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Abstract:
The aim of the experiment: is to measure the internal resistance of a voltage source, the potential difference, and see when does the power reach its maximum value.

The method used: The direct calculation of the electrical current passing through a simple circuit at different values of the resistance.
Main results:
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Theory:
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  One of the main characteristics of a voltage source is the electro motive force (emf), which is the open circuit voltage difference between its terminals, as shown in (figure 1a), and the maximum value of the current deliver to a short circuit. And according to Ohm’s law; an ideal voltage source connected to a short circuit (
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 should be able to provide an almost infinite current. However, In real circuits a voltage source connected to a short circuit can neither maintain its (emf) as a voltage difference across its terminals nor can it provide the circuit with unlimited current. It should be obvious that voltage sources with small internal resistances can maintain most of their (emf) as voltage differences between their terminals and provide circuits with higher current values than would the ones with high internal resistances. 

    Voltage sources are used to provide useful electrical power to certain circuit components, such as electric motors and light bulbs. Any component which consumes electrical power to produce useful work is called a load and the resistance of such a component is called the load resistance, and is referred to by (
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 Loading Problem
The current passing through the simple series circuit , like the one shown in (figure 2) is : 
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So, the voltage difference between the source terminals is:
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If (
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)  then  (
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)  and the source delivers most of its emf as a voltage difference across its terminals. On the other hand, if  
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 is comparable to  
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 is smaller than (
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). Hence, a considerable amount of power is consumed inside the source and converted to unuseful heat energy. In this case the source is said to be loaded. In practical circuits we usually want to avoid loading the source, therefore, choosing (
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   But as we know the internal resistance in the voltage source is usually small, namely a few ohms. Therefore, we face the problem of a limited load. In order to solve this problem, we usually add another external resistance. However, this resistance, to which I refer by (
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) here, is considered as an internal resistance by the load, whereas it is considered an external one by the voltage source. The only disadvantage in this method is the fact that we loose a fraction of the electrical energy through this resistance. 
Impedance Matching (Maximum Power Transfer)
     In real circuits, power consumed in the load produces useful work. Therefore, we seek to consume the maximum available power there. In (Figure 2) the power consumed in the load resistor is:

[image: image16.wmf]L

R

I

P

2

=


Therefore 


[image: image17.wmf]L

in

L

R

r

R

P

2

2

)

(

+

=

e


[image: image57.wmf]in

R

 The previous equation represents the power consumed in the load as a function of the load resistance itself. The function 
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 has a maximum value which can be obtained by setting 
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    (See figure 3)

and this gives 
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As the condition for transferring maximum power to the load resistance. This choice of load resistance is called impedance matching.
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As the internal resistance of voltage sources is usually small (a few Ohms), in practical circuits an additional resistor is connected in series with the source as shown in fig(4) in order to produce the maximum power transfer condition for large values of 
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. While this additional resistance appears to 
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 as an additional internal resistance, it is seen by the source as an additional load resistance. Consequently, this resistance helps in avoiding loading problems and fulfilling the condition of impedance matching for large load values. The only disadvantage is that this additional resistance consumes part of the power delivered to the circuit by the source.
   And by applying the law of energy conservation
 to the circuit in (figure 4), we get:
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And by rearranging the equation we get:
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When we plot this relation we get a straight line with a slope (
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) and a Y-intercept of (
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If we apply the condition of maximum power transfer to the load resistance of the same circuit we get;
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Efficiency
   A useful concept to use with power is that of efficiency (
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). The efficiency of a component with impedance (resistance) 
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operated from source with internal resistance (
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) is the power dissipated in 
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 divided by the power dissipated in the circuit. Therefore:
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By graphing the Power vs. The electrical current (I) we get :
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and by graphing (1/I Vs. Rl ) we get
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( From the first graph we find out that the value of  
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 at which the maximum value of the power occurs is equal to  (1 
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(  From the second graph , and knowing that the slope of the line is equal to  
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  we can calculate 
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And from the same graph we can find out the  
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And since we got a former value of  (
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 , we can easily notice that there must be some kind of error in our values, and such errors can be discussed in the conclusion.

Results and conclusions:
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· By comparing the values of (
[image: image54.wmf]e

) obtained from the voltmeter and from the experiment, we can notice that the discrepancy cant be neglected. Such an error can be attributed either to the lack of precision in the used apparatus. Or to the systematic errors by us students.
· The uncertainty in electric experiments seems to be usually high.

· Since the internal resistance, which is supposed to be nominal, turned out to be relatively large, then one can conclude that the taken values and performed calculations seem to be some how insufficient. So I suggest that we repeat the experiment with more care.
· we can get a more accurate value of the internal resistance by considering the uncertainty in both cases of it, and the uncertainty obtained from the color code. 

· Loading problems can be solved by many methods, among which is the one mentioned before. 

· This problem can be approached from another aspect; which is by finding out the values of R at which the maximum efficiency occurs. And making use of these values in setting up circuits.

· All science is either physics or stamp collecting.
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� � EMBED Equation.3  ��� stands for the internal resistance of the voltage source.


� � EMBED Equation.3  ��� stands for the total internal resistance after adding the resistance R mentioned in the following paragraph


� in the form of  kerchoff’s second law.


� Note that we omitted the points when R = 1000 , 800, 400


� from the first graph
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