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Applications of Macintosh Micro-
computers in Introductory Physics
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By Robert ]. Beichner

y intention in this article is to highlight some of
the exciting projects now being undertaken with
state-of-the-art microcomputers in physics labs. For the
most part, | will be referring specifically to Macintosh
computers, although the Amiga and newer IBM
microcomputers have similar capabilities. Aside from the
greater memory and speed, what sets the Macintosh
apart from earlier micros is its user interface and
graphics capabilities. Software operation is usually icon
based with pull-down menus, multiple windows, and
control via a mouse. Probably most important of all the
user interface features is the consistency found from one
application (program) to the next. This is particularly
important in education. Normally, we want the student
to use the computer as a tool. Long, involved
instructions on how to use a particular piece of software
detract from the focus on the instructional topic. With
a consistent interface to each program, students quickly
learn how to use a wide variety of software and gain
an intuitive approach to solving problems with the
computer.

Availability

These computers are making substantial headway into
education, particularly at the university level. Their entry
into this market is not only enhanced by their features
but also by manufacturer incentives. Schools that are
members of Apple Computer’s University Consortium
often have hundreds of Macintosh computers. Several
universities report more than 10,000! Their use in
pre-college instruction has been limited so far, probably
because of higher equipment costs and the perception

that color is necessary to educational computing. Also,
elementary and secondary level institutions may not feel
they have a need for the increased computing power
these machines offer.

Software Development

Within the past few months a greater variety of Macin-
tosh CAl packages have become available. There are
some interesting reasons for this sudden upswing in
educational software production. Until recently it was
very difficult to develop applications for Macintosh-class
machines. This is partly because so much is expected
by the software users. If the operation of a program is
not intuitively obvious, it simply is not used. This is cer-
tainly a different state of affairs compared to the more
standard microcomputer offerings. With them, each pro-
gram interacts with the user in its own (i.e., unique) way.
Learning to operate two programs is very nearly twice
as much effort as learning to use one. This is not the case
with the consistent interface of the Macintosh. However,
this ease of operation exacts a cost from developers,
“because you have to deal so intimately with so many
details that are vital to the operation of the User Inter-
face Toolbox, it's very difficult to completely divorce
yourself from what's happening at the low level.'! In
other words, Macintosh computers may be easy to use,
but they have been very hard to program. This situation
seems to be-changing. Newer programming languages
and environments are using the power of the computer
to make life simpler for software developers. Because
of this, we can expect to see a rapidly increasing number
of educational programs.? This is significant since it has
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been acknowledged by experts® that CAl software for
the Macintosh is superior to that available for other
computers. | think it is safe to say that we will be
witnessing a "'blooming’ of high-quality, computer-
assisted instructional materials in the near future.

People writing much of this new software seem to
prefer C and Pascal as development languages. Fast com-
piling time helps speed up the authoring process. Other
languages in use include BASIC and Forth. There is also
a specialized “real-time Pascal” (Rascal) designed for run-
ning equipment interfaces on the Macintosh.* The
language used depends on the developer's re-
quirements. C has the advantage of higher running speed
and compact compiled code. Pascal doesn't require as
thorough an understanding of the workings of the com-
puter. "Pascal helps you more by not allowing weird
things. Cis a bit more of the professional’'s programming
language.”’s BASIC is very easy to start using, but does
have somewhat limited power. Apple has come out with
a generic application "'shell,”” which promises to make
it substantially easier to incorporate the Macintosh
interface into user-written software for their computers.®
The complicated handling of windows, menus, mouse
control, etc. is somewhat automated. The net effect of
all these newer programming environments should be
increased productivity from programmers and the
addition of more teachers to the ranks of educational
software authors.

Perhaps an even more promising development is
HyperCard®. Although somewhat difficult to describe,
this new system software for the Macintosh brings
programming to a new level of simplicity. The person
using HyperCard to build a lesson uses computerized
tools shaped like brushes and pencils to draw pictures
of what is being discussed. Alternately, a scanner or
digitizer can be used to capture images. Then “'buttons”
that link this picture (or specified parts of it) with other
related information can be quickly and easily added. For
example, if a laboratory spectrometer was being
presented, clicking on the grating might result in the
computer giving the student the slit separation or an
explanation of how a grating works. Clicking on the
eyepiece might display a simulated series of spectral
lines. Using the mouse to select one of the lines could
then display the wavelength of that line and perhaps
even a drawing showing the electron energy levels
involved. With HyperCard it becomes almost trivial to
set up a "'free-form’’ database, which allows the student
to investigate items of interest in whatever order they
choose. (Experience at SUNY/Buffalo has indicated that
CAl projects that have been in development for months
can sometimes be redone in a matter of days using
HyperCard, with better results than the original BASIC
or Pascal implementation! Additional commands and
functions can also be added to HyperTalk, the
programming language that runs HyperCard).
HyperCard programs, called “'stacks,” can run on any

Macintosh with at least one Megabyte of RAM. I think
you will see some very exciting things for the physics
classroom being done with HyperCard. For the teacher
new to the Macintosh, HyperCard is definitely the best
way to start.

Applications

These advanced computers have been used for a wide
variety of applications in higher education. These range
from simple word processing tasks (done by just about
every school owning these machines) to operating a Cray
supercomputer through a Macintosh interface.” The rest
of this article will discuss some of these applications. The
data upon which this material is based came from per-
sonal communications with faculty members, computer
support staff, and computer and interface manufacturers.
A great deal of information was also garnered from the
pages of Wheels for the Mind, a publication prepared at
Boston College for Apple Macintosh users in higher
education ® It is published quarterly and contains very
helpful summaries of projects being done at various
academic institutions. If you would like to keep up to
date on how this particular computer is being used in
education, it is an indispensable resource.

Another good place to look for Macintosh CAl
materials is in Kinko's Academic Courseware Exchange
catalog.’ Here you will find many excellent programs at
very reasonable prices. The whole premise of this catalog
is to offer high-quality educational software at textbook
prices. It is my impression that the software available for
these computers is often lower in price than similar pro-
grams for other types of micros. Keep in mind that
Macintosh software is usually better and easier to use
than “equivalent” programs for other machines. This
results in real value and may help offset the higher equip-
ment costs.

Simulations

One of the physics packages offered in the Kinko
catalog is Mechanics by Blas Cabrera of Stanford
University (see Fig. 1). This package includes a variety
of programs allowing students to investigate projectile
motion, relativity, harmonic oscillators, Kepler's Laws,
and potential wells. For example, using the Kepler
program, students can collect data on planetary motion,
something which might be very difficult to do in the "'real
world.”” Another interesting part of this package is the
ballistics program. Students can use it to investigate the
effects of wind resistance and see how the launch angle
for maximum projectile range is affected by it. In short,
these simulations allow students to gather data on
situations that would be difficult to actually produce in
the typical student lab. Beyond this, they permit easy
adjustment of parameters in order to more easily
discover their effects. Learning to control variables so
that only one varies at any given time is an important
lesson that is often missing from conventional student
lab experiences.
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Fig. 1. Sample screen from Mechanics by Blas Cabrera. The
four horizontal bars along the top allow students to adjust
parameters with a simple movement of the mouse.

The idea of simulating hard to reproduce situations is
perhaps best exemplified by the work of Eric Berman
and Edwin Taylor of the Massachusetts Institute of
Technology. They have produced a simulations package
called Spacetime Software.*® By using this set of programs,
students are able to study relativistic effects that are real-
ly only evident at extremely high speeds (see Fig. 2). Ex-
cellent use of animation and easy to change parameters
allow students to create their own universe for explora-
tion. Even teachers remark about how this simulation has
helped them understand situations that previously could
only be visualized in the mind'’s eye.

Another lab possibility involves the construction of
spreadsheet models. This allows the students to actual-
ly set up the formulas required by the model. The
students may lose some of the fancy graphical output
of a specialized simulation program, but they get an in-
depth introduction to the ideas of modelling. This sort
of work has been carried out by Robert Fuller of the
University of Nebraska.!**? For example, students take
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Fig. 2. Sample output from SpaceTime Software by Berman
and Taylor. Many situations that are impossible to perform
in the lab can be simulated, allowing students to get a better
feeling for many of the “"non-common sense” ideas of
relativistic mechanics.
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data on the bouncing of a cart on an inclined air track.
Using a variety of data processing approaches (i.e., dif-
ferences between spreadsheet rows, ratios of row values,
etc.), the students attempt to find a rule that relates the
number of bounces to the bounce height. Doing this sort
of thing by hand quickly becomes tiresome. Allowing
the computer to help as a "'super calculator’” makes the
analysis much less tedious, and, as a result, the students
are more willing to make adjustments to their model.
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Fig. 3. Sample output from Stella from High Performance
Systems, Inc. showing a model of an oscillating spring. A
variety of graphs can be displayed. This figure shows one
of the more interesting ones.

A different type of simulation makes use of a modelling
software package called Stella.* With this program,
students can easily control variables related to their own
theoretical model of a physical situation. For example,
a simple harmonic oscillator can be designed, with or
without damping and driving forces, and the students
can graphically follow the flow of energy from potential
to kinetic and back again (see Fig. 3). This can be done
in conjunction with a "'real’” example of simple harmonic
motion to help the student make connections between
the more abstract model and the actual physical
situation it describes. The impact of this type of lab
exercise is discussed by Robert Tinker of the Technical
Education Research Center (TERC):

The best use of models has students create the model
rather than simply explore a simulation, a canned model
that someone else has created. While simulations based
on models others have created have an important role
in learning about science, the ability to create a model
seems much more central to the goals of science
education. Creating a model is a form of theory building,
and testing the accuracy of the model goes to the
essence of science.'*

Robert Fuller and David Winch have produced an in-
teresting HyperCard stack called "Guilty or Innocent?"
They demonstrated its use at the Conference on Com-
puters in Physics Instruction held at North Carolina State
University this past summer. Students using the stack are
placed in a situation where they must collect data, in-
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terview witnesses, and perform calculations to determine
what happened during a simulated car collision. They
are then called upon to state their opinions during a
mock trial. They must be able to justify their conclusions
to the attorney (who actually asks the questions via
digitized speech). The stack is fun to use and contains
quite a lot of physics.

Data Sampling and Analysis

Many very interesting microcomputer-based labs use
these computers to collect and analyze data. Most
notable among these is the Benchtop Instrument, initially
developed at Reed College.'®'” With this interface, digital
or analog signals can be fed into the computer for
analysis. Pre-programmed software is available with the
equipment, but many people have written their own in-
strument packages in a real-time language called Rascal.
A brief example of the work of Elisha Huggins at Dart-
mouth demonstrates just how powerful this type of
package can be.'®

Huggins' software works in conjunction with the
Benchtop Instrument to create a sophisticated,
digital-storage oscilloscope. (Thornton Associates!® is
also coming out with a version of what he calls MacScope.)
Most ordinary oscilloscope controls are available. As Fig.
4 demonstrates, there are other additional features such
as a virtually instantaneous Fourier transform capability.
Students can also selectively filter out frequencies (with
simple mouse commands) and immediately see how this
changes the waveform.

Work to develop entire laboratory courses making use
of Macintosh computers is underway at several
institutions. Drexel University?® has been a leader in this
area. Blas Cabrera of Stanford has developed a set of
simulations covering an entire year of college-level
introductory physics.?* The University of Rochester?? is
also developing a data sampling and analysis set for their
introductory physics labs. In addition, a variety of
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Fig. 4. Screen from MacScope by Elisha Huggins. The
computer and interface take the place of a powerful
oscilloscope with a built in Fourier Spectrometer.
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equipment manufacturers are designing interface
equipment, which utilize the graphics environment of a
Macintosh to allow the “'building" of monitoring systems
by dragging icons representing instruments such as
temperature probes, noise filters, and strip chart
recorders around on the screen.

The ability to input video images to the computer adds
another dimension to its use in education. Dean Zollman
of Kansas State University is using physics videodisks in-
terfaced to an Amiga microcomputer to help students
develop models of extended body motion.?-?* (The Amiga
is mentioned since it has somewhat similar capabilities,
but not nearly as many applications, as the Macintosh.)
This allows them to freeze frames or play them back at
any speed, up to real time. The 1/30 of a second time
for each frame builds in a time base for speed calcula-
tions, etc. Similar work is being done by SUNY Buffalo's
Center for Learning and Technology in cooperation with
the SUNY College at Buffalo, utilizing a Macintosh Il for
collecting data from student-produced videotapes. Using
VideoGraph, a HyperCard stack | have developed, students
are able to watch a replay of the videotaped motion on
the computer screen while graphs of position and velocity
are simultaneously generated (see Fig. 5). For example,
students are actually able to watch a projectile reach the
peak of its trajectory while the vertical speed graph
crosses the time axis. The hope is that this will help the
students build the mental links between the physical world
and its mathematical representation.

Another application of computer animation has been
undertaken by Eric Mazur of Harvard.?**¢ He has used
a digitizer to input pictures of proton-proton collisions
into a Macintosh. The computer then quickly displays
this series of images, making a simulated movie. This
allows students to get a “feel” for how these interactions
compare to more easily observed everyday collisions.

Bob Tinker and others at TERC are working on
developing a general set of probes for temperature, light,
force, motion, etc. and adapting them to a variety of
microcomputers, including the Macintosh. What has
been shown so far is very impressive.?” It will be in-
teresting to see what the talented people at TERC can
produce for a powerful computer like the Macintosh.

Instructional Lessons

Broderbund software has released a nice package call-
ed Sensei Physics.?® It contains over 300 different problems
from most of the content area of introductory physics.
It also briefly discusses the theory and gives examples
to help students gain understanding of the basic
material. Its clever animations and thought-provoking
“exploratory” format make this package a highly
motivating one for students; examples are shown in Fig.
6.

Some very noteworthy work has been going on at
Carnegie-Mellon University. A team including Bruce
Anderson and David Trowbridge are working to adapt
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Fig. 5. Screens from VideoGraph by Robert Beichner,
showing the slope and area calculation features. Not easily
shown is the animation of the background image while the
motion graphs are produced. This application was written
using HyperCard, with additional Pascal commands
supplementing HyperTalk.

cT, an extremely powerful lesson authoring language,
to the Macintosh.?>?° The intention is that faculty
members using this authoring system will find it much
easier to develop high-quality, educational software for
their classes. A further advantage of cT is its portability.
It is now becoming possible to develop programs on
Sun, VAXstation I, IBM AT and IBM RT workstations
and have the software work on a standard Macintosh
with little or no modification. By reducing programming
time and allowing authors to make use of the latest
features of a variety of machines, this new authoring
system promises to make superior-quality, educational
software available soon.

Trowbridge recently won the EDUCOM/NCRIPTAL
award in both the physics and integrated categories for
his Graphs and Tracks (see Fig. 7). This program allows
students to go from motion to graphs and from graphs
to motion. It has an extremely well-thought-out
user-interface, which allows students to adjust the track
(where the ball rolls) with simple mouse commands.
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Graphs are just as easily built using a palette of different
graph segments, which are simply connected together
and adjusted as desired. It is especially important to

Summary

Macintosh microcomputers bring new computing
power to the physics laboratory. Many interesting and
effective applications have already been produced by
educators across the country. Ease of use and across-
program consistency make these machines excellent
tools for students in their investigations of the physical
world. With the recent emergence of fast, efficient,
software-development environments, we can look for-
ward to the rapid introduction of even more low-cost,
note that the entire package was based on the findings
of physics education research carried out at the
University of Washington. We need more software with
a solid research foundation that makes use of proven
pedagogic methods.
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from nearly all areas of introductory physics.
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high-quality instructional software for the physics
curriculum.

This article has attempted to briefly review the cur-
rent state-of-the-art in CAl projects for the physics
laboratory. All but one of these discussions have been
specific to the Apple Macintosh microcomputer. | admit
considerable bias on my part toward this particular
machine, but I also found little information about what
is being done with other computers of this caliber. It
seems to me that most of the applications discussed here
could be done as well on some other brand of computer
with similar capabilities.

This presentation has by no means been exhaustive.
Without a doubt, there are many interesting things go-
ing on that have been missed. | welcome information
about these attempts (particularly those using Amiga,
Atari, and the newer IBM computers) to improve the in-
struction taking place in our laboratory classrooms. |
would also like to thank the many faculty members and
equipment manufacturers who were willing to discuss
their projects with me. | have included a longer than
usual reference list so that readers can contact them for
more information. These people are doing some very
exciting things. | am sure they will be as helpful to you
as they were to me.
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