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el R1 ae sLadl JWL ((RT = 2R2) R2 aglal
_" Ill 12=2mAl 131 :RZJ).CJLLULQJ‘MMOM
Ig 2 mA
[ =2=2""=1mA
R, 260 R2§3Q RZ10 2 2
S OgSew R3 pe Led! JWIL ((R2 = 3R3)
:R2 e U Ladl dad Calas

I = 3L = 3(2mA) = 6 mA

I, = =1,
=1, +5L+1L il y Ll 85l pS 0938 Grdaty
[, = 1mA + 2mA + 6 mA = 9mA

MU-EPP-FM-005 Issue date 17November2025 issue no:1 https://manara.edu.sy




: Ry
| (a) (b)
V=I5LR, =hRy =Ry = --- = [ R, stude 09Sae,adll olaglall e gdall aadl O pglas ga LS
I.R, ISLI Aaglal) AV pgl ogilad Lady amll Aasd e yasgarlly
=% (535301 Sy (50 81 x el ) i IT IS el RT
. Baludl 938 cve (sl ol sketl o (e Letd! panads Busls a3 E

I, =—Ir @ L dsesdtl] Byludl J| oIl S Sl slua ) goluws [ = — [
L ) G Rl B e i R AL sat) O

MU-EPP-FM-005 Issue date 17November2025 issue no:1 https://manara.edu.sy




k! Eiln ducld ‘a‘..\.éﬁ..w\.) 11 Ll Né . s

i
T T 1
Rl Rl R2 R3
AWy 1
(1, 1k - 1 I
I=12mA 12 mA + +
- R, 1kQ  10kQ | 22k
— e — 1
10kQ T 1% 1073 + 100 X 10~ + 45.46 X 10~6
Ry 1
- — 873.01 Q
AWy 1.145 x 1073
22kQ R
I =
1 Rl T
(873.01 Q)
=g (12mA) = (0873)(12 mA) = 10.48 mA
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Thevenin's Theorem
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FIG. 24
Leon-Charles Thévenin.
Courtesy of the Bibliotheque Ecole
Polytechnique, Paris, France.

French (Meaux, Paris)

(1857-1927)

Telegraph Engineer, Commandant and Educator
Ecole Polytechnique and Ecole Supérieure de
Télégraphie

Although active in the study and design of tele-
graphic systems (including underground transmis-
sion), cylindrical condensers (capacitors), and
electromagnetism, he is best known for a theorem
first presented in the French Journal of Physics—
Theory and Applications in 1883. It appeared under
the heading of “Sur un nouveau théoréme d’électricité
dynamique” (“On a new theorem of dynamic electric-
ity™) and was originally referred to as the equivalent
generator theorem. There is some evidence that a
similar theorem was introduced by Hermann von
Helmholtz in 1853. However, Professor Helmholtz
applied the theorem to animal physiology and not to
communication or generator systems, and therefore
he has not received the credit in this field that he
might deserve. In the early 1920s AT&T did some pi-
oneering work using the equivalent circuit and may
have initiated the reference to the theorem as simply
Thévenin’s theorem. In fact, Edward L. Norton, an
engineer at AT&T at the time, introduced a current
source equivalent of the Thévenin equivalent cur-
rently referred to as the Norton equivalent circuit. As
an aside, Commandant Thévenin was an avid skier
and in fact was commissioner of an international ski
competition in Chamonix, France, in 1912.
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—MA— W —>
Vg ‘R3 1s 1n
replaced | series with Rry=R3+ R IR,
by short - R, R,IR,
¢ R;and R,
are in
arallel.
P L -
B
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—VYVy M 0 Find the Thevenin equivalent circuit
1000 £2 1000 €2
R, between Aand B
L= 470 Q
—_— 'S § R,
= 10V R,
2200
MW oA
1410 £2
_l_
e
408Y o=

OB
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R 4 is in series with R, | (R, + R;).

R| Rel.
ll'II{]ﬂ IDII'IH
0 A
V¢ replaced é
by short 4Ti]ﬂ
O is 1I1
T parallel G R
@ with "
R,+R, Rs
2200
& OB
Ri{(R, + R 1000 £2)(690 )
Ry = Ry + 1R ¥R o00q + X ) _ 14100
R, + Ry + R; 1690 Q)
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R,
da 40
_ Find the Thevenin equivalent
R§5ﬂ RS30 E—=3V RS20 o
! “§ = 3§ circuit between aand b
® b
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R, Circuit redrawn:

R,§6ﬂ Ry H3§<ﬂ - ngﬁﬂ H1§4ﬂ

R Th

T b “*Short circuited” T b

=  Rr=00Q20 =00 =

60Q)4Q) 240
60+40 10 =240

Rm =R || Ry =
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Thevenin Equivalency Depends on the Viewpoint
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§ Ry < terminals
B and C

r oC

MU-EPP-FM-005 Issue date 17November2025 issue no:1 https://manara.edu.sy




>y

]
ojlioll
MANARS, UNIYERSITY

+ R, T
Vg — Vry
_ R, L
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R,
R
N )
Vs = B
- R; V:'H
Y
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R;
(d) Vrpgse) = (R—l TR+ RJFS
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Rmac) Ryusey B, C rnilads ‘ A, C
5.6 kO A » W | B cnidadidl g A,
N 3.29 kO 2.50 kQ
Vs — P L ®
1ov = = e
588V - 243V -
o oC
R, + Ry ) ( 4.7kQ + 3.3k ) )
V- = Vs = 10V =588V
@ Vruac (R, TR+ R/ ST \56KQ + 47KQ + 33KO
Rruuac) = Ri || (Ry + R3) = 5.6kQ || (4.7kQ + 33k()) = 3.29k()
The Thevenin equivalent circuit 1s shown in Figure 38(a).
R; 3.3k0 )
b) V- = Vs = 10V =243V
(B) Vinec) (Rl + Ry + Rg) > (5.6kﬂ +47kQ + 33kQ
Rrusc) = R3 || (R + Ry) = 3.3kQ || (5.6kQ + 4.7kQ)) = 2.50 k()
* Eiem
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Norton’s Theorem
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FIG. 58
Edward L. Norton.
Reprinted with the permission of
Lucent Technologies, Inc./Bell Labs.

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
areas of active research included network theory,
acoustical systems, electromagnetic apparatus, and
data transmission. A graduate of MIT and Columbia
University, he held nineteen patents on his work.
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R R 4 Ry Ry
_I_
Vs = R, Ry
B
(a) Onginal circuit (b) Short the terminals to get fy,.

Determining the Norton equivalent current, /.
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Converting between Thévenin and Norton equivalent circuits
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R Ry P
AW Ao
N 47 Q 100
= R, R
51?_-- 470 § L
o—
B
(a)
RyR
RT = R] + =
R, +
V 5V
Ir=— =—— = 633mA
Rr 790
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N 47 Q) 100 ©
Ve = R
513_-- a7 n
-
)
B
(b)
47 (100 )
( ) ) _ 79 0)
147 ()
Sk S EERIIS
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=|—— Iy =
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with a short 47 Q 100 Q.
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Independent Versus Dependent (Controlled) Sources
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Current controlled voltage source (CCVS) LIl < Sl > s -

Current controlled current source (CCCS) ;Ledls 4 pSemio jLs avio -¢
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Dependent (Controlled) Sources

Voltage controlled voltage source (VCVS) Voltage controlled current source (VCCS)

@1 T ® D=l ®
! ! 1 ! 2
E H ! ‘ Vi : ‘Lg!l/z 2

1,=0 Vi ! l,=0

Vo = uV; @ ) ' - @ l,=gV, @ - ¥ . - @

Current controlled voltage source (CCVS) Current controlled current source (CCCS)

Vi=0 V=0 rffi V2 V,=0 V=0 \Lm’f vz
V,=rl, (2)- ' —- l=al, @ e O
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AC Source Conversions

abe v Jogmiddl J zlims olid! Hladl olyls Jedoxs e LS
I - ol dailes ta) 9\.9’." @\.i.@ (Judadd! de dniled! as ) !

a
+ & ot { e . . - - . -
P -1z — LS ol Ogilat Lasg mblidl (s gl iy (&).a.c." J&G\PM
- oK . JSGT @ (e 92
- E : a Source conversion . e
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R 30 CT) Z
E 100V 20° ; i
= — = X, 40
Z 50 £53.13°

=20 A £—53.13°

a!

(@ (b)
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