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The education/ 

training of future 

EMC engineers is 

inefficient, and 

often deficient, 

and must be 

supplemented at 

some point in 

their career. 

INTRODUCTION 
This article is a review of the status 
of various educational methods 
available to an individual who 
desires to become an EMC engi- 
neer or to improve his/her exper- 
tise in the field. The various meth- 
ods can be grouped into the follow- 
ing categories: 
l. University/college courses and 

organized programs 
2. Short courses offered by con- 

sultants and by companies on 
an in-house basis 

3. Individual study materials 

Each of these categories will be 
reconsidered in terms of their availa- 
bility and efficiency. It is important 
to keep in mind that there are two 
distinct classes of individuals who 
may need or desire EMC educa- 
tion: those wishing to make EMC a 
career and those who, although not 
interested in EMC as a career, need 
to become familiar with rudimen- 
tary principles of EMC design. 
Examples of the latter category are 
digital circuit designers, printed 
circuit board layout personnel, 
product managers, etc. 

if at all, presented to that individ- 
ual in his/her earlier educational 
institution. It also indicates a degree 
of inefficiency in that individual's 
career preparation. It evidently 
makes more sense to provide the 
individual with enough informa- 
tion about the field of EMC early on 
so that he/she can make a con- 
scious career choice and can effi- 
ciently begin preparing for that 
career. The current pool of EMC 
engineers lies primarily within the 
Electrical Engineering discipline. 
Students graduating with a BSEE 
degree have already been exposed 
to other EE career choices, such as 
digital circuit design, power sys- 
tems, microwave circuits and de- 
vices, signal processing, etc. , and 
have begun to prepare themselves 
for a specific career choice through 
elective courses in their senior years. 
The future EMC engineer does not 
currently have a similar career 
planning advantage. These consid- 
erations illustrate that the educa- 
tion/training of future EMC engi- 
neers is inefficient and often defi- 
cient and must be supplemented at 
some point in their career. 
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The field of EMC has often been 
characterized as one in which the 
participants became involved more 
or less by default; that is, more 
because of circumstances than their 
own conscious career planning. 
This somewhat random career de- 
cision process is not necessarily 
bad but does indicate that the 
availability and attractiveness of 
the field of EMC was not adequately, 

To those readers actively involved 
in EMC, it is not necessary to point 
out the problems resulting from 
the design of electronic systems 
without sufficient thought being 
given to EMC throughout that de- 
sign process. For those not ac- 
tively involved in EMC, it is proba- 
bly sufficient to point out that most 
electronic products today cannot 
be legally sold virtually anywhere 
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in the world if they do not comply 
with the governmental regulatory 
limits on radiated and conducted 
emissions. Furthermore, the mar- 
ketability of those products that 
comply with the regulatory require- 
ments, but are susceptible to exter- 
nal interference such as radar and 

. radio transmitters or electrostatic 
discharge (ESD), will be signifi- 
cantly affected by customer dissat- 
isfaction such that compliance with 
the regulatory requirements be- 
comes a moot point. Therefore, 
EMC considerations are an inte- 
gral part of quality product design. 
In the intensely cost competitive 
markets today, companies that 
produce these products cannot 
afford to allow the random incor- 
poration of EMC considerations into 

their product development cycles. 
Companies that design and manu- 
facture these products realize that 
virtually all of their design person- 
nel must be aware of some basic 
EMC design principles and must 
be sensitive to the impact of failing 
to incorporate these design prin- 
ciples into their designs. 

EMC EDUCATION OPTIONS 
These considerations suggest that 
companies should strive to edu- 
cate all of their des~ers in at least 
the rudimentary ideas involved with 
EMC if they are currently deficient 
in this knowledge base. The ques- 
tion becomes one of the most effi- 
cient and effective way of doing 
this. Individual study is the sim- 
plest to implement, but can be inef- 

ficient. Numerous textbooks are 
geared to the industrial professional. 
A host of "trade publications, " such 
as this publication, give excellent 
tutorial articles along with the lat- 
est EMC design materials, such as 
gasket materials, suppression 
components, and test equipment. 
The IEEE EMC Symposium Rec- 
ord frequently contains excellent 
tutorial articles. In order to pro- 
vide a compact and self-contained 
source of publications concerning 
EMC, the Education Committee of 
the IEEE EMC Society has pre- 
pared an EMC Bibliography that 
lists these important publications. 
That bibliography can be obtained 
by sending a diskette formatted on 
the system you wish to use to Mr. 
Kimball Williams, EATON EMC 
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Laboratory, Box 766, 26201 North- 
western Highway, Southfield, MI 
48037. Kimball can copy this to 
either 3 1/2-inch or 5 1/4-inch disk- 
ettes in either WordPerfect 5. 0 or 
ASCII format. A return address 
and the appropriate version should 
be indicated. 

Efficient organization and presen- 
tation of the material leads to the 
maximum retention of the material 
and the minimum time period of 
study. This is the primary advan- 
tage of organized programs in col- 
leges/universities as well as the 
various short courses offered by 
consultants or in-house personnel. 
Numerous consulting organizations 
offer short courses whose length 
varies from one day to two weeks. 

The length is usually commensu- 
rate with the depth of coverage of 
the material. For example, one-day 
courses are generally overviews of 
the EMC discipline for those who 
have little or no prior knowledge of 
the field. Many companies offer 
their own in-house EMC courses 
similar to those offered by external 
consultants. The key to a company 
being able to offer an in-house train- 
ing course lies in that company 
having its own personnel who (1) 
are adequately trained in the prin- 
ciples and practice of EMC and (2) 
have the background in teaching 
and course organization that will 
produce an effective instructional 
program. Since the course is short 
by design, the instructor must have 
experience in effective teaching 

methodology if such an in-house 
short course is to be as successful 
as those offered by external con- 
sultants who have extensive expe- 
rience in this area. 

The last area of EMC education- 
college/university courses and 
programs - represents potentially 
the most effective, and efficient 
method of education. The availa- 
bility to the undergraduate of or- 
ganized courses in EMC has many 
advantages. Perhaps one of the 
more important advantages is that 
the college/university represents the 
last time that all of these potential 
engineers will be located in one 
place. Therefore, a wide class of 
engineers with varied career objec- 
tives can be efficiently exposed to 

COST EFFECTIVENESS 
In-house training courses can save 
you between 30 to 50 percent in 
travel and tuition expenses. 

CURRICULUM 
R & B can draw on the numerous 
quality programs developed by our 
instructors. By conducting a needs 
analysis, R & B can tailor a 
curriculum to meet your specific 
training objectives. Unity, 
coherence and state-of-the-art 
content are achieved by having 
one specially-chosen instructor 
design, organize and teach each 
course. 

IMMEDIATE RESULTS 
As soon as the training is 
completed, your personnel can get 
to work and can begin 
implementing what they have 
learned. Performance improvement 
will begin immediately. If requested, 
R & B will also conduct a post- 
training evaluation to measure the 
effectiveness of the program. 

QUALJYY 
All of our programs have been 
given to, a wide range of audiences, 
and they are evaluated and updated 

after each presentation. The latest 
in training methods are used to 
assure improved learning. R & B is 
certified to award Continuing 
Education Units (CEUs). 

R & B provides one of the greatest 
selections in EMI/EMC/EMP/ESD 
courses available. R & B 
develops 1 to 2 new courses each 
year to augment the current 
offerings. Custom courses can be 
developed using a modular system. 
"Pick and choose" from existing 
modules or have new ones created. 

INSTRUCTORS 
R&B instructors are selected from 
industry professionals for their 
expertise, their communication 
skills and their ability to draw 
class members into active 
participation. In fact, the average 
R & B instructor has over twenty 
years of experience in the 
EMI/EMC/EMP/ESD field. 
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the discipline of EMC. Once these 
engineers move into the workplace, 
it becomes increasingly difficult to 
insure that all those who may 
someday impact EMC will have been 
exp'osed to the basic EMC prin- 
ciples. An additional advantage is 
that many of those undergraduates 
who would have otherwise not been 
aware of EMC may choose it as 
their career and begin to efficiently 
and effectively prepare for that ca- 
reer. Of course, the reader may 
agree with these advantages but 
ask why this is apparently not being 
done. 

The Education Committee of the 
IEEE EMC Society conducted a 
survey of educational institutions 
with regard to their offering an 

EMC course or the incorporation 
of EMC principles into other exist- 
ing courses. In the Fall of 1985, a 
survey form was mailed to all 350 
IEEE Student Chapters in the U. S. 
and Canada. Eighty-four responses 
were received. Only 2 (2. 4%) of- 
fered a course specifically dealing 
with EMC. Some 18 (21. 4%) pre- 
sented material on EMC in the 
context of another course. An 
amazing 63 (75%) were of the opin- 
ion that the subject should be cov- 
ered in the undergraduate EE cur- 
riculum. No more recent survey 
has been conducted. However, the 
author's personal informal survey 
via contacts with other academics 
through EMC symposia suggests 
that there are some six institutions 
offering dedicated EMC courses in 

the U. S. and Canada, including the 
one offered by the author in alter- 
nating semesters at the University 
of Kentucky. Those known to the 
author are at Auburn University, 
University of Missouri at Rolla, 
Florida Atlantic University, Univer- 

sity of California at Berkeley, Uni- 

versity of Ottawa, and University of 
Kentucky. Universities outside the 
U. S. and Canada seem to have been 
more active than those in the U. S. 
and Canada in offering EMC courses. 
One of the earliest such programs 
has been offered at the University 
of York in the United Kingdom under 
the direction of Dr. Andy Marvin. A 

recent collaboration has begun 
between the University of York and 
the University of Hull. Various uni- 
versities throughout Europe cur- 
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rently offer EMC courses and have 
done so for some time. 

So the availability of specific EMC 
courses in universities is increas- 
ing but at a slow rate. The indus- 
trial demand for experienced EMC 
engineers seems to greatly exceed 
the availability of graduates having 
a direct career goal in EMC. What 
is the reason for this inability of the 
educational institutions to keep pace 
with tbe industrial need? There 
are several important and practi- 
cal reasons. For a more detailed 
discussion see "Establishment of a 
University Course in Electromag- 
netic Compatibility, " IEEE Trans- 
actions on Education, February 
1990 by the author. This author 
receives perhaps one call each 
month from educators at other in- 
stitutions who wish to establish a 
course in EMC. So the recognition 
of the need for an EMC course in 
the undergraduate curriculum is 
present. The two primary reasons 
that prevent the establishment of a 
dedicated EMC course are (1) lack 
of sufficient room in an already 
crowded undergraduate EE cur- 
riculum, and (2) lack of a textbook 
designed for the specific needs of a 
university course. 

The undergraduate EE curriculum, 
like all other disciplines, is, has 
been, and will probably continue to 
be a four-year program. An 
enormous amount of technical in- 
formation and advances has been 
incorporated in the program and 
very little has been removed. There- 
fore every academic program must 
consider the organization and effi- 
ciency of presentation of the requi- 
site material as a critical objective. 
Faculty routinely reorganize and 
compact the undergraduate mate-' 
rial for this reason. There is virtu- 
ally no room in any undergraduate 
curriculum for inefficient teaching 
or new courses. These practical 

considerations clearly make the 
introduction of a new course de- 
voted to EMC a very difficult prob- 
lem for educators. None of the 
basic, required material can or 
should be removed. Successful 
EMC engineering depends strongly 
upon a firm understanding of all 
the basic areas of EE: circuits, 
signals, digital design, electromag- 
netic field theory, etc. This author 
has incorporated an EMC course 
into the undergraduate EE pro- 
gram in spite of these constraints. 
This course was included among 
the list of senior technical electives 
from which the undergraduate is 
required to select five. Therefore it 
did not (and should not) displace 
the required fundamental courses. 
It also occurs at a point where the 
student's maturity has developed 
sufficiently so that he/she can ap- 
preciate the topic and its impor- 
tance. It is recoinmended that other 
institutions desiring to incorporate 
an EMC course into the under- 
graduate curriculum do so in this 
fashion. Several schools have 
chosen to implement an EMC course 
at the graduate level rather than 
the undergraduate level perhaps 
because it is simpler to do so. The 
graduate curriculum tends to be 
less crowded than the undergradu- 
ate curriculum. However, this 
placement in the grad'uate curricu- 
lum has an important drawback 
since the majority of graduating en- 
gineers who may not choose EMC 
as a career objective but will never- 
theless need some exposure to EMC 
may never be exposed to the sub- 
ject in this organized fashion. 

A number of textbooks cover the 
primary aspects of EMC design. 
However, these are generally de- 
signed for the industrial profes- 
sional and are based on a short- 
course format. University textbooks 
have unique needs: depth of pres- 
entation, abundance of problems 

for the student to work, complete- 
ness in tbe presentation of results 
with regard to restrictions and 
applicability of derived results, etc. 
Some of the existing books have 
been used in university courses 
with mixed success. An important 
reason for the need for a detailed 
text that contains sufficient prob- 
lems for the student to work is that 
very few instructors in the aca- 
demic community have the neces- 
sary industrial experience in EMC 
to successfully prepare such a 
course. This is not to say that 
industrial experience is necessary 
or even sufficient. However it helps 
perhaps more so in an EMC course 
than in any other course. The 
availability of a detailed textbook 
on EMC that specifically is designed 
to satisfy the unique needs of a 
university/college course will have 
a significant impact on the addi- 
tion of EMC courses to the under- 
graduate EE programs, and conse- 
quently the number of engineers 
choosing the field as a career. 

CGNClUSIGN 
The increased availability of un- 
dergraduate courses will impact 
on the EMC design expertise of 
those engineers who do not choose 
EMC as a career but nevertheless 
need to be aware of the basics. 
EMC has become the concern of all 
designers of electronic systems. The 
efficient education of those design- 
ers will become critically impor- 
tant to the industry in the future, 
and it is incumbent on academic 
institutions to address this need 
today. 
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