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Chapter 2 - Resistive Circuits

INTRODUCTION

Network analysis

\oltage-division and current-division principles
Node-voltage technique

Mesh-current technique

Thévenin and Norton equivalents

Use MATLAB® to solve circuit equations
Superposition principle
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Chapter 2 - Resistive Circuits

2.1 RESISTANCES IN SERIES AND PARALLEL

0 Series Resistances

| i R .
v = Ryi T ;}_
Roi o— -
Vo = l
’ g + + oy - + ‘
V3 = R;;r +
h ) : "R, = h " Req =
2 KVL: P SR +Ry+ Ry
— [-"3 +
vV=vi+va+ vy - A A& \ - \
s rvyy -
= Rii+ Ry + Rsi Rj
=R+ R+ Ry
< Equivalent Resistance:
P:Reqf R&q:R1+RE+R3
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Chapter 2 - Resistive Circuits

2.1 RESISTANCES IN SERIES AND PARALLEL

0 Parallel Resistances

. V i L &
4]

=R Sl e
]
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5
= = I ‘-R
R e
5

R3 O 2 &

)

3 =

v N Vv N v P
Ry Ry R3 +

( N 1) - |
= — —_— — |V (8 "R. =
R Ry R "7 LR, + LRy + 1Ry

I=0h+ib+iz =

I.i.l..l.

< Equivalent Resistance 5
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Chapter 2 - Resistive Circuits

RESISTANCES IN SERIES AND PARALLEL

m Combining Resistances in Series and Parallel

dfféwf)

R =10Q
'..ll. .

R;=50Q

I.i.ll.

L

Ry

A A &

L

2200 RZ150

(a) Original network

R =100Q

Ada

LA BN )

§Req1=mn

O

(c) Network after replacing R, and
R,y by their equivalent

A2-9A Jol o — ) G Floo (w30 — Sl (owiigo 005TL510

R =100

AL

1r200

(b) Network after replacing Ry and
Ry by their equivalent resistance

o

ey

Ea

g Rﬂq_:E[]'.El

(d) Combining | and Royp in series yields
the equivalent resistance of the entire

network




Chapter 2 - Resistive Circuits

2.1 RESISTANCES IN SERIES AND PARALLEL

0 EXxercise
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i © o . I pes
= R = Ry= Ri=-, .,"/. _
6@ 1r3Q 20 PRSI Ry=30Q
R3=
l/ 6Q
o ° o .
(a) (b)
R, =100Q
-"".""_ RI =]_ kﬂ
o— v o C Jiatel
fovy \,,
- Dﬂ == R4— + _
R,=35 » 3 Ry= *J+ Ry=2kQ

(c) (d)

a.3 2:b.5 Q¢ 521 Q:d. 1.5 k2.
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Chapter 2 - Resistive Circuits

2.1 RESISTANCES IN SERIES AND PARALLEL

2 Conductances in Series and Parallel

< Series
1

Geq = 1/G1+1/G2+---+1/G,,

< Parallel
Geq: Gi+Ga2+:--+ Gy

o Series versus Parallel Circuits
< Parallel: Distribute power from single voltage source
< Series
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Chapter 2 - Resistive Circuits

2.2 NETWORK ANALYSIS BY USING SERIES AND
PARALLEL EQUIVALENTS

o Circuit Analysis Using Series/Parallel Equivalents

< 1. Locating a combination of series or parallel resistances
< 2. Redraw the circuit with the equivalent resistances

< 3. Repeat steps 1 and 2

< 4, Solve final equivalent circuit, transfer results back

< 5. Check your results for KCL and KVL
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Chapter 2 - Resistive Circuits

2.2 NETWORK ANALYSIS BY USING SERIES AND
PARALLEL EQUIVALENTS

m Circuit Analysis Using Series/Parallel Equivalents

'l.il. I

. _ N R =
_ + -u__Rzz R3— — HVG g &
”--—9“‘”’<—> l 0 T60 BV 00

(c) Circuit after replacing R, and R,

(a) Original circuit by their equivalent

R =104
s R =100
LR '.'.'.'. O
* Iy h iz l/ 53
. } = I
QHVCD i Z3A gﬂm: " + R, = iy Ro e ¥ &
v.= 1~ — ' eql = + =, 3 =
5 _ 3002 vo= a0 v (_) i Y2 § 2080 v.= a0 v (_) 3(]29. : - Ly RS
&
(c) First, we solve for i, = o, —3A (b) Second, we find 2, = Ry iy = 60V {(a) Third, we use knowq \ialues of {; and &,
eq - to solve for the remaining currents and voltages
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2.2

0 EXxercise

&)
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b.i=1Ai2=1A

Ryi=at Ry =
CD 50 10Q
Rzzll !I:R__i:
150 7 100
(b)

Chapter 2 - Resistive Circuits

NETWORK ANALYSIS BY USING SERIES AND
PARALLEL EQUIVALENTS

v, =30V C)

R] = ].ﬂ ﬂ R3 = 15 ﬂ
l.'.."."l . %
— Iy =~

i Iy
Ry=a7
0Q:-

L

c.ii=1A,ib=05A,i3=05A.

2
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“"‘l' . .
- i i3
n ¥
_ + Rerl Rsir Reg
”-r—z‘“’(_) 00Q31F 30QIr 400
* *
(a)

(c)

a.i1 = 1.04 A i, = 0480 A,i3 =0320A,i4 = 0240 A




Chapter 2 - Resistive Circuits

2.3 VOLTAGE-DIVIDER AND CURRENT-DIVIDER CIRCUITS

2 Voltage Division

R] _Il..ll

= Rii= v
1 R1+R2+R3 total |71-1|'

: Viotal Viotal _ = R; g R
i — — vy = Rai = Vtotal 1 [ i 2
Req Rl i Rg n R3 Rl + RQ + Rj ota iota
R:‘ .I‘ A &
V3

= Rai = - v e
R+ R+ R3 S

< \oltage-division principle:
The Woltage fraction that appears across a given resistance in a series circuit is
the ratio of the given resistance to the total series resistance.
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Chapter 2 - Resistive Circuits

2.3 VOLTAGE-DIVIDER AND CURRENT-DIVIDER CIRCUITS

eI E R Application of the Voltage-Division Principle

R =1kQ
Adoa
+ il =
R, =1 kO
o =15 V
“TR;=2kQ
- Uy + b
Ara
Ry=6kQ
V,=15V  V,=15V V, =3V V,=9V
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Chapter 2 - Resistive Circuits

2.3 VOLTAGE-DIVIDER AND CURRENT-DIVIDER CIRCUITS

0 Current Division

V R i |f7
i = — = ———iioml + J : ¥
RiR> Ry R+ Ry s
V = Regltotal = mitntal Lytal C) v o« R § Ry
L 2 . v R _ '
2 = R_z = mhmal
&

< Current-division principle:

The fraction of the total current owing in a resistance is the ratio of the other
resistance to the sum of the two resistances.

< Using Conductances:

&)

S e @
d L] pJ

(71 . , (57
— I I =
Gi+ G+ 1 G, "™ [ Gyt + G

I

Itotal




Chapter 2 - Resistive Circuits

2.3 VOLTAGE-DIVIDER AND CURRENT-DIVIDER CIRCUITS

SENCWR I Applying the Current- and Voltage-Division Principles

R, =60 Q R =600

"‘,',‘, L d _]51 Ao
¥
i _ +
u,:lmvC"D B=1s EEL}E ﬂ_;=1ﬂﬂvc> ”xgﬁ'xzzﬂﬂ

4

Ll
=
b
) L
=

(a) Original circuit

R2R3 30x 60 Rx 20
R, — — =200 — Vo= x 100 =25V
T Ry+ Rs 30+ 60 = T R TR, 60+ 20

Ve 100 _ R, | 30
— — = 125 A I3 = e = et 1.25 = D.41TA
Ri+ R, 60+ 20 = BT R IR 30%60

Iy

e o

dfféwf)




Chapter 2 - Resistive Circuits

2.3 VOLTAGE-DIVIDER AND CURRENT-DIVIDER CIRCUITS

m Application of the Current-Division Principle
0 ®

fy

l l
TR= SR= SR= RS ZR,-
) « " 1082 3002 > () £2 !:=15ACD 100 . R:q_z{jﬂ

i=15A

i

()

R&q . 20

R2R3 30 x 60 .
=20 Q | R Req;rs 10220

97 R+ R3 30+ 60

1 1 1
G1= = 100mS, G;= = 33.33mS, and G;3= I = 16.67mS

1 2
G 100

= U= 517G, 0:° 100133331 667> — 104
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Chapter 2 - Resistive Circuits

2.3 VOLTAGE-DIVIDER AND CURRENT-DIVIDER CIRCUITS

o Position Transducers Based on the Voltage-Division Principle

Kudder
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Chapter 2 - Resistive Circuits

2.3 VOLTAGE-DIVIDER AND CURRENT-DIVIDER CIRCUITS

0 EXxercise

uszllﬂ‘\-"CD

LA §R1=]Uﬂ

"Ry=150

=
Led
Y

— E-"4 =+
'I.l.l

TYY

(a)

2.1 =10V, =20V, v3 =30V, vy = 60 V.

&)

JWW’)

R]=3!:.'.

AL oa

+
+ Rr,.:-l-" R],:
— 1= % p
=20V _ T0i- " S50
T/ s ]
"ll. .

¥rw

R,=4Q

(b)
b.vi =605V, v =588V, vy =807V
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Chapter 2 - Resistive Circuits

2.3 VOLTAGE-DIVIDER AND CURRENT-DIVIDER CIRCUITS

0 EXxercise

i,zEAC

Ri=a7

D N
Ry=«"
003

b

&)

JWW’)

(a)

an=1Aiz3=2A
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R; =
1542

R]=-| Rz—q: Rj:g
100 % 1053~ 10 0
L &

(b)

bij=ir=is=1A.




Chapter 2 - Resistive Circuits

2.4 NODE-VOLTAGE ANALYSIS

o Selecting the Reference Node
o Assigning Node Voltages
o Finding Element Voltages in Terms of the Node Voltages Vx = V2 — V3

o Writing KCL Equations in Terms of the Node Voltages Vn — Vi
R, R
l|l. l.-.i.'r
~p 7
Node 1 — v, - U, - — Node 3
‘\' //; l..l._r_\ ’{(:l A A TH\ ' f
N R I\ R b
(i) t Vs < "R, Node2 R g U4
‘ / \ /
@ A8-9A Jgl Jluoss — Y Gy Shoo (w30 — S0  cwiiten 00SCESND
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Chapter 2 - Resistive Circuits

2.4 NODE-VOLTAGE ANALYSIS

SEI WX I Node-Voltage Analysis

< KCL for nodes 1,2 and 3:
a)
Vi Vi —Vvy | \_/
+ 15' — {]
Hl Rg R, 1y R,
IJI . J.Il'l'l'l'l'l ' J..l'l'l'l'l'l .U;
Vo — Vi %) V2 — V3
+ + = U e -
R, Ry Ry TR R, 2 s
vy  vi—v2
R T R, -1
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Chapter 2 - Resistive Circuits

2.4 NODE-VOLTAGE ANALYSIS

0 EXxercise

dfféwf)

Node 1: ! - | =i,

Va — WV Va Vo — V3 :
Node 2: 4+ =)
e R R Rz

V3 Vi — V2 Vi — Vi
+
Rs TRy R

Node 3: +ip =0
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Chapter 2 - Resistive Circuits

2.4 NODE-VOLTAGE ANALYSIS

o Circuit Equations in Standard Form

< For two node voltages: , .
g11v1 + g12v2 = 11

g1v1 + gunve =1
< For three node voltages:
g1v1 + gi2va + L13va =14
g21V1+ gnVva+ g3V =17

g31v1 + g32va + g33v3 = I3

< Matrix form:

&)

"zt 9929 sl Jlos — V iy (oo (3930 — Setilin  cmrckidpo oSl a
d ] 3

GV=1 V=Gl




Chapter 2 - Resistive Circuits

2.4 NODE-VOLTAGE ANALYSIS

o A Shortcut to Writing the Matrix Equations

1 1 1 1
mtTR ® TR . ;
a
1 1, 1 , 1 1 y — '
TR R2+R3+R4 Ra } |: 12:|_|: ” :|
1 1,1, 1 V3 b H,
Rl R rvyw

(D % % Or
. .

< Diagonal elements: sum of the conductances connected to node
< Off-diagonal terms: negative of the conductance connected between node yand &
< Terms in | matrix: currents pushed into corresponding nodes by current sources
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Chapter 2 - Resistive Circuits

2.4 NODE-VOLTAGE ANALYSIS

0 EXxercise

&)

dfféwf)

S,
R, s Ry
IJI - J‘""'I . J‘"'.' . U:;
- e L -
<« K <o Ry g Rs
| 1 | 7
R +1 R IOI1 ' e
R R2+R_31+_4 I_R_41 I V2 = 0
_ 1 1 v i
0 R R + R 3 g
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Chapter 2 - Resistive Circuits

2.4 NODE-VOLTAGE ANALYSIS

SEl) Wl Node-Voltage Analysis

4Q
) v AN
%Jrv‘ 412+3.5:0
) v pas Y3

_ —yp v @ e = il -
V2 vl_l_ ) _I_vz 13:3.5 \ o

4 2.5 5 X 3.5 A

_ ; 5Q 73 25Q ‘
V3 V2+13 5 :: § §mu C)ZA

5 10

0-45v1 = 0.25v2 = =35 0.45 —025 0 V1 3.5
—0.25v1 +0.85v; —0.2v3 =35 == | —025 085 —020 || v [=| 3.5

—0.2v5 + 0.35v3 = 2 0  —020 0.30

&)

i 29-0A Jol Jluod = ) 353 oo (g9 38 — SeilSlo  cuskigen 65l
d EJ pJ




Chapter 2 - Resistive Circuits

2.4 NODE-VOLTAGE ANALYSIS

o Using MATLAB to Solve Network Equations

0.45 —0.25 () V1
>> T = [-3.5; 3.5: 2] —0.25  0.85 =0.20 V2
I= 0 —0.20  0.30 V3

3. 5000
3. 5000
2. 0000
== G =[0.45 -0.25 0; -0.25 0.85 -0.2; 0 -0.2 0.30]
.G —
0. 4500 0. 2500 0
0. 2500 0. 8500 0. 2000
0 0. 2000 0. 3000
== V = G\I
'Il'.-' —
5. 0000
5. 0000
10. 0000
@ A0 Jol Jluowi =V G Sloo (w30 — SilSo oo 0050510

dfféwf)




Chapter 2 - Resistive Circuits

2.4 NODE-VOLTAGE ANALYSIS

e IR I Node-Voltage Analysis 00

V1 Vi —V2 Vi —V3 iy
Node 1: = ()

10 + 5 N 20 v,

Va — Y vy —V U e Jlr‘v"r' J'r.r‘r' ® U

Node 2: 2 5 1 — 210 S 10 50 10Q

Vi va—Va vy —Vy 1T100 10 A §5£1
Node 3: — = () 9

“ 5 0 20

0.35v1 —0.2vy2 = 0.05v3 =0

== —()2v; 4+ 0.3vy —0.10v3 = 10 =) >> V= G\I >> Ix = (V(1) - V(3))/20
V = Ix =

—0.05v; —0.10v2 + 0.35v3 =0 45. 4545 0. 9091
72.7273
27. 2727

@ A2-9A Jol o — ) G Floo (w30 — Sl (owiigo 005TL510 @
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Chapter 2 - Resistive Circuits

2.4 NODE-VOLTAGE ANALYSIS

0 EXxercise

V1 — V3
20
Vo — V1
10
V3 — Vg

20

&)

dfféwf)

+10+

L

5 10

Va — V3
S

V3 V3 — V2

— +

10 d

) V) = —27.27.vp = —T72.73;v3 = —45.45

99-9A Jof Jluos — 1 331 Sloo (3030 — SilKo  cwutigo 6uSESNS

V1 — V2

= ()

=0

0

0.35v1 — 0.10v — 0.05v3
m=p —(.10v) + 0.30vy — 0.20v3 =
—0.05v; — 0.20v2 + 0.35v3

0
—10
0

, LA Aa ,
LR “t'l"l' ' I ‘.I'Il'l' ® Uy

5Q * 10 Q

S10Q C)]ﬂf-i gﬁ!l

Lo
It

ix = 0909 A




2.4 NODE-VOLTAGE ANALYSIS

o Circuits with Voltage Sources

< Pick reference node at one end of source, one less unknown node voltage

Chapter 2 - Resistive Circuits

SEINJ WA Node-Voltage Analysis

50
1‘11 — 1‘12 V1 — l ” o “'I'li"!l
' i 10 ' i : N?dlc:i—\ i a
v2 V2 10 N V2=Vl _ vy prt prs
5 10 5 20 10Q
1 A 10V
0.7vi —0.2v2 = 6
—0.2v1 + 0.5v, =1
=) Vi =1032V;vy=06129 V.
@ W-AA Jol Jlaod =V 332 (Sloo (100 = S (oo 0uSlils

dfféwf)




Chapter 2 - Resistive Circuits

2.4 NODE-VOLTAGE ANALYSIS

0 Exercise
10Q
'ltlt‘l"
20 v, 10Q
.—‘.“I‘I' . lFI".I'_I"—. IJE
-
10V C) t5Q0 g 50
vi = 6.77TV,va =419 V.
@ Q2-9A Jol Jlaosi =V G g3 (Sloo (w30 — Slo  cwatign ouSitals

dfféwf)




Chapter 2 - Resistive Circuits

2.4 NODE-VOLTAGE ANALYSIS

o Supernode
< Decrease equations order (ignore source current)
< Forming closed surface (Supernode)
< Writing KCL for Supernode

Lf’:(é/:"l A3-2A Jof Jlaows — ) Gy Sloo (w30 — Silo | cwiigen 005l
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Chapter 2 - Resistive Circuits

2.4 NODE-VOLTAGE ANALYSIS

o Supernode

< KCL for Supernde:

< KVL for 10V source:

&)

dfféwf)

Supernode T v

99-9A Jof Jluos — 1 331 Sloo (3030 — SilKo  cwutigo 6uSESNS

Aaa _—— Supernode
F

'
¥

10V v
|I vy & @ ..' .I AAA

Vi vi —(=13) wva2  va—(-15)
=0
R> + R + R4 + R3

v —104+v2 =0




Chapter 2 - Resistive Circuits

2.4 NODE-VOLTAGE ANALYSIS

0 Exercise:
Rl
Ak
KCL for th de enclosing the 10-V A A
or the supernode enclosin > 10-V source: v
P e e ne— v e (=)
N\ O/ 11
V] Vi —Vv3y Va—V3y
+ + =1 «T L =
R~ R R3 R o IR,
KCL for node 3:
Vi—vVi vy —V2 E—D .
R R; Ry “3
KCL at the reference node: _
1.Y_q —v1+104+v2 =0
R Ry
ES 8-9A Jol Jluwos — ) Gy L5,31.3.0 WS — Sl PR LTI PR W] K

dfféwf)




Chapter 2 - Resistive Circuits

2.4 NODE-VOLTAGE ANALYSIS

2 Circuits with controlled sources

S JIPALIE Node-Voltage Analysis with a Dependent Source

2,
+ KCLs: A =i+ 20 "\
1 R, 0, ==
V2 — V] + V2 | v2— V3 _0 U@ pos L P,;;*, L JIN
R] RE R3 o ’ g
vi—va vy, io( 1 <l R R,
ERP 0, *.
R; + R, + Ziy
< Substituting: .1
v1—VQ_E+2v3—Vg —
R, R;
. Vi — V2 Va2 — WV Va2 va — V3
Iy = + —+ =0
R3 Ry R R3
vy —V v vy —V
3 2 3 42 3 2 -0

@ ) R_4 )

i 29-0A Jol Jluod = ) 353 oo (g9 38 — SeilSlo  cuskigen 65l
d EJ pJ




Chapter 2 - Resistive Circuits

2.4 NODE-VOLTAGE ANALYSIS

w Node-Voltage Analysis with a Dependent Source

RI
Vi vi—Vv3 v2—V3 Asa
R> Ry * Ry N - v, +
Vi vi—V2 vy —V] Aaa
P + =0 Trw b L
R: | Ra R, 2,
i o v_ §
R " Ry N Ry
—v1+05vy,+ v =0
Vy= V3 — V]
@ _4-9A Jg‘ JLM-M -Vaéy Lsal.».o OV — S 5o (SIS0 PRC W] KY
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2.4 NODE-VOLTAGE ANALYSIS

Chapter 2 - Resistive Circuits

o EXxercise
R =50Q
ﬁ.ll
10V R,=10%2 Ry;=20102
. Il'rirl'l" .I""""" ®
ﬁ.
I
Ry =47 - R, = - i =2ﬂ£.1§
lﬂﬂ:h :"l 50 1 A 25V R,;—Iﬂﬂ-l. RS
. i, = —0.259 A
i,= 133 A b
@, A2-9A Jol o — ) G Floo (w30 — Sl (owiigo 005TL510 a
dffépb




Chapter 2 - Resistive Circuits

2.4 NODE-VOLTAGE ANALYSIS

o Exercise
I,
e
AAA
50
50 10 Q
Jlrltlr' $ » tltlr ’ T -
—_—
f.:: "I- E]'fr
10V §5§2 2i, 3A T 28 «% ’ §5ﬂ
» »
a=2%)
ix=0.5A iy=231A
ES A2-9A Jol o — ) G Floo (w30 — Sl (owiigo 005TL510

dfféwf)




Chapter 2 - Resistive Circuits

2.5 MESH-CURRENT ANALYSIS

0 For solving currents
< Branch currents
< Mesh currents

Rl RE R| R-

i & Jl.l..i.

B
- - - .,
rd LY .".- ‘.'.
i ] ! 3
{ . \ | .
/ ! | | i | | FE
— . | | 3 & | — B
Y, r \ s
", a .-'ff ", ; "K
e i

(a) Circuit with branch currents (b) Circuit with mesh currents
ZS A2-9A Jol o — ) G Floo (w30 — Sl (owiigo 005TL510
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Chapter 2 - Resistive Circuits

2.5 MESH-CURRENT ANALYSIS
2 Normal KVL-KCL:

R, R,
. . Jll.l . J..I..l
Rii1 + Ryis = vy — = — =
h F2
. . ‘ +
—R3i3 4+ Riin = —vp v Iﬂ'?gﬁa _ Jvg
11 =12+ 13 ¢
Riit + Ra(ip —12) =va
—
—R3(11 —12) + Raip = —vp
@ A2-9A Jol o — ) G Floo (w30 — Sl (owiigo 005TL510

dfféwf)




Chapter 2 - Resistive Circuits

2.5 MESH-CURRENT ANALYSIS
2 Mesh-Current Method:

Ry + R3(i1 —12) = vy
—R3(11 —12) + Rai

_'IJB

s A2-9A Jol o — ) G Floo (w30 — Sl (owiigo 005TL510
Yy y




Chapter 2 - Resistive Circuits

2.5 MESH-CURRENT ANALYSIS

0 Example R
l
i'l'l‘r .
R, —
_'I. & & x.
- ; ) __,f""l Us
= -
L ,'-'l'l'r ® @—‘ : : R3
R, N
I/ ,f - \.\-I ‘... , J
va _/ i | R . . | 1 §R4 Ry « -
‘ &
ES A2-9A Jol o — ) G Floo (w30 — Sl (owiigo 005TL510
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Chapter 2 - Resistive Circuits

2.5 MESH-CURRENT ANALYSIS

w Mesh-Current Analysis
Rl

/ ) -H\"-I
. . . . . / Upg
Ry(iy —i3)+ R3(ip —17) — v =10 ~ . 7
L d J.I'l"‘l'.'l'r @ L
R3(ip —i1) + Raia +vp =0 R,
. . . .,/h.--- ---..‘\H r/_.---' '---.\E.
Ry(iz — 1) + Riiz —vp=10 v CD [ Y Rein [ §R4
\ P : \ ) /
(R2+ R3) —R3 —R i VA
= —R3 (R + Ry) 0 nh | = —Vpg
—R> 0] (R + R») 3 VR
@ W-AA Jol Jlaod =V 332 (Sloo (100 = S (oo 0uSlils
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Chapter 2 - Resistive Circuits

2.5 MESH-CURRENT ANALYSIS

0 Exercise R,

Riii + Ro(1p —14) + Ry(1y — 1) — vy =10
Rsir + Ry(ir —11) + Rg(in —13) =0

R713 + Rg(i3 —i2) + Rg(iz —i14) = 0
R3ig + Ro(ig —11) + Rgl(ig —i3) =0
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Chapter 2 - Resistive Circuits

2.5 MESH-CURRENT ANALYSIS

m Mesh-Current Analysis 140

AW
20(i; —i3) + 10(i; —in) =70 =10 p
II. Lril
10 —ip) +12(iy —i3) + 42 =0 0o L o
Ada A
20(i3 — 1) + 14i3 +12(i3 — i) = 0 !

30 —10 -20 i 70 TDVCD LA gmﬂ S CD 42V
—10 22 —12 2 = —42 SN N
20 —12 46 i3 0 .

— >> R =[30 -10 -20; -10 22 -12; -20 -12 46];
== V= [70; -42; 0];
== I = R\V % Try to avoid using i, which represents the square root of
>> % -1 in MATLAB.
I =
4, 0000
1. 0000
2. 0000
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Chapter 2 - Resistive Circuits

2.5 MESH-CURRENT ANALYSIS

o Exercise
< Current flowing through the 10 ohm

50 7Q
F‘!‘!."’I $ J‘rl-.‘!'
mm»'C_D @ §1nf:.- @ 2?39
L

2/, +10(;, —4)=100 and 10(;, —4)+ 74 +34, =0

= f —/, =D A.
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2.5 MESH-CURRENT ANALYSIS

A Shortcut to Writing the Matrix Equations: R.I=V

I

—Rg

(Ry + R4 + Rs)

Diagonal elements: sum of the resistances in mesh
Off-diagonal terms: negative of the resistance shared between mesh jand &
Terms in V matrix: mesh voltage sources (+ or -)

&)

dC-’éW’)

—Rs —Rs
(R1 + Ry + R3) —R3
—R3 (R3+ R5+ Rg)
—Va+ Vg
= VA
—vg

Iz
i3

Chapter 2 - Resistive Circuits



Chapter 2 - Resistive Circuits

2.5 MESH-CURRENT ANALYSIS

0 Exercise M
o ™
[ Iy .II
" . {,‘i\
.—Il.'l'l.' . + _ .
e _/
/r-"_\"—..\_\h\.l . /_,-—\_
Uy t g | B 32\1 §R4
N N
o
(R2+ R3) — K3 — K> I VA
—R3 (R3 4+ Ry) () h | = —VRg
—R> 0 (R 4+ R2) I3 VR

&)

d L) pJ &




Chapter 2 - Resistive Circuits

2.5 MESH-CURRENT ANALYSIS

2 Mesh Currents in Circuits Containing Current Sources

15 € 58
J‘I'rl':'l » IJI.i‘l'l'...'r'
. . +
-,
&
H=2A

10(in —i1) 4+ 5 +10=10

@ -2 Jol Jlaod =Y G 1 (Sloo (30 — S0 ( wadigo 001 @
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Chapter 2 - Resistive Circuits

2.5 MESH-CURRENT ANALYSIS

o Supermesh
< Write a KVL equation around the periphery of meshes 1 and 2 combined

28
i+ 2(i — i)+ Hiz —53)+10=10 O
I
Eﬂ -f:'/l 40
Ja+ iz —i)+ 2z —i)=10 l

iy — i1 = 5 lﬂ§ O () O (rov

@ -2 Jol Jlaod =Y G 1 (Sloo (30 — S0 ( wadigo 001 @
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Chapter 2 - Resistive Circuits

2.5 MESH-CURRENT ANALYSIS

0 EXxercise

ih=-5A \_

10(iz —i1) + 5i2 =100 =0 o MM e

e o

dfféwf)




Chapter 2 - Resistive Circuits

2.5 MESH-CURRENT ANALYSIS

0 Exercise
50 10 0
I
10V /_fl\| P / \\ 20V
N "\

SH4+10i+20—-10= 0.

7 —11 =1
@. A8-9A Jgl Jluoss — Y Gy Shoo (w30 — S0  cwiiten 00SCESND

JWW’)




Chapter 2 - Resistive Circuits

2.5 MESH-CURRENT ANALYSIS

o Circuits with Controlled Sources

SENEWAEE Mesh-Current Analysis with Controlled Sources

4 Q) 60

Wy W
// - “ +
avy = 025v;=1i» — i 2“"’(_) '\"lD AWy (f’z) B 120

—204+4iy +6ir +2i5 =10

4=

Vx = 21‘2 a=0.258%
[ , | 4i; + 8ir = 20 ih=1A
) — — [2 — [ ; )

@ WA sl s = ) 2 il 39 — Sl i 01l @

dfféwf)




Chapter 2 - Resistive Circuits

2.6 THEVENIN AND NORTON EQUIVALENT CIRCUITS

o Replace two-terminal circuits containing resistances and sources

'RI'
A\—o :
Circuit of —
resistances =) Vi I, § R,
and
sOuUrces ——
'8 & {
Thévenin equivalent Norton equivalent
circuit circuit

e o

JWW’)




Chapter 2 - Resistive Circuits

2.6 THEVENIN AND NORTON EQUIVALENT CIRCUITS

0 Thévenin Equivalent Circuits R;
< Open circuit A0
.I,_
Vi=voc +
F.f _ Vo
0
< Short circuit R,
..' & A - '
Vv TTYTY Toe
. t V v ‘,
Ise = E =) R; = —I — R; g
t Isc Isc
)
@ 49-9A Jol Jlusoss — Y 33 Sloo 98 — Sl i 008G
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Chapter 2 - Resistive Circuits

2.6 THEVENIN AND NORTON EQUIVALENT CIRCUITS

SEJEPAI Determining the Thévenin Equivalent Circuit

R, =100Q R,
I'i.'l'r . g l'..-.l'l' .'
e +
. N |
+ - Ry= [ : - .
U= 15V C_) 1 - 50 0 V.= 15V © \ L] ;I.I :_... RE Ve
N S
L &
(a) Original circuit (b) Analysis with an open circuit
v 15
i : = 0.10 A

"R+ Ry 100+ 50

Voc= R2ij =50x 010=5V
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Chapter 2 - Resistive Circuits

2.6 THEVENIN AND NORTON EQUIVALENT CIRCUITS

SEJEPAI Determining the Thévenin Equivalent Circuit

fse ige R.=333Q
i & &
.l'l'l'.!r * : vvy
Ry
p.=15V ﬂ'l:':,q,, 1=’,=5V(D
3 b —
L
(c) Analysis with a short circuit (d) Thévenin equivalent
lI-"rii' ]..S l-"r[}[: S V
e = —=—=015A K=—= = 33.3Q
TR 100 ic 015A

@ -8 sl Sl = 1 331 (w3939 — SilSn cusntido oSS e
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Chapter 2 - Resistive Circuits

2.6 THEVENIN AND NORTON EQUIVALENT CIRCUITS

0 Exercise
R, =40 Q
.'.' ik &
T 'l"—
A
5A R =10Q
O
V, =350V, R, = 50 €.
@ A8-9A Jof Jlaosi — Y &y Slo (30 — SilSo  wrsigen 0S50S
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Chapter 2 - Resistive Circuits

2.6 THEVENIN AND NORTON EQUIVALENT CIRCUITS

0 Finding the Thévenin Resistance Directly
< |f network contains no dependent sources

< Zero the sources
v" Voltage source: Short circuit
v" Current source: Open circuit

< Find the Req

e o
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Chapter 2 - Resistive Circuits

2.6 THEVENIN AND NORTON EQUIVALENT CIRCUITS

eI AVE 7eroing Sources to Find Thévenin Resistance

R =58
"llr.'u" b d
v, =20V ,;ff ; ot 2A
L
(a) Onginal circuit
RI =351L2
A —— o
] ]_ R — w
R — R = — = 4 Q 2= . =
TN T R +1/Ry 1/5+1/20 0O - < Ry=K
& &
@ (b) Circuit with sources zeroed
A2-9A Jol o — ) G Floo (w30 — Sl (owiigo 005TL510
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Chapter 2 - Resistive Circuits

2.6 THEVENIN AND NORTON EQUIVALENT CIRCUITS

eI AVE 7eroing Sources to Find Thévenin Resistance

R =58
l'l'.l.‘r ' .
f R - )
—A 2= T
v, =20V 200 4 - C) 2A

(¢) Circuit with a short circunt

We‘m—

ir=0
L. NN
Ry 3

R=40Q

—— W —

Vi=Risc =4x 6 =24V Fr=24‘~’©

(d) Thévemn equivalent circuit

&)

dfféwf)
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Chapter 2 - Resistive Circuits

2.6 THEVENIN AND NORTON EQUIVALENT CIRCUITS

0 Exercise
50 108 50 I{J E}
"l'li" b d ‘:1‘1" m * YYVW
+ i-h i‘p-
mv(_) :;zuﬂ 2 A <2200
¢ ® O
(a) (b)
a. R, = 14 € b. R, = 30 Q:

e o

dfféwf)




Chapter 2 - Resistive Circuits

2.6 THEVENIN AND NORTON EQUIVALENT CIRCUITS

0 Exercise
20 © 6 £
—."""'l P ® 'y . *
mv@ 5{;:5 @lA §mn
-
. o .
(c)
. Ry, =50

@ 08-0A Jol Jlawosi =V G31 Sloo (w30 — Sl  cavidigpo oSN

dfféwf)




Chapter 2 - Resistive Circuits

2.6 THEVENIN AND NORTON EQUIVALENT CIRCUITS

SEJAE M Thévenin Equivalent of a Circuit with a Dependent Source

MNode 1
.5.5. 3 L - - ~
vvy L L 4 "‘M L L J
— e +

I

—
n ! - " >
10V (_) 2 ”_: 10 Q 10V @ <> % '_: 0Q v,

& & ) ® i L

{a) Onginal circuit =

A A
A &

(b) Circuit with an open circuit

: . Voc , 10 —v
EI_I_ZII:E:E II:—S oc
10 — vge Vac

=) 3 = =) Voo = 8.57V.

5 10

@ A2-9A Jol o — ) G Floo (w30 — Sl (owiigo 005TL510 Q
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Chapter 2 - Resistive Circuits

2.6 THEVENIN AND NORTON EQUIVALENT CIRCUITS

SEJAE M Thévenin Equivalent of a Circuit with a Dependent Source

50 e R=1430Q
I.l.'l'.l.'l _. %
- ln

. L

10V (D 2i, 2T10Q V, =857V C_D
L ] —
{c) Crrcuit with a short circuit (d) Thévenin equivalent
10V
= ——=2A
*=75q Voo 857V
) R = —= 6 =1.438Q2

ie = 3i,=6A Isc A

@ -8 sl Sl = 1 331 (w3939 — SilSn cusntido oSS @
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Chapter 2 - Resistive Circuits

2.6 THEVENIN AND NORTON EQUIVALENT CIRCUITS

2 Norton Equivalent Circuit

< Resistance in the Norton equivalent is the same as the Thévenin resistance

f.l':l § R!

JWW’)

L1

.C

DL

= .J'”

Iy = ig

Q
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Chapter 2 - Resistive Circuits

2.6 THEVENIN AND NORTON EQUIVALENT CIRCUITS

Step-by-Step Thévenin/Norton-Equivalent-Circuit Analysis
1. Perform two of these:
v" a. Determine the open-circuit voltage Vt = Voc.
v" b. Determine the short-circuit current In = Isc.

v ¢. Zero the independent sources and find the Thévenin resistance Rt looking back into the

terminals. Do not zero dependent sources.
2. Use the equation Vt = Rt.In to compute the remaining value.
3. The Thévenin equivalent consists of a voltage source Vt in series with Rt

4. The Norton equivalent consists of a current source In in parallel with Rt

ZMWS'! WA Jol Jlaoss =V Gy (Sloo (30 — Sl (i 00l
A= ASLES



Chapter 2 - Resistive Circuits

2.6 THEVENIN AND NORTON EQUIVALENT CIRCUITS

SENLWVFARE Norton Equivalent Circuit

L ® {2
| +
R[ = : : 5 = g
200 " 15 L2
Va @ i
X .\ o
4 v, R_-; = ”
15V 5Qa F
' S S
(a) Original circuit under open-circuit conditions
V.I' FDC - 15 l-"rl-_":
— 4 - — U‘ _
4 Rl RE _|_ R3 U.ESVQC + FDC 15 + Unc — {]
R; 4 Ry Ry + R;
Fx' — —FDC — {].251"131:_
R> + R;

=) Voo = 4.62 V.
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Chapter 2 - Resistive Circuits

2.6 THEVENIN AND NORTON EQUIVALENT CIRCUITS

Senl AL Norton Equivalent Circuit

-
T - o
R=+"
” zfiﬂ' . R ln
T<> E IH:D.TEACD §ﬁ:‘,=ﬁ.15ﬂ
15V Ryl o
1 _ {_} I} 'S
(b) Circuit with a short circuit {c) Norton equivalent circuit
V 15V
e = — = =0.75 A Ro_ Yoo _ 462 ..o
Ri  20€ =L 0T

@ WA sl s = ) 2 il 39 — Sl i 01l @
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Chapter 2 - Resistive Circuits

2.6 THEVENIN AND NORTON EQUIVALENT CIRCUITS

0 Exercise
150 ~ v, 4+
.....'..'r * ¢ -'-"""'. g b d
A 10Q 1
@ =2 (D w@® weg (D
o ® * Py 'S
(a) (b)
I, =167TA,R =9375%8 Ay =2A R =152

e o

dfféwf)




Chapter 2 - Resistive Circuits

2.6 THEVENIN AND NORTON EQUIVALENT CIRCUITS

o Source Transformations
< Replace a voltage source in series with a resistance by a Norton equivalent circuit

T h o o h
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Chapter 2 - Resistive Circuits

2.6 THEVENIN AND NORTON EQUIVALENT CIRCUITS

SENJ .l Using Source Transformations

Ry i R =5Q R,=10Q
A T A&
Jl.I-r v ® m 'lr rw
50 —
20V C_) zlglﬂﬂ CT)IA 20V C_) \\_ 10V
&
(a) Original circuit (b) Circuit after transforming the current

source into a voltage source
Riip + Roip +10-=20=0
10

= — =0.667 A
R+ R»

i

h=1i1+1=1667A
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Chapter 2 - Resistive Circuits

2.6 THEVENIN AND NORTON EQUIVALENT CIRCUITS

SENJ .l Using Source Transformations

,.l?]. L}- * @
P bl
20V C) legi%; CT)I A ‘”"(T) ?SE 1%5:1§ (TDI A
L ¥

(¢) Circuit after transforming the voltage

(a) Orginal circuit )
source into a current source

' k1, S (5)=1.667 A
"= —F——I = )= 1.00
2T R E R O™ T 570
@ W-AA Jol Jlaod =V 332 (Sloo (100 = S (oo 0uSlils

dfféwf)




Chapter 2 - Resistive Circuits

2.6 THEVENIN AND NORTON EQUIVALENT CIRCUITS

0 EXxercise

dfféwf)

R,=10Q
I.l.l
fll '.-r
I
2 A ¢ §R‘: ’ 10V
50

i1 = —0.667A,i, = 1.333 A.
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Chapter 2 - Resistive Circuits

2.6 THEVENIN AND NORTON EQUIVALENT CIRCUITS

o Maximum Power Transfer
< When maximum possible power is delivered to the load?

L B § .'l'
Two-terminal ' | ; _
- — = - j’_ | ]
circuit of : - R v, : " R,
sources and = L <
resistances .“
(a) Original circuit with load (b) Thévenin equivalent circuit
with load
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Chapter 2 - Resistive Circuits

2.6 THEVENIN AND NORTON EQUIVALENT CIRCUITS

0 Maximum Power Transfer

R!
. Vr "_l'l_'r :,_,.
= ———
R+ Ry w
+ 'L <t
2 Vi C‘) R
VIR
2 r "\L
y =15 Ry =
PL=1L0L = RTR, )2
dpp  VHR:+ Rp)* —=2VIRp(R,+ Rp) 0
dR; (R; + Rp)* a
Vi
JHL — Rr FL max — m
@ A8-9A Jof Jlaosi — Y &y Slo (30 — SilSo  wrsigen 0S50S

dfféwf)




Chapter 2 - Resistive Circuits

2.6 THEVENIN AND NORTON EQUIVALENT CIRCUITS

SENIWVIE Determining Maximum Power Transfer

R =200
fe ] 1 4 Q 'l""'r . o
"T 1R +1/Ry 1/20+1/5
REZ
% 2 s > (50)= 10V o 5£1§
P e e TR, T 51200
& i
Rr =R =4
V2 102
)” . = —I — —_ (}.25 W
bmax = 4R, ~ 4x 4
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Chapter 2 - Resistive Circuits

2.7 SUPERPOSITION PRINCIPLE

2 For a circuit composed of:
< Resistances
< Linear dependent sources
< n independent sources

0 Total response: rr=r+mn+---+rn

e o
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Chapter 2 - Resistive Circuits

2.7 SUPERPOSITION PRINCIPLE

o Example:

L
g/
VF — Vg VT o vr TR, Ki, i
K = -
R N R T RE= Ust \ l:
_ YT ®
"R 1
R, . R R, , B
VT = v I
= T T R+ R+ KR TR+ Ro+ KR 2
%)
Vi = ; Vil
Ri + R, + KRy
RiR, = vr=vit+w
vy = )
R+ R+ KRy
@ Q-9 A sl Jhuos — Y g9 (5lod 09 — SeilSo  caneditpo 8SLidlo
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Chapter 2 - Resistive Circuits

2.7 SUPERPOSITION PRINCIPLE

m Circuit Analysis Using Superposition

R =10Q R,;M]D Q
“l"'l'.'l' ® —_—
H. 1‘_'

: +
Ir + Rzzg
R, = =15V
v,=15V S0 § vy T)jszzg Us <—/’ 55 Y

@
(b) Circuit with only the voltage

(a) Ornginal circuit .
source active

i S (15)=5V
Vi1 = Ve = =
= R TR T 55100
@ W-AA Jol Jlaod =V 332 (Sloo (100 = S (oo 0uSlils

dfféwf)
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Chapter 2 - Resistive Circuits

2.7 SUPERPOSITION PRINCIPLE

m Circuit Analysis Using Superposition

R]ZIDQ R|:]nﬂ
Aaa AAaa ®
Yy ® ver
_—
jT + ‘:2 +
R = REZ .
v, =15V 52£1§ vr T)jS:ZA 5;'1§ Ua i;=2A
' .

(¢) Circuit with only the current

(a) Ornginal circuit )
source active

1 1
f{ = = =
AT U/RI+1/Ry 1/10+1/5

3.33Q

m=p V7 = V] + vy =3+ 06.66=11.66
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Chapter 2 - Resistive Circuits

2.7 SUPERPOSITION PRINCIPLE

0 EXxercise

&)

dfféwf)

10 Q 15 Q
".... . I.ll.l
; +
T
vy = 20V CD r § 5Q UVn = 10V
¢

vi = 545V, v = 1.82 V. vyr = 7.27 V,

i1 = 145 A.i» = —0.181 A, it =127TA
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Chapter 2 - Resistive Circuits

2.8  WHEATSTONE BRIDGE

2 A circuit used to measure unknown resistances

Detector

. . R R
< When detector indicates zero current: bridge is balanced ) = %
R L)
ZS A2-9A Jol o — ) G Floo (w30 — Sl (owiigo 005TL510

JWW’)




Chapter 2 - Resistive Circuits

EXERCISES
aP2.1 aP2.57 0T2.4
aP2.3 aP2.65 aT25
aP2.24 1 P2.66 0T2.6
aP2.25 1 P2.80
0 P2.34 aP2.91
aP2.35 0 P2.94
0 P2.56 1 P2.103
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