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First there was a generation of huge machines that

relied on vacuum tubes; then there was one that used

transistors; a third relied on the integrated circuits

printed on silicon chips; and a fourth -- a generation

only now emerging -- turns to very large scale integrated circuits (VLSI), with chips so compact they must be designed by another computer. The achievement of artificial intelligence would be the crowning effort, the fifth generation.


 






Richard Flaste

Objectives
 

1. To understand how an oscilloscope is able to display changes in voltage over time.

2. To investigate different dc (direct current) and 

ac (alternating current) wave forms.

3. To investigate an amplifier as an example of an active circuit element.

4. To gain experience with fundamental logic operations used in digital electronics.

5. To learn about the functional characteristics of certain popular integrated circuits such as op amps, counters, and digital logic elements.

6. To construct a circuit designed to carry out a useful operation – that of a stopwatch.

Overview

 5 min

Electronics is the sub-field of electricity that deals with the information contained in electrical signals, such as those that produce sound from a loudspeaker, a TV picture, or memory states in computers.

This unit is intended to provide you with a brief introduction to electronics, including some of the devices used in circuits and some of the manipulations you can perform on electrical signals by designing and constructing circuits.  In the first part of this unit you will learn to use an oscilloscope, which is one of the most basic measuring devices used in electronics to measure voltage changes.  In the second part of this unit you will explore analog electronics by  constructing a simple amplifier to boost a weak electrical signal so that it becomes an audible sound when attached to a loudspeaker.  Then you will begin an exploration of some of the digital electronic components which provide the basis for the modern digital computer.  The third part of this unit involves using digital electronic components to build a stopwatch.  The projects in this unit might stimulate you to learn more about electronics on your own or to take a course in electronics. 

Notes:

Session ONE: the oscilloscope

10 min

Introduction to the Oscilloscope

Many scientists and engineers are interested in measuring voltages and visualizing how they change over time.  For example, in the next session you will be studying the changes over time of the voltage coming from the earphone output of a cassette recorder.  Although these kinds of voltage measurements can also be made using newly developed computer systems, the oscilloscope is presently the most commonly used instrument for making such measurements. 

The heart of an oscilloscope is an evacuated glass tube known as a cathode ray tube or CRT for short. It contains an electron gun and two pairs of parallel metal plates that can hold electrical charge on them.  When two parallel plates carry charges of equal magnitude but opposite sign on them, the magnitude of the charge on the plates is proportional to the "voltage" between them.  As you have just learned, two charged plates will produce an electric field between them.  

By producing a beam of electrons and then deflecting it under the influence of the electric field that results from the voltage used to charge the plates, we can measure the voltage.

A schematic of the CRT is shown below.

[image: image2.wmf]
Figure 25-1: A Simplified View of  the Tube in an Oscilloscope

It turns out that the motion of an electron moving at an initial speed v perpendicular to a uniform electric field between two charged plates will undergo the same type of parabolic motion that a projectile will if it is shot horizontally off a cliff in a gravitational field.

30 min

Motion of an Electron in a Uniform E-field

It is possible to prove mathematically that the deflection of an electron passing between charged metal plates is proportional to the voltage across the plates.  This proportional relationship between voltage and deflection allows us to use an oscilloscope to display voltage changes graphically.

Let's explore the relationship between voltage and deflection.  Except near the edges of the plates, a pair of parallel plates with voltage V across them will produce a uniform electric field between them with a magnitude given by



E = V/d



[Eq. 25-1]

where d is the spacing between the plates. The direction of the field will, of course, be determined by a vector pointing away from the positively charged plate and toward the negatively charged plate.  A cross section of parallel plates is shown in the figure below.

       [image: image3.wmf]
Figure 25-2: Deflection Plates in an Oscilloscope
 As background for understanding the oscilloscope, let's describe the motion of an electron as it passes through an electric field between two parallel plates.  Note: To avoid confusion in the mathematical description, we will refer to the voltage between the plates by capital V and to the velocity components of the electron with a lower case v.

[image: image4.wmf]Activity 25-1: Proof that Deflection is Proportional to Voltage

(a) An electron of charge qe is placed in an electric field 

.  What is the expression for the force 

 on the electron in terms of the charge on the electron,qe, and 

  ?

(b) If the mass of the electron is denoted by m what its the mathematical expression for its acceleration, 

, in terms of qe, m, and 

?  If the electric field between the plates is uniform, i.e. a constant, what can we say about the acceleration of an electron as it passes between the plates?

(c)  Assume that the uniform electric field between the plates is in the y-direction.  Show that if the initial velocity, vo, is in the x-direction, it remains constant as the electron moves perpendicular to the electric field so that vx = vo.

(d) If the plates have a length l, what is the time it takes an electron moving at an initial velocity vo to pass between them?

(e) What is the velocity component, vy, of the electron in the y-direction  after it has traveled a distance l in the x-direction?  Hint: Express your result as a function of a and t and then as a function of e, m, V, d, vo , and l.

(f) Is vy  proportional to V?  Why? 

(g)  Suppose the electron leaves the influence of the E-field and travels an additional distance of D and hits the face of the phosphorescent screen.  Explain why the fact that  vy  is proportional to V means that the displacement, y, of a spot on a screen is approximately proportional to the potential difference, V, between the plates.

[image: image5.wmf]
Figure 25-3: Deflection of Electrons  in an Oscilloscope


[image: image6.wmf]
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Producing Voltage Changes for Input to a Scope
In order to observe how an oscilloscope functions, you will need to put voltages that change over time into to it and see what happens.  The following equipment is recommended:



•A Wavetek Generator w/ clip leads



• A small speaker

The Wavetek Function Generator

You will use the WAVETEK® function generator pictured below to produce voltages that change with time in a regular pattern.  If these voltage patterns are put into a speaker, you will hear sounds.  By turning the dial and pushing the 'Frequency Multiplier' buttons, you can change the basic pitch of that sound wave.   By choosing a different 'function' (sine wave for a pure tone, triangle wave or square wave for 'distorted tones') the timbre of the sound coming out of the speaker is changed.

[image: image7.wmf]
Figure 25-4: A Wavetek Function Generator

To begin, let's set up the Wavetek to produce sounds:

1.  Plug in and turn on the Wavetek.  Turn off the DC OFFSET.

2. Connect the cable with the clip leads to the LO voltage output. 

3. Set up the Wavetek to produce a 256 Hz sinusoidal wave by setting the frequency dial to 2.56 and the frequency multiplier to 100.  

3. Attach the two output clip leads from the Wavetek across a speaker and adjust the AMPLITUDE dial until you can hear a tone.   

Warning! Do not blast our ears or the speaker with large amplitude waves or with very low or very high frequencies (even at small amplitudes). These practices can damage the speaker and/or eardrums. 

Notes:
[image: image8.wmf]Activity 25-2: Sounds from a Wavetek Generator

(a) Describe the sound you hear when you have the sine wave output set at 256 Hertz.

(b) Describe what happens to the sounds when you use the triangle and square wave outputs instead.

(c) What happens to the sounds when you change the frequency of the Wavetek output?

(d) How do changes in amplitude affect the sounds?

[image: image9.wmf]
Using an Oscilloscope

More Theory

The oscilloscope uses a cathode ray tube or CRT to display graphically the effects of two voltages at the same time.  Usually, one voltage is the voltage in the circuit that is of interest, and the other voltage is provided by the oscilloscope itself and is proportional to time.  The CRT thus acts to plot the voltage of interest against time.  In a sense, the oscilloscope represents "electronic graph paper."

The CRT shown in the diagram below consists of an electron gun that accelerates an electron to a given velocity in the z direction (parallel to the axis of the tube).  It has two pairs of deflection plates–one pair that can give an electron a vertical (up or down) deflection and one pair that can give an electron a horizontal (side-to-side deflection).  Note that only the plates causing vertical deflections are shown in the diagram.  The tube has a phosphorescent surface on its "face" that glows when an electron hits it.

[image: image10.wmf]
Figure 25-5: Drawing of a Cathode Ray Tube

The inside of the tube is covered with a conductive powder called aquadag, and this provides a "return" path to complete a circuit inside the tube.  The electron gun consists of a charged heated wire with excess negative charge on it and a plate with a hole in it called the anode with excess positive charge on it.  The heated wire is much like the filament in a light bulb.  It is the source of the electrons which are literally boiled away from it and repelled by the heater's excess negative charge toward the anode's positive charge.  Most of these accelerated electrons fire out the hole in the anode which is the "muzzle" of the electron gun.  

A grid of fine wires is placed between the cathode and the anode; these wires can modify the potential difference that the electrons leaving the cathode "see".  We have left this grid out of our diagram.  It can be given a negative potential large enough to keep most of the electrons boiled off from the cathode from being accelerated by the anode and reaching the phosphor, and thus serves as a brightness control.  

In order to create a graph of voltage changes over time, a second pair of plates at right angles to those pictured are included to provide a sweep voltage. Internal circuitry in the oscilloscope is designed to cause a beam to "sweep" horizontally from left to right across the screen at a rate that can be set.  The plates causing the sweep are given a potential that varies in time in a saw tooth pattern, as shown below.  

[image: image11.wmf]
Figure 25-6: Saw tooth Voltage Causing the Horizontal  Sweep

The net result of all this is to make the spot where the electrons strike the phosphor move smoothly from left to right at a fixed rate and then reappear at the left edge again for another sweep across.  The speed with which the electrons move along is called the time base, and it is adjustable in all good oscilloscopes.

In order to learn to use an oscilloscope to measure constant and changing voltages, you will need the following equipment:



• A Philips oscilloscope w/ a BNC to clip lead cable



• A demonstration oscilloscope (optional)



• A 5 volt battery



•A Wavetek Generator w/ a BNC to clip lead cable

The face of a Philips oscilloscope is shown in the figure below.

[image: image12.wmf]
Figure 25-7: A Philips Oscilloscope Face

Using Some of the Controls

1. Plug in the oscilloscope at your lab station. 

2. Turn the CRT-Intensity control (directly to the right of the tube face and near the top) almost fully counter-clockwise.

Warning: Do not leave the intensity control so high that a halo appears.  Such high intensity is bad for the screen. 

3. Turn the Power/ Illumination control clockwise to "on". 

4. Push the A Channel  & AUTO  buttons as shown in Fig. 25-13. 

4. Let the scope warm up a bit.

[image: image13.wmf]Activity 25-3: The Oscilloscope Controls

(a) Play with the intensity control and the power/illumination controls.  What do they do?

(b) Use the intensity control to adjust the brightness of the spot on the oscilloscope screen so that it is just comfortably visible.  Play with the Focus control.  What does it do?

(c) With the auto button depressed, set the time base knob to 0.5 seconds per centimeter so that the beam of electrons sweeps horizontally across the phosphor at the rate of one-half second for each box on the grid.  All other push buttons should be in the normal (out) position.  You should see a trace moving across the screen.  Play with the time base  control.  What does it do?  What do the position controls do?

(d) Next, use the oscilloscope to measure the steady voltage from a battery.  Attach one of the 'BNC' to clip lead cables in the lab to the 'A' input and connect the battery across the A input to the scope.  Set the AC/DC coupling to DC.  Next set the 'A' sensitivity control to 0.5 volts per division and  then  experiment with a variety of different sensitivity or AMPL/DIV settings.  What happens?  What do the sensitivity controls do?

[image: image14.wmf]
Measuring Wave Forms

Set up the Wavetek function generator to produce a 256 Hz sinusoidal wave form, just as you did earlier, and examine this with your oscilloscope.  Experiment with changing the amplitude of the wave form by adjusting the amplitude control on the Wavetek.  Experiment with putting in triangle and square waves from the wave generator to the oscilloscope.

[image: image15.wmf]Activity 25-4: Measuring Changing Voltages

(a) With the Wavetek set at 256 Hz, use your oscilloscope to determine the period of a triangle wave form.  Hint: Make sure the inner knob of the time base control is in the calibrate position and then read the time base setting.

(b) How does this period compare with the period calculated on the basis of the frequency reading on the dial?

(c) Experiment with the 'DC Offset' control on the Wavetek and the "AC/DC" button on the oscilloscope.  Explain how  these controls affect the oscilloscope display.

(d) Switch over to the sinusoidal wave and square wave outputs of the Wavetek.  Sketch each wave form in the space below.

[image: image16.wmf]           

(d) Experiment with the frequency dial and multipliers on the Wavetek and the time base control on the oscilloscope.  How do changes in these settings affect the wave forms?  

[image: image17.wmf]
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Electric Power

As a battery or another voltage source pushes electric charges through a circuit, these charges lose potential energy.  Consider a simple direct current circuit in which there is a potential difference V across a resistor R.  How fast does the charge flowing through the resistor lose energy?  What's its power loss?  Let's observe what happens to the resistor as charges pass through it.  Then let's do some simple mathematical reasoning to predict what happens quantitatively.  For this next activity you will need the following items:


•1 battery (4.5V)


• 1 protoboard


• 2-3 resistors (e.g. 10Ω, 22Ω, & 39Ω)


• 3-4 alligator clip leads


• 1 micro switch


• a multimeter (to measure ohms)

[image: image18.wmf]Activity 25-5: Power Loss in a Simple Circuit

(a) Since you will be setting up a circuit with a small micro switch you should play with one to get a feel for what it does. To do this you can use the ohmmeter feature of a multimeter to determine the resistances between the switch terminals.

(Note: If a "1" appears at the left of the multimeter display, this indicates that the resistance is too large too measure with the currently selected scale.)

  [image: image19.wmf]
 [image: image20.wmf]
(b) Set up a series circuit with a battery, resistor, and micro switch.  Close the switch and feel the resistor as current flows through the resistor.  What happens?  Into what form has the electrical energy been transformed?

(c) Does the effect you noticed in part (b) become more pronounced or less pronounced when the resistor has a larger value?  Is this what you expected?  Why or why not?

(d) Suppose that an amount of charge ∆q loses (∆q)V of energy in passing trough a resistor R and undergoing a potential drop of V in a time ∆t.  What is the equation for the current in the circuit as a function of ∆q, V, and ∆t?

(e) Show that the loss of power, P, in the circuit is given by 

P = VI.

(f) Use Ohm's law and the equation in part (e) above to show that P = V2/R = I2 R where I is the current in the circuit.

(g) Which equation in (f) above will help you describe the qualitative observation you made in part (b) above?  Is the equation compatible with your qualitative observation?  Explain.

[image: image21.wmf]
Session TWO:  analog and digital electronics

15 min
Investigating a "Low Level" Tape Recorder Signal 

Let's start this project by using the oscilloscope, the most useful of all electronic instruments, to observe the voltage output of a cassette recorder.  For this activity you will need the following items:


• An oscilloscope w/ input leads


• A speaker w/ leads


• A cassette recorder w/ earphone output leads


• A specially prepared tape 



(w/ pure tones and part of a symphony on it 


recorded at low level)

Set up the apparatus as shown in Figure 25-1 below.  Using the oscilloscope and then a small speaker, observe the low power electrical output signal from the "ear" output signal of an audio cassette recorder when the cassette is playing a specially prepared tape.

[image: image22.wmf]
Figure 25-8: Setup for the Display of an Audio Signal

[image: image23.wmf]Activity 25-6: Looking at and Listening to Signals

(a) Assume that the earphone output of the cassette recorder acts like a battery with an internal resistance r and that the speaker and oscilloscope inputs have resistances denoted by Rspeaker and Rscope, respectively.  Examine your hookup wiring and draw a circuit diagram for the setup.  (Note: The analogy between the tape recorder output and a battery is not really very good as the voltage output stimulated by the audio information stored on the tape causes the output voltage of the cassette recorder  to vary in time.)

(b) Describe and sketch the trace of a typical signal on the oscilloscope without the loudspeaker hooked up. 

(c) What happens when a loudspeaker is connected across the output of the cassette recorder?  Do you hear any sound from the loudspeaker?  If not, what might the problem be?

[image: image24.wmf] 

40 min 

Electrical Energy and Power 

	   [image: image25.wmf]
	As you saw from the oscilloscope, the trace of the voltage or potential difference across the earphone output of the tape recorder changes fairly rapidly over time.  According to Ohm's law the current flowing out of the tape recorder at any given moment is given by V = IR where R represents the total resistance in the circuit including the parallel network made up by the speaker and scope input 


resistances and the internal resistance of the cassette recorder output.  This is shown schematically in the diagram below.

[image: image26.wmf]
Figure 25-9: Circuit Showing Input Resistances

It turns out that the input resistance of an oscilloscope is much much larger than that of a speaker, and for our purposes essentially all of the current, I, that is put out by the cassette recorder flows through the speaker.  However, in driving a speaker a certain amount of electrical power is needed.  Power, by definition, is the rate at which the electrical charges that flow through the speaker lose energy.  In the last unit you derived the equation for power loss through a resistor as P = VI.  Thus, there are two ways to boost the power delivered to the speaker.  One is to increase the voltage output of the cassette recorder and the other is to increase the current that is put out by lowering the effective internal resistance of the voltage source and hence boosting the current coming into the speaker.  The operational amplifier that you will use below to obtain more power is actually a current booster.

40 min 

Building an Amplifier to Boost Current from the Audio Tape Recorder 
Let us now construct an amplifier to take the low power signal from the cassette recorder and reproduce the wave shape with greater power.  For this activity you will need the following items in addition to the oscilloscope and speaker you used in the last activity:


• An LM324 op amp (an alternate # is ECG987)


• A powered protoboard (w/ +5 V, +15 V & -15 V)



[or a small protoboard and a collection of batteries]


• A collection of small lengths of wire for use with the 

protoboard

  The LM324 integrated circuit is an op amp (operational amplifier) that is designed to amplify low power signals.  As is the case with all the integrated circuit elements to be used in this unit, the op amp is an active circuit element, and cannot operate unless a supply voltage (i.e., power) is applied to it.  (This is a matter of conservation of energy as power can't be boosted without adding the energy needed to do the power boosting.)  For this op amp, connections must be made from the +15 V and -15 V jacks on the protoboard to the appropriate pins on the op amp, as indicated in the pin diagram below.  This is analogous to "plugging in" your amplifier.  The LM324 actually is a quad op amp which has four operational amplifiers on it.  

[image: image27.wmf]
Figure 25-10: Schematic for Attaching a Cassette Recorder to an Amplifier

About Integrated Circuits: Integrated Circuits, or IC's,  are amazing devices in which  tiny transistors (which you haven't learned about yet), diodes, capacitors, and resistors are connected together with thin metal films to make elaborate circuits. The  techniques for making ICs have improved so much in the past few years that we have advanced from having IC's  to VLSI's (very large scale integrated circuits).  VLSI's  have millions of circuit elements in them and can do very complex things.  When an IC is bundled together and put in a single package it is often encased in black plastic that has two rows of connectors on it.  Thus, an IC tends to look for all the world like a bug in the centipede or millipede family.  You will be using several types of "bugs" in this unit.
The diagram in Figure 25-10 is for a circuit you are about to wire up.  There is a new symbol which appears in two places on the diagram that looks like this: [image: image28.wmf] .  This symbol represents a concept called ground.  An electrical ground is a common tie point for many elements in a circuit.  (This common tie point is often chosen to have a large capacity for holding charge.  A system of metal water pipes or the dirt around the foundation of a building with a wire embedded in it make good grounds.)  Notes: (1) It is important to realize that all the points in a circuit diagram that are marked with a ground symbol,  [image: image29.wmf], should be connected to each other.   (2) See the Appendix on the last page of this unit for protoboard wiring conventions when using ICs such as the 

LM 324.

[image: image30.wmf]Activity 25-7: Seeing and Hearing Amplified Signals 

(a) Connect the output from the cassette recorder to the "+in" input of one of the op amp circuits.  Connect the output of the amplifier to the loudspeaker (with the other lead from the loudspeaker connected to ground), and describe the sounds you hear at various places along the tape.

(b) Connect the oscilloscope to the amplifier output.  Describe the waves observed and how these waves are related to the sounds you hear.  Identify the frequency of the tone at two places along the tape.  Explain how you determined these frequencies.

f1 =

f2 =

[image: image31.wmf]
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	          [image: image32.wmf]
	Digital Electronics

The amplifier you just built was an analog amplifier.  The term "analog amplifier" refers to a circuit that can take an input voltage which can vary continuously over time and either boost the voltage or current to create a higher power output signal that also varies continuously over time.  Many IC's are digital rather than analog circuits.  Let's explore the meaning of the term "digital".

Counting and displaying numerals, as in a digital watch, are operations that require a different type of electronic signal and circuitry than the continuously varying signal characteristic of audio electronics.  Digital electronics deals with voltages that are either "on" or "off."  That is, the voltage is either near zero or near some other fixed voltage (5.0 V for the circuits we will be using) which is defined as "on".  The 0 and +5 Volt digital circuitry you will be using will interpret any voltage greater than about 3 V as an "on" state and any voltage less than about 2 V as an "off" state.  One advantage of digital circuitry is that it is remarkably insensitive to stray variations or "noise."  Thus digital recorders, computers, and other modern digital devices are vastly more accurate and reliable than circuitry that attempts to reproduce varying signals.




We will not try to understand the basic physics behind the operation of the digital circuits in this unit.  Instead, you will treat each digital "bug" as a "black box" and attempt to use logic to describe the nature of its output voltages as a function of its digital input voltages.  The inputs and resulting outputs for a digital circuit element can be summarized in something called a truth table.

The Inverter and the AND Gate
First you are going to explore the outputs of two very basic digital IC's as a function of their inputs.  This will help you prepare to undertake a more extensive digital electronics project – the building of a digital stopwatch. 

For the next few activities you will need the following items:


• A 4049 Inverter 


• A 4081 AND gate


• An LED


• A powered protoboard (w/ +5 V, +15 V & -15 V)



[or a small protoboard and a collection of batteries]


• A collection of small lengths of wire 

(An LED, or light emitting diode, is a simple device that can be used to indicate whether a voltage is "on" or "off.")  Starting with a 4049, with the pin designations as shown (don't forget to supply power to this active circuit element!), connect the LED to the output of one of the six identical independent circuits. (The flat side of the base of the LED bulb should be connected to ground.) 

[image: image33.wmf]
           

Figure 25-10: Wiring an LED  to an Inverter

[image: image34.wmf]Activity 25-8: Truth Table for the 4049 Inverter  

(a) Check the output when the corresponding input is zero or 5 V.  Complete the "truth table" shown below, in which "0" represents zero volts (off) and "1" represents a voltage that is close to five volts (on).
  [image: image35.wmf]
 (b)Why is this circuit called an "inverter"? 

[image: image36.wmf] 

The 4081"AND" bug contains four identical AND gates.  Each gate has two inputs and one output.  Wire up the output of one of the gates to the LED which is in turn connected to ground.

[image: image37.wmf]
Figure 25-11: Pinouts for a 4081 AND Integrated Circuit.

[image: image38.wmf]Activity 25-9: Truth Table for the 4081 AND Gate  

(a) Check the output for each combination of inputs and complete the "truth table" shown below. 




                  [image: image39.wmf]
(b) Examine the truth table carefully.  Predict what the output would be if input A is held at zero, and input B is a continuous string of pulses – that is, the voltage alternates between 0 V and 

5 V.  If input A is now held at 5 V, and input B is again the string of pulses, how does the output change?  (In other words, under which condition do the pulses "pass through"?  When input A is at 0 V. or at +5 V.?)  Why is this bug called an "AND" gate? 

[image: image40.wmf]
SESSION THREE:  Construction of a digital stopwatch

5 min



	[image: image41.wmf]
	The Digital Stopwatch–What's Needed

Suppose you broke the stopwatch you were using for various timing functions during the first semester.  You can construct a self-contained digital circuit that duplicates that function, at least for crude measurements.  The easiest way to construct a stopwatch is to use several digital integrated circuits along with a few resistors and capacitors. 




In order to build a digital stopwatch you will need to use several different IC bugs, including the 4049 inverter and the 4081 AND gate that you investigated in the last session.  Additional bugs that are needed include the 555 oscillator, a 4026 counter and an 

ECG 3057 7-segment display.  Before starting construction of the stopwatch, let's explore how these other bugs operate.

40 min

The 555 Oscillator

In order to build a stopwatch we need a series of pulses that can be passed through an AND gate when its input A is switched "on".  You can do this by wiring up an oscillator circuit that spontaneously produces a series of pulses of the kind described above.  This circuit employs the popular "555" timer (Sylvania's ECG955), which can generate a series of pulses at a frequency determined by the values of the capacitor and resistors connected to it.  In order to investigate the behavior of a 555 timer as an oscillator you will need the following items:


• A 555 Timer 


• A 10 kΩ potentiometer


• A 1 kΩ resistor


• A 10 µF electrolytic capacitor


• A powered protoboard (w/ +5 V, +15 V & -15 V)



[or a small protoboard and a collection of batteries]


• A collection of small lengths of wire for use with the 

protoboard


• An oscilloscope

Wire the circuit as shown in the diagram below:

[image: image42.wmf]
Figure 25-12: A 555 Integrated Circuit Wired as an Oscillator.

[image: image43.wmf]Activity 25-10: Frequency Output of the 555 Oscillator    

Look at the output signal of the oscillator with the oscilloscope.  Sketch and describe what you see.  When you change the variable resistor (the 10KΩ pot) what happens?  Turn the 10KΩ  pot to its full resistance.  Calculate the frequency of the pulses.  Hint: How much time does it take to trace out one full period of a pulse on the scope screen?  What is the relationship between frequency and period?

[image: image44.wmf]
Notes: 

50 min

Counting and Displaying Pulses

If you are to design your own stop watch, you need  to count pulses coming out of your 555 oscillator and display the number of pulses that are counted.  The ECG3057 is a "seven-segment display" that displays a numeral which depends on the voltages applied to the connecting pins.  The "4026" is a counter;  when connected properly to the ECG3057, it produces a numeral on the display which increases by one for each electrical pulse that enters the "clock" input of the 4026.  After ten pulses, the chip produces another output pulse that can be counted by the next "4026," thus allowing for counts beyond nine.  In order to count and display pulses from the 555 oscillator circuit you will need the following additional items:


• 2  3057 seven-segment display elements


• 2  4026 counters


• 2  1 kΩ resistors


• Digital multimeter (to check circuits)

In order to test this numeral display circuit, connect the output of the ECG955 oscillator chip directly to the CLK input of the first (right hand) 4026 counter chip.  Then connect the output of the first 4026 counter chip to the CLK input of the second counter chip.  Each of the counter chips must be connected to an ECG3057 display chip.  You can do one of these and your partner the other. [image: image45.wmf]        

Figure 25-13: A Wiring Diagram for Seven Segment Displays.

[image: image46.wmf]
Figure 25-14: Integrated Circuit Pinout Diagrams

As the oscillator puts out a string of pulses, the counter should be observed to count rapidly through the numerals 0 to 9, the second numeral display increasing by 1 every time the first one returns to 0.  This circuit is a two-digit counter.

50 min

Designing a Stopwatch

By using the oscillator/counter you just built, along with other circuit elements used in this unit, you can build a stopwatch that will measure elapsed time while a spring-loaded switch is held in the "on" position, indicating seconds and tenths of seconds.  For this final activity you will need:


• A micro switch


• A 1 kΩ Resistor


• A 0.1µF Capacitor 


• A  4081 AND gate

• A multimeter (to check circuits)

Ideally, the stopwatch will reset to zero every time it starts measuring a new time interval.  This can be done by switching the RST inputs on the counters to +5V temporarily and then back to the configuration shown in the circuit diagram above. 

Use the circuit diagram shown below to wire your stopwatch.  Then check and describe the operation of the circuit.  Try measuring some time intervals. 

STOPWATCH CIRCUIT

In the circuit shown below, the oscillator is adjusted to produce pulses at a frequency of 10 Hz, so that the counter will count tenths of seconds and, every ten tenths, increase the "seconds" indicator by one.  The AND circuit acts as a gate, allowing the 10 Hz pulses through only when the other input is held at 5 V.  The capacitor/resistor combination between the switch and the RST (reset) terminal on the counters produces a brief positive pulse when the switch is first pressed; that positive pulse resets the counters to zero before they start counting the 10 Hz pulses.

            [image: image47.wmf]
Figure 25-15: A Partial Wiring Diagram for the Digital Stopwatch.

[image: image48.wmf]Activity 25-11: Explaining Your Digital Stopwatch   

[10 pts] (a) When you and your partner get your digital stopwatch working show it to your instructor or TA and get a signature witnessing that the stopwatch really works.

I  ATTEST THAT THIS STOPWATCH REALLY WORKS!!!  

[Name] _____________________________ [Date]__________

[5 pts] (b) Explain as clearly as possible what each part of your circuit does and how each part goes together to make the whole circuit.
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Unit 25  Appendix
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UNIT 25 HOMEWORK AFTER SESSION ONE

Before Monday, April 18th

• Read Chapter 20, page 519 on the cathode ray tube.

• Work Supplemental Problem SP25-1 listed below.

SP25-1)  A proton is projected in the positive x direction into a region of a uniform electric field E = -6 x 105i N/C.  The proton travels 7 cm before coming to rest.  Determine (a) the acceleration of the proton, (b) its initial speed, and (c) the time it takes the proton to come to rest.
• Read Chapter 25 section 25-2

• Work Supplemental Problems SP25-2 through SP25-4 listed below.

SP25-2)  If a 55-Ω resistor is rated at 125 W (the maximum allowed power), what is the maximum allowed operating voltage?

SP25-3)  In a hydroelectric installation, a turbine delivers 1500 hp to a generator, which in turn converts 80% of the mechanical energy into electrical energy.  Under these conditions, what current will the generator deliver at a terminal potential difference of 2000 V?

SP25-4)  Consider the circuit shown in figure below.  What are the expected readings of the ammeter and voltmeter?  
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UNIT 25 HOMEWORK AFTER SESSION Two

Before Wednesday, April 20th

•Spend 1 to 2 hours back in the Physics 132 Workshop Room and complete the wiring and entries at least through Activity 25-10 on the Frequency Output of the 555 Oscillator and save your working circuit on a protoboard with your name marked on it.   (It is very important  that you do this before Wednesday's class because you will be using the 555 oscillator circuit as part of the digital stopwatch you will be wiring in Session 3.*)  
*Note:  Some students in past years  have actually moved ahead to the other session three activities in order to be assured of finishing the unit early.  This would give you more time to study for Friday's exam!

UNIT 25 HOMEWORK AFTER SESSION three

Before Friday, April 22nd

• Complete Unit 25 Activity Guide Entries

•  Study for Exam III 

Note: The material covered on the exam will include Units 22, 23, 24, and session 1 of Unit 25 (on the oscilloscope).  The first part of the exam might consist of a short set of qualitative questions.  This part would be worth 10 points and would be closed to any notes or references.

3/9/93 - proof changes, various other minor changes.  No major alterations.  BAM
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