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Abstract

This paper describes an introductory multimedia lesson on operational amplifiers developed using the
ToolBook® authoring system. The lesson is designed to introduce students to operational amplifiers, their

characteristics and several common circuits using operational amplifiers. The lesson is intended to be both
theoretical and practical.

I ntroduction

Operational amplifiers are important electrical circuits. They are used in signal processing, control, and
instrumentation circuits. Of al analog integrated devices, the operational amplifier is the most widely used
electrical component in a vast variety of electronic circuits. Most electrical engineers will probably encounter
more operational amplifiers than any other integrated device. We have developed this lesson to introduce first
year electrical engineering students to operational amplifiers and their applications.

Electronic lessons become an effective learning tool for the beginning student when the following
features included.

A. The lessons are designed to take the student through the four stages of the Kolb learning cycle: 1) what

topics will be learned, 2) why are the topics useful, 3) how can the topics be applied, and 4) asking students
“What if?" questions b2

B, The lessons incorporate visual and animated material that show how to construct circuits. Also, the
lessons include sound clips demonstrating the effects of clipping at the power supply limits.

C. The lessons are interactive and evaluate student responses. The requested responses are varied and
include numerical responses and checklists of possible answers.

D. The lessons can be run individually and repeated by the student at any time.
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Advantages of the Electronic L essons

Electronic lessons can lead to a different style of student-instructor interaction. Although it would
appear that the instructor is insulated from the students, the opposite occurs. The electronic lesson provides a
structure with guidelines and definite goals for student progress. The lessons contain enough information and

instruction for most students to proceed without much faculty assistance. The instructor can now focus on

students who are having problems so that a greater number of the students will complete and understand the
material presented.

Lesson Content

The lesson contains seven sections. The title page has hyperlinked hotwords that allow the student to
navigate to the start of each section. The section titles are :

1. What does an operational amplifier look like, where are they found, and why do you want to /earn about
them ?

2. Some details of a typical operational amplifier.
3. The Inverting Amplifier - Analyzing A Simple Operational Amplifier Circuit.
4. Connecting and Testing the Inverting Amplifier
5. Some Practical Considerations
6. Some Operational Amplifier Problems.
1. Some Inverting Amplifier Problems
Sample of a L esson Section
Section 4 of the lesson guides the student through building and testing an inverting amplifier circuit.

The lesson proceeds by showing the student sequentially presented photos of the circuit board and
components in various stages of construction.

Figure 1
A Partia Circuit
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One photo in the middle of the construction process is shown in Figure 1. At this point the stydent needs to

insert aresistor at the inverting terminal of the operational amplifier, and after the insertion, the circuit looks
like Figure 2.

Figure 2
The Next Stage

An animation that shows a sequence of steps to build the circuit is included in Section 4 as well. Figure 3
shows a snapshot of the completed animation.

Eile Edit Text Page Help

6. Ground the Non-Inverting Inpu

Figure 3
The Simulation Page
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After building the circuit, the student is shown how to check the circuit to ensure that it works. The
steps include checking the wiring, applying power to the circuit, and measuring voltages at various pointsin
the circuit.

Hardware and Softwar e Requirements

This lesson requires a Windows™ based system with some multimedia capability. In particular, the
electronic lesson requires video memory to display 16 bit colors, although it will run on systems that support
only 8 bit color. The video memory is needed to display the photos quickly to keep a high level of student
interest.

The lesson files are 3MB and the runtime version of ToolBook requires approximately 3MB of hard
disk space.

For reasonable speed in playing the animations, a 486/SOMHz system or better is desirable. The
lesson uses standard Windows audio files ( WAV format), still image files (BMP format) and digital video
files ((AVI format). Playing any of these multimedia clips requires appropriate drivers and hardware. Sound
is used to enhance the lesson, but a Soundlink+T™M system which uses the built-in speaker, is adequate.

The lesson also contains embedded objects that are linked to other application programs. For
example, a plot of output versus input showing saturation in an inverting amplifier is generated in
MathCAD™ and links are retained to the application program which generated the plot. If the user's
computer has the generating application program in the appropriate directory, then the student can examine
the computations that generated the plot.

Summary

We have described an electronic lesson on operational amplifiers used in introductory courses for first
year electrical engineering students and for an instrumentation course for mechanical and chemica engineering
students. The lesson is evolving and changes in response to student and faculty feedback In particular,
students have commented favorably about the animation and visual aspects of the lessons.
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