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1002 90°v 
0.8498+j1.95a 2 

FIG. E2.53() 

The circuit is further reduced as shown in Fig. E2.53(h). 

Z 4.9964/20.185°x 24-90° 
4.6896+ j1.724-j2 Therefore, 

9.99284-69.815=2.1274-66.45°Q=0.8498-jl.950 
4.697723.366° 

From the circuit shown in Fig. E2.53(i) 
100290° 

T4 2+0.8498-j1.95 
100290° 

3.4531234.3628.9592124.38°A 

Applying current division rule to the circuit shown in Fig. E2.53(h), we get 

-j2 28.9592124.38° x 22-90° 

T=I x 6R96 + j1.7241-j2 4.69772-3.366 

= 12.329237.746° A = 9.7489+ j7.5473 A 

According to the superposition theorem, I =l-" since ' and " are in opposte 

directions, we have 

*=3.144 + j5.66-9.7489-j7.5473 
= -(6.6049 +jl.873) A =6.8692-164.053°A. 

2.9 MAXIMUM POWER TRANSFER THEOREM 
ered 

The maximum power transfer theorem states that "Maximum power will be r 

to the load impedance Z, by a 

network, if the impedance of 2, 
is the conjugate of the network 
impedance , as viewed from the 

output terminals". This theoremis 
also known as "Jacobi's law". 

A 

Z 

To explain the maximum 
power transfer theorem, consider 
the circuit shown in Fig. 2.12. 

FIG. 2.12 An example circuit 
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.t has variable impedance z, connected to its output terminal BDD 
Z = R, +jX, 

This circuit 

dance of the network as seen from the output terminal, with load impedance 

The current flow I in the circuit can be calculated as 

2+Z 

removed is 

Z =ZRs + jX 

Vm. 
R+jX, +R, + jXL 

The power delivered to the load can then be calculated as 

P=2(R.+R, +(X, +X, 
The maximum power is transferred from the source to the load when the derivation of the 

r with respect to the load impedance is zero. 

dP0 dZ 
1.., 

8P 0 OP 
= 0 and 

OX OR 

-2|R,X, +X) OP = 0 

OX [(R, +R +(X, +X,VI 
Therefore, X, +X, = 0 

EDCe, maximum power is delivered to the load when the reactance of the load is equal 
and 

O 
X, =-X_L 

Site to the reactance of the source. Substituting this condition in the equation of 

power, we get 

P= R 
(R, +R, Parial deriv 

vation of the above equation with respect to R,, and equating it to zero leads to 

OP_(R, +R,-2|R,(R, + ,) 
OR (R, +R,) 

Therefore, Rg, = R, 

P(R+R,)-2|%[ R, =0 

pedance num power will be transferred to the load impedance 2, by a network, if 

When z 
of Z, is the conjugate of the network impedance Z. 

the mpedance 
, when Z, =Zs* 

Hence, ma 

i.e., R + jX, = R,-jA 



224 Circuit Theory 
Therefore, the net cquivalent impedance of the circuit becomes 

R+ jX, +R -jX = 2R 

Power delivered to the load, P=7 R(or) 
R 

Substituting R=2R, and|/|=in the above equation, we get 
2R 

The maximum power transferred to the load P =L 
4RL 

LImitations of the Maximum Power Transfer Theorem 

1. It is defined only to help in selecting an optimal load for maximizing the powert 
2. It is not helpful if the load resistance is already specified 
Example 2.54 Find the value of R, at which maximum power is transferred and i 
calculate the value of maximum power transferred in the circuit shown in Fig. E2.54a 

12 
W-

4Q 

w-

9V 
0.2Q 

FIG. E2.54(a) 
Solution 

Given: Internal resistance of voltage source = 0.22. 
The maximum power transfer occurs when R, = Rs. To calculate R,replacing 
source by a short circuit and removing R, the given circuit is redrawn as Fig. E2.54b). 

volta 

show 

4 

ww-

0.2 2 20 R 

FIG. E2.54(b) 

Therefore R 24+4=4.75a 
1.2x2 

To find the maximum power PRaP, find the open circuit voltage, i.e.. a 
+2 

open-circuiting R, as shown in Fig. E2.54(¢). 
max 
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0.2 

29 

9V 

FIGE2.54AC) 

Anehing KVL to the circuit shown in Fig. E2.54(¢), we get 

1+2/+0.2/ =9 

2.8125 A 

2xl=5.625 V 
Therefore, 

(5.625)=1.665W Pa4R4x4.75 
Example 2.55 Determine the load resistance that will receive maximum power from 

De source in the network shown in Fig. E2.55(a). Alsc ind maximum power delivered to 

the load. 

Therefore, 

200 www-100 N 
10 V 

25 102 

w-

FIG. E2.55(a) 

eby" 
power transfer occurs when R, = R. To calculate R, replace the voltage 

SSb Ot circuit and remove R,. Then the given circuit is redrawn as shown in Fig. source by a E2 5506) 

Therefore, 

Solution 
The maximum po 

R. = 
100x 25 200 x10= 20+9.524= 

29.5240 

R, 100+25 

2.55(cl 
O maximum power P calculate by open-circuiting R, as shown 

ig. E2.55(¢) 

200+10 Hence, 
To find the value of m 

R = Rs=29.5242 

ww 
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200 N 100 ww 

100 2 
200 Q 

B 

A 

25 T1ov B 10 2 

25 
10 

D 

FIG. E2.55(b) FIG. E2.55(c) 
Applying KVL to the loop ACDA, we get 

100,+25=-10 
=-0.088A 

Applying KVL to the loop CBDC, we get 
2007, +101, =10 
1,=0.0476A 

Therefore, =VA=VaD +Vp8 
25x0.08+10x-0.0476 1.524 V 

P R V1.524 Therefore, 
=19.679 mW 4R 4x 29.524 

Example 2.56 Find the value of maximum power transferred at the terminals circuit shown in Fig. E2.56(a). . 
ab'in th 

1200 

W-

400 S 

183.333 mA 

600 

700 mA 266.667 mA 300 

FIG. E2.56(a) 
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Solution 

a To find Ry 
ing the current sources, the circuit is drawn as shown in Fig. E2.56(b). 

Open-ci 

1200 2 

400 
-0a 

600 2 

200 2 
300 2 

FIG. E2.56(b) 

R, =200+ 1200+60o 1200x600 o0300+400 
= 000x300 

600+300 
400 

R 600Q 
For maximum power to be transferred, R, = 600 2 

(b) To find Iy 
The load terminals 'ab' are shorted and using source transformation, the current sources in 

gven cireuit are converted into voltage sources as shown in Fig. E2.56(¢). 

220 V 
1200 2 

400 2 

160 V 200 

-
600 2 300 S 

140 V 

kpplying KVL to the circuit, we get 

FIG. E256(c) 

(1) 1100-600/, -300/, = 300 
(2) 

Pon solving Eqn. (1), (2) and (3), we get 

-600 +1800/, =-380 

-300/, +700/, =0 (3) 

0.2247A 
,-0.1362 A 
1=0.0963 A 
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(c) To find PaN 
Norton's cquivalent cireuit is drawn as shown in Fig. E2.56(d). 

According to the current division rule, we get 
O6 3x10x60048.15 mA 

1, =-
600+600 

RN 6002 

D 96.3 mA R 600 Q 

FIGE2.56(d) 
Hence, the maximum power transferred to the load 

= (48.15x10" x600 = 1.391 W 

Example 2:57 In the network shown in Fig. E2.57(a), find the value of Z, so t power transfer from the source is maximum. Also, find the value of Pma 

1020° V 

0000 
j20 15 12 S 

j30 
20 S O000 40 

FIG.E2.57(a Solution 
The maximum power transfer occurs when Z, = Z%.To calculate Z,, the vo replaced by a short circuit and Z, is removed as shown in Fig. E2.57O 

2,, the voltage 
soun 

0000 
j20 8 15 

12 

30 Q 
OO00 20 R_ 

40 2 

FIG E2.570b 
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