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Construction of the Audio Equalizer
By Betty Lise Anderson
Design by Andrew Bowser, Matthew Frankart, Teck Lee, Paul Lundstrom, Bradley Reed

Breadboard
The breadboard, Figure 19, consists of four long columns of holes  (two along each long edge) and many pairs of rows. The holes in each column are connected together, such that a wire inserted in any hole in a column will be electrically connected to any wire connected to any hole in the same column. Each column is called a “bus.” Each row of five holes is also connected (blue line in the figure). The rows are not connected across the trough down the middle of the board.
[image: breadboard copped.tiff]
Figure 19. A breadboard. The green line shows a single bus. There are four buses.

Low-pass circuit
We’ll start with the low-pass circuit, Figure 20. The green lines on the schematic show which connections we’ll make. 
· We’ll use a bus for ground, so insert the uninsulated wire from the audio cable into one of the buses, as shown in the figure.  
· Take the insulated wire that is partially exposed, and insert it into any convenient row. (The third wire won’t be used. If it is also exposed, make sure it doesn’t touch any other wires.) The wire you’re using will be called the input.
[image: low pas schematicstep 1][image: IM000016]
Figure 20. Low pass filer, step 1.

· Next, find the resistor labeled “R,” which we’ll assume here to be the 1.6K resistor. The color stripes from the end of the resistor in go: brown, blue, red. If there is a fourth stripe, ignore it. If you are changing the component values to vary the frequency ranges, Appendix B shows how to read resistor and capacitor codes.
We see from the schematic that one end of the resistor is connected to the input, so insert one lead (either one) of the resistor into the same row of fives holes that has the wire from the audio cable, Figure 21. That is the input. 
· Insert the other end of the resistor into a different row of f holes. It will be convenient if it is on the other side of the central trough. The rows are not connected across the center trough. One the schematic, we show the previous connections in blue and the new ones in green.
[image: low pas schematicstep 2][image: lowpass step 2 photo]
Figure 21.

· Next, we’ll install the potentiometer, the capacitor, and make an output lead. Referring to the schematic, we see that one of the end leads of the potentiometer is connected to the resistor. Thus we should insert the potentiometer with one lead in that row, and the other two leads in two different rows, Figure 22.
· We next connect the capacitor. It goes from one end of the potentiometer to the other. Insert it such that its leads are in the same rows as the two outer potentiometer leads. Note that in one of the rows, there are now three leads: the resistor, the capacitor, and the pot.  From the schematic we see these three things are connected to a common point.
[image: low pas schematicstep 3][image: low pass filter][image: Step 3]
Figure 22. Upper photo courtesy A. Bowser, M. Frankart, T. Lee, P.Lundstrom, and B Reed, Ohio State University 2008.

· Finally, we’ll create an output lead to connect up to later.  Take a piece of hookup wire and insert one end into the row containing the center pin of the pot (the wiper). We’ll connect up to the other end of this wire later.
· Before going on, check your circuit against the schematic and verify that you have made the connections highlighted in blue and green so far.
· The last thing to connect is the grounds. We have a ground bus on the left side of the circuit board, but we need to connect from ground to the output, too, so it would be handy to have another ground bus. So, using a piece of black hook-up wire, connect the original ground bus to another bus on the other side, Figure 23. 
· We also have to connect the bottom end of the pot and capacitor to ground, so a second jumper wire is used. One end goes in the same row that already contains the pot and cap, and the other end goes in the ground bus.
[image: low pas schematicstep 4][image: Step 5]
Figure 23.

· Finally, make a second output lead from a piece of hookup wire, with one end in the ground bus, Figure 24.

 We may as well try out our circuit and see if it works!

· The amplifier has two input leads and two output leads. Using an alligator lead (so called because of its teeth- squeeze the alligator’s head and the jaws open), connect on alligator clip to the output wire and the other end to one of the amplifier inputs (it doesn’t matter which one). With a second alligator lead, connect the grounded output lead of you filter to the other amplifier input.
· Using the remaining alligator leads, connect each of the amplifier outputs to a speaker input.
· MAKE SURE NO WIRES ARE TOUCHING EACH OTHER.
· Plug in the transformer to the power input jack for the amplifier, and plug the wall wart into an outlet.
· Start your mp3 player. If you don’t hear music, try turning the dial on the pot. If it’s all the way to zero, you won’t hear anything. If it still doesn’t work, check all your connections, and make sure they’re solid. The problem is usually a wire is not firmly connected somewhere.

Once it’s working, move the filter output lead (red in Figure 24) back to the row with the input, so that the signal goes directly from the mp3 player to the amplifier. You should hear all the frequencies. When you put the filter back in, by moving the red wire back to the wiper, you should hear the lower frequencies much better than the higher ones.
[image: IM000026]
Figure 24.

· Before continuing, disconnect the amplifier and the power to the amplifier.
High Pass circuit
From Figure 25, we see that we need extend a line from the signal input to a new location to start the high-pass circuit, and that the input will connect to a capacitor this time. 
· Use a jumper wire to connect the signal input to a new row (give yourself plenty of space).
· Run a capacitor from that row to a new row on the right hand side of the breadboard. 
· Insert a potentiometer such that one of the end leads is in the same row where the capacitor ended, and the other two leads are in separate rows.
[image: High pass step 1][image: IM000029]
Figure 25.

· Connect the resistor (680, stripe colors blue, gray, brown) across the potentiometer. 
· Connect the bottom of the pot to ground
· Run a jumper lead from the wiper to the wiper of the other potentiometer, Figure 26.
[image: High pass step 2][image: IM000031]
Figure 25.

Now, try the circuit again. As you turn the knobs, you should be able to go back and forth between low and high frequencies. If either pot gets turned all the way down, all sound will stop.
Bandpass circuit
· Start with another extension jumper from the circuit input to a new section of the breadboard (orange in Figure 26).
· Run a capacitor from the input to an unused row.
· Run a 1.6 K resistor from there to another unused row.
· Run a 680 resistor from the junction of the capacitor and first resistor to ground.
· Insert the potentiometer such that one end is connected to the unused end of the first resistor (the 1.6 K), with the other leads in separate rows.
· Connect a capacitor across the pot.
· Connect the bottom end of the pot to ground.
· Connect a jumper from the wiper of the pot to the wiper of another pot (it might get tough to find a hole).
· Connect and test.

[image: 3band ckt][image: 3-band euqalizer]
Figure 26.

Appendix B. Reading component values
[image: capacitor][image: res-color-code] 


Capacitors have a variety of labeling conventions. A common code uses a three-digit number that works just like the resistor codes, except you don’t have to convert colors to numbers. The units are generally in picofarads, at least for small capacitors like the ones we’re using. 
Example :“105.” Thus the value is 10  105 picofarads, or 106 picofarads, which is 1.0 µF.
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