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Location

Laboratory, B-105

Equipment
Agilent 34401A Digital Multimeter
Agilent E3631A Power Supply
Agilent 33120A Function Generator
Agilent 54624A Oscilloscope

Breadboard

Lead box with leads, plugs, and clips
Parts kit containing

1.5 k( and 3.3 k( 1/4-watt resistors,
Three additional 1/4-watt resistors,
0.1 (F capacitor.
Purpose

This lab project is intended to help you become familiar with the instruments and techniques used to make basic electrical measurements.  Much of our work with actual circuits requires that we measure various circuit parameters.  In particular, you will

· learn to measure voltage, current, and resistance,

· apply what you have learned to circuits involving resistors and capacitors, and

· maintain a properly written lab notebook.

Prelab
1.
Read the Procedure below carefully.  Be sure that you understand each of the steps before coming into lab.

2.
Identify the value of each resistor in your lab kit.  Make a table in your lab notebook showing color code and resistance value for each resistor.

3.
For the voltage divider of Fig. 3, calculate the values of voltages 
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 and 
[image: image2.wmf]2

V

 and of current 
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 when the input is 10 V DC.
4.
For the same voltage divider, calculate the RMS values of voltages 
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 when the input is a 500 mV RMS sinusoid of frequency 1 kHz.

5.
Repeat step 4 when the 
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 resistor is replaced by an 
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 capacitor.  Also calculate the phase of 
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Procedure
1.
Voltage Measurement
Use the 34401A digital multimeter (DMM) to measure the output voltage of the E3631A power supply.  The circuit for doing this is shown in Fig. 1.  Follow the individual steps below:

1.1
Turn on the 34401A DMM.

1.2
Set up the DMM to measure voltage by pressing the DC V button. 
1.3
Use two banana leads from the lead box to connect the DMM and the power supply as shown in Fig. 1.  Make the lead colors work for you:  red lead in the red DMM jack, black lead in the black jack.
Be sure to use the DMM jacks marked “Input V((.”  We will not use the other jacks, which are for highly accurate “four-wire” resistance measurements.


1.4
Turn on the E3631A power supply.

The E3631A contains three power supplies.  There is a “+25 V” supply that can be adjusted to voltages between 0 and 25 V.  There is a “-25 V” supply that can be adjusted to voltages beween 0 and -25 V.  These two supplies share a common reference output marked “COM.”  There is also a “6 V” supply that can be adjusted to voltages between 0 and 6 V.  This supply has its own pair of output terminals.  The green terminal is a chassis ground that can be used for safety grounding.
1.5
Press the appropriate button to select the +25 V supply.  Press the OUTPUT ON/OFF button to activate the output.  If necessary, set the output voltage to zero.
1.6
Sketch a diagram of this setup in your lab notebook.
1.7
Set up a table in your notebook with columns for power supply setting and DMM reading.
1.8
Set the power supply successively to 0 V, 5 V, 10 V, 15 V, and 20 V.  For each setting record the power supply setting and the DMM reading.
1.9
Leave the 25 V supply set at 20 V and deactivate the output.
1.10
Move the DMM leads so that you will be able to measure the output of the -25 V supply.
1.11
Set the -25 V supply to -20 V.  See if you can figure out how to do this without activating the output.  Then activate the output and measure the voltage.
Draw a sketch of the experimental setup in your notebook.  Describe the procedure you used to set and measure the voltage.  This information will be useful in a future lab when you encounter this power supply again.
1.12
Deactivate the power supply output (do not turn off the instrument) and remove the leads.
2.
Resistance Measurement
Now we will use the ohmmeter portion of the DMM to measure the resistances of several standard resistors.  This will give you experience in reading the color codes on the resistors and in using the ohmmeter.

2.1
Your lab kit contains a number of resistors.  Select any three.
2.2
Get a set of leads from the lead box that can be plugged into the jacks on the DMM and can be clipped to the terminals on a resistor.  The measurement setup is shown in Fig. 2.
Do not hold the leads to the resistor terminals with your fingers.  Besides raising safety issues, this practice can lead to inaccurate measurements.

2.3
Press the k( button on the DMM.

2.4
Connect one of the resistors to the DMM using the leads.

2.5
Record the nominal (color-coded) value of the resistance and the measured value of the resistance in a table.

2.6
Add a column to your table to show the percent error of the measurement using 

.

2.7
Repeat these measurements for the remaining two resistors.

2.8
The resistors in your lab kit are specified at 5% tolerance.  Comment in your notebook on whether this tolerance is consistent with the results of your measurements.

2.9
When you are done measuring resistance, press the DC V button on the DMM.

This is a precaution.  The DMM can be damaged if you later try to measure voltage with the instrument still set to measure resistance.
3.
Voltage Divider
A voltage divider circuit is shown in Fig. 3 below.


Figure 3  - Voltage Divider

3.1
Construct the circuit as shown in Fig. 4 below.  Be sure the DMM is set on DC V.

By definition, the circuit “ground” is wherever the COM terminal is connected.
3.2
In your lab notebook draw a schematic diagram of the voltage divider and a sketch of the measurement setup.  Do not draw a “picture” of the circuit as is done in Fig. 4.

3.3
Set the power supply to 10 volts and turn it on.

3.4
Measure and record the voltage across each resistor and across the voltage source.

3.5
Compare your measurements with the values predicted by the voltage-divider formula.  Also, comment in your notebook on how closely KVL is satisfied for this circuit.


3.6
Use the ammeter function of the DMM to measure the current flowing through the 1.5 k( resistor.  The ammeter must be in series with the resistor, or to say it another way, you have to break the circuit and place the ammeter in the gap you just made.  Fig. 5 shows where to connect the leads to the multimeter.
Make sure that the power supply is deactivated until the DMM is in place and set for current measurement.

3.7
Set the DMM to DC I.  Activate the power supply and read the current.
For DC I, use the SHIFT key and the DC V button.
3.8
Record predicted current, measured current, and percentage error.  Comment on how closely Ohm’s law is satisfied for the 1.5 k( resistor.

3.9
Deactivate the power supply, remove the DMM from the circuit, and set the DMM back to DC V.

You will blow a fuse if you later try to measure voltage with the DMM still set to measure current.  The fuse is located on the back panel of the instrument, and is not easy to reach.
4.
AC Measurements
The voltage divider of Part 3 also works when you apply an AC voltage to it.  In this part you’ll use the 33120A Function Generator as the source instead of the power supply.  Your measurements will be of AC voltages using the AC capability of the DMM.

4.1
Replace the power supply in Fig. 4 with the 33120A Function Generator.  Use a cable that has a BNC connector on one end and clips on the other.  The black wire is the ground and should be at the bottom of the voltage divider.

4.2
Set up the Function Generator as follows:


Sinusoidal waveform.


Frequency:  1 kHz.

Amplitude 500 mV RMS.


To set the amplitude press “ENTER NUMBER,” then “5 0 0,” then blue shift key, then “m”, then “Vrms.”
4.3
Set the DMM to measure AC voltages (the meter reads RMS values) and connect it to the input of your circuit.  Record the predicted and measured input voltage values.  Calculate the percentage error.
4.4
Use the DMM to measure the RMS voltage across each of the elements of the voltage divider.  Record predicted and measured voltages and the percentage error.  Comment on how closely KVL is satisfied.
4.5
Now replace the 1.5 k( resistor with a 0.1 (F capacitor (probably labeled “104”).

4.6
Repeat the three voltage measurements and record your data.

4.7
Is KVL satisfied by your data?  What’s missing here?  What data don’t you have that would make this work out?  (Clue:  AC involves phasors.)

5.
Oscilloscope Measurement
Some of the missing information in Part 4 can be filled in by using the oscilloscope to make the AC measurements.  From the scope we can read both magnitude and phase angle.  The scope will give us the magnitude, but the reading will be the peak amplitude rather than the RMS value.  It can also give us the phase difference between the capacitor voltage and the input signal.  

5.1
Continue with the RC circuit you were using in Part 4.

5.2
Connect probes to oscilloscope inputs 1 and 2, and turn the oscilloscope on.
5.3
Connect the scope probe of channel 1 to the voltage input of your circuit.  The alligator clip must be connected to circuit ground.

5.4
Connect the scope probe of channel 2 to the capacitor so that it measures the capacitor voltage.  The probe’s alligator clip must likewise be grounded.

Since the alligator clip must be connected to the circuit ground, you cannot use the oscilloscope to measure the voltage across the 3.3 k( resistor.
5.5
Adjust the scope to give a good picture of each sinusoid.  Begin by pressing the “Autoscale” button.  Next, use the channel 1 vertical position knob to center the channel 1 trace.  Use the channel 1 “Volts/div” knob to enlarge the trace so that it nearly fills the screen.  Repeat these two steps for channel two.
5.6
Read the peak amplitude of the input voltage and of the voltage across the capacitor.    Remember that these are not RMS readings.  Compute their RMS values and compare them (i.e. compute percentage difference) with the ones you read using the DMM.  (Clue:  Remember (2 for sinusoids?)

5.7
Observe the fact that the voltage across the capacitor is not in phase with the input voltage.  Measure by how much time the capacitor voltage is delayed from the input voltage.  To do this, make sure the two voltage waveforms are exactly in the center of the scope’s display.  Read the time difference between negative-to-positive zero crossings of the two sinusoids.
If you are feeling adventurous, you may use the cursors to make this measurement.  Press the “Cursors” button.  Then move one of the x-cursors to each of the zero crossings.  The time delay between the cursors can be read from the display.
5.8
Measure the period of the input sinusoid.

You can also use the cursors for this measurement.
5.9
Determine the phase angle of the capacitor voltage with respect to the input voltage.  Since you know the time delay and the time for one period, the angle will be their ratio times 360(.  Because the capacitor voltage is lagging, the phase angle is negative.

Report

Complete the work in your lab notebook.  One lab notebook is to be handed in by each group at the end of the lab period.  The group will share the lab notebook grade.


Make sure that the notebook you turn in contains at least the following:

· A table showing DMM voltages and the power supply settings.

· A table showing nominal resistance values, measured resistance values, and percent error.

· For the voltage divider circuit, provide a table showing the predicted voltage and measured voltage across the voltage source and across each resistor, and the percent error.  Also include the predicted and measured current and the percent error.
· Tables of the data for the AC measurements of both the resistor divider and the RC circuit.

· A calibrated sketch of the oscilloscope traces for the RC circuit measurements.

· A table comparing the DMM voltage readings and the scope voltage readings.

· A calculation of the phase angle of the capacitor voltage relative to the input voltage.
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Figure 5 – Current Measurement
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Figure 1 - Voltage Measurement





Figure 2 - Resistance Measurement
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Figure 4 - Voltage Divider Measurement
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