Experiment V:  The AC RC Circuit

I.  References


Halliday, Resnick and Krane, Physics, Vol. 2, 4th Ed., Chapters 33

Purcell, Electricity and Magnetism, Chapter 4

II.  Equipment


Digital Oscillocope



Digital Multimeter

Waveform Generator



LCR meter

Differential Amplifier

Resistor/Capacitor Board

III.  Introduction



Figure V.1 shows a time dependent voltage source V(t)=V0cos(ωt) connected in series with a resistor R and a capacitor C.  In order to find the current I(t) through the circuit, we can treat the capacitor as having a complex impedence, and then use Kirchhoff’s laws to analyze the circuit.  This AC circuit is “equivalent” (as far as finding the current is concerned) with a pseudo DC circuit with the same V(t), but with the capacitor replaced by a resistor with a complex impedance given by the equation
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Figure V.1:  DC equivalent of an AC circuit with a resistor and capacitor

This is a DC circuit with a voltage source given by 
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where
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and
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with =RC.  The effective resistance of the circuit now has a magnitude and a phase angle .  The magnitude will allow us to determine the current through the circuit:
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and the current  I=V/Req is 
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Of course, we always take the “real part” to get real voltages and currents.  Note that the current through the circuit is phase-shifted from the input voltage by the angle . We can now calculate the voltage drop across the resistor and the capacitor using the usual DC rule for “resistors” V=IR:
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We then use the fact that 
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where the last step is a result of keeping only the real part of VC.  The results are summarized in Table V-1 below.  A few results of these basic equations are: 

1. The current I and the voltage drop across the resistor VR are in phase with each other, and out of phase with the input voltage V(t). 

2. The voltage drop across the capacitor VC  is out of phase by a quarter cycle (π/2)

3. The input voltage, current, VR, and VC all have the same frequency.

	Input Voltage
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	Voltage drop across R
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	Voltage drop across C
	
[image: image16.wmf])

sin(

sin

0

f

w

f

-

-

=

t

V

V

C



	Initial current amplitude
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	RC Decay time
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	Phase shift
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Table V-1:  Properties of the current and various various voltages in the RC circuit.

Figure V-2 shows the 3 signals V(t) (input voltage), VR(t), and VC(t) for the phase = 0.6 radians.  We see that the voltage across the resistor leads (is ahead of in time) the input voltage, and has a decreased amplitude, whereas the voltage across the capacitor lags (is behind in time) the input voltage. Notice also that VC and VR are out of phase by π/2 (seen by the fact that when VR peaks, VC is at zero).
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Figure V-2:  Voltages in an AC RC circuit

The “leading” and “lagging” properties can also be seen easily by writing     which allows you to calculate how much in time the signals differ according to the phase difference.  In Figure V-2, note that VR leads V(t) by a time difference δt= /ω.

Experiment Part A

In this part, you are to use a ~100 Hz sine wave as input and display the two signals V0(t) and VR(t) on the scope.  Remember to set up the circuit such that you have either have the capacitor followed by the resistor (in which case you measure the voltage drop across the resistor directly) or vice versa  (in which case you use the “Instrumentation Amplifier” to measure VR).  Use the trigger pulse as the external trigger so that the displayed signals always have a fixed time reference. 

A.1:  You should see the phase shift between the two signals as a shift in time, just as in Figure V-2 above.  The phase shift  and the time shift t are related by the fact that the signal oscillates in time with period (phase 2π) given by T=1/f.  The phase angle is defined as the fraction of a full period corresponding to the time shift t:


[image: image21.wmf]T

t

d

p

f

=

2


or


[image: image22.wmf]t

t

f

T

t

d

w

d

p

d

p

f

=

=

=

)

2

(

2

.

From a measurement of the time difference δt between the zero crossings of the two signals, determine the phase difference   (call this  t).  Estimate the uncertainty in the phase shift from your estimate of the uncertainties in the measured time difference.

A.2:  The phase shift also causes the amplitude of VR to be less than (or equal to) the amplitude of V0(t), which is defined as V0.  The difference ΔVR between these two amplitudes is:


[image: image23.wmf])

cos

1

(

cos

)

(

0

0

0

0

f

f

-

=

-

=

-

º

D

V

V

V

V

t

V

V

R

R


or the ratio is
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Measure the amplitudes VR and V0, and extract the phase shift again (V).  Decide whether the ratio method or the difference method will give you a smaller uncertainty in the measured phase shift. Compare your result for V and t, and comment qualitatively on whether they agree or disagree based upon an estimate of the uncertainties in each measurement.  Which method  (A.1 or A.2) is preferable, based on the precision of your results?

Experiment Part B

Measure the phase shift using the time method, t, for a set of 10 frequencies.  Use a range from 10 Hz up to 500 Hz (it is your choice as to the specific values and range, but try to spread them out so that you sample the phase shift evenly between 0 and π/2).  Keep track of ω and V0 for each frequency chosen, and don’t forget to check that the DC offset of the waveform generator is still set to zero.  

B.1:  Using the equation tan =1/, or equivalently, cot =, plot cot vs. , fit the data, and extract the slope ( ( RC along with its uncertainty.  

B.2:  Measure the values of R and C with meters, and compare RC to your fit. Comment qualitatively on the comparison. 

Experiment Part C

A third way to determine the phase shift is from the ratio of amplitudes of VC(t) and VR(t):
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or equivalently
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Change the scope input from V(t) to VC, and display VR and VC simultaneously for (approximately) the same range of frequencies as in part B above.  For each of these frequencies, record the amplitude for VC  and VR, and the frequency.  Rewriting the above equation as
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shows that if we plot the amplitude |VR|/|VC| vs. ω, the slope should be (.  Plot and fit the data, extract and compare your fitted result to your other measured values for ((RC.  Comment on any discrepancy. 
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