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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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  then 
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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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) is recommended.
   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:
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 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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Data:
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Calculation:
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………………………………………………………………………………………
……………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
Results and conclusions:

[image: image35.wmf]W

=

....

..........

in

r



[image: image36.wmf]v

........

..........

=

e


………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
………………………………………………………………………………………
_1335277240.unknown

_1335277248.unknown

_1335277252.unknown

_1335277256.unknown

_1335277258.unknown

_1335277259.unknown

_1335277260.unknown

_1335277257.unknown

_1335277254.unknown

_1335277255.unknown

_1335277253.unknown

_1335277250.unknown

_1335277251.unknown

_1335277249.unknown

_1335277244.unknown

_1335277246.unknown

_1335277247.unknown

_1335277245.unknown

_1335277242.unknown

_1335277243.unknown

_1335277241.unknown

_1335277232.unknown

_1335277236.unknown

_1335277238.unknown

_1335277239.unknown

_1335277237.unknown

_1335277234.unknown

_1335277235.unknown

_1335277233.unknown

_1335277228.unknown

_1335277230.unknown

_1335277231.unknown

_1335277229.unknown

_1335277226.unknown

_1335277227.unknown

_1335277225.unknown

