
Solution. 
Consider the first test, for which the switch is open and 0mA.I   We see that the

voltmeter is ideal (i.e. its internal resistance is equal to infinity) because 0mA.I   According 
the Kirchhoff’s Voltage Law, write down the following equation: 

1 2 .IR IR V VS VS V� �  �   
Thus, the internal voltage sources of the sensors are 1 6.5VS V  and 2 6.2 .VS V  

Consider the second test, for which the switch is closed. To find the resistance 1,R  we
suppose that the ammeter is ideal (i.e. its internal resistance is equal to zero). We have in 
accordance with Kirchhoff’s Voltage Law: 

( 2 3)1 2 3 1 2 3.VS I R R VSIR IR IR VS R R R
I I

� �
� �  �   � �  

Find the internal resistance 11R  of the first sensor:
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1
1 3

6.5 V1 2 3 120 550 14.932 15 .
9.49 10 A

VSR R R
I � � �  � : � :  : | :

�
 

Find the internal resistance 21R  of the second sensor: 

2
2 3

6.2 V1 2 3 120 550 18.124 18 .
9.01 10 A

VSR R R
I � � �  � : � :  : | :

�
 

 

 
 
Solution. 
Write the system of equations according Kirchhoff’s Voltage Law (see Figure 2-1): 

1 1 3

2 2 3

1 2 5 1;
4 3 5 2.

I R I R I R V
I R I R I R V

� �  ­
® � �  ¯

 

Express the current 3I through the mesh currents 1I   and 2I  using Kirchhoff’s Current Law: 

3 1 2 3 1 20 .I I I I I I� �  �  �  
Plug 3I  into the system of equations: 

1 1 1 2 1 2

2 2 1 2 1 2

1 2 ( ) 5 1; ( 1 2 5) 5 1;
4 3 ( ) 5 2; 5 ( 3 4 5) 2.

I R I R I I R V I R R R I R V
I R I R I I R V I R I R R R V

� � �  � � �  ­ ­
�® ®� � �  � � �  ¯ ¯
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Figure 2-1 

 
Plug the numerical values into the system of equation. We have: 

1 2 1 2

1 2 1 2

(15 120 250) 250 6.5; 385 250 6.5;
250 (120 18 250) 6.2; 250 388 6.2.
I I I I

I I I I
� � �  �  ­ ­

�® ®� � �  �  ¯ ¯
 

Solve the system by Cramer’s Rule: 

1 2

6.5 250 385 6.5
6.2 388 250 6.2972 7620.0112 A=11.2 mA; 0.0088 A=8.8 mA.
385 250 385 25086880 86880
250 388 250 388

I I       

Find the current 3I  through the load resistor: 

3 1 2 11.2 mA 8.8mA = 20mA.I I I �  �  
Draw the Thevenin equivalent circuit for the output terminals A-B as shown in Figure 2-

2. 

eqV

eqR

5R

3I

 
 

Figure 2-2 
 
Find the equivalent voltage for the Thevenin circuit .eqV  This voltage is obtained at terminals A-
B of the circuit with terminals A-B open circuited, as shown in Figure 2-3. According Kirchhoff’s 
Voltage Law, write the following equation for the circuit shown in Figure 2-3: 
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Figure 2-3 

 

4 4 4 4 4
1 21 2 3 4 1 2 .

1 2 3 4
V VI R I R I R I R V V I

R R R R
�

� � �  � �  
� � �

 

Use Kirchhoff’s Voltage Law again to find the equivalent voltage :eqV   

4 3 4 4
( 1 2)( 3 4) 1( 3 4) 2( 1 2)2 2 6.35 V.
1 2 3 4 1 2 3 4eq
V V R R V R R V R RV I R I R V V
R R R R R R R R

� � � � �
 � �  �   

� � � � � �
 

Calculate the output current ABI when the output terminals A and B are short circuited (see 
Figure 2-4). Using Kirchhoff’s Voltage Law twice, we have: 

 
Figure 2-4 

 
1 21 2 1 ; 3 4 2 .

1 2 3 4a a a b b b
V VI R I R V I I R I R V I

R R R R
�  �  �  �  

� �
 

Express the current LI  according Kirchhoff’s Current Law: 
1 2 93.1mA.

1 2 3 4L a b
V VI I I

R R R R
 �  �  

� �
 

Thus, the equivalent resistance eqR  for the Thevenin circuit (see Figure 2-2) is: 

2

6.35 V 68.2 .
9.31 10 A

eq
eq

L

V
R

I �   :
�

 

According to Ohm’s Law, the current 3I  through the resistor 5R  is given by (see Figure 2-2): 
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3
5

6.35 V 20.0 mA.
68.2 250

eq

eq

V
I

R R
   

� :� :
 

As we can see, this result is the same as we got earlier.
Find 3I  for the load resistor 5 10 :R  :   

3
5

6.35 V 81.2 mA.
68.2 10

eq

eq

V
I

R R
   

� :� :
 

Find 3I  for the load resistor 5 10 k :R  :  

3
5

6.35 V 0.63mA.
68.2 10000

eq

eq

V
I

R R
   

� :� :
 

Find the power 5p  transferred to the load 5:R  
2

52
5 3 5 2

5

.
( )

eq

eq

V R
p I R

R R
  

�
 

We can consider 5p  as a function of resistance 5.R  The function 5 ( 5)p R  reaches its maximum 
when its derivative equals zero: 

2 2
5 5 5 525

5 5 52 4
5 5 5 5

( ) 2( )
0; 2 0; 68.2 .

( ) ( )
eq eq eq

eq eq eq
eq eq

V R R R R R Rdp d V R R R R R
dR dR R R R R

ª º � � �
   � �    :« »

� �« »¬ ¼

Thus, when 5 68.2 ,R  :  the power transferred to the load 5R  is maximal. 
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