Chapter 4
Techniques of Circuit

Analysis
4.1 Terminology
4.2-4.4 The Node-Voltage Method (NVM)
4.5-4.7 The Mesh-Current Method (MCM)
4.8 Choosing NVM or MCM
4.9 Source Transformations
4.10-4.11 Thévenin and Norton Equivalents
4.12 Maximum Power Transfer
4.13 Superposition
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Overview

m Circuit analysis by series-parallel reduction and
A-Y transformations might be cumbersome or
even impossible when the circuits are
structurally complicated and/or involve with a
lot of elements.

m Systematic methods that can describe circuits
with minimum number of simultaneous
equations are of high interest.
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Key points

m How to solve a circuit by the Node-Voltage
Method and Mesh-Current Method
systematically?

m What is the meaning of equivalent circuit? Why
IS It useful?

m How to get the Thevenin equivalent circuit?

m What is superposition? Why is it useful?



Section 4.1

Terminology
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Definition

TABLE 4.1 Terms for Describing Circuits

Name

node
essential node

path

branch

essential branch

loop
mesh

planar circuit

Definition

A point where two or more circuit elements join

A node where three or more circuit elements join

A trace of adjoining basic elements with no
elements included more than once

A path that connects two nodes

A path which connects two essential nodes without

passing through an essential node
A path whose last node is the same as the starting node

A loop that does not enclose any other loops

A circuit that can be drawn on a plane with no
crossing branches



'_
Planar circuits

m Circuits without crossing branches.
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Example of a nonplanar circuit
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ldentifying essential nodes in a circuit
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*f A'A'A% ° .

m Number of essential nodes is denoted by n..



ldentifying essential branches in a circuit

- - - i is not!!
Rl b

m Number of essential branches is denoted by b..
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ldentifying meshes in a circuit
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Section 4.2-4.4
The Node-Voltage Method

(NVM)

1.  Standard procedures
2. Use of supernode
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Step 1: Select one of the n, essential nodes as
the reference node

V V Can be either
1Q 1 2 Q) 2 planar or nonplanar.
—AW WA va

oo

1OV<J:> 50 10 C

Reference V=0

Yo

m Selection Is arbitrary. Usually, the node
connecting to the most branches is selected
to simplify the formulation.
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Step 2: List n_-1 equations by KCL, Solve them

1) 2 Q)
—W\ WA
V, Vs
_|_
1OV<_> 50 10 O C
Node 1. (V1_10+ he I B ' 1.7 -0.5]
/] 10 50 20 X
Ve, Ve -05 0.6
Node 2: 50 100 -

vV, 9.09 |
— = V.
v, 10.91
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NVM in the presence of dependent sources

& )
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Node 1:
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v
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V, =V vV,

V., =V —
piVe g [075 -02] [w]_[10]
202 -1 1.6 | |v,| |0

v, =8I,
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>Q  10Q

V1 _Vz
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0,
2 v, 16 _
= = V,1,=12A
v, 10
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Case of failing to derive node equation

m When a voltage source (either independent or dependent)
IS the only element between two essential nodes, the

essential branch current is undetermined, = fail to apply
KCL to either node!

m E.g. 1,5 Is undetermined, fail to apply KCL to Nodes 2, 3.

V=50V 50 2 LU0 v=v,+10i,

47

i lqs
(v s
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Solution 1: Add an unknown current

s0v s 2 Ui 3

-

n Ly
(Dsov3aa

(v, =50 v .
Node 2: | 2—+—2-+i57=0

OV

L :>V25_Q50+52)/2Q+1o\39:4"'(1)
v, .
: =, + 4.
Node 3: 1000 23

Source constraint: v, = v, + 10(v, — v))/(5 Q)...(2).
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Solution 2: Use supernode

m By applying KCL to a supernode formed by
combination of two essential nodes, one can get
the same equation without the intermediate step.

v, —50 V \Y;
2 + 2 + 3

=4..-(1)
5Q 50Q 1000
2 3
1 50/__L_ﬂ
DA 9 oj‘%
+ T i:;fJ+h___I_
C_)SOV?J|§4OQ .E,E?SOQ ,.i_,;%glooﬂ <‘>4A
_. B | B |

v
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Counter example (Example 4.3)

Z £

5 ()

A

20 VCf

1
@

WA

2 20
o

01320 o 013100

v

G

8,

20-V source Is not the only element between

Nodes 1 and G, = branch current 1,,, = (v;-20)/(2 Q)
IS still available, KCL can still be applied to Node 1,
No need to use supernode.
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Example 2.11: Amplifier circuit (1)

9 mn=4, = 3 unknown
voltages. Since Ig
cannot be derived
by node voltages,
C) Vee = 4 unknowns.

m The 2 voltage
sources provide 2
constraints:

<.i Va :Vcc”'(l)
b

19
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Example 2.11 (2)

_|_
_) Vee

m Apply KCL to Node b:

Yo 4 Yo —Vec +iy =0---(3)
R2 Rl

m Apply KCL to Node c:
icd — (1+IB)iB’

I VC ceoe
:>(1+18)|B:R_ (4)

E

m Use Supernode bc
IS also OK.
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Section 4.5-4.7
The Mesh-Current Method

eY)

1. Advantage of using mesh currents as
unknowns

2. Use of supermesh

21
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Branch currents as unknowns

m Number of essential branches b, =3, number of
essential nodes n,=2.

m To solve {i, I,, I3}, use KCL and KVL to get n,-1
=1 and b,-(n,-1) =2 equations.

22



Advantage of using mesh currents as unknowns

Rl R2 Can only be planar.

O ) e O

m Relation between branch currents and mesh
currents: 1;=1,, 1,=1,, I3=1,—I,.

m Each mesh current flows into and out of any
node on the way, = automatically satisfy KCL.

23
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List b.-(n.-1) equations by KVL, Solve them

. .
Mesh b: |i,R, +V, + (i, =i, )R; =0-++(2)
R, +R R, | i [ v, | [i, i
— 1 3 3 v -a _ 1 | -a _ [R]_lx
—Ry R,+Ry | L] [V | i
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Case of failing to derive mesh equation

m When a current source is between two essential nodes
(no need to be the only element), the voltage drop
across the source is undetermined, = fail to apply KVL
to either mesh!

10 Q) _
YWA— m E.g. VylS
it undetermined, fall
1 3 () 2 1240 M 34 to apply KVL to
f ..... Meshes a and c.
T fg .
100 V C) ,’C)S A C) 50V
6 Q :- .....
——W\
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Solution 1: Add an unknown voltage

10

Q)

14

302.. 3

‘\N\r

1OOV<

) m(

>5A,«<

Ysov

Mesh a: ((3Q)(i, —i,) +¥ (6 Q)i, =100,
Mesh c: | (2Q)(i, —i,) +50 + (4 Q)i, =
= 91, —5I, +61, =50---(1)
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Solution 2: Use supermesh
m By applying KVL to a supermesh formed by
combination of two meshes, one can get the

same eqguation without the intermediate step.
B, —i,)+ (2 Q). —i,) +50+ (4 Q)i_ + (6 Q)i, =100,

— 9i_—5i, +6i_=50---(1)

10 Q
", )
. ,3\/\% o2 '%/\(Al, % Supermesh
=
100V<_> 1 L P(_) 50V
| &~ y 4 J
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Section 4.8
The Node-Voltage Method

vs. the Mesh-Current
Method

28
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Example 4.6 (1) 30007 A

L] Q P300Q — r) ........... *

150 Q) 100 €)
W—E8— W

= ::.‘ 5
(_)256\/ £2000 i (")

L

® 5 meshes, no current source (no supermesh). =
MCM needs 5 mesh equations.

m 4 essential nodes, the dependent voltage source
IS the only element on that branch (1 supernode).
— NVM needs (4-1)-1= 2 node equations. «
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Example 4.6 (2)

m Choose the reference node such that P5,,, can
be calculated by only solving v,.
m Apply KCL to Supernode 1,3:

Vi VM-V, Y +v3+256+v3—v2+v3—128—v2_
100Q2 2500 2002 15002 400Q 500 Q

0---(2)
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Example 4.6 (3)

150Q | 100 Q71250 O Tv 500 O

Cf) 256 V Tzoo 0

|
|
!
I

1400 O 1128\/

A V, =V, V,—V, V,+128-v,
; + + + =0---(2
Node 2 3000 250Q 450Q 500 Q (@)

V., VY,
3002 6

Source constraint: v, —v, =50 +++(3)
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Example 4.7 (1)

4 () 2.5 Q)
——WA " AWV
T A A
() 193V v, 0.4 v, 0.8 vy
— VWAV ® YWV L
6 () 7.5 Q) 8 ()

m 3 meshes, 2 current sources (2 supermeshes).
— MCM needs 1 mesh equation.

m 4 essential nodes, no voltage source Is the only
element on one branch (no supernode). = NVM
needs (4-1)= 3 node equations.
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Example 4.7 (2)

4 ()

al
pe®®
a®
PYd
.
+®

m Apply KVL to Supermesh a, b, c:
(4Q+6Q), +(25Q+7.50Q)1, +(2Q+8Q)I,
+0.8v, =193;
2V, =—i, (7.5Q), = 10i, +4i, +10i, =193---(1)
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Example 4.7 (3)

4 () 2.5 Q) 2 Q)
VW N o A%
+_ _______ _+_ UV —
P -
-+ | A \
193V <> Vo 0.4 v, () | 0.8 vy
= & i SAl i
Sy T —_|_—,U—0 =S| .
MWV WAV @ VYW
6 () 7.5 Q) 8 ()

m By the two current source constraints:
i, —i. =0.4v, =0.4(i, x2Q)=0.8i_---(2)
. —1, =0.5---(3)
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Section 4.9

Source Transformations

35
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Source transformations

m A voltage source v, In series with a resistor R
can be replaced by a current source I In
parallel with the same resistor R or vice versa,
where _ Vv

O =D ¢

36
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Proof of source transformation

m For any load resistor R, the current | and
voltage v between terminals a, b should be

consistent in both configurations.
R

AM—8 3
N = Vs y = R, V
o (7 R, lVl " R+R,' ' R+R °
-
d ( R R
1 7e |2: is: Vszll’
+ R+R, R+R, R
x(‘) sk RU lvz | v. RR
v, =i (RIIR) == = =V,
& b|2 \ RR+R,

37
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Redundant resistors

R R
YW—@ 3 MWN—0 3
Why?
- v -
C_) v 3R, —> _) Vs
eb ®h
R, .~
—— AN @] @

“
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Example 4.9 (1)
mQ:(1)Vvo=7(2) Pysoy =7

25 () 5 ()

3 A
250 V C_“) 31250 2,31000 $150

4'A"A% *— W\ —

e
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Example 4.9 (2)
m To find v,, transform the 250-V voltage source

INnto a 10-A current source.

8A v,2100 Q) 20 Q)

+

8Av,2100Q <3200
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Example 4.9 (3)

m Now v, Is simply the voltage of the total load.
|

C) 10A 2250 (

f o

n V. =(2A)x (10 Q) =20 V.

2 A C‘) 1,210 Q

+

fo=

) 8Av,21000Q <3200

==}

41
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Example 4.9 (4)

m P, has to be calculated by the original circuit:

250 20V 50)
W "
+ 8 A
250\/(_) 125 Q) 0,3100Q 150
10 Q

i 250V (250 20)V_112A

125 Q 25Q

B (Power
Py =—(11.2 A)x (250 V) = -2.8 KW. extraction)

42



Section 4.10, 4.11

Thévenin and Norton
Equivalent

1.  Definition of equivalent circuit

2. Methods to get the two Thévenin
equivalent circuit parameters v, Ry

3. Methods to get Thévenin resistance
R, alone

4.  Example of applications 43
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Thévenin equivalent circuit

A general circuit Ry
® ] —W\—0 3

A resistive
network containing v =t
independent and L
dependent sources
®hH ®h

m For any load resistor R, the current i and
voltage v between terminals a, b should be
consistent in both configurations.

44
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Method 1 to get V,, and Ry,

m Find open circuit voltage = v,.=V, V
- = R, =

J SC

m Find short circuit current = I,

Ry,
M2 Note: This method is invalid
Vo <+> when the circuits contain
— only dependent sources.

®h

45
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Example: Calculating v,

m Let terminals a, b be open, = no current flows
through the 4-Q) resistor, = v, . = v;.

50 C 40 -
*—VWW\——=@ a
+ i .
25V 2003 3A 01 v ;Open

.
*
® o b
a L 4

m By NVM, the only unknown is the node voltage v;.
Apply KCL to Node c:

T2 V3 Ly —32v =V
50 200

46
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Example: Calculating I

m et terminals a, b be short, = I, = v,/(4 Q).

L
O..‘
o

25V i Short

““
0“
ory 3
N
| |
.

m By NVM, the only unknown is node voltage v,.
Apply KCL to Node c:
V, — 25 LV Y

5() 2000 40
i..=Vv,/(4Q)=4A

=3, =>Vv,=16V,

47
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Example: Calculating Ry, and Norton circuit

m The Thévenin resistance is:
R, =V /i, = (32 V)/(4 A) =8 Q.

5Q 4 () 8 ()
—W\—=¢ ® ’:LN\/—:L& A'AA% ® a
_I_
ZSVCP 200 g 3A (‘) V1 UVab == 32V Ct)
© ® - P eb

2 ®
m The Norton equivalent CB
circuit can be derived by (1 )4A 380

source transformation: A ob

48
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Method 2 to get V,, and R,

m Use a series of source transformations when the
circuit contains only independent sources.

: 50 40 40
: AN — @ AM—e a \ W —8 2
25V $£200 3 A ﬁ (é-m $50 3200 3A

: ob

® e b

8 ()

j> Gb:m $40 :>32V Same ?‘S
. ob

by VOC’ ISC'

eb

49
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Method 1 to get R, alone

m For circuits with only independent sources,

m Step 1: “Deactivate” all sources: (1) Voltage source =

Short, (2) Current source = Open.

4 ()
MMN—@ a
+

25 Vi

--------

m Step 2: Ry, Is the resistance seen by an observer looking
Into the network at the designated terminal pair.

E.g. Ry, =R, = [(5 Q)//(20 Q)]+(4 Q) =8 Q.

50
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Method 2 to get R, alone

m For circuits with or without dependent sources:

m Step 1: Deactivate all independent sources;

m Step 2: Ap
source to t

nly a test voltage v; or test current I
ne designated terminals;

m Step 3: Ca

culate the terminal current i; If a test

voltage v; source Is used and vice versa;

m Step 4: Get the Thévenin resistance by Ry, = -

Vg
i

51



Example 4.11: Find Ry, of a circuit (1)

m Step 1: Deactivate all independent sources:

Short L i

[
@

52
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Example 4.11 (2)

m Step 2: Assume a test voltage source vy

2 kQ -

“Wv ® &
1_ .
: (+
307 20i 3250 EUTC_D
| —

m Step 3: Calculate terminal current i} (oc v4):

- +20(‘3VTJ= ha S
250 “(2kQ ) 1000

m Step 4: Ry, = v/ 1 =100 Q.
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Amplifier circuit solved by equivalent circuit (1)

a m To find the
equivalent circuit
$Re that “drives”
i 3R terminals b and d
<¢>ﬁi3 C)Va: (the |.nput of a BJT
Yo transistor), we can

@ ( ) e redraw the circuit

i 3Ry ,-,),? as if it were
e =7 R. 2.
5 e ;v[" composed of two
stages.

54
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Amplifier circuit solved by equivalent circuit (2)

m For terminals b, d,
the left part has an
open-circuit voltage:

R
2
Vi =

. VCC ]
e <+> ) <¢> Bi D - R, +R,
0
ho—@—oc m The resistance with

L JRe
L

TRZ 0 V. gets shorted is:
Rg3 | ig
%' RTh — Rl // R2 — R1R2
d R +R,

55



Amplifier circuit solved by equivalent circuit (3)

. m The left part can be

g Re

<¢> Bis C) v

replaced by a

Theévenin circuit.

With this, we can

apply KVL to loop

bcdb:

Vi = RThiB +V,

+(1+ P)IR:,

iB _ VTh _Vo _
R, +(1+ B)Re

56




Section 4.12

Maximum Power Transfer

57
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Formulation (1)

m Consider a circult o
(represented by a Thevenin
equivalent) loaded with a
resistance R,. The power
dissipation at R Is:

2
p:izRL:[ VTh j RL’
R: + R,

Vi l ‘ § Ry

ce

m To find the value of R, that leads to maximum
power transfer, perform derivative:

ﬁ _V2 |:(RTh T RL)2 _2RL(RTh + RL):|
— VTh -
dR, (Rry +R.)*
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Formulation (2)

m When the derivative equals zero, p IS maximized:
d_p —\/.2 |:(RTh + RL)2 _2RL(RTh + RL):| -0
dr, " (Rpy +R)’* |
= (Ryy + RLF_ZRLM =0,
=R, +R, =2R,
= R, =Ry

— The maximum transfer power Is:

2
p _ ( VTh ) R _ VTZh
max Th — .
R, + Ry 4R,
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Section 4.13

Superposition

60
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What is superposition?

m |n a circuit consisting of linear elements only,
superposition allows us to activate one

ING

epenc

INC

actual vo
ependent sources are active.

INC

Ividua

ent source at a time and sum the
voltages and currents to determine the

m Su

tages and currents when all

perposition is useful in designing a large

system, where the impact of each independent
source Is critical for system optimization.
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Example (1)

m Q: i1,2,3,4 =7

D;le

Deactivated
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Example (2)
6 () 2 Q)
—AWA——AW\—9
A o
120\@(_)5 L3304 340 G)le
MIT I . .
i 6 QO 20
Deactivated o——@
I]H l‘3!l
R i 1330 i 340 C,)le

={i/=2A, i) =—4A, i!=6A, i/ =-6A}



" A
Example (3)

6 () 2 ()
—AW A

e L

. I3
120V<_> L3301 340 C

=i +i _15+2 17 A,

L, =1, +1, 710 4 oA,
:>4 ....... g
|3=|3+|3_5+6 =11A,

i, =i, +i]=5-6=-1A,

g}

>12A

m The 12-A (120-V) source iIs more important in
determining Iy, I,, (I3, 14).
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Key points

m How to solve a circuit by the Node-Voltage
Method and Mesh-Current Method
systematically?

m What is the meaning of equivalent circuit? Why
IS It useful?

m How to get the Thevenin equivalent circuit?

m What is superposition? Why is it useful?

65



	Chapter 4�Techniques of Circuit Analysis �
	Overview
	Key points
	Section 4.1�Terminology
	Definition
	Planar circuits 
	Example of a nonplanar circuit
	Identifying essential nodes in a circuit
	Identifying essential branches in a circuit
	Identifying meshes in a circuit
	Section 4.2-4.4�The Node-Voltage Method (NVM) 
	Step 1: Select one of the ne essential nodes as the reference node
	Step 2: List ne-1 equations by KCL, Solve them
	NVM in the presence of dependent sources 
	Case of failing to derive node equation
	Solution 1: Add an unknown current
	Solution 2: Use supernode
	Counter example (Example 4.3)
	Example 2.11: Amplifier circuit (1)
	Example 2.11 (2)
	Section 4.5-4.7�The Mesh-Current Method (MCM)
	Branch currents as unknowns
	Advantage of using mesh currents as unknowns
	List be-(ne-1) equations by KVL, Solve them 
	Case of failing to derive mesh equation
	Solution 1: Add an unknown voltage
	Solution 2: Use supermesh
	Section 4.8�The Node-Voltage Method vs. the Mesh-Current Method
	Example 4.6 (1)
	Example 4.6 (2)
	Example 4.6 (3)
	Example 4.7 (1)
	Example 4.7 (2)
	Example 4.7 (3)
	Section 4.9�Source Transformations
	Source transformations
	Proof of source transformation
	Redundant resistors
	Example 4.9 (1)
	Example 4.9 (2)
	Example 4.9 (3)
	Example 4.9 (4)
	Section 4.10, 4.11�Thévenin and Norton Equivalent 
	Thévenin equivalent circuit
	Method 1 to get VTh and RTh
	Example: Calculating voc
	Example: Calculating isc
	Example: Calculating RTh and Norton circuit
	Method 2 to get VTh and RTh
	Method 1 to get RTh alone
	投影片編號 51
	Example 4.11: Find RTh of a circuit (1)
	Example 4.11 (2)
	Amplifier circuit solved by equivalent circuit (1)
	Amplifier circuit solved by equivalent circuit (2)
	Amplifier circuit solved by equivalent circuit (3)
	Section 4.12�Maximum Power Transfer
	Formulation (1)
	Formulation (2)
	Section 4.13�Superposition
	What is superposition?
	Example (1)
	Example (2)
	Example (3)
	Key points

