Electric Circuits |
ELEC 305

Thevenin’s and Norton’s
Theorems



Thevenin’s Theorem

A Ry A
? VWV *
an 4IL
\ Vv R§ _— .. — \V;
Circuit L L — 0t — - R ?
. .
B B

V,.: Open-circuit voltage between terminals A & B
R..: Equivalent resistance between terminals A &B with all
Independent sources are killed

UAE University



Applying Thevenin’s Theorem

» Remove the load (open the circuit between the load
terminals)

 Find V. by applying all known circuit analysis
techniques

« Determine the equivalent resistance of the circuit at
the terminals (R)

 Connect the load to V,. and R, to the load terminals
and determine the required current or voltage .
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Thevenin’s Equivalent Resistance

The calculation of R, depends on the type of sources in
the circuit as follows:

1- Independent Sources only:

voltage and current sources are killed and the
equivalent resistance Is calculated

2- Dependent Sources only:

an external independent voltage /current source IS
applied at the open terminals and the corresponding
current/voltage Is determined. The voltage/current ratio

is Thevenin’s resistance (Ryy,)
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Thevenin’s Equivalent Resistance

3- Both Independent and Dependent Sources:

The open terminals are shorted and the short-circuit
current is determined. The ratio of the open-circuit
voltage to the short-circuit current i1s Thevenin’s
resistance (R,)
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1- Circuits Containing Only
Independent Sources



Example #1

Find the voltage V, using
(a) Thevenin’s theorem
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Solution using Thevenin’s Theorem

1- Open the circuit at the load terminals
2- Calculate V.

— M ——|l—+
2 K

1K g 2 mA <A> Voc

Using source transformation, we get a 6 V source
6 V source In series with a resistor and the 3 V source -

V,,=3+6=9V
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Solution using Thevenin’s Theorem

3- Determine Ry;:

— Short-circuit the voltage sources and open-circuit the
current source -

A —— -
2K

1K§ «— Ry

— Calculate the equivalent resistance
R, =2K+1K=3K
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Solution using Thevenin’s Theorem

4- Connect the load to Thevenin’s equivalent circuit, and
calculate V,

3K

+

oV _—_ GKg v,

Using voltage division rule:
V,=9*6/(6+3) =6V
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Example #2

Find the voltage V, using Thevenin’s theorem.

VWV VWV MA—
3K 2 K 4 K

— 12v §6K <‘>2mA V0§8K

+

1- Open the circuit at the load terminals
2- Calculate V,,
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Solution

+ — Vi 4 — V,
STAAN “\]W\« AAA

3K 2 K 4K +

— 12v T\ée K (‘) 2 mA V,,
_JJ _

Using nodal analysis:

(12-V)/3 -V, 6 —(V,-V,)I2=0 (1)
V,-V,)I2+2=0 (2)
Solving the equations simultaneously yields:
V,=16 -2 V,.=16
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Solution

3- Determine Ry;:

— Short-circuit the voltage sources and open-circuit the
current source -

VW VWV VWA
3K 2K 4 K

— Calculate the equivalent resistance
R,=2K+4K+(6K/3K)=8K
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Solution

4- Connect the load to Thevenin’s equivalent circuit, and
calculate V,

8 K +

— 16V 8KV,

Using simple voltage division:
V,=16/2=8V
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Example #3

Find the voltage V, using Thevenin’s theorem

1- Open the circuit at the load terminals
2- Calculate V.

UAE University



Solution

Using loop analysis:
l, =2 mA
41,+2(1,-1,)-6=0
9

|, =5/3 mA

V, =41, +21,
= 4*5/3 + 2*2 = 32/2
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Solution

3- Determine Ry;:

— Short-circuit the voltage sources and open-circuit the
current source -

Sak

——AAA—
2K Th

2k

— Calculate the equivalent resistance
R =2K+ (4 K/2K)=10/3K
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Solution

4- Connect the load to Thevenin’s equivalent circuit, and

calculate V,

10/3 K
VWV

+

3213V — S 6KV,

Using voltage division rule:
V, =(32/2)*6 / (6+10/3) = 48/7 V
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Example #4: Wheatstone Bridge

Calculate the current Ig, If the resistance of the
galvanometer is 100 Q.

Vs —— C
5V T
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Solution

e Open the circuit between terminals ‘c’ and ‘d’, and
find the equivalent voltage and equivalent resistance

* Thevenin’s equivalent voltage V,.:

Voc - Vcb - de Zi/ _7_—_
=11R; -1, R,
=V Ryl (Ri+R3) — VR (RyR,) °
= 5(200/300 — 2005/3005)
=-2.77 mV
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Solution

Rr = R//IR,+R,/IR,
= 100//200+1000//2005 = 734 O
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Solution

I

Y

g
Voo — <G> R

;I:
When the galvanometer is connected to the output
terminals of the Thevenin’s equivalent circuit:

|g - VOC/ (RTh+ Rg)
= 2.77mV | (734+100) = -3.4 uA
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Example #5

Use Thevenin’s theorem to find I,

|| F=—= A
2 K

V.. —

g (e
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Solution

| =2 mA
V. =12 + 4]
=12+4*2=20V
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Since the (2K+2K) Is In
parallel with a short
clrcuit:

Ry = Rag =4 K



Solution

Connecting the load to Thevenin’s equivalent circuit
- 1,=20/(4+6)K
=20/10K = 2mA
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Circuits Containing Only
Dependent Sources



Circuits containing only dependent sources

e |In this case:
o Voc:0
o Isc =0

—> Thevenin’s / Norton’s equivalent circuit consists of
R, only

 To calculate R, an independent voltage /current
source Is applied at the open terminals and the
corresponding current/voltage Is determined. The
ratio between voltage and current 1s Thevenin’s
resistance (Ry,)
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Example #8

Determine Thevenin’s equivalent circuit at terminals A-B.

20001, ?K 2k

Solution: 1- Apply a current source at the terminals
A

2K 3K
2000 I, <_> %w §2K @ 1 mA
IX

B

VA " VW
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Solution

2- Determine V,g

V, A
AAN
3K ‘

T

B

W
2K

Using nodal analysis:

21, -V)R2-V,J/1-(V,-V,)I3=0 (1)

(V,—V,)I[3-V,[2+1 =0 (2)
Also,

l, =V,/1 (3)
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Solution

Solving the equations simultaneously yields:
V, = 10/7
9
Vg = 10/7

3- Determine Ry,
R+, = V,g/ (applied current)
= Vg/ 1 MA
= 10/7K
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Example #9

Determine Thevenin’s equivalent circuit at terminals A-B.

o Vx + - VX +
1K 1K
AAVAY; NNV
2 K 1K A 2 K 1K
e VAVAY, | AYAAY, * AVAAY, 1 AVAAY,
§1K 2VX<5 ?ZK §1K 2vx<g ?ZK
) 8 !

Solution: 1- Apply a voltage source at the terminals
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Solution

2- Determine |

&/\K/\/
2 K V, 1K
\A AA . AAAS A
gl K 2VX¢ ?2 < @ 1V
J ) B
Using nodal analysis:

V/1+(V,-V,)2+(V,-1)/[1 =0 (1)
V,=2V, (2
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Solution

Also,
1-V, =V,
Solving the equations simultaneously yields:
V=37V

Hence the current | :
|, =12K +V /1K + (1 - 2V,)/1K = 15/14 mA
Finally,

Ry, = 1V /1,=14/15K
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Circuits Containing Both
Independent and Dependent
Sources



Circuits containing both independent and
dependent sources

* In this case, both the open-circuit voltage (V,.)
and the short-circuit current (l.) are
determined

 The equivalent resistance (Ry,) Is calculated
as:

RTh = Voc/ Isc
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Use Thevenin’s theorem to find V,

Solution: First find V,, using

loop analysis:
l, =2 mA
, =V, /2mA
Vi =4 (- 1y
I, =4(l,—-1,)/2
- l, =4 mA

V,,=3+21,= 11V
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2oox; <T> @ §2K

VvV

9
_VX+

AA%AY
4 K

ZmA<‘> QZ =4y




Solution

Determine I, using nodal analysis,
assuming the reference node as
Indicated in the circuit diagram.
At node 1:

2+V.714-V,"2=0

V.7 =8V

lse = I + V772
=3/2 + 8/2
=11/2 mA
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Solution

Ry =V, /l,.=11/(11/2) = 2K
Connect Thevenin’s equivalent circuit to the remainder of the
network, and determine V,:

2 K
A2

1V _— §6K vV

V. = 11%6 / (6+2)
= 33/4 V
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Example #11

Use Thevenin’s theorem to find V,

1K |12V A 1k
i It R
2000 Ix<_-> §2K §2K ?lK Vo
J L} L.
B

Solution: Open the circuit at terminals A-B, and find

Thevenin’s equivalent circuit between these terminals
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Solution

Use nodal analysis to determine V,:

V, -V, =12 (1)
(Vy— (= 21))/1 + V2 +V,/2 2)
L, = V,/2 (3)

Solving the equations simultaneously yields: V, = -6 V
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Solution

12V
1K

w»-‘}u

?K

J

Short circuit > 1,=0 - 20001,=0

Determine I
.= —12/(1//12) = —12/(2/3) = — 18 mA
R, =V, /l,=(6)/(-18) = 1/3K
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Solution

R
13k A 1K
AN WV
Voc iGV §1K V,
B

Connect Thevenin’s equivalent circuit to the remainder of the
network at terminals A-B, and determine V,:

V, = — 6*1/(1+1+(1/3))
= _6/(7/3) = -257V
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Norton’s Theorem

A A
* *
‘VIL ‘VIL
_ A
Circuit Vi RLg — ISC<> Rrh g Vi RL?
o - -
B B

|.. : Short-circuit current between terminals A & B
R..: Equivalent resistance between terminals A &B with all
Independent sources set to zero
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Thevenin’s and Norton’s
Equivalent Circuits

RTh A A
———WY . .
4 IL Y IL
Voc ____ Vi RL ? — Isc <‘> RTh g V, RL g
. | .
B B

Applying source transformation theorem:
VOC/RTh = Isc
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Applying Norton’s Theorem

» Replace the load by a short circuit
 Find I, by applying all known circuit analysis
techniques

« Determine the equivalent resistance of the circuit at
the terminals (R,)

 Connect the load to I, and Ry, and determine the
required current or voltage.
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Example #1

Find the voltage V, using
(b) Norton’s theorem
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Solution using Norton’s Theorem

1- Short-circuit the load terminals
2- Calculate I,

— |||
2K |

4 |
1K§ 2mA v SC

Using source transformation, we get a 6 V source in series with a
resistor and the 3 V source -

l.=(3+6)/3K=3mA
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Solution using Norton’s Theorem

3- Ry, 1s calculated following the same procedure of Thevenin’s
theorem.
4- Connect the load to Norton’s equivalent circuit, and 2

calculate V, | F:/% < ﬁ)
I +

.
m(D Jé KT b

V, = 3mA* (6//3) = 6V Vﬁ ’_,MB@;@
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Example #2

Use Norton’s theorem to find I

%
2 K O
WA — W
6 K 3 K
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Solution

Using nodal analysis

V,=12

Assuming that all currents are
leaving node 2:

(V,-12)/6 + (V,-12)/3 +V, /12 =0 V; {—ann

SV,=6V

Applying KCL At node 1:
.. = (12-V,) 13 + 12/4
=5 mMA

UAE University

6 K

— 12V




Solution

Ry, = 4 /] (3+6//2)
=212 K
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Solution

2.12 K

5 mA <‘> § 2K

| AAA ——

Connecting the load to Norton’s equivalent circuit
2>  1,=5%*212/(2.12+2)K
=106/4.12K = 257 mA
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Exercises
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B~ O1

Example 4.

circult of th

Exercise#l
8 Find the Thevenin equivalent

e circult shown In Fig. 4.27, to

the left of the terminals a - b. then find the
current through R, =6,16, and 36 Q.

40 1Q
32V 129% #>2A %RL
b

Figure 4.27



5 Solution:
Turn off all independent sources, the circuit
becomes what 1s shown In Fig. 4.28(a). Thus,

_ _4x12 ,
R, =412+1= 1+ 1o +1=4 (W)
4Q 1Q
—A\VW MW—0 a

12 € e

Figure 4.28(a)



o U1

Open-circuiting R , the circuit becomes the
one in Fig. 4.28(b).

V. —32 V
m=32, Vm _5_0=v. =30 (V)
4 12
4 € Vi 1
2 AMAM—O0 a
+
32V 12Q 2A Vi
o b

Figure 4.28(b)



~ O

The circuit in Fig. 4.27 can be replaced by
the circuit shown in Fig. 4.29.
| - Vo, _ 30
R, +R 4+R|
when R, =6,16, 26 Q.
4Q

~3,1.5,0.75 (A)

OQ

vl

30V R,

@)

Figure 4.29
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Exercise #2
Practice Problem 4.9 Find the Thevenin
equivalent circuit of the circuit in Fig. 4.34
to the left of the terminals.

i
50 x 30
AVAVAVAY O a

6V 1.51, 40

Figure 4.34
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Solution:
To find R, , we turn off the independent

voltage source and apply a test voltage

source at the terminals a - b.
y i 30

1 ~-g—

VWV O

Q

50 1.51, 4Q 1V

b

For Practice Problem 4.9: Find the Thevenin resistance




[
[N
e

1

X 3 For Practice Problem 4.9: Find the Thevenin resistance

=1 =-2(A)

My =151
k5 X X

1 9
i =-1 +=== (A
L= W

1 4
RTh :7:§z044 (W)

o



V. 1s the terminal voltage V. =41 .

P 34 b7 =2 ()
[ Ry 3
;I: 5 x o Ty
VTh:41x:%»5.33 (V)

5Q L 30

AW l%l o a
6V (EMM 4>1.51x 40
o b

For Practice Problem 4.9: Find the Thevenin voltage.




N O

5.33V

0.44 Q

O b

For Practice Problem 4.9:
The Thevenin Equivalent.
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Exercise #3

Practice Problem 4.11 Find the Norton
equivalent circuit for the circuit in Fig.
4.42, at terminals a -b.

3Q 3Q
AVAVAVAY O a
15V 4A¢ %69
O b

Figure 4.42




6
4 Solution:

Turn off the voltage and current sources,
the Norton resistance IS
Ry =(3+3)16=66=3(Q)

3Q 38




6
5 Short-circuit terminals a and b, ignore the

6-Q resistor, apply superposition principle,
15 3

=l = A

30 30 7
VWV O

15V 4A¢ %69 lim:f"‘f
O
b

9
=—=45(A)




o) O

The Norton equivalent is shown below.

O a
O b




Exercise #4

Use Thevenin’s theorem to find V,

1 Rry

D de Do [

+ 0V, -

0 B —
— VA —1—A\A—1 :r; Voo =
0.5 K 0.5 K
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Solution

VOC:V1—V2
V,=1K*1mA=1V

Applying KCL at node 4:
,=2mA-1mA=1mA
Applying KCL at node 2:
,=1mA+2mA=3mA
V,=05*1,-6=-45V
V,.=V;-V,
=1-(-45)=55V
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Solution
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Solution

—WW . N

5oV — 05K g Vi

Connecting the load to Thevenin’s equivalent circuit
-  V,=5.5*0.5/(1.5+0.5)K
=275/2K =13/5V
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