Chapter (4)
Additional Analysis Techniques

Here we will study four additional Techniques
» Superposition

 Source transformation

* Thevenin and Norton Theorems

* Maximum power principle

1. Superposition :

Definition :

Whenever a linear circuit 1s excited by more than one independent
source, the total response 1s the algebraic sum of individual responses

The 1dea 1s to activate one independent source at a time to
get individual response.
Then add the individual response to get total response



Note:

1. Dependent source are Never deactivated (always active)

2. When an independent voltage source 1s deactivated, it 1s set to zero.
> replaced by short circuit

3. When an independent current source 1s deactivated, it 1s set to zero.
—» replaced by open circuit

Example:
Use superposition to find 1,1,,15,1, ?
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* Activate the independent current source only

short circuit for
voltage source

KCL at V.
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KCL at V4: i, —"i, —12=0
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Example : 0.4V,
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Use super position to find V, ?
i> Activate voltage source only: 5Q
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'V, =10(04'V,)=4"V,
V,=4'V, = 'V,=0

:> Dependent current source 1s open
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Activate independent current source only:
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KCL at node (y):
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Example:

Use superposition to find V. ?
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Consider the independent source only



Apply KCL at node (x) :
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Consider the independent source only.
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2. Source Transformation:

A transformation that allow a voltage source 1n series
with a resistor to be replaced by a current source in parallel

with the same resistor or vice versa
How?
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We need to find I and V, such that V| and I, 1s the same in
both circuits




InKCT 1,

For I; to be the same , we need

V. =R I,



Where

V.=R L

or




Example :
Using source transformation, find the power associated with the

6 V source. 40 60 50
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2. Take (5// 20 Q)
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4. Take (4+6+10) 1n series
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6. Take (30//20 Q)
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7. Consider 1.6A in parallel with (15 €2)
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P, =4.95 W (absorbing)

=0.825A = P, =vi=6/(0.825)

Example :
Use source transformation to find V,
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1. Take (5//15)//100 = 6.66 Q
250
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2. Consider (250 V) in series with (25 Q)
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3. Find equivalent

i=10-8=2A +
v, R =16.66// 25
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V,=iR=(2 A) (10 Q)=20V



Example:

Use source transformation to find V,
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Example : Use source transformation to find V,?
1 ohm 1 ohm
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Take (1//1)=0.5 1 ohm 1 ohm
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Take 0.5Q 1n series with 1 Q)
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Add the current sources 1 ohm
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Thevenin and Norton Theorems

Thevenin Theorem:

A portion of the circuit at a pair of nodes can be replaced
by a voltage source V _ in series with a resistor Ry, where V.
1s the open circuit voltage and R 1s the Thevenin’s equivalent
resistance obtained by considering the open circuit with all
independent sources made zero
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Norton Theorem :

A portion of the circuit at pair of nodes can be replaced by a
current source I 1n a parallel with a resistor Rp. 1. 1s the short
circuit current at the terminals, and Ry 1s the Thevenin’s

equivalent resistance a
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Here we will consider ( 3 ) cases : b

1. Circuit containing only independent sources.
2. Circuit containing only dependent sources.
3. Circuit containing both independent and dependent sources.



Case (1): Circuit containing only independent sources:

 Procedure of Thevenin’s Theorm:

a. Find the open circuit voltage at the terminals , Voc.

b. Find the Thevenin’s equivalent resistance, RTH at the
terminals when all independent sources are zero:

> Replacing independent voltage sources by short circuit
» Replacing independent current sources by open circuit

c. Reconnect the load to the Thevenin equivalent circuit

e Procedure of Norton’s Theorm:

a. Find the short circuit current at the terminals, 1.
b. Find Thevenin’s equivalent resistance, Ry (as before).
c. Reconnect the load to Norton’s equivalent circuit.
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Example :
Use Thevenin’s and Norton Theorms to find V,
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Using Thevenin Theorm:




First find V.
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Second, find Ry ‘ ‘ O

2kQ § m Q% «— Ry
Ry = 2k//4k =4/3 k Q ©
Thevenin equivalent circuit 1s
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Using Norton Theorm

First find I
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1, = lj;/—3mA

KVL around outer loop:

12-6+V,, =0 = V,,=—6V
V, -6

12 = =
2k 2k

KCL at x :

=—3ImA

1, —1,—1=0

3m+3m-1=0 = 1=6mA =1,=6mA



Ry 1s the same as before:

k
[, = R ( L) = / (6m)=24mA

R, /k+k

V,=I, 2k)=(2.4m) (2k)=4.8V




Example :

Use Thevenin and Norton to find V,
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Using Thevenin Theorm:




l.Find V_:

KVL around the upper loop :

121,+81,+5(01,-1,)=0

251, -51,=0
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KCL around lower loop :
50,-1,)+201,=72
-51,+251,=72 ......
1,=06A, 1,=3A

V. =81i,+201,

= 8(0.6)+20 (3)
V. =648V



2. Find Ry
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Ry = (8+4) // 12=12//12=6Q




3. Reconnect the load :

Ry

Voc

4
VO — VOC
4+R

4
=—(64.8
4+6( )

V. =2592V




Using Norton Theorm:

120
1. Find I =NV
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KVL around upper loop :

121, +8 (i, —i,)+5 (i, —i,)=0
25i,-51,-81,=0 ...... (1)



KVL around lower loop :

5(i, —i,)+20 (i, —i,)="72

-51,+251,-201,=72 ...... (2)
KVL around right loop :
8(1,—1,)+20(1;—-1,)=0
-81,-201,+281,=0 ...... (3)

i, =6A, i,=1272A, i,=10.8A

= I,.=108A



2. Find Rm

From before , Ry =6 Q

3. Reconnect the load

a
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R
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V. =4 (L) (10.8)=25.92 V
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Case(2) : Circuits containing only dependent sources

Here there 1s NO energy source 1n the circuit.
» Vo 1s always zero and I 1s always zero
» So we can only find Ry

Procedure for finding Ry

1. Connect an independent voltage ( or current) source at the
terminals ,Vx (or Ix)
2. Find the corresponding current ( or voltage) at the terminal ,

[, (orV,)
. R
3. Find Ry = Vx /I, or Ry =V /Ix M ——o @

Ob



Example:
Find the Thevenin equivalent circuit %/1\38 3kQ

<f> 4k
I .

1. Apply voltage source at the terminals (Vx=1V)
2kQ vy, 3kO
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KCL at node V1 :
1, +1, -1, =0
2000 I, -V, N 1-V,
2k 3k

where V,=(4k) I,
2000 I, —4000 I N 1-4000 I

2000 3000

1 4
. 2l .+———1.-1.=0
x * '3k 3k~ °

I 2+i =L
3|1 3000

I[,=0.mA




VX _Vl

1, =

3k
Vi-(4k)I, 1-(4k)(0.1mA)
- 3k - 3k
1,=0.2mA
RTH=YX: Lv =5k Q
1, 02mA
Rty
NN —0 4
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Case (3) : Circuits containing both independent and
dependent sources

Procedure of Thevenin or Norton Theorms:

a. Find the open circuit voltage and the terminals ,V -
b. Find the short circuit current at the terminals, I .
c. Compute Ry = V/lge

Note :
Ry can not be found as 1n the case of only independent sources

d. Construct t}l{le Thevenin or Norton circuits
’vT\/}i, o2
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Example :

Find the Thevenin equivalent circuit with respect to the terminals a, b
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KVL around the lift loop :
—240+801+1601, +401, =0

801+2001, =240  ...... (1)
KVL around right loop :
801,=401,
21,-1,=0 ... (2)
KCL at Z:
1—-1,—-1,.=0 ..., (3)
1=1.125 A
1,=0.375 A

i =0.75A



Voo =1, (40 Q)

=(0.75A) (40 Q)
Voo =30V
2. Find I : .
SC 00 160 i,
NN + |

Since we have short circuit, 80//40//0=0




> iX:O

—> 1601, source 1s zero
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3. Find Ry
Voo 30V
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Example :
Use Thevenin theorem to find the Thevenin equivalent circuit with

respectto a, b 7i
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1. Find V¢ ‘ b

KCL atnode z :
21 +1_+8-1,=0
31, —1,=—-8  ...... (1)



KVL around outer loop
—-40+51_+11,=0
51 +1,=40  ...... (2)
= 1,.=4A ,1,=20A
= Voe=11,=20V

.
Find Iy : =S
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KVL around outer loop :

~40+5i =0 = i =8A s et
Iy 5Q
40V
KCL at z : + 8 A
at z | CD | 1
21 +1_+8=Ig.
31, +8=Ig.
= 1,.=(3)(8)+8=32A
3. Find Ry : W .
Voo 20
R, =% -""_06250
I 32 v +>
Thevenin equivalent circuit is :> TN b
O




4. Maximum Power Transfer

* A technique 1n which the load is selected to maximize the
power transfer.

* This technique is based on the Thevenin equivalent circuit.
RTH




We wish to select R; to maximize Py :

Take it =0
dR,
dPL _ (R +RL)2 (VOC )2 -R, (VOC )2 2(R 1y +RL) -0
dR Ry +R, )
Vozc (RTH +RL) [(RTH +RL)' 2 RL] =0
Ry +R )

= RTH—I-RL-ZRL:O
= R.,;—-R, =0
RL:RTH

If R; =Ry, what is the maximum Power Transfer?



(VOC )2 RTH _ (VOC )2

Voc

RTH

4RZ, 4R,

2
P _ VOC
Lmax
4R

RL



Example:

3kQ 25k0 10 vV
§ 20kQ

—

3mA 4% 10kO R,
NG L

*Find R, for maximum Power Transfer ?

*Find the maximum Power transfer to R; ?



Let’s find Thevenin equivalent circuit .

v, 8kQ vy, 25kQ 10V
AN AN @—o
i1l N T 14 +
gzokgz
3mA .
m<D 4kQ§ 13\1/ L glOkQ Voc
Diov ‘ _
O
KCL at node V1 : =
3mA-i, —i, =0
ImA-—__17V2 g

4kQ 8kQ



V, : + L L V,=3m
4k 8k 8k
0375mV,-0.125m V,=3m  ......

KCL at node V2:
1, -1, —-1,=0
Vl—Vz_Vz—IO_ V, B
8k 20k 12.5k

0

\4 L 1"‘ : + 1 V,=—0.5m
8 k 8k 20k 125k

0.125m V,-0255m V,=-0.5m
V,=10.34V
V,=7.03V



Vo =—10+10k i,

10410 k| 2 | _104 L (7.03)
12.5k 12.5

V. =—4375V

To find Ry
8kQ 25kQ

M O
| ‘ Roy

2 4kQ S 20kQ




Ry ={|[8k+4k)/20k]+2.5k}//10k
=[(12k //20k)+2.5k]/ 10k

=(7.5k+2.5k)// 10k
=10k // 10k
Rty
R ;=5kQ MM
Voe Ry = Rty
Voo (-4.375)

PLmax =
4R., 40k
P =097 mW

L max



Example :

2000 Ix

1k ohm 4k ohm
| <:>+

3k ohm 4m A 2k ohm

1. Find R; for maximum Power Transfer?

2. Find max. power transfer to R, ?

First , find Thevenin equivalent:



2000 Ix'

1k ohm 4k ohm
o—<:>—o *"N-o———
| +

_|_
3k ohm im A IX, 2k ohm VOC
=
Using source transformation
2000 Ix'
4k ohm 4k ohm
.—<::}—. o NN —
| +
_|_
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16V Ix’| {2k ohm Voc




KVL around the loop:
-16 + 4k Ix’ - 2k Ix” + 2k Ix’=0
Ix’=4mA.

Voc= (2kQ) Ix’= 8V.

Now, find Isc:

2000 Ix"''
4k ohm

Vi

4k ohm

L A VAVAVY

S

I1

IR

29

Ix

2k ohm

Isc




KCL at V1:
I1-Ix"—1Isc=0
16-(V1-2kIx'"") V1 V1 _0
4k 2k 4k

Where VI1=2k Ix”’

Hence,
16 V1 VI 0

————= Or V1=5.333V
4k 2k 4k

And
Isc = V—l =1.333mA
4k



R :VOC: 8V :6kQ
"I 1.333mA

p Ve _ (8) _ 64
K 4R L, 4(6k) 24k




