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Abstract:
The aim of the experiment: is to verify the Superposition Principle and Kirchhoff’s laws. And prove them experimentally.
The method used: by comparing the value of the current passing each resistant measured using the ammeter with values we calculate using the mentioned laws. And doing the same with the voltages.
Main results:  

   I1, I2, and I3 were found to be 3.16mA, 1.29 mA and 1.87mA respectively and V1, V2, V3 was found to be 3.20 V, 2.80V and 8.76V respectively.
Theory: 
     Electric networks are circuits that include many elements such as resistors, voltage sources and current sources that are connected together in a rather complicated way. In such cases, applying Ohm's law and the simple parallel and series connection rules is of no practical help. Many circuit analysis techniques where developed in order to facilitate analyzing complicated networks. Kirchhoff’s laws and the superposition principle are such powerful techniques deduced from nature's most fundamental laws.

Kirchhoff’s Laws

1) Loop theorem: This theorem is just the principle of conservation of energy as applied to electric circuits. It states that: The algebraic sum of the voltage drops and electromotive forces (emfs) in a closed electric circuit is always zero. In other words, the power generated by sources in a closed circuit is totally consumed by the circuit components. Symbolically,
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Where we have accounted for the opposite signs of voltage drops and emfs.
2) Junction theorem: This theorem is just the principle of conservation of charge applied to electric circuits. It states that: The algebraic sum of the currents passing through any circuit junction is always zero. Symbolically,
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where the currents entering a junction have opposite signs to those leaving it.


   One way of finding the values of the currents passing through the different resistors in a circuit, proceeds as follows:
• Assign a current of arbitrary direction to each of the resistors in the circuit.

• Apply Kirchhoff’s junction theorem to all independent junctions in the circuit.

• Apply Kirchhoff’s loop theorem to all independent circuit loops.

• You should be able to produce as many independent equations as there are unknown currents.

The Superposition Principle (SPP)
If circuit equations are linear, then the mathematical superposition principle which states that: The response “a desired current or voltage” at any point in a linear circuit having more than one source can be obtained as the sum of the responses caused by each of the independent sources acting alone, is applicable.

Therefore, a circuit that contains independent and/or linear sources and linear circuit components such as resistors, capacitors and inductors can be analyzed using this principle as we will see.
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  And now, let’s apply these laws to our experiment; by setting up a circuit like the one shown in (figure 1) and applying the junction theorem to the circuit we get
:
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By applying the loop theorem to the right closed part of the circuit we get : 
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and by applying the same theorem to the left part we get:
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and by substituting equation (1) in (2) we get :
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and by solving equations (3) and (4) we find out that:
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And now, let’s approach the same circuit using the SPP. By omitting the emf 
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 from the circuit and solving it using Ohm’s law, we find out that the current passing through the resistance 
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 pointed to as (
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 is equal to   1.53mA. By omitting the emf  
[image: image12.wmf]1

e

 and solving again we find out that the current passing through the same resistance  
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 is equal to 0.35mA.  By adding the two values we and according to the SPP we can find the value of the current passing through the resistance due to the two emfs: 
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We can see that it’s the same value obtained from Kirchhoff’s laws.

Data: 

After performing the experiment the following data were obtained:

Table 1: Kirchhoff’s laws
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  (mA)
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 (mA)
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 (mA)

	3.16
	1.29
	1.87
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 (volts)
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(volts)

	3.20
	2.80
	8.76


Table 2:  SPP
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 (mA)
	1.52
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	7.14
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	0.35
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 (volts)
	1.62
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Table 3: Additional Data
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 (mA)
	4.79
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	3.27
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	1.62
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	1.97
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Results and conclusions:
( For the obtained values of the current and voltage through each resistance see the Data section.
After performing the experiment we come to the following conclusions:

· By comparing the values of the electric current obtained from the theoretically by solving the current using Kirchhoff’s laws and the values obtained from the experiment we find that Kirchhoff’s laws fit almost perfectly with a slight discrepancy that fall within the experimental error range. Which is not something strange since they are based on two of nature’s known laws of conservation. 
· By comparing the values of the electric current obtained from the theoretically by solving the current using the SPP we find that these values also fit almost perfectly, and that can be considered as an experimental verification of the law. However, by looking at the values of  
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 and 
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 obtained using the SPP, we can notice that there is a slight difference that falls also within the experimental error range.

· The fact that the SPP can be used to analyze electric circuits points to the fact that when a circuit is set, each linear voltage or current source provides its own response (current or voltage) independently, without being affected by the other sources. 

· Kirchhoff’s laws and the SPP are among the circuit analyzing methods used with complicated circuits, when we have voltage sources connected in parallel, that is to say when Ohm’s law is not applicable anymore.[image: image35.png]









� Namely the conservation of charge and energy laws.


� The electric currents were assigned arbitrarily as shown in the figure.


� The current passing through the resistance � EMBED Equation.3  ��� due to the emf  � EMBED Equation.3  ���


� The first part of the experiment is to prove Kirchhoff’s laws. Whereas the second is to prove the SPP.
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