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I. Abstract:
  This experiment aims to find the emf given by a voltage source and its internal resistance, and to find the value of RL when the maximum power is consumed in the load by recording the value of the current (I) at different values of RL and using the graphs of (1/I) vs. RL and P(RL) to calculate or estimate the values mentioned above. The main result was that the maximum amount of power is consumed RL was when RL = ΣRin.
· Є = 10.62 volt

· ΣRin = 1055.20 Ω; rin = 55.20 Ω

· Maximum power consumed in Load ≈ 27.25 mW (when RL ≈ 1000 volt)
II. Theory:

  According to ohm’s law (I=V/R), a circuit with only a source of emf Fig.(1) should provide an infinite current, but since this doesn’t happen we know that each source of emf must have a resistance of its own which we call an internal resistance Fig.(2).

  For a circuit like the one in Fig (3), since VRL = (ЄRL)/ (RL+rin): only for very small values of  rin  can we get VRL ≈ Є otherwise we will be producing unuseful heat energy. Therefore, having a practical circuit requires RL>>Rin.
  Impedance matching is the process by which we set the total internal resistance to be equal to the load resistance to maximize power (P) in the load resistance. Since  Є = IΣRin + IRL →   (1/I) = (RL/ Є) + (ΣRin/ Є); so a graph of (1/I) vs. RL Gives a straight line with slope equal to (1/ Є) and (ΣRin/ Є) as its Yintercept.
  Finally, the efficiency (η) of a component is the power dissipated in that component divided by the power dissipated in the entire circuit. For the circuit in Fig (3) η(RL) = (I2RL)/ (I2 (RL+ ΣRin)) →   η (RL) = (RL)/ (RL+ ΣRin)
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III. Procedure:
a. We turned on the voltage source and, using the voltmeter, we adjusted its output to be 10 volts.

b. We constructed a loop such as the one in Fig. (3) Which consisted of a voltage source, a 1KΩ resistance, a variable resistance and a multimeter (to act as an ammeter.)
c. We kept changing the value of the variable resistance, each time taking the reading on the variable resistance and the corresponding reading on the multimeter.

d. We plotted a graph of (1/I) vs. (RL) to get Є and rin.

e. We plotted a graph of P(RL) for impedance matching.

f. We plotted a graph of η(RL).

IV. Data:

	RL (Ω* 103)
	I (mA)
	1/I (mA-1)
	P(RL) (mW)
	η(RL) (%)

	0.20
	8.66
	0.115
	15.00
	15.93

	0.40
	7.43
	0.135
	22.08
	27.49

	0.60
	6.51
	0.154
	25.43
	36.25

	0.80
	5.79
	0.173
	26.82
	43.12

	0.90
	5.49
	0.182
	27.13
	46.03

	0.95
	5.35
	0.187
	27.19
	47.38

	1.00
	5.22
	0.192
	27.25
	48.66

	1.05
	5.09
	0.196
	27.20
	49.88

	1.10
	4.97
	0.201
	27.17
	51.04

	1.40
	4.35
	0.230
	26.49
	57.02

	1.60
	4.02
	0.249
	25.86
	60.26

	2.00
	3.48
	0.287
	24.22
	65.46

	3.00
	2.62
	0.382
	20.59
	73.98

	4.00
	2.09
	0.478
	17.47
	79.13

	5.00
	1.75
	0.571
	15.31
	82.57

	10.00
	0.95
	1.053
	9.03
	90.46

	20.00
	0.50
	2.000
	5.00
	94.99

	30.00
	0.34
	2.941
	3.47
	96.60

	40.00
	0.26
	3.846
	2.70
	97.43


V. Calculations:

· From the graph of (1/I) vs. RL:

· (1/Є) = slope of line = 0.0942 volt-1 → Є = (1/0.0942 volt-1) = 10.62 volt.

· (ΣRin/ Є) = Y-intercept = 0.0994 mA-1 →   ΣRin = (Y-intercept * Є)                = (10.62 volt * 0.0994mA-1) = 1055.20 Ω.
· rin (internal resistance for emf source)= ΣRin–R = (1055.20–1000)Ω = 55.2 Ω

· From the graph of P(RL):

· Maximum value for P occurs approximately at RL=1000Ω→Pmax ≈ 27.25mW.
VI. Analysis:
By analyzing the graphs, data and the numerical results we can see that:
I. The maximum Power transfer to the load resistance occurs when RL is approximately 1000Ω which is approximately equal to the total internal resistance (as viewed by the load resistance). This confirms our mathematical conclusion about impedance matching which occurs at RL = ΣRin.
II. Our voltage source (or any other one) has an internal resistance since the value we calculated for Є (10.62 volt) is slightly more than that which we measured using the multimeter (10.00 volt).
III. The efficiency of the load resistance increased as the load’s resistance increased which means that as we increase the load’s resistance, the load will consume a higher percentage of the power dissipated in the circuit.

IV. From part III we can see that as the load’s resistance becomes much larger than the internal resistance (as viewed by the load resistance), the source delivers most of its emf as voltage difference across its terminals and we can avoid loading the source. This result agrees with what we concluded about the loading problem (see theory.)
VII. Conclusion:
· Є = 10.62 volt

· ΣRin = 1055.20 Ω

· rin = 55.20 Ω

· Maximum power consumed in Load ≈ 27.25 mW (when RL ≈ 1000 volt)

  We can conclude that impedance matching occurs when the total internal resistance is equal to the load’s resistance (see I Analysis). 

  The Result we got for Є matched what we expected: we knew that if the value we got for Є using the multimeter is 10.00 volt, then the real value should a little more then that because of the source’s internal resistance. We also confirmed our observation about the loading problem practically (see IV Analysis).

  Factors which might have contributed to the presence of errors in our experiment include: not taking into account the resistance of other elements of the circuit such as the wiring. Also the results we got using the graphs have limited our accuracy due to the limitation imposed by the divisions on the graphs; this is especially clear when we tried to estimate the value of RL at which the maximum power is consumed, from the graph the best estimate we could give was at 1000Ω but theoretically it should be about 1055 Ω. Measurements which we took from the graph of (1/I) vs. RL are much more precise because we used the values which the computer calculated for the slope and Y-intercept using the least square fit method.

VIII. We can conclude that impedance matching occurs when the total internal resistance is equal to the load’s resistance. ``` Errors:

ΔRL= smallest division on the resistor decade box = 1Ω

ΔI = the smallest digit we can read = 1*10-5 A.

ΔR = value calculated from color code = 

ΔY-intercept = Δb = smallest division on the Y-axis = 0.10 mA-1
When we use (RL) and (I) in calculating uncertainties, we are using their average values.

RL (avg) = 6530Ω; I (avg) = 3.94*10-3 A

Y-intercept = b = 0.0994 mA-1
· Є = IR → ΔЄ = (ΔIRL) + (ΔRLI) → ΔЄ = (1*10-5 *6530) + (1*3.94*10-3)                = 0.0692 volt ≈ 0.07 volt.

· ΣRin = Є * b → ΔΣRin = (ΔЄ * b) + (Δb * Є) → ΔΣRin                                              = (0.0692 *  0.0994) + (10.62 *0.1) = 

· rin= ΣRin – R  →  Δrin= ΔΣRin + ΔR →  Δrin = 
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