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Laboratory # 9 – AC Circuits
EE188L Electrical Engineering I
College of Engineering and Natural Sciences
Northern Arizona University

Objectives

1. Learn to use an oscilloscope to view waveforms

2. Test simple resistor-capacitor circuits and learn how voltage magnitude and phase angle change with frequency.
Important Concepts
1. Alternating current (AC) circuits are circuits in which voltage and current sources are not constant, but change with time; the most common time varying sources are sinusoidal.

2. The pattern in which voltages and currents change with time is called a waveform.

3. Two sinusoidal voltages or currents reach their peak values or pass through zero at different times. This time difference is called “phase shift” and is expressed as an angle, θ.
θ = (360°)(Δt)/(T),  where T is the period of the sine wave. 
4. Current through a capacitor leads the voltage across it by Δt of T/4, meaning that the current peak occurs before the voltage peak by 1/4th of a period. Remember ELI the ICE man from lab 7?

5. For sinusoidal voltage and current, the current through a capacitor leads the voltage across it by a phase angle of 90°. This relationship can also be stated as the voltage across a capacitor lags the current through it by 90°.

6. The current through a resistor is “in phase” with the voltage across it; in other words the peaks occur at the same time and θ = 0°.
7. All time varying voltages and currents in an AC circuit with one sinusoidal source will have a sinusoidal waveform with the same frequency as the source. The unique characteristics of each voltage and current waveform can be described in terms of its magnitude and phase angle in a form called a Phasor (Example: 3
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30° amps). Normally, all phase angles are defined relative to the source waveform, which is a cosine assigned a phase angle of 0°.
Special Resources 

1. Lab-9_Circuit-1.msm, Lab-9_Circuit-2.msm, and Lab-9_Circuit-3.msm  Multisim files are in the class folder.

2. “Phase Measurement with Scope.ppt” PowerPoint file is in the class folder.
Background

The relationship between the voltage across a resistor and the current through it, is defined by the resistance of the resistor: R = V/I.  For a capacitor, the relationship between the sinusoidal voltage across it and the current through it is defined by the impedance of the capacitor: Z = (V/I)
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-90° ohms.  Impedance, like resistance, has units of ohms; but, it also has a phase angle that accounts for the shift in the phase between voltage and current.
The impedance of a capacitor varies with the frequency (f ) of the voltage and current: 

Z 
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Activity #1 –  Low-Pass Network Simulation
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Figure 1 shows a circuit known as a low-pass network. The impedance of the capacitor and the resistance form a voltage divider. It passes low frequency signals from Vin to Vout with little magnitude reduction or phase shift because the impedance of the capacitor is very high (almost an open circuit) at low frequencies. As the frequency of the Vin signal increases, the impedance of the capacitor decreases , which decreases the magnitude of Vout and creates a lagging phase shift. This type of network can be used to remove high-frequency noise from a lower frequency signal.
Figure 1: Low-Pass Network
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Find the Multisim file “Lab-9_Circuit-1.msm” in the class folder. Start Multisim and open the file. You will see a low-pass network with a Vin AC voltage source. An instrument called a Bode Plotter is connected to both the input and output of the network. 

2. Turn on the “RUN” switch. The simulation will run for a couple of seconds and then stop.

3. Double-click on the Bode Plotter to view its screens. You can select magnitude versus frequency or phase versus frequency for the voltage across the capacitor.
[image: image10.wmf]C1

0.1uF

V1

1.414V

1.00V_rms

400Hz

0Deg

R1

4.7kohm

XMM1

XMM2


4. Comment on how the output magnitude and phase change with frequency. 
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Comments:
5. Use the left-right arrows on the Bode Plotter displays to move the cursor to a frequency as close to 400 Hz as you can get. Record the magnitude and phase angle and the corresponding frequencies, and then express the voltage across the capacitor in phasor form:
Magnitude = ___________________________, measured at a frequency of _________________

Phase = _______________________________, measured at a frequency of _________________

Voltage across the capacitor in phasor form (magnitude 
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phase) = ________________________
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Open the Multisim file “Lab-9_Circuit-2.msm”. You will see the low-pass network again, but with two multi-meters rather than the Bode Plotter.
7. Turn on the “RUN” switch and double-click the multi-meters to open their displays. Record the voltage readings:

Voltage across R1 = _____________________     Voltage across C1 = ________________________
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The resistor and capacitor are in series and share the same current. Since the voltage across the capacitor lags the current through it by 90°, we know that the voltage across the capacitor will lag the voltage across the resistor by 90°. Also, by Kirchhoff’s voltage law, we know that the sum of the voltages across the capacitor and resistor must equal the source voltage. This information can be used to calculate the phase angle of the voltage across the capacitor from the multi-meter readings.
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Express the voltage across the capacitor in phasor form. The magnitude is the value read by the multi-meter.  These values should compare well with the values obtained from the Bode plots.
Voltage across the capacitor in phasor form (magnitude 
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phase) = ________________________

Activity 2 – Building and Testing a Low-Pass Network
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Build the following circuit on your proto-board and connect it to the function generator. The  black lead on the function generator cable should connect to the ground of the circuit as identified by the ground symbol.
2. Set the function generator to create a sine wave with a frequency of 400 Hz. Using the Digital Multi-meter (DMM), adjust the amplitude of the sine wave to 1 volt AC,

3. Measure and record the voltage across the capacitor and its frequency using the DMM. The DMM measures the magnitude of AC voltages, but not the phase angle.
Voltage across capacitor = __________________ at a frequency of ___________ Hz
4. Connect the oscilloscope to your circuits; connect the channel 1 probe connected to point a and the channel 2 probe to point b.  Connect the black alligator clip on one of the probes to the ground of your circuit.

5. Find the “Phase Measurement with Scope.ppt” PowerPoint file in the class folder and open it. Follow the instructions in this file to measure the phase angle of the voltage across the capacitor. A lagging phase angle is expressed as a negative angle.

6. Use your measured magnitude and phase angle to express the voltage across the capacitor in phasor form:

Voltage across the capacitor in phasor form (magnitude 
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angle) = ________________________

Activity 3 – Discussion of Low-Pass Network Results

You determined the magnitude and phase angle of the voltage across the capacitor using three different methods and expressed the results in phasor form.  Discuss how the three results compare.
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Discussion:

Activity 4 – Analysis of a High-Pass Network
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Figure 2 shows a circuit known as a high-pass network. You will evaluate the behavior of this network.
Figure 2: High-Pass Network

1. Remembering how the impedance of the capacitor changes with frequency of the Vin signal, discuss how you would expect the magnitude of the Vout voltage to change as the frequency gradually changes from a very low value to very high values. Use words to describe why and a sketch to show how the voltage magnitude changes with frequency.
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Discussion:

2. Explain why this network has the name “High-Pass”.


Explanation:

3. Open the Multisim file “Lab-9_Circuit-3.msm”.  You will see a high-pass network with a Vin AC voltage source and a Bode Plotter is connected to both the input and output of the network.

4. Turn on the “RUN” switch. The simulation will run for a couple of seconds and then stop.

5. Double-click on the Bode Plotter to view its screen. Observe how the magnitude of the voltage across the resistor varies with increasing frequency. Discuss how the simulation results compare to the prediction you made in step 1.
Discussion:

6. Observe how the phase angle of the voltage across the resistor varies with increasing frequency. 

At frequencies well below 10 Hz, what you expect the approximate phase angle to be and would it be leading or lagging?

Answer: ___________________________________________

At frequencies much higher than 10 KHz, what would you expect the approximate phase angle to be?

Answer: ____________________________________________
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