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:     Thevenin’s Theorem( منبع الجهد المكافئ)نظرية ثيفينين 
( VTh)بمنبننننع جهنننند مكننننافئ واحنننند جهنننند  ( b)، (a)يمكننننن اسنننن بداة أه دارة كهربائيننننة يتيننننة لهننننا   ايتننننان يارجيتننننان 

 
 
ننافئ (. RTh)ومقاومنننة واحننندة متهنننلة معننن   سلسنننليا حسنننا قيمنننة منبنننع الجهننند المكن

 
منننن حالنننة ( VTh)فنننذ هنننذ  الُالنننة ت

حسنننا قيمنننة المقاومنننة المكا  نننة (ab)الننندارة المفتوحنننة بقيننناس الجهننند ع ننن  الأقتنننا  
 
بقهنننر جمينننع مننننا ع ( RTh)، وت

جننود منننا ع ، و ننتا النندارة فننذ مكننان و (مقاومت ننا  سنناوه الهننفر)بأسننلاع عديمننة المقاومننة ( منننا ع الجهنند)التغذيننة 
.التيار 

Thevenin’s theorem states that a linear two-terminal circuit can be replaced by an 
equivalent circuit consisting of a voltage source VTh in series with a resistor RTh, where 
VTh is the open-circuit voltage at the terminals and RTh is the input or equivalent 
resistance at the terminals when the independent sources are turned off.
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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.

(a) (b)
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Our major concern right now is how to find the Thevenin equivalent voltage VTh 
and resistance RTh.

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.

(a) (b)
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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 VTh in Fig. (b), since the two circuits are equivalent.

(a) (b)
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Thus VTh is the open-circuit voltage across the terminals as shown in Fig. (c); that is,

𝑣Th = 𝑣oc

(c)
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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. 

(a) (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 is,

(d)

RTh = Rin
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To apply this idea in finding the Thevenin resistance RTh , we need to consider two cases.

■ CASE 1 If the network has no dependent sources, we turn off all independent sources. RTh 
is the input resistance of the network looking between terminals a and b, as shown in Fig. (d).

(d)
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■ 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 v0 at 
terminals a and b and determine the resulting current i0. Then RTh=v0/i0, as shown in Fig. (e). Alternatively, we may 
insert a current source i0  at terminals a-b as shown in Fig. (f) and find the terminal voltage v0. Again RTh=v0/i0. Either of 
the two approaches will give the same result. In either approach we may assume any value of v0  and i0. For example, 
we may use v0 =1Vor i0 =1A, or even use unspecified values of v0  or i0 .

(e) (f)
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It often occurs that RTh 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.
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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

(g) (h)

IL =
VTh

RTh + RL

VL = RL ∙ IL =
RL

RTh + RL
VTh
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Note from Fig. (h) that the Thevenin equivalent is a simple voltage divider, yielding 
VL by mere inspection.

(h)
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:أنعلمت إذابالشكل،المبينةالدارةلدينالتكن

E=120 [V] , R1=40 [] , R2=20 [] , R3=10 []

:مثاة

:المتلو 
.نينثيفينظريةبتتبيقR3المقاومةفذالتيار قيمةاحسا.1
المقاومةهذ عنأستعيضإذاالتيار هذاقيمةهذما.2

.؟[] 30قيمت ابمقاومة
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:الحل

بننع وحسننا نظريننة ثيفينننين يمكننن مكا  ننة النندارة بنندارة مكونننة مننن من. R3نقننوم  عننلة الفننرو الُنناوه ع نن  المقاومننة 
 معننن  a ،bجهننند قيمتننن   سننناوه الجهننند ع ننن  الأقتنننا  

 
أه جهننند الننندارة المفتوحنننة، ومنننن مقاومنننة موعنننولة  سلسنننليا

.فر، كما فذ الشكلقيمت ا  ساوه قيمة المقاومة المكا  ة للدارة  عد عَدّ القوى المُركة الكهربائية  ساوه اله

2
R

1
R a

b

th
Vدارة قصر+

E
2

R

1
R

−

a

b

th
V

th
I

حسننا مننن حالننة دارة القهننر الناتبننة عننن عننلة منبننع الجهنند واسنن بدال   سننل  ك
 
مننا هننو مبننين المقاومننة المكا  ننة ت

:بالدارة السابقة، وبالتالذ
Rth =

R1 ⋅ R2

R1 + R2
=

40 × 20

40 + 20
= 13.33[Ω]
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منيخرجل التيار هذاكون الُلقة،فذIthالتيارحسا يباثيفينينجهدلُسا 
:يكون الُلقةفذالثانيكيرشوفقانون  حسا.مفتوحةالدارةلأنالُلقة

Ith =
E

R1 + R2
=

120

60
= 2[A]

+
E

2
R

1
R

−

a

b

th
V

th
I

+
VV

th
40=

3
R

= 33.13
th

R

−

a

b

I
Vth = Ith ⋅ R2 = 2 × 20 = 40[V] :            نوبالتالذ جهد ثيفيني

 بالشكلمبينهو كماالرئيسةللدارةالمكا  ةثيفينيندارةتهبا
 
المقاومةنعيدحيث،جانبا

R3 التيار يمةقحسا الُلقةفذالثانيكيرشوف انون بتتبيقيمكنوعندهاالدارة،إل
:المقاومةهذ فذالمار 

I =
Vth

Rth + R3
=

40

13.33 + 10
= 1.714[A]

حهل نالسابقةالعلاقةفذالقيمةهذ نغير أنيكفيR3المقاومةقيمة غيير عند
I:المتلو التيار قيمةع   =

40

13.33 + 30
= 0.92[A]
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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 in parallel with a resistor RN, where IN 
is the short-circuit current through the terminals and RN is the input or equivalent 
resistance at the terminals when the independent sources are turned off.

:   Norton’s Theorem( منبع التيار المكافئ)نظرية نورتون 
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واحدمكافئتيار بمنبع(b)،(a)يارجيتان  ايتانلهايتيةكهربائيةدارةأهاس بداةيمكن
 مع متهلةواحدةومقاومة(IN)تيار 

 
(IN)المكافئنورتون منبعقيمةحسا يتم.(RN)تفرعيا

بينالمار التيار قيمةهو أه،(Short Circuit)(b)و(a)الأقتا بينالدارةقهر يلاةمن
ا  ةالمك نورتون مقاومةأما.(القهرتيار )معدومةمقاومت  سل وعلهماعندbوaالقتبين

(RN)القتبينبينالمُسوبةالمقاومةقيمة هي(a)و(b) الدايليةالتغذيةمنا عجميعبقهر
أنأه.دارةالفذوجدتإنالتيار منا عو تا،(الهفر ساوه مقاومت ا)المقاومةعديمةبأسلاع
.نفسهاهذونورتون ثيفينيننظريتيحساالمكا  ةالمقاومة
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Thus, the circuit in 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,

(i) (j)

RN = RTh
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To find the Norton current IN we determine the short-circuit current flowing from terminal a to b 
in both circuits in Fig. It is 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,

(i) (j)

IN = ISC
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shown in Fig. Dependent and independent sources are treated the same way as in Thevenin’s 
theorem.
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:التكا ؤ بين نظريتي ثيفينين ونورتون 

Vth

+

-

Rth

a

b

Vab

+

-

a

b

IN RN Vab

Thevenin Norton Vab = Const.

ൠ
Vab = Vth

Vab = IN ⋅ RN
⇒ Vth = IN ⋅ RN ⇒ IN =

Vth

RN

Thevenin:

Norton: 

Rth = RN ⇒ IN =
Vth

Rth
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ثمبالشكل،المبينةللدارةbوaللأقتا بالنسبةالمكا  ةنورتون دارةأوجد
 ،R2بالمقاومةالمار التيار قيمةاحسا

 
:أنعلما

:مثاة

E1 = 70 V ,  E2 = 20[V]
R1 = R2 = 5[Ω], R3 = 15[Ω]

+

1
E 2

R

1
R

3
R

−

a

b

+

2
E

−
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+

1
E

1
R

3
R

−

a

b

+

2
E

−

.، كما فذ الشكلbو aبين القتبين R2نعلة المقاومة 

:الُل

حساتيار منبعمنمكونةبدارةالدارةمكا  ةيمكن:نورتون نظريةحسا
 
القتبينبينرةالداقهر منقيمت ت

 موعولةمقاوم ومنالسل ،هذافذالمار القهر تيار وحسا المقاومةعديم سل 
 
التيار بعمنمعتفرعيا

.فراله ساوه الكهربائيةالمُركةالقوى عَدّ  عدللدارةالمكا  ةالمقاومةقيمة ساوه قيمت ا
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1:المكا  ةالمقاومةقيمةحسا 
R

3
R

a

b

1
R

3
R

+

1
E
−

a

b

+

2
E

−

N
I

:من الدارة المبينة بالشكل نبد أن

RN =
R1 ⋅ R3

R1 + R3

RN =
5 × 15

5 + 15
= 3.75[Ω]

:نورتون تيار قيمةحسا 

ماكالدارة تهباالمقاومةعديم سل bوaالقتبينبيننقهر 
:الُلقيةالتياراتطريقةوحساوبالتالذ.الشكلفذ

IN =
E1

R1
+

E2

R3
=

70

5
+

20

15
= 14 + 1.33 = 15.33[A]
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AI
N

33.15=

a

b

= 75.3
N

R

 
 
بينهدالجقيمةحسا الُالةهذ فذيمكن.الشكلفذكمانورتون دارةتهبالذل و قا

:يأ يكماbوaالقتبين

Vab = IN ⋅ RN

Vab = 15.33 × 3.75 ≈ 57.5[V]
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حساالتيار قيمةنحساثم.bوaالقتبينبيننورتون دارةإل نعيدهاR2المقاومةفذالمار التيار قيمةلُسا 
:ي ذكماالتيار مبلئ قاعدة

I2 = IN ⋅
RN

RN + R2
= 15.33 ×

3.75

3.75 + 5
= 6.57[A]

AIN 33.15=

a

b

= 75.3NR = 52R
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مسائل
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المقاومةفذالمار التيار قيمةاحسا.1

RL=10مثثيفينين،نظريةباستخدام
.المكا  ةنورتون دارةاستنتج

15V +
-

60  

30  

10  

10  RL  

0.25A

0.5A
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المقاومةفذالمار التيار قيمةاحسا.2

RL=10ثمنورتون،نظريةباستخدام
.المكا  ةثيفينيندارةاستنتج

15V +
-

60  

30  

10  

10  RL  

0.25A

0.5A
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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 RL=6 , 16 and 36 
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Solution:
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 RTh  open circuit). The circuit becomes what 
is shown in Fig.(a). Thus, RTh = Τ4 ∕ 12 + 1 =

4 × 12

2 + 12
+ 1 = 4Ω
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To find consider the circuit in Fig. (b). Applying mesh analysis to the two loops, we obtain

Solving for i1 , we get  i1=0.5A. Thus,

−32 + 4i1 + 12 i1 − i2 = 0 ,  i2 = −2A

VTh = 12 𝑖1 − 𝑖2 = 12 × 0.5 + 2 = 30V

https://manara.edu.sy/
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The Thevenin equivalent circuit is shown in Fig. The current through RL is

IL =
VTh

RTh + RL
=

30

4 + RL
=

30

10
= 3A

When RL=6 IL =
30

10
= 3A

When RL=16 IL =
30

20
= 1.5A

When RL=36 IL =
30

40
= 0.75A
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4. Find the Thevenin equivalent of the circuit in Fig. at terminals a-b.
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This circuit contains a dependent source, unlike the circuit 
in the previous example. To find RTh 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 v0 connected to the terminals as indicated in Fig. (a). 
We may set v0=1V to ease calculation, since the circuit is 
linear. Our goal is to find the current i0 through the 
terminals, and then obtain RTh=1/io. (Alternatively, we may 
insert a 1-A current source, find the corresponding voltage 
v0 and obtain RTh=vo/1).

Solution:

(a)
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(a)

Applying mesh analysis to loop 1 in the circuit of Fig. (a) 
results in

−2𝑣𝑥 + 2 𝑖1 − 𝑖2 = 0

or 𝑣𝑥 = 𝑖1 − 𝑖2

But 

Hence, 

−4𝑖2 = 𝑣𝑥 = 𝑖1 − 𝑖2

𝑖1 = −3𝑖2

For loops 2 and 3,  1 Applying  KVL produces

4𝑖2 + 2 𝑖2 − 𝑖1 + 6 𝑖2 − 𝑖3 = 0

6 𝑖3 − 𝑖2 + 2𝑖3 + 1 = 0

(1)

(2)

(3)
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Solving these equations gives 𝑖3 = −
1

6
A

But 
𝑖0 = −𝑖3 =

1

6
A Hence, RTh =

1𝑉

𝑖0
= 6Ω

To get VTh. We find voc in the circuit of Fig (b). Applying 
mesh analysis, we get

(4)𝑖1 = 5A

−2𝑣𝑥 + 2 𝑖3 − 𝑖2 = 0 ⇒  𝑣𝑥= 𝑖3 − 𝑖2 (5)

4 𝑖2 − 𝑖1 + 2 𝑖2 − 𝑖3 + 6𝑖2 = 0

12𝑖2 − 4𝑖1 − 2𝑖3 = 0 (6)

(b)

or
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But 4(i1-i2)=vx. Solving these equations leads to i3=10/3. Hence,

VTh = Voc = 6𝑖2 = 20V

The Thevenin equivalent is as shown in Fig.

https://manara.edu.sy/
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5. Find the Norton equivalent circuit of the circuit in Fig. at terminals a-b.
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We find RN in the same way we find RTh in the 
Thevenin equivalent circuit. Set the independent 
sources equal to zero. This leads to the circuit in Fig. 
(a), from which we find RN, Thus,

(a)

RN = 5 ∥ 8 + 4 + 8 = 5 ∥ 20 =
5 × 20

5 + 20
= 4Ω

Solution:
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To find IN we short-circuit terminals a and b, 

as shown in Fig. (b). We ignore 5- the 
resistor because it has been short-circuited. 
Applying mesh analysis, we obtain

From these equations, we obtain

i1 = 2A , 20i2 − 4i1 − 12 = 0

i2 = 1A = isc = IN

(b)
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Alternatively, we may determine IN from 
VTh/RTh. We obtain VTh as the open-circuit 
voltage across terminals a and b in Fig. (c). 
Using mesh analysis, we obtain

i3 = 2A
25i4 − 4i3 − 12 = 0 ⇒  i4 = 0.8A

and voc = vTh = 5i4 = 4V Hence IN =
VTh

RTh
=

4

4
= 1A

(c)

as obtained previously. This also serves to confirm Eq.                         that

Thus, the Norton equivalent circuit is as shown in Fig. 

RTh =
Voc

isc
=

4

1
= 4ΩRTh =

Voc

isc
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6. Using Norton’s theorem, find and of the circuit in Fig. at terminals a-b.
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To find RN we set the independent voltage source 
equal to zero and connect a voltage source of 
v0=1V (or any unspecified voltage v0) to the 
terminals. We obtain the circuit in Fig. (a). We 

ignore the 4- resistor because it is short-
circuited. Also due to the short circuit, the 5- 
resistor, the voltage source, and the dependent 
current source are all in parallel. Hence, ix=0, At 

node a, i0=1V/5=0.2A, and

Solution:

RN =
𝑣0

𝑖𝑜
=

1

0.2
= 5Ω

(a)
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To find IN we short-circuit terminals a and b and 
find the current isc as indicated in Fig. (b). Note 

from this figure that the 4- resistor, the 10-V 
voltage source, the 5- resistor, and the 
dependent current source are all in parallel. Hence,

(b)
𝑖𝑥 =

10

4
= 2.5A

At node a, KCL gives 𝑖𝑠𝑐 =
10

5
+ 2𝑖𝑥 = 2 + 2 × (2.5) = 7A

Thus IN = 7A
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7. Use mesh analysis to find the current Io in the circuit of Fig. 
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(1)

(2)

Solution:

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

For mesh 2,

or

or

−24 + 10 𝑖1 − 𝑖2 + 12 𝑖1 − 𝑖3 = 0

11𝑖1 − 5𝑖2 − 6𝑖3 = 12

24𝑖2 + 4 𝑖2 − 𝑖3 + 10 𝑖2 − 𝑖1 = 0

−5𝑖1 + 19𝑖2 − 2𝑖3 = 0
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(3)

For mesh 3,

But at node A, Io=i1-i2 , so that

or

4𝐼0 + 12 𝑖3 − 𝑖1 + 4 𝑖3 − 𝑖2 = 0

4 𝑖1 − 𝑖2 + 12 𝑖3 − 𝑖1 + 4 𝑖3 − 𝑖2 = 0

−𝑖1 − 𝑖2 + 2𝑖3 = 0

https://manara.edu.sy/


manara.edu.sy

In matrix from, Eqs. (1) to (3) become

We obtain the determinants as

11 −5 −6
−5 19 −2
−1 −1 2

𝑖1

𝑖2

𝑖3

=
12
0
0

∆=

11 −5 −6
−5 19 −2
−1 −1 2
11 −5 −6
−5 19 −2

−
−
−

+
+
+

= 418 − 30 − 10 − 114 − 22 − 50 = 192
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∆1=

12 −5 −6
0 19 −2
0 −1 2

12 −5 −6
0 19 −2

−
−
−

+
+
+

= 456 − 24 = 432

∆2=

11 12 −6
−5 0 −2
−1 0 2
11 12 −6
−5 0 −2

−
−
−

+
+
+

= 24 + 120 = 144
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We calculate the mesh currents using Cramer’s rule as

∆3=

11 −5 12
−5 19 0
−1 −1 0
11 −5 12
−5 19 0

−
−
−

+
+
+

= 60 + 228 = 288

𝑖1 =
∆1

∆
=

432

192
= 2.25A , 𝑖2 =

∆2

∆
=

144

192
= 0.75A , 𝑖3 =

∆3

∆
=

288

192
= 1.5A

Thus, I0 = 𝑖1 − 𝑖2 = 1.5A.
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8. Find the Thevenin equivalent of the circuit in Fig. at terminals a-b.
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