/ Chapter 4 Systematic analysis methods \

4.1 Node analysis

node voltage, matrix node equation, floating voltage source,
supernode

4.2 Mesh analysis

mesh current, matrix mesh equation, interior current source,
supermesh

4.3 Systematic analysis with controlled sources
mesh analysis, node analysis
4.4 Applications of systematic analysis
equivalent resistance, Thevenin parameters
4.5-4.6 (optional)
node analysis with ideal op-amp, A-Y transformation
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/4.1 Node analysis \

Basics
1.

Node voltage: potential at nonreferenced node to a specified
reference node
« Suppressing sources to identify node numbers, the number of
unknown node voltages is one less than the node numbers.
 Select the node with its connection to the maximum voltage
sources as the reference node.
 All branch voltages can be determined from the values of node
voltages connected.

D=2 5 B
SV O

(a) Circuit with four nodes and (h) Relating other branch variables 4j‘%'—_
three node voltages to node voltages
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/ 2. An example

ls

©

v2
I\l °
RC
R, <%>

KCL

node analysis — »_flow outi =0

node

nodel:G,(v,—Vv,)+G,Vv, +G (v, —V,)—I, =0

node2:G_(v, —Vv,)+G,Vv, +G, (v, —Vv;) =0

node3:G,(v,—V,)+G,v,+i, =0

G, +G, +G, -G

c

-G, G, +G, +G,

0 _G,
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/
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/3. Floating voltage source \

 Floating voltage source with series resistance — convert to current
source

vV, =V, +V_ ..V _isnotanindependent node voltage __ =,

K
v, Us X Ry Up, '\,

— »
U R, U
e N A A
X
R R. R, R
(a) Pﬁoating voltage source with (h) Source conversion eliminating
series resistance node X
3 kQ JT_*J 15V (15V)
— O
24V 24V
- A " _ :
C: %ib LG%G) N 2 kQ 47;,, LaQ733 kO
15V 4 kQ 1 kQ
1 kQ g 7
| (o S S y e
(-24V): : 6 kQ : Ivz
3 nodes \ v )
6 kQ 48 V
v 0 S
48/6 mA

(a) Circuit with four nodes (b) Diagram for node analysis
h p4 = X A pA>
4-4 U =R i N e /




/- Floating ideal voltage source — use supernode \

vy 3 nodes

Supernode

_——_—————

(1) v, or v5is not an independent unknown, and is difficult to write node
eguation on Iy

(2) Enclose both terminals of the floating ideal source within a
supernode — easy to write node equations with 2 unknowns
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%. Matrix node equations \
Step 1: identify reference node, and identify known node voltages

by fixed voltage sources
Step 2: perform floating voltage source conversion
Step 3: apply KCL to write the matrix node equation

eL[6]v)-i]
| G, -G, o -G, 1 Vi 11 Iy ]
-G,, Gy o Gy |V, I,

__GNl -G, o Gy || Y

G |: conductance matrix,G;; =G;

G, :sum of conductances connected to node i

G;; :sum of conductances directly connected to nodes I and |
I; - source-current vector

\ sum of current sourceode4|_ 6 5 g 4D %




/ Discussion

1. Ex.4.1 ;; .e
18v) —> v —> (60V)
T ea L e |
Q
18 V £ 0
S o Q)
7Q2 60 V
1
. 171 1 18 60
one-node equation: (= +-—+-)V, =———
6 12 4 6 4
— node voltage v, = 24
—>ia=18_(_24)=7
ib:_—24:_2,icz_24_(_60):9
12
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/ 2. Ex.4.2

30\":

() Circuit for node analysis

(1 1 1 1

15 ©
Nr
M(? 00 <120 C;)
A
50

——+—+
6 15 12 60
1 1
___|__
(12 60)
E

10
3

10 _

1

3
1

10

50V

(h) Source suppression
leaving three nodes

3 nodes—2 node voltages

64 (30v)

5s . 50 (50V)

(c) Diagram with two unknown
node voltages

1 1] . 30 |
—(—+— 1+ —
ST {Vl}:
1+i+i V2 _1+@
5 12 60 ! 5 _
(. _30-30_,
6] [v=30 |aTT g7
“lo) v, =40 ], _50-40
b — 5 -
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2 4 10
N
1000{ 10
0

change the results.

node 1:-2

1 _
S o 30

10 v, —+3 v, =20
1 1 1 1 |2
4= = v, |=——| -1 |>dv,=-10
5 10 5 1000

1 1 1V -3 vy =—20
—_ __|__ - -

5 5 20| - -

V.

-30 i,

10

20

V
!

Note: Inserting a R in series with 3mA current source does not

2_3=0
4

node 3: 532y Y3 430 L
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/ 4.Ex. 4.4 find i, i,

(a) Circuit with four nodes

no need for source conversion

for a . | e source
3kQ L] f\lB Vv

(h) Diagram for node analysis

- I\’ -
* V(ﬁ) 2 kQ é,ib a; C)
4 kQ 1 kQ 15V
"
3 nodes )
6 kQ Qzls v ~ /
A L/‘ N

111 1 _24 _15-6_
1 11724 1 Vot 4 |, 1v=0_ =" 3000
1000 1 1.1 1jv,| 100048 15 24 Vv, =6 _ 0
1 1 3 6] 6 3 6 ® 2000
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/ 5.Ex.4.5findv,, v,

7/

l[/

supernode
U1 30
S171A 20
supernode 1: (V=30) =V, 4 M=V, W=S0 (i+£+£)v1+(—i—1)v2 _30_ .0
10 5 _)10 2 5 10 2 2 5
node2 2 =(=30) Vo g VooV (—i—i)v1+(}+i+£)v2=7—@
1 10 10 2 1 10 2 2
1,11 1,17 [0, 5] (4,3 .
10 2 5 10 27 || Va| 5 5 5 v, =40
1 1.1 1 1llv|| o3 |73 s 'y, =10
(D) TR 7—— — SV +-v,=-8 2
| 10 20 1 10 2 | 2 1
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/ (alternate)

supernodel:u—l+vl+3o_vz+V1+30_50:0 (i+£+1)v1+(—i—1)v2:—@+1+50_30
2 10 5 10 2 5 10 2 10 5
node2 >V Vo 7, V=(u*30) (—i—i)v1+(}+i+1)v2:7+@
2 1 10 10 277110 2 10
(1 1 1 1 1.] [ 30 50-30] [ 4 3
—4—+—= —(—=+>) ——+1+ —V, —=V, =2
10 2 5 10 2 || v 10 5 5 5 v, =10
o1 1001 01 1l 30 i v =10
—~(—+2) TH+—+= L2 7+— -=v,+-v,=10 %
10 20 1 10 2] i 10 5
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/4.2 Mesh analysis \

Basics
1. Dual relation
node voltage mesh current
matrix node equation matrix mesh equation (for planar
circuit only)
KCL KVL
floating voltage source conversion | interior current source conversion

2. mesh: a closed current path containing no closed paths within it,
a special loop

1 1 —{1

{1 1
- | o
T Ircuilt

(¢t) Diagram of a nonplanar circuit (h) Diagram of a planar circuit that could
non Ianar Cl rcu it be redrawn without a hop-over
- T p4 2 X A A2
P 4-12 R BB A %4x /




/3. The minimum number of meshes is determined by suppressing ah

sources. Ry
I\’

o L)
L"GDWE ) %qu

KVL
mesh analysis — Z voltage drop in mesh i =

mesh

4. An example

mesh 1: R, (i, —i.) + Ry, + R (i, —i,) —V, =0

mesh 2:R (i, —i,) + Ryi, + R, (i, —i;) =0 same direction
node 3: R, (i, —i,) + Ri; +Vv, =0 of mesh current
'R, +R,+R, R, 0 ] ‘vS+Rais'/

-R, R+R,+R, —-R, ||, |= 0

0 -R, R+R ||| | -v, |
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N

. Interior current source \
* Interior current sources with parallel resistance — convert to
voltage source

(a) Interior current source
with parallel resistance

I, =1,—1_..1 IS notan independent mesh current

=1L =1+, >V, =LR =1R +IR

—

(b) Source conversion
eliminating i,

4-14




/  Interior ideal current source — use supermesh \

() ()
Rb Rc Rb Rc
—AN ' A S A S— N
. i f/ i, \\f_,.,a Supermesh
wt ()o@ wlas) on wel ()@ ) [T
'L\ ‘(J‘
R i, + R, (i, —il)—vy =0 Ry, + R, (i, —1,) + R (i, +iy —i)+R.(I, + iy) =0
v, +R.(l, +1,—1)+ R (i, +1,)=0

—> Ry, + Ry (1, =) + R (i, +1, — 1) + R (i, +1,) =0

(1) Two meshes exist with source compressed.

(2) 1, o0r izis not an independent unknown.

(3) Use supermesh to enclose both meshes of the interior ideal source
— Write mesh equation with unknown mesh currents
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/ 6. Matrix mesh equations

Step 1: identify known mesh currents fixed by current source
Step 2: label the remaining unknown mesh currents

Step 3: apply KVL to write the matrix mesh equation
KVL:[R][1]=[v]

R, -R, ¢ -Ry|lk Va
-R,y Ry o Ry || L, _ Vso
o o o o o o
__RNl —-R, ¢ Ry, | _iN 1 [ Ven |
R]: resistance matrix,R; = R;

R.. :sum of resistances connected to mesh i
R; :sum of resistances shared by meshes i and |
vV, :source-voltage vector

sum of voltage sources in mesh i to give curre@e same directi

of mesh current
4-16 REFaa b4y
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Discussion

. .. 30 vm
1. Ex.4.6 (Ex.4.2) find Iy, I, ¢
p <60
15 Q
(‘# q 60 Q I (\ ()
1x60/12 %
KVL () Circuit for mesh llI“J;llysiH
mesh analysis— ) v=0
mesh

mesh1:15(i, —i,)+6i,—30=0

same direction as mesh

mesh 2:15(i, —i,) + (60//12)(i, +1) +5i, + 50 io/

15+6 ~15 ] 30
~15 15+60//12+5 i, | |-50-1x60//12

— sourcel:30xi, =0,source 2:50x (—I,) =100W

source 3:[(60//12) x (1- 2)]x1=-10W
4-17

,
9.
I

=0
=2

(h) Source suppression
leaving two meshes

I\(




/ 2. Ex.4.7 find iy, iy, i

8 kQ

10+8+3 -3 0

//\D <1k [ =3mA

_)

change the resultsé

-3 3+6 -6
0 -6 6+1
I, =1mA
I, =—2mMA

L
1

I3

Note: Inserting a R in parallel with 20V voltage source does not

20+10x4
12
-20




/ 3. Ex.4.8 (interior current source) to find v, i, \

40 20V 4Q 20V
A O A O
N L T
+ Ya - A
8Q 20

| I 4+2+8 -2 Iy 20 ’
fei) Interior mESh (¢) Diagram for mesh analysis - 2 6 + 2 + 10 i2 18 J
- _va:8(_7—i1)_:8_
| _>{1 S, =7+1,3=1+1,
i , I, =4 :
”’47 3A 2 Sl = 6
= & /?—AD 6Q @ /;;)
(h) Source suppression (d) Partial diagram for i,

leaving two meshes

\Bnode egs, 2 mesh egs — mesh analysis easier
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/4- Ex4.9 (interior ideal current source) to find i, \

10Q

Interior current source

2 nodes, 1 mesh supermesh

6(i, —5) +10i, +3(i, + 4) =20 — i, = 2
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1. An example on mesh analysis

mesh equation - (R, +R,)i, =i R,
v, =R, (i -1,) : constraint equation

(R, +R))i, ~pR.i, = i.R, — uR.i,
— (Ra + I:Qb o HRa)il - (1_ “) Rais

Va:Ra(is _il)

—> (R, - lill)il =V,

/4.3 Systematic analysis with controlled sources
Basics

R
'\I

~

KVL - R, (i, -i,) + Rji, +pv, =0 i

b
+ HUq
q R, 2 j)a q

= R, +R)i,=I,R, —uv, =i.R, —uR, (], -1,)

reformulate as the usual mesh eq. R;i, =V,

4-21

— (Rll o Iill)il — \75' Rll - Ra + I:eb’ I:Ell - Ra'\his - (1_M)Rais

Vs - is Ra _ Hva - is Ra - “Ra (Is - Il) - (1_“) Rais + “Rail
—> Ryl = v, + Iilliﬂvs =(-p) Rais' I511 =uR,




/2. Mesh analysis \

o step 1: identify unknown mesh currents — resistance matrix [R]

e step 2 : for each controlled source — constraint equation

e step 3: write source - voltage vector with constraint equations
v, ]=V.]+ [ﬁli ][V, ]: independent source terms

ostep 4:[RJi]= [y, ] > [R-R]i]= [7.)

3. Node analysis

e step1:identify unknown node voltages — conductance matrix [G]

e step 2 : for each controlledsource — constraintequation

e step 3: writesource- current vector with constraintequations
li.]= [0 ]+|G [v]. [i ] independert source terms

»step4:[6Jv]=[i.] > [6 -6 ]v] -]
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/Discussion

1.

Ex.4.10 find iy, i,

6V

O ) %

10Q

7Q

A—

'\( *

oive

mesh 1— 6=10i, +4(i,—1,) > 14i, —4i, =6
mesh 2 — 4(i, —1,)+ 71, +3(i, +81,) =0,1, =1, —
— 41, — 41, + 71, + 31, + 241, — 241, = 0 — 20i, —1O|2 =0
14 -4 ||| 6| . :
Sl=l | =2p=11,=2
20 1011, 0
4-23 TR




/ 2. Ex.4.10 find iy, i,

10 Q

7 Q 30

v .
O )

A, .

D (O™

J\/W

4

[R]{lci+44

source - voltage vector |v, | = {

R-Rl- 10y

N

14

4+7+3}:L4

P s e

@

A } constraintequationi, =i, —1,

6
—3x8g_

6

4

22 ol e el P

~

VC:24ia




L Vg 36 kQ 12 kQ

4mSxu, 2 mS x vy
a 8
3. Ex.4.11 find the current gain N

using mesh analysis C\ p

2% N oY

6 kQ

i %iout

X _

CZD /—Dmm q 1kQ q 4kQ Sy, /;3) 3kQ
+

I, =0.5mA

if i, =1mA

0 -100 105 i, =—10mA
\ 4-25 TEREHEEY 4&?’;%

37 -1 0 _
_ _ v, =6l
[R]=| -1 41 -4/ constraintequation o
vy =4(1; —1y)
0 -4 19
30i, 30i, ][0 o oTi
[v.]=| -36x4v, |=| —36x4x6i, |=| 0 |+|-864 0 0 |i, |=[%]+[R]i]
_12x2v, | |—12x2x4(i,-i,)| | 0 0 9 -96|i,
37 -1

O -
[R_ﬁ]: 863 41 -4 S[R—ﬁli]=[\7s] > i2=—11.5mA_>Aﬁ='c_>_ut:_10

H ‘

S




-

4. Ex.4.12 find the voltage gain using node analysis

~

Rp =100 kQ
/f\\
R =2kQ [N
~ l\/ 1_ |,I \\\\
Vin 0 200 k0 Avg S 02
C‘) \ ro:6.5 kQ
+ e
Vvt -
— — \
1 1 1
G]- 27100 7200 100 | [0515 -0.01
- 1 1, “|-0.01 3.01
100 100 05 |

source - current vector [i, | =

[ 0515 v 1] 0515
G-Gl- =l6-Gv=[i]
2A-001 3.01 sk oa 001
v,  0.05-A
—> = —=
A= T 155+002A 4-26

-0.01

in Vin
2 || 2 |_|=
A || _AY {(%H

}, constraint equation v, = -V,

2r ol 1]

[G Iv

—0.01f v, | |0.5v,
3.01 |v,| | ©




/4.4 Applications of systematic analysis
Discussion

1. Examples of determining equivalent resistance or Thevenin
parameters are given to use systematic analysis methods.
2. Ex. 4.13 find the equivalent resistance of a resistive bridge

O

h
H.,

BREHRK T

(h) Test voltage source for node analysis (¢) Test current source for mesh analysis

~

. . node analysis
4Q [ 1 1 1 1 i i \" |
A —+= e v —
12 4 3 4 1]_[12
3Q 20 1 1 1 1 V \
. - —F—4— 2 —
lio =0 4 4 8 2] | 8
N R _ 10 //15 r;u %-ﬁiw bridge network
- —>v1=v2=——>i:%+v—2=%—>Req=6
120< <80 120 /*TD <samesh analySiS
© a1 @) A [1248+4 -4 T _[12
302 220 _ 302> i 20 — 3+4+2 i2 - 3|
T E -»|_5—5L+v:8g+m2=&-+R =6
3

:




/ 3. Ex. 4.14 find the Thevenin parameters of a current amplifier \

2\4—/\, node analysis with current source: 3 nodes
mesh analysis: 2 meshes
10 kQ akQ i 21 -3
o ;__é« N——"N— [R] :{ . ]constraint equation i, =i, —1,
m@ < 8kQ < 3kQ v B _
= ) [v ] B {Siin —-10x2i, | {8iin — 201 + 20i1}
() Circuit model of a current amplifier s -V _ -V
. ~12i. 20 Offi -
21 In 1 ~ H
. = + =|V.|+| R [[I
2 e ol
-~ 1 -3
10 kQ 4 kQ R — R:l = ,
0 N A - -3 7
] | < 8kQ i g3k [iy=i T 1 =311 -12i. —V —36i.
%D ) e B g %) o P e IR P [ T
. =3 71 -V —2 2

X ..V
PR ... Norton model i =i, ——

T
 @®= T O — i, =18, R =-2K,V,, =i R =-36kxi,
\ e a2 " 4-28 REREEA AR /




/4.5-4.6

Optional
1. Ex. 4.15 find A, of an op-amp circuit

o R3=KyR;

Rp=KiR;

: 1
node analysis: i(vl —-V,)+ (v, -V, ) =0..(1)
RZ 212
virtualshort:v;, = vl,V—X+M =0V, = _ Vou
Rl K1R1 Kl

(O > (Vo Vo) eV Vo) =0 W + (-

2 Kl 2' %2 2 1

\ 4-29
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2. Y-A (T-IT) transformation

R

a

v;

© f) @ Oy ® e or g w @

c C‘

(a) Wye network connected as a tee (T) network

. Ra + Rc _Rc kin Vin
mesh analysis: =
_Rc Rb + Rc Lout -V
1 1 1
- + - R
- Rca Rab Rab Vin
node analysis: =
1 1 1 ot
— +
Rab Rca Rab
_R,R R, R R.R..

caR bcabR_

R >R’ ZR o=

\ > R=R,+R, +R, R’

A’ b equivalentcircuit

(h) Delta network Connected as a pi (I network

. _ R+ RV, —Ry,
} " RR +RR +RR,
%
ut

—(R,+R.)v

C |n out

“ " RR +RR +RR,

: (Rab ca + Rca Rbc)lln R Rbclout
i " R,+R.+R,
|: .m :| N ab bc
“lout V.o = R oclin (Rbc Rab + Rca Rbc)lout
o Rab + Rbc + Rca
2 2 2
i Rbc = R_’ Rca = R_
c Ra I:Qb

=R,R, +R,R. +RR VR
"4:30 B AT ‘41%




3. Ex.4.16 (Ex.4.13)

2
o o I/-ll
L
2o <8Q Ry=120|< ] 80
R,=4Q
4Q | ] e it
J\, & t I\/ \}f‘
‘ _______ -~
1
I <2Q Rﬂ=39f { <20
I ]|
| ||
< 2 27
a

(¢t) Resistive bridge network (h) Identifying an internal

R2=RR +RR +RR, =96

Rab -5

R

C

24,R,, =

R2

R

a

(c) After wye-lo-delta
transformation

wyce network
b i
o o —d 4
Ry, =32 *
< 8 6.4Q &
Ryp=24 < ks v 24Q & Qc
+
&2 1.6 Q & Vea
R,,=8 -
o o
a a

(d) Reduced equivalent network

4-31 T

Re, = 24//(6.4+1.6) =6

-
fﬁ:
e
»
~
o
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