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3.1 Nodes, Paths, Loops, and Branches

Lumped-parameter network

— network with a number of simple elements and a set of connecting leads (or
wires)

Distributed-parameter network
— contains an essentially infinite number of vanishingly small elements

- Node : A point of connection of two or more elements
- Branch : Node + Element + Node

« Path: Node (start) » Element » Node ..» Node (end)

- Closed path (loop) : Path with start node = end node
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3.2 Kirchhoff's Current Law (KCL)

- Definition
The algebraic sum of the currents entering any node is zero

Charge cannot accumulate at a node - the entered current(charge) must go out
at a node !l

General form

based on entering node R .
l1+l2+l3+"‘+lN=0

iB/

based on leaving node

=

(—ig) + (—ig)+ic+ip=0 - n
currents going in = currents going out
iA+iB = iC + iD
Example 3.1 Find |
iRl ) .

,\_/;A(_l _l i, —2—1+5=0 i (g1 -2A)  5A

R | |2A i i=ip —24+5 MA— ™

10v<+> R, R, CDSA :31—2+5=6A R, 12A l;

- (lR1_2)+5=l
S>i=3-2+5=64
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3.3 Kirchhoff's Voltage Law (KVL)

- Definition
The algebraic sum of the voltages around any closed path is zero

Energy required to move a unit charge from A to B in a circuit must have a value
independent of the path chosen to get from A to B !l

General form
v1+v2+v3+---+vN =0

M=
S

Example 3.2 Find 1

7V
— () .
Y .\ —5-7+4+v,=0
- v, =12V
SVCD /D IOOQ§ v, ¥
- v 12
! *=To0 100 0™
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3.3 Kirchhoff's Voltage Law (KVL)

4—36+UR2=0 _)UR2=32V

a
—@—"—'\/\/\/—@—1—& —Vp, + 12+ 14— v, — Vg +Vp; =0

—)UR2—12—14=UR1_172_1731

—Vy —Vy — Vg1 + Vg1 =0

+ > Uy = Vp1 —Vy —VUsq
: Z vx=UR2—12—14
-V, =32—-12—-14 =6V
Example 3.4 Find o, —60+vg+v19=0
—Vig+ Vs + v, =0 v, =v9—V
S& 20 s 40 10 4 x x 10 4
e S
ANNN— NN—2 vg = 8 X 5 =40V
+ vg — = i
4 -
. V1o =60—vg =60—40 =20V
+
60V<_) vm§100 §ZQ %(Dtx
- li ; - Vy = V19— Vs = 20— v,
10 2
\ 4 @

5=i10+i4 _)i4=5_i10=5—2=3

20 — v, =20 — (i, X 4) =20 — 12 = 8V
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. Definition
Connected in series

All of the elements face to the same current
KVL _vsl + le + vSZ + sz == O

T ANN—— @ Ohm's Law: vg; = Ryi, Vgy = R,i
i R, Vo N i
Usl(t) UR2 § R, —Vs1 + Rll + Vg2 + Rzl =0
. Us1 — VUs2
— - = —
l R{ + R,

Example 3.5 Compute the power absorbed in each element

KVL =120 + v3g+2v, — v, Pizov = (120)(=8) = —960W

30 Q
AAAY + - = 2 —
iT o o Vap = 30i, v,= —15i P30 = (30)(8)* = 1920W
+ 2UA B
— 120V 1502 0 120 +30i —30i + 15;  Peva = B)(2(-15)(8)) = —1920W
T + . 120
D= =84 p1s = (8)(—(—15))(8) = 960W
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. Definition

Connected in parallel
Elements in a circuit having a common voltage across them

3.5 The Single-Node-Pair Circui

Example 3.6  Find the voltage, current, and power associated with each element

e 5
120 A D v QIR 30A

—120+i;+30+i, =0

il = 3017, iz = 15v
- —1204+30v+30+15v =0

- 45v =90
v =2

i, = 604,
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i, = 304

pr, = vi; = (2)(60) = 120W
Pr, = Vip = (2)(30) = 60W

P120a = (2)(—120) = —240W
P304 = (2)(30) = 60W

Total power absorbed by each element
120+ 60—-240+60=0

t




[

Example 3.7

L 2
i6l +

KCL :ig—2i,—24x1073—i, =0
- ig—3i,—24%x1073=0

le = 6000’ e =

L—3(—L)—24><10-3=0

6000 2000
6000
-V = 1—0 (24 X 10_3) = 14.4V

3.5 The Single-Node-Pair Circuit

Determine the value of v and the power supplied by the indep. source

The supplying power

Dos = (14.4)(—24 x 1073)
= —345.6mW
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3.6 Series and Parallel connected Sources

10 [
v+ vy — 13 "ICD ich i3<D _ #i,izﬂg

N5
[

o

= (a) (b)

Example 3.8 Determine the current |

100 Q) 100 ©) 100 Q) —3-9-5+1

MV AV M
ov () E> = —16V

b Qsv w6v() b or b (v

V(O —16 4 100i 4+ 220i = 0
AN— + AN N 16
200 |y 220 Q 220 Q - = % = 50mA
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3.6 Series and Parallel connected Sources

Example 3.9  Determine the voltage v

&

2.5A<1‘> 502 v 25A 50 3ACD 25—-25-3=-34
v v

28 ‘ KCL: =3 +z+z=0

—SACD 50 : 50§ sngv 3A 50§ - v =75V

Example 3.10 Determine which of the circuits are valid

R
MV
1A

SVCD 10\/(‘:) 2VC> 14V<D R§

1A

(b) (c)

: (a)
Using KVL

—5 +36<0 —2+iR+14=0 unclear what current actually
KVL can hold flows through the R




3.7 Resistors in Series and Parallel

Series connection

Us+v1+172+ ‘+UN

e e e — e — — — — — — — — — — — — — — —

i R] R2 RN i US == vl + vz + -+ UN
——AM— AW~ ----—A—] — I = Ryl + Ryl + -+ Ryl
T R = (R, + Ry, + -+ Ry)i

[

[ I

[ ] |

[ : |

| _ .
| U Cﬁ) l Req : _ Req L
[ ' |

| : |

| |

Req=R1+R2+'"+RN

— — — — — —

Example 3.11 Determine the current and the power delivered by the 80 V source

o100 N 70 50
W\'_;OI{HM W —80+10i —30+7i +5i +20+8i =0
v (Hov > (-8-30+20)+(10+7+5+8)i =0
8 0 - —=90+30i=0
YWV ~i=3A
- The supplying power
+ psov = (80)(=3)
o ") §3OQ =240 W
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3.7 Resistors in Series and Parallel

Parallel connection 1 1 1 1

iS=i1+i2+“'+iN

L TR IS IS E> Req Ry R, Ry

TOEERI: R Ry _r.r. .Y
O | 2 § R1+R2+ +RN Rey =R{'+ Ry + -+ Ry’
@ 1 1 1 Geg = Gy + Gy + -+ Gy
=l—+—++—|v .
3 R, R, Ry For only two resistors
1 R{R,
I v A v = = =
A<‘r> §Rq lS:R_ Req Rl”RZ i_l_i Rl +R2
- eq Ri R,

Example 3.12 Calculate the power and voltage of the dependent source

+ f}l |:> + 1 "3(

150 |
GACD 2 3Q§ 9Q§ 0.9i, Q - 0'913<T> * < B4k §6Q

6 () 6 3
) (1+g_09)‘3=
' 10 p =v X —0.9i3
KCL:0.9i3+2=i3+3|:>0,91+2=i+% [>—’i3=_'4 — _10%09x 2
6 3 3 6 3 3
2 v = 3iy = 10V 30
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3.7 Resistors in Series and Parallel

Are v, and Rin series or in parallel?

=
)

Carry the same current or

> Answer: Both Enjoy the same voltage

:

AA—4 R; and Rg are in series.

R, and R; are in parallel.
Rs §R4

There are no circuit elements either in series or
in parallel with one another

O oz
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3.8 Voltage and Current Division

- Voltage division KVL: v = vy + v, = iRy + iRy = i(Ry + R,)
: v
> "TR +R
n 1 2
" v R4
vy = iR, = v
v ! " Ri+R; ' Ri+R;
|:> - v R,
Vo =i v
B 2 2 R1 + RZ 2 Rl + RZ
resistors in series Ry

Example 3.13  Determine 0,
4Q I3 4Q
—_—

12sintV 6ﬂ§ 30>y, 12sint V(R 341 v,

2
Uy = 112 12sint = 4sint V
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3.8 Voltage and Current Division

« Current division

v v 1 1 1
[ l—ll+lz—R—1+R—2=<R—1+R—2>v |::>v—i+il
1 Ry "Ry
T 1
1 1 o
) §R1 ng =— = /R, * /Rzi— K2, b= 1Rk T
[ =—= =
R R R, +R e L
1 11 1 TRy |:> R, TR, Ry
= 1 1
| ’ v /R, T /Rzi— Ri i = Gy ;
resistors in parallel 27 R, R, " R, +R, G+ Gy + -+ Gy
_ i _RAR - 1IRy
Example 3.13  Determine I, k R,
_ Reotar = 4 +66”33
4 () I3 X
e =4+ =4+2=6
6+ 3
" _ _1ZSint
12sintV L(t) 60 302y B =p— 6 it
> I3 = [(t) = =sin
— 6+ 3 3
12sint _
= = 2sint
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3.8 Voltage and Current Division

4.7kQ JT_ %7 /47
(b) (c)

4.7 kQ) ANN—2 o
NN * O + (a)

+
ivalent 9V (T) 47k0 v,
9V C—D 47 kQ § €quivaien C> (a) Earth ground

‘ - (b) Signal ground
- i (c) Chassis ground

@ QO — —

Wall outlet
@ @ g chuipmcm 115V

| - Big resistance between
,7[7_‘ chassis ground and earth
T ground due to wiring fault
§ngma or wear and tear in old
building

L

Homework : 3%} Exercises 42| Hj== &X|

- Dueday: 3% ¢ 2Lt &
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All figures at this slide file are provided from The McGraw-hill company.
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