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I. Abstract:
  This experiment aims to identify the frequency at which the phase difference between the voltage across signal generator and that across the resistance in an RLC circuit is zero by observing the trend in phase shift as the frequency changes. It also aims to find the voltage phase shift between the RLC circuit’s three components by connecting each of the components to the CRO and using it to measure the phase shift. The main results we obtained were:
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II. Theory:

  For the RLC circuit shown in Fig(1), the current in the circuit is given by: 
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Z is the called the impedance of its respective element and: 
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 are, respectively, the capacitive reactance and inductive reactance.
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  The relation above enables us to easily find the voltage across each component:
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So, using the simple relation 
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 we can see that the voltage across the inductor and the capacitor have a shift of 
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 from that across the resistance. 
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 Mentioned in the equations above represents the phase shift,   
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 -- eq(7). We can find the phase shift between the signal generator’s voltage and that across the resistance using the step mentioned in III Procedure (steps a through c), in that case
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III. Procedure:
a. We connected an RLC circuit like the one in Fig(1).
b. With the CRO in its external mode, we connected the signal generator to the X input of the CRO and the resistance to its Y input. We ensured that the Voltage/Div. had the same value for both inputs to be able to directly use the measurements which get from the CRO’s screen. 
c. As shown in Fig (2), using the CRO screen, we read the values of (a) and (b) for 18 different frequencies coming from the signal generator ranging from 0.3 to 160 KHZ. We used equation (8) to get the phase shift for each case.
d. Next, we connected the inductor and the capacitor, in turn, to the Y input of the CRO. Using the CRO in its internal mode, we displayed the graph of the voltage across the signal generator (X input) and the inductor or capacitor (Y input). 
e. Then, we measured the time difference (Δt) between both graphs, this enabled us to calculate the phase shift in each case. Please note that for steps (d) and (e); the frequency that came from the signal generator was the resonant frequency (≈3.0KHz in our case.) this is because at this point the phase shift between the voltage across the emf source and that across the resistance is zero, so, this way we would be also measuring the phase shift between the voltage across the generator and that across the two components: the inductor and the capacitor.
IV. Data:
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	0.1
	2.0
	2.0
	                  90

	        0.3
	5.4
	5.6
	74.6

	0.5
	2.4
	2.6
	67.4

	1.0
	3.6
	5.6
	                40.0

	3.0
	0.8
	3.2
	                14.4

	4.0
	0.7
	3.2
	12.6

	5.5
	0.0
	3.3
	0.00

	10.0
	1.1
	      3.2
	                19.5

	30.0
	1.6
	2.0
	                53.1

	50.0
	2.8
	3.2
	61.0 

	       70.0
	2.2
	2.4
	                 66.4

	      100.0
	1.6
	1.6
	                  90.0
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· C = 0.1 μf.
R=1kh
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V. Calculations:

· Phase difference is zero at resonant frequency
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· 
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 between (VL, VR) = 1.74 rads.
· 
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 between (VC, VR) = 1.507 rads.
VI. Analysis:
By analyzing the graphs, data and the numerical results we can see that:
I. At the resonant frequency, the phase shift is zero.
II. The resonant frequency that we experimentally found matched the theoretically calculated one.
III. As the frequency changes the phase shift changes in the shape of a sinusoidal function. (This might be a little vague when we look at the data because there we only measured the absolute values of –a- and –b-.)
IV. As we expected for the second part of the experiment, the phase shift of the voltage across the inductor and the capacitor is 
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V. Despite the phase shift mentioned above, VR, VL and VC all have the same frequency and shape.

VII. Conclusion:
· Frequency 
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 Resonant frequency ≈ 2KHz.
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 between (VL, VR) = 1.74 rads.
· 
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 between (Vc, VR)  = 1.507 rads.
  We can conclude that the phase shift changes in a sinusoidal manner with frequency; it is zero at a certain frequency known to be the resonant frequency. We can also conclude that in an RLC circuit, the voltage across inductor and the capacitor are ahead of that across the resistance or behind it by 
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 (one is ahead and the other is behind: they do not overlap). 
The value we got experimentally for the resonant frequency very closely matched that found by applying theory: the very small difference is because the divisions on the signal generator give us a maximum precision of 1KHZ. The phase difference between the different components exactly matched what we expected. 

The results we obtained in this experiment seem to be fairly accurate; the only factor that might have limited the extent to which our results were accurate is the limitations imposed by the instruments which gave us some discrepancy, as I mentioned above, between the experimental and theoretical results.
Fig(1)





ε(t)





C





R





L





b





a





X





Y





Fig(2








_1146331034.unknown

_1146332884.unknown

_1146502417.unknown

_1146502651.unknown

_1146502682.unknown

_1146334352.unknown

_1146335183.unknown

_1146335803.unknown

_1146498819.unknown

_1146335780.unknown

_1146335019.unknown

_1146333053.unknown

_1146334190.unknown

_1146332912.unknown

_1146332112.unknown

_1146332494.unknown

_1146332841.unknown

_1146332320.unknown

_1146331537.unknown

_1146332019.unknown

_1146331498.unknown

_1146330334.unknown

_1146330626.unknown

_1146330824.unknown

_1146330480.unknown

_1146330068.unknown

_1146330286.unknown

_1146329957.unknown

