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PRACTICAL EXERCISE #13
“AC SIGNALS #1”
EE331

Fall 2012
Name: _______________
Section: _________
Date: __________

Background:  This exercise will focus on measuring the phase difference between AC sinusoidal signals at the same frequency.  Consider the following two signals captured in the same scope display.  If we assume that each channel is set to 2V/div and the horizontal time-base is set to 
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(as shown), then we can measure the period as 
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and determine the RMS value for each channel 
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The frequency is then found to be
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or   
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The phase difference between the two signals is found by measuring the time difference between corresponding parts of the two waveforms; that is, as shown, between the positive peaks.  But we need to convert this time measurement into an angle so we need to multiply it by the angular frequency and then convert the result into degrees:
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In our example, this measurement becomes
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In this scope display, since CH1 takes its peak before the CH2 signal, we say that the CH1 signal leads the CH2 signal by 
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.  The concept of phase difference is critical to correctly analyzing AC circuits so let’s get after it!
Part A. Phase Difference in a Simple RC Circuit
1. Energize the Function Generator (FG) and the Oscilloscope (O-scope).
2. Connect the FG to CH1 of the O-scope:
a. Set the FG to produce a 10V peak-to-peak sinusoid at 1kHz.
b. Center the waveform on the scope; adjust the horizontal time-base to display 1 to 2 periods on the screen; adjust the vertical control to 2V/division.
c. Confirm that the signal is 10V peak-to-peak.
d. What is the anticipated RMS value of this waveform?
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3. Connect the FG also to the DMM:
a. Set the DMM to measure VAC.
b. What is the measured RMS value?
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4. Turn off the FG.
5. Set the variable resistor box to
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6. Calculate the complex impedance of the 100-nF capacitor (show your equation):
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7. Build the following circuit:
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a. Connect CH1 of the scope to the FG as shown (red terminal to red terminal, “common” is the black terminal).
b. Connect CH2 of the scope to the top of the capacitor (between the resistor and capacitor).
c. Connect Rbox and C100nF as shown in the figure.  Be sure to connect the + terminal of C100nF to Rbox, CH2 and DMM, and the – terminal to – terminal of the FG.
d. Energize the FG.
e. Set the ground level for both channels in the center of the scope display (so that the waveforms are on top of each other).
f. Set the time-base so that only 1 to 2 cycles are displayed.
g. Connect the DMM voltage meter across the capacitor box (set to VAC).
8. Take the following measurements:
a. Using the O-scope cursors, measure the peak-to-peak capacitor voltage on CH2:
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b. Record the RMS value of the capacitor voltage provided by the DMM:
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c. Do these values reconcile?  __________________________________

d. Measure the time difference between the two waveforms using the vertical cursors (peak to peak or zero-crossing to zero-crossing):
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e. Compute the phase angle in degrees between the two signals (show your equation):
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f. Which signal leads which?  ________________

g. Sketch your scope display and annotate how you determined
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. Have the instructor verify your measurement.
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Instructor Verification: _________________
Part B. Impact of Frequency

1. Increase the FG frequency to 10kHz.
2. Calculate the new complex impedance of the capacitor (show your equation):
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3. Take the following measurements:
a. Using the O-scope cursors, measure the peak-to-peak capacitor voltage on CH2:
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b. Record the RMS value of the capacitor voltage provided by the DMM:
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c. Do these values reconcile?  __________________________________

d. Measure the time difference between the peaks of the two waveforms using the vertical cursors:
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e. Compute the phase angle in degrees between the two signals (show your equation):
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Part C. Impact of Resistance

1. Return the FG frequency to 1kHz!
2. Increase the resistance box to 
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3. Take the following measurements:
a. Using the O-scope cursors, measure the peak-to-peak capacitor voltage on CH2:
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b. Record the RMS value of the capacitor voltage provided by the DMM:
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c. Do these values reconcile?  __________________________________

d. Measure the time difference between the peaks of the two waveforms using the vertical cursors:
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e. Compute the phase angle in degrees between the two signals (show your equation):
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f. Next, toggle the value of the resistance until the capacitor voltage is 4V peak-to-peak. Record the required resistor value here:
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g. Record the RMS value of the capacitor voltage provided by the DMM:
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h. Measure the time difference between the peaks of the two waveforms using the vertical cursors:
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i. Compute the phase angle in degrees between the two signals (show your equation):
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Part D. Impact of Frequency (One more Time)

1. Finally, vary the FG frequency from low frequencies up to high frequencies and observe the impact on the capacitor voltage amplitude.
2. In which frequency range is the capacitor voltage amplitude the greatest?

LOW

MEDIUM

HIGH

3. In which frequency range is the capacitor voltage amplitude the smallest?

LOW

MEDIUM

HIGH

4. If a filter is a device that selectively passes through (does not attenuate) a certain range of frequencies, would you describe this circuit as being a LOWPASS or a HIGHPASS filter? ______________________
5. How does adjusting the frequency effect which signal leads which?

6. At high frequencies, what phase difference do the two signals tend to?

7. De-energize the FG and scope. Disconnect the circuit and return the connection cabling to its original location.
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