Introduction to Electric Circuit Chap 2 Resistive Circuits

Chap 2 Resistive Circuits
2.1 Node-Voltage Analysis

2.1.1 Independent current sources

. Resistive circuit with only independent current sources I, I, and I,

()
I,

@ — @ R; @

JONER SO
) ow |

_L_

Reference node: (©,  Reference voltage: v, =0
Nodes: @O, @, ®, Node voltages referringto v,: v,, V,, V,
Unknown voltages to be solved: v,, v,, V,

. Node voltage equations

Vi ViV,

KCLO: i+i,-l,=—=+2—2-1,=0
Rl 2
KCL® : —iptig+l, =2y Y2V g
RZ 3
L V=V, V.
KCL® @ —ip+i,—lL+l,=="24+23—1,+1,=0

3 4

. In terms of conductances,

KCLD: (G, +G,)v,—G,v, =1,
KCL® : -G,V +(G,+G;)V,—Gyv, =—1,

KCL® : -G,Vv,+(Gy+G,)v, =1,—1,
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. In matrix form,
G+G, -G, 0 A 100 l,
(2.1.1-1) -G, G,+G, -G, v, [=|0-10 l,
0 -G, G;+G, ||V, 01 -1|]|1,
—_—
A v B u

= v=[y v, v,] =A?Bu

e A:symmetric positive-definite, A™ exists

. All the component’s voltages and currents can be obtained in terms of the node

.V, . V-V, . V,—-V, .V
voltages. For example, iy ==+, i,=—2%, j,=—-—-2 i, =2,
1 RZ R3 R4

2.1.2 Dependent current sources

. Resistive circuit with only current sources including at least one dependent

current source such as gv,, where v, =v, —v,.

()
[,
Vi R, V2 TV - V3
I gv
G) % R; Ry % <l>
@ Vo

. Node voltage equations

v, V-V
KCLO: 2++2+1—2-1,=0
@ Rl RZ '
KcL: 2% %% g
RZ R3
KCL® :  —iy+i,—l,+gv, =u+£—lz+g(v2—v3)=0

R, R,
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. In terms of conductances,

KCLD: (G, +G,)v,—G,v, =1,
KCL® :  —G,V,+(G,+G;)V,—~Gy, =—1,

KCL® : (-G;+9)V,+(G;+G,—g)v, =1,

J In matrix form,
G+G, -G, 0 v, 10 |
(2.1.2-1) -G, G,+G, -G, |[||v,|=[0-1 -[Il}
0 -G,+9 G+G,—g||v,| |0 1|"2
— u
A v B

G+ G, . then A is invertible and v=A"Bu.

. If g#G,+G,+G,G,

1=2

. All the component’s voltages and currents in the resistive circuit can be

expressed in terms of the node voltages.

2.1.3 Voltage sources

. Resistive circuit icluding at least one voltage source such as independent

. . V-V
voltage source V and dependent voltage source ri,, where i, = 3R L,

. Supernode’@®)’.

--------------

Ry E 4 E — I3
AU V2 @ .3 | W Vi
o PYe i Y P
ng Tttt
% R R ICD
@ Vo

. Node voltage equations

KVLQO: v, =i, = r[uJ
R3
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V=V, V, V,—V
%JF_MM

KCL :
@6 .
KVLO® : v,-v,=V

KCL@®: =%, Vs y_g
R, R,
. In terms of conductances,
KVLO®: v, -GV, +rG,v, =0

KCLO® :  —G,V,+(G, +G,)V,+G,V,—G,V, =0

KVLO® : v,-v,=V

KCL® : —G,V,+(G, +G, v, =—1
. In matrix form,
1 0 -rG;, rG; A 00
(2.1.3-1) -G, G,+G, G, -G, 1V _ 00 ~V
o0 1 -1 0 v,| [10]]1
0 0 -G, G,+G, | |v, 0-1| U
%/_J
A Y, B

. If r¢i+ i+i 1+& . then A is invertible and v=A"Bu.
1 GS G4 Gl

. All the component’s voltages and currents in the resistive circuit can be

expressed in terms of the node voltages.

Example: Based on node voltage analysis, determine i(t) .

/\0.51}
—vQOv~ NS~
AW ANV
s .
0 (D 0%
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2.2 Mesh-Current Analysis

. Unlike the node-voltage analysis, the mesh-current analysis is only suitable for

planar circuit.

2.2.1 Independent voltage sources

. Resistive circuit with only independent voltage sources V,, V, and V,

R, tva— |28
5 5
D e /
R] RS R3—|—v3_
WW VW AMAN
+v1— +V5— ________
noloTTTT N+ RS [ Rs BE
! : : 1 !
Ct EV4§ E EV6§ | D
g [ o - . E
1 oo ‘s <_____,* I3 q---

Meshes: [1], [2], [3], [4], Meshcurrents: i, i,, iy, i,

Unknown currents to be solved: i, i,, i, i,

. Mesh current equations

KVL: v, +v, -V, =Ri,+R,(i,—i,)-V, =0

KVLE] @ v, +V, -V, =R,i, +V, - R (i, —i,)=0

KVLEE] : v, +V; =V, = Ryi; +V; =R, (i, —i;) =0

KVLI] ¢ vg+v,—Vv, =R (i, —i,)+Rs (i, —i;) - R, (i, —i,) =0
. In terms of resistance,

KVL: (R +R,)i, Ry, =V,

KVLE] : (R, +Ry)i, —Ri, =-V,

KVLEE] :  (Ry+R, )i;—Ryi, =V,

KVLIE] :  —R,i,—Re, — Rei; +(R, +Rs + Ry )i, =0
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. In matrix form,

R+R, 0 0 R, i, 100 v
0 R+R 0 -R i 0-10 !
(2.2.1-1) 20 ® 2= 1V,
0 0 R,+R, -R, i,| |00 -1 v
-R, -R. -R, R,+R.+R,||i,| |00 0]""°
| ) u

A i B

= i=[i,i, i, i,]' = A*Bu
e Alis symmetric positive-definite, A™ exists.

. All the component’s voltages and currents can be obtained in terms of the mesh

Ri,, V3=Ryis, Vs =R(i,—i,), vg=Rs(i,—i;).

currents. For example, v, =Rji,,

2.2.2 Dependent voltage sources

. Resistive circuit with only voltage sources including at least one dependent

voltage source, such as av,, where v, =R, (i, —i,).

Ry V-
| |
Ry S ‘ R;

AW AW AMA
ST N . }_a 3 ST A
Bt bRy R L\

' - S P
¢ LE 3 :<—>
PN RS R R S

. Based on KVL, mesh current equations are expressed as

KVL: R +R, (i, —i,)-V, =0

KVLE] :  Ryi, +V, +Rq (i, —i,)=0

KVLE] :  Rji;+av, +R (i, —i,) = Ry + aR, (i, —i, )+ Ry (i, —i,) =0
KVLI : Ry (i, —i,)+ Ry (i, =iy )+ R, (i, —i,) =0
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. In terms of resistance,

KVLE  (R+R,)i,—R,i, =V,
KVLEZ] : (R, +Rs)i,— R, =-V,
KVLE] :  aR,i, +(Ry+Ry )i —(aR, + R, )i, =0

KVL{] :  —Rji,— Ry, — Reiy +(R, +R; + R, )i, =0

. In matrix form,
R+R, O 0 -R, iy 10
0 R+R 0 -R i 0-1||V,
(2.2.2-1) 20 ° 1 2= { 1}
aR, 0 R+R, —aR,—R, [|i;| |0 0|V,
R, -R, -R, R,+R.+R,||i,| [0 0] U
/ } %,—/
A I B
R R,R R .
e If azxl+2+ R3(i+i]+ £ (l+—3}(i+i],then A™ exists and
R6 Ri R4 R2+R5 RG Ri R4

(2.2.2-2) i=A'Bu

. All the component’s voltages and currents in the resistive circuit can be obtained

in terms of the mesh currents.

2.2.3 Current sources

. Resistive circuit icluding at least one current source such as independent current

source | and dependent current source gv,, where v, =R, (i, —i,).

R

:I( \I

I vy

I '

R | 2 'i-ﬁ----’ : R

: — \WAN—
p ~ e m—— o -
L | R WEVA ¥
! | : 1 : !
C_r :wé ! ! ' | |
1 | 1 I ! ¥
SR R b B *

. Supermesh  “[2][3][4]".
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. Mesh current equations

KVL[T: Ri, +R, (i, —i,)-V =0

KVLEZIEIA ¢ Ry, + Ry, +R, (i, —i,) =0
KCLEIBIA] « iy —i, =—gv, =—0R, (i, —i,)
KCL[z][3][4] = i, -1, =1

. In terms of resistance,
KVL[L: (R +R,)i,~Rji, =V
KVLEEIE : —R,i, + Ry, + R, + R,i, =0
KCLEIBIA] = gR,i, +i;—(1+9R,)i, =0
KCLEIEIE :  —i,+i, =

J In matrix form,
R+R, 0 0 -R, I 10
-R, R, R R i 00||V
(2.2.3-1) 4 23 4 12 = .
gR, 0 1 -1-9R,| |1, 00|11
0 -10 1 I 01| U

A [ B

Since g # —(i+ij(l+&j—i , Ais invertible and i = A™"Bu.
Ri R4 R3 R3

. All the component’s voltages and currents in the resistive circuit can be

expressed in terms of the mesh currents.

Example: Based on mesh current analysis, determine v(t).

i

b,

—AW
20
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2.3 Principle of Superposition

. Resistive circuit with independent voltage source V and current source |

-

R

=i ti;

091

49l

—AMW—

3

F 19

—S
>

:t:_, :I
=i

001

Example: Determine v, .
AN )
400 —0.1A
v 10Q)
@) AW
+
§ 400 20Q § Vo
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2.4 Thevenin Equivalent Circuits

. Resistive circuit with Indeoendent sources

i
Resistive circuit —
Payload
circuit
— Thevenin _
equivalent circuit 1
VWW
Ry
vr 6) Payload
J circuit

(2.4-1) V; =V+R;i

. Thevenin equivalent voltage V; =V

T =0
Resistive circuit — / .

+
Payload
Yoc . .
circuit

. Thevenin equivalent resistance R,

[A] Without dependent sources

Resistive circuit — Resistive circuit
: «
Payload z Rr
v ..
circuit
_ \r .

2-10




Introduction to Electric Circuit

[B] With dependent sources

Resistive circuit

99194

I ext

(242) R, =Y

ext

VE?X t

Example: Determine the Thevenin equivalent circuit.

Chap 2 Resistive Circuits

E Ry R, Ry E
i MW AW AW | °
-V |
o o
- RooR R
i VWA VW %% ! 0
7 i i
NN
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2.5 Norton Equivalent Circuits

. Resistive circuit with independent sources

i
Resistive circuit —
Payload
circuit
— Norton )
equivalent circuit l
Iy Cf Ry % Payload
circuit

..V
(2.5-1) [N :|+R—

N

. Norton equivalent current iy =ig.

Resistive circuit —_—

Payload
] circuit

. Norton equivalent resistance R,

[A] Without dependent sources

Resistive circuit — Resistive circuit
+ N
(J# %> Payload Ry
v . .
circult @
_ \T .
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[B] With dependent sources

IB.U'
Resistive circuit M

02194 | ¢

(252) R, =l

ext

Example: Determine the Norton equivalent circuit.

gommomoe- oo .

: WW———

: R !

ORI

.

dremmmee- e &

- R B R
LV I |
O ® R g

i o
- & R

; . LW W | °
! ) !

E % izlng i

| -
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2.6 Maximum Power Transfer Theorem

. The power transferred from voltage source to adjustable R,

voltage source

P; a
Vs
4rg E
i R:
0 Vs -
] V . RV (t
(26-1) i =—>—, v, =R = Vs (1)
r,+R, r,+R,

The power provided by voltage source
V52

2.6-2 Py =Vsi, =
@62 R=Viii—

The power transferred to R,

R VS (t) _ R
(,+R) K+R

(26-3) P =iy, =

S

The derivatives of P, with respectto R, are

R (LRI L 4R 20 -ROVI(Y

dR,  (r,+R) dRr,* (,+R)"
2
Since ar =0 and d P; <0, the maximum transferred power is
LR =rg L IR =rg
V2 (t
(2.6-4) P =Pl _ == ( )zlp .

R 4rg 20°

Example: Determine the maximum transferred power to adjustable R, .

R i ir
AW /\,ﬁ —

® oz, r3| A
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2.7 Y-A Resistive Circuit Transformation

a a
Rs R
b -~ b WW
R:
c c
. Resistance R,, with terminal c open
a Rab
Resistive Resistive :. R,
Circuit Circuit R;
b
VW
Ry

Ry(R+R,) _R,R+RR

2.7-1 R +R =R, [[(R+R,)=
(2.7-1) R =RI(RAR,) R+R,+R, R+R,+R,

. The relation between Y-type and A-type resistive circuits

nor _R(R*R)
* " R+R,+R,
R(R,+R
(2.7-2) R,+R. :M = R+R+R = RR,+R,R;+R;R,
R+R,+R; R+R,+R,
R+R _RZ(R3+R1)
© % R+R+R,
Hence,
273 Ro—rtefe g RR o RR

*"R+R+R,' " R+R+R, ° R+R+R,

which results in

(2.7-4) RR, =R,R, =R;R, :M
R+R,+R,
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L GLLN
T +R,+ R, (R+R+R )
R
015 | RR-RRR) - pp RR iR = RRR
(R1+R +R,) R+R,+R,
: (R+R +R)2

From (2.7-4) and (2.7-5), we have
(27-6)  RR,=R,R =R,R =RR +RR+RR,

which leads to

RR+RR+RR

27_7 —_a® b”*c c ‘a
(2.7-7) R, R

278 R -RRIRRIRR,
2 Rb

279 R -RRIRRIRR,
3 Rc

fromY to A
R.R
m =RR, =RR, =RR =RR +RR+RR,
TG LG

fromAtoY

Example: Determine v(t).

4Q 40Q
AN W

— 20 %v(t)

2Q
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