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Thevenin’s theorem states that a linear two-terminal circuit can be replaced by an
equivalent circuit consisting of a voltage source V., in series with a resistor R, where
V,, is the open-circuit voltage at the terminals and R, is the input or equivalent

resistance at the terminals when the independent sources are turned off.
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(a)

Load

r::r(rl = 4+ 02

SOl < +0%

[Load

According to Thevenin's theorem, the linear circuit in Fig. (a) can be replaced by that in

Fig. (b). (The load in Fig. may be a single resistor or another circuit) The circuit to the

left of the terminals in Fig. (b) is known as the Thevenin equivalent circuit; it was

developed in 1883 by M. Leon Thevenin (1857—1926), a French telegraph engineer.
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Our major concern right now is how to find the Thevenin equivalent Voltage Vo

and resistance R

To do so, suppose the two circuits in Fig. are equivalent. Two circuits are said to be
equivalent if they have the same voltage-current relation at their terminals. Let us

find out what will make the two circuits in Fig. equivalent.

I

——

Ry, Il
MWW

Linear
two-terminal
circuit

Load

Load Vi, C_L)

S0l < + 09

SOl < +0 R
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If the terminals a-b are made open-circuited (by removing the load), no current flows,
so that the open-circuit voltage across the terminals a-b in Fig. (a) must be equal to

the voltage source V., in Fig. (b), since the two circuits are equivalent.

1 R Th 1
——-
AAAAY

Linear

a
o_
+
two-terminal v Load Vi (i) Load
O_
b

circuit

SOl < +0 2
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Thus V., is the open-circuit voltage across the terminals as shown in Fig. (c); that s,

UTh = Voc
O d
[Linear +
two-terminal U
circuit —
O b
VTh Voc
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Again, with the load disconnected and terminals a-b open circuited, we turn off all

independent sources. The input resistance (or equivalent resistance) of the dead circuit at

the terminals a-b in Fig. (a) must be equal to in Fig. (b) because the two circuits are

equivalent.
— on——=
Linear + I
two-terminal 1% Load Vi C“_D V Load
circuit — —
o— o—
b b
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Thus, is the input resistance at the terminals when the independent sources are turned

off, as shown in Fig. (d); that s,

Rth = Ry
Linear circuit with O a
all independent R;,
sources set equal —
to zero o b

Rty = Ry,

(d)
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To apply this idea in finding the Thevenin resistance R, we need to consider two cases.

B CASE 1 If the network has no dependent sources, we turn off all independent sources. R,

is the input resistance of the network looking between terminals a and b, as shown in Fig. (d).

. T O a
Linear circuit with
all independent R;,
sources set equal B —
to zero o b

Rty = Ry,

(d)
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B CASE 2 If the network has dependent sources, we turn off all independent sources. As with superposition, dependent
sources are not to be turned off because they are controlled by circuit variables. We apply a voltage source v, at
terminals a and b and determine the resulting current i,. Then R, =v /i, as shown in Fig. (e). Alternatively, we may
insert a current source i, at terminals a-b as shown in Fig. (f) and find the terminal voltage v,. Again R;,=v /i. Either of
the two approaches will give the same result. In either approach we may assume any value of v, and i . For example,

we may use v,=1Vori,=1A, or even use unspecified values ofvO or i

0 -
i
0 e a
Circuit with © Circuit with :
all independent (_,_) all independent <+) ;
() v
sources set equal =/ 0 sources set equal 0 o
to zero A to zero ~
b b
Uy v,
RTh = RTh =

0 "‘()

(e) (f)
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It often occurs that R, takes a negative value. In this case, the negative resistance (v=-iR )
implies that the circuit is supplying power. This is possible in a circuit with dependent
sources.

Thevenin's theorem is very important in circuit analysis. It helps simplify a circuit. A large
circuit may be replaced by a single independent voltage source and a single resistor. This
replacement technique is a powerful tool in circuit design.

As mentioned earlier, a linear circuit with a variable load can be replaced by the Thevenin
equivalent, exclusive of the load. The equivalent network behaves the same way externally

as the original circuit.

manara.edu.sy



https://manara.edu.sy/

[

6)ligJl

Consider a linear circuit terminated by a load , as shown in Fig. (g). The current through the load and the voltage
across the load are easily determined once the Thevenin equivalent of the circuit at the load’s terminals is obtained,

as shown in Fig. (h). From Fig. (h), we obtain

_ V
I =
Rt + R
V=R L =y
L=Ry L, = Ror + R, Th
Ry u
“ ANV o

Linear
+
circuit % Ry Y <_> % Ry

S Q
= O

(8) (h)
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Note from Fig. (h) that the Thevenin equivalent is a simple voltage divider, yielding

V, by mere inspection.

O =

Vi (‘_") Ry

O

manara.edu.sy



https://manara.edu.sy/

_I_

(@piN]

[

6)liall

:Jla
1o Ceale 1308 ¢ JSLAIL Al 5ylud Lol oSt
E=120 [V], R,=40 [Q2], R,=20 [€2], R.=10 [()]
tglall
O 4plad Bedat Ry doglall 95kl desd i 1
daglall o oo il 13) 5Ll lis ded 2 Lo .2
530 [Q] Lirasd 2 glia

manara.edu.sy



https://manara.edu.sy/

[y
gﬁj :J=d|
a.wau.;wt.gs.o Byl Bylod) A8 e (1 SCon (iuedd Ayl s g Ry A glall e goladl ¢ 8l Jyan a9
dne Ll Ao im g Haglia crag o Aiomgiall 5yl udl i (5T b o SLBYI e sl golud diesd i
ST S LS« yaiall (sobud 3l ST AS el s 9all e iy 8yl uld SIS o glal | Aaud (g9lud Lizasd

L, R,
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E G) R2§ Vth *)ma D\J I R2§ Vth
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b b
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R,-R, 40x20 : Ll Aaslud! 5yl
Ry = ———= = = 13.33[Q] el ?

R, +R, 40+ 20
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In 1926, about 43 years after Thevenin published his theorem, E. L. Norton, an American
engineer at Bell Telephone Laboratories, proposed a similar theorem.

Norton’s theorem states that a linear two-terminal circuit can be replaced by an
equivalent circuit consisting of a current source | in parallel with a resistor R, where |,
is the short-circuit current through the terminals and Ry is the input or equivalent

resistance at the terminals when the independent sources are turned off.
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Thus, the circuitin Fig. (i) can be replaced by the one in Fig. (j).
For now, we are mainly concerned with how to get and We find in the same way we find In fact, from

what we know about source transformation, the Thevenin and Norton resistances are equal; that is,

Ry = Ry
O d
Linear O a
t\‘Jvo—t‘ermmal ]N <+> RN
circuit 5 b
O b

(i) (j)

manara.edu.sy



https://manara.edu.sy/

[

otioll
To find the Norton current | we determine the short-circuit current flowing from terminal ato b
in both circuits in Fig. Itis evident that the short-circuit current in Fig. (j) is This must be the same

short-circuit current from terminal a to b in Fig. (i), since the two circuits are equivalent. Thus,

In = Isc
O d
Linear O a
t\‘Jvo—t‘ermmal ]N <+> RN
circuit 5 b
O b

(i) (j)
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shown in Fig. Dependent and independent sources are treated the same way as in Thevenin's

theorem.
a
Linear ©
two-terminal Yi. =1y
circuit O
b
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:J Lo

manara.edu.sy



https://manara.edu.sy/

>y

.M\éwcbjag\.&aﬁ\gnga.@L&UJ}as

5

uu.h.n." 8, b)‘u\-").gaﬁ O ‘U-Q.d hi-wdu)\.u &U.A O ‘Uj&& é)‘.\a b)‘..\-" LlSa U&" Uﬁ")ﬁ" 44)]4.1 >
Ll pia 2 \.uc)a.» Uguo g daglia (pag lludl |ia &)LUJ.@.QJ‘)L;‘ by daglall S <l
isall (olud 4uls ST 48 el Sodll ok vay 8,ylul) AL | daglall Aagd (glud Lizasd

manara.edu.sy



https://manara.edu.sy/

R,
MW

!

!

R3
NN—
a
N +
E2
; 7

In

% OIS 2o gLl el sl
1Ol o JSCEIL a8,y 1d) o

6)liall

R. -R

RN: 1 3
R, + R,

R —5X15—3759

N7 5415 7 2]

1093595 5L desd ol
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E, E, 70 20

= L4 2= 42" =14+133 = 1533[A]

R, R, 5 15
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N 15.33AT<L> R, =3.75 O
o b
Vab = In - Ry

V., = 15.33 X 3.75 ~ 57.5[V]
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a
N =15.33AT@ R, =3.75 0 R, =50
b
L =1 Ry — 15.33 X 375 — 6.57[A
27 N Ry+R, T 3.75+5 [A]
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3. Find the Thevenin equivalent circuit of the circuit shown in

Fig. to the left of the terminals a-b. Then find the current
through R, =6, 16 and 36 Q)

4 Q) 1 Q

32V 120 2A R,

S O
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We find by turning off the 32-V voltage source (replacing it with a short circuit) and

the 2-A current source (replacing it with an Rnopen circuit). The circuit becomes what

is shown in Fig.(a). Thus, Ry =4//12 4 1 = 4 x 12

1 = 40
2112 "

40 1Q

AVAVAVA NMWVWN—O0 a
R

120 -
O b

(a)
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To find consider the circuit in Fig. (b). Applying mesh analysis to the two loops, we obtain
—32 4+ 4i; +12(i; —i,) =0, i, = —2A
Solving for i, , we get i,.=0.5A. Thus,
Vi, = 12(i4 — ip) = 12 x (0.5 + 2) = 30V

40 Vi, 1 Q
AMM—O a
+
32V Q 120 i 2 A Vi,
o b
(b)
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The Thevenin equivalent circuit is shown in Fig. The current through R, is

Vrh 30 30
IL = = = = 3A
4Q Rmn+Ry 4+R, 10
O *IL
30
WhenR =62 I =—=3A
30V R, 10
30
When R =162 I, = — = 1.5A
o 20
b

30
When R =362 I = 20 = 0754
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2v,
2 Q 2 Q
AVAVAVAY NW—O ¢
+
5A 4 Q Ux 6 Q

O b
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Solution:
This circuit contains a dependent source, unlike the circuit
in the previous example. To find R, we set the
independent source equal to zero but leave the dependent
source alone. Because of the presence of the dependent
source, however, we excite the network with a voltage

source v, connected to the terminals as indicated in Fig. (a).

0
We may set v,=1V to ease calculation, since the circuit is
linear. Our goal is to find the current i, through the
terminals, and then obtain R, =1/i_. (Alternatively, we may
insert a 1-A current source, find the corresponding voltage

v, and obtain R, =v /1).

0

2v,

N

ANy

2Q 2Q

MWW MW—O0 a

O b
20}(
AN
(i)
20 20 4
AAAAY MWV O

1
§6Q @ @ =1V

0

S 0O
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Applying mesh analysis to loop 1 in the circuit of Fig. (a)

results in
—2v, +2(iy —i,) =0
of Uy =11 — Iy
But —4i, =v, =11 — I
Hence, i, = —3i, (1)

For loops 2 and 3, 1 Applying KVL produces
6(is—i,)+2is+1=0 (3)

2v,

N

N

2Q 2Q

AW AMW—0 a

o b
2v,
AN
2 Q 2Q a
AN ANAN—0
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Solving these equations gives . !
g g g I3 = _EA
1 1V
But io — —i3 = —A Hence, RTh = — = 60
6 lO

To get V., . We find v__in the circuit of Fig (b). Applying

mesh analysis, we get
i, = 5A (4)
—va -+ 2(l3 — lz) =0 = vx=i3 —4 iz (5)
or  12i, —4i; —2i; =0 (6)
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But 4(i,-i,)=v_. Solving these equations leads to i,=10/3. Hence,
Vo = Voo = 60, = 20V
The Thevenin equivalent is as shown in Fig.

6 Q2

20V

O b

manara.edu.sy
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5. Find the Norton equivalent circuit of the circuitin Fig. at terminals a-b.

8 Q
AVAVAVAY O a
4Q
2 A 5CQ
12V
AAAYAY O b
8 Q
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Solution:
We find Ry in the same way we find R, in the o

Thevenin equivalent circuit. Set the independent
sources equal to zero. This leads to the circuit in Fig.

(a), from which we find R, Thus,

4 Q

20 o

5 X
RN—SII(8+4+8)—5||20—5_|_20

= 4()

8 Q
AYAAYAY O a
Ry
5Q ——
8 Q
NV O b
(a)
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To find |, we short-circuit terminals a and b,

as shown in Fig. (b). We ignore 5-C) the

resistor because it has been short-circuited.

Applying mesh analysis, we obtain

24 ()

i1:2A, 2012_411_12:0

From these equations, we obtain

i, = 1A = i, = Iy

a
AMAN o
/-o
@ 40 g
C_f 12V > L
8 0)
AMAA o
b
(b)

manara.edu.sy
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Alternatively, we may determine N from  deols %
il . Q
VTh/RTh. We obtain V., as the open-circuit @ 4
voltage across terminals a and b in Fig. (c) A <D >4 g =
Al () 12v
Using mesh analysis, we obtain R0
A o b
25i, —4i;—12=0 = i, =0.8A ¢
. Vi 4
and v, =vVpy =05i, =4V Hence Iy=——=-=1A
R, 4
. . : : V V 4
as obtained previously. This also serves to confirm Eq. Ry, = 2¢ that Ry = I—OC = — =40
Igc SC
Thus, the Norton equivalent circuit is as shown in Fig. o a
1a(}) 40
O b
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Solution: S)liall

To find R, we set the independent voltage source
equal to zero and connect a voltage source of
v,2=1V (or any unspecified voltage v,) to the
terminals. We obtain the circuit in Fig. (a). We
ignore the 4-C) resistor because it is short-

circuited. Also due to the short circuit, the 5-C2
resistor, the voltage source, and the dependent
current source are all in parallel. Hence, i =0, At
node a, i =1V/5(2=0.2A, and

Vo 1

Ry = — = — =50
N"g T 0.2

4 Q §

(a)

b

manara.edu.sy
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To find |, we short-circuit terminals a and b and 2l
find the current i as indicated in Fig. (b). Note
from this figure that the 4-() resistor, the 10-V ,-xl o o
voltage source, the 5-C)  resistor, and the 451§ @ 10v ise = Iy Y
dependent current source are all in parallel. Hence,
b
_ 10 T (b)
i, =— = 2.
X4
. . 10 .
Atnode a, KCL gives ig, = = +2i, =2+2X%X(25)=7A
Thus Iy = 7A

manara.edu.sy
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7. Use mesh analysis to find the current | in the circuit of Fig.

[y )
—_— A —»

vat! (%)

, 40
214V () @ AWM

24 Q

12Q § ﬁz) <J_f> 41,

manara.edu.sy
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Solution:

We apply KVL to the three meshes in turn. For mesh 1,

or

11l1 — Slz — 6l3 — 12 (1) 104

For mesh 2, 24V Ci) @

or

—5i; +19i, —2i. =0 (2)
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For mesh 3,

*

1-i5, S0 that

But at node A, | =i

or
—i—i,+2i,=0  (3)

10 Q

24V (3) @
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In matrix from, Egs. (1) to (3) become

11 — —6][l1 12
-5 19 =2|liz|=1]0 ]
-1 -1 2 1li3 0

We obtain the determinants as

+ + +

=418—-30—-10—114 — 22 —-50 =192
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= 456 — 24 = 432

+ + +

=24+ 120 = 144

+ + +
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https://manara.edu.sy/

[

6)liall

= 60 + 228 = 288

_l_
_|_
_|_

S
™~

\\ I

As

We calculate the mesh currents using Cramer’s rule as

A 432 A W44 Ay 288
NI T Qop T R T A T gy T UM B TN T g T

ThUS, IO = il — iZ = 1.5A.
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20,

2 Q 2Q

AAVAVAY NMW—O0 ¢
+

O b
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