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Laboratory 4 
Exploring AC Waveforms 

Introduction 
In this lab, you will use the MicroBLIP to generate periodic 

waveforms (sine, triangle, and square) and explore various 
properties of these signals.  You will build an audio amplifier with a 
speaker and listen to these periodic waveforms, as well as ambient 
electromagnetic noise and the signal from a microphone. You will 
use the microphone and speaker to generate oscillations through 
regenerative feedback and estimate the speed of sound. In the 
process, you will learn to use an oscilloscope to look at signals and 
measure their frequency and period.  

 

Parts List 
MicroBLIP 
MC34119 audio amplifier 
speaker, 8 Ω, 0.5 watt 
9 V battery (temporarily) 
Electret Condenser Microphone 

(Cui CMB-6544PF) 
26-gage multi-stranded wire 
various 5% resistors 
various capacitors 
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Using the Tektronix TBS 1022 Oscilloscope  
 The Oscilloscope (“scope”) is a basic tool that permits 

viewing and measurement of time-varying signals, beyond 
what is possible with your multi-meter. The modern scope has 
many features, (see manual on the course page next to this 
lab) but its primary function is to view and measure rapidly 
changing signals, as we shall see in this lab. The scopes in 
the lab are 2-channel Tektronix model TBS 1002 (see Fig. 1).  

There are 3 sections to the controls of any typical scope: 
(1) voltage on the vertical axis, (2) time on the horizontal axis, 
and (3) trigger.  We review each of these next. 

 (1) The voltage scale for Channels 1 and 2 are controlled 
by the vertical “Scale” knobs above the CH1 and CH2 input 
jacks. The setting is displayed at the bottom left of the screen 
in the volts/division.  Generally, 2 volts/div will work well in our 
labs, since our signals will be in the 0-5 V range.  Use the 
vertical “position” knobs to move the trace vertically, adjusting 
the location of “zero volts.” This is best done by first selecting 
the CH1 menu (yellow button over the scale knob) and then 
pushing the top button just to the right of the screen 
(“Coupling”) and selecting “GND”.  This shorts the CH1 signal 
to ground so you can adjust the vertical position of the yellow 
arrow labeled “1” to the right of the screen) to an appropriate 
line to mean zero on the screen grid.  Then set the coupling 
to “DC” so that DC voltage will be read (Fig. 1 top). Set the 
“Probe” to 1X, since our test-leads have no built-in 
attenuation.  Channel 2 is similarly set by first pushing the blue 
CH2 button. It is possible to display both channels 
simultaneously. Fig. 1 
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(2) The time scale of the scope is controlled by the horizontal “Scale” knob, with the setting displayed on 

the bottom of the screen. The trace can be very slow (1 sec/div), or very fast (as fast as 5 nanoseconds/div: 
light travels ~1ft in a nanosecond). The horizontal “position” knob moves the trace left and right, relative to the 
“trigger point,” shown by an arrow at the top of the screen, initially above the central vertical graph markings. 

(3) Triggering is the act of synchronizing each occurrence of a repeating trace, to make a periodic waveform 
appear stationary on the screen for proper viewing. A particular trigger point is repeatedly detected in the 
periodic signal, and the signal displayed with that point initially centered horizontally on the screen. Generally, 
this can be accomplished using a manually-adjusted “edge” trigger.  Push the menu button in the trigger section 
(“trig menu”) and choose “Edge” from the “Type” section of the menu, using the top menu button, just to the 
right of the screen.  The “Source” should be CH1 as shown, “Slope” rising, “Mode” Auto.  Then adjust the 
Trigger Level knob, which will move the yellow arrow on the right of the screen up and down.  When this arrow 
intersects a rising edge of a periodic waveform (produced below), triggering should produce a stable trace. 

Get a scope probe (“BNC” connector and red and black EZ-hooks, 
see Fig. 2) from the rack in the far-left corner of the room. Always return 
them to this rack when done. Attach the probe to the CH 1 input as 
shown in Fig. 1, connecting the red EZ-hook to the internal 5 V, 1 KHz 
square wave test signal in the lower right corner of the front panel (Fig. 
1). Set the CH 1 vertical scale to 2 volts/div and the Horizontal Scale to 
500 µsec/div. Confirm the frequency of this square wave by visually 
measuring its period and converting to frequency. (A) The scope also 
reads out the frequency for you numerically in the lower right corner of 
the screen, which should read 1.00000 kHz.  The accuracy may be 
overstated, since the scope uses the same oscillator as ground truth 
and thus agrees perfectly with itself.  

Most scopes work basically the same way, and once you know how 
to use this one, you’ll be able to use any of them without much trouble.  

Fig. 2 
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Using the MicroBLIP again 
In this lab, you will get +5 V and ground from the MicroBLIP again, as you did in Lab 3.  In addition, you will 

use the MicroBLIP’s regulated +3.3 V voltage source to power your miniature microphone.  The +3.3 V voltage 
source is less noisy than the +5 V source, whose noise would be evident in the microphone signal when you 
amplify it.  Finally, you will use the MicroBLIP’s Digital-to-Analog (DA) converter output to produce sinusoidal, 
triangle, and square waves. All of these pins that you will use on the MicroBLIP are shaded in Fig. 3, with their 
corresponding column numbers on the breadboard shown. 
 

  

Fig. 3 
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Listening to Signals with an Audio Amplifier 

This week’s circuit involves an audio amplifier, which takes small time-
varying signals in the audio range (20 Hz - 20 KHz) and increases their 
voltage and current sufficiently to drive a loudspeaker.   

Let’s start with the loudspeaker. Cut two 6-inch pieces (red and black) of 
26-gage multi-strand wire (top shelf, left, of Cabinet 1). We use multi-strand 
wire so that the wires can be repeatedly bent without breaking.  Strip ¼ inch 
from the end of each wire, twist and tin (coat with solder). Insert the wires 
through the mounting holes of the speaker, with the red going to the “+” and 
black to the “-” as shown in Fig. 4. Carefully solder (don’t melt the plastic!). 
Next solder short pieces of single-strand 22-gage wire to the other ends of 
the wires to plug into the breadboard, as you did with the 9 V battery clips.  

To convince yourself that your speaker actually moves when a voltage is 
put across its coil, connect the speaker across the 5V power busses on your 
breadboard (powered by the MicroBLIP USB connection).  Connect it one 
way, and then the other.  If you look closely from the side, along the surface 
of the speaker, you should see the diaphragm move in and out, depending on the direction of current.  You 
should also hear a distinctive click as the speaker moves quickly in response to the DC voltage. (B)  

For a great animation of how a speaker works see: 
http://animagraffs.com/loudspeaker/ 

 
  

Fig. 4 
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Now find the microphone 

(“mike”) that you got in the baggie 
with your PittKit.  It is an Electret 
Condenser Microphone (ECM), 
which contains two plates of a 
capacitor (the old word for which is 
“condenser”) with a fixed charge Q 
on them.  One of the plates is 
located where it is exposed to 
incoming sound. When that plate 
moves, the capacitance changes, 
and thus the voltage due to the 
charge V = Q/C also changes. 

Because the charge is very tiny, the mike is packaged with a built-in Field Effect Transistor (FET) amplifier 
whose input impedance is extremely high (we will learn about FETs later), to convert the signal to a higher 
current (lower impedance), see Fig. 5 (left). The mike and its FET amplifier are 
actually powered by introducing a DC current backwards into the device though 
its output pin, a method known as “phantom” power. As shown in Fig. 5, the mike 
output is labeled “Term 1”, and the ground is labeled “Term 2.”  Note in Fig. 5 
(right) that Term 2 may be identified by its connections to the metal case, which 
shields the interior components of the mike from ambient electromagnetic noise. 

Finally, you need an audio amplifier to drive the speaker.  Luckily, a nice one 
is available in the form of an integrated circuit (IC), or “chip”, in what is called a 
Dual Inline Package (DIP), two of which you have already used in the MicroBLIP.  
The DIP is a convenient package because the pins have the same 1/10 inch 
spacing as your breadboard.  Get one MC34119 audio amplifier chip from 
Cabinet 2. The pin configuration is shown in Fig. 6. DIP pin numbers go from 1 
to 8 counterclockwise, from the end of the chip with the little notch and dot.   Fig. 6 

Fig. 5 
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The MC34119 audio amplifier 
contains 45 transistors and 
numerous resistors and capacitors 
in a tiny chip of silicon embedded 
in (and much smaller than) the 
plastic DIP package. For now, 
view it as a black box, a basic tool 
enabling you to listen to signals, 
just as your multimeter allows you 
to observe voltages or resistances 
as numerical values.  

Let’s examine the circuit you 
will build (Fig. 7). It delivers two 
signals to the audio amplifier, to be 
heard through the speaker. You 
can view these signals using your 
scope at two “Test Points”, which 
are loops of wire for easy 
attachment of the scope probe (see Fig. 8). The first signal comes from the DA output of the MicroBLIP acting 
as a signal generator, stepped down by a voltage divider (two resistors). The second signal comes from the 
mike, which is powered through a 2.4K resistor to its output (“phantom power”) by the MicroBLIP’s 3.3V 
reference voltage. Two pushbuttons connect these signal (one at a time) to the input of the audio amplifier, 
through a capacitor, which allows only AC signals to pass.  

Here are a few tips on assembling the circuit.  Insert your MC34119 chip into the breadboard across the 
central divide in columns 52-55 (see Fig. 8) with pin 1 in the lower left, the notch to left, and the chip label 
printed on the chip right-side-up. Follow the general layout depicted in Fig. 8 when constructing the circuit, to 
ensure everything will fit, and to make it easier for the TAs to help debug if needed.  

 
  

Fig. 7 
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The circuit contains both “disk” and “electrolytic” capacitors, as indicated in Fig 7.  These are available in 
separate sections of the drawers in Cabinet 1. The pushbuttons should both have their pins straightened as 
you did in Lab 3.   Include two “U-shaped” loops of bare 22-gage wire where indicated as “Test Point 1” and 
“Test Point 2” on Figs. 8 and 9 respectively.  Also include one loop for attaching the black test clip of the 
scope probe to the bottom ground bus, as shown in bottom right corner of Figs. 8 and 9. Finish building the 
entire circuit, being sure that what you build corresponds exactly to the schematic in Fig. 7. Next, you will use 
this circuit to listen to and look at various signals.    
 
  

Fig. 8 
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Sine, Triangle, and Square Waves 
Attach the oscilloscope leads as follows (see Fig. 8).  First (and always!) attach the ground (black) scope 

lead to the loop in the ground bus of your breadboard.  Attaching the ground first between 2 pieces of equipment 
protects them from possible large discrepancies if grounds are left to “float”. Then attach the red probe to Test 
Point 1, where the signal generator mode of the MicroBLIP outputs signals through its DA converter. 

Plug the MicroBLIP into the USB Hub and open up a new Word document.  Push User Button 1 on the 
MicroBLIP until “Sine Wave Generator” is displayed. As indicated by what the MicroBLIP has typed, the initial 
frequency is 440 Hz, the “A” played by the oboe to tune the orchestra (Check against an actual oboe, 
https://www.youtube.com/watch?v=bdih8IPQjqE).  Show that the frequency displayed on the scope is the 
inverse of the period determined by setting an appropriate horizontal time scale and counting divisions. (C) 

Push the left button in your circuit (Fig. 8), and listen to the sine wave.  You should hold the speaker in your 
hand to prevent vibrations against the table from distorting the sound.  It should have a sweet, undistorted 
sound.  Proceed to the triangle wave and then the square wave by pushing User Button 1. Describe the 
differences in tone. (D) These are due to the increasing amplitude of harmonic frequencies from sin, to triangle, 
to square. 

The periodic waveforms generated by the MicroBLIP (sine, triangle, and square) can be varied in frequency 
between 1 Hz and 4000 Hz in steps, by pushing User Button 2 and adjusting the potentiometer, selecting the 
frequency as typed out on the computer. User Button 2 must be pressed again before the waveform is actually 
produced.  Set the frequecy to of the square wave to 400 Hz and listen by pushing the left button on your 
circuit. It should sound slightly lower than 440 Hz did.  Then adjust the square wave to 800 Hz and listen again.  
This is known in music as an “octave” higher than 400 Hz. 
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Mike, Noise, and Feedback 
Touch the input of the audio amplifier with 

your finger (“Touch Here for Noise” in Fig. 9), 
and examine the speaker output with the 
oscilloscope and with your ears. You finger is 
acting as an antenna. Describe what you hear. 
(E) You will probably hear 60-Hz “hum” from 
power sources around you, in addition to some 
leakage of the 800 Hz square wave from the 
MicroBLIP.   

Now, move the red scope probe to Test 
Point 2, the positive output of the speaker.  
Push the right-hand button on your circuit and 
talk into the mike and report sound quality at the 
speaker. (F) The low frequency response of the 
small speaker is limited, but otherwise the 
quality should be good.  Look at the waveform 
from your voice on the scope.  Move the mike 
near the speaker until you hear “feedback”, a runaway condition caused by sound from the speaker returning 
to the mike in a recurrent loop with ever-increasing amplitude. What controls the frequency of the feedback?  
Holding the speaker approximately 1 inch from the microphone, measure the frequency of the feedback with 
the scope.  Assuming the oscillation traverses one-half wavelength in the air across that distance, calculate 
the speed of sound in feet/second. (G) This calculation depends upon correct attachment of the speakers + 
and – terminals.  If they are reversed, the computed speed of sound will be off by a factor of 2, because an 
entire wavelength will be present in the air between the speaker and mike. 

Take a picture with your smartphone, showing your ID on the front edge of the breadboard, or simply show 
it to your TA along with your report for credit. 

Fig. 9 


