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I. Abstract:
The aim:-This experiment aims to find the time constant (τ) for an RC and an RL circuit 
The Method:by finding the time at which the voltage across a component reaches either 0.63Є during charge build up or 0.37Є during decay. It also aims to find (ω0) by measuring the frequency of the circuit which corresponds to the maximum amplitude and then calculating ω0.

The main results are
· The time constant for the RC circuit τRC (exp) = 2.2 * 10-4 sec.   
· The time constant for the RL circuit τRL (exp) = 8.0 * 10-6 sec.
· For the LC circuit, the angular frequency of the circuit which corresponds to maximum amplitude is: ω0 (exp) = 2.0724 * 104 radian/sec.
II. Theory:

   One of the most powerful concepts to use when studying multiple-component circuits is the time constant (τ) which is a measure of how fast the voltage changes across the components. In this experiment we find τ for two kinds of circuits:

i. RC circuits:

In an RC circuit connected to a square wave generator, fig (1), the capacitor’s plates are constantly charging and discharging. During the charging phase:
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During the discharging phase:
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ii. RL circuits:
Generally in an RL circuit connected to a square wave generator, fig (2), the current passing through the circuit is: 
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So the voltage across the resistor is: 
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And across the inductor it is: 
[image: image9.wmf]e

V

L

Rt

L

/

-

=

e


In RL circuits L/R is known as the time constant (τ), when t = τ:
VR=0.63Є and VL = 0.37 Є (during charge build-up).

iii. LC circuits:

In an LC circuit, fig (3), the voltage across the plates of the capacitor is given by: 
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In this experiment we find ω that corresponds to the maximum amplitude. (the frequency at this point is known as the resonant or natural frequency).









III. Procedure:
NOTE: All measurements were taken with the CRO in its internal mode.
i. RC circuit:
a. We constructed an RC circuit as shown in fig (1).

b. To measure τ for the capacitor, we connected the positive (red) input of the CRO to the wire connecting the capacitor to the resistance and the negative (black) input to the negative side of the signal generator, see fig (4). Then we measured τ.
c. Next, to measure τ for the resistance we exchanged the places of the capacitor and the resistance and connected the CRO to the resistance in the same manner mentioned above.
d. To measure τ, and for consistency, we used the discharging phase: from the CRO screen we observed what the maximum voltage is (at the beginning of the phase),  this was taken to be ε. Then we calculated 0.37 of that value and took the time to which 0.37ε corresponds, this was τ. 

ii. RL circuit

a. We connected an RL circuit as shown in fig (2).
b. Exactly in the same way we did for the RC circuit, we measured the time constant τ for the Resistance τR and the inductor τL. (please see steps b, c and d in  ‘RC circuit’)
iii. LC circuit:

a. We connected an LC circuit as shown in fig (3).
b. We connected the capacitor to the CRO in the same manner mentioned in step (b) of part (i) in III Procedure.

c. We changed the frequency of the signal coming out of the signal generator until we got the maximum amplitude for the wave across the capacitor.

d. We calculated the frequency at that point and took it to equal 
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 which is the resonance frequency.

e. We then calculated ω0.






IV. Data:

i. RC circuit:
· τC = 2.2 * 10-4 sec.
· τR = 2.0 * 10-4 sec.
ii. RL circuit:
· τR = 8 * 10-6 sec.
· τL = 8 * 10-6 sec.

iii. LC circuit:

· 
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(exp) = 3.3 KHz
· ω0 (exp) = 2π
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 = (2 π) (3.3*103) = 2.0724 * 104 radian/sec.
V. Calculations:

· RC circuit: the theoretical time constant for the RC circuit:
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· RL circuit: the theoretical time constant for the RL circuit:
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· LC circuit: the theoretical angular frequency of the sinusoidal voltage on the capacitor for which the amplitude is maximum:
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VI. Analysis:
By analyzing the data and the numerical results we can see that:
I. For the RC circuit: the value we obtained for τ practically and that which we theoretically predicted closely matched.
II. For the RL circuit: the value we obtained for τ practically and that which we theoretically predicted closely matched.
III. For the LC circuit: the measured value of ω and the theoretically predicted one are essentially the same.
IV. Additionally, for the LC circuit, the resonant frequency obtained by experiment and by direct calculation closely matched.
NOTE: Please see VII conclusion for an explanation of the small discrepancy between results obtained by experiment and those theoretically predicted. 

VII. Conclusion:
· The time constant for the RC circuit τRC (exp) = 2.2 * 10-4 sec.

· The time constant for the RL circuit τRL (exp) = 8.0 * 10-6 sec.

· For the LC circuit, the angular frequency of the circuit which corresponds to maximum amplitude is: ω0 (exp) = 2.0724 * 104 radian/sec.
  In our experiment, the values we obtained for τ and ω experimentally closely matched those which we theoretically predicted.
  The small discrepancies fond between the experimental and calculated results can be mainly attributed to the limitations imposed by the instruments which sometimes restrict our ability to get precise results. This problem can be clearly seen by taking a look at the results found experimentally and by calculation for the third part of the experiment, the LC circuit. In this part of our experiment, we took the value of the frequency that corresponds to the maximum amplitude by looking at the graduated dial on the signal generator; the divisions on the dial were relatively far apart with each division standing for 500 Hz.
Answers to the questions at the end of the experiment:
Question #1) For the RC circuit explain what happens when:

 (A) τ→ 0 and (B) τ→ ∞.

(A) As (τ = RC) → 0:
In the charging phase:
· 
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 . This means that the charge on the capacitor reaches a maximum instantaneously. 
· 
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. This means that the voltage difference across the capacitor becomes equal to the voltage supplied by the emf instantaneously.
· 
[image: image22.wmf]e

V

RC

t

R

/

-

=

e

, when RC → 0,  
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 . This means that the voltage across the resistance is zero. This is consistent with what we found above: when the voltage across the capacitor equals that across the emf source, there is no voltage difference, so charges will stop moving to the capacitor and this means no current and therefore no voltage for the resistance..

In the discharging phase:

· 
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, when RC → 0, 
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. This means that when discharging, we immediately loose the charge on the capacitor.
· 
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. This means that when discharging, the voltage across the capacitor immediately drops to zero.
· 
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(B) As (τ = RC) → ∞:

In the charging phase:
· 
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, when RC → ∞, 
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 .This means that it will take a very long time for the charge to accumulate on the capacitor that the amount of charge seems to stay zero. 

· 
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. This means that the voltage difference across the capacitor stays zero as time goes by.

· 
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 . This means that the voltage across the resistance becomes equal to the voltage supplied by the emf source. This is consistent with what we found above: when the time constant is large, the circuit would act as if the capacitor is not present.

In the discharging phase:

· 
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. This means that when the time constant is large, the capacitor will not discharge (the time needed for the capacitor to discharge is very long).

· 
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. This means that when discharging, the voltage across the capacitor will not decrease (the rate of decrease is so small that it seems it is not decreasing).

· 
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. So, what applies to the capacitor in this case also applies to the resistance.
Question #2) Is it possible to operate the RL circuit or the RC circuit by a standard DC supply and to do time measurements using a stopwatch. What values of R, L and C make this option possible?
Yes, it is possible to operate both circuits using a standard DC supply and to do time measurements using a stopwatch. For us to be able to do so we have to work with a time constant (in the order of a minute or possibly in seconds). In an RC circuit, because    τ = RC, if we work with standard capacitors, which come in micro Farads, we would have to use a large resistance, possibly in the order of mega ohms or greater. In an RL circuit, because τ = L/R, the best combination would be a inductor with a large inductance and a very small resistance. 
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 = 

Connect to red CRO input
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Connect to black CRO input





Fig (4) - How to connect the element (E1), for which we want to measure τ, the CRO.
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