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I. Abstract:
The aim :-This experiment aims to find the value of the current passing through part of an electric network.

Method:- by applying the equivalent circuit techniques of Thevenin and Norton. It also aims to confirm the accuracy of both techniques by comparing experimental and calculated results.
The main result we obtained was that both techniques proved to be correct methods for solving complicated electric networks
Main results;-.
	Technique
	I3 (mA) experimentally 
	I3 (mA) by calculation

	Direct measurement
	1.88
	1.88

	Thevenin
	1.88
	1.88

	Norton
	1.87
	1.88


II. Theory:

For dealing with very complicated electric networks, we can use the equivalent circuit techniques of Thevenin and Norton which help us analyze a particular component (resistance) in a circuit:

According to Thevenin’s theorem, any circuit, no matter how complicated, can be replaced  by a simpler one in which a voltage source with value Єeq, a resistance of value Req and the resistance in question are all connected in series Fig (1-b).
Norton’s theorem says that any circuit can be replaced with a simpler one in which a current source with value Ieq, a resistance with value Req and the resistance in question are all connected parallel to each other Fig (1-c).

For our circuit in Fig (1):
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Using Thevenin’s equivalent circuit: IL = Єeq / (Req+ RL) --- (eq.3)
Using Norton’s equivalent circuit: IL= (IeqReq)/ (Req+RL ) --- (eq.4)
The steps for experimentally finding Єeq, Req and Ieq are listed in Section (III. Procedure)
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III. 
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IV. Procedure:
a. We constructed a circuit like the one in Fig (1-a).
b. We used the multimeter to measure the current passing through R3.

c. We removed R3, without shorting, and we measured the electric potential difference between the points (A) and (B) using the multimeter, this value was taken to equal Єeq.
d. We removed all power sources and replaced each power source with a short the we measured the equivalent resistance on R1 and R2 using the multimeter which was connected between points (A) and (B), this value was taken to be Reqp
e. We placed a short between points (A) and (B) and we measured the current passing through this short, this current was taken to equal Ieqp.

f. To apply Thevenin’s method we constructed a circuit like the one in Fig (1-b) using the values we obtained for Єeqp and Reqp.
g. We used the multimeter to measure the current passing through R3.
h. Next, to apply Norton’s method we constructed a circuit like the one in Fig (1-c) using the values we obtained for Ieq and Reqp.
i. We used the multimeter to measure the current passing through R3.
NOTE that the subscript (p) means the practical (experimental) result while the subscript (c) means the calculated result.
IV. Data:

R1= 1.0 KΩ; R2= 2.2 KΩ; R3= 4.7 KΩ

Є1= 12 volt; Є2= 6 volt
Єeqp = 10.13 volt
Reqp = 0.685 KΩ

Ieqp = 14.60 mA
IL found by direct measurement: 1.88 mA

ILp using Thevenin’s equivalent circuit = 1.88 mA

ILp using Norton’s equivalent circuit = 1.88mA
V. Calculations:

For our circuit:

· Reqc = R1 || R2 = (R1R2)/(R1+R2) = 2.2 / (1+2.2) = 0.687 KΩ
· 
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· Applying Thevenin’s technique, we can find ILc using the equation:
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· Applying Norton’s technique, we can find ILc using the equation: 
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VI. Analysis:
By analyzing the data and the numerical results we can see that:
I. The values we obtained for Єeq, Ieq and Req experimentally and by calculation closely matched.
II. The we value obtained for current IL by direct measurement exactly matched what we got using Thevenin’s technique both experimentally and by calculation
III. The we value obtained for current IL by direct measurement exactly matched what we got using Norton’s technique both experimentally and by calculation

IV. Both, Thevenin’s and Norton’s techniques are correct methods for analyzing complicated electric networks.
VII. Conclusion:
	Technique
	I3 (mA) experimentally 
	I3 (mA) by calculation

	Direct measurement
	1.88
	1.88

	Thevenin
	1.88
	1.88

	Norton
	1.87
	1.88


Both, the Thevenin and Norton techniques, give the exact value of the current passing through R3 which means that they are good methods to deal with very complicated electric networks. Where small discrepancies between values calculated using these methods and those obtained practically were present; this can be attributed to the presence of random errors in any experiment
***Solution to the problem at the end of the experiment:
Problem: Prove the equivalence of equations (3) and (4) mentioned in II. Theory.

Solution: equation 3 gives us the value of IL passing through R3, see Fig (1-a), using Thevenin’s equivalent circuit while equation gives us the value of IL using Norton’s equivalent circuit. Therefore, both should be equal.

Equation 3 →  IL = Єeq / (Req+ RL)

Equation 4 →   IL= (IeqReq)/ (Req+RL )

Since both equations have the same denominator, we just have to prove the equivalence of their numerators.
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(The derivation of equations 1 and two can be found on Page 15 of the PHYS112 lab manual)
By adding the terms on the right side of eq.2 we get 
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By adding and subtracting the term Є1 to eq.5, we get:

This is what we set out to prove. This concludes our proof.
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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