\EPORT of CONFERENCE on ELECTRICITY
and MAGNETISM in ENGINEERING EDUCATION

By J. G. Potter and L. O. Olsen

HIRTY-FOUR electrical engineers and physicists
met at Lehigh University February 7-9, 1955, to
discuss desiderata in instruction by electrical engineer-
ing and physics departments for undergraduates in elec-
trical engineering and other engineering in view of the
changing demands on engineering education. Appropri-
ate prerequisite and concurrent mathematical instruc-
tion was also considered. The deliberations of the con-
ference led to the assignment of various committees to
formulate the collective attitudes of the conference in
reports which were then revised and adopted by the
conference. The following reports were adopted without
dissent, with the single exception that one dissenter
wished to go on record on one of the reports.
Objectives of Teaching Electricity and Magnetism in
Engineering Education. The objectives of teaching elec-
tricity and magnetism in engineering education are:

(1) to teach fundamental principles from an over-
all scientific point of view, including their relationships
to other types of physical phenomena, and

(2) to teach the application of these principles to
the solution of engineering problems, including their
relationships to other types of engineering.

Conceivably this might be done in a single depart-
ment, but (1) is primarily in the province of physics
and (2) is primarily in the province of engineering:
hence complementary courses in these areas are highly
desirable, In any case, it is evident that close and con-
tinued cooperation between the local physics and en-
gineering departments is necessary for the successful
attainment of these objectives.

Mathematics in the Basic Physics Courses. 1t is be-
lieved by this Conference that it is both possible and
desirable for the fundamental concepts of the calculus
—the derivative and the integral—to be introduced at
an early stage in the curricula of engineering students.
This introduction can be made simultaneously in phys-
ics and mathematics, thus re-enforcing the learning
process. In this way the student should gain a deeper
understanding of both mathematical and physical con-
cepts. Calculus methods should then be used in increas-
ing measure in succeeding portions of the basic physics
courses,

If local conditions make it impossible for the depart-
ment of mathematics to introduce the calculus concur-
rently with, or before, the first course in physics, it is
recommended that certain concepts of the calculus be
introduced in this physics course. It is suggested that
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this introduction be limited Lo conceptual matters, that
is that it not be extended to include the derivation of
a formal table of derivatives or integrals as this should
be left for the appropriate course in mathematics,

The Conference further recommends that at least
part of the basic physics courses, preferably electricity
and magnetism, be taught with the calculus as a firm
prerequisite.

As much of the mathematics as possible should be
left in the hands of the professional mathematics teach-
ers. In any event the first two years of the mathematics
courses should be so taught.

It is recognized that a major cause of difficulty and
failure on the part of students in the beginning physics
courses is the inadequate preparation which many of
them have in high school mathematics. It is recom-
mended that prerequisites in mathematics for engineer-
ing students be strengthened so that a minimum basis
for admission into the freshman year will be adequate
mathematical preparation through trigonometry,

Electricity and Magnetism in Elementary Physics for
Engineers. It is recognized that the practice of engi-
neering has come Lo require more and more complete
knowledge of the basic laws and discoveries of pure
science. Obviously then the importance of the basic
training in the elements of the field of physics as a
prerequisite to the professional training of engineers
has increased likewise.

It is also recognized that many of today's methods
in the technological application of the fundamental laws
and facts may soon be obsolete. In other words, the
specific nature of the engineering devices changes rap-
idly whereas the fundamental laws on the basis of
which such devices were designed are timeless.

In recognition of this situation with respect to the
enduring value of an understanding of basic principles,
as distinguished from the temporary value of knowing
the technical details of today's application, it is rec-
ommended that the general course in elementary phys-
ics for all engineering students be so given as to instill
(1) a thorough understanding of the basic laws and
principles, (2) the viewpoints found most useful in
analyzing representative physical situations and (3)
the application of the mathematical skills including in-
tegral calculus and elementary linear differential equa-
tions.
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To this end the following outline suggests highpoints
of the portion of a general course in physics that
should be devoted to the study of electricity and mag-
netism. This course is visualized at approximately the
sophomore level.

The outline is neither to specify the details nor the
extent of the content, but is for the purpose of illus-
trating the viewpoint that is recommended in empha-
sizing the fundamental laws and illustrating their im-
plications by examples, in such a way, and of such a
sort, as to develop the student’s ability to think clearly
about these laws and to make effective use of the math-
ematical skills that are available to him for aid in such
thinking. In this viewpoint, except for the laws and
some of the basic characteristics of matter, the facts
are of secondary importance in relation to the ability
to reason effectively concerning the implications of such
fll!.‘fs.

Outline of Highlights in Electricity:

A brief resumé with respect to our current model of
the electrical structure of matter.

Coulomb's Law, the concept of an electric field and
the use of Faraday's electric flux concept particularly
as expressed by the integral form of Gauss' Law. These
expressions to be used in vector form along with the
evaluation of the magnitudes in illustrative problems.

Tlustrative problems, in general restricted to points,
planes, spheres, and infinite cylinders.

The concept of a scaler potential, the conservative
field, and the relation of the potential gradient to the
previously defined electric field vector. In the intro-
duction of the idea of potential and its relation to en-
ergy, it is believed feasible to introduce the utility of
the vector dot-product in connection with the line-
integral that expresses the potential difference between
two points in an electric field. The elementary prop-
erties of idealized isotropic dielectrics and their ef-
fect on the potential difference between charged con-
ductors in the simple arrangements represented by
parallel plate, concentric spherical and concentric cy-
lindrical capacitors.

The concept of an electric current, “free” electrons
and the conductivity of metals, with the introduction
of the concept of conductivity in connection with cur-
rent density and electric field intensity, as well as the
resistance of wires and other simple conductors, and
the assumption of Ohm’s Law.

Joule’s Law, the concept of emf, and the idea of
the transformation of energy from some other form
into electrical in a source of emf. Then consideration
of the energy stored in a capacitor, not only in terms
of its charge and potential difference, but also in terms
of energy per unit volume of its electric field.

Kirchhoff’s rules, as basic concepts, rather than as
techniques for the solution of networks. Such circuits
as the potentiometer and the Wheatstone bridge as
illustrations for the application of the ideas repre-
sented by Kirchhofi's rules.

The magnetic field, as a consequence or manifesta-
tion of the motion of electric charges in general. Am-
pere’s Law as the basic statement (preferably in the
form of the vector cross-product) of the magnitude

and direction of the magnetic field related to moving
charges as individual entities and as an electric current.

The magnetic field, in terms of the force on a charge
moving therein (the Lorentz force) and likewise in
terms of the force on a current carrying conductor in
the magnetic field. Illustrative examples and problems
from a variety of devices with the emphasis always on
the fundamental laws rather than the utility or de-
tailed operating characteristics of the devices.

Induced emf, “motional" from the standpoint of the
Lorentz force, as well as the more general situation
expressed by Faraday's Law. The property of induct-
ance as a consequence of Faraday's Law,

The general properties of idealized magnetic mate-
rials and some of the qualitative aspects of ferromag-
netism, mostly as illustrated by the hysteresis loop,
Ampere's circuital relation as a line integral embracing
the magnetizing current in such simple cases as the
toroid with and without an air-gap. In this connection,
once again the concept of stored energy, this time in
the magnetic field.

Simple circuits with inductance, capacitance, and re-
sistance, and the simplest relationships in alternating
currents.

Essential Points Concerning Upper-Division Courses.
Upper-Division courses should be based on, emphasize,
and re-emphasize the physical principles of electricity
and magnetism introduced in lower division work.
Additively, the perimeter of mathematical knowledge
and the appreciation of its value in electrical engineer-
ing should be expanded as demanded by: (i) those
portions of the developing domain of physical sci-
ence, which must be incorporated into a viable engi-
neering curriculum, and (ii) the engineering applica-
tions thereof.

This desired expansion of mathematical knowledge
could be given in a single systematic mathematical
course or by inclusion in engineering courses as dic-
tated by local conditions. Thus, Fourier series could
be developed as needed for solution of periodic non-
sinusoidal circuit problems, Laplace and Fourier trans-
forms as needed for the solution of transient problems,
conformal mapping as needed for static electric and
magnetic field problems, vector analysis as needed for
electromagnetic field theory: etc.

Work in upper-division electromagnetic theory ought
to be expanded to include study of phenomena asso-
ciated with other than strictly linear isotropic media
to which current instruction is generally limited. In
such connection it is desirable to include in the engi-
neering curriculum a core content of the physics of
matter from the modern point of view. This gives rise
to the requirement for a book on solid-state physics
specifically directed to the needs and professional in-
terests of the engineer.

Modern Physics and Properties of Matter. Physics
seeks to understand nature; engineering seeks to uti-
lize nature. However, in order to properly utilize na-
ture one must also understand nature. Prior to about
1900, the electrical engineer was limited in his efforts
to understand and control nature by the fact that the
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idvanced beyond the stage of the macroscopic methods

“of Maxwell. Since 1900 the development of modern
physics, including quantum theory, the theory of the

solid state, nuclear physics and high-energy physics,
has provided a much broader base for the considera-
tion of these phenomena. This new knowledge, in com-
bination with the classical principles of electromagnetic
theory, has permitted the engineer to creale the new
devices and components which have made possible re-
cent developments in communication and automation.
Thus the engineering student today must have an un-
derstanding of this new knowledge on the properties
of matter, in order that he may contribute creatively
to the technology of tomorrow and in order that he
may improve the operation of present day devices by
extending their frequency of operation, increasing their
reliability, and providing for further miniaturization.
It is recommended, therefore, that in order to meet
a real need brought about by developments of the last
50 years and to anticipate the developments of the next
30 years, the salient points of modern physics should
be presented in a course to electrical engineering stu-
dents as early as possible in their curriculum. It is
believed by the committee that this course can be the
same for all engineers and should be offered in addition
to a course in general physics, The course content rec-
ommended in the report of the closed conference on
nuclear physics in engineering education meets with
the approval of this committee. This is as follows:
a. Atomic structure of matter; kinetic theory
b. Fundamental particles
¢, Quantum theory of light A
d. Atomic structure: (1) Energy levels; (2) Spectroscopy; (3) Peri-
odic system
e X-rays
. Wave nature of matter; one dimensional wave equation
. Atomic nucleus
- Molecular structure; valence bonds
. Nuclear structure; elements, isotopes, elementary particles
. Binding forces % 4
. Binding energy curve: (1) Mass-energy curve;, (2) Radioactivity;
{3) Nuclear reactions; (4) Fission, {usion

l. Neutron chain reaction: (1) Heat—power; (2) Radiation interaction
with matter, radioisotopes, brecding; (3) Fission products
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It is further recommended that a course in the physi-
cal properties of matter should be available for election
by electrical engineering students and that this course
should present a phenomenological basis for under-
standing the characteristics of materials used in elec-
trical engineering. Such a course might include the
topics suggested by the Allerton Conference on Solid-
State Physics in Engineering, namely: crystal struc-
ture; binding forces and crystal types; mechanical and
thermal properties; electrical conductivity, (a) metals,
(b) semiconductors, (c) salts; dielectric properties;
magnetic properties; surface effects; and phosphors
and photoconductivity.

Modern Applications in  Traditional Engineering
Courses. In addition to strengthening the scientific
foundation of engineering by the inclusion of “mod-
ern” physics courses, it is important to point out ap-
plications in modern physics by illustrative material
and problems introduced into pertinent existing courses
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in each of the conventional branches of engineering.
This would include problems posed by the newer in-
dustries within the conventional engineering disciplines
and the newer techniques which can now be applied in
older industries.

As an illustration of the applications of nuclear phys-
ics in the field of electrical engineering, instrumentation
studies may be considered. These should include the
detection of the various nuclear radiations over a wide
range of intensities, and as a parl of the control sys-
tem of a nuclear power reactor. This becomes a good
example of a servomechanism. The radioactive thick-
ness gauge is a corresponding example of how a new
technique can be applied as a process control in the
older paper industry,

Need for Experimentation in Curricula. This con-
ference, recognizing the many pressures for change in
Electrical Engineering curricula, makes explicit its wish
that no action taken by it shall be interpreted as dis-
couraging experimentation by the universities in alter-
ing the content of courses, or in changing the location
of courses within departments,

Cooperation to Meet Local Situations. The confer-
ence recognizes that the jurisdictions for the various
functions implied in its recommendations must vary
from one institution to another as indicated by local
conditions. It strongly urges sustained contacts between
the departments of physics and electrical engineering
in each institution by such means as frequent confer-
ences and exchanges of teachers and personnel on re-
search projects, The understanding gained by such
contacts should make it possible for faculties to de-
velop optimum engineering programs with their lo-
cal facilities.
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