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1 Introduction 

Kirchhoff’s Law is proved in this lab. By building a basic circuit with two voltage sources and 

measuring the voltage between the branches and the current flowing through the resistors, we 

can calculate the sum of voltage and current. 

When trying to prove the Superposition Principle, we can remove one of the sources and 

measure the voltage and current again. It’s useful to compare the sum of two independent 

voltage sources. 

 

1.1 Theory 

1. Kirchhoff’s voltage law: Given a closed loop containing elements with voltage values V1, ..., 

VN, the sum of the voltage values within the loop is zero. 

2. Kirchhoff’s current law: Given any node and currents I1, ..., IN flowing into the node, the 

sum of all the current values is zero.  

3. Superposition principle: For a linear circuit with two (DC) sources (S1 and S2), the voltage 

value across any element is equal to the sum of the element voltage when only S1 is present 

and that when only S2 is present. Similarly, the current flowing any line of the circuit is equal 

to the sum of the current when only S1 is present and that when only S2 is present. The 

superposition principle holds true for circuits with more than two sources. 

 

1.2 Scope 

1. Verifying the Kirchhoff’s voltage and current laws. 

2. Verifying the superposition principle. 

3. Implementing the circuits in an experimental setting, taking measurements, and comparing 

with theoretical results. 

4. Getting familiar with DC power supply and multimeter. 

 

1.3 Apparatus needed 
1. DC power supply 



2. Multimeter 

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

4. Breadboard 

5. Wires 

 

 

2 Experiment 1: Kirchhoff’s Voltage Law 
 

2.1 Introduction 

2.1.1 Theory  
Kirchhoff’s voltage law: Given a closed loop containing elements with voltage values V1, ..., 

VN, the sum of the voltage values within the loop is zero. 

2.1.2 Design 
Build a circuit on the breadboard: 

 

Fig.1 Circuit 

By measuring the voltage over the branches and then sum them up, check if the sum is zero 

and then we can prove the theory. 

 

2.2 Procedures 

1. Build the circuit model in the Capture software and take down the theoretical voltage. To 

get the voltages on each node, we first take node A and next node D for reference. Then we 

can find the voltage of each node. 



 

Fig.2 Node A Reference Voltage                                        Fig.3 Node B Reference Voltage 

2. Build the circuit on the breadboard, set the voltage for 8V and 4V. 

 

Fig.4 Breadboard circuit 

3. Use the multimeter to measure the voltage of each node. Take down the data and analyze. 

 

2.3 Data 

When calculating the relative error (Rel. Err) according to the theoretical value (Theo.) and 
experimental value (Expt.), use the formulation: 

Rel. Err = |Theo. −Expt. | 

When calculating the difference according to the theoretical value (Theo.) and experimental 
value (Expt.), use the formulation: 

Diff. =
𝑅𝑒𝑙. 𝐸𝑟𝑟

𝑇ℎ𝑒𝑜.
× 100% 

The theoretical value comes from the simulation of Capture software, and the experimental 
value comes from the experiment. 

The voltage VAB = VA-VB, the other voltage can be calculated in the similar method. According 
to the voltage of each point, we can calculate the voltage between the branches. 

 



Reference  VA(V) VB(V) VC(V) VD(V) VE(V) VF(V) 

 

A 

Theo. 0 -2.941 1.059 -0.09436 -6.176 1.824 

Expt. 0 -2.923 1.068 -0.086 -6.190 1.811 

Rel. Err \ 0.018 0.009 0.00836 0.014 0.013 

Diff. \ 0.61% -0.85% 8.86% -0.23% 0.71% 

 

D 

Theo. 0.09436 -2.847 1.153 0 -6.08 1.919 

Expt. 0.087 -2.835 1.156 0 -6.1 1.897 

Rel. Err 0.00736 0.012 0.003 \ 0.02 0.022 

Diff. 7.80% 0.42% -0.26% \ -0.33% 1.15% 

Table.1 Node voltage 

 

Reference  VAB(V) VBC(V) VCD(V) VDE(V) VEF(V) VFA(V) VDA(V) 

 

A 

Theo. 2.941 -4 1.15336 6.08164 -8 1.824 -0.09436 

Expt. 2.923 -3.991 1.154 6.104 -8.001 1.811 -0.086 

Rel. Err 0.018 0.009 0.00064 0.02236 0.001 0.013 0.00836 

Diff. 0.61% 0.025% -0.06% -0.37% -0.01% 0.71% 8.86% 

 

D 

Theo. 2.94136 -4 1.153 6.08 -7.999 1.82464 -0.09436 

Expt. 2.922 -3.991 1.156 6.1 -7.997 1.81 -0.087 

Rel. Err 0.01936 0.009 0.003 0.02 0.002 0.01464 0.00736 

Diff. 0.66% 0.025% -0.26% -0.33% 0.03% 0.80% 7.80% 

Table.2 Voltage 

 

Voltage Sum voltage of loop 

A→D→E→F→A 

Sum voltage of loop 

A→B→C→D→A 

Theo. 0 0 

Expt. 0 0 

Table.3 Sum voltage of loop 

 

 

3 Experiment 2: Kirchhoff’s Current Law 
 



3.1 Introduction 

3.1.1 Theory 
Kirchhoff’s current law: Given any node and currents I1, ..., IN flowing into the node, the sum 

of all the current values is zero.  

3.1.2 Design 
Based on the Experiment 1, choose a node and measure the currents flowing through it 

respectively. Sum the currents up and check if the sum is zero. 

 

3.2 Procedures 

1. In this experiment, we choose node A to prove. 

2. Based on the circuit in Experiment 1, click on the current measure to measure the value of 

the currents. As there is no difference to take node A or node D for reference, we can take down 

the number of any model. 

 

Fig.5 Node A Reference Current                                        Fig.6 Node B Reference Current 

As the model didn’t display the direction of current as we suppose in the initial circuit picture, 

we need to change the direction ourselves. We know that the currents always flow from the 

higher electric potential to the lower electric potential, by using the data in Kirchhoff’s Voltage 

Law experiment, it’s obvious that the value of I2 and I3 should be negative. 

3. Based on the circuit on the breadboard in Experiment 1, use multimeter to measure the 

current I1, I2, and I3. 

 

3.3 Data 

Current I1(mA) I2(mA) I3(mA) 



Theo. 6.081 -5.767 -0.3145 

Expt. 6.05 -5.75 -0.3167 

Rel. Err. 0.031 0.017 0.0022 

Difference 0.51% 0.29% -0.70% 

Table.4 Current 

 

Current I1 + I2 + I3 

Theo. -0.0005 

Expt. -0.0167 

Rel. Err. 0.0162 

Difference -32.4% 

Table.5 Current sum 

 

 

4 Experiment 3: Superposition Principle 
 

4.1 Introduction 

4.1.1 Theory 
Superposition principle: For a linear circuit with two (DC) sources (S1 and S2), the voltage 

value across any element is equal to the sum of the element voltage when only S1 is present 

and that when only S2 is present. Similarly, the current flowing any line of the circuit is equal 

to the sum of the current when only S1 is present and that when only S2 is present. The 

superposition principle holds true for circuits with more than two sources. 

4.1.2 Design 
1. Remove S1, measure VCD and I1. 

 



Fig.7 Circuit without S1 

2. Remove S2, measure VCD and I1. 

 

Fig.8 Circuit without S2 

3. Add up the I1 measured in step 1) and 2), compare it to I1 in Experiment 2. 

4. Add up the VCD in step 1) and 2), compare it to VCD in Experiment 1. 

5. By checking them if they are equal, we can verify this theory. 

 

4.2 Procedures 

1. Build up the model in the Capture software of the circuit without S1. Then use the computer 

to simulate the current and voltage. Take down the theoretical value. 

 

Fig.9 Node D Reference without S1                                                   Fig.10 Node D Reference without S2 

2. Build up the model in the Capture software of the circuit without S2. Then use the computer 

to simulate the current and voltage. Take down the theoretical value. 



 

Fig.11 Node D Reference without S2                                                 Fig.12 Node D Reference without S3 

3. Build the circuit without S1 on the breadboard. Use the multimeter to measure the voltage 

VCD and current I1. Then remove S2 and put S1 on the breadboard, measure the voltage and the 

current again. 

  

Fig.13 Circuit without S1                                           Fig.14 Circuit without S2 

 

4.3 Data 

Current/ 

Voltage 

I1 (no S2) (mA) I1 (no S1) (mA) VCD (no S1) 

(mV) 

VCD (no S2) (V) 

Theo. -5.295 -0.7864 314.5 0.8388 

Expt. -5.24 -0.78 315.4 0.842 

Rel. Err. 0.055 0.0064 0.9 0.0032 

Difference  1.04% 0.81% -0.29% -0.38% 

Table.6 voltage or current without voltage sources 

 

 I1 in experiment 2 (mA) Sum of I1 (mA) Difference (%) 

Theo. -6.081 -6.0814 -0.023% 

Expt. -6.05 -6.02 0.496% 

Rel. Err. 0.031 0.0614  

Table.7 Comparison of the current 



 

 VCD in experiment 1(V) Sum of VCD (V) Difference (%) 

Theo. 1.15336 1.1533 0.005% 

Expt. 1.154 1.1574 -0.029% 

Rel. Err. 0.00064 0.0041  

Table.8 Comparison of the voltage 

 

 

5 Analysis 
 

5.1 Method of experiment 
After the experiment, we can find that there are a lot of differences between the theoretical 

value and the experimental value. This is several reasons. 

5.1.1 The error of voltage sources 
When using the voltage sources, the voltage is not accurate 8.000V or 4.000V, it’s actually 

4.010V and 7.999V, which may cause error when measuring the voltage. However, this will 

not affect the sum of voltage in a loop. 

5.1.2 The error resistance of the wires 
When measuring the currents, we need to break some branches and connect to the multimeter. 

The multimeter touches the element we want to measure, but the different direction may cause 

different resistivity. This will cause the difference of current. 

 

5.2 Error analyze 
From the data above, we can find the largest error is the Kirchhoff’s Current Law experiment 
and the difference between the theoretical value and the experimental value is -32.4%. 
Therefore, we mainly analyze the error of the current. 

5.2.1 Error of the resistors 
If we use nodal analyze to do the theoretical calculation of the circuit below, we can have these 
equations: 



 

−8V + 𝑅 × 𝐼 − 𝑅 × 𝐼 + 𝑅 × 𝐼 = 0    (1) 

4V + 𝑅 × 𝐼 − 𝑅 × 𝐼 + 𝑅 × 𝐼 = 0       (2) 

𝐼 + 𝐼 + 𝐼 = 0                                           (3) 

Solving the three equations, we can get: 

𝐼 =
×( ) ( )×( )

  

𝐼 = −
×( ) ( )×( )

  

𝐼 =
×( ) ( )×( )

  

According to Ohm’s Law, 

𝑉 = −𝐼 × 𝑅 =
( )×

×( ) ( )×( )
  

𝑉 = −𝑈 = −4𝑉  

𝑉 = −𝐼 × 𝑅 =
( )×

×( ) ( )×( )
  

𝑉 = 𝐼 × 𝑅 =
( )×

×( ) ( )×( )
  

𝑉 = −𝑈 = −8𝑉  

𝑉 = 𝐼 × 𝑅 =
( )×

×( ) ( )×( )
  

𝑉 = 𝐼 × 𝑅 =
( )×

×( ) ( )×( )
  

The scalar of the multimeter is 0.001Ω, thus the error of the multimeter is 0.0005Ω. 

δ𝐼 = (𝛿𝑅 ) + (𝛿𝑅 ) + (𝛿𝑅 ) + (𝛿𝑅 ) + (𝛿𝑅 )   



δ𝐼 = (𝛿𝑅 ) (
𝜕𝐼

𝜕𝑅
) + (𝛿𝑅 ) (

𝜕𝐼

𝜕𝑅
) + (𝛿𝑅 ) (

𝜕𝐼

𝜕𝑅
) + (𝛿𝑅 ) (

𝜕𝐼

𝜕𝑅
) + (𝛿𝑅 ) (

𝜕𝐼

𝜕𝑅
)  

δ𝐼 = (𝛿𝑅 ) (
𝜕𝐼

𝜕𝑅
) + (𝛿𝑅 ) (

𝜕𝐼

𝜕𝑅
) + (𝛿𝑅 ) (

𝜕𝐼

𝜕𝑅
) + (𝛿𝑅 ) (

𝜕𝐼

𝜕𝑅
) + (𝛿𝑅 ) (

𝜕𝐼

𝜕𝑅
)  

The errors are so tiny that we can nearly ignore them. So as the error of voltage. Therefore, the 

error of the resistors is not the major cause of the error of the currents and voltages. 

5.2.2 Error of the reading 
When reading the results from the multimeter, the scalar is 0.01 mA, thus the error of current 
is 0.005 mA. Hence, we can get: 

𝛿𝐼 = 𝛿𝐼 = 𝛿𝐼 = 0.005 𝑚𝐴  

In Kirchhoff’s Current Law experiment: 

δ(𝐼 + 𝐼 + 𝐼 ) = 𝛿𝐼 + 𝛿𝐼 + 𝛿𝐼 = 0.015 𝑚𝐴  

The error fits well with the relative error between the theoretical value and the experimental 
value. 

 

 

6 Conclusions 

6.1 Kirchhoff’s Voltage Law 

The sum of the voltage of the loop is zero, which proves that the Kirchhoff’s Voltage Law is 

true. 

 

6.2 Kirchhoff’s Current Law 

When calculating the current entering or flowing out of a node, the sum is zero, which can 

prove that the Kirchhoff’s Current Law is true. 

 

6.3 Superposition Principle 

After removing one of the voltage sources and then add up the two parts of voltage or current, 

the sum is equal to the basic circuit with two sources. Therefore, this indicates that the 

Superposition Principle is true. 


