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I. Introduction 

1.1 Theory 

1.1.1 Thévenin’s theorem 

                  
Fig.1 Thévenin equivalent circuit transfer 

 

In the figure above, we can find that a linear two-terminal circuit can be replaced by an 

equivalent circuit consisting of a voltage source 𝑉  in series with a resistor 𝑅 , where 

𝑉  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. 

In this experiment, use V = 𝑉  and R = 𝑅 . Then we can summarize the 

Thévenin’s Theorem in the sentence below: 

A powered linear two-port network can be equivalently modeled as a serial connection 

of a voltage source V  and a resistor R . 

 

1.1.2 Norton’s theorem 

                     
Fig.2 Norton equivalent circuit transfer 

 

According to Fig.2, we can find that a linear two-terminal circuit can be replaced by an 

equivalent circuit consisting of a current source 𝐼  in parallel with a resistor 𝑅 , where 

𝐼  is the short-circuit current through the terminals and 𝑅  is the input or equivalent 

resistance at the terminals when the independent sources are turned off. 

Then in this experiment, we can summarize the Norton’s Theorem as follows: 

A linear two-port network with energy source can be equivalently modeled as a parallel 

connection of a current source 𝐼  and the resister 𝑅 . 



 

1.1.3 Combination between Thévenin’s theorem and Norton’s theorem 

In fact, from what we know about source transformation, the Thévenin and Norton 

resistances are equal, which means: 

𝑅 = 𝑅  

To find the Norton current we determine the short-circuit current flowing from terminal 

a to b in both circuits in Fig.2. It is evident that the short circuit is 𝐼 . The short-circuit 

current in Fig.3 must be the same short-circuit current from terminal a to b. Thus: 

𝐼 = 𝐼  

 
Fig.3 finding Norton current 𝐼  

 

Then there should be: 

𝐼 = 𝐼 =
𝑉

𝑅
=

𝑉

𝑅
 

Therefore, we can get the conclusion that the current 𝐼  can be obtained by measuring 

the short-circuit current at the output ports or simply obtained by  from the Thévenin 

equivalent circuit. 

 

1.1.4 Maximum power transfer principle 

 
Fig.4 Circuit used for maximum power transfer                           Fig.5 p-RL graph 

 



Use the voltage source and a resistor to replace a circuit. The simplified circuit is shown 

as Fig.4. To calculate the maximum power of 𝑅 , we need to write the expression: 

𝑝 = 𝑖 𝑅 = (
𝑉

𝑅 + 𝑅
) 𝑅 =

𝑉

+ 2𝑅 + 𝑅
≤

𝑉

4𝑅
 

When 𝑅 = 𝑅 : 

𝑝 =
𝑉

4𝑅
 

In this experiment, the maximum power of 𝑅  is: 

𝑃 =
𝑉

4𝑅
 

Only when 𝑅 = 𝑅 , the equation is satisfied. 

In a word, for a powered linear two-port network, the load connected to the output ports 

receives power. When the load resistance is equal to the equivalent resistance 𝑅 , the 

load receives the maximum power, , that the two-port network can provide. 

 

 

1.2 Scope 

1. Use a Thévenin equivalent circuit to verify the Thévenin’s theorem. 

2. Use a Norton equivalent circuit to verify the Norton’s theorem. 

3. Verify the transformation between Thévenin’s theorem and Norton’s theorem. 

4. Verify the maximum power transfer principle. 

5. Getting familiar with how to use the DC power supply, multimeter and how to 

simulate the circuit model on the Capture software and build the circuit on the 

breadboard. 

 

 

1.3 Apparatus 

1. DC power supply 

2. Multimeter 

3. Resistors (300Ω × 2, 1kΩ, 200Ω, 510Ω) 

4. Resistor box × 2 

5. Breadboard 



6. Wires 

 

 

 

2. Experiment 1: Thévenin equivalent circuit  

2.1 Introduction 

Design a Thévenin equivalent circuit and use the Capture Software to simulate. Find 

the theoretical voltage 𝑉  and short-circuit current 𝐼 . Next, build the circuit on the 

breadboard and use multimeter to measure the experimental voltage 𝑉  and current 𝐼 . 

Use the formula: 

𝑅 =
𝑉

𝐼
 

Calculate the theoretical value and experimental value accordingly. Write down the 

data in a table and compare. 

To prove that Thévenin’s theorem is correct, we need to prove that the initial Thévenin 

equivalent circuit is a linear two-terminal circuit. Therefore, we first set up a voltage 

source which has a voltage of 𝑉  and connect it to a resistor box which has a resistance 

of 𝑅 . Then connect the output port to another resistor box. While changing the 

resistance of the connected box, use the multimeter to measure the voltage over the box 

and current flowing through it. Record the data as a reference. 

                                       
Fig.6 Thévenin’s theorem step 1                                                        Fig.7 Thévenin’s theorem step 2 

 

Next, we connect the initial Thévenin equivalent circuit to the resistor box. This time, 

we change the resistance of the resistor box as the step we did just now. Record the data 

in a table and compare the data between two steps. If the error of voltage and current 

between the two steps is acceptable, we can consider that the Thévenin’s theorem is 

proved. 

 



2.1.1 Theory 

As what we have introduced in 1.1.1, the Thévenin’s theorem can be generalized as: 

A powered linear two-port network can be equivalently modeled as a serial connection 

of a voltage source 𝑉  and a resistor 𝑅 . 

 

2.1.2 Design 

Build the circuit as Fig.8 shown and use it as the initial Thévenin equivalent circuit, and 

build the circuit as Fig.9 shown as the equivalent circuit model. By calculating and 

comparing the voltage and current we can easily judge whether the Thévenin’s theorem 

is right or not. 

 
Fig.8 Thévenin equivalent circuit design                                       Fig.9 Circuit of two resistor boxes 

 

 

2.2 Procedures 

1. Use the Capture Software to build the circuit above.  

In order to find 𝑉 , we can just keep the circuit as Fig.10 shown, and the voltage 𝑉  

is 𝑉 . As for finding 𝐼 , we need to take the terminal B and C a short-circuit, and the 

current flows through the wire is 𝐼 . 

2. Click to simulate and record the theoretical current 𝐼  and voltage 𝑉 . 



 
Fig.9 Measure 𝑉                                                       Fig.10 Measure 𝐼  

 

Use the formula: 

𝑅 =
𝑉

𝐼
 

To calculate the theoretical 𝑅 . Record the value. 

3. Build the circuit on the breadboard. 

4. Use multimeter to measure experimental 𝑉  and 𝐼 . Calculate 𝑅  and record the 

value. 

5. Fill the data in the table and compare. 

To make it more convenient, we use difference to measure the error: 

𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 =
𝑒𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡𝑎𝑙 𝑣𝑎𝑙𝑢𝑒 − 𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑣𝑎𝑙𝑢𝑒

𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑣𝑎𝑙𝑢𝑒
× 100% 

When filling the data in the table, we should also calculate the difference and fill it in, 

too. 

6. Connect a resistor box to the output port of Thévenin equivalent circuit. Change the 

resistance of the resistor box from 0 to ∞ with equal difference of 400Ω. Then use the 

multimeter to record the current 𝐼  and voltage over the resistor box 𝑉 . Record the data 

and fill in the data table. 

To make a distinction with the next step, we call this step #Step 1. We also name the 

resistor box connected to the output port of the Thévenin equivalent circuit #Box 1. As 

we need to change the resistor box of 0, 400, 800, 1200, 1600, 2000, 2400, 2800 Ω and 

∞ to take a more accurate data, when the resistance is 0, we can just connect the 

multimeter into the circuit to measure 𝐼  and consider the voltage 𝑉  is 0. When the 

resistance is ∞, we can consider that it’s an open circuit. Therefore, to make it easier, 

we can measure the voltage between the voltage source and regard the current 𝐼  as 0.  



7. Use the voltage source and a resistor box to build a Thévenin equivalent circuit. Use 

the value of 𝑉  we have measured and 𝑅  we have calculated in procedure 4 to set the 

voltage source and 𝑅 . Connect the output port with another resistor box and again, 

change the resistance of the resistor box from 0 to ∞ with equal difference of 400Ω. 

Then use the multimeter to record the current 𝐼  and voltage over the resistor box 𝑉 . 

Record the data and fill in the data table. 

 
Fig.9 Thévenin equivalent circuit model 

 

In this procedure, we call it #Step 2. We name the resistor box connected to the output 

port of the Thévenin equivalent circuit #Box 1, and the resistor box with resistance 𝑅  

#Box 2. Still, as we need to change the resistor box of 0, 400, 800, 1200, 1600, 2000, 

2400, 2800 Ω and ∞ to take a more accurate data, when the resistance is 0, we can just 

connect the multimeter into the circuit to measure 𝐼  and consider the voltage 𝑉  is 0. 

When the resistance is ∞, we can consider that it’s an open circuit. Therefore, to make 

it easier, we can measure the voltage between the voltage source and regard the current 

𝐼  as 0. The method is just like what we did in #Step 1. 

8. Fill the data in the table and compare. 

 

 

2.3 Data analysis 

After filling all the data, the table of 𝑉 , 𝐼 , and 𝑅  is as follow: 

 

 𝑉  𝐼  𝑅  

Theory 3.00 V 3.146 mA 0.953 KΩ 

Experiment 2.977 V 3.11 mA 0.952 KΩ 



Difference -0.77% -1.16% -0.10% 

Data table.1 Theoretical and experimental 𝑉 , 𝐼 , and 𝑅  

 

When we try to compare the data difference between #Step 1 and #Step 2, we can define 

a formula to make it easier to calculate: 

𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 =
𝑣𝑎𝑙𝑢𝑒 2 − 𝑣𝑎𝑙𝑢𝑒 1

𝑣𝑎𝑙𝑢𝑒 1
× 100% 

After calculating, the data table of #Step 1 and #Step 2 is as follow: 

 

𝑅  (Ω) 0 400 800 1200 1600 2000 2400 2800 ∞ 

1 𝑉  (V) 0.008 0.889 1.37 1.673 1.880 2.002 2.148 2.239 2.995 

𝐼  (mA) 2.07 2.22 1.71 1.39 1.18 1.02 0.87 0.81 0 

2 𝑉  (V) 0.008 0.885 1.367 1.661 1.867 2.018 2.133 2.222 2.978 

𝐼  (mA) 2.04 2.21 1.71 1.38 1.27 1.00 0.83 0.79 0 

𝑉  diff (%) 0 -0.45 -0.22 -0.72 -0.69 0.80 -0.70 -0.76 -0.57 

𝐼  diff (%) -1.45 -0.45 0 -0.72 7.63 -1.96 -4.60 -2.47 / 

Data table.2 #Step 1 and #Step 2 data 

 

From the data table we can find that the difference is tiny, which means that the error 

can be ignored. In this way, the Thévenin’s theorem can be proved. 

 

 

 

3. Experiment 2: Norton equivalent circuit 

3.1 Introduction 

Based on the experiment 1, we have already known the Norton current 𝐼  and the 

Norton resistance 𝑅 . As the same in experiment 1, now we need to prove that the 

initial Norton equivalent circuit is a linear two-terminal circuit.  

This time, we first set up a current source which has a voltage of 𝐼  and connect it 

parallel to a resistor box which has a resistance of 𝑅 . Then connect the output port to 

another resistor box. While changing the resistance of the connected box, use the 

multimeter to measure the voltage over the box and current flowing through it. Record 

the data as a reference. 



Next, connect the output port of the initial Norton equivalent circuit to a resistor box. 

Change the value of the resistor box the same as what we did in the previous step. 

Record the data and compare with each other. By calculating the error, if the error of 

voltage and current between the two steps is acceptable, we can consider that we have 

proved the Norton’s theorem. 

 

3.1.1 Theory 

As what we have introduced in 1.1.1, the Norton’s theorem can be generalized as: 

A linear two-port network with energy source can be equivalently modeled as a parallel 

connection of a current source 𝐼  and the resister 𝑅 . 

 

3.1.2 Design 

Based on the procedure of experiment 1, we have already gotten the value of 𝐼  and 

𝑅 . Therefore, we can build a equivalent circuit straightly and compare the results with 

the initial Norton equivalent circuit. By calculating and comparing the voltage and 

current we can easily judge whether the Norton’s theorem is right or not. 

 

 
Fig.10 Circuit of two resistor boxes 

 

 

3.2 Procedures 

1. Use the current source and a resistor box to build a Norton equivalent circuit. Use 

the value of 𝐼  we have measured and 𝑅  we have calculated in experiment 1 to set 

the current source and 𝑅 . Connect the output port with another resistor box and 

change the resistance of the resistor box from 0 to ∞ with equal difference of 400Ω. 



Then use the multimeter to record the current 𝐼  and voltage over the resistor box 𝑉 . 

Record the data and fill in the data table. 

  
Fig. 11 Norton equivalent circuit model 

 

To make a distinction with the next step, we call this step #Step 3. Also, we name the 

resistor box connected to the output port of the Norton equivalent circuit #Box 1, and 

the resistor box with resistance 𝑅  #Box 2. As we need to change the resistor box of 0, 

400, 800, 1200, 1600, 2000, 2400, 2800 Ω and ∞ to take a more accurate data, when 

the resistance is 0, we can just connect the multimeter into the circuit to measure 𝐼  and 

consider the voltage 𝑉  is 0. When the resistance is ∞, we can consider that it’s an open 

circuit. Therefore, to make it easier, we can measure the voltage between the voltage 

source and regard the current 𝐼  as 0. 

2. Connect a resistor box to the output port of the initial Norton equivalent circuit. Again, 

change the resistance of the resistor box from 0 to ∞ with equal difference of 400Ω. 

Then use the multimeter to record the current 𝐼  and voltage over the resistor box 𝑉 . 

Record the data and fill in the data table. 

Now we call this step #Step 4. We name the resistor box connected to the output port of 

the Norton equivalent circuit #Box 1. Still, as we need to change the resistor box of 0, 

400, 800, 1200, 1600, 2000, 2400, 2800 Ω and ∞ to take a more accurate data, when 

the resistance is 0, we can just connect the multimeter into the circuit to measure 𝐼  and 

consider the voltage 𝑉  is 0. When the resistance is ∞, we can consider that it’s an open 

circuit. Therefore, to make it easier, we can measure the voltage between the voltage 

source and regard the current 𝐼  as 0. The method is the same as we used in #Step 3. 

3. Fill the data in the table and compare. 

 

 

3.3 Data analysis 

When we try to compare the data difference between #Step 3 and #Step 4, we can define 



a formula to make it easier to calculate: 

𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 =
𝑣𝑎𝑙𝑢𝑒 4 − 𝑣𝑎𝑙𝑢𝑒 3

𝑣𝑎𝑙𝑢𝑒 3
× 100% 

After calculating, the data table of #Step 1 and #Step 2 is as follow: 

 

𝑅  (Ω) 0 400 800 1200 1600 2000 2400 2800 ∞ 

3 𝑉  (V) 0.006 0.886 1.369 1.672 1.880 2.032 2.148 2.239 2.994 

𝐼  (mA) 2.75 2.22 1.70 1.39 1.18 1.02 0.89 0.81 0 

4 𝑉  (V) 0.006 0.885 1.367 1.669 1.877 2.028 2.144 2.232 2.991 

𝐼  (mA) 2.74 2.21 1.71 1.38 1.17 1.02 0.86 0.79 0 

𝑉  diff (%) 0 -0.11 -0.15 -0.18 -0.16 0 -0.19 -0.31 -0.10 

𝐼  diff (%) -0.36 -0.45 0.59 -0.72 -0.85 -0.20 -3.37 -2.47 / 

Data table.3 #Step 3 and #Step 4 data 

 

From the data table we can find that the difference is tiny, which means that the error 

can be ignored. In this way, the Norton’s theorem can be proved. 

 

 

 

4. Experiment 3: Maximum power transfer principle 

4.1 Introduction 

First use the voltage source and a resistor box to build a circuit and then, connect the 

output port to another resistor box. Change the resistance of the connected box and use 

the multimeter measure the voltage 𝑉  and current 𝐼 . Next, calculate the power using 

the formula: 

𝑃 = 𝑉 ∙ 𝐼  

Find the maximum power. 

According to the maximum power transfer principle, we know that the only when the 

resistances of the two resistor boxes are equal, the power of the connected box 𝑃  is the 

largest. In this experiment, we are going to verify this principle. 

 

4.1.1 Theory 

As what we have summarized in 1.1.1, the maximum power transfer principle can be 



expressed as follow: 

For a powered linear two-port network, the load connected to the output ports receives 

power. When the load resistance is equal to the equivalent resistance 𝑅 , the load 

receives the maximum power, , that the two-port network can provide. 

 

4.1.2 Design 

Review the experiment 1 (Thévenin equivalent circuit), we will find that the equivalent 

circuit of the initial designed circuit suits this experiment well: 

 
Fig.12 Maximum power transfer principle circuit 

 

Therefore, we can use it in this experiment. 

 

 

4.2 Procedures 

1. Build the circuit as Fig.12 shown. Set the voltage source with 𝑉 = 𝑉  and one of the 

resistor boxes with 𝑅 = 𝑅 . 

2. Let the resistance of another resistor box, 𝑅 , satisfy the equation: 

𝑅 = 𝑅 + ∆𝑅 

In this step, set 𝛥𝑅 = −𝑅 , -350, -150, -50, 0, 50, 150, 350 Ω and ∞. Change the 

resistance of the resistor box and use multimeter to measure the voltage 𝑉  and current 

𝐼 . Record the values. 

3. Use the formula below to calculate the power of 𝑅 : 

𝑃 = 𝑉 ∙ 𝐼  

4. Fill the data in the table, and find the maximum power from these data. 



 

 

4.3 Data analysis 

After filling all the values, the data table is shown as follow: 

 

ΔR (Ω) -Req -350 -150 -50 0 50 150 350 ∞ 

𝑉  /V 0 1.157 1.366 1.454 1.495 1.523 1.604 1.728 2.994 

𝐼  /mA 3.146 1.927 1.704 1.609 1.571 1.527 1.455 1.325 0 

𝑃 /mW 0 2.230 2.328 2.339 2.349 2.326 2.334 2.290 0 

Data table.4 Maximum power transfer principle experiment 

 

From the maximum power transfer principle experiment, we know that when ΔR=0, 

the power should be the maximum. Take a glance at the data table, we will find that 

when ΔR=0, 𝑃 = 2.349 mW , it’s the largest one in all trials. Therefore, we can 

consider that the maximum power transfer principle has been proved. 

 

 

 

5. Discussions 

5.1 Error analysis 

From the data table, we will discover that the values between the two steps still have 

differences, although they are tiny. Here are several possible reasons. 

1. The error of the resistance in the initial Thévenin equivalent circuit and Norton 

equivalent circuit. 

From Data table.1, we can find that the experimental values are not exactly the same 

with the theoretical values. Therefore, when using the equivalent circuit to do the next 

procedures, we set the voltage of theoretical value, and this will bring error. 

2. The error of the voltage source.  

During the experiment, we can easily discover that the voltage source cannot give the 

exact output of the setting value. Hence, the results will be a little different. 

3. The limitation of calculation. 

When we calculate, the digit of the multimeter and the computer software, even the 



indicator of the voltage source will be limited. Although it's a approximate data, it will 

still lead to error. 

4. The error of the resistor boxes. 

In the experiment, after setting the resistor boxes, we will find that there will be an error 

of 80-100 Ω. Actually, this is an unneglected error and it may certainly bring errors. 

5. The resistance of the wires. 

Usually, when doing ideal calculations, we will ignore the resistance of the wires. 

However, due to the real condition, some of the wires are getting rust, which will let 

them have high resistance. It’s obvious that this will bring error. 

  

 

5.2 Improve proposals 

1. Reduce the error of resistor boxes. 

After doing the experiment, use the multimeter check the resistance of the resistor boxes. 

If there are huge errors, for example, when setting the resistance of 900 Ω, it’s actually 

only 400 Ω, we can choose to change a resistor box or adjust it to the correct resistance. 

2. Reduce the error of wires. 

After connecting all kinds of apparatus, first sand the surface of the wires until there is 

no rust. In this way, we can reduce the resistance of the wires and get more accurate 

values. 

 


