ELE2EMI 2007
Laboratory 3: AC Measurements
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Experiment

1 Measurement of AC Signals

Build the capacitor-resistor network shown in the figureotel




2 BANDWIDTH MEASUREMENT

Set the signal generator $meoutput and its frequency tbkHz. Connect the oscilloscope’s channel
1 lead to the output of the generator and its channel 2 ledtetpunhction ofR; and R,.

Question 3.1.1: Calculate the periodl” (in us) of the sine wave.

The phase difference will be small; to measure it, first emsliat both oscilloscope channels’ traces
are present and positioned on the centre of the graticule Wieechannels are switched to GND.

Switch the channels to AC and be sua to touch the vertical position control from now on.

Phase change between input and output is determined by nmeathe time difference between two
points with equivalent phase on the two waveforms: to ob&more accurate measurement, it's
recommended that you choose these points to be where theytbcentre (origin) of the graticule.

Question 3.1.2: Why would it be less accurate to choose thegies or troughs of the sinewave as
the reference points?

So that the time difference can be accurately measuredaserthe sweep speed (that is, decrease
the time base) on the oscilloscope. It may be necessary ddjust the triggering so that the two
waveforms’ corresponding points are both clearly visible.

3.1.3: Now measure the time difference\t = ¢, — tinpur @nd convert it to a phase difference
A¢ expressed in degrees.

At (divisions) | Time scale gs/div) | At (us) | PeriodT (us) | A¢ (degrees

2 Bandwidth Measurement

One measurement commonly required is the 3 dB bandwidth iofaitc

Question 3.2.1: Prove that the -3 dB power points correspontb 71% of the maximum voltage
gain.

Write your proof here:

Turn off the signal generator. Connect it to theffer circuit you built in earlier lab work. Now
connect the buffer so that it is driving the capacitor-resiaetwork of the previous section.
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4 MEASUREMENT OF AC AND DC SIGNALS

We will now find the lower -3 dB breakpoint of the network. Cklic sweep through a range of
frequencies and observe the variations in output amplitadget a rough idea of the shape of the
frequency response. Adjust the frequency of the input $igmid it is in the passband of the network.

With the output of the network displayed on the oscillosc@ugust the Volts/div knob and the input
signal level to get the output at 5 divisions peak-to-peakhenoscilloscope screen. We are looking
for the lower breakpoint, so decrease the input frequenti/the output falls to 71% of its passband
value, i.e. 71% of 5 divisions, or 3.55 divisions peak-t@peThe frequency at which this occurs is
the lower breakpoint and can be determined fromadsel|oscope display - never trust the scale on
the signal generator!

The upper breakpoint can be found in a similar fashion byeasing the input frequency until the
output falls to 3.55 divisions.

3.2.2: Record your results here
Peak Amplitude (V)| -3dB amplitude (V)| Lower Breakpoint (Hz) Upper Breakpoint (sz

The procedure assumed that the input amplitude remainsacangth frequency, which requires that
the input impedance of the circuit is frequency independdotvever this is rarely true. To minimise

this problem a buffer was used. The buffer presents a nearlgtant impedance load to the signal
generator, and hence keeps the input amplitude nearlyamgnst

Question 3.2.3: What limitations might the buffer have?

3 Measurement of Rise Time

Although the peak-to-peak amplitude of a signal is meastna@d the minimum to the maximum
voltage, theise time is defined as the time taken for the signal to increase from tt090% of the
peak-to-peak amplitude.

Disconnect the previous circuit from the signal generatat the oscilloscope. Place one channel of
the oscilloscope across the output of the signal genel@tatch the generator tosguarewave with
a frequency ofl kHz.

In a similar fashion to the procedure described in the prevgection, make adjustments such that
the generator’s signal takes up 5 divisions vertically. iftws the minimum value of the trace onto
the 0% graticule line so that the maximum line will be on th@%graticule line.

Increase the sweep speed (i.e. decrease the time baseg)settthe oscilloscope so that the rising
edge is clearly visible on the screen. You may need to adpestriggering and use thenes-10 X-
magnification switch on the oscilloscope to see this clearly. Measureithe differenceAt between
the points where the trace crosses the 10% and 90% markimgsalue is the rise time. If you have
the X-magnification switched on, remember to take this imtostderation when determining the rise
time.

3.3.1: Record the Rise Time results here
At (div) | Time base s/div) | X-mag (1 or 10)| Rise Time [iS) \

4 Measurement of AC and DC Signals

Quite often there are both an AC and a DC voltage present ae@r@®mponent. Such a situation
frequently occurs when biasing transistors. The AC signgenerally the signal to be amplified and
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5 AC MEASUREMENT USING THE MULTIMETER

the DC is the bias used to place the transistor in a suitatéatiregion. It is important to be able to
measure both the AC and the DC voltages separately.

3.4.1: Use the CRR network of section 1 with the oscilloscope letitlasross the signal generator
andR,. Switch both oscilloscope channels to the DC position. Atljoe level of the signal generator
and the output of the power supply, aoldservethe effects they have on the two waveforms.

Write your observations here:

3.4.2: Next adjust the power supply until the voltage divider's D@put voltage is 9 V. Adjust the
signal generator until the peak-to-peak AC voltage is 100 Novw measure the DC and AC voltages
acrossR,. You will have to change the oscilloscope settings to be #&blmeasure each of these
accurately.

R, DC Voltage (V)| R, AC Voltage (mV)

5 AC Measurement using the Multimeter

You may have noticed that your multimeter also has an ACrggttiet’s use the oscilloscope and the
multimeter to take some AC measurements and compare thestwofsresults.

3.5.1: Disconnect the previous circuit from the signal genera®ace one oscilloscope lead across
the output of the signal generator. Set the generator taubatp kHz sinewave. Measure the peak-
to-peak voltage using the oscilloscope, and then measar@Ghvoltage using the multimeter. The
two instruments are using different units so they will nategihe same numerical reading.

V,—p (sine, oscilloscope)) V4 (sine, multimeter

3.5.2: Now switch the signal generator over to a square wave. Attedevel control on the generator
until the peak-to-peak voltage on the oscilloscope is theesas for the sine wave measurement. Now
measure the AC voltage using the multimeter.

V,—p (square, oscilloscope)Vc (square, multimeter

Notice that although the peak-to-peak voltages for the taeeforms were the same, the multimeter
produced two different results. Multimeters on AC settinfien display the RMS (root mean square)
voltage,V;..... For the meter to be able to do this, it assumes that the wawefit is measuring is a
sine wave. Unfortunately there is no way to tell by a multienethether this asumption is correct.
Unless you can be certain that you are measuring a sine wasdyast to use the oscilloscope. If
required, the RMS voltage of a sine, square or triangulaevean be obtained from the peak-to-peak
reading on an oscilloscope using an appropriate formula.



6 MEASUREMENT REFERENCE POINTS
6 Measurement Reference Points

To perform a voltage measurement with a multimeter, you Bimpjaced the two leads across what-
ever part of the circuit you desired. Using the oscillosctpé&ake voltage measurements requires
a little more care. The ground clip on the oscilloscope prisbehysically connected through the
cable and the earth lead of the oscilloscope’s power corddorgl potential. The two leads on the
multimeter are not fixed at any potential since the metertebapowered. Whereas connecting the
ground clip of an oscilloscope to a circuit connects thahpii the circuit to ground potential. Build
the following circuit (configuration 1) to help see this effe

+
Rl
10k
5V A
supply R,
10k
B
R3
10k
- o0——=¢
GND o——

This circuit is a voltage divider comprised of three sergssistors. Connect thgreen ground termi-
nal of the power supply to the point marked as GND in the circuagdam above.

Calculate the voltageacross the middle resistor?;. Check this result experimentally using the
multimeter.

Now measurethe same voltage with thescilloscope placing theground clip at node B and the
probe tip at node A.

3.6.1: Record the results in this table:
Calculated V) | DMM measured V?;) | Oscilloscope measured ¥()

Question 3.6.2: Do the DMM and oscilloscope measurements reg?

Remove the ground connection of the power supply from tteeiitiso that the circuit is now modelled
by the next figure (configuration 2).

+
Rl
10k
5V A
supply R,
10k
B
R3
10k



6 MEASUREMENT REFERENCE POINTS

3.6.3: Repeat the measurements using both the multimeter and ¢ilssope as before, but with
the circuit of configuration 2.

Calculated VR;) | DMM measured VR,) | Oscilloscope measured ¥f)

Question 3.6.4: Do the multimeter and oscilloscope measureents agree now?

Explanation: Since the ground clip on the oscilloscope igratind potential, it will tie node B to
ground potential. In configuration 1 the other side of resist; was also at ground potential, which
effectively short circuited?s.

3.6.5: Work out in theory what the voltage should be across$, when R3 is shorted.

Do this calculation here. Draw a box round the answer.

3.6.6: Question: Does this value agree with what you measuten configuration 1 with your
oscilloscope?

In configuration 2 the potential at node B will be groundedHty dscilloscope ground clip, but since
no other connections are made to the ground potential, #rereo components shorted out.

3.6.7: Work out what the voltages areglative to ground potential, for all nodes, including the
power supply outputs, faronfiguration 2.

V(PS - node)| V (node A) | V (node B)| V (PS + node)

Neither lead on the multimeter is connected to earth, so theybe placed at any point in a circuit
without affecting it in the manner just described.

The ground potential on the oscilloscope ground clip caseather problems.

Question 3.6.8: Ineachof the two configurations, explain what would happen if the ground clip
touched the +5 V terminal of the supply.

Describe the effects in the 2 cases here:

Question 3.6.9: Think of (2) possibly expensive reasons wlypu shouldn’t do this when using
the circuit shown of configuration 1



6 MEASUREMENT REFERENCE POINTS

Write the 2 possibly expensive reasons here:




