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PRACTICAL EXERCISE #16
“INSTANTANEOUS & AVERAGE POWER”
EE331

Fall 2012
Name: _______________
Section: _________
Date: __________

Problem:  This exercise will give us a practical demonstration of calculating and measuring instantaneous and average power in AC circuits.  The circuit of interest is shown below in Figure 1 and contains the Function Generator (including internal resistance
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), a resistor-inductor load (
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, and L), and a small series resistor that we will use to “sense” the circuit current (
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, if we display 
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 on the O-scope, then we can obtain 
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, since the signals are in phase (the O-scope will enable us to get the scaling right!).
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Figure 1: Resistor-Inductor Load with Sense Resistor

In order to predict how the circuit will behave, we need to measure the circuit components.  Using the DMM to measure resistance, and the LC-meter to measure inductance, record the actual values below.

Step 1: Component Measurement
COMPONENT   NOMINAL VALUE
  ACTUAL VALUE
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Step 2:  Energize and set up the Function Generator (FG),

· Sinusoid (no DC offset)
· Frequency set to 10kHz

· Amplitude set to 5.00Vrms
Connect the FG output to the DMM voltmeter set to VAC to confirm the open-circuit setting:
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· What is the value of
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?   _________________

Step 3:  Build the circuit of Figure 1 on your quad board.
· The internal resistance of the FG is 
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 (NOTE: this is internal to the FG and you DO NOT need to add this component to the circuit!).
Step 4:  Add Instrumentation (as shown in Figure 2):
· Place a DMM ammeter in series with the FG (into the red ammeter terminal).
· Place a DMM voltmeter across the series combination of 
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, the inductor, and 
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.
· Connect CH1 across the same components as the DMM voltmeter.
· Connect CH2 to the top of RSENSE (across RSENSE).
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Figure 2: Circuit with DMM and O-scope Instrumentation

Have the instructor or lab tech verify your circuit connection:  __________________
Step 5:  Record the terminal voltage measurement of the FG from the DMM (again, this will be less than the set value of 5.00Vrms because of the internal output resistance of the FG) and the DMM current measurement:
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Step 6:  Sketch the frequency domain representation of the circuit (phasors and complex impedances).  Represent the FG (including its internal resistance) by a voltage phasor using the RMS value recorded in Step 5 and make this the reference phasor (Note, this eliminates the need for us to know precisely the internal resistance of the FG).  Include the actual impedance values in the diagram.
Step 7:  Calculate the:
a. total series impedance

b. resultant current (
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How does the magnitude compare with your ammeter measurement? __________

c. average power consumed by each component

         Instructor Verification: ____________

Step 8:  Measure circuit quantities using the O-scope:
1. If the display is NOT stable, press AUTOSCALE, then press EDGE and shift triggering back to CH1.
2. Center the two signals in the O-scope window, display ~ one cycle, and increase the amplitudes as large as can be viewed on the screen.  Note the units displayed for measurement on CH2:  _________
3. The CH2 signal is small and will be “noisy.”  To eliminate the noise, press ACQUIRE, then AVERAGING.  Adjust the number of AVERAGES to 512 using the knob beneath the HORIZONTAL control.

4. Instead of 
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 on CH2:
· Press    CH2   >   Probe  >   Units   > Amps
· Adjust the scale factor on the probe to 0.1 : 1 (this accounts for the fact that we have a 10-ohm resistor scale-factor between the voltage and current).
· Note the units that display for CH2: __________

5. Display the instantaneous power using the O-scope math function:
· Since CH1 is the voltage across the circuit and CH2 is now the current flowing through the series circuit, the instantaneous power is found by taking the product of the two.
· Press MATH   >   1*2

· What is the frequency of the instantaneous power waveform (math signal)?   

6. Take these measurements using the O-scope:

· Press QUICK MEASURE

 

Source MATH    > Select: AVERAGE    >  Measure: AVERAGE



Source CH2    >   Select RMS    >   Measure: RMS

Beneath the O-scope display you should see measured values of the average power and the RMS value of the current.  Record them below.
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7. Measure the time difference between the CH1 and CH2 signals:
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Calculate the phase angle in degrees between the input voltage (CH1) and the current (CH2)  (Remember: 
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Circle the correct answers:  CH1 Voltage ( LEADS or LAGS) the CH2 Current, implying that the load is (INDUCTIVE or CAPACITIVE).
Have the instructor verify your data:   ______________________

Power down and put away your lab equipment.
Step 9:  Data Comparison

1. How does the measured DMM RMS current (Step 5) compare with that obtained with the O-scope (Step 8)?

2. Compare the sum of the average powers found in Step 7c with the average power evaluated with the O-scope in Step 8.
3. Compute the total circuit average power using the measured DMM RMS current (Step 5) and the measured resistance values.  Do not forget the internal resistance of the inductor.  How does this compare with the values above?
4. Compute the total average power by taking the product of the measured DMM RMS voltage, the measured DMM RMS current, and the cosine of the phase angle measured in Step 8.  How does this compare with your numbers above?
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