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he introductory  under-

graduate physics curricu-

lum has been very stable

for almost thirty vears,

and is nearly uniform

throughoul the country.

Despite the apparent sta-
hility, there are indications that three
“drivers of change™ are beginning o
have an impact: (1) the explosion of
new knowledge in physics and relai-
ed fields of mathematics; (21 new
insights into the process of learning
gleaned  fron studies in cognitive
psychology: and (31 the power and
widespread availability of personal
compulters.  These developments
both challenge the traditional phys-
ics curriculum and offer new oppaor-
tunities for introducing students o
the excitement of a research career
in basic or applied physics, and
giving a preparation for that carcer
which s both broader and decper
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than we have been able to offer in The
past.

Even though the examples and
problems in the present generation
of mtroductory physics texts appear
to have been modernized, in fact, in
mosl cases, even the modern-looking
problems are simply resettings of
problems that are largely taken from
older texts. This is a clear conse-
quence of the fact that the level of the
material in the phvsies cormicnlum
continues 1o be strongly limited by
the mathematical preparation stu-
dents are assumed to have, |ess
obviops is the fact that the math-
omatical preparation expected from
the tvpical student has also largely
delermined both the arganization of
the material and the relative empha-
sis given the various topics

What is missing from the intro-
ductory physics course is the art of
analyzing real physical svstems. This
recpuires & variely of physical prinei-
ples and a panoply of skills that are
usually not introduced until graduate
school or on the job. In the introdue-
tory course, the artificiality of the
problems and the limited introduc-
tion to the brosd set of professional

skills presents a misleading picture.
Fven the brightest physies majors
alten have little ar no idea whan it is
that professional physivists actually
do.

Applied Computing

Ta remedy this situation, The
Maryland University Project in Phys-
ics  and  Fducational Technology
(M.LLP.P.ET.) was started some five
years ago in discussions among a
group of facully who became con-
vineed thal the avalability of power-
ful, inexpensive personal computers
provide the means to make the
education of physicists more effec
tive and exciting. These computers,
MUPPET. s founders believed,
could help by:

# rearganizing elements of the
cuwrriculum to emphasize the funda-
mental physics;

& broadening the course content
to include more conlem porary ph:_\-'sv
ics and to provide the student with
mare experience with complex sys-
Lemrns;

& training the student’s intuition
through simulations;

e giving rescarch  exparience

COMPUTERD IN PHYSIOE, 100LY/ 010, FARK 23



v
¢
1
]
B
i
t
L]

5 W K5 W
Time
#56- to quit any key fo continae

This sereen from the MULPP.ET. program Project shows
position and velocity of an objeet thrown upward from the top
of a building. The effect of air resistance s included.

through creative siudent projects.
M.UP.PE.T. has bean guided by
threes important principles: we must
rethink the curriculum entirel
suming the availability of the com-
puter (whal ean we teach with it that
we couldn’t teach before?); the com
puter should not replace the leacher,
the textbook, or the laboratory; and
the student should run the comput-
er, rather that the other way around.
The first point means that il is
not sufficient to use the computer 1o
illustrate examples in the curremt
We stress the second

£ls5=

curriculum.
since the lecturer, the text, and the
labaratory each has its own strengths
and weaknesses. Rather than replac
ing any one of these, the eomputer
can be used to empower the students
by permitting them to solve large
classes of problems that were pre-
viously inaccesible at the introduc-
tory level.

The third point requires that the
students have the sense that they are
in charge at all times. The students
must therefore know what the com-
puter is doing and not consider it o
be a black box. This implies that the
student will do some programming
and that programs that are used in
class will have an open and accessi-
ble structure. The materials devel-
oped in M.U.P.P.ET. require the stu-
dent to both read and write comput
or programs.  Good programming
practices (top-down design, struc
lured programs, suggestive variable
names, indentation, « are empha-
sized to the students, and we require
thal all programs used or written in
the course be easils

read by other
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students and the instructor,

We began using the computer in
the introductory physics courses at
the University of Maryland in 1984
using personal computers provided
under an IBM Corp./AEP grant.  The
opment of materials using the
computer in introductory  physics
courses hegan in earnest in 1985
under a grant from the Fund for the
Improvement of Post-Secondary
Fducation.  Smdents have  heen
taught to use the computer in the
first semester of the introductory
physics course, and its use has en-

devel

It is not sufficient to
use the computer to
illustrate examples
in the current
curriculum.

abled us to explore ways of redesign-
ing the curriculum 1w emphasize
phvsical content and the skills ap-
propriate for a professional physicist
todav.
Althoug

puter in the laborator

we have used the com-

as well as in
not discuss

the classroom, we w
those methods here.
a long standing debate on

here has been

» role of

the laboratory in pi
with proposals ranging from replac
ing the: lecture entirely by workshops
or "discovery” labs to eliminating the
laboratory enlirelv., A comparable

5
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Angular displacement of a pendulum using the full equation
winding around) and the linear approximation (oscillating,
fram the M.ULPPET. program Pendulum.

debate on the rale and content of the
lecture course (especially with e
speet 1o the proper role af the
computer in that coursel does not
exiat. For this reason, in this article
wie limit our discussion 1o the lecture
or classroom part of the introductory
course tor physics majors. We firmly
believe in the importance of the
laboratory as part of the education of
a physicist and hope 1o address the
rode of the computer in the introdue-
tory laboratory in another article,

To begin our discussion of com
puters in the |J}'I‘I.'J'&iliri classroom, lei's
consider specific examples of the
fowr technigques made possible with
the eomputer: reorganizing, broacd
ening, intuilion traming, and stodent
projects.

Reorganized Gurriculum

The ordering of the traditional
course is largely controlled by the
mathematical training we assume
the student o have. Since discrote
forms of a law arc often much
simpler concaplually than the con
tinuous ones, the presence of the
compuer allows us o introduce
physically important ideas at an
earlier stage than is othenwise possi-
ble. This has consequences foe the
intellectual structure of the course
s ehange the empha-
sis in a significant way.

Cognitive researchors stud:_\.-'jng
of naive students to

and permits us

hical ordering of
ed o siudents.




usess  and  relative
strengths of the various conespls,
prinviples, and techniques that are
presented. We may identify three
classes of methods: “gimmicks,’
"pockel lools” and Cpower Lools
Gimnicks are derivative resulis, the
special cases, and the interesting but
inessential facts. Pocket tools repre-
sent convenient and important sim-
ple principles that can be easily
pulled out and applicd to a var ety of
probloms to give partial answers or
to evaluate the plausibility of resuls,
These include the conscrvation laws,
the uncertainty principle, and so on
Power tools are thess methods
which can lead 10 resulis of high
aceuracy in a very wide variely of
P'h_\'!'ﬂl.’n'l‘-_

whal are the

Power Tools

Students in  the introductory
physics course have a particularly
difficult time deciding what is really
important beeause the level of their
mathematical skills provent them
from using power tools directly
exceplin a few very special cases. In
muechanics, so much emphasis s
placed an the gimmicks associated
with a constant gravitational field
("“flat-carth” gravity) thai the student
tails o learn how 1o use the real
powaer tonl, Newlon's Second |aw
Similarly, in alectrostaties
Law, which is an importan

Graiass'

pocket

leration of poinis in wo
dimensions using the Henon
map, Oy bsin’ ') with

"= ox — sy + B,
¥ =8x+ev - cx® with
5° +e* =1, wsing rthe
MULPPT. program Henon,

tool, is discussed at length and used
to derive the electrostatic field in
several special cases. Bul the student
rarely learns o use the real power
tools of alectrostatics, the equations
which can be used to find the clectric
ficld or the electrostatic potential
surfaces for any arrangement of
vharges and conductors.

The computer reduces the limi-
lations imposcd by the mathematical
preparation of students and allows
us o present the material in a
hierarchical order which Brmpls-
sizes—and uses—the most important
and poworful concepts and laws of
physics. In the M.UP.P.ET. course,
the power tols are not restrieted to
the formal level. The student is able
1o work directly with them to solve
problems of econsiderable signifi-
cance and interest,

As an example, consider the way
mechanics is presented in the usual
introductory  course for  scientists
and enginesars. Almosi avery intro-
ductary physics tecr begins its pre-
sentation of mechanics with two or
three chaplers on motion in a uni-
form gravitational field before dis.
russing Newton's Second Law. This
is primarily because the former can
be solved algebraically withaut dif
ferential equations and is an appro
priate place to introduce the concept
of derivative, The lalter requires a
mare complete understanding of de-

]

rivatives

But from the point of view of
hath physics and cognitive paycho-
logy, this Is highly inappropriate,
The uniform gravitational field is a
very special and peculiar case. Pui
Limg it lirst gives i a primaey which is
both undeserved and migleading. It
makes it difficult for the student 1o
develop an appropriate cancept of
force and leads to confusion between
force and aceeleration. Often, the
student fails to grasp the local char-
acter of Newton's law, is confused
about what causes projectile motion,
and overgeneralizes the indepen-
dence of orthogonal motions

After Newlon's Laws are intro
duced, the student uses these BOLIE-
lions to find the motion of ohjents
under constant forres (ar piccewise
constant forees such as friction) and
nathing further. Instead, chapters on
conservation of energy and momen-
tum follow immediately. These are
lundamental laws, bt their intro-
duction at this point iz really to allow
some discussion of non-uniformly
accolerated motion.  Some of the
difficulty that students have with
these  consarvation laws can  be
traced 10 a lack of understanding of
their proper position in the hierar
chy of ideas. Much later, the student
learns (reacl: is presented with) the
solution for the harmonic oscillator
A few texts alsa go through the
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solution to the Kepler problem in
detail, but students taking calenlus
concurtently find this very hsavy
going. The student often leaves the
introductory physices eourse with the
impression that these are the only
solvable cases. Even worse, many
students believe that, in the world of
physics, as opposed to the real
world, the equations for uniformly
accelerated motion, circles, arsimple
oscillations deseribe the motion of all
abjects,

In the MUPPET. physics
course, the students are taught how
1o read, run, and write simple pro
grams in the popular computer pro-
gramming language Pascal, using
class handouts that we have devel-
oped. Students use the computer to
explore the relation betwesn posi-
tion, velocity, and acceleration FETTRTEY

hoth the differential relations
learned in calculus,

v /et

i = v/t 1
md  the approximate difference

aquations for these quantities at
w = AL

Vip = Xp 4 Xp WAL

dpy = Ve, Vi VAr 2

A gimple plotting package called
MUbPgraph  allows the student 1o
vrile programs which display plons
W, v, anda, in different comput
wowindows, By working wilth the
dnematical relations for a varicty of
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cases, and using graphical displays,
sludents gan an  intuitive under-
standing of the relation between
valoeity and acceleration for many
different funotions xir. Thix iz jm-
portant becauss lack of an intuilive
grasp ol these relalions is a major
source of the difficully students have
with introductory mechanics.

This brief cxample provides jus
one case of how the computer can
change the way we organize the
curriculum by hringing the physical-
ly important conecepts to the fore and
by introducing the students to the
povwer tools of physies. 1t can, of
course, be carried through and ap-
plicd o the rest of the introductory
mechanics syllabus.

Broadening Scope

Many relevant and interesting
problems are excluded from the stan
dard curriculum even when the rel-
cvanl physical concepts and egua-
tions arc easily presented and under-
stond, because their solutions are
mathematically inaccessible al the
introductory level, The computer
allows us 1o broaden the standard
curriculum 1o include many of these
This is impo
number of reasons: (1

a

we can do

prohlems.

problems which are more realistic
than before and which are closer to
the: student's experience: (2] we can
introduce new wavs of thinking
about problems and extracting the
physics from complicated svsiems

Phase space plot of a deiven
wenkly damped pemndulum,
also from Pendulion,

wiavs which are more in line with the
way the professional physicist ap
proaches realistic problems; and (3)
we can imtroduce new phvsics of
conlemporary interesl, We will dis-
cuss iwo examples from mechanics
that illustrate these ideas: the large
amplitude pendulum, and nonlinear
(chaotic) dvnamics,

Large-Amplitude Pendulum

The simplest example of a non-
linear system is the pendulum. The
harmonie  approximation is  thor-
oughly discussed in overy introdug-
tory text, and a few Llexts oven discuss
corrections to it. Bul they rarcly note
that the nonlinear lerm completely
changes the qualitative character of
solutions for large amplitude motion.
The most obvious difference is that
the harmonic solution

O =0, coslal + & (3}
prediets oscillatory  motion  even
when the initial velocity is so large
that the maximum angular displace-
ment execeeds 907

A less obvious differcnce is that
the principle of superposition does
not hold for large amplitude motion.
The large amplitude solution of the
exact eguation i3 nol equal to the
sum of two independent solutions
with eoefMlicients determined by ini-
tial conditions.

Finding numerical solutions lo
the equation

Jf_. e I::' I-.' o .

permits the s

g/fsin®  (4)
lo lesm the




distinction between the analytic so-
lutinn 1o an approximate sguation
and the numerical solution o an
exact equation. The ransition from
the: lincar behavior in the harmonae
approximation to the nonlinear mo-
tion ean easily be followed by plot-
ting the trajectory in pluase space,
Mot only are such plots valuable for
studying any kind of nonlingar mo-
tion, bt their introduction provides
the basis lor an intreduction to the
Bohr-Sommefish] guantization rula

Chaotic Dynamics

An example of broadening (o
include problems of contemparary
intarest ix the inclusion of topics
fram the theory of nonlinear dynam-
jcs, Thess topics ane of eonsiderahle
current interest ool only 1o scicntists
but alsn o the general public. For
example, Chaos by James Gleick (Vi
king, 1987 s currently on the list of
best-sellers (see G Mar/Apr 1568, .
40, for an excerpl from this book:

Students in our freshman phys
ivs majars classes have been excited
1o learn about modern opics such as
chaos, period doubling, Iracials, and
basins of altraction. Simple systems
provide examples of all those topics,
which can easily be explored using
personal compuiers. Many systims
exhibit chaotic behavior at some
linarl, and some systems can only be
pnderstood in erms of nonlinear

crjuations.

The subject of chaos (or sensitiv-
ity to initial conditions) s actually
much more impartant conceplually
thin simply an attempl o spice up a
siale course with some hot 1opics
The standard introductory  course
includes o large block of material on
classical mechanics. A major point

of this block is predictability: given
the starting positions and velocities
of all the bodies and the laws of force
hetween  thom, their molions  arc
prendictable (infer forever! using the
laws of mechanics.

The standard introductory
courge also inchules a large block of
material on thermodynamics, Al
though this can stand by itself, it is
often introduced in conjunction with
some coneopts af kinetic theory or
statistical mechanics. This approach
requires the descriplion of mechan-
ics in terms of protbubilities, cspecial-
ly if the information theory defini-

Many relevant and
interesting problems
are excluded from
the current
curriculum.

tion of entropy is disoussed. This
procedure ean be very confusing o
the student, givon llw amphasis on
predictability in the mechanics sec-
tion. A bardier may be set up in the
student’s nuned elween mechanics
and thermodvismics.,

If we spend one week on nonlin-
ear dynamics as an interpolation
hetwestn mechanics and thermody
namics, we can improve the situa-
tion substantially.  Many simpli ox-
amples are available whene ihe long
term behavior is extremely sensilive
w the initial conditions. Having
inuoducd the phase plane, we can
naturally introduce the concopls of

preparation of states, ensembles, ex-
perimental uncertainty and repeata-
bility, and averaging. Camplex tra
jeclaries in phase space ocour even
in simple examples. The relation
between a time average and an
cnsemble average then makes the
basic idea of statistical mechanics
plausible.

Intuition Training

Dirac once said that a physicist
does notl understand a problem until
he can “solve it withoul solving it
that is, until he has enough experi-
ence 1o judge which physical effects
will be most important so that he can
anticipate  the solution without
working oul the details. This so-
called "'physical intuition” can only
be gained by studying a large number
of specific problams. Moreover, it
mequires experience with complex
systems in which different physical
effects interact,

An example of such a problem is
provided by the trajectories of shells
from Rig Bertha, the long range gun
used 1o bambard Paris in the first
Waorld War, from a distance of nearly
75 miles. (5ee Problem 5.6-12, p. 217
of Bennett listed below in “For
Further Beading") The maximum
altilude of these shells was so great
that the variation of air density with
altitude gualitatively changes the so-
lution. The formula for air resistance
Hiven by:

= — Cr Appiv (5
shows that the resistance is propor-
tional 1o the air density, and it
therafore docreases with  altitude,
When the varvialion of air density
with altitude is taken inlo account,
the question can again be asked,

A dats sereen from the program Grbits (efi), and an Qs soreen showing the retrograde mation of Samrn.
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‘What angle of elevation of Big
Bertha gives the maximuom range?”
Many physicists will guess that an
angle greater than 457 will reduee air
resistance along the trajectory and
give greator rango.  But few will be
confident until they  have seen a
solution (o this problem, which can
anly be obtained by mumerical inle-
gration. Most will also wanl 1o sec
whether the numercal results oould
have been anticipated by some ap
proximate calculation.

Complex systems that reguire
long or sophisticaled programs can
be investigaled by students using
Simulation Packages, These are pro-
grams that ean solve a3 varioty of
problems associated with @ given
class of svstems. An example s the
program Orbits see Harold in “For
Further Reading™ belowl, developed
by the M.UP.PET. team. This pro-
gram solves the restricted three-body
problem of two heavy objeets and a
st of light ones which do not
interact with each other. Up to five
light objects can be considered. The
program allows initial conditions to
b specified on a “data screen,
which can be saved as a scenario. Or
one can load and run a previously
saved scenario, The orbits are plot-
ted and information about them is
displayed. The studenl can chooso
to display the orbits in the center of
mass [rame or in the rest frame of
one of the two heavy bodies. The

ZH CUMPUTERS IN PHYSPCS. FULYVALIG 1055

student can deliver a vector velocity
mcrement &v 1o any of the objects
using the cursor keypac.

The program can be used in a
varivly of wavs. The professor may
prepare a sheet of problems as a
“microlab,” which is a clasgs period
spent in a rmom
microcompulers, wilh the students
trying to solve a specificd st of
problems while an instructor is avail
able o answer quostions,  The pro-
gram can also be made available Tor
students 0 wse oul of class to do
homewaork assignments. Finally, the
program s powerful and flexible
enough for the students o use I a
term project on the gravitational
many-hody problem.

Student Projects

The fourth way the compuler
can bo wsed inoan  introdoctory
course is to permil the students o do
gome independent projects and gain
cxpericnee in how one does scienti-
fic research. In most versions of the
current purriculum, the computa-
tional skills nesded for research
nding approximations  and
numerical skills-are lefi for graduate
i studenis a

s A% AT e

furnished with

underst

stuch. This can
distorted view of
act’" scicnee, rathe
whoerowe knon the range ofl a
bility of our equations. Large-scale
problem-solving skills are rarely en-
counterad in an undergraduate pro

s than as a science

o

This Dvbite screen shows a
comparison of orhits of
varying eccentricioy.

gram unless the student does a senior
thesis. This is particularly unforte-
nate, since he approach to a com
plex, open-ended problom lespecially
one where the answer 15 not known
beforechand! is the fundamental skill
of the proftessional scientist, The
curriculum has become so standard-
izod that it can appear exceodingly
rigic. In the present curricuiom a
physics major can take two years of
high school physics, four years of
college physics, and two yvears of
graduate physics without cver seeing
a problem the wacher docsn't know
the answer to! This very hadly
misrepresents  the  important  role
that creativity  anad
thinking play in the day-1o-day work
sional scientisl.

indepandeant

of a proafies
Our approach cmphasizes the
power tools of physies introduces
the students to numerical methods
which can be used o solve rather
complex prablems, and gives them
tho experence of pursuing a varicty
of topics bevond the qualitative and
approvimaie level to more complete
and guantitative rsults, We find
that even while working on specific
hamewnork problems, many students
caich fire and begin to use the
homewnrk assignment as a spring-
board to pursue problems which
rrest them. Theopportunity to do
1 take several weeks or

plete was welcomed by
and they tackled a

projects
maore {0 i

mast studenis



varioty of exciting problems. Topics
studied have included colliding gal-
axies, “shepherd” moons in the rings
of Saturn, tethered satellites, the
bahavior of nonlinear oscillators, and
the transfer of plancts between col-
liding stars

sStudents have approached the
compulalions in a variety of ways
including writing their own pro-
grams entirely from scrateh, writing
their own programs with the aid of
the MUPPET. utilities and tem-
plate programs, and using pre-pre-
pared powerful 1ol programs such
as Urbits to study a class of prohlams
The students have found this aspeect
of the course very successful and
satisfying.

M.U.P.P.E.T."s Enviranment

We have allempted 10 devalop
our materials and curriculum maocdi-
fications so they can be used inex-
pensively and cffectively in a varioty
of environments, Our oswn environ-
ment @l Marviand is currently basasd
o TBM X1 and AT porsonal cormpiul-
ers. A reasonable configuration for
|.|:,i.||f|:, our materials is an 8085 or
E0286 IBM eompatible with two flop-
py drives ar one floppy and 4 hard
disk. For the 8085-based machine [an

IBM XT or ¢lonel, the S0587 co-
processor is highly recommended as
is G40K of memory. All ol our

packages have been prepared 1o run
with CGA or EGA graphics.

Anaother @rbirs screen
shows the collision, in the
CM frame; of each of two

stars with mwo planets,

In our experience, one such
machine suffices [or every B-10 stu
dents,  We have two microlabs in
the 'hysics Department: one with 18
mosthy XTs, networked
with an AT maslor. The secand lab s
an overflow lab with a dozen ma-
chines, also networked 1o the same
muster.  Qur freshman phyvsics ma-
jors classes, each withy 10-20 students,
meet there 3-4 times cach semester
for a 1-hour micmolab session with

machines,

Our approach
emphasizes the
‘power tools’ of
physics and
numerical methods.

the teacher Feaching assistants
keep the lab open for elght hours a
on weekdays,  Students make
exlensive use of the lab for compuler
liomework  assignments  and  thei
Torm projecis

The University of Maryland also
providea a number of general pur
pose microlabs in libravies through-
out the campus, and will begin 1o
prrowiche computers  next
vear as parl of a major effort 1o
expand computer availabiliny

in-dorm

We spent much of our first VA
in debate over the languages to usa in
. W comcluded that the
appropriate language for freshman
majors was Pascal. There are a num-
ber of reasons for this choice

@ Fascal cncourages good pro-
gramming habits, This mesulls in
programs thil are casy for others (o
read amd thal provide the student
with building blocks 10 use in in-
creasingly ambnlious projects.

8 Pascal  significantly  reduces
run-time errors. These tend w0 be
difficult 1o analyvze for the introduc-
tory student. They can be both Trus
trating and time consuming.

& Pascal has been standardized
Only minor differences oceur i dif-

ferent implementations

o Students who  know  Pascal
find it easy o learm more powerful
languages such as FORTRAN, C, and
ADA.

& Pascal programming encour
ages an  algorithmic approach to
problem solving  which  cognitive
scholars have found strongly advan
tageous in leaming genaral problem
solving skills

Pascal 15 also widely favored as
the language taught in introductony
compuler courses, even ol the high
school level. A large fraction of our
beginning physics majors enter the
course familiar with Pascal, Finally,
an important financial consicderation
i5 that Pascal is available in an

{=== G.EE+0D08 kn -—)
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inexpensive version [available for
students al the cost of a texthook) as
Turbo Pascal from Rorland Interna-
tional, Scotts Valley, Calil.
Pascal conveniently combines editor
and compiler, provides excellent syn-
tax checking, and compiles wvery
quickly.

In order to minimize the
amount of programming we have to
teach, wa have developed class hard-
outs which distill the basics of Pascal
dovn i a few minimalist ideas. We
have developed utilities which per-
mit students and faculty 1o casily
write programs with interactive in-
put and simple multi-window graph
ics. Simple sample programs can be
used interactively in microlabs to
study complex phenomena and (o
serve as siarter programs or fernmn-
plates from which other programs
may be built, This makes it possible
for students ta learn to write uselul
programs very guickly.

These materials also help resolve
the problom of making the computar
aceessible to faculty who ame not
programmers or who program in a
language that is oo sophisticated for
most freshman 1o use

We currently refer 1o this collee-
tion of materials as “Freshman Phys-
ica with the Microcomputer,” [t is
continually being modified and ex-
panded as a result of feedback from
students, faculty, and other uvsers
The handouts and instructions can
he abtained by wriling to one of the
authors. The programs and utilities
through  the AAPT/
MULE.PET. electronie bulletin
board, which can be accessed by
modem at (301) 454-2086

The standard introductory phys-
ies course is so tightly packed with
“absolutely critical” material that an
introductory physics text 1s typically
over a thousand pages long and can
weigh 8 pounds.  Teachers race
through the material in order to
"vover” as much as possible; com-
plaints about the amount of material
in the intoductory course are a
standard part of every public discus-
sion about changes in the curricu-
lum,

The guestion that then logically
arises is how can we possibly expect
to include more material in a8 modi
fied curriculum?® What has to he lefi
aul o make room for the computer?
In our view, the curment cormeulum
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is badly unbalanced. The students
wind up memorizing far oo much
material and thinking far oo little.
Something will eartainly have to be
left out, or at least postponed until a
later point. A survey of majors’
programs indicates that there is olten
room at the senior level, Many
siudents use this as an upljui'luu'
to start grad courses earlv. A new
curriculum design must look at the
whole program. A much more on-
herent product can be produced by
zero-basing the curmoulum-reconsi-
dering the value of all its elements
including oncs currently present as
well as those being proposcd,

One mekdest proposal is o sup-

Thise suecessive views of wo ml“hll:l&
galaxies were produced by a freshiman
physics studont Tor & term project at The
University of Maryland.

press rigid body motion, optics, and
the propertics of materials lincluding
fluid elynamies) unnil the junior lovel
These topics could be treated in more
depth al that level than s common in
the curreni curriculum.  Computer-
based intuilion training technigues
could be padicularly valuable in
these subjects. In addition, students
trained with the computer-assistsg
introductory course can be expected
to have an increased sophistication
and ability to deal with them more
efferiin elv

The most significant change in
the course arising from adding the
compuler is not the change in con-
tent. It is the change in the activilies
that students pursue ouiside the
classroom. The number of plug-in
homework problems is substantiall
reduced inlthough some are found on

every assipnment).  They are re
placed by eomputer associated
homewaork problems thal encourage
thinking about  the  phenomena.
These are not simply numerical
prublems: many of them are analytic,
estimations, or gqualitative anailysos
that are required before o problem
can he hr{)uﬁhl 1o the enmputer,
Having an independent project also
tends to increase 1he student’s in
volvement with the course and with
the material.

In conclusion, MU PPET. has
found that many changes are possi-
ble and that thers ar many elemonts
of the traditional course that are
unbalanced or inapprapriate in a
maodormn environment. The power of
the computer permils us to address a
number of these problems. Includ-
ing the computor i the studonts’

first physics course parmils us o
begin their training in skills narmally
neglected until graduate school; to
introduce contemporary topics: and
to et the students undertake ome
ative, open endod investigations of
intercsting and wnsolved problems,
eviert at the freshman leval
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