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How is V related to the circuit parameters?
Assign node voltages with respect to a reference node.
Let Gy =1/Ry, etc. Write KCL equation at each node, taking current leaving the node as positive.

KCL at A : Gl(V17V3)+Gz(V17V2)7/0 =0,
KCL at B : Gy (Vo — Vi) + G, (Vo — 0) =0,
KCL at C: Gl(\/3— V1)+G3V3+Io =0.



Thevenin's theorem

MW
A B +
Ry lo Re v
. _
¢ MW
\& Rs3 =

How is V related to the circuit parameters?
Assign node voltages with respect to a reference node.
Let Gy =1/Ry, etc. Write KCL equation at each node, taking current leaving the node as positive.

KCL at A : Gl(V17V3)+Gz(V17V2)7/0 =0,
KCL at B : GQ(VQ—V1)+GL(V2—0) =0,
KCL at C: Gl(V3—V1)+G3V3+IQ =0.
Write in a matrix form:
G+ G -Gy -G Vi lo
—Gy Gy + G 0 Vs = 0 )
-G 0 G+ G V3 —lo

i.e., GV =1s. We can solve this matrix equation to get V5, i.e., the voltage across R;.
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) : -G —bb G+ Gs Ay
V5, can be found using Cramer’s rule: Vo, = 3et(G) = de1(G)
e e
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G + Gy Io -G
det — G 0 0
) : -G —bb G+ Gs Ay
V5, can be found using Cramer’s rule: Vo, = =
det(G) det(G)
G+ G -G -Gy
det(G) = det -G G+ G 0
—G1 0 Gl + G3
G+ G —G -Gy G+G 0 -G
= det — Gy Gy 0 + det -Gy G, 0
-G 0 Gy + Gs -G 0 G + G3
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det -G 0 0
. , -G b G+ Gs A
V5, can be found using Cramer’s rule: Vo, = =
det(G) det(G)
G+ G -G -Gy
det(G) = det -G G+ G 0
—G1 0 Gl + G3
G+ G —G _Gl G+G 0 -G
= det — Gy Gy + det -Gy G, 0
-G 0 Gy + Gs -G 0 G + G3
G+ G 0 -Gy
= A+ G A, where A, = det —G 1 0 .
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T
A B n
Ry lo RSV
c o |
’ VW
Vs Rs ‘L_
G + Gy Io -G
det -G 0 0
. , -G b G+ Gs A
V5, can be found using Cramer’s rule: Vo, = =
det(G) det(G)
G+ G -Gy -G
det(G) = det -G G+ G 0
—G1 0 Gl + G3
G+ G —G _Gl G+G 0 -G
= det — Gy Gy + det -Gy G, 0
-G 0 Gy + Gs -G 0 G + G3
G+ G 0 -Gy
= A+ G A, where A, = det —G 1 0 .
-G 0 G +Gs
X Ay Aq .
ie, Vo= —— = ——— (Note: A, Ay, and A; are independent of G;).

det(G) A+ GO,
M. B. Patil, IIT Bombay



Thevenin's theorem

Vi Ry V,
A AW
B +
Ry lo R v
c o |
. AW
Vs R3 ‘L‘

Al o Al
det(G) A+ G A,

M. B. Patil, IIT Bombay



Thevenin's theorem

Vi Ry V,
A AW
B +
Ry lo R v
c o |
. AW
Vs R3 ‘L‘

AN /AN
Vo= — L =1
det(G) A+ G A,
A

The “open-circuit” value of V; is obtained by substituting R, = oo, i.e., G =0, leading to V2OC = A

M. B. Patil, IIT Bombay



Thevenin's theorem

2 Ry V,
A WA B
+
Ry lo R v
c o |
A
Vs R3 ‘L‘
Aq Ay
Vo= —— = — —
det(G) A+ G A,
A
The “open-circuit” value of V; is obtained by substituting R, = oo, i.e., G =0, leading to V2oc = Kl
A /A % R
We can now write V, = I Gl/A A = 2A = LA VZOC.
+ GLAy/ 14 22 R+ 22

R.A A
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Thevenin's theorem

A
A B +
Ry lo R v
c o |
A
V3 Rs3 ‘L‘
Ay Ay
V2 = —
det(G) A+ G A,
A
The “open-circuit” value of V; is obtained by substituting R, = oo, i.e., G =0, leading to V2oc = Kl
Ay /A V¢ R
We can now write Vo, = v/ = 2 = L VZOC.
1+GLA2/A 14 JAVS R+&
R.A A
Note that A, /A has units of resistance. Define Rty = Az /A (Thevenin resistance). Then we have
R,
V2 _ L 2OC
R. + Rm
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A
Vs R3 ‘L‘
Ay Ay
\/2 = —
det(G) A+ G A,
A
The “open-circuit” value of V; is obtained by substituting R, = oo, i.e., G =0, leading to V2OC = Kl
Ar/A Ve R
We can now write Vo, = v/ = 2 = L VZOC.
1+GLA2/A 14 JAVS R+ﬁ
RA A
Note that A, /A has units of resistance. Define Rty = Az /A (Thevenin resistance). Then we have
R
Vs = L 2oc
R. + Rm
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Thevenin's theorem

Re oc

Vo= — Ly
> R+ Rm 2

This is simply a voltage division formula, corresponding to the following “Thevenin equivalent circuit” (with Vg, = VZOC)

Ry

OV R V2

This allows us to replace the original circuit with an equivalent, simpler circuit.

Ro | Rrn
VWA

Re lo RS > Ova R
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Thevenin's theorem

* Since the two circuits are equivalent, the open-circuit voltage must be the same in both cases. Let V,. be
the open-circuit voltage for the left circuit. For the Thevenin equivalent circuit, the open-circuit voltage is
simply V73, since there is no voltage drop across Ry, in this case.

- VTh = Voc
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Thevenin's theorem

* Since the two circuits are equivalent, the open-circuit voltage must be the same in both cases. Let V,. be
the open-circuit voltage for the left circuit. For the Thevenin equivalent circuit, the open-circuit voltage is
simply V73, since there is no voltage drop across Ry, in this case.

- VTh = Voc

* Rpp, can be found by different methods.
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* Deactivate all independent sources. This amounts to making Vi, =0 in the Thevenin equivalent circuit.
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* Deactivate all independent sources. This amounts to making Vi, =0 in the Thevenin equivalent circuit.
* Often, Ry, can be found by inspection of the original circuit (with independent sources deactivated).

* Ryp can also be found by connecting a test source to the original circuit (with independent sources
deactivated): Rt = Vs/Is.



Thevenin's theorem: Rty

Method 1:
R :
A A | Al
Vi 3 \'A
—B B |
3 B
Rrh A
—e A A T
vottage souees, 3 v. (DL
= SRR 3
— B B | ;

* Deactivate all independent sources. This amounts to making Vi, =0 in the Thevenin equivalent circuit.

* Often, Ry, can be found by inspection of the original circuit (with independent sources deactivated).

* Ryp can also be found by connecting a test source to the original circuit (with independent sources
deactivated): Rt = Vs/Is.
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Thevenin's theorem: Rty

Method 2:
A Rt A
+ +
Voc Vrh Voc
B B
A NUY
lsc lsc
! Vi, !
B B
V- V. 72
* For the Thevenin equivalent circuit, Voc = V1, ke = JTh _ o R = S
RTh RTh Isc
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Thevenin's theorem: Rty

Method 2:
A Rt A
+ +
Voc Vrh Voc
B B
A NUY
lsc lsc
! Vi, !
B B
V- V. 72
* For the Thevenin equivalent circuit, Voc = V1, ke = JTh _ Zoc — Rth= S
RTh RTh Isc
.. . . . VOC
* In the original circuit, find Voc and lse — Ryt = ;
SC
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Thevenin's theorem: Rty

Method 2:
A Rt A
+
Voc Vrh Voc
B B
A NUY
lsc lsc
! Vi, !
B B
V- V. 72
* For the Thevenin equivalent circuit, Voc = V1, ke = JTh _ Zoc — Rth= S
RTh RTh Isc
.. . . . VOC
* In the original circuit, find Voc and lse — Ryt = ;
SC

* Note: We do not deactivate any sources in this case.
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Thevenin's theorem: example
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6Q 2Q R A 40 A
A
Ri1 Rs
oy 303 R, RO = (D, rRR= (H3v R
B
B B
Vi 60 2Q A Ry : 6 20 A
oV 3Q§ Vo 3Q§
.B B
Voo gV x -2 Rrn = (Ry | Re) +Rs = (3] 6) + 2
oc — 6Q+3Q Th — 1 2 3 =

1 . 1x2
=9V x5 =3V _3X<HQ)+2_4Q



Thevenin's theorem: example

6Q 2Q R A 4Q A
A
Ri1 Rs
oy 303 R, RO = (D, rRR= (Hav R
B
B B
Vi 60 2Q Ry : 6 20
— A — A —AM— A
oV 3Q§ Vo 3Q§
.B B
Voo gV x -2 Rrn = (Ry | Re) +Rs = (3] 6) + 2
oc — 6Q+3Q Th — 1 2 3 =
1 . 1x2
=9V x5 =3V _3><<1+2)+2_4Q
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Thevenin's theorem: example

4Q A B 40
20 12Q 12Q
6A 48 V
Rrh:
40 A B 40
2Q 120 120
| c
A B
= 40 20 = Rm=79
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Thevenin's theorem: example

4Q A B Vos
e 0] A B 4Q
20 120 120 ! FVoe =
6A 48V ! 20 120
! 120 6 A 48V
‘ ‘ 3 Ci
Rrh: :
4Q A B 40 | Note: i = 0 (since there is no return path).
| § Vas = Va — Vs
20 120 120 | =(Va=Vo)+ (Ve —Vp)
| = Vac + Ves
I C ! =24V +36V =60V
A B |
= 40 20 = Rm=79



Thevenin's theorem: example

4Q A B Vos
e 0] A B 40
20 120 120 ! FVoe =
6A 48V | 20 120
! 120 6 A 48V
‘ ‘ | Ci
Rrh: :
4Q A B 40 | Note: i = 0 (since there is no return path).
[ § Vag = Va - Vg
20 120 120 | =(Va=Vo)+ (Ve —Vp)
| = Vac + Ves
I C ! =24V +36V =60V
A B |
3 Vo, =60V
= 4% 2 = Ru=T0 § R =70



Thevenin's theorem: example

4Q A B v
e 0] A B 4Q
20 120 120 ! FVoe =
6A 48V ! 20 120
! 120 6 A 48V
‘ ‘ 3 Ci
Rrh: :
4Q A B 40 | Note: i = 0 (since there is no return path).
| § Vas = Va — Vs
20 120 120 | =(Va=Vo)+ (Ve —Vp)
| = Vac + Ves
I C ! =24V +36V =60V
| A B
A B | —
3 Vo, =60V
_ | 7Q
= 340 = Rp =70 : Rrn =79
30 3 60V
C | +
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Graphical method for finding V1, and Ry

Rn Y

Vo () MHv

V1

Vrh —

| = ———
Rth

(Note: negative slope for / versus V plot)
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Graphical method for finding V1, and Ry

Rn Y

Vo () MHv

V1

Vrh —

| = ———
Rth

(Note: negative slope for / versus V plot)

=0 — V=V, (same as Vo)
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Graphical method for finding V1, and Ry

Rn Y

Vo () MHv

V1

Vrh —

| = ———
Rth

(Note: negative slope for / versus V plot)
=0 — V= Vqp, (same as Vo)

VA
V=0 /=" (same as I)
Rrh
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Graphical method for finding V1, and Ry

Rn Y

Vo () MHv

V1

Vi — V
|=2Th (Note: negative slope for / versus V plot)

Rth

=0 — V=V, (same as Vo)

VA
V=0 /=" (same as I)
Rrh

i.e., a plot of | versus V can be used to find Vg, and Rry,.
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Graphical method for finding V1, and Ry

Rn Y
¢ | RTh

Vo () v

Vi — V
I = % (Note: negative slope for / versus V plot)
Th

=0 — V=V, (same as Vo)

VA
V=0 /=" (same as I)
Rrh

i.e., a plot of | versus V can be used to find Vg, and Rry,.

V1

(Instead of a voltage source, we could also connect a resistor load (R), vary R, and then plot / versus V.)
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Graphical method for finding V1, and Ry

SEQUEL file: eel01_thevenin_1.sqproj
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Connect a voltage source between A and B.

Plot i versus v.

40

B

,w

+v—

120 129
48V

V,c = intercept on the v-axis.

lsc = intercept on the i-axis.
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Connect a voltage source between A and B.
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V,c = intercept on the v-axis.

lsc = intercept on the i-axis.



Graphical method for finding V1, and Ry

SEQUEL file: eel01_thevenin_1.sqproj

40

4Q A B
2Q 120 120
6A 48 V

Connect a voltage source between A and B.

i (Amp)

o N A O 0 O
T
I

n Il n Il n Il
0 20 40 60
v (Volt)

Plot i versus v.

40

B

,w

+v—

120 129
48V

V,c = intercept on the v-axis.

Voe =60V, I — 857 A
Rrh = Voc/lse =7 Q2

lsc = intercept on the i-axis.



Graphical method for finding V1, and Ry

SEQUEL file: eel01_thevenin_1.sqproj

40

4Q A B
2Q 120 120
6A 48 V

Connect a voltage source between A and B.

Plot i versus v.

40

B

,w

+v—

120 129
48V

V,c = intercept on the v-axis.

lsc = intercept on the i-axis.

i (Amp)

o N A O 0 O
T
I

n Il n Il n Il
0 20 40 60
v (Volt)

Voe =60V, Igc =857 A
Rh = Voc/lse =7 2

V1, =60V

Rrh =70
60V
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Ry Iy
A
2Q)
2k 4Q§ Ro
B
VTh :Voc
Ry Iy
A
20 +




Thevenin's theorem: example

R h
A
2Q
2k 4Q§ Ro
B
VTh :Voc
R1 h R1
A A
2Q + 2Q +
Voc Voc V=0
21 4Q§R2 —> 4Q§R2 —> T
L .B L B
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2k 4Q§R2
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Rth: Deactivate independent sources, connect a test source.
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R, ly

20
2k 4Q§R2

< B

Rth: Deactivate independent sources, connect a test source.

21, Ry, ,L
2Q +

2 403k LDV




Thevenin's theorem: example

R, ly

20
2|14Q§R2

< B

Rth: Deactivate independent sources, connect a test source.

Vs
21, Ry V. ly We need to compute Ry, = —.

s -— |S

2Q + _
KQm¢+E+W 21,

IS LN O A

=0




Thevenin's theorem: example

R, ly

20
2k 4Q§R2

< B

Rth: Deactivate independent sources, connect a test source.

Vs
21, Ry V. ly We need to compute Ry, = —.

s -— |S

2Q + _
KCL: 7|5+E+VS 21,

IS LN O oo

1 1 2
_ V(e =) =1 (14 =
- <R1+R2) (+R1>

Ve 8
%RTh:figg

IS

=0




Thevenin's theorem: example

R: Iy Rth
A A
20 8/30
V
21 4Q§R2 —> oo
———— B B

Rth: Deactivate independent sources, connect a test source.

Vs
21, Ry V. ly We need to compute Ry, = —.

s -— |S

2Q + _
KCL: 7|5+E+VS 21,

IS LN O oo

1 1 2
_ V(e =) =1 (14 =
- <R1+R2) (+R1>

Ve 8
%RTh:figg

IS

=0




Thevenin's theorem: example

Ry h Rrh
A A A
20 8/30
v
2L, o3Re —> oo —> 8/30
B B B

Rth: Deactivate independent sources, connect a test source.

Vs
21, Ry V. ly We need to compute Ry, = —.

s -— |S

2Q + _
KCL: 7|5+E+VS 21,

IS LN O oo

1 1 2
_ V(e =) =1 (14 =
- <&+R) (+RJ

*)RT;,:EZEQ

IS

=0
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* Consider the open circuit case.
Thevenin circuit: Vag = V.
Norton circuit: Vag = Iy Ry .
= Vm=IvRy.



Norton equivalent circuit (source transformation)

e
a

Rri | Rri
A A A A
VTh @ 3 VTh lsc IN
B B ! B B

* Consider the open circuit case.
Thevenin circuit: Vag = V.
Norton circuit: Vag = Iy Ry .
= Vm=IvRy.

* Consider the short circuit case.



Norton equivalent circuit (source transformation)

Rri | Rri
A A A A
Vb R ; V1h e In 0 Rn lge
B B | B B

* Consider the open circuit case.
Thevenin circuit: Vag = V.
Norton circuit: Vag = Iy Ry .
= Vm=IvRy.

* Consider the short circuit case.
Thevenin circuit: Isc = V7 /Rp .



Norton equivalent circuit (source transformation)

Rri | Rri
A A A A
Vb R ; V1h e In 0 Rn lge
B B | B B

* Consider the open circuit case.
Thevenin circuit: Vag = V1.
Norton circuit: Vag = Iy Ry .
= Vrm=IyRy.

* Consider the short circuit case.
Thevenin circuit: Isc = V7 /Rp .
Norton circuit: Isc = Iy .



Norton equivalent circuit (source transformation)

Rri | Rri
A A A A
Vb R ; V1h e In 0 Rn lge
B B | B B

* Consider the open circuit case.
Thevenin circuit: Vag = V1.
Norton circuit: Vag = Iy Ry .
= Vrm=IyRy.

* Consider the short circuit case.
Thevenin circuit: Isc = V7 /Rp .
Norton circuit: Isc = Iy .

V-
= Vi = — Ry
Rtn
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Norton equivalent circuit (source transformation)

Rri | Rri
A A A A
Vb R ; V1h e In 0 Rn lge
B B | B B

* Consider the open circuit case.
Thevenin circuit: Vag = V1.
Norton circuit: Vag = Iy Ry .
= Vrm=IyRy.

* Consider the short circuit case.
Thevenin circuit: Isc = V7 /Rp .
Norton circuit: Isc = Iy .

V-
ﬁVTh:jRN — RTh:RN-
Rtn
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Norton equivalent circuit (source transformation)

Rri | Rri
A A A A
Vb R ; V1h e In 0 Rn lge
B B | B B

* Consider the open circuit case.
Thevenin circuit: Vag = V1.
Norton circuit: Vag = Iy Ry .
= Vrm=IyRy.

* Consider the short circuit case.
Thevenin circuit: Isc = V7 /Rp .
Norton circuit: Isc = Iy .

V-
ﬁVTh:jRN — RTh:RN-
Rtn

M. B. Patil, IIT Bombay



Norton equivalent circuit (source transformation)

A

B

* Consider the open circuit case.

| Ry
A A A
Ry ; Vi e In 0 Rn lge
B ! B B

Thevenin circuit: Vag = V.

Norton circuit: Vag = Iy Ry .

= Vm=IvRy.
* Consider the short circuit case.

Thevenin circuit: Isc = V7 /Rp .

Norton circuit: Isc = Iy .

V-
:>VTh:R7ThRN — R =Rpn.

Th

V-
Ry = Rrp, Iy = —©

Rrn = Ry, Vo = InRy

Rth
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Source transformation: example
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Source transformation: example
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A
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B
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Source transformation: example

16 Q 209 6
A
32V 2A 1202
B
2092 6Q
$A%% VW—A
16Q 2A 1202
2A
B
209 642
A% MNW—A
162 12Q




Source transformation: example

16 Q 209 69
A
32V 2A 120
B
209 6Q
VW VWA—A
16Q 2A 120
2A
B
2092 6 1602 200 6
A% NW—A A
1602 12Q — 64V 120




Source transformation: example

16 Q 209 69
A
32V 2A 120
B
209 6Q 3602 6Q
VW VWA—A A
16Q 2A 12Q 64V 120
2A
B B
2092 6 1602 200 6
A% NW—A A
1602 12Q — 64V 120




Source transformation: example

16 Q 209 69
A
32V 2A 120
B
209 6Q 3602 6Q
VW VWA—A A
16Q 2A 12Q 64V 120
2A
B B
2092 6 1602 200 6
A% NW—A A
1602 12Q — 64V 120




Source transformation: example

160 200 60 60
A A
— 16
32V 2A 120 3 A 90
B B
200 6Q 369 6Q
AN VWA— A A
160 (1)2A 120 64V 120
2A
B B
200 60 16Q 200 69
A AA— A A
160 120 = 64V 120




Source transformation: example

160 200 69 69
A A
— 16
32V 2A 120 3 A 90
B B
200 69 360 69 90 69
A WA—A A A
160 (1)2A 120 64V 120 16V
2A
B B B
209 69 160 200 69
A AM—A A
160 120 = 64V 120




Source transformation: example

162 2002 6¢) 6
A A
— 16
32V 2A 120 KA 90
B B
200 69 360 60 90 69
A% VW—A A A
160 (4)2A 120 64V 120 16V
2A
B B B
2092 6 1692 2092 6 150
A% AMN—A A A
16Q 12Q — 64V 120 16V
4A
B B B
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Maximum power transfer

AL

Ru

Power “transferred” to load is, P, = if Ry .

For a given black box, what is the value of R; for
which Py is maximum?

Replace the black box with its Thevenin
equivalent.



Maximum power transfer

Rty

OV

A

L

AL

Ru

Power “transferred” to load is, P, = if Ry .

For a given black box, what is the value of R; for
which Py is maximum?

Replace the black box with its Thevenin
equivalent.



Maximum power transfer

Rty

OV

A

L

AL

Ru

Power “transferred” to load is, P, = if Ry .

For a given black box, what is the value of R; for
which Py is maximum?

Replace the black box with its Thevenin

equivalent.
V- R,
I.L:7Th ,PL:V%hxiL 5
Rrn + Re (Rh + RL)



Maximum power transfer

Rty

OV

A

L

AL

Ru

Power “transferred” to load is, P, = if Ry .
For a given black box, what is the value of R; for
which Py is maximum?
Replace the black box with its Thevenin
equivalent.
V- R,

iL:i,PL:V%hxiL.

Rrn + Re (R7h + RL)?

dP,

For —— =0, we need
dR,

(Rrh+ Ru)* = Rux 2(Rmn + Ri) _
(Rrn + RL)*
iie, Rrn+R.=2R, = R, = R

0,



Maximum power transfer

Al
R
B
R p iL,
e Vi Re
B
PL
ppox
} R
RL=Rm,

Power “transferred” to load is, P, = if Ry .
For a given black box, what is the value of R; for
which Py is maximum?
Replace the black box with its Thevenin
equivalent.
V- R,

iL:i,PL:V%hxiL.

Rrn + Re (R7h + RL)?

dP,

For —— = 0, we need
dR,

(Rrh+ Ru)* = Rux 2(Rmn + Ri) _
(Rrn + RL)*
iie, Rrn+R.=2R, = R, = R

0,
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Find R, for which P is maximum.
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Find R, for which P is maximum.
30 2Q

Rn: 30 2Q

R, 260

Ry = (Ru | R2) +Rs = (3] 6) + 2

1x2
=3 2=40Q
3><(1+2>+

Voc: 30 20
A
Ry Rs
2V o 6% 2A
B



Find R, for which P is maximum.
30 2Q

Rn: 30 2Q

R, 260

Ry = (Ru | R2) +Rs = (3] 6) + 2

. 1x2
—3><(1+2

)+2:4Q

Voc: 30 20
Ry Rs
2V o 60

Use superposition to find Voc:
30 2Q)

B

3Q

Ry




Find R, for which P is maximum.
30 2Q

R, 260

Ry = (Ru | R2) +Rs = (3] 6) + 2

. 1x2
—3><(1+2

)+2:4Q

Voc: 30 20
Ry Rs
2V o 60

Use superposition to find Voc:
30 2Q)

B

3Q

Ry




Find R, for which P is maximum.
30 2Q

Rn: 30 2Q

Ry = (Ru | R2) +Rs = (3] 6) + 2

1x2
=3 2=40Q
3><(1+2>+

Voc: 30 20
A
Ri R3
12V Ry 6Q 2A
B
Use superposition to find Voc:
30 20 30 2Q
A
R: Rs
6Q
Rz 2A

V@ =40 x24=8V



Find R, for which P is maximum.
3Q 20 Voct 30 2Q

A
R; R3
12V Ry 6Q 2A
B
Ry 3Q 20 Use superposition to find Voc:
30 20 30 2Q
A
R: Rs
+ 6Q
Rz 2A

L.

Lxo V5,?:12xgzsv VO =40 x24=8V
P X
:3X(1+2)+2:4Q Voe =V 4V =848 =16V

Rrh = (R || R2) + Ry = (3| 6) +2




Find R, for which P is maximum.
30 2Q

Ry = (Ru | R2) +Rs = (3] 6) + 2

:3x(ﬂ)+2:49

Voc: 30 20
A
Ri R3
12V Ry 6Q 2A
B
Use superposition to find Voc:
30 20 30 2Q
A
R: Rs
+ 6Q
I Rz 2A
B ¢ B

vf,?:lzxg:sv V@ =40 x24=8V
Voe =V +V® =84+ 8=16V

142
Rt A
iL
Ovn Re
B

P_ is maximum when R, = Ry, =4Q
=i = Vn/(2Rm) =2A

Prx =22 x 4 =16W.
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Maximum power transfer: simulation results

SEQUEL file: ee101_maxpwr_1.sqproj

] =vARL
5 —Ii_RL

R1 7 5

—AAA AAA A 147 —PL
yvy A4 |
3 ]
12 4
Is ]
Or2 3R ®; 3m ]
Vs 9 10—_
8
. B 4
L
Rt A 4
40 L + gl
2_
V Rig v ]
" 16V o3

_ L e e e o e e e L e e e e e e e e N
B 0 5 10 15 20 25
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Maximum power transfer (sinusoidal steady state)
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Maximum power transfer (sinusoidal steady state)

Let Z, =R .+ X1, Z1h = Rrpn+Xmp,and Il = I L ¢
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Maximum power transfer (sinusoidal steady state)

Let Z, =R .+ X1, Z1h = Rrpn+Xmp,and Il = I L ¢

The power absorbed by Z; is,

1
P=Z12R

‘ Vo,
Zr+2Z;

2
RL

IV 74)2
(Rt + RL)? + (X7 + X1)?

Ry .

NI= NI N
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Maximum power transfer (sinusoidal steady state)

Let Z, =R .+ X1, Z1h = Rrpn+Xmp,and Il = I L ¢

The power absorbed by Z; is,
1

P:E@&
1] Vv 2
_ - ‘7”’ RL
2|Zmp+ 2,
_1 V7l R,
2 (Rrn+ RU)? + (X7p + X0)2
For P to be maximum, (X7 + X.) must be zero. = X, = —X7.
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Maximum power transfer (sinusoidal steady state)

Let Z, =R .+ X1, Z1h = Rrpn+Xmp,and Il = I L ¢

The power absorbed by Z; is,
1

P:E@&
1] Vv 2
_ - ‘7”’ RL
2|Zmp+ 2,
_1 V7l R,
2 (Rrn+ RO+ (X7n + X0)2
For P to be maximum, (X7 + X.) must be zero. = X, = —X7.
With X, = — X713, we have,
1 |Vl

T2 (Rmt+R)2

which is maximum for R, = Rp.
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Maximum power transfer (sinusoidal steady state)

Let Z, =R .+ X1, Z1h = Rrpn+Xmp,and Il = I L ¢

The power absorbed by Z; is,
1

P:E@&
1] Vv 2
_ - ‘7”’ RL
2|Zmp+ 2,
_1 V7l R,
2 (Rrn+ RO+ (X7n + X0)2
For P to be maximum, (X7 + X.) must be zero. = X, = —X7.
With X, = — X713, we have,
1 |Vl

= 575 _ . p o L
2 (Ryn + R1)?
which is maximum for R, = Rp.
Therefore, for maximum power transfer to the load Z;, we need,

RL = Ryp, Xp = — X1, ie., |2 = Z%,.
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Impedance matching

Input Audio
signal Amp
1k 1k

N1\ 2
80 > N, ) < 89

N11N2
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Impedance matching

Input Audio
signal Amp
1k 1k

N1\ 2
80 > N, ) < 89

N11N2

Calculate the turns ratio to provide maximum power transfer of the audio signal.
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Impedance matching

Input
signal

Calculate the turns ratio to provide maximum power transfer of the audio signal.

Z :Z*Th

Audio
Amp

1k

8Q
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Impedance matching

Input
signal

Calculate the turns ratio to provide maximum power transfer of the audio signal.

Audio
Amp

1k

N
Z, =7% —
L Th <N

2

2
1> x 8Q = 1kQ

8Q
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Impedance matching

Input Audio
signal Amp

1k 1k

N1\ 2
80 > <N—>xgsz
2

N11N2

Calculate the turns ratio to provide maximum power transfer of the audio signal.

Ny \2 N 1000
2,=7%, — <—1> Xx8Q=1kQ — — =4/—— =112
N> N> 8
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