ELEC105L
Fundamentals of Electrical Engineering
Spring 2010
Lab #11:  A Simple Audio Mixer
Why is this important?
In the previous lab exercise you assembled several astable multivibrator circuits based on the 555 timer IC to serve as generators of musical notes for a simple electronic organ.  When your multivibrator circuits are combined with those of the other lab groups, it will be necessary to “mix” up to 13 possible notes and supply the resulting audio signal to an amplifier that in turn will drive a speaker to create sound waves (if not actual music).  The term mixing means different things in different contexts, even within the world of electrical engineering.  In the case of audio engineering, mixing is actually the technique of applying the principle of superposition.  Multiple electronic signals (time-varying voltages) are added together in a linear fashion to create a composite signal, such as music.  Many types of circuits have been devised to do this, but one of the simplest is the summing amplifier circuit based on the operational amplifier.  In this lab exercise, you will design and assemble a simple audio mixer based on the summing amplifier circuit that will combine the outputs of the three 555-based multivibrator circuits you built in last week’s lab.  The output of your summing amplifier will be combined with those of the other lab groups in a “master” summing amplifier to form an electronic organ.

Grading

This lab is a “familiarization exercise” and therefore will be weighted 50 points.  To receive full credit, e‑mail the screen image captured in Step 5 and a list of the requested component values to your instructor, and add your circuits to those of the other groups to form a 13-note electronic organ.  The screen image and data are due at 4 pm on the next day after the lab session.  Only one submission per lab group is required; however, each member of the group must contribute to its production.
Background
A schematic diagram of a summing amplifier circuit is shown in Figure 1.  Input voltage v1(t) represents the output signal of one of the 555-based tone generators that produces a musical note, v2(t) represents the second note, and v3(t) represents the third note.  (In general, any number of inputs could be used; we only need three.)  The time variable is included here to emphasize the point that these are time-varying voltages (output pulse trains from the 555 chips), not DC voltages.  Note that the three voltage variables label the ends of what look like disconnected wires in Figure 1.  These are not open circuits.  This notation means that we can imagine that an ideal voltage source is attached between each terminal (a circle at the end of a wire) and the ground (reference) node.  Thus, current flows through input resistors R1, R2, and R3 and into node va.
The operating principle of the summing amplifier is easily seen by applying KCL to the node labeled va in Figure 1.  The nodal equation is given by
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Because of the presence of negative feedback around op-amp U1, node voltage va should be very close to zero.  If we assume that va = 0, then
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Solving this for vo yields


[image: image3.wmf]3

3

2

2

1

1

v

R

R

v

R

R

v

R

R

v

f

f

f

o

-

-

-

=

.

It is clear that the output voltage of the op-amp is a weighted sum (with negative coefficients) of the three input voltages.  That is, the three input signals are scaled and superposed.  If R1 = R2 = R3, the input voltages are scaled by the same factor.  The negative coefficients indicate that the input waveforms are inverted, meaning that positive voltages are changed to negative, and vice versa.  Fortunately, inversion does not affect the sound perceived by the human ear, so we can tolerate it in this application.

[image: image4]
Figure 1.  Audio mixer based on a summing amplifier.  The ±12-V operating voltages are generated by the bipolar power supply on the lab bench.  The small triangles represent connections to the ground (reference) node.
Procedure

1. Check that the tone generator circuits that you assembled in the previous lab exercise are still working.  The easiest way to do this is to examine the output of each timer IC using the oscilloscope.  Verify that your assigned musical notes are accurate to within a few Hz.

2. Design a summing amplifier like the one shown in Figure 1 to serve as an audio mixer for your three tone generator circuits.  Recall that the pulses created by the 555 timers have a peak value of 12 V.  A signal at that level will overdrive the amplifier/speaker unit that we will be using.  The voltage level should be reduced to a peak value of approximately 500 mV.  Also, the feedback and input resistor values should be chosen to minimize the current drawn from the outputs of the timers and from the output of the op-amp.  This dictates that the resistors should have values of at least a few thousand ohms.  However, for other practical reasons, the resistor values should not be too large either; a couple of megohms is a reasonable upper limit.
Other than the two broad limitations described above, there is considerable leeway in your choice of resistor values.  The two primary constraints are that the output voltage amplitudes of the timers should be reduced from 12 V to approximately 500 mV, and they should be weighted equally at the output of the mixer.  Select appropriate values for R1, R2, R3, and Rf to achieve these goals.
3. Assemble your mixer circuit on the same proto-board as your tone generators.  A pin-out diagram for the LM741 op-amp can be found in the data sheet for the device, available on the lab web page.  Use the bench-top power supply to provide the ±12 V operating voltages.  The same +12 V supply can be used to operate the tone generators and the summing amp.  Connect the output terminals of the three timer circuits to the inputs of the summing amplifier.  Plan your circuit layout carefully so that the pushbuttons are clear of the circuitry and so that the connections to the instructor’s “master” summing amplifier have easy access.  Remember that your circuit will be combined with those of the other groups (plus one tone generator from the instructor) to form the full chromatic scale.
4. Once the entire circuit is built (the three tone generators and the summing amplifier), use the oscilloscope to verify that the output voltage vo of the summing amp is a train of pulses at the proper frequencies with amplitudes close to 500 mV.  Activate the tone generators one at a time to check them individually.
5. Capture the screen image of the waveform at the output of the summing amp for the case when all three timer circuits are operating simultaneously.  Adjust the horizontal and vertical scales so that all of the important details of the waveform are clearly visible.  Instructions for capturing screen images are available on the lab web page.  E-mail the image to your instructor along with the resistor values you used in the summing amplifier circuit.
6. When your circuits are operating properly, set up your proto-board next to the instructor’s proto-board in combination with the circuits built by the other lab groups.  Once all four proto-boards are ready, play a tune!  If all four lab groups are not able to complete their circuits by the end of the lab session, the full chromatic scale will be assembled the following week.  (That means those lab groups have homework.)
7. Once again, do not disassemble your circuit!  It will serve as the starting point for next week’s lab exercise.
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