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University of Wisconsin-Madison 
Physics 321 – Electric Circuits and Electronics — Fall 2019 

 
Course Instructor: 
Dan McCammon, 6207 Chamberlin Hall 
mccammon@physics.wisc.edu, 608-262-5916 
Office Hours: Wednesday 4:30-5:30PM, by appointment, or stop by office (~35% chance) 
 
Lab Instructors: 
Sections 301 Sections 302 and 304 
Trevor Oxholm, 5206 Chamberlin Hall  Jacob Scott, 3331 Chamberlin Hall 
oxholm@wisc.edu, 860-303-5100  jacob.scott@wisc.edu, 303/834-5219 
Office Hours: Fridays 2:00-3:00PM  Office Hours: Mondays 12:00-1:00PM 

 
Lectures: 
2104 Chamberlin Hall 
Tue/Thu 11:00AM-12:15PM,  
Main text: “Introduction to Modern Electronics”, J.C. Sprott (copies at UW Book Store ~$30) 
Supplemental: “The Art of Electronics”, P. Horowitz and W. Hill (on reserve Math Library) 
 https://www.allaboutcircuits.com/textbook/ (on-line text: verbose with lots of diagrams) 
 
Exams: 
Midterm exam #1: Tuesday, Oct. 8 (in class) 
Midterm exam #2: Thursday, Nov. 7 (in class) 
Final exam: Friday Dec. 13, 2019, 5:05PM 
 
Lab: 
4128 Chamberlin Hall 
Section 301: Tuesdays 2:25PM - 5:25PM 
Section 302: Tuesdays 7:00PM - 10:00PM 
Section 304: Thursdays 2:25PM - 5:25PM 
 

Homework: Work should be turned in at the beginning of class the Thursday following the week 
assigned (e.g. HW1 is due 9/12).  Solutions will be handed out when the homework is turned in, 
so late homework can be accepted only with an approved excuse.  (Turn it in early if you must 
miss a Thursday class.  It can be left in Dan’s mailbox on the 2nd floor of Chamberlin.) 

Grading: Midterm Exams 13% each, Final Exam 26%, Homework 15%, Labs 33%.  You can 
drop your lowest midterm or half the weight of the final. 

Course Website: https://www.physics.wisc.edu/undergrads/courses/fall2019/321/ 
The course website includes: homework assignments, laboratory writeups, pre-lab worksheets, 
assorted handouts you should read, and instruction manuals for the various laboratory 
instruments you will be using.   
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Wk Home 
work Tuesday Topics Thursday Topics Reading 

1 HW1 9/3 No class 9/5 
(Intro Lab) 

DC Voltage and Current, 
Ohm’s Law, Sources 1.1-1.4 

2 HW2 9/10 
(IntroLab) Meters, Kirchoff’s Law 9/12 

(Lab 1) Circuit Theorems 1.5-1.7; 
2.1-2.4 

3 HW3 9/17 
(Lab 1) Inductors, Capacitors 9/19 

(Lab 2) Transient Analysis 2.5-2.7; 
3.1-3.5 

4 HW4 9/24 
(Lab 2) 

AC Circuit Time 
Domain 

9/26 
(Lab 3) 

AC Circuit Frequency 
Domain 

3.6-3.8; 
4.1-4.4 

5  10/1 
(Lab 3) Filters, Transformers 10/3 

(Lab 4) 
Nonsinusoidal circuits, 
Fourier Analysis 

4.5-4.8; 
5.1-5.4 

6 HW5 10/8 
(Lab 4) Midterm Exam #1 10/10 

(Lab 5) 
Fourier Analysis, 
Transmission Line 5.5-5.8 

7 HW6 10/15 
(Lab 5) Intro. to p-n Junctions 10/17 

(Lab 6) Diode Applications 6.1-6.9 

8 HW7 10/22 
(Lab 6) Junction FETs 10/24 

(Lab 7) Bipolar Transistors 
7.1-7.2, 
7.7-7.9; 
8.1-8.3 

9  10/29 
(Lab 7) Transistor Amplifiers 10/31 

(Lab 8) 

Transistor Amplifiers; 
Intro. Operational 
Amplifiers 

8.4-8.9; 
9.1-9.2 

10 HW8 11/5 
(Lab 8) 

Applications of Ideal 
Op-Amps 

11/7 
(Lab 9) Midterm Exam #2 9.3-9.5 

11 HW9 11/12 
(Lab 9) 

Negative Feedback with 
Finite Gain 

11/14 
(Lab 10) 

Non-Ideal Op-Amp 
Characteristics 

9.2; 9.6-
9.9  

12  11/19 
(Lab 10) 

Positive Feedback, 
Oscillators, Other 
Nonlinear 

11/21 
(Lab 11) Boolean Algebra 10.1-10.2, 

10.5-10.7 

13 HW10 11/26 
(No lab) 

Logic Circuits, Flip 
Flops 

11/28 
(No lab) No class (Thanksgiving) 11.1-11.3 

14  12/3 
(Lab 11) Counters, Registers 12/5 

(Lab 12) 
D-to-A, A-to-D 
Conversion 11.4-11.8 

15  12/10 
(Lab 12) Intro to SPICE 12/12 No class  

16    Friday, December 13, 5:05 – 7:05PM — Final Exam 
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Laboratory Syllabus 

Writeups for the laboratory experiments are available on the course website.  I will have some 
printed copies available in lecture the week before, and you are welcome to take one if it is not 
easy for you to download and print your own copy. The corresponding pre-lab workshop should 
be completed before attending the lab session. 
 
The laboratory portion of the course consists of the 12 experiments listed in order below: 

1. DC Instruments and Measurements 
2. Some DC Circuit Theorems 
3. DC and AC Bridge Circuits 
4. RC and RLC Filter Circuits 
5. Fourier Analysis of a Square Wave 
6. Diode Characteristics and Circuits 
7. Bipolar and Field Effect Transistor Characteristics 
8. Single-Transistor Amplifiers 
9. Linear Op-Amp Circuits 
10. Nonlinear Operational Amplifier Circuits 
11. Digital Logic Circuits 
12. Digital Circuits: Flip-Flops 

 
The experiments are done one per week in a three-hour laboratory period. You will need a bound 
lab notebook for recording and analyzing your experimental results. The recommended lab book 
is a spiral-bound, quad-ruled 8-1/2” x 11” or larger notebook with at least 70 sheets. It should be 
similar to the Ampad #22-157 “Computation Book”.  You will need to number all pages used if 
they do not come that way.  This lab notebook is not to leave the laboratory for the duration 
of the semester. Your name and laboratory section should be written on the front cover. Leave 
the first couple pages blank for a table of contents that should include the experiment name and 
starting page number.  Sketches, diagrams, and simple graphs may be drawn directly in the 
notebook. More detailed graphs can be plotted using a computer, printed out, and taped, glued or 
stapled into your notebook.  Each item should be attached to the notebook page on all four edges: 
do not “stack” anything. You will need a calculator. You are expected to do the lab work during 
your scheduled lab period, handing in your completed lab notebook at the end of the period. 
Only under special circumstances, such as an illness or research-related travel, will you be 
allowed to do the lab at a time different from your scheduled time. You must email your TA to 
make arrangements for an alternate time to do the lab. Except in case of illness, this email should 
be sent prior to the scheduled lab period. Make sure you come to the lab with a copy of the lab 
writeup. The time in lab will pass quickly and you may be hard pressed to complete many labs 
within the 3 hours provided. Come prepared! The lab writeup should be read and studied 
before you come into the lab. 

For most labs there will be a worksheet that you must complete prior to the laboratory period 
and turn in at the beginning of the laboratory. These are identified as “pre-lab worksheets” 
and form part of your laboratory grade. 
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Lab Notebooks and Grading 

Lab notebooks need not be elaborate, but several points are worth emphasizing: 

1. Your lab notebook should be organized and well maintained. The lab notebook should be 
self-contained. In other words, it should be possible for another person to read your 
notebook and be able to understand what you did, without reference to the experiment 
writeup.  If it will save time to include something from the experiment directions, cut it 
out and attach it in the notebook at the appropriate point. 

2. The notebook should contain a brief header on each section that says what you’re trying 
to do below. All circuit diagrams relevant to a particular part of the experiment should be 
neatly drawn, with all necessary calculations shown. 

3. It is important to draw circuit diagrams before building the circuit. You can label 
points on the diagram where voltages or currents are measured and use these labels to 
easily and accurately identify recorded data. 

4. Be sure, at least once on each page, to have a short sentence stating what you are trying to 
do in the following section. 

5. Read and follow the suggestions on tabulating data and plotting graphs which are given 
in the appendix. Make sure you tape, glue or staple all the graphs, relevant to a part of the 
experiment to the page that contains work for that part. If this is not possible, provide 
page references in both directions. Pages must be numbered. 

6. Reserve a couple of pages at the beginning of the notebook for a table of contents with 
immediate page number references to the beginning of each lab. 

Each lab will be graded on a 10-point scale. In grading the lab books, the following factors 
will be considered: 

1. Was the pre-lab worksheet completed prior to the start of the lab? (2 pts) 
2. Is the lab write-up neat, well organized, and understandable? (1 pt) 
3. Are the circuit diagrams neat and accurate? (1 pt) 
4. Were the measurements done carefully, and are the results reasonably accurate? (2 pts) 
5. Are the tables and graphs well organized, and do they contain all the relevant 

information? (1 pt) 
6. Have you explained how the various quantities were measured and shown how the 

analysis was done? (1 pt) 
7. Are the conclusions briefly but clearly stated? (1 pt)  
8. How much of the lab has been completed? (1 pt) 

Keep in mind that your overall understanding of the material in the lab is of equal importance to 
your lab notebook: try to learn something. Try not to worry too much about the grades (unless 
you are losing more than 50% of the grade). Labs are designed for interactive learning. You will 
have ample opportunity to ask questions and receive help. Most importantly, enjoy the labs! 
Physics is an experimental science: make it yours. Your suggestions for improving the labs are 
welcome. 
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Some further hints at maintaining a clear, well-organized lab notebook: 

1. Write succinctly. You don’t need extensive discussion of the theory or “purpose” of the 
experiment. Equipment lists are not required in this lab. Fewer words and more pictures! 

2. Do not write on scrap paper. Do your scratch calculations in your notebook. You can 
cross them out later (or reserve the left hand page everywhere for scratch calculations 
etc.). If you bring in work you prepared in advance, e.g., the derivation of an equation, 
circuit diagram etc., then tape it in your notebook as soon as your get to lab. 

3. You should always, ALWAYS have a neatly drawn diagram of the circuit you are 
working on. If you wish you can photo copy the one from the write-up and tape it in. You 
should always place the circuit diagram in your notebook first, then build the circuit by 
following the diagram. 

4. Ask for explanations of circuit symbols you do not recognize. 
5. Measuring instruments are not usually shown. (Ideal instruments are nominally assumed, 

where the instruments do not perturb the circuit, but make careful notes of what you did 
if this was not the case.) You can show the point where a meter or scope is connected – 
see item 8 below. 

6. Conventionally, signals flow left to right in circuit diagrams. The power supply line is at 
the top, ground is at the bottom, except for push-pull circuits, where ground is in center, 
positive supply at the top and negative supply is at the bottom. Try to keep circuit 
connection lines either horizontal or vertical. Rarely the circuit is cleaner with 45 degree 
connecting runs (voltage multiplier and bridge circuits come to mind) but in general, 
tracing zig-zagging lines at odd angles across a schematic generates confusion and will 
reflect poorly in your grade. Wires are just lines. Crossing lines do not imply an electrical 
connection unless the intersection is enhanced by a large solid dot. Standard conventions 
for circuit connections are shown in the figure below: 

 

7. Conventional ground symbols are shown below. You may use any one, but do not mix 
symbols, which is done only for special ground-isolated circuitry: 

 

8. If you wish to refer to the voltage at a particular point in the circuit, then just label it on 
your schematic. Then you need only use the label. Note that the voltages are always 
potential differences between two points. Whenever there is a reference to the “voltage at 
a point'”, it is implied that this is the potential difference relative to circuit ground, which 
is marked with one of the symbols above. 

9. When plotting graphs, be sure to: label the axes appropriately, put the measurements on 
the graph as discrete data points (do not “connect the dots”), and plot a theoretical or 
notional fit, where applicable, as a continuous line. (The idea is that you only know the 
measurements where you took them, but in principle you could calculate the model for 
any point – even if you actually only calculated it at a few discrete points, you know from 
the formula that it will go smoothly between them.) 


