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Week (11)
DC Network Theorems

Superposition Theorem
5.0 Introduction DC Network Theorems.

There are certain theorems, which when applied to the solution of electric networks, either simplify the
network itself or make their analytical solution very easy. These theorems are also equally applicable
to ac system, where Ohmic resistance of dc system is replaced by impedance. Some of the theorems
are as follows:

5.1 Superposition Theorem

This theorem may be stated as follows:

"In a network of linear resistances containing more than one source of emf, the current through any
branch is the algebraic sum of all the currents which would flow at that point if each source were

considered separately for a time being all other sources replaced by resistances equal to their internal
resistances ".

In other words, current through (or voltage across) any branch of the network is algebraic sum of
currents (or voltages) which each emf would have produced while acting singly. It is important to
keep in mind that this theorem is applicable to only linear networks.

Ilustration:
Two sources of emfs V1 and V2 are acting for the network shown below and it is required to find the

current (I) through Ry . This is achieved by superimposing the currents produced by V1 and V> .

Figure 5.1: Illustration of superposition theorem
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While activating V1 , we replace V2 by internal resistance (short circuit for ideal voltage source)

. R, R«_
J:l‘ * , |
v, = R, T V, shorted
The current supplied by V2 is,
Vs
I= 2
i Ri R
Rt ————
: Ri+ R

Using current divider rule,

R

I"=I»
R+R

Thus, form superposition theorem, the total current when all of the sources acting together is the
summation of individual currents. i.e. I =1"+1".

Solved problems on superposition theorem:

Example 1: Use superposition theorem to find | o for the circuit shown in figure 1 below:

2k Q 12V
—MWW\ S,
6V
—_—> I,
—AM— ©
2k Q i
2mA® 2k Q 2k QS
Figure 1
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SOlUtiOﬂ Figure 3
M a2+ Iy = 0
2 AL+ 0]y 1
N 6V
l”
'Av‘v @'—
2kQ p s 2l 4 Iy + 21y 0
2mAQD kQS kas 2y 4 0y 4 4y 0
. 20 4 Aly 4 01y 0
Figure | Uy 4+ 0ly 4+ 413 4
Solution
2k Q2 1Y I 2mA
1y + 0y |
”,.v + ”\ i

2mA(3

On solving

I| 2mA, ’1 1’| |
Figure 2

lon helyg=2~1 ImA
a2+ L)+ 612 0 S 12V
21, 4 40y 4 0y 0 2k Q2 ~
uVV et
'.’(I| bt )+ 2y ~6 = 0 l
2 40l +dly = 6 ‘—w,l 2
%kQ ) L
> >
i+ Al 400y = 6 kQs 2kQs
200 01y 4 aly t
1 2mA Fignre |
12
iy 4 0y 2 I 7 dmA
0y 4+ Aly 2
On solving
Ip 2mA, f'. 0h I. (1]
lo Haly=2400=20mA
k0
N ( !,
AAA "'
Z'k';] > ps Figme 5
> >
2mA® : kNS C 2k OS
i 0
Iy = ; 1.himA
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Example 2: Use superposition to find i1, i2, i3, i4?

6Q 2Q
Wy "Wy
—_—> S———
1 I3

§4Q <DllA

120V S 2
O
I - I

20
60 Vi
Ay L "y O
il 13 open circuit for
L current source
120V+ L |1s30 T4Q =
1| < 1 <
5 - !
O
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= V,=30V
0-V 0
it e B ysn
6 6
L L B 0
R
i,=1,=—-=5A
6

* Activate the independent current source only

6Q Va 20 Vy
MWy ———— N —
> E T
short circust for h 13
voltage source ” s 10 S 40
L I i | 3 G
KCL at V,:

"I ="1,="1y=0 —
-V, “&_ V,-V, —0

6 3 2
-V, -2V, -3(V,-V)=0
-6V, +3V,=0 ... (1)




Al-Mustaqgbal University
Medical Instrumentation Techniques Engineering Department
AN 1 adaal)
Aaely gl dudigl) fgalaa zoalal) and
bl gy, G LSl 1 judalaall an)

KCL at V4: "i,="i,—12=0
VamVa Vi _13-0
2 4
2V,-2V,-V, =48
2V,-3V,=48 ... (2)
V,==12V
V,=—24V
n-'I:_Y\:l_‘-:ZA
O y
—12
nvi’=V!= ‘ ——4A
= 3 3
= —1242
,,‘*_V‘ V,‘ I"+'4--.6A
2 2
-
o '—_'L: ~4=—6A
4 4
i,-—'i1+"i,:|5+2=l7A
i::'i:+"i:,:|0-4:6A
1,="1,+"1,=54+6=11A
i_,='i,,+"i4=5—6=-l A
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Week (12)
DC Network Theorems

Kirchhoff's laws solved problems

5.2 Kirchhoff's laws solved problems

Introduction:
Kirchhoff's Laws and Circuit Analysis are contents: for current | and voltage V at each element .

Linear circuits: involve resistors, capacitors, inductors

Initial analysis uses only resistors
Power sources, constant voltage and current
Solved using Kirchhoff's Laws (Current and Voltage)

The below circuit are typical for solving current | in each branch.
Hend |4 1o
R % R,

b L
Imh 1 Q) 2 fen |

e Branches: lines with devices connecting two nodes

e Loop: an independent closed path in a circuit
e There may be several possible closed paths

/ 2 R
e Tl
T \ "“’;\h
‘."_L dep d < r Il'l g -
/ \ / A \
v \r\ | .l zﬁl Lf ke R'L
= ; “l’ > |
¥ ‘ /
Brama -+ Grum‘jf & |
- -
¢ 1

L(t,‘ }
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Using Kirchhoff's Laws (Current and Voltage):
1. Kirchhoff's Current Law (KCL)

Kirchhoff's Current Law (KCL)

e Kirchhot!'s Current Law (KCL)
e The algebraic sum of currents entering any node (junction) is zero

where N = number of lines entering the node

« NOTE: the sign convention:

e Currents are positive when they entering the node
e Currents negative when leaving

® Or the reverse of this,

KCL is called a Continuity Equation:
It says current is not ereated or destroyed at any node
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Worked Example: Current Law (KCL)

Example of Kirchhoff's Current Law (KCL)

e Consider the simple parallel resistances below
e At node | define current positive into resistors
eSince Von R, = 5V the current is

5
v v = =5 mA
R~ 1000
e Same V on R, = 5V the current is
= v = =1 mA
R~ 5000

e Thus by KCL at node 1
I +1,+1,=0.005+0.001+1,=0

e Thus the total current is
L,=-1-1,=-6 mA

e Node 2 has the negatives of these values

) I, 2 ]—‘-»
+ b
Y R:lka R, - hKn
hy i
- = .
13 L,

10
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Worked example: Kirchhoff's Voltage Law (KVL)

Kirchhofr's Voltage Law (KVL)

e Kirchhoff's Voltage Law (KVL)
e Algebraic sum of the voltage drops around any loop or circuit = 0

N
>V, =0
f=1
where N = number of voltage drops

e NOTE: the sign convention

e Voltage drops are positive in the direction of the set loop current
e Voltage drops negative when opposite loop current

e Voltage sources positive if current flows out of + side

e Voltage sources negative if current flows into + side

e A loop is an independent closed path in the circuit
e Define a "loop current” along that path
e Real currents may be made up of several loop currents

Iy =1, -1,

11
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Example on Kirchhoff's Voltage Law

Example Kirchhoff's Voltage Law (KVL)

Consider a simple one loop circuit

Voltages are numbered by the element name

eg. V, or Vg, : voltage across R,

Going around loop 1 in the loop direction

Recall by the rules:

¢ Voltage drops negative when opposite loop current.

» Voltage sources positive if current flows out of + side

V-V,=0
t T

+ } : v,
Vs 2K R' .
sv-]  “, -

12
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Example Kirchhoff's Voltage Law (KVL) Continued

o Thus voltage directions are easily defined here:
V-V, =0

o Why negative V,? Opposes current flow [,

e Since
V=LK
V-LR=0
o Thus this reduces to the Ohms law expression
V
[ =
R
—— = 4 ?
+ ) v
Vs AKa S K '
« [
= I, s
‘ Y
KVL Example Resistor Voltage Divider
e Conaider a serics of resistors und u voltage source .
® Then using KVL l ’
V-V -V,=0
o N v
® Since by Ofun's law X
V,-LR V.-LR %Ri'e’(ﬂ- “
® Then + "
VLR - IR =V-I(R+R)=0 5 v v C] b ]
o Thus - * I‘ { Rz s 3KJ[ V.
=R ‘Al\' »()005 3000 1™ N ? l <
® e got the rosislors m wnt:»s formula e L
Ruw=R + R =5 K2

13
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KVL Example Resistor Voltage Divider Continued

* What is the voltage across each resistor?
o Now we can relate V, and V), to the applied V
o With the substitution

K = Vv
= —
R, + R,
e Thus V;
voiRr- VR _ 520000 _
'UUTT R 4R 2000+3000
e Similarly for the V,
VR, 5(3000)
Vi=ILR = == =
R +R, 2000-+3000
] !
g enn |
+
v v <> é ]
- Q._ T = 3k v,

14
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Week (13)
DC Network Theorems

Thevenin’s Theorems with solved problems

Introduction to Thevenin's theorem:

Thevenin's theorem, is probably one of the most interesting in that it permits the reduction of complex
networks to a simpler form for analysis and design.

Thevenin’s theorem states that a linear two-terminal circuit can be replaced by an equivalent circuit
consisting of a voltage source Vr in series with a resistor Rth, where VT 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.

Leon-Charles Thévenin,

Thévenin equivalent circuit.

Thevenin's Theorem

R
AM a —va—ivu
l/, Ry, ll,
0 +
A O b= T i
R,
(a) (b)
Erp
SR + B
Th L

15
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Thevenin's Theorem

Thevenin's Theorem Procedure

EXAMPLE 1: Find the Thevenin equivalent circuit. Then find the current through R, for the circuit of figure.

L =100

W

R,
M
30
+ >
EEZZ=9V R=Z60

Thevenin's Theorem

Thevenin's Theorem Procedure

EXAMPLE 1: Find the Thevenin equivalent circuit. Then find the current through R, for the circuit of figure.

Wy

30

%RL =100

16
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Thevenin's Theorem

Thevenin's Theorem Procedure

EXAMPLE 1: Find the Thevenin equivalent circuit. Then find the current through &, for the circuit of figure.

Step 1:- Remove that portion of the network where the Thevenin equivalent circuit is found. In Figure
below, this requires that the load resistor R, be temporarily removed from the network.

R,

Wy

30

EZZ=9V R,gon 3&=100

3

Thevenin's Theorem
Thevenin's Theorem Procedure

EXAMPLE 1: Find the Thevenin equivalent circuit. Then find the current through R, for the circuit of figure.

Step 1:- Remove that portion of the network where the Thevenin equivalent circuit is found. In Figure
below, this requires that the load resistor R, be temporarily removed from the network.

R,
Wy

30

lll——ll

17
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Thevenin's Theorem

Thevenin's Theorem Procedure
EXAMPLE 1: Find the Thevenin equivalent circuit. Then find the current through £, for the circuit of figure

Step 2:- Mark the terminals of the remaining two-terminal network. (The importance of this step will
become obvious as we progress through some complex networks.)

R, 2
30
+ S
S=— R 260
= b

Thevenin's Theorem

Thevenin's Theorem Procedure
EXAMPLE 1: Find the Thevenin equivalent circuit. Then find the current through R; for the circuit of figure

Step 3:-Calculate Ry, by first setting all sources to zero (voltage sources are replaced by short circuits,
and current sources by open circuits) and then finding the resultant resistance between the two

marked terminals.

R
a
(30Q)(6Q) AN *

Em=Rlk=35ca "

18
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Thevenin's Theorem

Thevenin's Theorem Procedure

EXAMPLE 1: Find the Thevenin equivalent circuit. Then find the current through &, for the circuit of figure.

Step 4:-Calculate E,, by first returning all sources to their original position and finding the open-circuit
voltage between the marked terminals.

30) + +
L
+
El_-_'.-_gv R2§6(2 l:n,
_/_\_
— b

Thevenin's Theorem
Thevenin's Theorem Procedure

EXAMPLE 1: Find the Thevenin equivalent circuit. Then find the current through £, for the circuit of figure.

Step 4:-Calculate E,, by first returning all sources to their original position and finding the open-circuit
voltage between the marked terminals.

For this case, the open circuit voltage £, is the same as the
voltage drop across the 6 Q resistor.
Applying the voltage divider rule,

B — RyE, _((»Q)(L)V)_54\/_6v 1+
" R,+R, 6Q+3Q 9 Ey====9V

19
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Thevenin's Theorem

Thevenin's Theorem Procedure
EXAMPLE 1: Find the Thevenin equivalent circuit. Then find the current through £, for the circuit of figure.

Step 5:-Draw the Thevenin equivalent circuit with the portion of the circuit previously removed replaced

between the terminals of the equivalent circuit.
a
Erp JV_V\S " I
— T R = 50 | &
Rrp + Ry
+
6V 6 Ep = 6V = % R, = 100
I =—————=-—=0.54 -
L72a+100 12 -|-
= b

20
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Thevenin's Theorem

EXAMPLE 2: Find the Thevenin equivalent circuit. Then find the current through R, for the circuit of figure.

Thevenin's Theorem

EXAMPLE 2: Find the Thevenin equivalent circuit. Then find the current through R; for the circuit of figure.

Solution:-
Step 1 and 2:-
R,
A a
20
= >
leCD R, 40 Ry §10!2
= b

21
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Thevenin's Theorem

EXAMPLE 2: Find the Thevenin equivalent circuit, Then find the current through R; for the circuit of figure.

Solution:-
Step 1 and 2:-
R,
A a
Wy .
20
= !
T /v,

Thevenin's Theorem

EXAMPLE 2: Find the Thevenin equivalent circuit, Then find the current through R; for the circuit of figure.

Solution:-
Step 3:-
Rp =R +R,=4Q0+20=6( R,

R, §4 f e,

|||—r——o O—
@
S

22
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Continue Example 2

EXAMPLE 2: Find the Thevenin equivalent circuit. Then find the current through R, for the circuit of figure,

Solution:-
Step 4:-
R,
AMN ®
2 ()
12A I R, §4 Q
L e

Thevenin's Theorem

EXAMPLE 2: Find the Thevenin equivalent circuit, Then find the current through R, for the circuit of figure.

Solution:-
Step 4:-
R,
20 -
12A I R, 40 Th

t“<_h’_’0 b=

23
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Continue example 2

Thevenin's Theorem

EXAMPLE 2: Find the Thevenin equivalent circuit, Then find the current through R; for the circuit of figure.

Solution:-
Step 4:- ‘/2 = Isz T (())R: =0V
R,
e ) .
e

14 Hlo2a 12=0I+
12A R, 4() JE/'/;

= b

Thevenin's Theorem

EXAMPLE 2: Find the Thevenin equivalent circuit, Then find the current through R; for the circuit of figure.

Solution:-
Step 4:-

Ep=V,=1LR =IR =(12A)4 Q) =48V

1

(S8

T
4

24
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Thevenin's Theorem

EXAMPLE 2: Find the Thevenin equivalent circuit. Then find the current through R; for the circuit of figure.

Solution:-
Step 5:-
Ry, = 60 p
E AMA/ =
s Th 1 I
" Ren+ Ry
Erp =48V | +
L __ 48V 48 = 3 R.=100
L76n0+100 16
©
= b
Example 3 :

Thevenin's Theorem

EXAMPLE 3: Find the Thevenin equivalent circuit, Then find the current through 3 £2 resistor for the circuit of figure.

R,
AVAVAV
¢ IBa
R=60 R, =30 Eyr==8V R=20
+
b

25
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Thevenin's Theorem

EXAMPLE 3: Find the Thevenin equivalent circuit, Then find the current through 3 £2 resistor for the circuit of figure.

Solution:-
Step 1 and 2:-
R,
W
l 40
a
R, 260 E, =8V Ry =20

Th

Thevenin's Theorem

EXAMPLE 3: Find the Thevenin equivalent circuit. Then find the current through 3 £2 resistor for the circuit of figure.

Solution:-
Step 3:-
R,
MWy
[
=260 Ry, E, =8V Ry =220
+

Thevenin's Theorem

EXAMPLE 3: Find the Thevenin equivalent circuit, Then find the current through 3 £2 resistor for the circuit of figure.

Solution:-
Step 3:-
R
MWy
40

R=60 R

26
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Continue Example 3

Thevenin's Theorem

EXAMPLE 3: Find the Thevenin equivalent circuit. Then find the current through 3 £2 resistor for the circuit of figure.
Solution:-
Step 3:-

R =60

f
/i,,. I R; 353 Q

“Short circuited™

-

Rp=00(20 =00

EXAMPLE 3: Find the Thevenin equivalent circuit. Then find the current through 7 £2 resistor for the circuit of figure.
Solution:-
Step 3:-

I Rs Eizn
S
I’

“Short circuited™

—

Ry
6Q)4Q) 240
= = = = 2.
R = Ril| R, 60 +4Q 10 il

0020 =00

Thevenin's Theorem
EXAMPLE 3: Find the Thevenin equivalent circuit. Then find the current through 7 £2 resistor for the circuit of figure.
Solution:-
Step 4:-

I
AAA
vy
l” 40
- T " -
R =00 L, E, == 8V RyZ20
| }
+ TIJ
-

27
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Continue Example 3 solution

Thevenin's Theorem

EXAMPLE 3: Find the Thevenin equivalent circuit. Then find the current through 7 £2 resistor for the circuit of figure.

Solution:-
Step 4:-
R,
Applying the voltage divider rule, M
l > 40
RE 60)(8V 48V
Ep = = =( - i )= =48V o
Ri+R, 6Q+4Q 10 R <60 Eyp, E, =8V R; <20

Thevenin's Theorem

EXAMPLE 3: Find the Thevenin equivalent circuit. Then find the current through 3 £2 resistor for the circuit of figure.

Solution:-
Step 5:-
ANV a
RT/I = 2.40
I, = A ——— Ep;, = 48V R, =30Q
® b
4.8V 4.8 )

=— = _—=0.8894
I 2.40+30 5.4
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Week (14)
DC Network Theorems

Norton's Theorems with solved problems
Introduction:
How to solve Norton theorem problems?
1. Step 1: Remove the load resistor and replace it with a short circuit.
2. Step 2: Calculate the Norton current—the current through the short circuit.

3. Step 3: Replace the power sources. All voltage sources are replaced with short circuits, and all
current sources are replaced with open circuits.

Norton theorem problems solution process :

A portion of the circuit at pair of nodes can be replaced by a current source Isc in a parallel with a
resistor RTH. Isc is the short circuit current at the terminals, and RTH is the Thevenin’s equivalent

resistance.

. : > r N ~
circuit $ R; i @ ; Ry § R;
N——
b

Here we will consider (3 ) cases :

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 Theorem:
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
ZEero.

29
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» Replacing independent voltage sources by short circuit
» Replacing independent current sources by open circuit
c. Reconnect the load to the Thevenin equivalent circuit

Procedure of Norton’s Theorem:

a. Find the short circuit current at the terminals, Isc.
b. Find Thevenin’s equivalent resistance, RTH (as before).

c. Reconnect the load to Norton’s equivalent circuit.

Rty
MM O

C) § Ry CD § Ry § Ry

(0]

Example :
Use Thevenin’s and Norton Theorms to find V|,

o170

6V 12V +
< s
4kO> zm; Vo

(8]
w
o~
~
— "W\

30
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Using Thevenin Theorm:

First find V.
6 + 12V A
il §lil o Vie
. B
6V

j=——=ImA = Vuya=1,@4k)=—4V
1 2k+4k 4kQ l( )
V..=12V=4V=8V

Second, find Ry O
2kQ § 4kn§» «— Ry
Ry =2k//4k =4/3k © ©
Thevenin equivalent circuit is
2k Q
Koy Vomga iV,
Wy O 2k+R H
Vo ” | 2k
0 22kQ =IO~”k(8V)
ol ~ /3
V,=48YV

31
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Using Norton Theorm
First find I,
6V 12V
- - ISC‘
s 4kQ= |
2
L .oV | @
2kQ 3 Vi 12 v:g 4kQ +)
. 12V
I l = -
2
1, 12¥ 3mA
4k

KVL around outer loop:

12-6+V, =0 = V,=-6V

=h=——6=—3mA
= 2k 2k
KCL atx :

3m+3m-1=0 = 1=6mA =I_.=6mA

32



Al-Mustaqgbal University
Medical Instrumentation Techniques Engineering Department
AN 1 adaal)
Aaely gl dudigl) fgalaa zoalal) and
bl gy, G LSl 1 judalaall an)

Continue

Ry 1s the same as before:

Ise | I, "

® SR Yo 32k
4/ k
R

[[=—2—(1,.)= /%— (6m)=24mA

R, +2k 4. k+2k

3

V,=1I, 2k)=(2.4m) (2k)=48V

Example 2
Example :
Use Thevenin and Norton to find V,
120
A
50 8Q
VAV AV A
72Q >
G) § 4 Q) 2 Vo
s 20Q B
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Continue solve example 2

Using Thevenin Theorm:

1. Find V_:

KVIL around the upper loop :
121, +81, +5 (1, —1,)=0
251, —51,=0 ...... )

KCL around lower loop :
50,—-1,)+201,=72
— 51 251, =T2 s 2)
i,=06A, 1,=3A

V.. =8i,+201,

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

2. Find Ry

120
A 120
AN
A —T— AN —>
50 842 oa A AN
L (/2000 8Q <
<éon b O =40 (o)
O
b

Ry =(8+4)// 12=12// 12 = 6Q2

3. Reconnect the load :

Ry
Ny O
VO( { |
v, <
_‘ = 40
o |
B 4
Y RFR Ly
4
= —— (64.8
4+6( )

V,=2592V

35



Al-Mustaqgbal University
Medical Instrumentation Techniques Engineering Department
AN 1 adaal)
Aaely gl dudigl) fgalaa zoalal) and
bl gy, G LSl 1 judalaall an)

Continue : using Norton Theorm

Using Norton Theorm:

1. Find I : A

KVL around upper loop :

121, +8 (1, —-1,)+5 (1, —1,)=0
251, —51,~81,=0 ...... (1)

KVL around lower loop :
50,—1,)+20 (1, —1,)=72
— 51,7251, =201, =72  iviuxs (2)

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

i,=6A, i,=1272A, i,=108A

= I,.=10.8A
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Find :

From before , Ry =6Q

3. Reconnect the load
a

Isc ill i—2>o +

CD §Rm 4Q§ Vv, V. =4 )i,

: e
V, =4 [L] (10.8)=25.92V
6+4

37



Al-Mustaqgbal University
Medical Instrumentation Techniques Engineering Department
AN 1 adaal)
Aaely gl dudigl) fgalaa zoalal) and
bl gy, G LSl 1 judalaall an)

Week (15)
DC Network Theorems

Maximum Power Transfer with solved problems
Introduction

A technigue in which the load is selected to maximize the power transfer. This technique is based on
the Thevenin equivalent circuit. See figure below .

RTH

Voc

38



Al-Mustaqgbal University
Medical Instrumentation Techniques Engineering Department
AN 1 adaal)
Aaely gl dudigl) fgalaa zoalal) and
bl gy, G LSl 1 judalaall an)

Load power can be found by:

. .2
P, =v,1=1" R,

VOC
R bR

We wish to select R, to maximize P, :
dp,

Take =0
L
dl)L - (R TH + I{L ): (VOC )2 —RL (VOC )2 2(R1'H +RL) — 0
dR | (R, +R,)
Vn:c (RTH +R|.) [(R TH +R|.)’ 2 Rl.]=0
R, +R,)*

= R,y +R, -2R, =0
= Ry —R. =0

R, =R,y
If R; = Ry, . what is the maximum Power Transfer?
RTH
W
N Voo 1
i R1
Pl.lnnx =1" R o

—

1
== [_VO(- )- Ry
2 RTH =
i (vo(- )2 RTH s (Voc )2
4R ™ 4R TH
P o vcv:-
L max 4 I{TH
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Example 2 find the maximum power for the circuit shown below.

3

3mA——

KCIL. at node V1 :

mA-—i, —i, =0

Vl

Vi

Vi - M =NG
4k Sk €2

8kQ 2.5kQ iy
20kQ |
3mA
| 10V |
*Find R; for maximum Power Transfer ?
Find the maximum Power transfer to R; ?
I.et’s find Thevenin equivalent circuit .
21 C > &1 10V
LN e Z0I2 G>—-o
. 1 [l 12 l : S ieis 1y 4
L / 4kQ2 i ] ] = 10k Voe
CD 1 C%) 10V 1 -
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V, l+l o V,=3m
4k 8k 8k ) °

0375 mV, —0.125mV, =3m = .. (D)
KCL at node V2:
1, —15—1;,=0
Vi—=V¥, ¥;=10 'V; —0
8k 20k 1253
V,( : J—( ! + 2 + : )V2=—O.5m
8 k 8k 20k 125k
0.125m V,-0255m V,=—05m ...... 2)
V,=10.34 V
V,=7.03V

Voc=—10+10Kk i,

10510k — 2 |10 (7.03)
125k 12.5

Voo =—4.375V

To find Ryyy :
Sk 25kQ
AVAVAY AN O
Ry
-~ ~ § <_'
S 4k0 = 20kQ < 10kQ
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Continue solution

Ryy=1{[8k+4k)/20k]+25k}/10k
=[12k //20k)+2.5k]// 10k
=(7.5k+2.5k)/10k

=10k /10 k

Ry =5k Q "N

Voe GO

M,
&
I
e
-
o)

= _ Voo _(—4.375)
L max 4 RT" 4 (5 k)
P =0957 m W

L max
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