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Abstract:

1) the aim of the experiment is to find the value of  the load resistance RL that satisfies the condition of the maximum power transfer which is RL= R+Rin
2) The method used: by reading different measurements of the current passing through the circuit in different values of the RL (variable resistance in the circuit).

Theory:
· The electromotive force(emf) is the open circuit voltage difference between its terminals and the maximum value of the current it can deliver to a short circuit and it is the way the voltage source is characterized:

a) Ideal voltage source (R~0) according to ohm’s law (I=V/R) be able to provide infinite current.

b) In real voltage source ,it cant maintain its (emf) as a voltage difference across its terminals and it also can’t provide the circuit with unlimited current.

· An internal resistance is added to every real voltage source so that it gives more realistic representation of a voltage source. if the internal resistance was small then the voltage source can maintain most of their (emf) as voltage difference and provide the circuit with higher current values . 

· The load is any component which consumes electrical power to produce useful work (RL).
Loading problem:
The current passing in circuits:

I= ε/( RL+ Rin)

So the voltage difference between the source and the terminals:

VRL= (ε RL)/ (RL+ Rin)

*IF RL<<Rin then VRL (approximately = ε) so the source delivers most of its (emf) as a voltage difference across its terminals.

*If RL can be compared to Rin then VRL is smaller than ε so an amount of the power is consumed inside the source to deliver unuseful heat energy in this case the source is said to be loaded.

Impedance matching:( maximum power transfer)

In any circuit we seek for consuming the maximum available power to produce useful work .

The power consumed in the RL:   P=I2 RL
                                                     P= (ε2 RL)/ (RL+ Rin) 2
The maximum available power can be obtained when: RL= Rin

Impedance matching is choosing the value of the load resistance that can transfer the maximum power which is when RL= Rin.
since the internal resistance is small we add an extra resistance so that their sum will equal the load resistance. This new resistance (R) can be considered as an additional internal resistance if we saw it from the RL and it will be considered from the source as an additional load resistance.

The additional resistance:

A) advantages: it helps to avoid loading problem and fulfilling the condition  of impedance matching for large load values.

B) Disadvantage :is that  this additional resistance consumes part of the power delivered to the circuit by the source.

Applying the conservation of energy we get:

1/I= RL 1/ ε + (Rin+R)/ ε
A plot of 1/I vs. RL gives a straight line with slope 1/ ε and y-intercept (Rin+R)/ ε.

For the maximum power transfer to the load resistance: RL=R+ Rin
Efficiency (η)
It’s a useful concept to use with power and the efficiency of a component with impedance(resistance) RL operated from a source with internal resistance Rin is the power dissipated in RL and divided in the circuit: η (RL)= RL / ( RL+ Rin)
Data:

The data are at the columns of I and RL of the table in the calculations part.

Note: the original data is attached to the report.
Calculations:
	R(L)
	I
	P
	1/I
	η(RL)

	100
	9.69
	9389.61
	0.103199
	0.090909

	200
	8.86
	15699.92
	0.112867
	0.166667

	300
	8.18
	20073.72
	0.122249
	0.230769

	400
	7.58
	22982.56
	0.131926
	0.285714

	500
	7.06
	24921.8
	0.141643
	0.333333

	600
	6.62
	26294.64
	0.151057
	0.375

	700
	6.22
	27081.88
	0.160772
	0.411765

	730
	6.10
	27163.3
	0.163934
	0.421965

	760
	5.99
	27268.88
	0.166945
	0.431818

	820
	5.79
	27489.76
	0.172712
	0.450549

	870
	5.63
	27576.3
	0.17762
	0.465241

	910
	5.51
	27627.69
	0.181488
	0.47644

	930
	5.45
	27623.33
	0.183486
	0.481865

	950
	5.39
	27599.5
	0.185529
	0.487179

	970
	5.33
	27556.63
	0.187617
	0.492386

	990
	5.28
	27599.62
	0.189394
	0.497487

	1010
	5.22
	27520.88
	0.191571
	0.502488

	1030
	5.17
	27530.77
	0.193424
	0.507389

	1050
	5.12
	27525.12
	0.195313
	0.512195

	1100
	4.99
	27390.11
	0.200401
	0.52381

	1190
	4.79
	27303.48
	0.208768
	0.543379

	1300
	4.55
	26913.25
	0.21978
	0.565217

	1500
	4.18
	26208.6
	0.239234
	0.6

	1800
	3.73
	25043.22
	0.268097
	0.642857

	3000
	2.61
	20436.3
	0.383142
	0.75

	6000
	1.49
	13320.6
	0.671141
	0.857143

	10000
	0.95
	9025
	1.052632
	0.909091

	50000
	0.21
	2205
	4.761905
	0.980392

	200000
	0.05
	500
	20
	0.995025


From graph (1) which is a plot of 1/I vs. RL we can find the value of ε:
The slope=1/ ε   ,   slope = Δy/Δx taking two points on the graph (I used Excel):

Slope = 9.924*10-5 Ω-1.mA-1.
ε = 1/slope = 1.01*104  Ω.mA.
   =10.1  Ω.A.

To calculate Rin we must find the y-intercept:

Y-intercept = (Rin+R)/ ε.

The y-intercept is 103                     103 = (Rin+1000)/10.1
Rin = 40  Ω
From this value of the internal resistance we can figure out that it's small and that we need another resistance (R) to accomplish the condition of the maximum power transfer which is: RL=R+ Rin.
From the graph of PRL and η(RL) on a semi-log paper we can find the value of RL that satisfies the condition for transferring power to the load resistance. PRL has a maximum value when RL =1000Ω.
Conclusion:

Theoretically the value of RL should be equal to the sum of the resistance(R) and the internal resistance :

R=1000Ω  ,  Rin=40Ω    ,  then RL should be 1040 but experimentally value was 1000 so we notice some error in the result due to systemic errors that effected the value and random errors from us in taking the readings from the devices. But still the result is accurate and within the reasonable range, especially that the resistance of R = 1000 ( 100 Ω according to the color code (it's colors were: Brown, black, red and a silver band ( 10*102 ( (10%*1000) ).
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