The engineer at large

Corporate support of research
greater than commonly believed

After a 10-year upward trend in corporate
support of academic research in the United
States, the amount of such support given is
significantly larger than is generally be-
lieved. This is surprising considering the
downturns in the business climate during
the past 10 years.

So concluded a report the National
Science Board delivered to the President
and Congress. The report, University-
Industry Research Relationships: Myths,
Realities, and Potentials, said that in most
recent public discussions of industry-
university reiationships, between 3 and 4
percent of academic research and develop-
ment is attributed to industrial sources, but
that this figure underestimates industrial
support for academic research and grad-
uate students. The underestimation oc-
curs, the report said, because (1) major
research universities sometimes do not
report R&D expenditures from industrial
sources; (2) industrial gifts and loans of
scientific equipment are rarely included in
the data base; (3) many universities do not
count gifts for research from corporate-
sponsored foundations as industrial sup-
port; and (4) an estimate of the portion of
unrestricted corporate gifts of operating
and capital funds eventually spent on
research facilities, equipment, and faculty
and student fellowships is also missing
from the data base.

The report stated that “there are sound
reasons to believe that we may be at the
threshold of a permanent new state of cor-
porate-academic research relationships,”
but said that though more resources can
become available if universities move
closer to a partnership with industry, the
universities may relinquish some of their
unique capabilities for unrestricted expior-
atory research and freedom of action. The
ultimate basis for a healthy strengthening
of university and industry cooperation
should be increased understanding of each
other's role, the report concluded. Single
copies of the report may be obtained from
the U.S. Government Printing Office, Wash-
ington, D.C. 20402.

High-tech corporations plan
1983 engineering staff increases

An employment and salary survey of 1102
high-technology corporations throughout
the nations showed a great deal of op-
timism for 1983 engineer hiring. The survey,
conducted by Robert & Roman Inc., an
engineering recruitment organization in
Fort Lee, N.J., found that 68 percent of the
responding corporations plan to hire at
least one engineer and 53 percent plan to
hire four or more engineers in 1983. The
highest percentage of planned hiring was
reported in New England and Washington,
D.C., the lowest in the Pacific Coast region.
Most respondees planning to hire engi-
neers would prefer engineers with three to
five years experience.

The median salary indicated by respon-
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dees for 1982 was $24 788 for an engineer
with one year experience, $29 697 for an
engineer with three to five years of ex-
perience, and $36 412 for an engineer with
10 years of experience, all with B.S.
degrees. Engineers with advanced degrees
received an average 11-percent higher
salary than those with B.S. degrees only.
The respondees indicated that 1983
salaries for engineers with B.S. degrees will
be approximately 5.4 to 9.1 percent higher
than 1982 salaries.

Engineering and science firms
find it easier to hire graduates

Regardless of the industry, firms surveyed
by the National Science Foundation re-
ported that it was easier to hire recent
graduates in 1982 than in 1981 [see Fig.].
But though difficulty was generally re-
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Role of electronics
in photography increases

Chemistry is losing its monopoly on
photographic technology, as filmless elec-
tronic still cameras and electronic image-
enhancing systems for film negatives have
been demonstrated by major companies
and Eastman Kodak Co. of Rochester, N.Y.,
has indicated a commitment to combining
electronics with chemistry io deveiop new
products.

iring patterns, however, may give the
clearest picture of the future of electronics
in photography—Kodak has created a sep-
arate electronics division and has lately
been hiring two electrical engineers for
every chemical engineer.
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Percent of firms reporting shortages

duced, major shortages of new graduates
were still reported in computer, electrical,
and electronic engineering; computer
science; system analysis; and electric
utilities.

Defense-industry employers also re-
ported shortages declining in most fields,
though more than 30 percent of the
defense contractors surveyed siill reported
shortages in the availability of electronic
engineers.

Employment Guide ifor Engineers
offered by U.S. Activities Board

The lEEE U.S. Activities Board Employment
Assistance Task Force has published an
Employment Guide for Engineers and
Scientists to provide U.S. members with
job-seeking suggestions. Copies are
available at $7.50 for IEEE members and at
$10 for nonmembers from the IEEE Service

Salaries for electronics
engineers outpace inflation

Growth in opportunities for engineers in
the electronics industry is significantly out-
pacing the general economy, according to
a study recently completed by Engineering
Career Associates of Sunnyvale, Calif. The
study reviewed compensation for 17 pro-
fessional positions, including engineers
who are individual contributors, in manage-
ment, or in sales or marketing, and aliso
reviewed emerging trends and new
technologies. It concluded that elec-
tronics-engineer salary hikes far exceed
the annual 4.6-percent inflation rate recent-
ly reported by the U.S. Bureau of Labor
Statistics.

For a free copy of the results of the
study, write to Engineering Career Associ-
ates, Department DX-80. Box 7100, Moun-
tain View, Calif.
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Copper conductor cotl of
thin-film recording head in the
IBM 3380 disk file.

No matter how fast the central processing
unit of a computer becomes, many applications
will be limited by accessibility to stored
information.

IBM’s RAMAC, announced in 1956, was
the first commercial magnetic disk storage sys-
tem. The technological leadership which made
RAMAC’s development possible continued
through the 1960’s and 1970’s and eventually
resulted in the first “thin-film” recording head
used in a product. The key to this IBM achieve-
ment was several inventions which led to the

F development of a process for manufacturing such
s recording heads.

Today, the IBM 3380 Direct Access Stor-
age Device (DASD), which incorporates this
technology, is the most advanced disk product

% F available. This disk file can store more than 2.5

. billion bytes of information and can read and
write at the rate of 3 miilion bytes per second.
g Thin-film heads are magnetic recording
N heads which contain thin layers of materials. The
materials are deposited and shaped on a ceramic
¢ substrate using a variety of techniques, includ-
E ing photolithography. These techniques have

/i made it possible to create thin-film read/write

Tuo views (side and front) of a schematic cross
section of the thin-film head showing the pole
tips (A), pole-tip gap { B), conductor coil (C),
air layer (D), disk surface (E), and signal
conductors (F).

Multiple thin-film heads before slicing into
individual slider units.



Thin-Film
Recording
Head

Compared with RAMAC, the industry’s

The curve of DASD progress shows an increase
of almost four orders of magnitude in storage
densily over the last 25 years.
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heads with precise geometries. For instance, the
gap between the pole tips is less than 25 micro-
inches.

The mass production of thin-film heads
has been accomplished by combining novel ways
of using technologies such as etching, sputtering
and plating. IBM scientists and engineers have
been able to attain the efficiencies of batch fabri-
cation (more than 2.5 million thin-film heads
had been shipped as of the end of 1982) while at
the same time maintaining strict control over the
electrical and dimensional parameters.

As the magnetic disk rotates (at a con-
stant 3600 rpm) it creates a film of air upon
which the recording head “flies” at a height of
less than 13 microinches, a distance shorter than
the wavelength of visible light. The thickness of
the coating on the disk surface itself has been
reduced from 1200 microinches to less than 25
microinches, a factor of 48 improvement over the
RAMAC disk file.

Such improvements in disk technology
have produced a significant increase in the
storage density of disk files. For example,
the number of bits of information stored on
a disk has increased from 2000 bits per

A 3380 suspension arm, carrying four
sliders, and disk.

first disk file, the 3380 can store.6000 times
more information per area of disk surface at
150 times less cost per byte.

PRICE/MILLION CHARACTERS

3330 3340

3350

3370 {3380

o

1971 1973 1976 1979 1881

square inch in the RAMAC to the 12 million
per square inch found in the IBM 3380. The
thin-film head in the IBM 3380 achieves more
than 800 concentric recording tracks per
inch across the disk surface, 40 times greater
than the RAMAC disk.

The vast improvements in DASD storage
density —almost four orders of magnitude in the
last 25 years— have been essential to the contin-
ued growth of advanced online, realtime com-
puter applications such as airline, car and hotel
reservations, electronic banking and many other
forms of interactive computing.

One of the impressive achievements of
DASD technology has been the dramatic reduc-
tion in the cost of storing information. In 1956,
the RAMAC file stored one million bytes for $130
per month. Today, the IBM 3380 stores the same
miliion bytes for iess than §1 per month.

IBM scientists and engineers worldwide
have contributed to the development of thin-film
recording heads and disk storage devices. These
contributions are only a part of our continuing
commitment to all areas of research and develop-
ment in general, funded with more than
$8 billion over the past six years.
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The idea came first.

At Rockwell International,
the accomplishments of the
Autonetics Divisions stand as
testimony to our fundamental
belief that the real challenge
of discovery is to break new
ground. Not simply scratch
the surface.

As a major contributor to
our Defense Electronics
Operations, Autonetics
Divisions conceive, design,
develop and produce
advanced eiecironic,
microelectronic and
electromechanical systems
and components. Applications
encompass guidance, control
and checkout of submarines,
ships, aircraft, missiles and
spacecraft. This spectrum of
involvement - within
Autonetics Marine Systems
Division, Autonetics Strategic
Systems Division, and the
Microelectionics Reseaich &
Development Center -
creates an uncommon

opportunity for you to explore
and expand upon some of
the most exotic technologies
of our time. We have multiple
engineering openings in these
areas:

Analog Circuit Design

Digiital Circuit Design

ATE Design

Electro-Mechanical
Packaging

Antenna(s)

ICBM Securihy Suctamg

Signalimage Processing

RF Design

Radar Systems
Milimeter Wave

Power Supply(s)

EMP/EMI

GaAs Integrated Circuits
Software Development

Now is the right time to
haich some ideas of your
own. Investigate our
opportunities for a fresh start,
and our excellent benefits,
right here with Rockweli

International’s Autonetics
Divisions in sunny Southern
Cadlifornia.

Defense Electronics
Operations

Autonetics Divisions

Rockwell Internationai

3370 Miraloma Avenue

Anaheim, CA 92803

Attn: IES4-AA39

Equal Opportunity Emplover M/F
US. Citizenship Required

GIVING BIRTH
TO NEW IDEAS.

‘1 Rockwell International
7\

..where science gets downto business
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without the house

Resonant Inverter High Voltage Power Supply
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o Wide Range of Additional Options;
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Careers Are Built Around
Interest!

If your interest s a job with continual opportunity to deveiop yfmr Drotessional expertise. then you re the,
one the Nationai Securnity Agency 1S i0oking for. You will work in a chalienging and stimufating environment
where matters affecting the secunty of the nation will be part of your day 10 gay actvity

You too can develop your interest in any one of the tollowing N .S A career fields:

Electronic Engineering: There are opportunities in a varety of research and gevelopment projects
ranging from individual equipments to very compiex interactive systems involving large numbers of
microprocessors, mini-computers and computer graphics, Protessional growth 1s enhanced through interaclicn
with highly-experienced NSA professionals and-through contacts-in tHe-ndustral-and-aeaden e worlds

" Facilities for engineering analysis and design au_tgln_w’a}!_é_rj__a[gamgngvggggeg._t.a/y_agg@g_:_ . -

Computer Science: At NSAyou'lldiscover one of the largest computer installations in the world with
almost every major vendor of computer equipment represented. NSA careers provide mixtures of such
disciplines as systems analysis and design. scientific applications programming, data base management
systems. operating systems, computer networking/security, and graphics. -

Mathematics: You'll work on diverse agency problems applying a variety of mathematical disciplines.
Specific assignments mcght include solving ¢ commumcatzons rglatedﬁmhl&m&,peﬂounmgmmg range

S ““"*’"?Tfathemaf ar researoh or evaluatmg new technigues for communications security.

The-Rewards ‘at NSA:-NSA-offers-a-satary-and-benefit program THat's trity-competitive with private -
industry. There are assignments for those who wish to travel and abundant good living in the Baltimore-
Washmgton area for those who wish to stay close to home.”

Countless cultural, historical, recreational and educational opportunities are just minutes away from a4
NSA's convenient suburban location.

To find out more about NSA career opportunities, send a detaded The \ati
resume to Mr. William Shores. Recuritment Officer, ‘'National- Security ﬁ*e\atwnal
Agency Attn M322. () Fort George G. Meade. Maryland 20755 Agg::““

Ar Equal Opportunity Employer U S Citizenship Required Woove Jornen oo




designed to meet your practical needs.

VLSI SYSTEM DESIGN

When and How to Design Very-Large-Scale Inte-
grated Circuits

Saburo Muroga

An overview of LSI/VLSI systems that brings together
all their engineering aspects with economical consid-
erations such as production volume economy, yield
economy, chip pricing, and custom design methodol-

ogy.
49 pp. 1982  (1-86090-5)  $34.95

Vi.Si FABRICATION PRINCIPLES

Silicon and Gallium Arsenide

Sorab K. Ghandhi

Features the new electronic and computer circuit
technology, Very Large Scale Integrated Circuits. Also
includes the conventional technology.
665 pp. 1983 (1-86833-7)

MECHANICAL FILTERS IN
ELECTRONICS

Robert A. Johnson

This is a practical, comprehensive guide tc the design
manufacturing, testing, specification, and use of
mechanical filters in electronic circuits.

379 pp. 1983 (1-08919-2) $39.50

HIGH-FREQUENCY AMPLIFIERS,

2nd Ed.

Ralph S. Carson

Here is a text/reference that introduces the basic
techniques of circuit analysis and design as applied to
the operation of high frequency amplifiers.

291 pp. 1982 (1-86832-9) $29.95

DESIGN OF CRYSTAL AND OTHER
HARMONIC OSCILLATORS

Benjamin Parzen
Presents quantitative design techniques for a wide
range of harmonic osciliators, with emphasis on crys-
tal cscillators.

(1-08819-6)

480pp. 1982
THE DESIGN OF OPERATING SYSTEMS

FORSMALL COMPUTER SYSTEMS
Stepnen Kaisler

The most detailed guide available to current tech-
nigues, procedures, and shortcuts for mini and micro-
computer operating system design.

696 pp. 1982 (1-07774-7) $32.00

REACTIVE POWER CONTROL IN
ELECTRIC SYSTEMS

Edited by Timothy J.E. Miller

A unified approach to the fundamental principles and
practices of reactive power control in AC power sys-
tems. Emphasizes voltage control, variabie loads, and
transmission.
381 pp. 1982 $49.50

$47.50

$44.95

(1-86933-3)

Prices subject to change without notice.
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OPTICAL INFORMATION PROCESSING
Francis T.S. Yu

Provides background information in basic diffraction
theory, design of efficient optical signai processors,
and the practical applications of holography.

562 pp. 1982 (1-09780-2) $52.50

DICTIONARY OF INSTRUMENT
SCIENCE

T. Ramalingom
588 pp. 1682 (1-86396-3) $24.95
MICROPROCESSCR SYSTEMS,

INTERFACING AND APPLICATIONS
Robert J. Bibbero & David Stern

208 pp. 1982 (1-05306-6) $22.00
VIDEO AND DIGITAL ELECTRONIC
DISPLAYS

A User’s Guide

So! Sherr

252 pp. 1982 (1-09037-9) $32.50

ELECTRIC VEHICLE TECHNOLOGY
L.E. Unnewehr & S.A. Nasar

256 pp. 1982 (1-08378-X) $47.50
ELECTRON BEANM TECHNOLOGY
Siegfried Schiller, Ulirich Heisig & Siegfried Panzer

508 pp. 1983 (1-06056-9) $52.50
COHERENT SPREAD SPECTRUM
SYSTEMS

Jack K. Holmes

624 pp. 1982 (1-03301-4) $64.95

DESIGN OF AMBLIFIERE AND
OSCILLATORS BY THE S-PARAMETER
METHOD
George D. Vendelin
190 pp. 1982

(1-09226-6) $27.50

PRACTICAL TECHNIQUES OF

ELECTRONIC CIRCUIT DESIGN
Robert L. Bonebreak
306 pp. 1882

(1-08612-1)  $34.95

Order through your bookstore or write to
Lisa Sullivan, Dept. 3-1049

To order by phone CALLTOLL FREE

(800) 526-5368
in New Jersey, cali collect (201) 797-78089.

WILEY-INTERSCIENCE
@ a division of John Wiley & Sons, Inc.
605 Third Avenue

New York, N.Y. 10158
In Canada: 22 Worcester Road, Rexdale, Ontario MOW 1L1

3-1049
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© Eastman Kodak Company, 1982
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One of the
nationstop
companies in sales of

electronics-related equipment

A Tl o )

is Knde

Kodak’s
application of
electronics tech-

Komstar
300 micro-

nology is becom- T P image processor,
ing more and more ” il a computer peripheral
extensive every day. ~ which uses pulsed laser
That means we have beams to convert digital data to
growing career oppor- alphanumeric images on microfilm
tunities for electrical/ at speeds up to 20 times faster than
electronics engineers. maily ink-jet paper printers.

In projects as diverse as the If you want to expand your hori-

design and production of output zons to meet the Kodak challenge, or if
driver chips for thelogic and con-  youd like us to send you a new book-
trol unit of Kodak Ektaprint let which explores opportunities in
copier-duplicators. Development electronics at Kodak, call us toll-free
of advanced analog and digital at (800) 828-6541. Within New York

technology and sophisticated State, call us collect at (716) 724-4605.
software techniques for blood- Or send your resume to:

chemistry analysis with the Personnel Resources,

Kodak Ektachem 400 analyzer. Dept. DIEE,

And exploration of potential prod- ~ Eastman Kodak Company,
uct improvements in the Kodak Rochester, NY 14650.

Kodak.The right place. The right ti

me.

An equal opportunity employer manufacturing photographic products, fibers, plastics, chemicals, and electronic equipment. Plants in Rochester, N.Y.;

Kingsport, Tenn.; Windsor, Colc.; Longview, Tex.; Columbia, S.C.; Baiesville, Ark.; and a sales force all over the U.S.
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