§209

T L

15 i,

15-09-23
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| Special Case 1
You can easily write 3 mesh-current equations.
But what about i
1, =1,-1
o Ltz
1Q
WA
50 2 40
[ A 'AA ® A'AA
50V<> h ) b §2OQ k3 15 i,
- # ' Ve
S A —

| Special Case 2

Current Source between two nodes

We do not know v 10 Q
Can NOT use KVL W’

5A 50V

23



| Supermesh

‘ 2 equations in 3 unknown, we still have:

i-i =5
10 Q)

)\ A 02—\ ® Supermesh

n ‘ B
100v<_> i i (_) 50V

| Supermesh

‘ (10i, +2(i, —i.)+3(i, -i,) =0

—100+3(i, —,)+2(i, —i,) + 50 + 4i, + 6i, = 0
i —i,=5

(-3i +15i,-2i =0  [-9i +45i,-6i =0
9i —5i, +6i =50 ={9i —5i, +6i =50
(-9i,+9i. =45 —5i, +15i, =95

= 40i, = 50,i, =1.25A

=15i, =101.25,i, = 6.75A

=i =6.75-5=1.75A

N

I

15-09-23
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|Activity7
‘ Find ig.
.
§R(.
0z D Ore
. @ .
P re—

EECS2200 Electric Circuits

Node Voltage vs. Mesh Current

15-09-23
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| Node-Voltage vs. Mesh Current

‘ Which is better (less equations)

Depends on:
Number of equations formed for each method
Any supernode (node voltage)
Any supermesh (mesh-current)
Do we have to solve for the entire circuit?

| Activity 8

‘ Find power in the 300 Q resistor, which method is
better?

3000 <2
'A%
1500 | 1000 2500 | 5000
AN—@ A'A"A% AA% *—"\WN/
50,
256 'V §2oon 4009§ 128 V
® ®

15-09-23

26



15-09-23

EECS2200 Electric Circuits

‘ Source Transformation

| Source Transformation

Under what condition(s) are the two circuits below

‘ “equivalent”? “Equivalent” means that if you attached
any resistor to both circuits, it would have the same
current, and therefore the same voltage and power.

v, I R “' §R,
L 2
b
. _RIR . _RR/R+R, . _ Ri
LR R,  R+R,
= vy = Ri; --the condition for source transformation

27



| Source Transformation

‘ A voltage source in
series with a resistor
can be replaced by a
current source in
parallel with the same
resistor or vice versa.
Some times it helps in
reducing the circuit
complexity

| An Example

h\’@ éi”lk

[ 100
s

AN ——AN——¢ |
%2” 4]
*~—A—@

{a) Firststep

40

|
6 \-O §3nn g:n 0 @m,\
! \

- e

(¢) Third step

R30§2//209 =

5x%20

5Q/20Q = m =

v(©)

Q (b) Second step

4101 120
AW

\

@ 192V

|

(d) Fourth step

Sopyrige © 2011 Pomner Educatin, we sutbvhag o Pracsos Hel
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| Activity 9

‘ Are these 2 circuits equivalent?

EECS2200 Electric Circuits

Thevenin and Norton Equivalents

15-09-23
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| Thevenin Equivalent Circuit

| Any resistive network with dependent or
independent sources could be represented as an
independent voltage source V4, in series with a
resistance Ryy.

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

R Ih
® " VW\—0 3
A resistive ‘
network containing Vv
independent and Tb
dependent sources |
eh L———h

(a) (b)

| Ry

a Viu
Any circuit |:> <+>

V.4 = the open circuit voltage between a and b.

Ry = Vi/lyc Where I is the short circuit current
from a to b, EXCEPT for an ideal current
source.

30



| Activity 10

‘ Find Thevenin equivalent

5.0) 40
YWN—@ YWA—=@ a
e -}

+
5v( ) 2003 3A V1 Va
® - eb

AP © 3001 Paanen Facanon, W pubiuieng s Prastcs Mt

| Norton Equivalent Circuit

‘ The Norton equivalent is just the source-
transform of the Thevenin equivalent.

R |4 a_
_._ -
Vn Aad Ix R §
—o—— @
b b
Vi = Ry, Iy Iy= Vi, / Ry,

15-09-23
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Example: Norton Equivalent

25V §:.m @ IA

. -

Step 1:
Source transformation ¥

@SA $sn $an @3,\

410

Step 2:
Parallel sources and
parallel resistors combined ¥

40

T—Y—W—-‘.l

@.m Tm

—— ¢ @b

. -ab

Step 3:

Source transformation; series
resistors combined, producing
the Thévenin equivalent circuit

B
AW *0
Ry
~ob
Step 4:
Source transformation, producing
the Norton equivalent circuit ¥
a
4A 81
b

Activity 11

2 kQ

2'A'A%
;
5V 30 .

Find the Thevenin equivalent.

. S~
-

4 ® a
ar t

20i v$25Q v

o eb

Compaght © 2001 Paarnon Tiaton, b uiniung o Prasin Hat
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| More on Deriving Thevenin Eqv.

‘ Determine R, — deactivate all independent
sources and calculate R,,,.

Voltage source 50 ,
e AN A

Short circuit
25V 20 0 3A

Current source <

Open circuits —

R, =R, =5Q//20Q+4Q 2 a

5x20
= +4=8CQ -
TH 5420 200 R.,
° eb
| More on Ry

‘ Deactivate all independent sources
Apply a test voltage (or current) from ab
Calculate the current it Ry = v,/ iy

2k

- e e
\\6% <>2m %25!!
L—L—o o b

15-09-23
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More on Ry

KCL:iT=;—TS+20i

KVL:2000i +3v, =0,i = -3v, /2000

ip=r 2 o R 2100Q

20 25 Q) Uy <J_r

e L e

Activity 12

Find ig

15-09-23
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EECS2200 Electric Circuits

‘ Maximum Power Transfer

Maximum Power Transfer

Condition for maximum power transfer

Suppose we can vary the load resistance. For what value of load
resistance will maximum power be absorbed by the load?

i=—n
R, +R,

RV}

pL= L= 2
(R, +R,)

pL=i"Ry;

dpL =O

For max. power,
L

dp,  Vj 2RV
drR, (R, +R)* (R, +R,)
_ Vri (RTh + RL) - 2RLV7§I

(Ry +R,)’

=0

= Vi(Ry, + R,) = 2R,V =0
= (Rp, +R,)=2R,

Th

Vi

Represents the
Thevenin equivalent
of an arbitrary
subcircuit that will
not change

Represents
a variable
load

15-09-23
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| Activity 13

In the circuit below, the load resistor is matched to
the Thevenin resistance, how much power is
absorbed by the load resistor?

100 W
50 W
20W
10 W

20\

EECS2200 Electric Circuits

Superposition

15-09-23
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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.

| Activity 14

| Find i2
60 20
AN\ A'A'A%
[ I~
120V ',1330 /340 12 A

15-09-23
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| Activity 15

‘ Find v, using superposition

0.4 Uy

50
WA—9 /\<—> o
A
10V 1-,,§ZOQ z'AglOQ
2 i

Copyaght © 3071 Paamon Facanon W pubiinieng os Prastcs Mt
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