tial loss of coherence when the drops
become larger.

Instances of such unusual insight
and expository care are to be found
throughout the book and give the
“Lectures” their unique excellence.

The laboratory

The Feynman volume 1 base for the
introductory course places little re-
striction on selection of laboratory ex-
periments. I believe, however, there
are several general requirements if the
course is to have unity of purpose.
The work should give satisfaction and
pleasure to the student; it should chal-
lenge his ability to make correct and
careful use of good instruments; it
should involve theoretical interpreta-
tions and evaluation of precision for
numerical results. As the laboratory is
presently conducted, each student
performs six experiments a semester.
The directions consist very largely of
oral briefing, and a concise but com-
plete written report is required on
each experiment. There is no speci-
fied pedagogical format. Typical ex-
periments involve measurement of
many fundamental constants (¢, G, e,

The Berkeley Course

by A. Carl Helmholz

THE BERKELEY PHYSICS COURSE is in-
tended to present introductory physics
to students in engineering and the
physical sciences in a new and fresh
way, to give them the flavor of the
way in which practicing physicists use
the subject. It consists of five vol-
umes (“Mechanics,” “Electricity and
Magnetism,” “Waves and Oscillations,”
“Quantum Physics” and “Statistical
Physics”) and a new laboratory man-
ual.  Since the course is designed to
acquaint the student with the basic
principles and ideas of the physics of
today, it does not survey all of physics;
rather it selects topics that characteris-
tically illustrate the basic elements of
physical reasoning. Consideration of
the subjects common in present-day
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e/m, the Rydberg constant), Bragg
diffraction of microwaves and electron
diffraction, and such open-ended ex-
periments as determination of air fric-
tion on a falling styrofoam ball as a

nisms of Seeing,” which describes the
physiology of the eye, I referred to it
as a “fun” chapter. A student re-
joined, “All Feynman chapters are fun
chapters.” An overriding considera-

“. .. All Feynman chapters are fun chapters. . . .

1

function of velocity by means of stro-
boscopic photography.

Student reactions

Do students like the “Lectures™ I
asked for written comment at the end
of the first year. There were very few
who did not express pleasure in the
reading; many thought there should
be more help with problems; one third
of the class would have preferred a
different text. I hope that there will
be fewer than this doubtful third next
time. From classroom discussion I am
convinced that for a significant frac-
tion of the class Feynman was highly
successful in conveying a sense of the
excitement in contemporary physics.

In assigning the chapter on “Mecha-

physics has influenced the choice of
many of these topics.

The combination of texts and labo-
ratory provides a rounded course that
should be useful in many schools. It
best fits into a two-year introductory
course.

How the course developed

The course was conceived in a conver-
sation between Philip Morrison and
Charles Kittel late in 1961. With en-
couragement from NSF and the
Commission on College Physics a com-
mittee was formed; it met in May
1962 to draw up a provisional outline
for a course. (Original members were
Kittel, Luis Alvarez, William Fretter,
Walter Knight, Morrison, Edward Pur-

tion in the choice of text is that a
teacher must be able to make assign-
ments from it not merely without res-
ervations but with enthusiasm and en-

joyment. I find “The Feynman Lec-
tures” meets this criterion. O
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cell, Malvin Ruderman and Jerrold
Zacharias.) By the time volume 1 ap-
peared several of the group had
dropped out because of the press of
other activities. (At that time the
committee consisted of Eugene Com-
mins, Frank Crawford Jr, Kittel,
Knight, Morrison, Alan Portis, Purcell,
Frederick Reif, Ruderman and Eyvind
Wichmann.) Kittel served as chair-
man until January 1966, when he re-
signed. Purcell and I were then ap-
pointed cochairman. (Present mem-
bers are Crawford, A. Carl Helmholz,
Kittel, Knight, Portis, Purcell, Reif,
Ruderman and Wichmann.)
Financial support for development
of the course came from Educational
Services Inc. and NSF. Headquarters




What is in the Berkeley Physics Course?

Volume 1, Mechanics
1. Orders of magnitude
and geometry of
familiar systems.

2.Vectors—addition
and subtraction, sca-
lar and vector prod-
ucts, differentiation.
Some classes omit
vector products and
consider them later.

3. Newton's laws, ab-
solute and relative
velocity and acceler-
ation, Galilean invari-
ance. Conservation
of momentum is de-
rived both from New-
ton's third law and
from Galilean invari-
ance and conserva-
tion of energy and
mass.

4. Problems in nonrela-
tivistic dynamics, the
electron in static
electric and magnet-
ic fields and in alter-
nating fields.

5.Conservation of
energy—work, Kinet-
ic energy, power and
potential energy.

6. Conservation of lin-
ear and angular mo-
mentum.

7. Harmonic oscillator.

8. Dynamics of rigid
body. This chapter
will be drastically re-
vised since the gen-
eral equations of
rigid-body motion
are too difficult at
this point.

9. Inverse-square-law
forces—forces and

potential energies
are discussed, then
orbits.

10. Measurements of
the speed of light,
Doppler effect, Mi-
chelson-Morley ex-
periment.

11. Lorentz
tions.

transforma-

12. Relativistic energy
and momentum and
their transforma-
tions.

13.

14,

15,

Simple problems in
relativistic dynam-
ics.

Principle of equiv-
alence. Not usually
covered in the stand-
ard course.

Particles of modern
physics. Not usually
covered in the stand-
ard course.

Volume 2, Electricity and
Magnetism

1.

2.

Electrostatics.

Potential—includes
an extensive mathe-
matical section. Al-
though chapter dis-
cusses the curl,
many instructors
postpone discussion
until much later.

. Electric fields around

conductors, capaci-
tors and electrostatic
energy.

. Direct currents.

& 6. Electric and
magnetic fields of
moving charges as
manifestations of re-
lativity and the in-
variance of electric
charge.

. Electromagnetic in-

duction.

. Alternating-current

circuits.

& 10. Electric fields
in matter and mag-
netic fields in mat-
ter. Microscopic
point of view; treat-
ment is concise and
very illuminating.

Volume 3, Waves

1.

2
3.
4.
5.

Modes.

Waves.

Emission and absorp-
tion of waves.
Polarization.
Interference and dif-
fraction, geometric

optics.

Volume 4, Quantum Physics

1.

Introduction — em-
phasizes that quan-
tum physics is rele-
vant for all of phys-
ics, not just for mi-

. Wave

. Some general

croscopic
na.

phenome-

. Magnitudes of physi-

cal quantities, ‘‘nat-
ural’” combinations
of physical constants,
how to make esti-

mates on simple
models.
. Energy levels. Sim-

ple examples given.
What conclusions can
be drawn from obser-
vation that level sys-
tems occur in nature?
Connection between
level width and life-
time.

and particle
properties of photons
—important experi-
mental facts and how
to think quantum me-
chanically about
them.

. Wave nature of mate-

rial particles. Chap-
ters 4 and 5 empha-
size the implications
of experimental fact
that all particles
found in nature have
wave properties and
why the wave nature
of particles does not
contradict the results
of macroscopic phys-
ics.

rules
of quantum-mechani-
cal thinking.

& 8. Introduction to
Schrodinger theory—
some of the prob-
lems such as barrier
penetration and the
particle in the box
that beginning stu-
dents seem perfectly

capable of under-
standing.
9. Qualitative discus-

sion of how to de-

scribe interactions
between elementary
particles.

Volume 5, Statistical
Physics

& 2. Introduction.
Qualitative discussion
of concepts of equi-

librium and irrever-
sibility.  Elementary
notions of probability
theory.

. Description of a sys-

tem of many particles
in statistical terms.

Thermal interaction
between two systems,
fundamental con-
cepts of temperature,
heat, absolute tem-
perature, entropy and
the Boltzmann factor.

Microscopic  theory
and macroscop-
ic measurements—
stresses the experi-

mental macroscopic
content of funda-
mental concepts dis-
cussed in previous
chapter. The under-
standing of these
concepts, hopefully

achieved at the end
of this chapter, ful-
fills the main purpose
of the volume.

7 & 8. These three
chapters are inde-
pendent of each
other and elaborate
previously developed
theory. The instruc-
tor may use these
chapters to suit his
available time and
the interest of his
students. Chapter 6
—statistical theory in
terms of classical
mechanics, Maxwell
velocity distribution
and the equipartition
theorem. Chapter 7,
which is likely to be
of greatest impor-
tance to chemistry
or biology students,
exploits the macro-
scopic content of the
theory by summariz-
ing explicitly some of
the most fundamen-
tal results of thermo-

dynamics.  Chapter
8—transport phe-
nomena in dilute

gases by the simplest
mean-free-path argu-
menis.
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has been the Department of Physics,
University of California at Berkeley,

Because the authors intended to
write something different, which pre-
sented the subject of introductory
physics in a new manner, it was early
apparent that student reaction and
feedback would be desirable before a
volume was published. Therefore ex-
tensive testing of all of the volumes
has been accomplished, mainly at
Berkeley, but also in other schools.
The first version of volume 1, Mechan-

the volumes are published, such notes
are no longer available. The Labora-
tory Manuals A, B and C-D have also
been published. The publisher for
all is McGraw-Hill.

General characteristics

Although some may feel that the
course is an attempt to move material
from the junior-senior courses to the
freshman-sophmore course, the pur-
pose is to introduce the important con-
cepts and principles so that the stu-

.« . an appreciation of invariance and

a respect far symmeltry arguments e

ics, written by Ruderman, was taught
by Knight in an experimental class in
Berkeley in spring 1963. In each se-
mester from 1963 through the spring
of 1966, one section of the Berkeley
three-semester course for engineers,
chemists and physicists used these
texts; at the same time another section
used a conventional introductory text.
The former, called Physics 4A°, 4B°,
4C?, unfortunately did get the reputa-
tion among students of an honors
course, but it has been popular, retain-
ing, for example, 25% of the total en-
rollment of both sections by the end of
the third semester after starting with
40%. The Berkeley Laboratory, de-
veloped by Portis, was introduced in
February 1964 for the whole course,
regardless of the lecture section.
Using comments of faculty and stu-
dents, Kittel and Knight revised vol-
ume 1, and it appeared in January
1965. Volume 2, “Electricity and
Magnetism” by Purcell, was published
in fall 1965. Volume 3, “Waves and
Oscillations” by Crawford, appeared in
a preliminary edition in October 1966,
The final hardbound edition will prob-
ably be published late in 1967, as
“Waves.” Volume 4, “Quantum Phy-
sics” by Wichmann, will appear in
preliminary form in spring 1967; and
volume 5, “Statistical Physics” by Reif,
will appear in final form this month.
During the experimental periods, in-
structors both in Berkeley and else-
where were able to get offset notes
from the Berkeley office, but now that
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dent can use them in his subsequent
learning. Correspondingly, junior and
senior courses may well need some re-
vising.

The reaction of students has been
good. Highly motivated students are
never a problem, but it is apparent
that many of them are very enthusias-
tic about the material in the course
and that they retain this enthusiasm in
the succeeding years. Poorer students
have found the course too hard in its
three-semester version, and certainly a
two-year sequence is much to be pre-
ferred. When given with care without
attempting to rush, the course seems
to accomplish what the authors in-
tended.

The volumes were written for a stu-
dent with good preparation in high-
school physics. Students with no
high-school course or a weak one
should certainly study some book such
as the PSSC one before beginning vol-
ume 1. It is also assumed that the
student is familiar with introductory
calculus and will be taking caleulus
concurrently. As is perhaps natural,
the first attempts included more topics
and some topics more difficult than
could be handled by the average intro-
ductory student. Because the books
can be used in various types of cour-
ses, for example, two-year introductory
courses, three-semester courses, sopho-
more courses after a one-year noncal-
culus course and even in junior cours-
es, no serious attempt has yet been
made to remove these advanced top-

ics. Instructors who consider using the
texts should bear this point carefully in
mind: An entire volume is not meant
to be covered in any single introducto-
ry course. A list of the more important
sections is given in the introduction,
but much of the choice has been left
to the instructor. The problems are
stimulating and challenging but hard,
and instructors may find it necessary
to supplement with problems suited to
their own students.

One of the unusual features of the
course is the early coverage of special
relativity, given at the end of volume
1. The ideas and knowledge of spe-
cial relativity are used in volume 2
when the magnetic field is introduced,
Students do find special relativity par-
ticularly interesting, and so, whether it
is used in electricity and magnet-
ism or not, the inclusion at this early
stage seems a good idea. A second
feature is that quantum physies is
given before statistical physics (which
covers the type of material called
“Heat and Kinetic Theory” in the
usual texts). The ideas of quantum
states, discrete energies, etc., are then
used in the treatment of statistical
physics, and it, as a consequence, has
a much more modern flavor.

The Berkeley Physics Laboratory 12
is not closely tied to the texts; in fact
over the last four years it has been
used by many students who did not
use the Berkeley Physics texts in their
lectures. This lack of correlation is
not desirable, and the introduction of
subjects in the laboratory that have not
been mentioned in the lectures has
caused trouble. Now that the Univer-
sity of California has moved to the
quarter system, the introductory
course at Berkeley has been converted
from three semesters to five quarters.
The first quarter (taken by students in
their second quarter at the uni-
versity) will be purely a lecture course;
laboratory will start in the second
quarter and continue through the
fifth. This delay should materially
aid those with weak backgrounds
since the electron, the laboratory test
particle, is the most often used ex-
ample in volume 1. After mechanics
in the first quarter, special relativity
will start the second quarter. Electric-
ity and magnetism, except for electric
and magnetic fields in matter, waves
and optics, will be covered in the rest
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laser pulses
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new series of compact counting
modules that are revolutionizing
modern data acquisition systems.
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... from nanosecond to light year
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pulse . . . the digital revolution in
measurement over the past decade
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gathering process.
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photomultiplier pulses to
slow sine waves. With a
choice of front-end options
suited to nuclear, medical,
and broad industrial re-
quirements . . . and with
multiplexed parallel outputs
compatible with LRS tape,
typewriter, and computer
interfaces...the new scalers
perform in less than ren per
cent of the space and at less
than half the cost of previ-
ously available equipment.

Where information consists of
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The new LRS modular
counting technique provides

naturally discrete events, as in
nuclear physics, data may be
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into a proportional or analog time in-
terval, with pulses of known frequency
being counted during this interval.

Introduction of the new LRS 150
Scaler Series now makes available a
new generation of systems-oriented,
low-cost counting equipment — scalers
fast enough, compact enough, and eco-
nomical enough to permit monitoring
of all the parameters of interest in ex-
periments of any size. Housed in the
slim and compact AEC #1 module, the
new scalers employ an optimized inte-
grated circuit design featuring low
power consumption, 50 MHz speed,
and exceptional reliability.
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more economical data read-

visual display to provide selective mon-
itoring of any number of scalers. The
modules lend themselves to both small
and large systems. Strobed outputs fed
into a common binary buss allow se-
quential interrogation into any of the
rest of the broad family of LRS Modu-
lar Data Processors. And with optional
built-in scanners, an entire system may
be read out directly onto tape or into an
on-line computer.

MODEL 150, 24-BIT MULTISCALER
Provides the ultimate in low-cost,
high-capacity counting. 8 separate 24-
bit 50 MHz channels in a single AEC
#1 module. Each channel has separate

Model 151

input and output gating. May be
utilized as a time digitizer with 20
ns resolution. Optional front ends
for all types of input signals, in-
cluding photomultiplier pulses;
optional built-in readout scanner.
Fast (3 ns opening and closing
time) input gate common to all 8
channels.

Price: from $1,950 to $2,450, de-
pending upon choice of basic in-
put and readout options.

MODEL 151, 12-BIT MULTISCALER
Highly flexible, general-purpose
pulse counter module. 4 separate
12-bit 50 MHz channels in a single
AEC #1 module. Each channel
has separate input and output gat-
ing. The 4 channels may be used
separately, or may be cascaded by
means of front panel switches for
higher capacity (to 48 bits). Op-
tional front ends for all types
of input signals, including photomulti-
plier pulses & built-in readout scanner.

Price: $750 to $1,090, depending upon
choice of basic input & readout options.
Export prices slightly higher

Available off-the-shelf

sz Send for detailed technical data orn the new
Model 150 and Model 151,

st And if your work involves any of the broad
range of related high-speed timing and data-han-
dling problems, other advanced LRS instrumenta-
tion — discriminators, logic units, fast amplifiers,
mixers, fanouts — may be of interest to you., Ask
for our comprehensive new Short-Form Catalog.

#: If you have a specific problem, your inguiry
will bring prompt and specific application assist-
ance. We look forward to serving you.

LIRS LeCROY RESEARCH SYSTEMS CORP.

1 Hayes Street * Elmsford, New York 10523 « (914) 592-5010
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of the second and in the third quar-
ters, quantum physics in the fourth,
statistical physies and electric and
magnetic fields in matter (such as in
Purcell, chapters 9 and 10) in the
fifth,

The question of units is always an
awkward one for elementary texts.
Since the intent of the Berkeley Phys-
ics Course was to introduce the stu-
dent to physics as practiced by mod-
ern physicists, the authors decided to
use those units most commonly em-
ploved in the contemporary physics
literature. Thus cgs units are used
throughout as the basis for all discus-
sion of theory, whereas practical elec-
trical units are introduced for electri-
cal circuits or electronic apparatus in
the laboratory. As the authors of the
first volume remark, “Every scientist
and engineer who wishes to have easy
access to the literature of physics will
need to be familiar with all three
systems (cgs, mks and practical).”

Course content

Brief comments about each volume
follow; an attempt is made to give the
particular flavor of each. The box
on page 51 contains the approximate
contents of each book.

Volume 1 treats many of the usual
topics in elementary mechanics, with
special emphasis on vector analysis,
electron dynamics, frames of reference,
symmetry, invariance and conservation
laws from a more general point of
view. Special relativity is covered in
more than usual detail for this level.
Advanced topics in certain chapters
are of interest to the brighter students.

A statement from the preface to vol-
ume 2 expresses well the philosophy
and the differences from the conven-
tional text. “The sequence of topics,
in rough outline, is not unusual: elec-
trostatics; steady currents; magnetic
field; electromagnetic induction; elec-
tric and magnetic polarization in mat-
ter. However, our approach is differ-
ent from the traditional one. The dif-
ference is most conspicuous in chap-
ters 5 and 6 where, building on the
work of volume 1, we treat the electric
and magnetic fields of moving charges
as manifestations of relativity and the
invariance of electric charge. This
approach focuses attention on some
fundamental questions, such as:
charge conservation, charge invari-
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ance, the meaning of field. The only
formal apparatus of special relativity
that is really necessary is the Lorentz
transformation of coordinates and the
velocity-addition formula. It is essen-
tial, though, that the student bring to
this part of the course some of the
ideas and attitudes volume 1 sought to
develop—among them a readiness to
look at things from different frames of
reference, an appreciation of invari-
ance and a respect for symmetry
arguments, We make much use also,
in volume 2, of arguments based on
superposition.” At the end of the
book there is a series of further prob-
lems and questions. The back cover
includes tables and conversion factors
for the cgs and the practical system of
units.

Volume 3, “Waves,” has gone
through a number of rather substantial
changes. These have been the result
of teaching experience. The prelimi-
nary edition will probably also under-
go some substantial changes in its final
form. The most consistent example
used after the first two chapters is
electromagnetic waves; the last two
chapters treat the usual subject of
“optics.”  Geometric optics is covered
less extensively than in the conven-
tional text. The book attempts to give
the student a real feeling for waves by
numerous examples, by the suggestion
of a large number of home experi-
ments, and by inclusion of an optics
kit including polarizers, quarter- and
half-wave plates, a circular polarizer
and filters. Numerous suggestions for
ingenious experiments with sound are
also included. The problems are un-
usual in the number that are related to
“home experiments.” Finally there is
a set of advanced topics at the end
that make the book usable for a more
advanced class. Some of the topics
not emphasized in usual introductory
books are: superposition, characteris-
tic impedance, dispersion, bandwidth
and coherence time, interference and
coherence.

Volume 4, “Quantum Physics,” aims
to introduce beginning students to
quantum-mechanical thinking, to ac-
quaint them with some of the charac-
teristic phenomena and the sizes of
quantities in microphysics. After a
thorough discussion of energy levels,
lifetimes and the wave-particle prob-
lems, Wichmann gives an introduction

to the general rules of quantum-me-
chanical thinking and to Schriodinger
at an elementary level.

Volume 5, “Statistical Physics,’
builds on the most basic notions of
atomic physics to develop a coherent
conceptual framework capable of de-
scribing and predicting the properties
of macroscopic systems consisting of
many particles. The book attempts to
present the fundamental ideas of statis-
tical mechanics, thermodynamics and
heat from a simple, unified and general
point of view that stresses physical in-
sight based on the microscopic signifi-
cance of the basic concepts. (This
volume owes a debt to Reif’s more ad-
vanced book, “Fundamentals of Statis-
tical and Thermal Physics,” published
by McGraw-Hill in 1965.)

Berkeley Laboratory

There are three parts to the published
Berkeley Physics Laboratory, A, B
and C-D. Part A attempts a synthesis
between laboratory practice in elec-
tronics and analytical mechanics. The
first group of four experiments are
concerned with electron dynamics,
using a cathode-ray tube. The sec-
ond four experiments use a cathode-
ray-tube device, the oscilloscope, to
study the circuit analog of transient
and periodic particle phenomena.
The final four experiments of Part A
examine a range of nonlinear phe-
nomena including negative resistance
with the introduction of phase plane
analysis.

Part B begins with an examination
of the transistor and its use in both
negative and positive feedback cir-
cuits. The next four experiments ex-
amine signal propagation in discrete
and continuous media. The final four
experiments are concerned with micro-
wave generation and propagation, po-
larization and interference.

Part C is concerned with statistical
phenomena. It begins with electron
statistics, using first a beta-ray source
and then a vacuum diode as a dense
source of electrons. The next group
of experiments introduce the photon
by means of the photoelectric effect,
going on to the photomultiplier,
suggesting the presence of discrete
processes through an examination of
the fluctuations in anode current. Po-
larization and interference phenome-
na, studied with the photomultiplier,




complete this part of the laboratory.
Part D is a project-type laboratory
in atomic physics. Particular atten-
tion is given to electron diffraction,
optical and microwave spectroscopy,
and quantum optical and electrical
phenomena. It is expected that the

DescrIBING THE NEW introductory
course at Massachusetts Institute of
Technology is like trying to describe
an evolving nation. It exists and
therefore can be characterized at its
present state. Yet one’s view of the
course is a mixture of past tradition,
past and present hopes and partial re-
alization of these hopes. Further-
more, any introductory course perforce
selects its topics, viewpoints and
themes from a set far too rich to be en-
compassed in any one course. The
course described therefore represents
a compromise of many choices and
many points of view. It also repre-
sents the present state of experimenta-
tion, from which any particular lectur-
er will depart and from which the fu-
ture structure will certainly depart.

Who takes it?

The present “introductory” course,
which has just been adopted, runs for
five semesters. A large fraction of

Part D laboratory can be kept quite
flexible and open and will serve as a
bridge to more advanced undergrad-
uate and graduate laboratories.

o o o

I am greatly indebted to the other

The

three-semester sequence in theoretical
physics, two elective courses in spe-
cialized topics, a junior laboratory
course and a senior thesis.

Students in fields closely allied to
physics will probably stay with the in-
troductory course for the whole five
semesters. Students in less closely re-
lated fields will take the first three se-
mesters. The department is still wres-
tling with the problem of what to offer
students who elect to take only two se-
mesters of physics.

Production of the new course

Text material for the first, second and
fourth semesters of the new introduc-
tory course has been written at the
Science Teaching Center at MIT with
financial support from the National
Science Foundation. Although many
people at MIT and elsewhere have
participated in the planning and prep-
aration of the material, the final writ-
ing for the first two semesters has

Describing the new introductory course at MI T is
like trying to describe an evolving nation.

students who need fairly advanced
work in physics will take the whole
five semesters. The course includes
work in special relativity, quantum
physics and topics in atomic, molecu-
lar, nuclear and solid-state physics.
Physics majors will continue with a

been done by Anthony P. French and
that for the fourth by Arthur K. Ker-
man, Leo Sartori and Edwin F. Tay-
lor. It will be published by the W.
W. Norton Co. of New York. The
text most recently used for the third
semester treatment of electricity and

members of the committee for their
assistance. =]
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New MIT Course
by Robert I. Hulsizer

magnetism has been Edward M. Pur-
cell's volume! in the Berkeley Physics
Course, The text most recently used
for the fifth semester was Robert M.
Eisberg’s.2

The text material actually used in
the courses is left, of course, to the
discretion of the lecturer, but during
the experimental period of the last
three years, all the new text material
has been used either for the whole
class of 900 students or for smaller
trial groups.

Course content

Throughout the five semesters the
course is conducted with three lectures
and two one-hour recitation sessions.
In the first semester students are intro-
duced to the particulate nature of mat-
ter along with some discussion of
quantum properties of light and wave
properties of particles. Then Newto-
nian mechanics of one- and two-parti-
cle systems is developed and described
for electrical, magnetic, gravitational,
elastic and contact forces.

The second semester is used to de-
velop the theory of special relativity in
the context of introductory electricity
and magnetism.

Electromagnetic waves are present-
ed in the third semester in conjunc-
tion with a discussion of other forms of
wave motion (mechanical vibrations,
sound). The ideas are then extended
to a discussion of the optical proper-
ties of material media.

In the fourth semester a review of
electromagnetic wave propagation, the
Huyghens principle and wave optics
precedes introduction to the basic
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