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Craua dua gliall g Jliill g 2gadl (o ABad) o g (538 2aay
tAY) adll o e g ¢ Al gl B Al

E

I=— [amps, Al

E is the applied voltage in volts,
R 1s the resistance in ohms,

I is the current in amperes.
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Examples

=k _E_OV _ 004 (2,20 1iah Aaglia o il A o
R R 220 OV b e aaall agadl oS 1)
Vg E 120V W e lall LN GlS 1) daglial) dad caual

R = = T T S0 x 103 A~ 20 120V ighh e Gl 4alls 500MA

[ V 16V S mA 2KQ Wgiad daglia pe jlall Ll dad caal
- = a5 _ = m a - | ‘.ls"‘

Wiad daglia )b o gahall gadl dad uual
1.5A L e Ll jLall ¢l 13) (800

E=Vp=IR=(15A)(80Q) =120V
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Cplldgdos gsd

ralalbhias iy jlad
Al S palie i An Juag 8 ke zdail gsl) B
9 Ol S G paie G Juag ddall e B jLe 1Bakal)

s
sl closed loop @lie 4dla ce J i rdilial) dalal) FIG. 25
LSS 13) (Aaily ¢S 513 cranaa cclosed path (gta jlua Gustav Robert Kirchhoff.

. . I Pt ST O Y aoll - Courtesy of the Smithsonian
G193 0 clgl] agady Bie o Bl Cuny i) Gy @S Institution, Photo No. 58,283,
Ban) g B e ) Balal) o el
German (Konigsberg, Berlin)
(1824-87),
+ Vv _ /"s’—ﬁz‘\_l_ vy Physicist
Professor of Physics, University of Heidelberg

’/
- e

Although a contributor to a number of areas in the
physics domain, he is best known for his work in the

v - p  electrical area with his definition of the relationships
: Loop 1 Loop 2 " between the currents and voltages of a network in
_ 1847. Did extensive research with German chemist

Robert Bunsen (developed the Bunsen burner), re-

sulting in the discovery of the important elements of
cesium and rubidium.
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Kirchhoff’s voltage law ¢l i g S Gl

KVL

1) Ao KVL ¢l Giglis o9 paly
o sl g — L0 alia 2 gg) Al gl aggall (g ad) £ sanall
Shial) (5 gy (3lha jlca of Ahlha dila Cpaida (Al g pualind) il ol

2~V=0 (Kirchhoff’s voltage law in symbolic form)

+E—V, — V, =0 2 i b

E=V|+V2 (1_. R, 4[1

ikl e aggall hg £ sane = L0 ailia 26 £ gade
SAal) g gl (Blia Jlua gl Allie Abla (e Ayl 4 Sl) jualinl) . / _>

—w [ KvL R
EGVﬁs&s — E(jvdmps \

_E+Vg+v]:ﬂ I!

E:V|+V2 —
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(1) Joa

Adual) 30 A Al ggaall 3 ggn qual (KVL 2all Giigdi S () ¢l aladinly
Jsady

Al aolia 3 g Akl ) ol Gy cagadl Ui i S (98 Gk aic
Cila glial) il plal Ao 3 ggad) o il sl

+ V¥, — + 42V -
Iﬁ'l RE
+E|—V|_V2_EE=D W\' m
Vi=E —Vao—E; t Lt
=16V —42V -9V B =16V BL-=-9V
V, =28V
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(2) JSa

Aiaal) 3 1Al B A ggaall 3 ggn cual (KVL 3l Ciigdi S ¢y 38 aladinly
Jsady

Al aglia 2 g Aglal ) oL Gy cagadl Ui pdi S (98 (Guda aic
b Oaihll o) G dgad) (8 i ¢ cilagliadl i) phal e 3 sl g Al <t
Ay sl B

+E—V, -V, =0
V,=E—V,=32V—-12V=20V

+V, — Vo — V3 =0

VI = Vz + ‘Lﬁ
=6V + 14V
V,=20V
7 ”iugk. -e—g-"w‘ Cyd L2 10/18/2024

(3) JSa

V1, V2 254> oeaal (KVL 3l diigdi S ¢ 638 aladindy

. . + Vi —
rA9Y) ARl Jal e 0 o
+ R —
+25V -V, + 15V =0 BV = [N =15V
V, =40V B N +
1w
LAY A8l Jal e .
i N
I E 1
_VE o 2{} V — D l"-..h__'_#__."‘ Vz
V,= =20V -
I
20V
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(4) JSa

A2 Jills V2 sgad) el (KVL 3l Gigd S ¢ 98 aladinly

—E+V3+V2+V]=U
E =V, + V5 + V;(as expected)
Vo=E—V,—V3=54V — 18V — 15V

R 9 R; 4

V,=21V V=15V
— +
V, 21V w}:.'% 1
L=—="— 3 2
R, 7 ~ _
L=3A =54V Rzg?n v,
R _E_ 18 _ 60 + +
'L 3A R,
Vi 15V
with Ry = > = 2= =50 1 —WA—
3 = V,=18V
9 s e a— el s 10/18/2024

Voltage Division ) syl

(ila glBal) il phal Jo agadi Ja g £ gana (5 gben LA auie g O WL U S3 LS o
Jaase g5 lidal) cilagliall ad Cuwa 3 gg B3 L) BN auia Mg aedl LiSey Ul o

2562 820 ) 20 V Al aga aneadill 43l 4 512 JSAY
A sgadl e g Judedl) o dda gy sall il glial) agl Lad g
2Vis6Vsl2V

b Cud gea (3 daciall 3 ggadl G cueadl) () Badlal) g8 Las
irida (g gl R1 A glial) dad (& JUial) Jsan Ao <. il glial)
R1 dagliall Aok o Lailgd) agal) olb Al (R2 dagliall
R2 dagliall 8k o hlell sgal) cinda g gy

doh o agadl oS Lalk ¢ i da glial) dad cuils Lalg daaily
(A1 4 Lad (o sl Lgtian clS) s

R|§ﬁn 1;‘

|+

+
E_=—20V Rz§3n 6V

+
R3§1n 2V

10 inuglﬁ.e—gjw\om.é
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(5) JSa

3o E B = 20 V LB g s Gl

_M\&s&ﬁ{d\ﬂhjﬁd‘ﬁg% 4
RT:RI+R2+R3 +__ +
= 1MQ + 1k + 100 Q E=- 100V Rz§ 1KQ
Ry = 1,001,100 £
+
e Bl 1OV in ot 100a BT e
=Ry " 100L1000 - O89muA  (about 100 uA) )
=
Vi=LR, =R, =(99.80 pA)(1 M(2)=99.89 V (almost the full 100 V)
Vo = LRy = IRy = (99.89 pA)1 k(1) = 99.89 mV (about 100 mV)
V3 = Ry = L[[R3 = (99.89 pA)Y100 ) = 9.989 mV (about 10 mV)
11 288 o= Al s L 10/18/2024

Voltage Divider Rule (VDR) 42| pula $213

ZUiay | L Aad Claad Aalalf ¢ 99 o il gliall Gl phal Ao agad) ciluay 3gad) asdl Sacld e

4V 50l a0 sastal) oda

Ry =Ry + R, Sl g A0t A glial) caleany [—“
L=l =h=— +
) ! : Ry . . L R § Vi
tdaglia S o ag) (o8 (Gadad N _
V—IR—(E)R—RE E_=
=Dk = g )R = R +
R2§ v,
E E
Vo=5hRy = | |Ry =Ry~ -
Rt Rt
Tand sl =
E , .
Vi=R,— (voltage divider rule) | 3} sl 4agllia )b Ao il sgal) :5acBl) all
Rt :\,3.\33‘ Gila glial) o a.a\glld\ ra :\,.\Jaﬂ\ KVEN :\.A'.ﬁ IKEN
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st o o= (Alad) G 3 10/18/2024




(6) Jsa

+ ¥V, - + V; = . .
' ’ O Al (A Leccibaa 6 £108) 38 o A
200 60 0 e Ca g e
AWy A ) .R2 “‘.‘J\-“M ¥ R1 "-‘:9‘*‘3‘ s
R, R, ujw\ua)huisVl;@s\Mw\ B
+ VEN| Javn v Xk gy (R1
E =64V .thgw\g&k‘,&cvzagg\wu C
- LAJM‘UAJEL’.‘GVZA@AJ\MM\ D
) Al saclal LﬁQJcRZ
- —_ V2 %eﬂus-'*d‘u#uﬁ E
. Since resistor R; is three times R;, it is expected that V, = 3V,.
E 64V 64V
A VI_RIR_T_QUH(M) QUQ(SOH)—lﬁv
. Va=3V;=3(16 V) =48V
E 64V
. V= (ﬁﬂn}(gnn) =48V
The results are an exact match.
. E= VI + Vg
64V =16V +48V =64V (checks)
13 2 (e a = Al G 0 10/18/2024
o+ 12V . e,
Al M ada any (S
Se e S (ALl 8 Ja dadly ¢Sl
1 1 o - . CEN .
_1+ Aad Lgale 2 5o ddadi PA e
- = 12V woee s e -
- S o2 e B LA ra pial) 3o
?Rz ?RZ @.\.d\ :\,,\425 [EIVITENEN (P
| | L
(a) (b)
- My—o -5V AW
I"'?l R]
R, - R, SV=
+
| |
| |

(a) (b)
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o cLagr da glial) oy i cpill) (pilail) i gl 3ok V Aagliall o gl agall ey Jlaied oSy
a Akadil) aga dad (58 O e A (oY) il g2 g diaal) Ll V) =V, =V gl ey
dad 0 oS AN (g Akl g (pe ST b Aalil) g g o usSad) S 1Y) Lal L Adal) aga dad (e S
D A pal) ALl Gpailly g ALRD 32 92 V) ) Aty Al V) 24
e =

V,= +16V V, = 420V LV -
—Wy—o W
a R b I R

Vab=Vg —Vp =16V - 20V

Y J

l""I:::r.fzr

Wy

I R R
Vgp = +) (Vgp = )

(a) (b)
Vab = Vo — Vp

a0 4
=0
B0

O+

15 2 (e a = Al G 0 10/18/2024

Okl G 9asl) (3,0 3l 0o pail) *

8 adl) (Sad (Lial) (g sl Lhaga) (ua ¥ Alali aga s b Akl aga S 1Y)
Aiil) aga f U (e aghig gAY Adail) SN Aalad) (g0 oY) ARl aga agadl
(Rl ) I8y oua V) dgma pal) ALaBIN Apaailly 335 A oY)

b Adadill il g i) 32V, =V, -V,
u.mJM MMQaw\%va
e lhsmml.)bw\%vb

ROS
C

+
E=10V=" 10V 4V §4ﬂ
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Vab = Va = Vp V., V, =45V V,=4V
V,=Vyp +V, =5V +4V o ANy o V, ?
=9V a R b

Vap =V — Vp =20V —-(—-15V) =20V + 15V V., ?
=35V ab -
L/
oV, =+20V
+ V,=20V—
R gmkn V., ]
_ Vop = 35V
S S Gd (O V) /T///,f
OV, =15V
Vo= -15V [~
17 288 o= Al s L 10/18/2024

(8) JEa

+ a !

o< 250 E,=435V
2 -
L 17 + 250V,

< 200 B, =35V )

- V., R
E, =19V @
* +
= = E,=—19V

54V
I=——=12A
450

) B tE_19V+35V_ 54V
Vap = IRy = (12A)(25Q) =30V "~ Ry 450 450
Vep = —IRi = —(12A)(20Q) = =24V
V.= E =-19V
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=12A

V=30V V,=-24V V,=—19V




(9) Jsa

+ Vap -
R, R,
. Piy Vi, Vi
210 + in
+
E =10V A 1::3§ 50
— — —
a. Voltage divider rule:
Vo - R\E (20)(10V) sy
&= Ry T 20+3Q0+50
b. Voltage divider rule:
(R + Ry)E (30 +5Q)(10V)
V= Vg + Vp, = = =8V
b TRy T TR Ry 10Q
or V=V, —Vup =E—-Vgup=10V—-2V=8Y
c. V.= ground potential = 0V
19 288 o= Al s L 10/18/2024

Kirchhoff's Current Law

) ARl @ Ll g sana ¢ g S G 5iE (aly
A A ) Ll £ gana g gbow Al S 51 (B Bale
Blel e pa jhal) (s gho Bale B il LAl £ gana 1 gl
duuSlaa B Lal da LA ¢l Lty g 5Ll AdA Al ¢ )

\\.f} —4A

Junctinn\ I :y

I,=6A
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i g S () 9518 gty g S () gi8 (Gkaly
a daial) e jlall b 3aial o il
E-If: EIG EII — E-Iﬂ
II+I2:I3 I3+15:I4
2A+3A=6L=5A 5A+1A=1,=6A
21 288 o= Al s L 10/18/2024

4 ggaall @l i) baa
ALY i S Bl
KCL
S = 3] g S (998 by | *
;_ ; j—f a baiall e ,lall > = 31, g S () 8 (Gaaday
—hTh b skl o jlal
SA=1 +4A L =5 o
L=5A—-4A=1A L=1=1A
1. =3I, L, chsds gl (gl
I = I, i3 S (1308 (3l At R R EOE
L=15L=4A C Bl o sl L+ 1y=1Is
42 1A +4A=15=5A
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L=3A 3 et 4
2 M}G.:LA.“ .u‘;)g.ﬁ\ t.:ha?
AN S Al g oS (Baalay
KCL
I;=1A
—
a —_— . 2 “R . -
M, i Wy gl S O 8 (Gaadaly
I,=4A a dadal) e Lall
E:*b SI = 31,
3 Il + Ifz — I3
4A+3A=L=7A
—W—— L
Is 9SO 98 (Buaakaly
b saall Je Lall
>I =3I,
Ij, - L-l + 15
TA=1A + I
Is=TA—-1A=6A
23 288 o= Al s L 10/18/2024
(13) Jua
I a SE %M\&Aw‘g (sl Glea
f_' RT 4lSal) da gliall g (R3 A slial)
. 1 8mA { 10mA {2mA
+| Ry
= RZ2k0 R I R
Applying Ohm’s law gives
DLl (8 g S (9B Gaadaly E=V,=LR = (8mA)(2k(}) =16V
8 bakal) o Applying Ohm’s law in a different form gives
V2 E 16V
Ri=—=—=—"—"=8k{
21 =31, 7L L 2mA
I_; — I] + Ig + I} Applying Ohm’s law again gives
= = E 16V
I, =8mA + 10 mA + 2mA = 20 mA Ry == = — 08 KkQ
I, 20mA
24 2SR Ao o= Al Gua a 10/18/2024




Current Divider Ll apuds

gl Aagdl) gt ) Lo i Aa gy yal) pualiadl iy

10 0 B g b Ao shudie JSiy L andly i g
AW -
I Ay o g oLgasd AT Al dge 1) pualindl dpeilly
) 5 WHT (G LaliU 5l) Lgtaglia ad oo glial & glona daady il

dad ) oS (lgeasd CALAS Al dge 81 pualiall dpudlly
) dagliall 5 gan oA £ AN e ai s Ll

I; 1k
dad Giled 5 e 4 glus 100 dagliall oo Jlall HLiil) daid o oSt
Aaglial) e Ll Aaadlly I (1000 dagllall pie el Ll
KO daglall pue jlall Ll dad Cilaal 5 jde 4 glasa ¢y oS

ciria dda 4 gl 10Q dagliall e lall Ll dad (oS daiilly
1KQ Aagliall o slal) Ll dagd

25
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Current Divider Ll apals

§4;1 Ti0 $zn 20 =60 210 gshn 60

L=L= T I, =2, h=()h=3L I, =6l,

I, =3I,
L=($)5=21

26
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(14) Joa

Single node Ao Al 4 s R daglial) dad of el
e > AL (Ry = 2R,) R, 4agliall

iR, & el i) dad sl (58w R
I Iil !2=2mAl 131
. Ig . 2 mA

R,§6ﬂ R,§3Q R3§ID L 2 2 = 1mA

E g8 Ry e U AUl (R, = 3R,)
'R, s Jlal) Ll dad Cileia

I3 =3 =3(2mA) = 6 mA
gl S Qg (bl
I = 21, raad bl
I, + I, + I
[,=1mA + 2mA + 6 mA = 9mA

S~
Il

57 st o o= (Alad) G L 10/18/2024

Current Divider Rule Jill apull s\

L. j’r o o j"r
A L i
& vEm ¥ Em ¥ 2 v [gn

. Jr= —
_ . R
L (a) (b)
S aball 3l Ol aslra s LS
V=NhR = hRy = iRy = --- = LRy gmaﬁac)&mw&m

IR, A1l Ao glial) ANy o i () 5381 180 5 agad) Aad (o iy gacilly

Ir = (£ A S ¢ s 1, LA Jhad) a3 17 S0 Ll g Ry
T 2w -
@) b o Lt of to Ll asds Basll yas
_ Ry Al I L phan (1) g sbosy 81 .9 (1o G,
I, = RIIT Ry A<l Lo gliall i 7, A i) 500 ) I, = Gr It

- B (o Sl o glial) Lo lo g guae
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(15) Jua

RI
,Tlr m okl MASAGG aladdialy [, okl e,fé‘,\l.u;
IT=I2mA Rz 12 mA
AN
10 k()
R, i
Wy " 1 1 1
22k e
R, R, R;
I
T 1 1
— + -
1kQ  10kQ 22k
1
T 1% 1072 + 100 X 10~ + 45.46 X 10~°
=%:373.mn
1.145 X 107
R
7, R—T.'—,—
(873.01 Q)
=g (12mA) = (0.873)(12mA) = 1048 mA
29 288 o= Al s L 10/18/2024
L b
Jul) pial duald dda
I
L i R\R, L .
} Rf=—— RS da glial) AB¥le
| | R, + R, Gl g ga (e gldal
) g A e
R\R;
R R‘é R2§ R (R +R) Ll acda ABNe
T < Jo= My | 2/, o
1 = T = T
R, R,
1 — T
R, + R,
I (—R' )I
2= T
R, + R,

A5 (DAY £ LB) LAl Lgd sy Y A Aasliall 8 S Ll gl o sbew Al S B0 £ A B lall L

il glial) £ gada
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(16) J&a

I,=6A 12 Glea G gllaal)
R —bh A8 5 dalal) Ll anida 4B aladiuly
4Laldl) Jl,)ﬂ‘au&.ﬁ
R
]2 — R_T‘JT
R, §4 b % § il ) 4kQ)(8 kQ) |
Ry = 4kQ [ 8kQ = ~———-- = 2.667 k()
2.667 k()
— ) = (W)tﬁ A =(0333)(6A) =2A
I,=6A

I —( R, )f
2 R|+Rg T

4kQ
= _ _ — (0.333 =2,
(4 kQ + sm)ﬁ‘é‘ (0333)(6 A) =24

31 2 (e a = Al G 0 10/18/2024

(17) Jba

—WV i g€ (530 aladiuly R1 agliall 4o Gl

I =21 maA ol e 33516 5l
— - SL=31,
I=27mA R, I:I1+Ig
pis 27mA =21 mA + I,
r; I,=27mA — 21 mA = 6 mA
L= g0 V, = LR, = (6 mA)(7 Q) = 42 mV
21 mA = (l)ﬂmﬂ Ni=Va=azmy
R +70 g ViV _ o
I, 2lmA

(R; +7Q)(21 mA) = (7Q)(27 mA)

(21 mA)R, + 147mV = 189 mV

(21 mA)R, = 189 mV — 147 mV = 42mV
_ 42mV

R
L 21 mA

=20

32 S (e p = Al G 0 10/18/2024




Open and Short Circuits

I=0A
a I=0A
+ — 0 N
N ——0 pen circuit
= Vo = E s soom X
| v

cagilgy Lo glia B8 108 g ¢ jiaall T sbsa L (5% (@, Cotlalil) (o adad Alla) A gidal) 5 lalt Lpaadly
Ao ) A8y ke Gacs daglra g Ao da gidal) 3 jlall (g%

Will open due to Short circuit
excessive current
10 A fuse /
0N 0 of o \ I I
L|T=54 L R Ie=0 Al * l
E=10V Rgzﬂ E=10V R Vinort circuit = 0V *
K = / B System V=0V
L I 7
- - “Shorted out™ Short circuit

daglia (A1 130 5 ¢ shall Lglas 32l (15 (@, il (b Alla) 5 gacal) 5 fall Apailly
oy ) A8 ok s daglra Lt dadd 3 ) gualial) 3 1Al (5985 ¢ huall (g sl Lgiasd
33 288 o= Al s L 10/18/2024

DC Voltage Source

A
——0A
+ +
= = § Ry Ideal dc voltage source.
- B
(a) Unloaded (b) Loaded
Voltage source Voltage source Practical Voltage source.
A A A " Ak A
Rs Ry
. N Aial) 2gal) gaiad A0 Lo glial)
Ve e §RL da glial) il LalS A ¢ jiaal) (g gl
- - il (S 3 i Land) aall 4040
(ot
L OB
B
(a) Unloaded (b) Loaded
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DC Voltage Source

R
- :@Y‘M‘h\gﬁd%dﬂwcﬂ\éﬁghﬁn
100 t
N R;: 100 (2,560 (), and 1.0 k().
Vg === g
100V T— ouT L
For R; = 100 (1, the voltage output is
R; 10011)
V, =|—|Vg=|—= 100V =909V
Lo (RS + RL) s (11011
For R; = 560 (),
560 )
V, = 100V = 98.2V
el (570!1)
For R; = 1.0k(},
1000 ()
Vour = 100V = 99.0V
b (1010 ﬁ)
35 2SR Ao o= Al G a 10/18/2024
A
—OA i\
Is CD I CD Sk Ideal dc current source.
B B
(a) Unloaded (b) Loaded
C - Practical current source.
Arrent source
A
(Alial) Ll aial Ada)al) 4 glaall
LalS A (4 gida B 03) AulgDU) (5 gl
s CD Rs § Ry B S (lenl) aiall A8 00 Za glial) cuils
b aial) s
B

36
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DC Current Sources

e £ 9 Al e jlall il dad g olad) JLil) auie dasy

I
(— jf £ Al gz ga

+ + e DA (e aaad LAl aada e gl olail g dulad
I Vs Il'frnn.etwll:-rlc = Us 'AH'“ @M é"""h:

Find the source voltage, the voltage Vi, and current [

X I, = =10 mA
I=10mA " R]§2l}kﬂ. Vi
-V, = IRy = (10mA)(20 Q) = 200 V

V.=V, =200V

37 2 (e a = Al G 0 10/18/2024

DC Current Sources

1 daglial ad Jal e 1) LN Gilua
1 kQ, 5.6 kQ, 10 kQ Jaall

Ry 100 kﬂ.)
= = I A = 990 mA
L (RS n RL) s (101 kQ =

For R; = 5.6 k(},

100 k)
L_(]DS.6kﬂ)IA_947mA
For R; = 10k(),
100 kKQ
_ I A = 909 mA
L (lll}kﬁ) =

38 S (e p = Al G 0 10/18/2024




(18) Jua

I,
— Find the voltage Vg and currents |,
lfl and 1, for the network
~ )
Vs ICT)?A E =12V R§4n ) . .
- —T ) gl e g e L) auda s
= V,=E=12V
VR =E=12V 2342 e g g e Lo gliall 68
Ve 12V
" R 4Q
S = Y] Eia e Jlall LAl sl (Say
— T e S PRSI NGV
I = II + fg

L=I-L=7A—-3A=4A

39 2SR Ao o= Al G a 10/18/2024

(19) Jua

+ V- _
L, R Find the voltage V and currents I,
Wy for the network
20 +20V
o
Vi I (D 6 A 1Q Using the current divider rule gives
i R (1Q)6A
I o B U6 1
= Ry + Ry 104+ 280 3

The voltage V; is given by
Vi=hRi=(2A)2Q)=4V
Applying Kirchhoff’s voltage rule to determine V; gives
+V,—Vi—20V=0
and V=V +20V=4V +20V =24V

In particular, note the polarity of the voltage V, as determined by the

network.
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Source Conversions

A A
AWy -
Ry
= V,
Vs == RL§ I=_"s = T) gﬁs RL§ Ip=_Ys
T Rg+ R, Rg R+ R,
o 3 o
B B
(a) Loaded voltage source (b) Loaded current source
V
L =——— 1_( Rs \Vg Vg
;= —
Rs + Ry Rs + R./Rs Rs + Ry
41 2SR Ao o= Al G a 10/18/2024
(20) Jua
a 25 ) Glaag b asda () gl aie Jagad o] S Gl o gllaal)
’ Jasadll drag g8 il 0 )8 ] Jaad) daglia
RS20 li" Applying Ohm’s law gives
R,,§4a L=—f _ 6V _ OV _ 44
+ R, +R 20+40 60
e i N Using Ohm'’s law again gives
E o6V
= b I=—=—=3A
R, 20
a
O
3A lf,‘
Using the current divider rule gives
" . T RS20 R, S40
i C) e R _(20)3A) |
= = =—(3A)=1A
R,+R. 20+4Q 3
= b
- 4 gludia L) a8
42 2SR Ao o= Al Gua a 10/18/2024




SJ\J@&&&A,H@Q)@SS\sJ\ﬁ\JMﬁ\Ulﬁm;\eﬂe‘gﬁ
Bam g dagliay Vo, (S0 49 3 ade (e Jadh 4 ga ALy g8
-RTHMLJ&‘fﬁ‘M‘@M‘&&ﬁJ‘
ALY 5 1A jualic ad o i Laglia g (il aga dagd adias
o) waai da ja e BRI (i Al g8 B la ) Jlaid) (e
_Qﬁ;&SJM

MN o

Ry
s
— Em
ob O A0 oS (ABLSAL) (i85 5 1
- _M\UJQL3&JAQA.@SA
43 Jﬂu@s.e—@w\w.a

dalall o e B0 gl o (ra peale dad A il Al o (e RS 4T (S
i) dad B a5 IS Jal e JalS (S dlal) Al g B il Jalat

e (a AdgSa (IS BN ) el A e GBI (kg Al S Bla ) JLalid) (Say
Sudedl) o dagliag

Lilla 3) £ Al 138 8 39 gall yualal) o s8Ny Abal) 3l B ouiddi LAl a3y
sl IS Jlasiad g ‘R, Jaal) da gliay &Jﬂ\ K7 gé)mlﬂ\wm; c(:\.AJGACP Sle Ua
(A Bl A8

a8l ( Laalf E\_AJ&A G99 ‘J,q) Z\Ajﬁ.d‘ sl aga e B le VTH Ok >

WO Al

C3a) O (5l (e B shiial) 4081 ABUSal) da glhall (8 5 A Ry, i daglia
(Sl daglia ¢yg0

Galaal) sgall g Janll Laglia A JLall Ll ciluat Janl) daglia o ¢yid 518 Jay Bale)
Jasll ye

44 2SR Ao o= Al G a 10/18/2024
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O 3 5 (e g

G B0 Ayl b s (i jUAal) (ulalil) cpy Al gl B 1Al & Ja A )

O CBga (S0 R, Jaad) daglia A1) 3) allaty 13 ¢ puialil oyl oy ASBLSal)

LR Rl (R (o

TRy Ol daglia Gl

Glie (8 i aill g B guala B agadl lia 8 (i sadl) day (IS daglia s
A gida B iy L)

gl aial S Jla A o U] Cpialall ¢ Aalil) B lall A8l dagliall Gl ]
Caag ol Aa (i daglia Glua die Lgale oY) Gy AalAs daglia L) ania of
dall %JM @U.d\ 3..4..,\3

Vg S Eqpy 0l 3 Gl

S (2 g ga ) agally Ll glie dlad

iUl b8y A gidal) B0l aga cawal

&o Ry G daglia dad g By, (A5 2g dadd pa ABBUSal) (A B 0 Jay

(AR ki) ( Lganaga ) Jasd) daglia Bale)) (R Jaad) daglia

45 2 (e a = Al G 0 10/18/2024

Ry Ol daglia s

R Ry A
W——W——o0
replaced | | series with | Bru=R3 + R R,

C
by short ] | /gﬁg R, IR, GD
» Ryand R,
are in

parallel.

T

O
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Vi OldS 3 @lua

R, R3
A
W ——W—>o
R
oV Ve — ( 2
N + | Vmu=Vr R,+R2) S
—_— v R , Same
_ 5 2 voltage
L M4
B
Ry
_|_
= V1
d81Ca) (3840 5 ) OB
47 2SR Ao o= Al G a 10/18/2024
(21) Jua
Ry Ry A Find the Thevenin
M ’VW o equivalent circuit between
10000 p 1000 O Aand B
iy 470 Q
=" b3
=-—_10V Rs
2200
B
Rty
Wy oA
1410 ()
_I_
Vi —
408V =
OB
48 258 (e a = (Ald) s 0 10/18/2024




Ry Ol daglia s

R, is in series with R, | (R, + R;).

R| R4
1[]'!][}11 IDIJOD.

a A
Vg replaced é
by shﬂﬂ\_‘i L s “1 4?[} Lp)

pamllel _ R
@  with R tH
Rq+R; 3
B 220 0
i O B
Ri(R, + R 1000 2)(690 ()
Ry = Ry + 1R+ R _ o000 + 4 X = 1410 Q
Ry + Ry + Ry 1690 ()
49 288 o= Al s L 10/18/2024
%t RS
VTH U‘h‘ 2= M
R] Rq.
1000 Q 1000 02
—W\ — W a{l
R,
n 470 Q1
s = Vaus = Viy
oV == E
Ry
22002 | ’/
- o B
(6Q)(8V) "
. R1E| _ _ 48 V _ m O A
ET""_R1+R2_6Q+4Q_ o 48V 1410 O
Vigy e
408V "=
OB
50 288 Ao = Al a2 10/18/2024




Find the Thevenin

equivalent circuit

betweenaand b

RZ
| Wy
2 ) 40
R, =30 E,—-8V R;§2ﬂ
+
b
|
RZ
L, a0
ngﬁﬂ E, = 8V R3§2ﬂ
+
Tz:-
51 ”Lug.\s.e—gjw\&u..\

10/18/2024

Ry 08 daglia Gl

Circuit redrawn:

R3§<ﬂ B

[,
T )
R'ﬂl
+b
Ry =R | Ry, =

R, =00[20 =00

(6Q)40) 20

60 +40

10

“Short circuited™

L

—_—

R Th

Tb

=240Q

52
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Ery Ol 3 ol

R,
N
T ~_ B
Epy Ep, ngan E, 7= 8V
b+ f__wl :

RiE, _(62)BV) 48V _

"R +R 6Q+4Q 10

R, 220

R, Z40Q ~
Ep R <68 +
+

48V

53

”ﬁugk. -e—g-"w\dwé--’

10/18/2024

Thevenin Equivalency Depends on the
Viewpoint

e G 4 T gt ey UL (A GuilBl) aulaga o datad ALK (855 )
1A ) LagBDA e B AN ¢ U ¢puilalil) a8 ga Caa (B (a8 e

) Jw Ao

3B, C (ki) (pa gl A B Cpibalil) (e 3 1Al ) BN oSay JSEN B ddal) 3 lal) B
B, C (ki) ¢

R
AM— 0
Viewed from
§ R, terminals
+__ Aand B Viewed from
[ ’ OB terminals
- Viewed from Aand C
§ R, terminals
Band C
L 2
54 S (e p = Al G 0 10/18/2024




B, C okl g A C Cuillill o ik 8l

R, Rryiac
M —g— 4 Ay — 4
> R, +
== R1H —— VrH0)
o R, -
oC oC
R2+R3 . .
V. — V b) R =R (R, +R Th alent
(a) TH(AC) (RI +R2+R3] g (b) THAC) 1R, + Ry) (c) Thevenin equivalen
Rruse)
M\— 5
+
—— VrH0)
o C oC
R . .
(d) Vryse) = ( m )1—"5 (e) Rrypey =R 1 (R + Ry) (f) Thevenin equivalent
55 2 (e a = Al G 0 10/18/2024
(23) Jua
R, B, C oihdlll g A, C (nibail) (py (M85 5 0 2>
Wy
5.6 k() Rryac) Rryse)
Wy oA A 0B
Wt 329 kO 2.50 kQ
e . .
10V = VTHuo) = Viuge) =
588V -T 243V =T
O o0
R; + R; ) ( 4.7kQ + 3.3k )
a) V. = Vg = 10V =588V
@ Vraao (m + R+ Ry S \56KkQ+47kQ + 33kQ

Rruac = R || (Ry + R3) = 5.6k || (4.7kQ + 3.3k()) = 3.29k()

The Thevenin equivalent circuit 18 shown in Figure 38(a).

(b) V- —( Rs )v —( Zlil )10v—243v
THEO —“\R, + Ry + B3/ °  \5.6kQ + 47kQ + 3.3kQ i

Rmupo = Ra || (Ry + Ry) = 3.3k || (5.6kQ + 4.7k()) = 2.50 k()

56 S (e p = Al G 0 10/18/2024




Norton’s Theorem

c@Q)@ﬁ\sJ\ﬂ\Jhaﬁ\éﬁgﬂJj:\aﬂaﬂ .
JQ\S@JAOA.EEL'JSA@QJ@BJM@SSM
g AL Ao A g pa Bam g dagliag | (S8 2y
Ry (i daglia o caalall aa

o Ao (fiogi dagliag (ripgs LS Aad adiad
Alal) 3 1Al yualic

Aaa 0 B Gk A3 g8 B0 ) il (Say o
GBI iy g8 808 ) L lad

“acoustical systems, elect

& O
I 1 §RN LAl (55598 50
& {2
57 ”ﬁugk. -e—g-"w\&ué--’

Edward L. Norton.
r ]
1

American (Rockland, Maine; Summit, New Jersey)

1898-1983

Electrical Engineer, Scientist, Inventor

Department Head: Bell Laboratories

Fellow: Acoustical Society and Institute of Radio
Engineers

Although interested primarily in communications
circuit theory and the transmission of data at high
speeds over telephone lines, Edward L. Norton is
best remembered for development of the dual of
Thévenin equivalent circuit, currently referred to as
Norton’s equivalent circuit. In fact, Norton and his
associates at AT&T in the early 1920s are recognized
as being among the first to perform work applying
Thévenin’s equivalent circuit and referring to this
concept simply as Thévenin’s theorem. In 1926, he
proposed the equivalent circuit using a current
source and parallel resistor to assist in the design of
recording instrumentation that was primarily current
driven. He began his telephone career in 1922 with
the Western Electric Company’s Engineering De-
partment, which later became Bell Laboratories. His
amsofacﬁvetesearchinclndednetworkﬂwory,

t ‘apparatus, ¢
:dmtnnstmssion. AgmdmleofMlTandColumbix\

Norton’s Theorem

dalal) ¢ga e Bl dglu o Crma puaic dad B il ) 3 Cpe o8 e8 A S 0SS

ainl) dad B i JS Jal e JalS JSdy Aalal) Ay sl Bl il
O AigSa ¢ (g Bl ) s Ao ja oo Bl (kg Aaily S B (o) Jlaid) (Say o

£ o dagliay L aaia

Lilla 3) £ Al 138 8 39 gl yuaial) o cla) g Alal) 3 lal) B il Lad) a3y o
BN JS Jladid g <Ry Jasdl dagliay £ il 138 A uaial) cacd ((daglia oo 3 le Uia

s Bl A8

O (Jaad) Aaglia puda g (1S Jua58) B gualal) 30l LS ce ke | Glusd S e

.C):\:Jl“. S‘ .'al ~'~“

Cr) Ol (il (a8 gaial) AMS)) ABSa)) dagliall oo Bole A Ry (s daglia o

(e Aaglia 90

A@\JM\L\;&AJ%JM‘J@\QWM\LJ&&AQEJJJSJMLQM&) .

Jaal) e (Gubaal)
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583 B3 (Gl il g

BN Ayl iy s (i jUAal) (laBil) cpy Al gl B0 o AN L]
Jsdn R Jeadl daaglia A1) ) allaty 13 ¢ puida8l) 0y ASBLSAY) (5 ) g
O A Gl G (e SR
'Ry s daglia Gl 2
08 oAl g (b guala 8l gl ailia (8 gl Sy (i 58 Aaglia Quad 1
Crithial) AT B jlall A8lSal) da gliall Gilua A5 (da gida By Ll aqlia
Lale £ caag (Aulila daglla Ll avia gl 3gad) addal S Jla B¢y L)
Badla g Las) _M%JM@M\MMJJS&AcQ@LJ&A&,\m&
Ry = Ry O cllal ((dblsia ¢ g9 9 ¢l da glia qibsa 3 ghad (1
Dl o M ela 3
S A g ga ) agadly Ll aalle dad ]
LAl ulalll) Gy B ) gealal) 3 lal) LS ny 2
Y daall Laglia sale) (R, Jaa) Laglia ga Aileal) (5555 o by 4
(O i) (piball) (g Lganda ga
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Norton’s Theorem

R R R R

A3 AR A2

Y
+ +

WE TR TR OVE TR
———

® o— e O

B B

(a) Original circuit (b) Short the terminals to get Iy,

Determining the Norton equivalent current, |y.
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y 4
Converting between Thévenin and Norton
equivalent circuits

A Gl e A gl pa agadl aia o sa Al Wil Uaa g
O& 318 O o sl LiiSay A cp LA do Ao glia aa L poia

tAY) AL e oh LaS AGBISAl) (53 ) 6 B ) g Adblsal)

% . .

Ry = R
+ Th N
=—_FE, = IR : if 4 YEm
- <] Roy
L L L
61 288 o= Al s L 10/18/2024
(24) Joa
Ry dastiay | s U lea
R Ry s R, R; A
AY— 93— Ay ——" AY——AM—
N 47 Q 100 Q N 47Q 100 Q
Vs == Ry §RL Vs === R,
5V = 47 Q 5V = 470 N
-’
- o & O
B B
(a) (b)
R:R 47 ©)(100 Q
Rr =R + —— _ 470 + &N ) _ 790

Ry + R3 147 )
Sl acda e

V. 5V R 47 )
It = S = =633mA Iy = ( 2 )IT — ( )63.3 mA = 20.2 mA
Rr 79(Q) Ry + R; 147 ()
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(24) S

Ry 47 Q)
Ry=R3; +—=1000 + — = 124 ()
2 2
R, R,
Replace V¢ M ® ’VW 0 A
with a short 470 100 O
R,
470
. oy}
63 288 o= Al s L 10/18/2024

(25) Jua

JBlSal) (i85 B )

Rzgﬁﬂ

32

R, AU 5 ghadl) ) ABUSal) (563 50 Jgn a5 ABLSal) (563 B0 2
A .a
30 2
1
R,ZT6Q T, A
310
+
e b E=_9gvy
) (O)E9) 180 T
Rv=Ri|R,=30[60="0"—0=—"—=20 ks
AENEY 5 gladl)
I R, Iy Iy Short-. R,
340 l]rz -0 - . 30
+ + I L
ET;QV Vzﬂzgﬁﬂ Iy Vo=5LR,= (0060 =0V E;_Q‘J
- E 9V
b |Iy=—=—"—7-"=3A
_é_ Short circuited -~ N R] 30 -l—

b

(A 5Y1 3 ghadl)

*h

st o o= (Alad) G 3
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