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Project #2:  
An Electronic Music Keyboard Circuit

Objectives:  
1.  Construct an electronic circuit, using an integrated circuit (IC) chip, capacitor, resistors, battery and speaker, that generates musical sounds.    

2.  Learn how to wire a breadboard to make a prototype circuit.   

Introduction:

The simple electronic music keyboard circuit in this project employs an integrated circuit.  Most modern consumer electronics utilize a wide variety of integrated circuits (also known as ICs or chips).  ICs have a large number of discrete devices such as transistors, diodes and resistors that have been miniaturized and combined into a single compact package.  By design, each IC performs a function more than the individual discrete devices could do alone.  Thus, ICs serve as building blocks of more complicated devices and products.  

While ICs contain many internal components, they still require some external circuitry to operate. The IC provides a general capability, and the external circuitry customizes the operation to a specific application, such as the music keyboard.  Beginning with the IC, external components will be added to create the specific circuit features we desire. 

While mass-produced commercial electronics rely on a printed circuit board (PCB) for mounting and interconnection, the design of such a circuit begins with the breadboard prototype used here. Constructing the circuit on a breadboard eliminates the need for tedious solder connections and facilitates trouble-shooting, modification and testing. 

Procedure:  Check off each step with a pencil, when completed, before continuing to the next.       

A.  Wiring the breadboard circuit.

____1.  First identify the components in your bag.  Resistors, the most numerous component in this circuit, have a small cylindrical cover, with colored stripes, from which the two shiny metal “lead” wires emerge.   Resistors control either the voltage or the amount of current flowing in a particular part of the circuit.  Resistance is measured in ohms ().  Typical resistors have several thousand ohms, but the amount varies widely depending on the application.  A thousand ohms (1000 ) may be abbreviated using the prefix ‘K’ (i.e., 1 K Colored bands on the resistor identify the resistance based on a standard color code.   Typically, a resistor has four colored bands.   For all the resistors in this project, the last band is gold-colored.   While the last band indicates quality of the resistor, for our purposes, except to serve as a reference, it can be ignored. Read the colored bands in order starting from the opposite end of the gold band.  Each color represents a digit from zero to nine according to the code:  Black = 0, Brown = 1, Red = 2, Orange = 3, Yellow = 4, Green = 5, Blue = 6, Violet = 7, Gray = 8, White = 9.  The first two colors represent the first two digits of the resistance; the last color represents the number of zeros following those digits.  For example:  (Green, Brown, Red)  =  5, 1 and 2 zeros, or 5100 .   

____2.  Table 1 lists all the resistors used in the music keyboard circuit and their corresponding color bands.  Identify these resistors.  Remove the Table 1 sheet and lay and/or tape the resistors on it.  This will help keep them organized and identified for later steps of the procedure.   A couple additional components include the 0.1 F capacitor (red) and a photocell, if available.       

____3.  Identify and examine the breadboard.   Notice that the socket holes in the middle of the board are labeled in rows with numbers from about 1-60, and in columns with letters from a-j.  A ridge in the plastic separates columns a-e from f-j.  Underneath the board, the five sockets in each row a-e are electrically connected to each other, as are the sockets in each row f-j.  However, no electrical connection exists across the ridge, nor is any row electrically connected to any other row, in this middle section of the board.   Two separate columns lie on the left and right edges of the breadboard.  These two pairs of columns have a special function, to provide a common negative and positive reference voltage to all components on the board.   Thus, in each pair of columns along the edge of the board, socket holes are electrically connected to each other underneath, but none of the columns are electrically connected to each other.  Thus, + and – “buses” may be established.     

____4.  Find the 9v battery snap.  A red and a black wire emerge from the snap connector.  Insert the red lead into a socket-hole of the left-most column on the edge of the board, and the black lead into the adjacent socket just to its right.  For now, keep the 9v battery disconnected from the snap connector.

____5.  Identify the LM 324 IC.  It has a black dual-in-line package (DIP) with a total of 14 pins, seven on each side.  Note the small notch at one end of the IC, on the top side with the label, and a small dimple that indicates pin #1.  Pins on the LM 324 are numbered starting from the reference dimple from 1-7 on one side, and from 8-14 on the other side.  Note that pin #8 is located directly across from pin #7; pin #14 is directly across from pin #1.  Carefully insert pins 1-7 into e1-7 and pins 8-14 across the ridge into f1-7of the breadboard.  Take care not to bend any of the pins, so that they seat well, down into their sockets.   The IC should fit snuggly.      

____6.  Next insert the three 100K resistors into place.   To install, it may help to pre-bend the leads of each resistor, to slip more easily into place.  Resistors may be installed in either direction.  Note that from the circuit schematic diagram of Figure 1, the three 100K resistors go from pin #3 of the IC to +9, GND and pin #1 of the IC, respectively.  Thus, plug one 100K resistor into d3 and a socket in the same +9 column with the red wire.   Plug the second 100K resistor into c3 and a socket in the same –0 column with the black wire.  Plug the third 100K resistor into a3 and and d1.  Bend leads of the 100K resistors to fit, but not touch each other.  

____7.  Insert the capacitor into place.  As shown in Fig. 1, the capacitor goes from pin #2 of the IC to GND.  Thus, plug one capacitor lead into a2, and the other into the –0 (GND) column. 

____8.  Insert the row of resistors that determine the unique musical tone of each note, when the corresponding key is pressed on the keyboard.  Begin by making the smallest resistance.  From Fig. 1, that would be 9.2K.   Thus, plug the 9.1K resistor into g60 and the column on the right-most edge (RME).  Then plug the 180  resistor into f60 and b60.  Since these two resistors are now connected in series, the total resistance in this branch amounts to the sum, 9.28 K.   Next, connect the 10K resistor from RME to b55,  and the 11K resistor from RME to b50.   Make the 12.8K resistance by connecting a 12K resistor from RME to g45 and the 750 resistor from f45 to b45.  The sum of these series resistances amounts to 12.75K.   Make the 14.4K resistance by connecting the other 12K resistor from RME to g40 and the 2.4K resistor from f40 to b40.  The sum of these series resistances amounts to 14.4K.   Connect the 16K resistor from RME to b35, the 18K resistor from RME to b30, and the 20K resistor from RME to b25.  If a photocell is available, connect it from RME to b20.    

____9.  Complete all other connections in the circuit as shown in Fig. 1 with solid hook-up wire. Select pieces of wire from the bin of appropriate length for each connection.  Connect pin #4 to +9 volts by plugging a wire into a4 and into the left-most edge column.  Connect pin #11 to GND by plugging a wire into g4 and into the –0 column.  Connect pin #1 to pin #5 by plugging a wire into a1 and d5.  Connect pin #6 to pin #7 by plugging a wire into a6 and d7.   Connect pin #1 to the “common of all keys” by connecting a wire from RME to b1.  Connect a wire from one terminal of your speaker to pin #7 by plugging it into a7.   From the other terminal of your speaker, connect a wire to the GND reference, that is the –0 column on the board.  Now have your instructor check your circuit.   

____10.   Plug your 9v battery into the battery snap, and have your instructor connect the keyboard part to see if your circuit works.   If not, try to trouble-shoot it  

Date music keyboard worked: ________

Instructors Initials: _________

B.  Testing the Keyboard.   Please answer the questions below for full credit on this project.
1.  Press each key one at a time, and listen to the tone generated.  Is it tuned?  If not, what circuit adjustment could you make to tune it?           

2.  Press the key corresponding to the photocell.  With your hand, block the light and compare the tone with what you hear when the photocell is exposed to the light.  How does the tone change?  What can you conclude about the resistance of the photocell?    

3.  Press two keys at once.  How does the sound compare to what you hear when striking two piano keys at once?  Can you explain why?  

C.  How it works:  

When a key is pressed, the keyboard circuit sends an alternating electrical current to the speaker.  The alternating current has the following shape:  [image: image1.png]
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A signal that has this shape is called a “square wave.”  The square wave input to the speaker causes the speaker cone to vibrate producing the buzzing sound (tone) you hear in your ear.  The pitch of the tone depends on the frequency of the square wave signal.  A higher frequency (shorter period, that is, time for one complete oscillation) signal results in a higher pitch output from the speaker.  Conversely, a lower frequency electrical signal causes a lower pitch.  
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What determines the frequency of the signal?  The LM324 IC, in conjunction with its external resistors and capacitor, sets the time for one period of the signal.  A resistor with higher resistance allows less current to flow than one with a low resistance.   A capacitor, on the other hand, stores charge in the form of electrons.   The storage capacity of a capacitor is measured in units called “Farads.”  A 1 Farad capacitor connected to a 1 Volt battery can store 6.25 x 1018 electrons. Usually, this large of a capacity is not required.  Typical applications use capacitors of about 1 microFarad (1 F), meaning one millionth of a Farad.  The Music Keyboard Circuit has a capacitor of 0.1 F.  Adding electrons to a capacitor charges it.  As a capacitor charges, its voltage increases.  When the capacitor is charged to it capacity, the voltage stabilizes at a constant value.  

Depressing a key starts charging the capacitor.  While the capacitor charges, the output of the LM324 IC stays at its maximum of about 6 volts, forming the top part of the square wave.  When the capacitor reaches maximum charge, the LM324 output switches to near 0 volts and the capacitor discharges.  This forms the bottom part of the square wave.  If the key stays depressed, the capacitor then begins charging again and the LM324 output returns to 6 volts, completing one period of the cycle.   The charging-discharging cycle continues to repeat as long as the key is pressed.  The 6-0-6-0-6-0 etc. repeating voltage cycle drives the speaker to make the buzzing tone we hear.  

The pitch of the tone depends on the time required for the capacitor to reach full charge.  If the capacitor charges slowly, the square wave has a low frequency (long period) and the output pitch is low.   If the capacitor charges quickly, the square wave fed to the speaker has a higher frequency and the output pitch is higher.  The resistor connected to the key controls the rate of capacitor charging, and hence the pitch of the tone.  A higher resistance results in less current (flow of electrons to the capacitor) and thus a longer charging time.  A longer charging time generates a lower pitch.  A lower resistance causes a higher pitch.  In general, we find that the pitch is inversely proportional to the resistance.  

Why do some of the keys have more than one resistor?   The keyboard mimics the white keys of a piano over one octave of a musical scale.  To do this, each key must generate the pitch associated with that note of the scale.  Since each pitch generated depends on the resistance connected to the capacitor, the resistance must have a specific value.  Among commercially available resistors, only certain standard values are available.  Thus, some resistances must be formed by combining two resistors in series, to get closer to the desired pitch on the scale.    

Why does the pitch change when light to the photocell gets blocked?   The photocell is designed as a special type of resistor whose resistance varies with the amount of incident light.  When very little light hits the cell, the resistance is high, resulting in a low pitch.  As more light reaches the surface of the photocell, the resistance decreases, raising the pitch.  Since its resistance is light sensitive, the photocell is otherwise known as a photoresistor.   The elements of Cadmium and Sulfur help the photocell do its job.  Electrons that have absorbed energy from incident light tend to leave the atoms where they were bound.   These free electrons increase the electrical conductivity of the cadmium sulfur material, reducing its resistance.                
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