Electrical Systems
Lab 0 – General Information
What’s the purpose of a laboratory?  Or at least a laboratory for students?  Some might say that it’s to get students as frustrated as possible and convince them that they’d rather be engineers than technicians!  There’s some truth in that, but the job of an engineer often involves making measurements.

So the purpose of this part of the course is to introduce you to the basics of working in an electrical laboratory.  These will include the use of the most common instruments:  oscilloscopes, meters, signal generators, and power supplies.  You should complete this course with some knowledge of these instruments.

Another purpose is to let you see that some of the things you learn in the classroom really do work in the physical world.  You’ll find that much of what you’ve studied on paper really does work.  But you’ll also discover that this isn’t exactly true, that things are imperfect.  So this hands-on experience is important because it helps you develop a better understanding of how the theoretical and the practical fit (or don’t fit) together.

There’s a third purpose to the lab that we sometimes don’t like to admit.  A lot of the learning in the lab takes place by encountering problems with equipment and devices.  Yes, the op-amp is a very nice device for many things, but it sometimes takes a long time to discover that you’ve powered it wrong and burned it out.  Call it perversity of inanimate objects or whatever you want, you’ll have plenty of opportunity to encounter this principle!  But don’t be put off by your discovery – debugging is merely another form of logical problem-solving.

Course Materials
You’ll need three things for this course, this pile of paper that includes the exercises, the expendable parts that you’ll use in those exercises, and a lab log book in which you’ll keep all your records as a journal.

Each of the exercises in this collection is designed for one lab session.  The description of each exercise includes the goals of that lab, some prelab work, what you are to do in the lab, and what you are to hand in at the end.  The early labs describe your activities in some detail; the later ones are more sketchy.  Note that the lab book is always due at the end of the session.

At the beginning of the course you should purchase from the Instrument Room a parts kit for this course (under $10).  You’ll borrow a half-breadboard for the quarter.

You need to get a lab journal in which you’ll take data in the lab.  The Bookstore has the required book:  Lab Book, 10(7 7/8, 80 sheets, 5(5 quadruled, #26-251.  In this book you’ll complete all prelab requirements, collect all lab data, analyze what you get, sketch results, and answer questions.

Equipment
Each bench in the lab has six pieces of measuring equipment on it.  These will provide you with most of the apparatus you’ll need.  All of it is Agilent industrial-grade equipment that will perform very well:

· 54624A Oscilloscope:  4 channels, 100 MHz

· E3631A Programmable D-C Power Supply:  0 - +6V @ 5A, 0 - -25V @ 1A, 0 - +25V @ 1A, all floating ground

· 34401A Multimeter (2):  6 ½ digits.  D-C voltage (100mV - 1000V), A-C true-rms voltage (100mV – 750V), resistance (100( - 100M(), D-C current (10mA – 3A), A-C true-rms current (3A), frequency or period, continuity, diode test

· 33120A Function/Arbitrary Waveform Generator (2):  sine and square (100(Hz – 100kHz), approximately 10V peak-to-peak maximum output, D-C offset 5V maximum

What is Expected of You
First an foremost, professional work is the norm in the lab just as it is in the other parts of the course.

The exercises themselves contain three different tasks that you will be expected to perform:

· Prelab work is assigned for many of the experiments.  This is to help you prepare for the actual measurements in the lab so that you can use your time more efficiently.  Do all prelab work in your lab log.  A photocopy of your work is due at the beginning of the class preceding the lab.

· Actual laboratory work involves connecting circuits and equipment, observing results, recording data, and so on.  The earlier labs specify this in some detail, while the later ones say much less.  You should be thinking about what you are investigating and what kind of observations are appropriate.  For example, if you are making measurements of resistance, you should record a description of the resistor (coded nominal value, wattage, condition, etc.) even if these aren’t asked for.

· Postlab work involves some consideration of the results.  Be sure to check the lab sheets to see what is required and leave enough time at the end of the lab session to do it.

Additional reporting is due for some of the labs.  Your reports will be like you might present to an employer.

One word of caution:  You are expected to know and understand the procedures and requirements.  “I didn’t know we were supposed to do that,” won’t work.

Grading Policy

Your final grade will be composed of all the written work that the labs require.  Late work is not acceptable unless you have a very substantial reason for the lateness.  In addition, you must have a passing grade in the lab to pass the course.

Lab Journal
Your lab book is similar to the record kept by an engineer is a laboratory where developments are taking place. It provides not only the record of what was done and how, but also serves as a legal document in such matters as obtaining patents.  The lab book you are using meets all but one of the common requirements for such a record:  It lacks printed page numbers (adding these really raises the price!).

Since the lab journal will be turned in at the end of each session, each partner will need a book.  Otherwise, a book may not be available for the prelab or lab work for the next session.
One partner in the lab group should do all the work in the lab journal for one exercise while the other builds the circuit, sets up equipment, and reads instruments.  These duties should rotate for each lab session.  Your grade on the lab is a joint grade, no matter who does what.

You are asked to do two seemingly contradictory things when you carry out and record your work.  The first is to follow directions to the letter, both the directions listed here and those that go with each exercise.  Following these directions makes your work easier to grade and will also get you into some good habits.

The second thing you must do is think for yourself.  The lab instructions are usually not a cookbook.  At times you will be expected to do something, yet not be told to do it.  For example, if the lab says, “Compare your experimental and theoretical results,” you are expected to calculate an experimental error; you could lose points if you don’t.

Section 5.1 of the ECE Department’s Guidelines and Standards for Writing Assignments contains some general instructions that you are expected to follow.  Here are some additional instructions for recording your experiment in your lab log:

1. The lab journal is a log, a diary.  Record all observations and results in the book as you are doing the exercise.  Keep accurate records that would enable someone else to repeat the work.  Show all of your calculations.  If in doubt, write it down.

2. Make all entries in your journal in ink.  If you make a mistake, neatly cross it out with a single line and write the correction beside it.  Don’t erase because it may turn out that what you wrote the first time was important.  The one exception to this rule is that you may, if you wish, draw graphs in pencil; they are often difficult to get right the first time.

3. Never tear out any pages.  In general, use only the fronts of pages.

4. The first page of each exercise is the title page.  Put the title of the project in big, easy-to-spot letters.  Next, list the team members.  Finally, record instrument and equipment identification for each piece of equipment used.  (For this course, do this by recording just the bench number.)  This will make it possible for someone to repeat your experiment.  It also helps in identifying malfunctioning equipment.

5. Do prelab work in your journal.  This comes after the title page and before the lab work.  A photocopy of this is due at the beginning of the last class before the lab.
6. Make sure complete, labeled circuit diagrams are included for all circuits used.

7. All tables should have column headings and appropriate units.  A column labeled Comments or Notes is useful to record extra things, such as a change of scale on an instrument.

8. Many of your graphs can be drawn in the notebook.  Each graph should have a title, labeled axes, and appropriate units.  If a different grid is needed (semi-log, for example) or a graph has to be saved for another experiment, use good-quality graph paper.  Permanently attach this graph to the notebook as shown in Fig. 1.  Do not leave loose pages in your journal.


9. When you start a new section of the exercise, label this new section in your book.  Number your answers just as the lab sections are numbered.

10. Each member of the lab team must sign the journal on the last page of the record.  Include the date.  Secure the already-graded pages with a rubber band to make it easy for the grader to find the most recent experiment.

11. Finally, neatness counts.  Your lab work must be organized, easy to read, and easy to follow.  This is not to say you will be penalized for crossed-out words, spelling errors, or hurried lettering, nor does it say you’ll gain extra credit for work that looks like it was done on a word processor.  However, despite the fact that this is your journal, it is being written for someone else to read, whether it be the grader, the court deciding your patent dispute, or you five years from now.  If your journal is difficult to read or follow, your work could be wasted.

Some Ways to Look Good
While “everyone knows that spelling counts and that you shouldn’t smudge your ink,” some of what you know about writing doesn’t quite apply to your journal.  But paying attention to some other things will make you look good.

Since this notebook is a “stream” of what is happening, neatness, grammar, and spelling are only minimal factors.  It’s “nice” if you are neat, spell well, and write perfect sentences, but it is much more important that you record what is happening, both on the bench and in your mind.

If you really want to look good, pay attention to the following points:

· Use tables to present data, not sentences.  Make sure the tables have clear column headings.

· Put units at the top of the column in a table to save writing them on every line.

· Make tables large.  There should be enough space in the table to line out one entry and put in a correction without crowding.

· Cross out a mistake with one line.  Don’t obliterate the error.

· Avoid labeling a graph with calibrations such as “10 volts per division.”  Label the divisions themselves.

· Oscilloscope sketches should be about the same size as the scope screen.  This means using, in a typical notebook, four little squares for each scope screen square.  Screen printout are of course acceptable.

· Calibrate the axes of a scope drawing in the same way that a graph is done.

· Show the zero-level line in scope drawings.

· All work should read from the bottom of the notebook if possible.  If you need to turn something sideways, it is always read from the right side of the book.

Schematic Diagrams
A drawing of a circuit is very important  to have when you are wiring that circuit.  Without the drawing, you don’t know where you are supposed to be, and you can’t see on paper what the circuit is supposed to look like.

The general rule in this course is, “Draw ‘em before you wire ‘em!”  This means a completely labeled schematic that includes all element values, all sources, and labels on all pins of integrated circuits.

A proper schematic diagram is not a depiction of the physical layout of a circuit.  It is what its name says, a scheme that shows the electrical, not the physical, form of the circuit.  The drawing in Fig. 2 is a properly laid-out schematic diagram of an op-amp inverter.  Notice a number of things about it:

Figure 2.  A Proper Schematic Diagram

· The schematic is laid out from left to right in the direction the signal is flowing.

· Standard symbols for devices are used, not outlines of their physical shapes.

· All parts are labeled with enough information to permit you to build the circuit from the drawing.

· Semiconductor pin numbers are included.

· Power supply voltages are labeled, although the power wires themselves are usually omitted.

· Input and output terminals are clear, with input on the left and output on the right.

· Integrated circuits are labeled with their standard numbers (TL072) or “U” numbers to reference a listing elsewhere.

· The “A” on “U1A” means that this is a portion of the integrated circuit U1; the other half of this device would be labeled “U1B.”

If you modify the circuit during your testing in the lab, be sure to modify the schematic.  For simple changes, such as a change in a resistor’s value, this change can be made on the original drawing.  But for large changes, you’ll need to make a new drawing.  Your instructor will not help you with a circuit unless you have a schematic drawing of it that is up to date.

Wiring a Breadboard
There are as many ways to construct a circuit on a breadboard as there are students doing it.  But a few simple standards will help by keeping the circuit orderly, reducing wiring errors, preventing the circuit from falling apart, and generally making life simpler.

Here are some simple things you can do in planning your board layout that will help reduce the “spaghetti” and make your board easier to work with:

· Build circuits in advance, then use tape for flags to label power, inputs, and outputs.

· Power goes at the top, ground at the bottom.

· Build your circuit from left to right in the same direction as the “flow” of the signal through the circuit.

· Don’t crowd.  You need space to work.

· Flatten humps of wire so that they don’t get caught and pulled out as you make measurements.

If you wire a board using a spaghetti layout, ignoring basic principles of orderliness, your instructor will probably refuse to help you debug a circuit.

Good Scoping
The oscilloscope is the most valuable instrument in the laboratory.  If you were allowed just one instrument for all your work, the scope would have to be your choice.  But the scope is a complicated piece of equipment.  Paying attention to a few conventions will help you get good results:

· Channel 1 should display the input signal.  This signal should generally be the one to which the scope sweep is synchronized.  (The scope will generally do this automatically.)  The trace should be toward the upper half of the screen.

· Channel 2 should display the output signal.  The trace should be toward the lower half of the screen.

· Use the whole screen to display as large a waveform as possible.  For example, don’t display six periods of a pulse when you need to see only one.

Making Graphs
A graph is to convey numerical information in a way that shows a relationship or a trend.  See the samples below in Figs. 3 and 4.  Here are some standards for making graphs:
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· A graph must be a clear picture of the data.
· A title must appear on the graph.

· Axes require labels and units.  “Per division” labels are hard to read and understand.

· Axis divisions must be “reasonable” steps such as 1, 2, or 5.  Steps like 3 and 7 are unacceptably hard to read.

· The 0 point on each axis must be present except for a log scale.

· Grid lines are required with spacing close enough to allow the reader to read a value from the curve.

· Logarithmic axes require logarithmic scales and grid lines as in Fig. 4.

· A smooth curve is required through the points.

· “Bad” points should be excluded from the curve.

· The reader should be able to determine a value of the data from your graph.  For example, in Fig. 3, the current at a voltage of 1.5 V appears to be about 10.8 mA.

· If you use Excel, you must force it to do your bidding and conform to the standards just stated.  Excel was written for accounting types.  “By hand” will take a lot less time than “by Excel.”

Electrical Safety
Electricity has the ability to kill or injure you.  You will be working with “electricity” in the lab this quarter.  So you must pay attention to where it and you are at all times.

Electricity is nothing to be feared, no more than an automobile.  The automobile can kill or injure, but you try to drove in such a way that you minimize the chances of having something go wrong.  The same is true when working with electricity:  act in ways that minimize the chances of getting hurt.

What’s the problem with electricity?  Some people say, “It’s the current that kills.”  Others say, “The voltage is the problem.”  But since you can’t separate these two effects (i.e., the voltage pushes the current through your body), it makes little difference how you think about the effects of electricity on the body.

We can classify the effects of electric shock by noting what the shock does.  Damage to the body may be caused by current that disturbs the rhythm of the heart of interferes with the nervous system.  Damage may be caused by heat due to current flowing through the resistance of the body, especially the skin.  Damage may also be caused by current that causes involuntary muscle contractions that make your body do something like falling.

But all these results come about only when your body becomes part of an electrical circuit, allowing current to flow through it in some way.  Hence the conclusion is that, to remain safe, you must not become part of the circuit.
How do you avoid becoming part of a circuit?  The obvious way is not to have “electricity” in the first place!  To say that another way, turn off the circuit before working on it.  This isn’t quite enough, though, because the circuit might get turned on and put you in a dangerous position.  So, while you should not work on energized circuits, you need to go further.

Treat the circuit as if it were energized, even if you “know” the circuit is off.  This way, you won’t be hurt if the circuit happens to be on.  Remember that a circuit is a closed path, so for you to become part of the circuit, you must be part of the closed path.  Never put more than one hand into the circuit; make sure that the rest of your body (don’t forget your feet!) is not touching the circuit or ground.  Then you’ll be less likely to have a current path through you.

But something still could happen.  That’s when you want help around.  So another safety rule is that you should never work on a circuit alone.  This way, if something unexpected happens, somebody is there to help you or to get help.

So the three rules for electrical safety are pretty simple:

· Don’t work on live circuits.
· Don’t assume the circuit is dead, ever.
· Don’t work alone.
Ah, you say, we couldn’t be working with voltages in this tab that could hurt us.  Wrong!  Under the right conditions, only a few volts can push enough current through your body to cause muscle contractions or, if in the right path, tangle up the heart’s rhythm.  So these safety rules apply no matter what the voltage.  Besides, how can you be sure that the power supply that is providing this “little voltage” won’t malfunction and issue a blast of energy?

Treat electricity the way you treat an automobile:  if you don’t pay attention to what you are doing, you can get hurt.  Or worse.

Writing Assignments
The course includes writing assignments in the form of memos.  You will be graded on the quality of your writing.  This means that you may wish to get help from the Learning Center or from other students.

All of your written work must conform to the Department’s Guidelines and Standards for Writing Assignments.

Your work must be produced using a word processor.  Be aware that the computer can lead you to doing things that aren’t proper.  For example, a computer-drawn graph is an easy way to present data, but the computer often chooses peculiar or improper axes.

Correct usage of the English language is essential.  This means that spelling, punctuation, grammatical structure, and word usage must be correct.  Nothing marks you more quickly as inept than misuse of the language.  The word-processor can help you considerably here.

Sometimes you hear that you must avoid personal pronouns.  Use them!  Do not try to write in a formal style, which is becoming less common except in scholarly journals.  But don’t slip too far into a “familiar” way of writing.  Note that “I” means you, while “we” means a group of people.  As an example of this style, write, “I applied current to the resistor and it immediately exploded,” instead of “Current was applied to the resistor in the manner specified in the laboratory instructions and it was observed to undergo rapid and complete self-destruction, accompanied by a loud and disturbing report, followed by a random scattering of segments of the device over the upper portion of the work surface.”
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Electrical Systems

Lab 0.5 - Reading Resistors and Capacitors
Small electrical parts don't have much room for printing, so labeling them with values is often done in code.  Resistors and capacitors can be particularly mysterious if you haven't been initiated into the society.

Resistors
A simple code using colored bands gives the resistance of small resistors.  There are twelve colors in common use, ten for decimal digits and two primarily for percentage tolerances.  The colors have the following meanings:

Black
0
Blue
6

Brown
1
Violet
7

Red
2
Grey
8

Orange
3
White
9

Yellow
4
Silver
0.1, 10%

Green
5
Gold
0.01, 5%

Resistors generally have four bands.  Start reading from the band nearest the end of the resistor.

1st band - The tens digit of an integer.

2nd band - The units digit of an integer.

3rd band - The multiplier as a power of 10.

4th band - Percent tolerance (no band means 20%).

For example, suppose the bands are red-violet-orange-gold.  The resistor's value is found as red = 2, violet = 7, orange = 3, and gold = 5%.  So the nominal resistance is 27 x 103 = 27 kilohms = 27 k(.  The tolerance of 5% means that the actual value is 27 k( ( 5%, or somewhere between 25.65 and 28.35 k(.


Here are some other examples:

brown-black-brown
= 10 x 101
= 100 (
green-blue-brown
= 56 x 101
= 560 (
orange-orange-red
= 33 x 102
= 3.3 k(
brown-green-orange
= 15 x 103
= 15 k(
brown-black-green
= 10 x 105
= 1 M(
grey-red-silver
= 82 x 10-1
= 8.2 (
Capacitors

Capacitors have strange markings that are by no means as simple to decode as those on resistors.  It's easy to think you have a 20 pF when you actually have a 0.2 (F capacitor.  Reading capacitors is an ancient and mystic art!  Here are some general rules that work 98.39% of the time:

Rule 1 - If the value printed on the capacitor has a decimal point in it, you can be reasonably assured that the value is in microfarads ((F, which means 10-6 farad).  There may be exceptions to this rule for small-valued capacitors; e.g., you may encounter a capacitor marked 4.7.  You can usually tell by its size whether its value is given in microfarads or picofarads.

Rule 2 - If the value printed on the capacitor has no decimal point and either has fewer than three digits or has a zero as its last digit, the number is the capacitance in picofarads (pF, which means 10-12 farad).

Rule 3 - If the value printed on the capacitor has no decimal point, has more than two digits, and has as its last digit a number other than zero, the value is in picofarads, like this:

· The first two digits are the first two digits of the capacitance.

· The last digit is the number of zeros to attach.

· It's like the color code for resistors, but with numbers instead of colors.

Rule 4 - If the value printed has two digits with a letter between them, the letter is the decimal point and the value is in picofarads.

Examples


2.2
2.2 (F
Rule 1


150
150 pF
Rule 2


472K
4700 pF
Rule 3  (The “K” means 10% tolerance, not “kilo.”)


10
10 pF
Rule 2


104M
0.1 (F
Rule 3  (The “M” is also tolerance, not “Meg.”)


4R7D
4.7 pF
Rule 4  (The “D” is a tolerance, too.)
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RETMA Standard Resistors
	Standard
	20%
	10%
	5%

	Percent step
	(40%
	(20%
	(10%

	Multiplier
	101/6 = 1.46
	101/12 = 1.21
	101/24 = 1.10

	
	10
	10
	10

	
	-
	-
	11

	
	-
	12
	12

	
	-
	-
	13

	
	15
	15
	15

	
	-
	-
	16

	
	-
	18
	18

	
	-
	-
	20

	
	22
	22
	22

	
	-
	-
	24

	
	-
	27
	27

	
	-
	-
	30

	
	33
	33
	33

	
	-
	-
	36

	
	-
	39
	39

	
	-
	-
	43

	
	47
	47
	47

	
	-
	-
	51

	
	-
	56
	56

	
	-
	-
	62

	
	68
	68
	68

	
	-
	-
	75

	
	-
	82
	82

	
	-
	-
	91

	
	100
	100
	100


Resistors are generally available for multipliers that give values from 1.0 ( to 10 M(.
Available Parts
The Instrument Room has most 5% values of resistor available, especially in the decades from 100 ( to 100 k(.  Resistors cost five cents each.
Capacitors (non-polarized) are available in many standard values as follows:

	1.8 pF
	27 pF
	0.001 (F
	0.1(F

	2.2
	33
	0.0015
	0.22

	5.0
	47
	0.0022
	0.33

	7.5
	68
	0.0047
	0.47

	10
	100
	0.01
	

	12
	220
	0.022
	

	18
	330
	0.033
	

	22
	470
	0.047
	


Available capacitors with values of 1.0 (F and above are polarized and are unsuitable for use in signal circuits.  (They are common in power supplies and similar applications.)

Capacitors cost from ten to forty cents each.

Very few values of inductors are available for checkout:  33 mH, 3.3 mH, and 330 (H.
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Figure 1.  Fastening Papers in a Lab Notebook
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Figure 3.  Sample Linear Graph





Figure 4.  Sample Log-Log Graph from Excel
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