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PRACTICAL EXERCISE #12
“Oscilloscope 101”
EE331

Fall 2012
Name: _______________
Section: _________
Date: __________

Background: An oscilloscope (o-scope) is an electronic instrument that we will use to display time-varying signals and make appropriate measurements.  As shown in Figure 1, an analog o-scope consists of an electron gun that accelerates electrons toward a phosphor-coated display screen.  The kinetic energy of the electrons is converted to visible light by the phosphor material.  This alone would yield one bright dot in the center of the screen, so how do we get the dot to move in order to trace out an applied signal?
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Figure 1: Analog Oscilloscope Operation

The dot is moved using electrostatic deflection.  Think of this as electrons are attracted by positive charge and repelled by negative charge.  This is implemented by horizontally oriented deflection plates which move the beam left and right and vertically oriented deflection plates which move the beam up or down (shown in Figure 2). 
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Figure 2: Illustration of Deflection Plates
For instance, if 
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 is a positive value, the electron beam will be moved upward.  Unless in XY-mode, the o-scope internally generates the signal applied to the horizontal plates.  This signal is a sawtooth and is illustrated in Figure 3 as
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.  Note that when 
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 is the most negative, the beam is pushed to the left-part of the screen and when 
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 is the most positive, the beam is pushed to the right-part of the screen. 
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Figure 3: Signal Applied to Horizontal Deflection Plates

As the user, you will control the time required to sweep the signal across the screen (
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 in Figure 3) by adjusting the time-base controls on the scope (these are labeled as horizontal controls and are indicated by “d” on the scope picture at the end of this document).  Typically you will adjust 
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 so it corresponds to one or two periods of your waveform (assuming it is periodic).  The time-base control is calibrated and displayed in seconds/division.
Since our o-scope must be able to display very small and very large signals, there is an amplifier attached to the vertical deflection plates which enables us to scale a wide range of signals to fit within the display screen.  This vertical scale control for channel 1 is labeled “c” on your diagram and is calibrated and displayed in volts/division.
Our o-scope has two input channels.  This DOES NOT imply two electron beams.  Instead, the o-scope can be placed in ALT mode, where beam control is transferred between channels after a sweep or in CHOP mode, where beam control is transferred between channels multiple times per sweep (in most cases our eyes are too slow to distinguish the difference and will see two signals on the screen simultaneously).

To establish a stable waveform, the o-scope has a function called the TRIGGER.  Essentially, following a sweep, the o-scope pauses and waits for an event to initiate the next sweep.  Typically this “event” is the input signal of either channel passing through a given voltage level in either a positive-going or negative-going direction (as specified by you in the trigger menu).  This eliminates horizontal drift (the signal drifting across the screen) and allows you to display a stable sinusoidal signal.  We can adjust the trigger level using knob “f” on the o-scope diagram.
OK, we have a couple of other points to consider but those we will address by completing the following exercises!  So let’s get after it!

Exercise 1: Displaying and Measuring a Sinusoid

1. Energize the Function Generator (FG) and the o-scope.
2. Connect the FG to CH1 of the o-scope: red banana jack to red banana jack and black banana jack to black banana jack.

3. Specify that the FG produce a sinusoid (using button 1).
4. Set the sinusoid frequency to 5kHz:
· Specify frequency using button 6 of the FG.
· Then toggle the control knob on the right.

· The left/right arrows enable you to specify which digit is being adjusted so you can precisely achieve 5.00kHz.
5. Set the peak-to-peak amplitude to 5V:
· Specify amplitude using button 7 of the FG.
· Then toggle the control knob on the right until the display reads 5.00Vpp.
· If the screen reads Vrms, then press the “Enter Number” button and then the up-pointing arrow to change to peak-to-peak.
· Ensure that the word “Offset” does not appear on the FG.  If it does, hit the offset button and dial it to zero.
6. Verify on the scope

· Press the auto-scale button on the scope (unfortunately this switches triggering control to channel 2).  Turn off CH 2 by pressing the button with “2” on it.
· To set triggering to CH 1, press the “Edge” button, then select “1” with the appropriate soft key (check-mark under 1 in the screen).
· Adjust the horizontal control (knob “d” in figure) so you see about two cycles on the screen.
· Adjust the waveform so that it is centered in the display window using knob “e” in the figure.  NOTE: Ground, or 0V, in the display window is indicated by an arrow and a ground signal at the left portion of the display with the number 1 (indicating channel 1).
· Adjust the vertical scale control (knob “c” in the figure) so the waveform is as large as possible but entirely in the display window. Confirm that the peak-to-peak amplitude is 5V.
· Adjust the Trigger Level (button “f” in the figure) to show that if it is too high or too low, we lose synchronization with the signal. Recapture synchronization.
· Measure the period of the waveform using the o-scope cursors (press “cursor” button, specify X to indicate horizontal axis measurement, then toggle between X1 and X2 to place the dotted axes one period apart, read the 
[image: image10.wmf]X

D

 value:
Period: _____________

· Measure the peak-to-peak voltage using the cursors (press “cursor”, specify Y to indicate vertical axis measurement, then toggle between Y1 and Y2 to place the dotted axes at the top and bottom of the waveform, read the 
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 value:
Peak-to-Peak Amplitude: _____________



       What is the zero-to-peak amplitude?   ______________________



       What is the anticipated RMS value?  _______________________

NOTE: the FG has two output termination settings (high impedance and 50-ohm), which influence how the voltage is displayed in the window, so ALWAYS verify the actual FG output signal by using either the scope or DMM.  If it turns out to be set to 50-ohm, the actual output voltages will be about twice what you set up on the FG display.
7. Verify with the DMM

· Couple the FG output to the voltage jacks of the DMM (leave it connected for the rest of the exercises).
· Measure and record the DC value and the RMS value of the AC part of the waveform (use the DC V button and AC V button):
VDC = _________________

VAC = _________________



How does VAC compare to your scope calculations (what is it equivalent 


to)?

Exercise 2: Including a DC Offset

1. Add a +2.5V DC offset to your FG signal by pressing button 8 “Offset” and dialing the control knob to +2.5V.
2. If your signal is no longer properly displayed on the o-scope, adjust the vertical position (knob “e”) and vertical amplifier (knob “c”) so you can see both ground (0V) and your entire signal.
3. Now let’s investigate AC versus DC coupling.  Display the CH 1 Menu by pressing the illuminated 1 (button a) and ensure that DC coupling is selected.  If not, use the far left soft key to change it to DC coupling.  Sketch the signal below (NOTE the volts/div and sec/div at the top of the figure and where ground is positioned in the scope window).
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4. Now press the Coupling button (the far left soft key) and switch to AC coupling. Adjust your scope settings so you can view the signal in the display window. Sketch the signal making sure to note the volts/div, sec/div, and where ground is located.
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What is the difference between being DC or AC coupled?  

5. Measure the DC and AC voltage values using the DMM:
VDC = _________________

VAC = _________________


How do these compare to the scope display of part 3?

Exercise 3: Displaying and Measuring a Square Wave with Offset

1. Switch the FG setting to square wave by pressing button 2.
2. Measure the DC and AC voltage values using the DMM

VDC = _________________

VAC = _________________

3. Calculate the expected VAC measurement (the RMS value):  Starting with the AC coupled signal, square it (sketch this if it helps), calculate the area under the resulting (i.e., squared) curve over a time equal to one period, divide this area by the time period (this is the mean of the square…), and finally take the square root of the result. Viola, the root of the mean of the square (RMS).  Nothing earth-shattering in this case; it is, after all, a square wave.  Show your calculations below and compare them with the value recorded above.
4. Change the scope to DC coupled and sketch at least one period of the waveform below.
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Exercise 4: Measuring two Mystery Signals

1. Disconnect the FG from the scope and DMM.

2. Connect CH1 and CH2 of the scope to the two mystery signals provided on your patch panel to the left.  CH1 should measure “Common 1” and CH2 should measure “Common 2”.  Be careful not to ground the Common jacks (you’ll ruin it for everybody…).
3. Establish a stable trigger lock so you can simultaneously display the two signals (turn on CH2 of the scope if you do not hit autoset).

4. Note the signals may or may not contain a DC offset or a varying signal. Identify the DC level for each signal, the frequency of any periodic part, and the peak-to-peak amplitude of any periodic part. Hint: what would you need to do if the DC part is large and the periodic part is small? 
CHANNEL 1




CHANNEL 2
DC Voltage: ______________

DC Voltage: ______________

Frequency: _______________

Frequency: ________________

Pk-Pk Amp: ______________

Pk-Pk Amp: _______________






Instructor Verification: ____________

NOTE: your instructor may ask you to demonstrate any of these measurements!

Disconnect your equipment, de-energize it, and return all cabling to its original location.
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