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I. Abstract:
  This experiment aims to identify the natural frequency 
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 and the corresponding angular frequency
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 for an RLC circuit by plotting a graph of I vs. 
[image: image3.wmf]w

 for different frequencies and finding the value of 
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 where the graph’s maximum occurs. It also aims to find the quality factor at resonance for two different values of R by using specific equations whose parameters we get using the graph mentioned above (this is explained better in II Theory). The main results we obtained are:
· 
[image: image5.wmf]KHz

f

th

47

.

5035

)

(

0

=

; 
[image: image6.wmf]KHz

f

07

.

5500

(exp)

0

=


· 
[image: image7.wmf].

sec

/

77

.

31622

)

(

0

rads

th

=

w

; 
[image: image8.wmf].

sec

/

00

.

34558

(exp)

0

rads

=

w


· For R1:
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· For R2:
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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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 -- eq(1), At a certain value of R, the current assumes a maximum when 
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 -- eq(2). At this point, the driving voltage frequency is equal to the natural or resonant frequency, the corresponding angular frequency (
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) is given by the relation:
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When plotting a graph of I vs.
[image: image17.wmf]w

, it assumes a max at
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The quality factor (Q) is a measure of the sharpness of such a graph, where: 
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--eq(4). At resonance we get 
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--eq(5). The quality factor can be also obtained experimentally from the graph of I vs.
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: we can measure the bandwidth (
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 that correspond to the points at which the horizontal line 
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This way, 
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III. Procedure:
a. We connected an RLC circuit like the one in Fig(1).
b. With the CRO in its internal mode, we connected its Y channel in parallel to the variable resistance.
c. We read the peak to peak voltage (Vp-p) that corresponds to each of the 17 different frequencies coming from the signal generator ranging from 0.2 – 40 KHz. at each frequency we first took the variable resistance to be 1KΩ then 2KΩ. So we ended with 34 voltage readings.
d. Next, we plotted a graph for I (where I=Vp-p/2R) vs. 
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 (where
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) for each of the two values of the resistance. Then, as described is II Theory, we found the quality factor for each value of R. 
IV. Data:
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	0.2
	1.257
	0.090
	1.065
	0.45
	0.4

	0.4
	2.513
	0.150
	0.723
	0.75
	0.7

	0.6
	3.770
	0.205
	0.563
	1.025
	0.9

	1
	6.283
	0.340
	0.207
	1.7
	1.2

	2
	12.566
	0.500
	0.000
	2.5
	1.475

	3
	18.850
	0.560
	0.118
	2.8
	1.55

	4
	25.133
	0.580
	0.177
	2.9
	1.525

	4.5
	28.274
	0.600
	0.224
	3
	1.55

	5
	31.416
	0.600
	0.320
	3
	1.55

	5.5
	34.558
	0.610
	0.438
	3.05
	1.575

	6
	37.699
	0.600
	0.804
	3
	1.575

	6.5
	40.841
	0.590
	1.001
	2.95
	1.575

	10
	62.832
	0.580
	1.159
	2.9
	1.525

	15
	94.248
	0.480
	1.141
	2.4
	1.5

	20
	125.664
	0.410
	1.571
	2.05
	1.425

	30
	188.496
	0.310
	0.985
	1.55
	1.225

	40
	251.327
	0.250
	1.176
	1.25
	1
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· Max. for graph occurs when 
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· For R1 (from graph): Imax=
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· For R2 (from graph): Imax=
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V. Calculations:

· 
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 at resonant frequency: 
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· Quality factor at resonance (for R1=1KΩ): 
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· Quality factor at resonance (for R1=2KΩ): 
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VI. Analysis:
By analyzing the graphs, data and the numerical results we can see that:
I. The results obtained experimentally for the natural frequency (
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f

) and the corresponding angular frequency (
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w

) closely matched what we predicted by theory.
II. As predicted, the graph of I vs. 
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 has a maximum at
[image: image58.wmf]0

w

.
III. The graph of I vs. 
[image: image59.wmf]w

 is symmetric about the line X=
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. (We used this fact to find 
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 in a manner different than that described in the lab manual because the distance between any two points on the graph lying on the same horizontal line is double the distance between one of these two points and the line X=
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IV. For each value of R, the value we got for the quality factor experimentally and by direct calculation closely matched. 
V. The sharpness of the graph of I vs. 
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 increases as the resistance deceases: this can be seen by looking at equation (5) in II Theory, where Q is inversely proportional to R. This is also confirmed by the graphs we obtained.
VII. Conclusion:
· 
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· For R1:
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· For R2:
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  We can conclude that current in an RLC circuit has reaches a maximum when the driving voltage frequency is equal to the resonant frequency. We can also conclude that the greater the resistance in an RLC circuit, the small the quality factor.


The results we obtained experimentally in this experiment closely matched those obtained by theory; the main factor that limited our precision, and therefore gave us a slight difference between practical and theoretical results, is the limitation imposed by the instruments and graphs when taking our data and measurements.

For example: when we wanted to find the quality factor using the I vs. ω graph, we had to determine the maximum and then take ω that corresponded to 
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… during all this much estimation had to be made, especially because we were dealing with a logarithmic scale. Additionally, for some values of 
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 we had to set the output frequency of the signal generator to a precision that is not given by the generator’s dial so it was only a matter of human judgment.
Answer to the question at the end of the experiment:
-Question: Show that at resonance
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-Solution:

From the definition of the quality factor (Q): 
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At resonance: 
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Substituting the value of 
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 from equation (b) into equation (a) we get:
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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.
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 = 

Fig(1)
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