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Examples of circuit branches
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Supernode
PEmote

Node ¢ Node a

J— "S

Node
Node b

Node b

Examples of nodes in practical circuits
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Definitions
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Note how two different loops P — 5
in the same circuit may in- a \ A,
/’
clude some of the same ele- - %
ments or branches. { Fa w A \
{ Loop 1 | Loop 2 | | vs — is “ R>
'\.‘\ ‘ __F-V‘/ ‘ B // j./
) /’f
e o . o
— Loop3 =— 1-loop circuit 3-loop circuit .
(How many nodes in

this circuit?)

Rs Ry
W L4 MWW
Mesh 3
S —
O AWV O Mesh
5 4\
+__ Megh“ Mesh ® \ §R‘i
Vg E ] 2§ 3 | o /
How many loops can you - ~ P ~ 5
identify in this four-mesh cir- » ' == -
cuit? (Answer: 14) S )\
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L C M2 (node voltage method)
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In the node voltage method, we
assign the node voltages v, and vp;
the branch current flowing from a
to b 1s then expressed in terms of
these node voltages.

Va— Vb

By KCL: i1 — i — i3 =0. In the node
voltage method, we express KCL by

Va— Vb Vp—Ve Vp—Vg ~0
R R> R3
Ve O—AVWW (. AMWW—CO Vg
11 44} 13
A\
Ry
Ve
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| (node voltage method) & X}
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Example

Node a R, Nodeb

WW—EDD
‘s ) 3 s o A
@ ——>
Nndn:cL £
— 1 1 1
1. —1,—1 :O l'_va_va Vb:O —+t— va+ S vb:ls
bz " R R, R R, R,
i,—i, =0
Vo=V _ Y 1 1 1
i, +i,—i, =0 — redundant I : _Rb =0 —RJva +[+R]vb —
2 3 2 2 3
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Example 1

[, =10mA, I, =50mA
R =1kQ, R, =2kO

vl—O_vl—vz_vl—v2
Rl RZ R3

Vi™W " VimV,
R, R, R,

I, —

Iy =3.93mA
i, =—13.57mA
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Example 2
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\/ —>
— VWV
I l].g 3 }4 [, —1,—1,=0
I R Ry By i
I, +i.—1,—1, =0
Va
_ 1
[_Vl_Vl VZ:() Lt Vi+|l— IV, =—1
R1 R2 Rl R2 RZ
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Example 3
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Example 3
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E i —i,—i,—i,=0 —Z—K;Vz—llzo
VYV i, +i,+i, =0 ! ’
VI_VZ

2 {apes
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AN LS WIS B T QR
Vi RZ Vs V V3 Rl RZ
o—\\VV — 4+
VimV, V| .
f —_ — ] = O
+ I R3 l R4§ R2 R3
V.=V, Vv
T P B
® R, R,
R =R, =2Q,R, =4Q, R, =3Q Vv, =v,+V
I =2AV =3V
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Example
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Ry _I_I/I_V2_V1_V3:O
. R2 Rl
'3 R, V 4 V-V, V
2 1 2 2 .
. —.v — +1 ::O
V1 ] ) 3 R2 R3 5
V-V, V.
1 R, 1 R, 1 1 ttist—=0
<"> I 4 6 R 5 R,
® V,=V,+V
. 11 1 1 14
—i,—1,—1, =0 ————]Vl+[—+—)V3=I——
I 2 3 RZ Rl R2 Rl R2
i, —1,—1i5,=0 1 1 1 1 1 1 Vv v
. —+— Nt V=t
L +15—l6 =0 R, R R, R R; R, R, R,
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ot M2 (Mesh current method)

Ay ) 55 O 9 5 S5 S5 O 10

Copyright @ The McGraw-Hill Companies, Inc.
Permission required for reproduction or display.

Copyright @ The Mchw—HiEt’)ompanies. InC.PETI'I'IISSIOHTEE]IJide far reproduction Drdi.splay Once the direc ti{)n Of Curl’ent ﬂOW
The current i, defined as flowing has been selected, KVL requires

from left to right, establishes the that v; — v, — v3 = 0.
polarity of the voltage across R.

+ Vrp —
O W\ O
4.»_ R
l
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of M= (Mesh current method) & X
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R, R;
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Mesh 1: KVL requires that
Vg— V| — V) = 0, where Vi = E|R|,

vy = (i) — )Ry,

Mesh2:v, +v,+v, =0

where v, = (i, —, )R2

vy = LR,

vy =L R,
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R, Rj3
AWV MWV
+ Vi — 3
V Vo ( V3
L — i
@ .
— h ] 4+ L ;
N S
V2 SRy §R4

Analysis of mesh 1

R R3
MW MW
+ + V3 -
. . . +
Vi—Ri =V, —-R, (11 ) ) =0 Vi S, C_ V3
Rz (il —1, )"’ Vz - R3iz - V3 - R4i2 =0 \E/ - Iz e

Analysis of mesh 2
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Example

Ay ) 55 O 9 5 S5 S5 O 10

R4

R1 R3

V1 R2 V2
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Example 1
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R4

i -R(, _i3)_R2(iI _iz):O
Vz _Rz(iz _i1)_R3(i2 _i3) =0
R+ Ry (55 —1,) + Ry (5, —1;) =0

(=R, = R,)i, + Ry, + Rii; =V,
Ry, +(—R, — R))i, + R;i, =V,
—Ri, —Ri,+(R,+ R, +R,))i, =0
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Example 2
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Example 2
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Vi =Ry, _Rz(il _iz)_Rs(il _is): 0
Ry (i —iy) + Rsiy + R, (i, —13) =0
Ry(i; —1,)+ R, (i, —13) + Ry = 0

(_Rl — Rz — R3 )il + Rziz + R1i3 — _Vl
— R, +(R,+R,+R))i,—R,i; =0
—Ri +Rji, +(R,—R,+R,)i; =0
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Simplify the Problem
Only one unknown current

B Vq_Rliz—Rz(iz+[s):O
(Rl +R2)i2 =V, =R,
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Example
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Vs <V> [ R3
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Vl _R1i1 ‘l Vx 50

Ri,+Ri, +V.H0

X

[ =i -1,

Ri +(R,+R))i,=0

i —1, =1
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,+—=0
TR, 4 I )
Rb RS
< I, =1 =1
A 4 b Sl_|_1 SRb+RS
P B Y,
R+R. R
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=& 2| &2l (Principle of Superposition)
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= NS AAE EEGl= HEIIZUHA, 2 28 (E=s 2
)l 8F3)2 8t AAE HRIst g BE AAE 022 =0}
1 AA0S XE6te 322 HE 6t 2 H El= NI
HeHTEeE 7)) &0l ol &StHL.
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Vgo e f,./ il : ;/ . \\\ Vg2 <t> / e \
| R § — R § + '* | R § The net current through
y - + A e R is the sum of the in-
VBl e *14-""’/ k. C*) £ A dividual source currents:
[ = I.BI + 1'32.
. V, +V \% \% . .
| = B1 32: Bl‘l‘ B2:lBl_|_lB2
R R R
Note: MRS H&tsol=2=2 A
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1. In order to set a voltage source equal to zero, we replace it with a short circuit.

R1 RI

CIECHE SR A

A circuit The same circuit with v¢=0

2. In order to set a current source equal to zero, we replace it with an open circuit.

- ey

vg (D is (D § R, Vs CD T §R2

A circuit The same circuit with ig=0
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Example
» SHC AdE 0l=Z;olH 220 87 i, E ol
ct.

R, R,
—W
e 3 o, 3 :
i _ VS’
*¥ R +R,+R,

; _ 1/(R2-|-R3) (_[)
/R +1/(R,+R)
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Example

= Mg RO 22l 82S
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ot(dct.

i

Superposition

[, ——RL TRl TR
B R, R, R KCL
VeV,
VR—V VR—V VR—V B VG 1 B d £ d 0
=+ =0 R R R
R, R R, B G
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2l (Thevenin Theorem)
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Ol = +0

Load

HEo2 DAE 0[5 3122t 04 Mt
o SJ} WM& RIF XE (1S I} 3|22 LI
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2| (Norton Theorem)
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5ol ZEUAM 22 014 Hetel, MRe ¥ M
NEOZ DAE O[S 3I22E 014 B
SOt M&t R0l B oi2e SIt sl22 U

& ULk

"0 I

2N
=

m
U<
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Load — Iy d)RN %
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Source Load

Ol = +0
Ol = +0O
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Y Fs CE SOt Mo 2

= SHE 2 AXL
. SotE MHotet
. DE MR MFAS MAHGH2H
5. S2olE MAHE M2 826+ SXF AL0I1S S
HAHGEHEE. O] ME2 £6t CHALO
MZR0| SHUAH &= ME D SOH0ICH
= HEUYW EHEH SOt a2 s¢
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R 1 R3 a
}\/\N\{ Copyright ® The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
R;
WW—0
Vs R ) R L a
R, R,
b
Complete circuit
O b
R, R; a R,
AMA——AMA—O AW o a
Vs ? R, g
T R 1 | |R 2 — R T
—e O
’ Ob

Circuit with load removed
for computation of Rr. The voltage
source 1s replaced by a short circuit.
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R1 R3

V() R2 ) R4 RL
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HIEL &2 HlAt
Ay ) () () ) 59 59 3 3 00
= HIBUY SOt EU=2 F£otE Ml A
ot{ = [ £oF ANl Zel= Jh
gt &2l o & etlt
. SotE MAHOIH 2otHAE HE S Y
=z gt=L0h One-port P
o NS 25 SHRH0| 22ls JHe & BEbiec
o vy B BOIBTH = i
5. voc= O RlolAd & MY S 2
of ABH= B S AHE BT ’
+. HEH 82 vi=v,-0lLt.
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R, R; R;+ R, Il R,
W - I
Y Y
Vg R2 RL Vg R—2 RL
R1 + R2
A circuit Its Thévenin equivalent
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» LH S dF= 2ol & o= sl=2=2 U6l
A= M, Olil === Hs d=0 oiE st

Short circuit
replacing the load

A% R3
Coo—\WWW—O0
R, e
%) Y
® O
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R3
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A A BB (Source Transformation)
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—0
One-port
network
—O0
R _
. VT — RT[ N
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R1 R2
ANANN—O—
R3 i l
R2
R3 i l
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;o 1/ R, Vv,
“ 1/R +1/R,+1/R, R,
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HELD B SO0 AEE 2

ﬁﬁu
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2
Unknown Ioai
network
VT b
RT — An unknown network connected to a load
l N a
]/' Unknown .
— 9 1 + m network L)
ZN I lSC l‘ESC )/ Py
T o
b

Network connected for measurement of short-circuit current

v | 1+—

ocC

Vr

m Unknown
network

+0=2

rm

VWWy

Korea University of Technology and Education Network connected for measurement of open-circuit voltage
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I 8 MY 0|2 (Maximum power transfer

%—ﬁﬁﬁﬁﬁﬁﬁﬁﬂﬂ
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- AALHO BIZOAME ORI A
Practical source R;
O v
- PL:ilz,RLa iL:—T
Load R, +R,
.
P = 4 R
TR R
= dpP, _ v (RL + Ry )2 ~2v;R, (RL T RT)
dR, (RL + Ry )4
Source equivgfent db, _ 0 (R R )2 'R (R R )_ 0
dR_’ Ty ) =2\ + G )=
Given vy and Ry, what value of R, L
will allow for maximum power R, =R,
transfer?
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