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I. Abstract:
This experiment aims to analyze and compare the behavior of an RLC circuit during the three different damping stages. It aims to find the range of R and t1/2 for each of the three stages by connecting an RLC circuit with a variable resistance to a CRO from which we can obtain our readings. The main results are: 
i. Underdamping:

· t1/2 (exp) =  5*10-5 sec; t1/2 (th) =  3.75*10-5 sec 
· Range for RL [0, 490) Ω.

ii. Critical damping:
· t1/2 (exp) =  3*10-5 sec.

· Value for RL(exp)  490 Ω;  Range for RL(th) 520 Ω.

iii. Overdamping:
· t1/2 (exp) =  4*10-5 sec.

· Range for RL [600, ∞) Ω.

II. Theory:

For an RLC circuit like the one depicted in Fig (1), the charge that accumulates on the capacitor can be given by the following relation: 
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When dealing with a circuit in which only R is variable we get three cases depending on R’s value:
i. Underdamping:

For a very small value of R we get:
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 this is a sinusoidal function with an exponentially decaying amplitude. We can define the half life (t1/2) of the amplitude (envelope) as the value when 
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--- eq(3). Fig (2). Using this method we can even measure the overall resistance of the components of our circuit by substituting t1/2 as we get it from the CRO when RL is set to 0.

ii. Critical damping:

This is considered a turning point between underdamping and overdamping: here 
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. And the charge decays exponentially according to the relation: 
[image: image8.wmf]e

Bt

e

A

t

Q

L

Rt

L

Rt

2

/

2

/

)

(

-

-

+

=

in which A and B are both constants. Fig (3).

iii. Overdamping:

As a final stage, when the resistance is large enough: 
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, in this case equation (1) would apply as it is, and both terms in that equation would decay  exponentially decay. Fig. (4).
III. Procedure:
Note that 

a. We built the RLC circuit shown in Fig. (1) (Using a variable resistance for R) and then we connected it to the CRO which was set to work in its internal mode.
b. We set the variable resistance to be zero, and we measured t1/2, then using equation (3) we measured the total resistance of all the components (call this Rcomp).
c. We set the variable resistance to a small value RL, then we found t1/2 experimentally using the CRO and theoretically using equation (3) (R in equation (3) was taken to equal Rcomp.+RL) 
d. Next, we increased the value of the variable resistance until the sinusoidal graph on the CRO turned into that of an exponential decay. This meant that we moved from the stage of underdamping to that of critical damping.
e. We then measured t1/2 during critical damping. 
f. To reach the final stage, we increased the resistance to reach the stage of overdamping (The change we made was 1*102Ω). Our final step was to measure t1/2 for this value of RL in the overdamping stage.

IV. Data:
· 
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i. Underdamping:
· t1/2 (when the variable resistance equals 0Ω) = 2*10-4 sec.

· t1/2 (when the variable resistance equals 300Ω) = 5*10-5 sec.

ii. Critical damping:

· RL at which critical damping occurs ≈ 490Ω.

· t1/2 = 3*10-5 sec.
iii. Overdamping:

· RL at which we move from critical damping to overdamping ≈ 600 Ω.

· t1/2 = 4*10-5 sec.

V. Calculations:
i. Underdamping:

· 
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· 
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ii. Critical damping:

· R at which critical damping should occur= 
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to find the value of the variable resistance when critical damping occurs, we have to subtract the components’ resistance (69.31 Ω). So: RL at which critical damping occurs =
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· Decay constant (δ) for critical damping stage. Calculated at experimental value for RL = 490Ω. Which means that R = 490+69.31=559.31Ω.

δ=-R/2L = (599.31) / (2)(10*10-3) = -27.9655*103sec-1
iii. Overdamping:

· R at which overdamping should occur: any value above 632.45Ω. which means that RL should be more than 520Ω
· Decay constant for overdamping stage: we can find the decay constants during overdamping by calculating 
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 for each of the two terms in equation 1 in II Theory. Where
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. By substituting R = (RL+Rcomp.) = (600+69.31) = 669.31Ω, we get: λ+ = -22513.802 sec-1, λ- = -44417.198 sec-1
VI. Analysis:
By analyzing the graphs, data and the numerical results we can see that:
I. For the underdamping stage, the range of RL is [0, 490) Ω.

II. Critical damping occurs at RL = 490 Ω.

III.  For the overdamping stage, the range of RL is approximately [600, ∞) Ω.
IV. t1/2 found experimentally for the underdamping stage is close to that found by theory within an order of about 10-5 sec.
V. The values of RL, obtained experimentally and by theory, at which we move from the underdamping to the critical damping stage closely matched.
VI. From the decay constants we calculated above for the critical and overdamping stages, it is not very easy to conclude where the decaying occurs faster. But by comparing the graphs we got on the CRO for both stages (see Figs. 3, 4) we can see that in the critical damping stage we get a steeper graph which means that decaying occurs at a faster rate. Additionally, we can come to the same conclusion by looking at section IV Data; there we can see that t1/2 in the critical damping stage is less than that in the overdamping stage and t1/2 is inversely proportional to the decay rate.
VII. Conclusion:
i. Underdamping:

· t1/2 (exp) =  5*10-5 sec; t1/2 (th) =  3.75*10-5 sec 

· Range for RL [0, 490) Ω.

ii. Critical damping:

· t1/2 (exp) =  3*10-5 sec.

· Value for RL(exp)  490 Ω;  Range for RL(th) 520 Ω.

iii. Overdamping:

· t1/2 (exp) =  4*10-5 sec.

· Range for RL [600, ∞) Ω.

  We can conclude that for each of the three damping stages occurs at a different range of R: it begins with the underdamping stage for small values of R, then at a specific value of R we reach the critical damping stag, finally, we get to the overdamping stage for all larger values of R. The RLC circuit behaves in a very different way in each stage. 

  When calculating t1/2 for underdamping, the values obtained for t1/2 experimentally and theoretically differed by a small amount: I think the theoretical result is more precise because when calculating t1/2 from the CRO screen, we had to perform much estimation in counting the number of units on the screen.

To obtain the value of RL at which we move from one stage to another we had to change the value of the variable resistance until we got, what we think is the correct graph. So it was a matter of human judgment which means precision was somewhat compromised.

Finally, in this experiment, unlike previous ones, we have taken into consideration the resistance of other components of the circuit which means that we were able to reduce eliminate a source of error that was present in previous experiments.

  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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