What Do

Electrical

Engineers Do?

llow me to infroduce myself. |
Acm an electrical engineer—

have been for twenty five years.
I've worked in research, new product
design, engineering-support services,
and various levels of management. I've
also done some writing, feaching, and
speaking on the side. Today I'm working
as the engineering vice-president for a
young and growing instrumentation
company.

Why am | writing this article? Be-
cause, probably like you, | became
“hooked" on electronics as a young-
ster. | got my engineering degree
because | knew | wanted fo work
in electronics, but | knew
nothing about what an en-
gineer actually did. Twenty
five years later, | think I've
found oufl I've enjoyed it,
and hope this article will
help you figure out if you
would, too.

Engineers, Technicians,
and Hobbyists. There is
no single answer to the
guestion, "What do elec-
trical engineers do?" We
can, however, confrast an engineer’s
work to that of a technician or, for that
matter, a hobbyist. Where a hobbyist
might be happy o create a single cir-
cuit or device that works well on the
bench, an engineer must produce de-
signs that can be repeatedly re-
produced. Component values gener-
ally cannot be “tweaked" but, instead,
must be carefully calculated to work
despite component tolerances, tem-
perature extremes, line-voltage
changes, and the like. The calculations
and designs must be verified by multi-
ple tests of both prototypes and pro-
duction unitfs.

Engineers generally do the bulk of
the theoretical-design work and are
held ultimately responsible for their de-
signs. Technicians, on the other hand,
often translate paper designs into real-
ity through breadboarding, model
building, programming, testing, trou-
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bleshooting, PC-board
layouts, etc. The rela-
fionship between an engi-
neer and his or her
technician is much like that
of a doctor and nurse, or
architect and carpenter.
The nurse or carpenter
might perform much of the
hands-on work, but the
doctor or architect is re-
sponsible for the outcome.

Engineers in Industry.
Just as a doctor might be a
surgeon, a psychiatrist, a re-

searcher, a teacher, or a gen-

eral practitioner, an engineer

might choose from among

many specialties. You can get

an idea of the variety of engi-

neering jobs in industry by follow-
ing d new product from the “raw-
idea” stage to full production (see
Fig. 1).

New product ideas, which spur

engineering activity, often begin
outside engineering. For example, a
company'’s marketing department
might see a competitive opportunity or
need. Perhaps a salesmen might come
up with some ideas, or customers might
suggest or request new or modified
products from him or her. Manufactur-
ing innovations might be requested
from the production department to im-
prove a design and/or reduce costs. Of
course, the engineering department
might also come up with a hot idea or
see a way to redesign products using
new technology. No matter where a
new idea starts, though, it usually winds
up in an engineers hands for initial
evaluation. Defense or other confracts
require highly technical proposals be-
fore a project is even begun.

Proposals involving new fechnology
(or at least "new” to the company), or
requiring fundamental technical inves-
tigation, might move first fo a research
department. Engineers and techni-
cians involved in research seldom pro-
duce final designs. Their task is to
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Fig. 1. A product flows through many departments on its way from concept to manufacture
and sale. All of these departments might require engineers and technical people.

investigate concepfs, feasibilities, costs,
likely problems, efc. and to come up
with further proposals and recommen-
dations. Their work may include liter-
ature searches, laboratory investiga-
tions, breadboarding and testing, but
their final “"product” is usually a report.

For some, this is the “fun” part of engi-
neering since it involves less of the nitty-
gritty detalls. Others find it frustrating,
because their ideas are turned over to
other engineers who, of course, "im-
prove” them! (Ever hear of the "not-in-
vented-here” syndrome?) Incidentally,
proving an idea to be unworkable is a
perfectly successful outcome, and
might save the company from wasting
considerable time and money on un-
workable, unprofitable, or otherwise
unsalable designs.

if further development is recom-

mended or if the idea does not need
basic research, the project moves to
development and then to design. The
development group creates the major
design concepts, details, and design
calculations, and builds and tests pro-
totypes. The design department cre-
ates the final “nuts-and-bolts” design
down to the last electrical, mechanical,
and housing detail. The end result is a
fully fested and documented design,
including dll necessary board layouts,
mechanical designs, parts and assem-
bly drawings, models, tests, reports, and
calibration procedures. The lines be-
tween development and design de-
partments are blurred and, in some
organizations, do not really exist.

You might think this would be the end
of the project, but its not. The design
generally advances on two parallel

paths info marketing and manufactur-
ing. In manufacturing it goes to a de-
partment with a name like "production
engineering,” “manufacturing engi-
neering,” or “methods engineering.”
The engineers in this group are less apt
to be circuit-design experts, but instead
concentrate on production tools and
methods.

Production engineers are in fune with
the latest in assembly techniques (elec-
trical and mechanical) and create
tooling, fixtures, test equipment, efc.,
that fit the company’s equipment and
expertise. They also produce step-by-
step procedures, diagrams, etc., that
make it possible for nontechnical pro-
duction workers to produce the prod-
uct. They might also be involved with
automation, robofs, and the like. When
they are finished, production is ready to
build the product.

Sales, marketing, and technical-writ-
ing departfments all require engineers if
the product is technical in nature. Engi-
neers are also needed for applications
assistance, technical marketing cam-
paigns, instruction manuals, and adver-
fising.

Most companies have one or more
engineering support services groups.
Those departments assist production
with technical problems and revise, up-
grade, or redesign products. They
might be involved in submittals to Un-
derwriters Laboratories and other ap-
proval agencies, and with custormer
problems. The people who do best in
these departments tend to be people-
oriented, outgoing types who can jug-
gle many balls at once.

Finally, of course, engineers can be
found in management positions
throughout most technological com-
panies, from project leaders and super-
visors, fo top management.

Technical Specialization. By reading
Popular Electronics you know that
there are many technical specialties in
elecironics. No one can be expertin all
of them. My own career has specialized
in measurement instrurments and con-
frol systems. You might be more inter-
ested in communications, while some-
one else might live and breathe
computers. Audio, power generation,
microwaves, safellites, and defense
electronics are other possibllities. Figure
2 lllustrates how complex systems can
require engineering expertise running
from computers and satellites to con-
trols and power distribution. Even within
these areas there are specialties.
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Fig. 2. Electrical engineering runs the gamut from *'glamour'' areas such as computers
and satellites to “bedrock™ areas such as power and controls.

Consider, for instance, computerized
banking or airline-reservation systems.
Integrated-circuit engineers design the
necessary computer chips (some of
which might be custom) that hardware
engineers use to design circuitry. Sys-
tems engineers design, coordinate,
and install the networks and computers
that operate and communicate using
programs designed by software engi-
neers. All these people are "computer”
engineers, but not one of them is an
expert in all areas of computing. The
project might be planned and man-
aged under the direction of a gener-
alist, someone whose knowledge is
broad enough to understand what all
the experts are doing but not deep
enough fo be able o specialize in any
one area.

Other fields have sub-specialties as
well. "Linear” designs run from mea-
surement and conirols fo audio, RE and
microwaves, while “communications”
includes circuitry, microwave and satel-
lite antennas, networks, systems, and
complex communications theory.

Job Opportunities. You might think of
the opportunities in engineering as a
large 3-D matrix (Fig. 3). Along the ver-
tical axis are the technical specialties—
power, analog, audio, computers, sat-
ellites, etc. Across the bottom we see
areas of employment, from research
and design to production engineering
and the support areas. There are even
related fields such as law and bio-
medical research (more on that in a
minute).

Add to all of this a third dimension:
specialist or generdlist. As mentioned
before, a frue specialist is an expert in
his or her area of technical con-
cenfration and is highly skilled in one or
more related fields. Using the medical
analogy again, a surgeon might spe-
cialize in heart, brain, or other surgery.
Engineering specialists are most apt to
be found In research and develop-
ment.

As you'll recall, a generalist has
broader knowledge, quite often in-
cluding mechanical, chemical, or
manufacturing engineering as well as

TELEPHONE

electronics, but with less depth. A gen-
eralist is often a competent designer,
but probably needs help for in-depth,
complex state-of-the-art designs.
Smaller companies generally cannot
afford to hire a number of specialists
and so hire mainly generalists, perhaps
turning to outside consultants when
specialized expertise is needed. In
larger organizations, a generalist might
direct, coordinate, or manage several
specialists on large, complex projects.
So far we have looked at industry, but
engineers serve in other areas as well.
Many government positions are avail-
able, ranging from the military and
NASA, to state and local positions. (State
and local governments, however, are
more apt to hire civil or environmental
engineers than electrical) '
Furthermore, other areas include ed-
ucation, patent and technical law, re-
search, and consultation. Although you
generally need a PhD. (a doctorate)
degree to become a full college pro-
fessor, technical and trade schools offer
other positions in education as well. (it
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should be noted that education gener-
ally pays engineers less than industry)
Lawyers with engineering backgrounds
are needed in patent law, technical liti-
gation (lawsuits involving technical
claims), and other areas. Engineers with
medical training are valuable in cer-
tain areas of medical research (ar-
tificial limbs, nerve stimulation, brain
studies, sporfs medicine, etc) and in
medical-product development.

Consulting engineers might be self-
employed or might work for contract
and consulfing firms. They most often
work with industrial or governmental cli-
ents, but also serve as researchers, ex-
pert witnesses, and the like. A self-
employed or senior consulting engi-
neer should have a professional engi-
neers license, which requires several
years experience in addition to passing
state licensing exams.

Becoming an Electrical Engineer.
First and most cbvious, it takes a BS.
(Bachelor of Science) or B.E. (Bachelor
of Engineering) degree in electrical en-
gineering to become an electrical en-
gineer. Four years of full-fime university
study is typically required, sometimes
longer if the student is lacking pre-ad-
mission requirements or wishes to take
specialized courses. Part-time takes
much longer, but many companies of-
fer tuition reimbursement plans to their
employees and recognize scholastic
progress at review fime.

Most companies are firm in their re-
quirements—you cannot be an engi-
neer without a degree. Some will
promote their best senior techniciansto
quasi-engineering positions with titles
like “"Designer” or “Engineering Associ-
ate.” Smaller and less formal compa-
nies can be more flexible in their
promotion policies.

| want fo siress, from experience, that
the degree might give you the fitle, but
it alone does not make you an engi-
neer. (You can't become a surgeon, or
even learn to drive a car, without
hands-on experience!) What the de-
gree mostly does is give you the basics
(lofs of theory, math, and the like) and
teaches you to think analytically.
Speaking personally, | was not a com-
petent engineer when | started my first
job even though | had been a hobbyist
since junior high school. | became an
engineer by working side-by-side with a
first-rate senior engineer and by associ-
afion with other engineers and tech-
nical people in the comparny.

| also want to siress, because it was
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Fig. 3. The field of electrical engineering might be visualized as a 3-dimensional grid.
The generalist has knowledge of a broad portion of the grid, while the specialist has in-

depth knowledge of a few areas.

never taught fo me during my educa-
tion, that an engineer needs much
more than a fechnical education. First
and foremost, you need writing skills.
Engineers are famous (or maybe in-
famous) for their lack of writing ability,
sometimes lacking even basic gram-
mar and spelling. You don't need to be
an Art Buchwald or an Agatha Christie,
but you do have to write proposdls, re-
ports, user instructions, and applica-
fions literature. You must be able to
explain what you are deoing (and why
your employer should fund you) in non-
technical terms. A person who can't
spell or use proper gramrar hasa hard
fime being accepted as a professional.

No matter where you end up on the
grid back in Fig. 3, you will need to do
more than just design and build circuits.
Projects need goals. An employer will
not hire you to "do your own thing.” He
or she will need to know what you are
doing and if it is worth his while to pay
you fo do it. You wouldn't hire an archi-
tect who couldn't fell you what he or
she planned fo build, how long it would
take, or what the cost would bel

To progress very far you will need
“people” skills. Whether you ever go
into management or not, you almost
certainly will end up supervising sup-
port people such as technicians and
drafters, Most projects are team efforfs,
not one-man shows. Engineers must
work cooperatively with production,
marketing, and finance departments.
Marketing needs to know what the end
resulf of a project will be. The produc-
tion department needs to know they
will be able to bulld it at a competitive
cost, and the finance group needs fo
know the end result will be profitable.
The best designs in the world are no
good if they cannot be produced and
sold at a profit.

What are the Rewards? First, of
course, income. Engineering is proba-
bly the best-paying profession avail-
able to a four-year college graduate.
Starting salaries in industry generally
parallel what a highly-experienced se-
nior technician earns and rise 50% or
more over the first several years.
(Confinued on page 93)
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(Continued from page 38)

There is a flip side, though—pay scal-
es tend to rise rapidly at first and then
plateau after about ten years, unless
you go into management. Also, there is
the “engineering half-life.” It has been
said that half of what an engineer
learns becomes obsolete in five years.
I'm not sure | agree with the 5-year part,
but it is a constant effort fo keep up-to-
date. As | look around the indusry, | find
that the majority of active design engi-
neers are under forty. This does not
mean that the rest of us have lost our
jobs, but we have moved info manage-
ment, sales, or other areas.

Will Rogers once said, “If you want to
be successful, know what you are
doing, love what you are doing, and
believe in what you are doing.” That is
especially true in engineering. If some-
one you know is planning to go into
engineering just for the money, tell
them fo forget it. They'll probably fail.
The successful people I've known have
been those who are in electronics be-
cause they love it. They're simply prac-
ficing their hobby! ]





