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Laboratory Projects in Signals and Systems

Policies and Procedures
Course Materials

You will need three things for the signals and systems lab:  the lab instructions, the expendable parts that you will use in the lab projects, and a lab notebook in which you will keep all of your records.

· Lab instructions will be available on the Novell network in folder Saturn\CLASS\Ece\Ec300\Yoder\Labs during the week prior to each lab session.  The instructions are not complete step-by-step recipes for each project.  Details have been deliberately omitted.  You will be expected to look up some background material, do some circuit design, and take the initiative in moving your projects forward.

· Some of the expendable parts for the quarter are included in the parts kits you already own from previous lab courses (EC200 particularly).  You can purchase additional components as you need them from the Instrument Room.  You are responsible for having enough material to do each project.

· Each individual student will need to get a lab notebook in which to take data in the lab.  The Bookstore has the acceptable book:  Composition Book, 10(7 7/8, 80 sheets, 5(5 quadruled, #26-251.  In this book you’ll complete all prelab requirements, develop all circuit designs, collect all lab data, analyze what you get, sketch results, and answer questions.

What is Expected of You

First and foremost, professional work is the norm in the lab just as it is in the other parts of the course.  The lab projects themselves contain three different tasks that you will be expected to perform:

· Prelab work is assigned for each of the projects.  This work is essential, as in many cases you will analyze or design a circuit you will subsequently test in the lab.  Do all prelab work in your lab notebook.  A photocopy of your prelab work is due at the beginning of the class that precedes the lab.  One prelab must be handed in for each lab group.
· Actual laboratory work may involve Matlab and Pspice assignments, completing designs, connecting circuits, observing and recording results, and so on.  The lab instruction sheets do not specify exactly what you are to record.  You should be thinking about what you are investigating and what kind of documentation is appropriate.  For example, if you are developing a circuit, you should record a complete schematic of the final version, even if this isn’t explicitly asked for.

· Postlab work involves completing documentation and 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.


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 lab grade, which provides 20% of the final course grade, will be based on all the written work that the labs require.  Prelab and notebook grades will apply to the lab group, but you will not receive your share of the group credit if you were not physically present in the lab!  Late work is not acceptable unless you have a very substantial reason for the lateness.  

The Lab Notebook

Your lab notebook is similar to the record kept by an engineer in a laboratory where product development is taking place.  Engineering notebooks provide not only the record of what was done and how, but also serve as legal documents in such matters as obtaining patents.


Since the lab notebook will be turned in at the end of each project, 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 book for one project, while the others build the circuit, set up equipment, and read instruments.  These duties should rotate for each project.  Your grade on the notebook is a joint grade.


You are asked to do two seemingly contradictory things when you carry out and record your project work.  The first is to follow directions to the letter, both the directions listed here and those that go with each project.  Following 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 not a cookbook.  At times you will be expected to do something, yet not told to do it.  For example, if the prelab asks for theoretical results and the lab instructions ask for measurements, you are expected to compare the two sets of results and calculate experimental error; you could lose points if you don’t.

Documentation and Wiring Standards

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 project work in your lab notebook:

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

2. Make all entries in your lab notebook 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. Number the pages of your notebook.  Never tear out any pages.  In general use only the fronts of pages.

4. The first page of each project is the title page.  (a) Put the title of the project in big, easy-to-spot letters.  (b) Next list the team members.  (c) Finally, record instrument and equipment identification for each piece of equipment used.  This will make it possible for someone to repeat your experiment.  It also helps in identifying malfunctioning equipment.

5. Do prelab work in your lab book.  This comes after the title page and before the lab work.  A photocopy of this is due at the beginning of the class before lab.

6. Make sure complete, labeled circuit diagrams are included for all circuits used.

7. When drawing what you are looking at on a scope, always draw the whole screen.  Use two divisions in your lab book for each major division on the scope.  Label all scales and make clear where zero is located on the vertical axis.

8. 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.

9. 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 (semilog, for example) or a graph has to be saved for another project, use good quality graph paper.  Permanently attach this graph to the notebook as shown in Fig. 1.  Do not leave loose pages in your lab book.

10. When you start a new section of the lab, label this new section in your book.  Label your records just as the instructions are labeled.

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

12. 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 that 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, your lab partner, 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.


Figure 1.  Fastening Papers in a Lab Notebook

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 lab notebook.  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:

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

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

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

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

17. Graphs should be large enough to read, with plenty of room for labels on curves and axes.

18. Use “good” axis calibrations such as steps of 1, 2, or 5.  Steps of 3 are hard to read, as are peculiar numbers like 1 1/4.

19. Be sure that axes have names and units.

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

21. 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.

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

23. Show the zero-level line in scope drawings.

24. 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 a very important “tool” 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 hook ‘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

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

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

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

28. Semiconductor pin numbers are included.

29. Power supply voltages are labeled (although in schematics of digital logic, the power wires are often completely omitted).

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

31. Integrated circuits are labeled with their standard numbers (LM747) or “U” numbers to reference a listing elsewhere.

32. The “A” on “U1A” means that this is a portion of the integrated circuit package 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.

· Cut wires to exactly the length needed.  Dress wires flat on the breadboard.  Do not create humps of wire that can get caught and pulled out as you carry the board around.  Cut resistor and capacitor leads to the correct length.

· Do not dress leads over the top of any integrated circuit.  (What will you do if you have to replace the integrated circuit?)

· Use wire, not pins for power connections.

· Try never to push pins into holes in the middle of the board - put them at the ends only.  (The pins weaken connectors, damage that appears as non-working connectors in later courses.)

Acknowledgment
I have paraphrased freely from Professor William J. Eccles’ Laboratory Manual for EC200 and Professor B.A. Black's lab handout.
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