


zero, the output voltage is negative because when the current flows to the right, the voltage also drops. A
typical mistake that the student makes is on the direction of the current flow. In this particular question,
the correct answer is -10.6 V when we consider the small voltage difference between the “+” and “-”
inputs. Only two students got the results correct in the pre-lab assignment question. Three students give
the answer of 9.8 V, which originates from the confusion of current direction. The results from the rest of
the students suggest that they did not get the idea of operational. Overall, the correctness of the answer to
the pre-lab assignment questions is only 32%. This may not be a surprise because both complex circuits
and operational amplifiers are totally new to the students.

Final exam question: Assume an ideal op-amp is pictured in the circuit below. What is the reading of the
voltmeter? What is the reading of the ammeter? Draw an arrow showing the current direction in each of
the resistors. What'’s value of ? (5 points)
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Figure 5. Pre-lab (left) and final exam (right) questions on the operational amplifiers.
Note that the two circuits are identical. Basically, the questions are asked in different
ways.
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Figure 6. The answers of a students for the pre-lab assignment question (left)
and the final exam (right). A clear improvement is see in the two answers.

In the final exam, a similar question based on the identical problem is given. The question is asked in a
slightly different way and the numbers are changed. In the answers by the students, 5 of them are totally
correct, 2 were incorrect about the sign, and the rest of the students did not show much understanding of
the operation amplifiers. Overall, the correctness of all the students are about 60% on the final exam
guestion.



The two questions involve identical circuits. By drawing the circuits in different styles and asking
questions on different aspects of the circuit, the same fundamental understandings on the complex circuit
is tested. Overall, a clear trend of improvement is observed by comparing the answers from the students
to the pre-lab assignment and to the final exam questions. A 32% to 60% increase of the correctness of
the answer that the students’ skill of solving circuit problem has improved due to our teaching strategies.
An example of improvement of a particular student is given in Fig. 6. In the answer to the pre-lab
assignment question, no understanding of the operational amplifier is demonstrated, including current
flow direction. In the answer to the final exam question, a clear logic of problem solving is observed from
the writing, in which the partial circuits connected to the “+” and “-” inputs of the operational amplifier
are solved step by step, followed by the answers to the questions.

4.4 Apply the principles to design and build simple analog and digital circuits

One crucial objective of this course is to train students to get familiar with real circuit and enable them to
build the real circuits out of circuit components, based on their understanding of the fundamental theory.
This was done through 14 labs. The students are required to read the lab manuals which describe the
fundamental principles and the lab activities. A sequence of questions are asked in the lab manual. The
students are required to answer these question in their lab report. In the lab report, the students are also
required to describe the lab process, present their data and the analysis, and provide their comments on
the experiments.

The labs can be divided into the following categories. The first category only involves linear circuit
components, such as resistors, capacitors, and inductors. The second category focus on non-linear circuit
components, such as diodes and transistors. The third category involves more complex components, such
as integrated circuits. The fourth category involves microcontrollers and programming (which is
discussed separately).

Output Voltage vs. Frequency
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Graph 1: Logarithmic Scale of Output Voltage vs. Frequency (Low-Pass Filter)

Figure 7. An example of lab report on the frequency filter. Left: oscilloscope
display of the AC signal at different components showing a phase shift. Right: The
frequency dependence of the AC output voltage, which is the characteristic of a
frequency filter.

In the first category of labs, the objective is to practice the fundamental principals in the circuits,
which includes mostly the frequency dependence of the current and voltage in the AC circuits.

In particular, there are two labs about frequency filters. One is about the low pass and high pass filters.
The other is about more complex, band pass, and notch filters. The labs are three hours. A teaching
assistant helps the students throughout the lab. Besides practicing the theory, a function generator and an
oscilloscope are introduced to the student as an AC signal source and a critical diagnostic tool of the AC
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signal respectively. Different functions and terminologies of the oscilloscopes are introduced in the lab
for the students to learn.

Figure 7 shows an example of students’ lab report on the frequency filter. From this lab, the students
learned how to use an oscilloscope. What’s displayed in Fig. 7 is the voltage on a resistor and a capacitor
in serial. Besides the amplitude change, a clear shift of the wave is observed, corresponding to a
frequency shift mentioned above.

The students were also able to demonstrate the frequency dependence of the voltage output of a frequency
filter. After a plateau, a linear relationship is shown between the voltage and the frequency, both in log
scale, which is consistent with the theory taught in class.

To quote one student “Overall, this lab was a very fun and interesting introduction to oscilloscopes and
AC circuits. | haven't had as much opportunity to use an oscilloscope before this lab, and | must say that |
have a much firmer grasp than | had before. Also, function generators are a lot of fun. The biggest part of
this lab was the distinction between low-pass and high-pass filters, which affect which frequencies get
attenuated and which ones don't. I think the coolest part was how these circuits created derivatives and
integrals of the input waveform, which | had never thought about before. Basically, an extremely
pleasureable lab”.

In the second category of labs, the students get to explore non-linear circuit component, i.e.
diodes and transistors.

8
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Figure 8. An example of lab report on the diodes. Left: the relation
between the current and voltage in a diode. Right: the output of an AC
adaptor circuit constructed using a diode bridge.

The most fundamental part of all these is the non-linear voltage-current relationship in a diode. For an
ideal diode, the current can only flow in one direction. For a real diode, even for the correct direction, the
voltage on the diode needs to be above a certain threshold to allow significant current to flow through. In
this lab, the students study a light emitting diode that can be seen in our daily life. The current-voltage
relation is measured and plotted to show the non-linear dependence. For example, as shown in Fig. 8, the
threshold of the diode, which is called voltage drop, is about 1.9 V. Using four diodes, the students were
instructed to construct a rectifying circuit to convert an AC input to a DC output, which has ripples. By
introducing a capacitor to buffer the charge, the ripple can be reduced to a certain degree. By using a
Zener diode that has a sharp voltage threshold, the students can generate a regulated output with no
ripples at all.

As shown in Fig. 8, a DC signal created from an AC input is shown on the oscilloscope. A significant
ripple is visible in the signal, because the signal is unregulated.
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To quote a student’s comment from his report “This lab was a little frustrating in the setup of the circuits,
but once they were set up, it was a rather interesting lab. The coolest part was looking at the ripples in
the output signal on the oscilloscope. | find it fascinating that AC signals can be properly altered so that
they can be DC signals”.

In the third category of labs, the students have the opportunity to learn complex circuits
including integrate circuits.

In most of the modern electric and electronic circuit, integrated circuits are often used as a critical parts.
The ultimate case is the computer “chips”. The operational amplifier discussed above is a good example
of integrated circuit. Here I use a 555 timer integrated circuit as an example to teach students how to
construct a functional circuit using a spec sheet of an integrated circuit.

A 555 time is a circuit integrated with resistors, capacitors, and logical gates. The output change back and
forth between high level and low level according to the value of the resistors and capacitors connected to
the inputs of the 555 timer, as shown in Fig. 9. The students are instructed to build a circuit of crossroad
signal that are ON and OFF for certain periods of time using a 555 timer.

Figure 10 shows a picture of the circuit of a student group. The output states are indicated by two light
emitting diodes (LED) in green and red color respectively. Only one LED is on at a certain time,
indicating PASS (green) and STOP (red) status for the crossroad. The students are instructed to measure
the precise timing of the crossroad signal using an oscilloscope (At this time the students are already very

(b)

0.693R,C 0.693(R; + R,)C

Figure 9. Operational instruction for the 555 timer. The “On” and “Off”
time of the output is controlled by the two resistors and a capacitor
connected to the inputs.

Figure 10. An example of lab report on a 555 timer. Left: a crossroad light
circuit using a 555 timer. Right, time dependence of the output signal shown
on an oscilloscope.
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familiar with oscilloscope). Figure 10 also shows that change of the signal level as a spike in the
oscilloscope screen.

To quote the response of a student “I found this lab to be a lot of fun. It seemed to be very straightforward
with very little complications. With simple calculations and high attention to the error, the circuit created
was very accurate. This truly was a good introduction to the 555 timer chip”.

4.5 Programming

Programming has become an indispensable part for electric and electronic circuits. There are two types of
programming introduced in this course. The first type is interfacing between computer and an electric
circuits. This basically involves conversion between digital and analog signals and computer control of
those signals. The second types has to do with programming microcontrollers.

In the first type of programming, we choose LabVIEW as the programming language on a PC.

Figure 11. Example of LabVIEW program from a student’s lab report including the front
panel (top) and the block diagram (bottom).

The interface between the PC and the circuits is via an NI-6008 AD/DA converter box. Using this
conversion, the computer can send (measure) both digital and analog signal to (from) a circuit. Students
can learn how to use LabVIEW program to make complex control and measurements. According to the
pre-course survey, about half of the students have never programmed before. Since the learning curve for
LabVIEW is pretty good, it is a good starting point for these students to learn programming. In addition,
LabVIEW is widely used in research labs as the programming language in computerized control and
measurements. So it is also very useful for the students who involves experimental research. The
LabVIEW programming language is then used in 4 labs to give students enough chance to practice.

Figure 11 shows an example of the LabVIEW program in a student’s lab report. This lab is about running
a stepper motor. A stepper motor is a motor that can move in steps, thus providing good control. It is used
in printers, wristwatches, computer DVD and CD drives. The direction of the motion of the stepper motor
is not determined by the input signal at a certain time, but by the time sequence of the input signal. Here
we use computer to provide the correct time sequence of the input signal to move the step motor either
clockwise or counterclockwise. As shown in Fig. 11, the student’s LabVIEW program not only provides
the function required by the lab, but also offers good user interface, such as the software switch, gauge,
numerical input etc. As the student reported “We added a revolution counter and position indicator by



modifying the step values and feeding them into displays on the front panel. We were able to account for
clockwise and counter clockwise rotation using a while loop. The RPM indicator was achieved by similar
methods. Lastly, we created a warning alarm using Boolean algebra for various step values”.

In the second type of programming, we used two kinds of microcontrollers. One is Arduino; the
other is the Parallax Stamp.

For both microcontrollers, the programming is carried out on a PC, and uploaded to the microcontroller.
The microcontroller is then disconnected from the PC and acts as a stand-alone device. The
microcontroller runs according to the program uploaded from the PC. This kind of programming is used
in many electronics such as those in an automobile, and in consumer electronics. Due to the emphasis on
different applications, instead of using a unified programming language, microcontrollers normally
defines their own programming languages. But the common part is that they all interface with the real
world via digital/analog inputs and output. Those input and output are then connected to sensors and
actuators through a circuit to provide functions of the microcontrollers.

intsensorValue;
intsensorLow = 1023;
intsensorHigh=0;
constintledPin=13;

void setup(){

pinMode(ledPin, OUTPUT);
digitalWrite(ledPin, HIGH);
while(millis()<5000){
sensorValue =analogRead(A0);
if (sensorValue >sensorHigh){
sensorHigh =sensorValue;

i

if (sensorValue <sensorLow){
sensorLow =sensorValue;

}

}

digitalwrite(ledPin,LOW);

}

void loop(){

sensorValue =analogRead(A0);
int pitch=map(sensorValue, sensorLow,
sensorHigh, 50, 4000);
tone(8,pitch,20);

delay(10);

}

Figure 12. An example of circuit including an Arduino microcontroller board (Left) from a
student’s lab report. The right is the program for a light theremin.

Arduino microcontroller

As shown in Fig. 12, the students are instructed to build a circuit including an Arduino microcontroller
board. The circuit is designed to have input and output to interface with human being. The input is a
photodiode that senses the intensity of the light and converts it into a voltage. The output is a piezo that
can convert AC voltage signal into vibration which generates sound in air. These voltages are the inputs
and outputs of the microcontroller. By programming the response of the microcontroller to the input from
the sensor, using the output to the piezo, the students are instructed to construct a light Theremin.

As shown in Fig. 12, in the student’s program, the input voltage signal is mapped into a certain frequency
for the output AC voltage. In this way, the student can change the pitch of the sound by changing the light
intensity on the photo diode using their hand. This makes a simple light Theremin. The student are also
instructed to add another photodiode to change the magnitude of the output voltage according to the light
intensity. In this way, both the pitch and volume of the sound can be tuned using both hands of a student,
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making this a full functional light Theremin. The fun part of this circuit and programming experience is
that the students can personalize the Theremin by changing the range of the pitch and volume and by
adding sound effects.

To quote a response from a student, “This lab was an entertaining introduction to the Arduino circuit
setup and program. Hopefully any knowledge gained from this lab will aid us next week. This lab also
gave us some insight into the operation of the Theremin, which usually has a different setup (capacitance
instead of resistance) but it showed us yet another way to be creative with circuits”.

Parallax Stamp microcontroller

In the Arduino microcontroller lab, the programming on the microcontrollers are introduced. But the
function provided by the program is minimal. In the light Theremin lab, what the program does is to
convert from voltage input to the frequency of the voltage output. In the lab using Parallax Stamp
microcontroller, more complex input and output are introduce. This enables more functionality of the
microcontroller and demands more complex programming.

Vdd
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Figure 13. An example of a student’s circuit and programming on a Boe-Bot using a Parallax
Stamp microcontroller. Top left: part of the program to control the robot. Bottom left: flow
chart of the program. Top right: the diagram for the obstacle sensing circuit. Bottom right: a
picture of the Boe-Bot.

As shown in Fig. 13, the students are instructed to build a robot that can circumvent certain obstacles.
Here the input sensor is a piece of stainless wire that bends when it is pressed by an obstacle. A simple
circuit can convert this bending of wire into the digital ON and OFF signal to the microcontroller. The
output of the microcontroller is a servo motor that are connected to two wheels. The microcontroller can
respond to the input by adjusting the output, making a robot that can go around the obstacles. Since the
basic concept of microcontroller is introduced in the previous lab, this lab is more focused on complex
programming. The robot has to respond to different situation, such as hitting an obstacle, not hitting an
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obstacle, etc. The students learned the concept of feedback control in programming the robot. They have
also learn the concept of flow diagram for designing a complex program, as shown in Fig. 13. At the end
of the lab, all the robots are required to go into a maze and find the way out. The students are encourage

to optimize their program to make the process more efficient, i.e. to get out of the maze in a shorter time.

To quote from the report of a student “I have never had the opportunity to play around with any type of
programmable bot. It was interesting to see how it was put together and how the servos and breadboard
circuitry all worked together with the imputable programs. With a lot more time, the program for
avoiding objects would become very complex, allowing it to move around almost anything. For us, our
effects worked, since when it ran into a wall, it turned and figured it out. Unfortunately, objects that are
two narrow or short will not hit the whiskers, which will cause the bot to keep turning the servos when it
can't go anywhere. It can get out of a tall enough box maze. Since the lab room has flat walls, with
enough time and an open door, the bot could escape. In the end, this was a great lab”.

4.6 Qualitative assessment
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Figure 14. Feedback on teaching strategies from the mid-term survey. The
vertical axis is the number of votes.

After the mid-term exam, an anonymous survey is conducted to get the feedback from the students on the
teaching strategies. The results are displayed in Fig. 14. The total counts is 20 for the “Keep”, 10 for
“Start”, and 6 for “Stop”. This clear contrast shows that in general, the teaching strategies are applied
successfully and most students are satisfied with them. In particular, the response to the “in-class
practice” is overwhelming positive. In fact, some students suggested “more in-class practice”. The
homework early feedback is also positively noted by students.

A wish for clear content delivery can be observed in the survey. For example, “Powerpoint lectures” and
“posting homework solution” are asked to keep. The textbook is also pointed out to be unclear in many
aspects, which is somewhat true because it is the first edition.



There are opinions that are different from different students. In the lecture, we cover many concepts that
cannot all be tested in exams. Some students likes the “concept based lecture”; some students prefer
“focus on materials related to exam” or stop “extra information in class”.

Two students requested “more lab instructions”. This is useful information. The lab is taught by the
teaching assistant, who is trained by the professor. This information is useful for the professor in the
future training of the teaching assistant.

4.7 Correlation between different assessments
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Figure 15. The correlation between different assessment results. The dashed
lines are the linear fit for the data.

Throughout of the semester, | have employed different teaching strategies and assessments. They occur as
a sequence of homework, pre-lab assignment, lab report, quiz, midterm exam, and final exam. Here | use
the final exam as the gauge for the students’ final achievement in learning in this course. | try to find the
correlation between the results of different assessments. The pre-lab assignment and the lab report are
graded in both correctness and effort. So | only look for the correlation between homework, quiz, and the
final exam scores. Figure 15 shows the relation between the homework score and final exam score. A
linear relation is fit between the two scores. A positive dependence between the two scores are observed
with a Pearson correlation of 0.85. The relation between the quiz score and the final exam score is also
displayed. A less clear positive dependence between the two scores are observed with a Pearson
correlation of 0.76. Overall, the assessment on different stages are consistent.

5. Conclusion

In conclusion, the teaching strategies with emphasis on student engagement and multiple feedbacks have
been shown effective in the course PHY231 (Electric and Electronic circuit). According to the analysis of
the assessments, the teaching strategies and activities were able to improve students’ learning steadily. By
preparing this portfolio, the instructor had the chance to look at the course objective, teaching strategies
and activities, and the students’ responses more closely. It has been a great practice and learning process
for the instructor too.
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Appendix 1: Course syllabus

Electric and Electronic Circuits, PHYS 231, Spring 2015

Instructor
Prof. Xiaoshan Xu

Office: 310M Jorgensen Hall, E-mail: xiaoshan.xu@unl.edu, Phone: 402-472-6134.
Office hour: Stop by or contact me by email with your questions or make an appointment.

Prerequisite
PHYS 212 and 222 (Lab)

Class Meeting Time
09:30-10:20 am Tuesday and Thursday in Jorgensen Hall Room 145

Lab Sessions

12:30-15:20 Tuesday in Jorgensen Hall Room 241 Or
12:30-15:20 Wednesday in Jorgensen Hall Room 241

Textbooks

Enrique J. Galvez, “Electronics with Discrete Components” John Wiley & Sons (or the digital
version).

Course Overview

Designing experiments, realizing the measurements, and minimizing the experimental artifacts
play a critical role in cutting-edge experimental research; these requires knowledge of signal
measurements in controlled conditions, involving (programmable) electrical and electronic
circuits. The overarching objective of this course is to teach you basic electronics as needed by
experimental physicists. The specific objectives are

1) Reinforce the understanding in electricity and magnetism.
2) Learn theory of digital logical and feedback control.

3) Apply the principles to design and build simple analog and digital circuits for feedback
control and signal measurements, especially those related to experimental physics.

4) Analyze problems involving electric and electronic circuits (e.g. power supply, amplifier,
and etc).

5) Utilize basic programming techniques and useful software.

The concepts and techniques learned here will be useful in experimental physics as well as your
entire careers.



Course activities
Lecture

There are two one hour lecture session every week, which is meant to cover the principles related
to the lab session of the following week.

Lab

There are two three hour lab session every week on the sample experiments. The students are
required to attend either one of them.

The labs are an integral part of the course. Labs will include software as well as hardware
construction, testing and troubleshooting of electronic circuits. It is necessary to attend the labs
to maintain additional course information not found in the lectures or readings, particularly
programming experience. Your work in the lab is thus essential for the homework, quizzes, and
exams in the course.

Most of the labs require a formal report. Reports are to be of a professional nature, typed,
graphed, and printed, using software of your choice or as instructed (Excel for example). When
requested, some data might be submitted as part of the lab via my.unl.edu or an email
attachment.

Pre-lab assignments

There will be pre-lab assignments. You will need to answer a few conceptual and reflection questions
online before the deadline and the answers will not only be graded by correctness, but also by effort.
These questions will help the student get better prepared with the lab.

Homework

There will be homework every week assigned at the first class of the week and due the following
week in class.

Paper
Students are required to write a paper about a topic chosen from a list given by the instructor.
Exams

There will be one 50 minute exam around midterm and a two hour comprehensive final exam.
These will both be closed book.

Late Work
A 10% penalty per work day is taken from work that is turned in after the due date.
Lab Absence

Because of partner interaction and equipment setup, labs cannot be made up without a very good
excuse (doctor’s slip, etc.). Special arrangements will be made in emergency situations for



absence from labs, quizzes, or exams, but contact me as soon as possible if you cannot be present
for a scheduled lab or exam, or have a doctor’s slip, etc.

There will be no new homework, papers, quizzes, or exams during the last week of coursework
which is week 15 or “dead week”, but there might be a lab or makeup lab depending on the
semester’s progress.

Grading

Pre-lab assignments: 10%
Homework: 5%
Quizzes total (approx. one per two weeks): 15%
Mid-Term Exam: 15%
Final Exam (comprehensive): 20%
14 labs: 30%
Paper: 5%
TOTAL: 100%

Clickers will not be used for this class.

Calculators will not be needed in the closed-book exams.

Course Plan and Coverage

Each week, plan to spend 5 hours at school for the class and the lab and another 5 hours for
study, homework, reading, and assignments.

A partial list of topic to be covered is below:
Theory (mostly review of Physics 212)

Voltage, Current, Resistance (dividers, series, parallel), Capacitors and Inductors, Kirchhoff’s
Law, Thevenin Theorem, ac circuits, PID control.

Basic Electronic Circuit Components and Instruments
Mostly included in the first laboratory sessions.
Semiconductors

Diodes, Transistors, other devices.

Voltage Regulators and Power Supplies

Basic dc power supplies

Operational Amplifiers



Buffer, Inverting, Non-Inverting, Summing, Difference, Integrator, Differentiator, Comparators.
Filters

High-pass, Low-pass, Band-pass, Notch (Passive and Active).

Digital Electronics

Gates, TTL, CMOQOS, Flip-Flops, Counters.

Analog/ Digital Interfacing

Analog to digital converter (ADC), Digital to Analog converter (DAC).
Microprocessors/Computers/Controllers

Stamp, Arduino, or other microcontrollers as time permits. BASIC programming of the “BOE-
BOT” in lab.

Introduction to LabView programming

Mostly done in the lab.

Mark your calendars:
First week:  There will be a lab that week.
Spring Semester Break: no class or lab that week.
Paper assignment due: Thursday, April 2" at 9:30 am start of class.
No late papers accepted. Best to turn itin early.

Students with disabilities are encouraged to contact the instructor for a confidential discussion of
their individual needs for academic accommaodation. It is the policy of the University of Nebraska-
Lincoln to provide flexible and individualized accommodation to students with documented
disabilities that may affect their ability to fully participate in course activities or to meet course
requirements. To receive accommodation services, students must be registered with the Services for
Students with Disabilities (SSD) office, 132 Canfield Administration, 472-3787 voice or TTY.



