ESE 150 — Lab O: Detkin Lab Equipment

LABO

In this lab we will do the following:
1. Listen to pure audio tones produced by a function generator
2. View and capture pure audio tones using an oscilloscope

Background:

In lecture, you are learning that sound is a vibration of particles in the air. If we play a pure
tone into a microphone and plot the output of the microphone with time, we’d see a sinusoidal
pattern as shown in the figure below. We note the amplitude of the voltage is changing as time
progresses. We recall that this voltage is continuous with time.
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An oscilloscope is an instrument that allows us to capture and plot how voltage varies with time
for a signal. This is useful in understanding the dynamic properties of circuits and of
phenomena we can convert to voltage, like sound waves. One challenge is that the signal we
want to observe may be changing faster than we could observe with our eyes. For example, we
want to observe sound waveforms that change thousands of times per second, and we may
want to understand how they change over periods that are only microseconds long (and we will
want to observe circuits that change over periods of nanoseconds). For repetitive waveforms
(like sine waves), we can do this by synchronizing the start of the waveform, displaying a small
time window, and allowing it to redraw the waveform over and over again on a time scale that
allows us to view the signal. This is the basic function of an oscilloscope.

To drive circuits, it is also useful to create waveforms that provide changing inputs to circuits.
For this lab, that will give us something to observe on the oscilloscope before we turn to audio
signals. We use a function generator for this purpose.
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As we go to lab, you will do things you’ve never done before. This is a necessary part of
learning. Not everything you do will work perfectly on the first try. This is expected. Included
here is an excerpt from Henry Petroski’s Success through Failure: The Paradox of Design that
highlights how we should not fear failure but embrace it and learn from it in design and in our
educational experiences. As he quotes Mason, you should “learn to disassociate failures
resulting from their [your] attempt to succeed from being failures themselves [yourselves].”
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Lab Procedure:

Lab — Section 0:

(This will normally be a prelab. Since this is the first day of classes and the lab is light, you can
do this during the first 15-30 minutes of the lab section. For subsequent labs, please complete
the prelab before coming to lab.)

1. Watch the following videos.
a. Triple Output Power Supply https://youtu.be/5ZxPFVS-mul
b. Arbitrary waveform Generator and Oscilloscope https://youtu.be/4iZLtOPcRCQ
c. Screen and Data Capture in Excel Oscilloscope https://youtu.be/YoXMoZSuXpU

2. Answer the following questions based on the videos.

a. How would you obtain a voltage of 30V with the Triple Output Power Supply?
What settings would you have to set and where would you put the positive and
negative probe?

b. What is graphed on the X and Y axis of the oscilloscope?

¢. When do you need to reset statistics on the oscilloscope?
Describe the difference between capturing the screen and capturing data from
the oscilloscope.

When you are ready, have a TA check you off on these questions.
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Lab — Section 1: Measuring pure tones with an oscilloscope

e A function generator can generate signals whose voltage varies with time, much like the
output of our microphone.

e WEe’'ll have the function generator generate a few sine waves for us, with an exact

amplitude and frequency, so we can measure them with the oscilloscope.

An oscilloscope is a piece of lab equipment that can measure voltage vs. time.

The various pre-manufactured wires are identified by their connector ends: BNC, banana,

and grabber/alligator, as shown below:
BN-'C Splitter Banana BNC Alligator/Grabber

——

1. Look for the function generator on the top shelf of your lab workstation:

2. Obtain a “BNC to BNC” connector wire from your lab bin, connect the yellow output
from the function generator to CH1 on your oscilloscope.
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Run/stop button

Auto-scale button

Trigger button

Channel 1 BNC Input

.
j" :
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3. The oscilloscope is shown above, look for the “yellow” BNC connector on it labeled “1” -
attach your cable there.
4. Turn on the oscilloscope with the power button in lower left corner.
5. How does the scope work?
a. There is a horizontal knob that you can use to stretch out the x-axis.
b. Thereis a vertical knob that you can use to stretch out the y-axis.
c. The cursors button and knob can be used to turn on and move the X and Y axis
cursors on the screen to find exact values in the waveform.
6. Configure the function generator as follows:
a. Onthe function generator, press the "Channel" button right above the output:
i. A menu will be displayed along the bottom of the screen; you can select
the options using the blue buttons beneath each one.
ii. Now set the output to High Z.
1. Select “Output Load”.
2. Select “Set to High Z”.
Press the "Waveforms" button. You can set the type of wave (square, sine, etc.).
Options will be displayed on the bottom of the screen: select "sine".
d. Now you can set the frequency, amplitude, etc. for the sine wave:
i. Pressthe button below frequency.
ii. The field with the value of the frequency should now be highlighted.

o T

iii. Enter 400.
iv. After you enter 400, a list of units appears at the bottom of the screen.
v. Select Hz.

e. Next, adjust the amplitude and offset the same way that you adjusted frequency:
i. Setthe amplitude to 2 VPP (2 Volt — peak to peak).
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ii. Set offset to 1.0V.
f.  Turn the output on by:
i. Pressthe channel button: in the menu that appears at the bottom of the
screen, select the leftmost button to switch the output on.
7. Measure this on the oscilloscope
a. Onthe scope, press “autoscale” and you should see your 400 Hz 2VPP (2V peak-
to-peak) sine wave.
b. Measure the period of the wave using the vertical lines on the screen
i. Convert it to frequency, is it 400 Hz?
c. Measure the voltage range of the wave using the horizontal lines on the screen.
i. Isitindeed 2 Volt Peak-to-peak?
d. Once you’re sure it’s correct, take a screenshot of the waveform to save to Excel,
using the following instructions. You'll need to turn this in.
i. The run/stop button can be used to (un) freeze the screen, allowing for
accurate screen captures.
ii. Open Excel on the lab computer and go to the Add-ins tab.

iii. Click e , and select the Address and ldentified Instruments that show
up, before clicking OK.

iv. To capture the oscilloscope screen, click @ and uncheck the greyscale
box before clicking OK.
v. The screenshot should now be in your Excel workbook.
e. Adjust the function generator to 1kHz.
i. Scale your scope and repeat the previous steps to measure the period
(verifying that it is now 1kHz) and take a picture of the waveform. You'll
need to turn this in.
8. Make sure both partners have a copy of the oscilloscope screen shots. We recommend you set
up a google drive that both partners can access and upload the screenshots before leaving lab.
9. Show your screenshots to a TA. This is your exit ticket for this lab.
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HOW TO TURN IN ANSWER TO THE LAB:
e Answer the Part 0 questions, assemble the data requested, and answer the questions in
the lab.
e Upload a word document or PDF containing your informal lab report including:
o Partner’s name
o Prelab answers
o Oscilloscope screen shots (1.7.d, 1.7.e.i) (highlighted)
e Each lab writeup is individual.
® You can see the grading rubric we are using for the lab on Canvas. Review that to make
sure there will be no surprises when your lab is graded.
e Due by next Wednesday 3pm. (typically, these will be due on Monday before the next
lab.)
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