LaACES Student Ballooning Course
A10.01, Using an Oscilloscope
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Summary:

Student will learn how to measure electric signals using an oscilloscope. Students will generate
PWM and digital outputs and attempt to view them with the oscilloscope.

Materials:

Each student team should have the following materials, equipment, and supplies:

1. Oscilloscope with probes.

2. One Arduino Mega w/ USB cable

3. A computer with Arduino IDE installed

4. Breadboard

5. Jumpers or wires

6. 2x 1KQ Resistors (or similar)
Procedure:

1) Power on the oscilloscope. Boot up may take some time depending on the model.

2) Attach the oscilloscope probe to Channel 1.

3) Attach the clip of the probe to a jumper or strip of wire. Insert this jumper into one of the
Arduino’s ground pins.

4) We will use the PWM function to generate a square wave signal we can measure with the
oscilloscope. Upload the following code to the Arduino Mega:

int PWMBate=127;
int PWMPin=4;

void setup() {

1

violid loop() |
analogWrite (PWMPin, PWMRate):

5) Measure the output of Pin 4 using the oscilloscope. Adjust the amplitude and time scales on
the oscilloscope until a 1 kHz square wave is shown. Because the Arduino’s clock is not very
precise the frequency will not necessarily be exactly 1 kHz.
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Recall that analogWrite function takes a value from 0 to 255. With 0 generating a 0% duty
cycle (always off) and 255 generating a 100% duty cycle(always on). So 127 should be
~50% duty cycle(equal on and off time).

6) Change the variable PwmRate to 64. Measure the output of Pin 4. How does the signal
compare to the original?

7) Change variable PWMRate to 192. Measure the output of Pin 4. How does the signal
compare to the two previous measurements? Notice that the period of the signal does not
change and is fixed. In fact, notice that the large delay we added to the loop (5 seconds) does
not affect the timing of the signal; the PWM repeats on its own.

8) Build the following non-inverting amplifier on the breadboard. Connect Pin 4 to the input of
the amplifier Vi, by attaching a wire from the Arduino to the breadboard. (Note R1 and R2
values may be different but should be the equal). You will need a power supply for the 12V.

NOTE: Recall voltage is measured relative to a point we pick as 0 (this is usually what
we mean by ground). We want the Arduino, oscilloscope, and Power Supply to agree to
a common zero point. Therefore, we must connect the negative terminal of the power
supply, any ground pin of the Arduino, the ground of our amplifying circuit, and the
ground clip of the scope together.
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9) Measure the signal at the output of the amplifier. If possible, monitor the input voltage on 1
channel and the output voltage on a second channel at the same time. How do they compare?

This circuit is a non-inverting amplifier, as we discussed in lecture 09.01. R1 is Ri; and R2 is Ry

Given the equation for gain:
G=1+—
Rin

Recall Gain is the ratio Vou to Vin so with a gain of 2 and the signal height should double from
5V to 10V. Note if the supplied voltage is not high enough the output will be limited. You can
experiment with other resistor values if you have more available.
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