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Artificial intelligence and robotics: giving machines the ability to sense,

reason and act.

Much as it may burt to
think so, many things
might be done better by
independently functioning
machines than by humans.
Certain tasks may require
superbuman precision or
speed, or need to be done
where humans can't go.
Martin Marietta is
creating systems that
combine the ability to sense,
reason and take action —to
function autonomously
and intelligently. And we
are exploring ways to put
them to work on a variety

of tasks.
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Do—ck;'ng and refueling for
Orbital Transfer Vebicles
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In space:
better ways to
do servicing.

NASAs manned space
station and orbiting
satellites will require the use
of many robotic devices
driven by artificial
intelligence.

Vehicle

Inspection and
repair module

Satellite
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Autonomous robots
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Om earth: et
faster manufacturing N
and inspections. =
Sensor and
With creative intelligence tool

stemming from software
that we are developing,
autonomous robots can
quickly and efficiently
perform batch
manufacturing and
precision inspections, even
choose their own tools.
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deciding road properties Laser scawmer

Drawing “tiles,”
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S = recovery of depth
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autonomous - Boundaric,
navigation. R4S direction and centerline
= 1 on TV image Autonomous
Artificial intelligence e Land Vehicle
systems that use advanced
sensory perception
technologies are being ; 2
developed and demonstrated A
in the Autonomous Land
Vebicle. Already able to
follow roads, this mobile

test bed will eventually be

able to plan its route, avoid MARTIN MARIETTA
gbstacles and even thread S5 2

ils way across country. 6801 Rockledge Drive, Bethesda, Maryland 20817, USA
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Masterminding tomorrows technologies
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The Clinical Spectrum

Medical diagnoses sometimes depend on the ability to trace or detect
minute amounts of biological species. Now researchers at the General Motors
Research Laboratories have developed a method of spectrometry using

a tunable diode laser that could lead to simpler, less costly, non-invasive

diagnostic techniques.

Enhanced Resolution

Wavenumber (cm-!) —

P(15) 2082.003 Pi

Relative Intensity

A. 20180 P(3) 2081.039 cm
B. ¥C'%0 P(4) 2081.169 cr

C.2C170 P(9) 2081.368 cm
D. 12C%0 P(15) 2082.003 cm

Figure 1: (Top) The absorption spectrum of CO

obtained with a conventional spectrometer show-

ing the P series rotation-vibration transitions
separated by about 4 cm™". (Bottom) The diode
laser spectrum centered at 2C'%0 P(15) region

showing the complete resolution of ?C170 P(9),

12C 150 P(3) and C'%0 P(4) transitions.

Figure 2: The second harmonic detection of the
13C160) and 2C'60 as naturally present in exhaled
human breath.

In the process of living and grow-

ing, the body routinely takes in
chemicals in the air we breathe and

the food we eat, uses them, and con-
verts them into other chemicals.
These chemical activities, there-

fore, are often very good indicators
of the health of the body or of its
individual systems. The detection
and measurement of particular
chemical species is also of value in

environmental, scientific and engi-

neering studies.

Radioactive isotopes of ele-

ments in these chemicals have been
extensively used as tracers. Many
investigations, however, preclude
their use either because no suitable
radioisotope is available, or because
radiation exposure raises health or
environmental concerns.

The use of stable, non-radio-
active isotopes for detection and trac-
ing predates that of radioisotopes.
But routine application of stable iso-

topes has been hindered by the lack
of a detection method as versatile

0.00434

Lock-in Voltage

-0.00628
2131.005

Wavenumber (cm-')

2131.632

Carbon monoxide in exhaled human breath.

The scale has been expanded to show the excellent signal-to-noise ratio for 3C'¢0.
Other than removal of water vapor, no specific sample preparation or separation was needed.

and simple as the scintillation count-
ing used for radioisotopes. Mass
spectrometry is the traditional
method of detection of stable iso-
topes, but it requires extensive
sample preparation, expensive
equipment, and a highly trained
operator to distinguish and measure
chemically different molecules of
the same nominal mass—nitrogen
gas “NN and carbon monoxide
12C160), for example.

It was this need for high reso-
lution and greater versatility that
prompted Dr. Peter S. Lee and
Richard F. Majkowski to develop a
system for stable isotopic tracer
analysis based on the molecular
absorption of infrared light. A
tunable, single-mode diode laser,
developed originally by the Physics
Department of the General Motors
Research Laboratories to measure
automobile exhaust gases, was used
as the IR emitting source in what
has proved to be a remarkably sen-
sitive spectrometer.

The infrared absorption spec-
trum of molecules normally consists
of transitions between series of
vibration-rotation energy levels.
When an atom in a molecule is
replaced by an isotope of the same
element, there is a shift in the energy
levels due to a change in mass. The
resulting frequency shift in the tran-
sitions forms the basis of the laser
spectroscopic analysis system.

In the case of carbon monox-
ide, for example, there are six pos-
sible forms of the molecule involv-
ing stable isotopes: 12C160, 12C'70,
12C18(), 13C16Q, 13C170, and 13C180.
Consequently, there would be six
sets of overlapping spectral lines.
Within a region of 1 cm, there can
be lines from several isotopic mole-
cules, with as little as 0.1 cm™! or




less between adjacent lines.

This adjacency presents no
problem for a diode laser system.
The spectral resolution (the laser
linewidth) is typically better than
10-4 cm-!, which is orders of magni-
tude less than the isotopic line
spacings. Since the diode laser is
tunable, it can be centered in a
region where the absorption lines
of several isotopic molecules can
be scanned within a single longi-
tudinal laser mode (Figure 1).

In the initial experimental sys-
tem, the source of the monochro-
matic IR radiation was a diode laser,
made out of a single crystal contain-
ing layers of doped lead telluride
and a lead-europium-selenium-tel-
luride alloy. The IR light was col-
limated through a cell containing
the sample to be studied and then
focused onto an IR detector.

The cell was designed to have
two optical path lengths that can
be varied so that isotopic molecules
with vastly different abundances
can be determined from the measure-
ment of the incident and transmit-
ted laser intensities. U.S. Patent
4,684,805 covers this spectroscopic
detection system.

The laser system can be made
extremely sensitive using wave-
length modulation and harmonic
detection. Figure 2 shows the detec-
tion of *C%0 in exhaled human
breath, where 3C!60 is naturally
present at a typical level of 1 to 10
parts per 100 million.

The present system can be
used to measure stable oxygen iso-
topes in biological and organic sam-
ples that can be converted into CO.
However, the method is applicable
to any sample that can be converted

into a gas with a suitable IR absorp-
tion spectrum.

“The use of radioisotopes as
tracers is already well established,’
says Dr. Lee. “The potential is just
as great for stable isotopes if more
versatile analytical methods are
made readily accessible.

“Packaged as a simpler, relatively
inexpensive instrument, a tunable
laser IR system could be adapted
to many clinical tests—for fat mal-
absorption, ileal dysfunction, small-
intestine bacterial overgrowth, alco-
holic cirrhosis and liver function,
lung function, nutritional assess-
ment, and diabetes, to name a few.

“Diabetes could be diagnosed
from the lung exhalate of a subject
who had been fed a stable isotopi-
cally tagged sugar sample. No tak-
ing blood, no long waits, no radiation
health and safety concerns.

“Simpler isotopic tracer mea-
surements could broaden the scope
of tracer methodologies, could
supplement some of the radioiso-
tope studies now common, and
could have significant economic
implications”’

General Motors
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THE
BEHIND
WORK

Dr. Peter S. Lee (right) is a Senior
Staff Research Scientist in the Bio-
medical Science Department at the
General Motors Research Labora-
tories. He received his undergrad-
uate degree in Chemistry from the
National Taiwan University. Dr. Lee
also holds a Ph.D. in Physical Chem-
istry from the University of Illinois
at Urbana-Champaign. His current
research interests at GMRL include
the study of biosensors and laser
spectroscopy along with his work
in stable isotopes. Dr. Lee came to
GM in 1977 from the University of
Illinois Medical Center in Chicago.

Richard F. Majkowski was, at
the time of the work described here,
a Staff Research Scientist in the
GMRL Physics Department. Both
his B.S. and M.S. degrees are from
the University of Detroit in Phys-
ics and Mathematics. His research
interests have included emission
spectroscopy, coherent optics, holog-
raphy and laser spectroscopy. Dick
joined General Motors Research
Laboratories in 1955 and retired in
September, 1987, to become a Pro-
fessor of Physics at Lawrence Insti-
tute of Technology.
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FLUORAMICS, INC. IS PROUD TO ANNOUNCE

SUPERCONDUCTORS FOR SALE

HISTORY WAS MADE THlS YEAR ... d museum piece
AND YOU CAN BE PART OF IT!

Who would ever have expected thata black ceramic
material would revolutionize the world of science
and be the source of a whole new class of super-
conductors?

NOW FOR THE FIRST TIME
IN THE HISTORY OF SCIENCE
When the first reports describing these amazing ceramic
superconductors appeared, our research director followed
them with great interest. The equipment and skills required fit
our lab to a tee. Now, after months of intensive work, we would
like to make the results of our efforts available. Experimentors
who would like to evaluate the new superconductors but don’t
have the time, personnel or facilities to make them, can now go
to work. A multitude of applications will no doubt appear. All you
need is a bottle of Liquid Nitrogen and the usual electronic skills.

Good luck, we hope you get lots of patents and find dozens of
applications for this new remarkable technology.

EACH SUPERCONDUCTOR TESTED
BY THE SCIENTIST WHO MADE IT Y1 832 CU3 O,_,

Actual size: Diameter 125mm, 1.5 grams, .125mm thick

HERE’'S WHAT YOU'LL SEE

TYPICAL SUPERCONDUCTOR TRANSITION CURVE
Y, Ba; Cu; O,CERAMIC

/

LIQUID NITROGEN

\\

AMBIENT
WATER ICE
DRY ICE

ke

T

Each superconductor is carefully drilled with 4 holes; 18 karat -
gold, silver or copper wire are threaded in place. Conductive B i 7 B T

pasteis hand-palrr]\ted t(; :esz;J;tga L:an;f;)r:wm laerse?ocr:(;r;tc?r(\:ti;rans't|on AMBIENT B

curves are run on repr iv L
P P s o i e i PLEASE SEND ASAP. ccccccmee e e e e i
. TO ORDER: Fluoramics, Inc. N-337
A ceramic CALL TOLL FREE 103 Pleasant Avenue

with zero electrical resistance? 1-800-922-0075 Upper Saddle River, N.J. 07458

See for yourself! OR SEND IN THE ORDER FORM BELOW My check or money order for § ___ is enclosed

Charge my credit card:

As the temperature is lowered, the super- O Am.Express O MasterCard O Visa

1
]
]
1
I
1
]
i
conductor's resistance drops slowly until | Limited Quantity i
about 90° kelvin (that's -280° below zero :!.aboratory test superconductors for the g t‘
farenheit—very hot in the world of supercon- :mtr oductory price of .. " Ry
ductors). Then it falls as if on a ride over | 18 Goid wire  Siver Wice Copper Wire RS
Niagara Falls in a barrel ... to zeroohms or | " Eiectrodes Electrodes Electrodes o
nearly so (77° kelvin or -320° F Liquid : (1) $100 (1)$ 95.00 (1) 85.00Address
Nitrogen Temperature). A SPECTACULAR | —— (28150 __(2)$14250 ____(2) $127.50 City
SIGHT! I ——@$170 (3516550 (3 $148.70 510 Zip
: (2) $100.00 No electrode blanks (N.J. residents please add 6% sales tax)
H Call for volume prices. Please allow 6 to 8 weeks delivery
e o e e e e e o ———— e -

See NASA Tech Briefs for our award-winning ads of 1986 and 1987 “TUFOIL, The Transistor of Lubrication” ®
Circle Reader Action No. 541



What doyouex

If you expect Symbolics Al workstations
to be special purpose and too advanced for
every-day applications, to be incompatible
with your present network, and to start at
prices of $100,000, we're out to change
your expectations.

Symbolics Al and advanced software
development workstations start at
just $36,000.

And $36,000 doesn't buy a stripped-down
version of our most expensive machine.
It gets you a general purpose workstation
with full support of industry standards
that’s also the industry’s most technologi-
cally advanced Al workstation. Our sys-
tems, complete with the Genera™ software
environment, outshine the competition in
four key areas: faster problem solving, ease
of integration, advanced technology, and
price performance.

FASTER PROBLEM SOLVING

With Symbolics systems, programs can
be written from 5 to 50 times faster than on
conventional workstations. This reduces
costs by improving programmer productivity.
And it decreases your time-to-market for
new software products, giving you an edge
on your competition.

More built-in facilities

Symbolics has over 40 times as many pre-
coded Lisp functions as systems that offer
just a Common Lisp compiler. By acting like
prewritten “mini programs” these functions
add speed and reliability. Your development
time is shortened and programs are much
more reliable because programmers can
use pre-tested, built-in facilities such as
user-interface programs and formatted
output packages.

Automatic data-type checking
Symbolics systems solve data-type prob-
lems, not the programmer. The architecture
of the system provides automatic run-time

data-type checking with no performance
penalty. Programmers spend their time
making the application work; they don’t
waste time making the computer work.

Advanced debugging

Symbolics’ advanced debugging facilities
allow you first to examine the state of the
run-time environment, and then choose either
to abort the execution or modify intermediate

results and continue. Also, unlike

other systems, Symbolics’ multi-processing
environment allows you to use the editor and
all other programming tools to determine the
cause of an error, without throwing away the
error context.

Fastest edit-compile-debug loop
To make a change to a program on con-

ventional systems, the changed file must be
written to disk, compiled, linked with other
files, loaded, and then executed. To do this

ar every bug and change is very time con-
S g With Symbolics, only the change
is recompiled;inking and all other steps
are eliminated. V g.conventional
systems might require houts+ta
relink and reload hundreds of files

or one change, it takes Symbolics
onlyseconds.

Rapid prototyping
Built-in facilities, automatic data
type checking, advanced debugging,
and fastest edit-compile-debug loop
give Symbolics systems the best
environment for prototyping applica-
tions. While others are still writing
specifications, on a Symbolics sys-

p-be.showing Cl ome

adem or prototype application.
Smart garbage collection

Garbage colleetiorris an essen-
al attribute of all Lisp systems.
Symbolics’ advanced hardware and
software provide it-fast;and in paral-
ithrother operations. Smart gar-
bage collection means programmesrs
need only manage applicatiofis, not
memory. This iner€ases program-
mer productivity and the runtime
speed of applications because there’s no
need to slow down or stop to collect gar-
bage. Some programs can even run faster wi
garbage collection turned on.

32-bit data turbo charged
The performance of garbage collection
and data-type checkinig are improved by
Symbolics’ uniqtie 36-bit design. Dedicated
bits are uséd to reduce the size of data stor-
age-and to establish and check data-types.
imultaneously, Symbolics supports IEEE
standard 32-bit floating point formats.

Faster program maintenance
All of the above allow you to periodically
update your software quickly, accurately,

and incrementally, while consuming a mini-
mum amount of programmer hours and
investment dollars.

EASE OF INTEGRATIO!

No other Al system or workstation vendor
offers the ease of integration into heteroge-
neous computer environments like Symholics.
If you own a multivendor network, the best
Al workstation for you is a Symbolics.

Largest installed base for Al
ymbolics has over 3000 systems installed

in a wide range of applications; that's 2 times
as'many as our closest edbmpetitor.

Transparent networking
Upwards of 90%0f all Symbolics systems
delivered to ddte are used in heterogeneous
environmepfs. That’s because Symbolics is
the only yéndor that networks transparently
to UNEX ™ Digital™ and IBM® One simple
comrhand is all it takes to access information
from those systems, because the Symbolics
t” enough to initiate

, Symbolics supports

workstation is “intelli
the proper protocols.

Symbolics and Genera are trademanrks of Symbolics, Inc. UNIX is a trademark of American Telephone and Telegraph. DIGITAL and DECnet are trademanrks of Digital Equiprment



pect for*360007

Ethernet, TCP/IP, DECnet,™ and SNA stan-
dards to integrate Al into existing environments.

Comprehensive integration of standard

computer languages
Symbolics offers full support of a range of
industry standaxd

Best team-oriented software

development

Symbolics systems allow programs or pro-
gram updates to be distributed to all devel-
opers as they’re written, continuously inte-
grating the work of individual contributors.

Similar benefits apply where both users
and developers of a program are working
together in the same network environmen
Users can choose a supported versign; and
developers can choose the latest eXperimen-
tal one.

er 100 major applications
running toda
From aireraft design to video gamnie develop-
ment,8ymbolics has more-AT workstations
tfivolved with more applications than any
of our compétitors. That’s because
arbolics systems are versatile, and
adaptable to any environment. And we
offer more off-the-shelf third pa
applications than any other-AfVendor.

ADVANCED TECHNOLOGY

In 1980, Symbolics became the first
ufacturer of Al systems. No one has

2 Seas we
do. And no one comes close to Symbolics
in software development technology.

There are many reasons why the
company with the most advanced tech-
nology is the best choice for you.

much-e ence-and expe

Widest range of system

configurations to meet your needs
Symbolics offers the industry’s broad-
0f Al systems from low end
ry 0 high.end development.
our techno-
logically
advanced
WOrKsia-
tions aren
just godd-for Al For instance, many of
our customei e Symbolics systems
for CASE, image precessing and
database management. S0ou can buy
Symbolics knowing there’s a syste)
that's right for your application.

Investment in R&D

Symbolics’ investment in R&D is signi-
ficantly larger than the industry average.
That'’s why we're the industry leader in devel

Current saftware investment
\ protection
Your current software written in standard
languages can still be used on a Symbolics
system. And using Symbolics workstations,
you'll be able to upgrade your software with
Al functionality in Lisp or Prolog.

oping advanced technology. And why customers
can depend on us to keep them on the leading
edge with fully compatible systems.

Best training in the industry

The best way to become an expert in Lisp
and advanced software design and develop-
ment systems is to learn from the experts:
Symbolics. We've trained more people in Lisp
than any other company.

Excellent consulting services

Worried the most advanced Al technology
might be too advanced for your needs?
Symbolics consultants can implement a cost-
effective system that makes sense for you
today, while allowing for your company’s
increasing needs tomorrow. We can help get
your system up-and- running fast, giving you
any necessary help along the way.

BEST PRICE PERFORMANCE

Each Symbolics system, from low end to
high end, offers the best price performance in
its class. And each has the features mentioned
above. You can purchase the best system for
your application, confident that no other is as
cost efficient.

Symbolics adds value to your

current investment

Adding Symbolics workstations to your
current network will make programming up
to 50 times more efficient—that is, easier,
faster, and much more accurate.

Even our competitors use Symbolics

To the world's largest computer companies,
getting reliable software to market, fast, often
means the difference between a product
making a huge profit, or a huge loss. They
expect the best from their Al and advanced
software development workstations, and they
get it, from Symbolics.

If you expect the best return possible on
your investment in advanced software devel-
opment, call Symbolics. Our representatives
will tell you how, for $36,000, you can get the
fastest, most compatible, most technologically
advanced software development system —one
with the highest capacity and the best support
of industry standards.

Symbolics. 11 Cambridge Center,
Cambridge, MA 02142.

7—800—23 72401
7—800—233—5083

symbolics

Corporation. IBM is a registered trademanrk of International Business Machines Corporation. Ads is a registered trademanrk of the United States Department of Defense.
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I In just seven years, America's boldest project to date, NASA's
Space Station, will gleam from the sky. A laboratory for scien-
tific research and the development of new technologies, the Space
Station will be a permanent observatory enabling us to look down
on earth and up at the stars.

As this issue goes to press, contractors are vying for the four ma-
jor work packages comprising the detailed design and development
of Space Station systems and components.

Work package 1, managed by the Marshall Space Flight Center
in Huntsville, AL, includes the laboratory, habitat and logistics
modules and resource node structures. Johnson Space Station, in
Houston, will manage work package 2. Johnson's work package will
include the structural framework and station subsystem develop-
ment. The third work package, managed by the Goddard Space
Flight Center in Greenbelt, Md, includes the free-flying polar-
orbiting platform and attachment points for externally-mounted in-
struments and payloads. Work package 4 will be managed by Lewis
Research Center in Cleveland, Ohio. It consists of the Space Sta-
tion’s power system, which includes power generation, condition-

ing and storage, and management and distribution.

For the role of Program Support Contractor, NASA selected
Grumman Corporation of Bethpage, NY. Grumman will assist the
Program Office with systems engineering, analysis and integration
activities, and will also support the NASA field offices.

NASA's Space Station concept includes both manned and un-
manned elements. The manned base will be parked in earth orbit,
about 250 miles high. The unmanned free-flying platform will be
launched into a 495-mile-high polar orbit. As part of NASA's Earth
Systems Science program, the platform's equipment will permit
synergistic studies of the earth's atmosphere, land masses and
oceans, helping us understand the global impact of changes to any
one of the millions of factors influencing the environment.

The baseline configuration of the manned base consists of a
horizontal truss nearly 445 feet across and 5 meters wide. Two iden-
tical house-trailer-sized modules will be attached to the truss. One
a laboratory and the other a habitat, they'll have the same at-
mosphere as earth. Inside these modules, eight-person Space Sta-
tion crews will live and work year-round, on shifts lasting up to six
months. Five shuttle flights a year are planned to visit the station.
They'll bring new experiments, raw materials for processing, spare
parts and other supplies, and return finished products to the earth.
Four nodes will connect the laboratory and habitation modules. The
nodes will house many of the Space Station’s utilities and sub-
systems. Eight solar cell arrays will provide 75,000 watts of
electricity.

NASA estimates the Space Station will cost about $14.6 billion
in 1987 dollars, spread out over 11 years. At its peak, the program
will create 20,000 to 25,000 direct jobs around the country. If indirect
employment is included, this figure would rise to about 50,000 to
60,000 jobs.

The Space Station has an international flavor to it as well. The
11-nation European Space Agency, Japan and Canada performed
parallel design studies with NASA and identified elements they
plan to contribute once negotiations on the management and use
of the station have been signed by their respective governments.

Space Station personnel won't commute to work, but less than
10 years from now, they’ll have the best scenery of all, and the most
unique offices in or out of this world. [J
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1 Ensure dry circuit
conditions with a
20 mV clamp.

Keithley’s new Model 580
Micro-ohmmeter combines
three performance features no
other single micro-ohmmeter
has. For example, in its Dry
Circuit Test mode, the Model
580 ensures that the open cir-
cuit test voltage never exceeds
20 mV. This is important, since
too high a test voltage can
puncture oxides or films

on contacts,

2 Measure bonding resist-
ances and more with
selectable waveforms.

For bonding applications, the
Model 580 has 10 micro-ohm
sensitivity, an optional battery
pack, and multiple test leads.
With pulsed test current, the 580
automatically compensates for
thermals, and for temperature-
sensitive components, these pulses
can be triggered individually. For
tests on inductive components,
DC current is available.

Interface to your
computer with
the IEEE-488 option.

Use the Model 580 as a stand-
alone instrument or select the
optional analog output and [EEE-
488 bus interface and use it in a
computer-based system. All front
panel features are programmable.

Like other Keithley instruments,
it has relative zeroing, autoranging,
and digital calibration, making
measurements faster and more
convenient.

For a brochure or demonstra-
tion of the new Model 580
Micro-ohmmeter, call your local
Keithley representative or the
Product Information Center at
the address below.

Instruments Division
Keithley Instruments, Inc.
28775 Aurora Road
Cleveland, Ohio 44139

(216) 248-0400
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Artificial Intelligence Section Team,
Technology Development and Applications
Branch NASA/Johnson Space Center

Robert T. Savely

ain sluices down as the 747

holds at the runway. Passen-

gers grumble impatiently. The
holdup? Avoiding windshear. An alert
from a computer-based expert system,
“Airline Operations Al"" evaluated cur-
rent and past weather, runway length,
aircraft weight, time of day and similar
conditions at other airports, compared
them to those stored in its memory,
and gave the ‘‘no-go” recommenda-
tion. How did it come about? Another
outgrowth of NASA technology.

NASA, in its long and short-term
goals—which include, but are not lim-
ited to the Space Station, a manned
lunar base and extended probes of the
solar system—will rely to a great ex-
tent on the effective use of automation
technologies, which call for increased
availability of artificial intelligence and
expert systems. To answer this need,
the Artificial Intelligence Section (AIS)
of the Mission Planning and Analysis
Division at Johnson Space Center
(JSC) developed CLIPS, the C Lan-
guage Integrated Production System,
a software tool to develop and deliver
expert systems (see box). The proto-
type version of Airline Operations Al is
based on CLIPS.

CLIPS incorporates a number of
features required for general use on
conventional computers. It requires
only a small amount of memory, and
can be easily ported to PCs. Unlike
LISP, acomputer language commonly
used for expert system applications,
CLIPS is written in the familiar C

12

language. Distributed by NASA's
COSMIC, the program costs only $200,
compared to the $30,000 to $60,000 for
commercial expert systems programs.
CLIPS also includes numerous hooks
to allow easy integration with other
software, enhancing its portability.
Rule-based expert systems developed
on expensive, user friendly Al hard-
ware systems can be converted to run
in CLIPS, which is specifically design-
ed to allow such easy conversion.
Once in CLIPS format, the expert sys-
tem can be easily embedded into any
application hardware.

Applications

One of these applications may take
place on NASA's space station, where
aradio link to earth will transmit audio,
video, operational and payload status
reports 24 hours a day, at over 300
Megabits per second. To keep this
communications system dependable,
the Communication and Tracking Con-
trol and Monitoring Subsystem branch
at JSC uses CLIPS to model an intelli-
gent fault management system. One
part of the system uses Travelling
Wave Tubes to generate the radio sig-
nals. High voltages at the tubes’ con-
tact points are continuously moni-
tored by the expert system. Should
they vary past predefined limits, CLIPS
will detect the impending failure, iso-
late it, and come up with a recommen-
dation to resolve the problem.

Another JSC application uses
CLIPS to prototype the TRACKEX pro-

gram. This expert system helps the
Space Shuttle mission planners sched-
ule radar tracking stations to support
Shuttle missions. During a mission,
the Shuttle is continually tracked by
both ground radar stations and the or-
biting Tracking and Data Relay Satel-
lite System (TDRSS). These radars pro-
vide ground controllers information
about the Shuttle’s position and veloc-
ity, for use in satellite rendezvous or
launch activities. In addition to being
expensive to operate, not all of the
radars are needed all the time. Mission
planners examine pre-flight informa-
tion to optimally schedule the radars
to provide adequate coverage at the
lowest cost. With TRACKEX, this job
was telescoped from two weeks down
to two hours for each mission. Other
expert systems at JSC under develop-
ment using CLIPS include an expert
system to train Mission Control Center
flight controllers who monitor the on-
board navigation systems in the Space
Shuttle and an intelligent interface to
the Macsyma problem solving tool,
which derives the roots of complex
mathematical equations. CLIPS allows
for easy information input to the
software.

CLIPS is also used at other NASA
centers. To control teleoperated ro-
bots during space station construc-
tion projects, a group at Langley
Research Center has designed an ex-
pert system that converts high level
task commands such as ‘“‘connect a
strut to a node” into the 50 or 60
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At Texas A&M University, CLIPS has helped develop a
Weed Control Advisor program for rice producers. It will
help farmers select the optimal herbicides for their rice
fields. Photo courtesy Dr. Robert N. Coulson

s
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Sharon Des Rosiers at the University of Arizona
developed an expert system with CLIPS that diagnoses
mulberry tree diseases. This photo shows the effect of
the fungus Hendersonula Toruloides—a sooty canker
eating into the tree. Photo courtesy Tom Kruk

A NASA Developed
Expert System Tool

specialized menu commands required
for even the most elementary of con-
struction tasks. The expert system will
also enhance manual control, oversee-
ing inputs made by a human operator
to prevent them from confusing or con-
torting the robot. Alternatively, an op-
erator can override or assist the expert
system as it guides a robot; the opera-
tor's joystick input will be smoothly
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meshed with the robot's instructions.

Another Langley application uses
CLIPS in a program that integrates
graphics, databases, and a rule base
as part of a structural design system.
The program will help select the best
structure to support point loads in two
dimensions. At Marshall Space Flight
Center, an expert system that arranges
mission manifests for Spacelab mis-

sions was developed in CLIPS. God-
dard Space Flight Center researchers
use CLIPS for ground support systems
that perform fault isolation and diag-
nosis of TDRSS communication links.
CLIPS has also been used at Goddard
to develop an expert system that per-
forms quality assurance and data in-
tegrity testing of data files from the
Spacelab output system.

CLIPS has found acceptance out-
side of NASA as well. Texas A&M Uni-
versity uses CLIPS in several applica-
tions. One example is an expert sys-
tem that helps rice farmers choose the
proper herbicide to use on their rice
fields. The system recommends a so-
lution for the farmer by combining in-
formation about the various kinds of
rice, the type of weeds common to
south Texas, the maximum allowable
dosages per acre, and previously used
herbicides. It has been developed on
an |IBM PC AT with an interactive inter-
face that allows non-computer users
to easily consult the system. Another
application at Texas A&M uses CLIPS
as part of an Intelligent Geographic In-
formation System which models pine
bark beetle infestations in the south-
ern United States. The University of
Arizona also uses CLIPS in a number
of applications, including an expert
system to diagnose plant diseases and
one to advise onirrigation scheduling
that will interface directly with existing
evaporation monitoring systems. In-
ference Corporation, a major expert
system tool vendor, will be marketing

13



CLIPS has helped schedule operation of
NASA’s worldwide space communica-
tions and tracking network, which in-

an enhanced version of CLIPS as part
of their ART product line.

Training

The low cost and relative ease of
use of CLIPS has made it an attractive
language for teaching new users about
expert system technology. The avail-
ability of the CLIPS source code and
high portability allow universities and
other organizations to quickly install
CLIPS on both small computer sys-
tems and their multi-user machines,
making widespread training possible.
Texas A&M University and the Univer-

sity of Houston-Clear Lake both teach
CLIPS in their expert system classes.

The program is also used by the Air
Force Institute of Technology and the
University of Arizona, for introduction
and training in expert systems.
Expert systems hold great potential
for improving the use of automation,
not only for NASA programs, but for
other government, academic, and in-
dustry applications as well. Despite its
recent emergence from research envi-
ronments, expert system technology
is well understood and ready for ap-
plications. Through the use of tools

cludes this S-band antenna. NASA Photo like CLIPS, it can be made available in

almost any computing environment for
a wide range of applications. [J

Appendix: NASA, Dod, or other government
agencies may obtain CLIPS by contacting the
CLIPS Help Desk 9:00 AM to 4:00 PM CST
weekaays at (713) 280-2233. CLIPS is available
for nongovernmental use through COSMIC,
whose address is given on page 20.

Your best defense-against EMI

military or commereial

About CLIPS Team Members:

Robert T. Savely, a NASA employee since
1963, heads the Artificial Intelligence Sec-
tion at NASA/JSC. He obtained a B.S. in
Math and Physics from the University of
Nebraska in 1961. Savely has been
presented with numerous NASA awards
and received the Presidential Medal of
Freedom as a member of the Apolio 13
operations team. He developed the Al lab at
JSC and, in the past, has either designed or
directed the design of the Shuttle Onboard
Navigation System that contains several ex-
pert systems for failure detection, isolation,
and reconfiguration. Motivated by the goal
of placing expert system technology on
every NASA computer, Savely conceived
the original CLIPS concept.

Chris Culbert, a NASA employee since
1981, is amember of the Artificial In-
telligence Section. He holds a B.S. in
Aerospace Engineering from the University
of Arizona (1981), and a M.S. in Physical
Sciences from the University of Houston-
Clear Lake (1986). Prior to joining the AIS,
Mr. Culbert was a flight controller for Space
Shuttle missions where he participated in
10 Shuttle flights. Since joining the AlS,
Culbert has played a lead role in evaluation,
transfer, and development of Al technology
with special emphasis on expert system
development and verification methodolo-
gies. He has also been responsible for coor-
dinating CLIPS documentation and has
developed utilities and interfaces for the
program.

Gary Riley received his B.S. in Computer
Science from Texas A&M University in
December of 1984. Since graduation, he has
worked in the Artificial Intelligence Section.
His work includes the evaluation and
transfer of Al technologies, the construc-
tion of several expert systems, and the
development and maintenance of release
versions of CLIPS.

Frank Lopez, a former co-operative educa-
tion student, recently rejoined the Artificial
Intelligence Section after receiving his B.S
in Computer Science from Purdue Universi-
ty in 1986 and his M.S. in Computer Science
from the University of lllinois in 1987. While
with the AIS in 1985, Lopez developed the
initial version of CLIPS. O

To start, get Amico’s EMI enclosure catalogs — #204 for
military and heavy duty, #650 for FCC and commercial.
They're FREE and so is the call.

Then, when you're ready to start your project, call Amco
with your requirements for a FREE INITIAL
CONSULTATION and cost estimate.

Why Amco? Because there’s no room for compromise
when you have to meet rigid specifications like MIL 285,
FCC requirements or Tempest program. Amco has the
EMI experience and know-how that goes back to 1962,
when we developed the first modular EMI system for
NASA. Amco has led the industry in EMI shielded
consoles and cabinets ever since.

But most important of all, Amco will give you the help
and advice you may need to make sure you’re not buying
more or getting less than what your requirements call for.

CALL TOLL FREE 1-800 833-3156
In lllinois, Call (312) 671-6670

Over Four Decades “Quality is No Accident”
Designed & Built In The US.A.

I \\\\I nmco

TWX: 910-227-3152

AMCO Engineering Co.
3801 North Rose St.

Schiller Park, IL 60176-2190
in lllinois call (312) 671-6670

FAX: 312-671-9496

See us at Wescon—San Francisco—Booth #2138-42 | a
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“State of the art”
IS a state of mind
at Data-Control Systems

DCS has built its reputation on reliability
and quality in the field of telemetry
equipment. Since joining the CompuDyne
family of companies, our access to addi-
tional funds, personnel and technology
has further enhanced that reputa o
by fueling an aggressive proc
development prograr

3 mzer and the
v “FM Demodulator. This year will
8¢ the introduction of a new Bit
Synchronizer, a new PCM Decommutatga
a Tunable QPSK/BPSK Demodulatog
chronizer and other innovati .
employing the latest inSP, PLA
LCA technology.,
At DCS, “staté of the art” not only
describes our products but our state g
mind. Our commitment to “take it (g
“the edge” Our determination tQ
= the lead. And keep it.

i
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QUANTA SYSTEM: CORPORATION
DATA-CONTRC 'SW EMS
CompuDynq D¢ 2 Electronics Group
1455 Researmnéulevard :
Rockville, MD 20850
01) 279-8798
47 TWX (710) 828-9785
8295 Westminster Avi
Westminster, CA 92
(714) 894-4471
TWX (910) 596+
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Technology
that breaks
design
barriers.

THORNEL® Carbon Fibers

New solutions. Whether you are devel-
oping aerospace designs for the next cen-
tury or aircraft designs for the near future
we can help you like no other carbon fiber
supplier can.

Technological superiority. Our state-of-
the-art production facilities are computer
controlled to provide materials with dem-
onstrated low coefficients of variation. You
can design closer to the limit and use our
materials with more confidence and
efficiency.

Domestic security. Our THORNEL
fibers are made in fully integrated facilities
right here in the U.S.A. Our Greenville,
South Carolina plant has been on-line since
1982 producing fiber for a range of applica-
tion requirements. If domestic fiber is as
important to you as it is tous, you can qual-
ify it now for that major program.

Accessible experience. WWe have been on
the leading edge of carbon fiber technology
since the early [960's. That experience
enables us to offer you unmatched
research and development, and superior
technological support. We are, in fact,
uniquely qualified to work with you in solv-
ing your individual materials problems
because our fully integrated plants are here
in the States.

Talk to us. Ask us questions. The earlier
you involve us in the development process,
the more we can help you. Call Amoco Per-
formance Products, Customer Service at
1-800-222-2448.

Because there should be no barriers to
design freedom.

THE ALL AMERICAN SOLUTION

&
AT

AMOCO
-l

Amoco Performance Products
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New Product Ideas are justa  priate section in this issue. If you  length article or by writing the
few of the many innovations are interested in developing a Technology Utilization Office of
described In this issue of NASA product from these or other NASA  the sponsoring NASA center (see
Tech Briefs and having promising  innovations, you can receive fur- page 20). NASA’s patent-licensing
commercial applications. Each is ther technical information by re- program to encourage commer-
discussed further on the questing the TSP referenced at cial development Is described on
referenced page In the appro- the end of the full- page 20.
Temperature-Controlling liable, insensitive to electrical noise, and ~ Thermosetting

Circuit

A simple circuit switches the current to
an electrical heater on and off to maintain
the temperature of a room at 25 +0.5 °C.
The circuit is lightweight, compact, re-

uses a single 5-Vdc power supply. A ther-
mistor provides the input signal for a sim-
ple temperature controller. The output of
the controller is applied to a solid-state
relay, which in turn switches the current
to a resistance heater. (See page 28).

MICROFOGUS
X-RAY TUBE

Air Cooled, Permanently Sealed

NS

A 10 micron spot size is capable of
magnifying images with little distortion, but if
maneuverability and reliability are limited by
typical oil cooling lines and demountable
tube vacuum systems, practicality is lost.
Downtime runs high.

Kevex’ solution to the industry-wide problem was to develop
a hermetically sealed x-ray tube more adaptable to the Quality
Controller’'s environment and specifications.

The new KM10005S x-ray tube is air cooled and rated to
125 kV. The unique design and construction promises low
maintenance, high performance, and a low cost.

Applications for x-rays are diverse, requiring application-
specific solutions. If your company is involved with the
inspection of ceramics, microelectronic components, turbine
blades or other components requiring magnified images,
contact Kevex for an answer to your needs.

Kevex Corporation X-Ray Tube Division
320 El Pueblo Rd.
Scotts Valley, CA 95066 (408) 438-5940
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Fluoropolymer Foams

A new process makes fluoropolymer
foams with controllable amounts of inert-
gas fillings in the foams cells. The filling
gas can be air, oxygen, nitrogen, or any of
a variety of elements and compounds
that do not react chemically with the mix-
ture. Unlike foamed thermoplastic fluoro-
polymers, the thermosetting fluoropoly-
mers do not require foaming additives
that leave undesirable residues and need
no molding and sintering at temperatures
of 240 to 400°C. (See page 54).

Dual-Energy X-Radiography
With Gadolinium Filter

In a proposed dual-energy x-ray imag-
ing system, the continuous bremsstrah-
lung spectrum from an x-ray tube would
be filtered by a foil of nonradioactive
gadolinium or another rare-earth metal to
form a two-peaked energy spectrum.
After passing through the patient or ob-
ject under examination, the filtered radia-
tion would be detected by an array of
energy-discriminating, photon-counting
detectors. The images formed at the two
peaks reveal more than a single image.
(See page 36).

Powered Lift for
Paraplegics

A battery-operated lift is designed to
aid paraplegics by raising or lowering
them from or to a bed, toilet, or wheel-
chair, for example. The paraplegic con-
trols the operation of the lift with a toggle
switch and a joystick. When it is not in
use, the lift can be plugged into a house-
hold electrical outlet for recharging. (See

page 88).

Interface for
Color-Video Monitor

A commercially produced color-video
monitor is modified by the addition of an
interface circuit to accommodate a
wider-than-usual range of scanning rates
and resolutions. The monitor displays a
properly adjusted picture, as long as the
input video signal conforms to one of
several industry standards. The interface
adapts the monitor within 1 second to
changes in rates or resolutions, with little
or no intervention by the operator and
without having to be turned off for ad-
justments. (See page 46).
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BEYOND THE EDGE

CompuDyne Corporation
Corporate Offices

2024 West Street

Suite 306

Annapolis. MD 21401
(301) 841-5577

FAX: 3018415223

Advanced Navigation, Inc.

61 Thomas Johnson Drive
Frederick. MD 21701

(301) 695-4040

TLX: 325994

Until recently, a defense electronics company active in
state-of-the-art developments was considered on the
leading edge of technology. But major companies com-
peting in today’s marketplace are reaching beyond yester-
day’s frontiers with accelerating emphasis on innovation.
CompuDyne is one of these companies.

Each of our subsidiaries is a strong factor in its mar-
ket. Each is autonomous, with its own identity. Yet they all
possess common characteristics. They enjoy the assurance
of financial stability. They can depend on a receptive attitude
to aggressive R&D programs. They share an unwavering
dedication to the highest level of technology. And they
can work together to solve a customer problem with an
integrated systems approach.

This individual/group flexibility not only enhances the
capability of each company, but it makes the Group greater
than the sum of its parts. It adds a dimension that takes
CompuDyne's Defense Electronics Group — and you —
beyond the edge.

COMPUDYNE CORPORATION

Defense Electronics Group

CompuDyne International
2024 West Street

Vega Precision Laboratories, Inc.

Quanta Systems Corporation
800 Follin Lane

Data-Control Systems

Suite 306 Vienna, VA 22180-4994 OAR
Annapolis. MD 21401 (703) 938-6300 1455 Research Boulevard
(301) 841-5577 TLX: 892521 Rockville, MD 20850
FAX: 3018415223 (301) 279-8700
TLX: 7108289785
FAX: 3017620823
CompuDyne Air Traffic Control Vega-Cantley Instrument Company Limited

10447 Roselle Street

San Diego, CA 92121-1597
(619) 453-4013 Uxbridge (0895)
TLX: 697852 56337/53558
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If you're aregular reader of TECH BRIEFS, then you're already
mmungmofomoﬂmw-mdno-coatmmy:“
ga‘SEAFg Technology Utilization (TU) Network. But

su

needs. We encourage X ormation,
access, and appllcatms services offered by NASA's
Technology Utilization Network.

How You Can Utilize NASA’s Industrial Applications Centers—A nationwide network offering abroad range
of technical services, including computerized access to over 100 million documents worldwide.

ou can contact NASA's network of Industrial Applications Centers (IACs) for assistance in solving a specific technical problem or meeting your
information needs. The “user friendly” IACs are staffed by technology transfer experts who provide computerized information retrieval from one of
the world's largest banks of technical data. Nearly 500 computerized data bases, ranging from NASA's own data base to Chemical Abstracts and INSPEC,
are accessible through the nine IACs located throughout the nation. The IACs also offer technical consultation services and/or linkage with other experts
inthe field. You can obtain more information about these services by calling or writing the nearest IAC. User fees are charged for IAC information services.

Aerospace Research Applications Research Triangle Park, NC 27709 NASA/UK Technology NASA Industrial Applications
Center(ARAC) J. Graves Vann, Jr., Director Applications Center Center (WESRAC)

Indianapolis Center for (819) 549-0671 University of Kentucky University of Southern California
Advanced Research NASA Industrial Applications Ctr. 109 Kinkead Hall Research Annex

611 N. Capitol Avenue 823 William Pitt Union Lexington, KY 40506-0057 3716 South Hope Street,
Indianapolis, IN 46204 University of Pittsburgh William R. Strong, Director Room 200

Dr. F. Timothy Janis, Director Pittsburgh, PA 15260 (606) 257-6322 Los Angeles, CA 90007

(317) 262-5036 Paul A. McWilliams, Exec. Director NERAC, Inc. Radford G. King, Acting Director
Central Industrial Applications (412) 648-7000 One Technology Drive (213) 743-8988

Center/NASA (CIAC) NASA/Southern Technology Appli- Tolland, CT 06084 (800) 642-2872 (CA only)
Southeastern Oklahoma State U.  cations Center Daniel U. Wilde, President (800) 872-7477 (toll-free US)

Station A, Box 2584 P. O. Box 24, Progress Ctr., One (203) 872-7000 NASA/SU Industrial
Durant, OK 74701 Progress Blvd. Technology Application Applications Center
Dickie Deel, Acting Director Alachua, FL 32615 Center (TAC) Southern University Department of

(405) 924-6822

North Carolina Science and
Technology Research Center
(NC/STRC)

Post Office Box 12235

If you represent a public sector organization with a particular need, you can contact NASA's Application Team for technology matching and problem solving
assistance. Staffed by professional engineers from a variety of disciplines, the Application Team works with public sector organizations to identify and
solve critical problems with existing NASA technology. Technology Application Team, Research Triangle Institute, P.O. Box 12194, Research Triangle
Park, NC 27709. Doris Rouse, Director, (919) 541-6980

J. Ronald Thornton, Director
(904) 462-3913

(800) 354-4832 (FL only)

(800) 225-0308 (toll-free US)

University of New Mexico
Albuquerque, NM 87131
Stanley A. Morain, Director
(505) 277-3622

Computer Science
Baton Rouge, LA 70813
John Hubbell, Director
(504) 771-2060

How You Can Access Technology Transfer Services At NASA Field Centers:
Technology Utilization Officers & Patent Counsels—Each NASA Field Center has a Technology Utilization
Officer (TUO) and a Patent Counsel to facilitate technology transfer between NASA and the private sector.

If you need further information about new technologies presented in NASA Tech Briefs, request the Technical Support Package (TSP). If a TSP is not available,
you can contact the Technology Utilization Officer at the NASA Field Center that sponsored the research. He can arrange for assistance in applying the
technology by putting you in touch with the people who developed it. If you want information about the patent status of a technology or are interested
in licensing a NASA invention, contact the Patent Counsel at the NASA Field Center that sponsored the research. Refer to the NASA reference number
at the end of the Tech Brief.

Ames Research Ctr. National Space Langley Research Ctr. Jet Propulsion Lab. George C. Marshall NASA Headquarters
Moffett Field, CA 94035 Technology Labs. Hampton, VA 23665 4800 Oak Grove Drive Space Flight Center Washington, D.C. 20546
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in the Computer Programs section. COSMIC publishes an annual software
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Excellence

1S not

a goal.

. NASA and The

| American Society
for Quality Control
have given a special honor to the IBM
Federal Systems Division.

They presented us with the first NASA
Excellence Award for Quality and Produc-
tivity, citing our “outstanding contribution
to the nation’s aerospace program” in pro-
ducing software for the Space Shuttle.

We're proud to receive this honor. And
equally proud of our contribution.

Over the years, we've written more

sa
standard.

than 10 million lines of software code for
NASA. Our software guides, navigates,
controls and monitors the Space Shuttle
during flight.

Since joining the Shuttle program, we’ve
reduced the number of on-board program
errors to near zero. And we've significantly
shortened the time and reduced the effort
needed to reconfigure flight software.

So thanks, NASA. Thanks for recog-
nizing that excellence isn't merely a
goal to us.

It’s a standard.

@®

der: emn

Fe: 1s Division

al Sys
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It’s time we raised our sights again.
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Diffractively Coupled, Refractively Guided Lasers

Semiconductor-laser arrays would be more reliable, more powerful, and easier to make.

NASA's Jet Propulsion Laboratory, Pasadena, California

A type of index-guided semiconductor-
laser array now under development is ex-
pected to exhibit performance and ameni-
ty to manufacturing superior to those of
gain-guided arrays. The improved design is
intended, in part, to eliminate the undesired
electromagnetic modes and mode shifts
that sometimes occur in the gain-guided
variety. Potential applications for such ar-
rays include optical communications,
ranging, printing, and recording.

Ordinarily, it is desired to make all the
lasers in an array oscillate in or near the
same phase. However, in gain-guided ar-
rays, evanescent-wave coupling distribut-
ed along the laser cavity tends to make ad-
jacent units operate in opposite phases.
Even in gain-guided arrays designed for
operation in phase, gain-saturation effects
can alter the modal characteristics.

In the improved, index-guided array the
lasers are uncoupled in their guided sec-
tions; instead, they are coupled by diffrac-
tion in the common section of the resona-

Cr/Au

Mirror/Window

Surface \
Resonator
4

Section

Phase
‘\ Difference
’\‘\///\’ {

e -

/)~

P = Alg 4 Gag g As SECTION BB’

GaAs

(LOC) n= Alov12 Gaoaa As
n* — GaAs Substrate

SECTION AA’

n — Alg 4 Gag g As

Figure 2. A Monolithic Laser Array could be made by standard epitaxial technigues. It could
also be made in part with polymeric materials to mitigate some of the deleterious effects of

Lasers

Figure 1. Reflected From the Mirror/Win-
dow at the end of the common resonator
section of the laser, energy refracted from
each laser enters the adjacent laser. This
mutual coupling establishes the phase re-
lationships among the lasers.

24

all-epitaxial processing.

tor. Upon reflection from the mirror (see
Figure 1), a fraction of each laser field is fed
to the adjacent laser, where it helps to
establish the phase of the oscillation. Over-

all, the phase relationships among the la-
sers in the array are determined primarily
by the length of the common resonator
section.
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THE PANASONIC QUAD SYSTEM CAN MAKE ANY

CCTV SYSTEM FOUR TIMES BETTER.
AVAILABLE ON GSA CONTRACT GSOOK87AGS0101.

The Panasonic® WJ]-450 Quad System.

It will make any CCTV system better
because it lets you watch four camera
locations simultaneously on one monitor.
No matter what kind of monitors or
cameras you have: black and white, color, or both.

Still, there’s more to the WJ-450 than turning one
monitor into four. Take its alphanumeric character
generator. Each camera location can be instantly iden-
tified by using up to six characters. That’s important.

You can even stop the action in any of the four
“blocks” thanks to the WJ-450's digital processor.

And freeze-framing can mean a lot when it comes to
making a clean ID.

So can a time-lapse VCR. In fact, when connected
to an alarm-activated time-lapse VCR, the WJ]-450 will
not only record the four Quad “blocks, ” it will automat-
ically go to the full-screen mode and display the location
where the sensor has been tripped.

There’s also a remote-control function for selecting
quad mode, camera channel and still picture.

The Panasonic WJ-450. It’s the one quad system
that can make any CCTV system four times better.

Panasonic

Closed Circuit Video Equipment

For more information and your copy of the Autho-
rized Communications Schedule Price List contact
your local Panasonic Industrial Video dealer or call
(703) 486-5533 (FTS: (202) 486-5533) or write to
Government Marketing Dept., Panasonic AVSG,
Suite 901, 1215 Jefferson Davis Highway, Arlington,
VA 22202-4302.

Panasonic ¥ . DIGITAL

QUAD - FREEZE/VIDEO SELECT TITLE SEY TITLE

@ @ 3 al

o - -

on on

o~
. e mGHT

WORD SELECT ————— SHIFT

'S
Color Quad System WJ--( I

Monitor pictures simulated.
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Plain talk
on why more
and more iy
workstation B

Namely, an entire family of
high-performance workstations
that thrive in multivendor envi-
ronments. They support industry
standards in networking, graphics,
the UNIX operating system, the

turmning to HP, ===

It means this. HP work-
stations fit your computing environ:
ment. And grow with you instead
of growing obsolete.

Need applications software?
No problem. You have your
choice of world-class HP solutions
in CAE/CAD, microprocessor
development, PCB test, and
more. For special applications,
we offer over 1,000 software

a registered trademark of AT&T in the US
er countries

hannel is a trademark of Network Systems Corp.

NFS is a trademark of Sun Microsystems



packages from our third parties.
So either way, you're covered.

Our new family of 32-bit
machines is complete, and gives
excellent value from low end to
high. Which means you can
choose the right workstation,
while getting the most from
your investment. Our Model
318M, starting at $4,990, sets
new standards in entry-level
price/performance. And the
Models 330, 350, and 825 pro-
vide the power for your toughest
technical applications.

Want extraordinary speed
and resolution in 2D and 3D
graphics? You'll find it on our
entire family. One good exam-
ple: the new Model 825SRX
Precision Architecture Super-
workstation. It combines 8 MIP
computation power with inter-
active solid rendering graphics.

Something else you should
know. The HP family is modular.

NP e

And works with an extensive
line of HP input and storage
devices, monitors, printers, and
plotters. So you can get a com-
plete system, supported as a
system, from one source.

Speaking of the source, HP
delivers unsurpassed service
and support, with a proven
reputation for minimizing your
overall cost of ownership.

Plus, no one anticipates
your future needs like HP. Our
vision of distributed computing
ensures that we will satisfy your
application requirements
tomorrow as well as we
do today.

Consider HP work-
stations now. See for
yourself why more and
more companies are turn-
ing to HP. Questions?
Call your local HP sales
office listed in the
telephone directory
white pages.

Tap HP's DATA-LINE for
complete facts...instantly!

For on-line information 24 hours
a day, use your computer,
modem, and HP's DATA-LINE.
Dial 1-800-367-7646 (300 or 1200
baud, 7 bits .

even parity,

1 stop bit). In
Colorado, call
1-800-523-1724.

(ﬁﬁ HEWLETT

PACKARD
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The array (see Figure 2) includes strip
buried heterostructure lasers. The fabrica-
tion of the array could start with the growth
of a large-optical-cavity (LOC) layer on a
GaAs substrate by liquid-phase epitaxy.
The individual lasers could be defined by
selective etching down to the LOC layer.
The spaces between the layers could be
refilled, either by the deposition of polyi-
mide or by epitaxial regrowth followed by
metallization and cleaving.

Because most of the optical field is con-
tained in the LOC layer, the dominant re-

flection is from the cleaved (end) mirrors,
not from the etched interfaces of the active
regions. The LOC-layer configuration helps
to assure high output in each laser even in
the absence of coupling. Each laser canbe
designed independently of the waveguide
coupling with the other lasers because that
coupling is relatively small.

Because the diffraction section of the
laser is not pumped, it acts as a non-
absorbing mirroriwindow. This reduces the
susceptibility of the mirror/window to
damage, thereby increasing the power

level at which the array can be operated
without breakdown.

This work was done by Joseph Katz, Jim
Cser, and William K. Marshall of Caltech for

NASA'’s Jet Propulsion . For
further information, Circle 112 on the TSP
Request Card.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, NASA Resi-
dent Office-JPL [see page 20]. Refer to
NPO-16927.

Temperature-Controlling Circuit

Operational amplifiers control large current to a resistance heater.

Ames Research Center, Moffett, California

A simple circuit switches the current to
an electrical heater on and off to maintain
the temperature of a room at 25+0.5°C.
The circuit is lightweight, compact, reli-
able, insensitive to electrical noise, and
uses a single 5-Vdc power supply. The cir-
cuit can handle ac loads of 10 A. It is de-
signed to operate outside the temperature-
controlled environment over a range of
—55t0 +85°C.

The temperature sensor is a thermistor,
which provides a differential input (for
reduced noise) to an operational amplifier
connected as a differential amplifier with a
small amount of gain (see figure). A
5-kilohm potentiometer is used to adjust
the set point through a voltage divider; a
value of 2.17 kilohms yields the 25 °C set-

ting.

A second operational amplifier is con-
nected as an inverting differential-input
comparator. The hysteresis voltage of the
output of operational amplifier 2 is deter-
mined by resistors R, and R,. Avalue of 1.2
kilohms was chosen for R, to furnish the
requisite input-level-setting voltage for the
comparator. A value of 22 megohms was
selected for positive-feedback resistor R,
to provide a moderate amount of hys-
teresis for adequate immunity to noise
while enabling rapid response to the slowly
varying input. A reduction of R, would in-
crease the hysteresis and therefore the de-
lay in response to temperature changes,
but would decrease the sensitivity to noise.

The output of operational amplifier 2

controls the electrical heater through a
zero-crossing solid-state relay. A transistor/
transistor-logic (TTL) gate adjusts the out-
put to the proper level for the relay. A
thermal switch is placed in series with the
heater and the ac supply for safety in case
of thermal runaway. A third operational
amplifier monitors the output of the ther-
mistor, providing a signal to a computer for
data logging.

This work was done by Gerald Temple of
Ames Research Center. No further docu-
mentation is available.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Ames
Research Center [see page 20]. Refer to
ARC-11707.

Operational
Amplifier 3

O
- TO COmputer

Thermistor:

b7 2
<

< Empirically for

10K at 25 °C e I 3
$ 470 (Determined

25 °C Calibration)

Operational
Amplifier 2

4

Operational
Amplifier 1

—s

1.2K

Vret Rq R2

Gate

All capacitances are in uF.
2. The temperature set point increases or decreases
with R3, which is set at 2.17K for 25 °C.
3. The upper and lower tripping voltages of operational
amplifier 2 are given by
Virip = Vref * Eg R1/(Rq + Rp), where V gt = the reference
voltage and Eg = the output voltage of the
operational amplifier.

O

ac

Power
Supply

Electrical
Heater

Thermal
Switch

A Thermistor Provides the Input Signal for a simple temperature controller. The output of the controller is applied to a solid-state relay, which
in turn switches the current to a resistance heater.
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@ Introducing PC AT Version 3

® ¢ ¢ The Serious Ada Compiler

For Serious Ada Programmers

If you're a serious Ada programmer today, or expect to be one—if
you're serious about DoD business and those new DoD directives
—you look for a lot more in your Ada compiler than just validation.
And the new fourth-generation Alsys Ada compiler Version 3 for
the PC AT and compatibles gives it to you.

Take code quality, for example. Version 3 generates the highest
quality code of any Ada compiler on any machine! Check the PIWG
benchmarks, and those of U-Michigan. Compare the quality with
code from the mature C and Pascal compilers you're used to. Check
especially where you might need quality most, and where Version 3
shines—in the implementation of procedure calls and exceptions.
The elimination of code associated with unused subprograms gives
you large reductions in code size in many applications.

Consider the Runtime Executive. True production quality. No
exception-handling overhead is incurred unless an exception is
actually raised. The Runtime is optimized for programs running in
limited memory, or running for a long time. That's serious.

Consider the Ada-specific high level optimizer technology (not
derived from Fortran or C) that removes redundant constraints
checks and does so much more for code quality.

Consider robustness and reliability. Version 3 is written in Ada
and bootstrapped through itself. That's proof right there that it will
compile 400,000 lines of Ada code. Beyond validation, we test our
compilers on hundreds of thousands of lines of extra code—from
the ACEC tests, and from Ada Repository programs, and from our
own specially designed code that breaks most other compilers.

There's a lot more that's serious about Version 3. The new Multi-
Library environment, for example, that maximizes the efficiency
of programming teams; error messages that correct, instruct, and
speed the programming process; human engineering; superb
documentation and customer support

Send for our free brochure
The Mary Focets of . Qi F

In the US: Alsys Inc., 1432 Main St., Waltham, MA 02154 Tel: (617 890-0030

In the UK: Alsys Ltd., Partridge House, Newtown Rd., Henley-on-Thames,
Oxon RG9 1EN Tel: 44 1491) 579090

In the rest of the world: Alsys SA, 29 Avenue de Versailles, 78170 La Celle
St. Cloud, France Tel: 33 (1) 3918.12.44

0000000000000 000000000000000000000000000000900
NTB 11/87

*Ada is a registered trademark of the U.S. Government (AJPO).

Name.
Company
Address.
City State Zip
Phone.
Alsys, Inc. * 1432 Main Street » Waltham, MA 02154
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Long-Life 115
Electrolyte for

Nickel/Hydrogen i |
Cells

Decreased initial capacity is
more than compensated by
increased cycle life.

1.05

1.00

Electrolyte

2 Concentrations
: S A 21%

Lewis Research Center, g 095 O 26%

Cleveland, Ohio g e
State-of-the-art nickel/hydrogen cells 2 090 ® 31%

use electrolytes containing 31 percent §' ® 36%

KOH. It is known that the cell capacity S

decreases as the concentration is de- B 085

creased from this value and increases as 'g

the concentration is increased. Because =

of this observation, the recommendation 0.80
had been to increase the electrolyte con-
centration in the cell.

However, experiments have shown a 0.75
surprisingly substantial increase of cycle
life of nickel/hydrogen cells when the
KOH concentration in the electrolytes 0.70 I
was decreased from the industry stan-
dard of 31 percent, while the life was
decreased when the concentration was 0.65
increased. This discovery is particularly
important in view of the prior recommen-
dation to increase the concentration toin- Figure 1. The End-of-Discharge Voltages were measured after repeated charge/discharge
crease the cell capacity. The benefit of
the increase of the cycle life as the con-

1 1 1 1 1 1 1 J
0 500 1,000 1,500 2,000 2,500 3,000 3500 4,000
Number of Cycles

centration is decreased is expected to 8= &
outweigh the reduction of the capacity at Electrolyte Concentrations
the beginning of life. - __ é 233:?
Life tests were carried out at 23°C, e S --I\ RGN &
using nickel/hydrogen boilerplate cells Sl e —e— 1%
containing flight-type nickel electrodes ; \ \ \\ —_—-—— 31%
and electrolyte of various KOH concen- \ TN NS —--- & 36%
trations (21, 26, 31, and 36 percent). The o %

regime of the life test was a continuous
cycling by 17.5-min discharge at the
2.74-C rate and 27.5-min recharge at the
1.92-C rate, resulting in a charge/dis-
charge ratio of 1.10 and a depth of dis-
charge of 80 percent of the rated capaci-
ty. The results of this life test to date are
summarized in Figures 1 and 2.

The test cells with 36 and 31 percent
KOH failed by low end-of-discharge vol-
tage of 0.9 V after 1,300 and 3,300 cycles
on the average, respectively, as shown in
Figure 1, while the cells with lower KOH
concentrations exceeded those lifetimes.
The cell capacities at various life cycles
are shown in Figure 2. The initial capacity
decreased as the KOH concentration was
decreased. However, the capacity change
(decrease) with cycling was also reduced
as the KOH concentration was decreased.
This benefit appears to outweigh the initial
capacity loss in many applications.

High cycle life is critically important for
nickel/hydrogen cells, especially for a Figure 2. The Charge Capacities of cells were measured after repeated charge/discharge
low-Earth-orbit satellite application where cycles. The electrolyte concentrations are the same as those of Figure 1.
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Whether your wdrk involves laser machining, semi-
conductor probing, inspection, optical systems, or any
other positioning application, Klinger’s high accuracy
MR/MRT stages provide cost-effective solutions to the
most demanding design problems.

From the smallest manually operated stage made to
one capable of carrying 150 pounds, these linear posi-
tioners offer a choice of drive methods which include
precision micrometers, fine pitch screws, or digital
micrometers.

Our MRS linear stages are provided without any
drive mechanism allowing you to devise your own
method of actuation.

All of our linear stages use a precision-ground bear-

ing system that guarantees their trajectory accuracy,
and they can be assembled for XY or XYZ applica-
tions. Options include preparation for vacuum and
clean room environments.

Don't compromise. The best is always
Klinger standards of engineering and mantfacturing,
as exemplified by our manually operated lineanstages,
have made us the world leader in micropositioning
systems. Get our free 212-page micropositionin
handbook for complete specifications on these a
thousands of othef. components.

Write or call Klinger Scientific Corporation,
110-20 Jamaica Avenue, Richmond Hill, NY 11418
(718) 846-3700. \

KLINGER .

irole, Newbury, (tel ) 44/635521 757 e Rtaly: Nache!

wsson & Co , Hagersten, (1el ) 08/744/03/00 e Japan: Hakuto Co Lid ., Tokyp, (tel ) 03/341/2611 eCanada: Ophkon Corp

’j Worldwide Network to Meet Your Needs e France: Micro Controle, Evry. (el ) 64979898 e England: Micro Control el ) 44/6
Itaka, Milano, (tel ) 02/9233 315 @ West Germany: Spindler & Hoyer, Gottingen. (tel ) 49/0/551/69350 @ Belgium: Mu'vu Cantrole, Bruxelles eSwitzerland: G M PS A |
Lausanne. (tel ) 46/21/33/3328 e Sweden: Mart

Lid . Waterloo, Ontano, (el ) 519/885/2551 @ Taiwan ROC: Pan-Co International Lid . Taipes, (tel) 886-2 391 4642 e Korea: Sam Joong Corp., Seoul, (tel ) 82-2 5480732 or 33




6,000 cycles are typically required per
year. The high cycle life can also be trad-
ed into low battery weight by operating
the battery at an increased depth of dis-
charge. High cycle life is also important
for such terrestrial applications as elec-

Reliable Wiring
Harness

Materials and design are
changed for immunity to
vibration and corrosion.

Marshall Space Flight Center,
Alabama

A new harness for electrical wiring in-
cludes plugs that do not loosen from vibra-
tion. In addition, the ground braids are
prevented from detaching from connec-
tors and are constrained so that the braids
do not open into swollen “birdcage” sec-
tions.

To prevent loosening, self-locking con-
nectors (see figure) are used. Even if they
are screwed on one turn loose, the con-
nectors tighten under vibration. The con-
nectors are made of stainless steel instead
of the corrosion-prone aluminum used pre-
viously.

The ground braid is held securely by a
ring of stainless-steel spring. The re-
sistance of the ground-braid termination is
low enough to protect the cable from
lightning. A boot sheathing the cable
prevents the “birdcages™ from forming. A
removable back shell provides access for
maintenance.

This work was done by Kenneth C.
Gaspar of Rockwell International Corp. for
Marshall Space Flight Center. No fur-
ther documentation is available.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Marshall
Space Flight Center [see page 20]. Refer to
MFS-29192.

A Spring of Stainless Steel Encircles the
ground braid. The self-locking connector
contains aratchet that not only prevents the
connector from opening, but tightens when
it is vibrated.

trical vehicles and aircraft.

This work was done by H. S. Lim and
S. A. Verzwyvelt of Hughes Aircraft Co.
for Lewis Research Center. Further in-
formation may be found in A86-24802,
“KOH Concentration Effect on the Cycle

Life of Nickel-Hydrogen Cells."

Copies may be purchased [prepayment
required] from AIAA Technical Information
Service Library 555 West 57th Street, New
York, New York 10019 Telephone No. (212)
247-6500. LEW-14301
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Stainless-Steel
Body

Locking Teeth
(Back-Shell
Engagement)

Ratchet
Spring

Ratchet

SELF-LOCKING-CONNECTOR VIEW ROTATED 180°

Anti-“Birdcage”
Boot

Stainless-Steel
Self-Locking
Connector

Spring Ring for
Ground Braid

Back Shell
(Access Cover)

ANTI-“BIRDCAGE” HARNESS
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100 YEARS OF EXPERIENCE
BRIDGES THE GAP.

For over 100 years, our name has meant
quality in machine tools. Over the years,
we've learned not only how to make quality
machine tools, but how to engineer them for
each industry s unique needs.

That’s how we made the T3886 Gantry
Robot, for the unique needs of the automo-
tive/aerospace industries.

It is the combination of everything we've
learned not only about machine tools but
about robots, too. Its a gantry unlike any the
aerospace/automotive industries have seen.

It is exceptionally strong with rigid
machine tool type construction, giving it a
load capacity of 200 Ibs with a velocity of 40
ips and a repeatability of +/-0.010 in.

. Itis extraordinarily flexible with a
unique three-roll wrist and six servoed axes.
It can do things that robots with other wrist

YOUR COMPETITIVE ADVANTAGE IN AUTOMOTIVE/AEROSPACE.
CINGINNATI

Safety equipment may h
opened (o clearly iflustra
be in place prior lo operatia

configurations cannot.

It is precise. Each axis is powered by its
own DC motor and drive system with feed-
back devices to measure the absolute position.

It is dependable. And it's simple. The
user can program over 10,000 points in
memory with a hand-held teach pendant or
use our ROPS offline programming System.

In all, the T3886 is everything you
would expect from the company that has
been supplying quality machine tools to
American industry for over 100 years.

It's the gantry that finally bridges the
gap between the acceptable and the ex-
ceptional. For information, : call 513-841-
6200. Or write Cincinnati g Milacron,
4701 Marburg Avenue, .  Cincinnati,
Ohio 2

MILACRON
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Extension of Subreflector Increases Antenna Efficiency
The subreflector is widened up to about 1 wavelength beyond the optical limit.

NASA's Jet Propulsion Laboratory, Pasadena, California

Paraboloidal
Main Reflector
T : : }
Di2
Optical
| ; & ¥ Axis
Optical-Limit
Hyperboloidal
|~ Subreflector Subreflector
d
- 4 - s
\
- - -] i \
Feedhorn f
: A - / \
Extended
? Subreflector
2a
n “ » VIEW A-A OF SUBREFLECTOR
F —>

Figure 1. The Offset Subreflector is extended beyond the geometrical optical limit by extending the hyperbolic surface until it meets an ellip-
tical cylinder that is parallel to the optical axis and has major axes larger than 2a and 2b, respectively.

According to calculations, the efficiency
of an offset Cassegrain reflector antenna
can be increased by about 8 percent by ex-
tending the edge of the subreflector out-
ward about 1 wavelength beyond the opti-
cal limit. Even though the main reflector
may then be partially shadowed by the
subreflector, the partial aperture blockage
is more than offset by the consequent re-
duction of diffraction on the subreflector.
Similar conclusions apply to symmetric
Cassegrain antennas.

The analysis was based on a parabolic
main reflector with a hyperbolic subreflec-
tor (see Figure 1). In a typical prior design,
the subreflector was placed so that its rim
just touched the imaginary cylinder ex-
tending parallel to the optical axis from the
rim of the main reflector; thus, by geometri-
cal optics, the subreflector was an optical-
limit subreflector.

The aperture efficiency of the antenna is
the product of the spillover, illumination,
polarization, and subreflector-diffraction
efficiencies. These guantities were evalu-
ated, using the geometric theory of diffrac-
tion to calculate the field scattered from
the subreflector, and physical optics with
the aid of the Jacobi-Bessel expansion to
calculate the far field of the main reflector.
Toprovide a comparison to show the effect
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of edge diffraction at the subreflector, the the subreflector, with no subreflector edge
aperture efficiency was also calculated diffraction included. :
using geometrical optical scattering from The analysis was conducted parametri-
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Figure 2. The Aperture Efficiencies for an antenna with an extended subreflector were cal-
culated for various illumination tapers and two different subreflector extensions. Some of
the antenna dimensions are D = 1004, a = 7404, b = 6.08A,d = 704, F = 964, andzo =251
(where A = 1 wavelength).
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Helping create America’s Space Station.
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WIe Laboratories is playing an important role
in the development of the Space Station. As a mem-
ber of the Martin Marietta Program Team, Wyle is
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For more information about Wyle services in
space flight systems and accommodations engi-
neering, call today: Don McAvin in Huntsville, AL
at (205) 837-4411.
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cally using various subreflector extensions
and subreflector illumination tapers.
Figure 2 shows the result of a representa-
tive case. Because significant improve-
ments are not achieved by extensions be-

yond 1 wavelength, plots are not shown for
those cases. (The dotted curve shows the
limiting case for which no subreflector dif-
fraction was included.)

This work was done by Y. Rahmat-Samii

of Caltech for NASA’s Jet Propulsion
Laboratory. For further information, Circle
134 on the TSP Request Card.
NPO-16872

Dual-Energy X-Radiography With Gadolinium Filter

The image resolution would be increased, and the cost would be reduced.

NASA's Jet Propulsion Laboratory. Pasadena, California

In a proposed dual-energy x-ray imaging
system, the continuous bremsstrahlung
spectrum from an x-ray tube would be fil-
tered by a foil of nonradioactive gadolinium
or another rare-earth metal to form a two-
peaked energy spectrum. After passing
through the patient or object under ex-
amination, the filtered radiation would be
detected by an array of energy-discriminat-
ing, photon-counting detectors (see figure).
The detector outputs would be processed
to form the x-ray image for each peak and
possibly an enhanced image based on the
data taken at both peaks.

Dual-energy x-radiography exploits the
variation of x-ray attenuation with energy.
By forming images at different energies
and therefore different attenuations, one
can enhance the radiographic contrast be-
tween different tissues. For example, dual-
energy imaging has been used to reduce
the effects of variable soft-tissue and fat
content when measuring the density of
bone. Prior methods of forming dual-ener-
gy spectra include alternately applying two
voltages to the x-ray tube, filtering one
bremsstrahlung spectrum with two differ-
ent materials, using back-to-back detec-
tors, and irradiating the patient with 45- and
100-keV x rays from a radioactive Gd'53
source.

The latter method is often preferred
because the photon energies of Gd'53are
optimal for quantitative bone-mineral de-
termination. However, to be sufficiently in-
tense, a Gd'53 source has to be large
enough (typically forming a focal spot with
an area of 5 mm?) to limit image resolution
seriously. Futhermore, the radioactive de-
cay of the source necessitates annual re-
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The Gadolinium Foil acts as a “K-edge” filter, which absorbs photons strongly in the middle
portion of the spectrum above the K-edge energy. When illuminated with the continuous
spectrum from an x-ray tube, the foil therefore produces a double-peaked spectrum. The im-
ages formed at the two peaks reveal more than does a single image.

placement at a cost of about $10,000 to
$20,000.

Because the new system would use an
x-ray tube with a source only 1/20 as large,
it could achieve higher resolution. The ra-
diation intensity available from the tube is
50 times that from a typical Gd'53 source.
When the continuous x-ray-tube spectrum
is filtered by the nonradioactive gadolinium
foil, the output spectrum has two peaks
separated by 40 keV and nearly identical to
the Gd'33 peaks. The radiation dose to the

patient would be about the same as with
Gd'38, The x-ray image would be formed
on a linear array of 15 to 24 detector
elements etched 2 mm apart onto a single
crystal of highly pure germanium. The
detector array would be moved across the
scene in a line-scanning mode.

This work was done by Brian Rutt of the
University of California at San Francisco
for NASA’s Jet Propulsion Laboratory.
For further information, Circle 124 on the
TSP Request Card. NPO-16773

Tunable Dual Semiconductor Laser
Parallel lasers interact in shared space to alter output wavelength.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

The light produced by a near-infrared
semiconductor laser can be tuned over a
range of 3 nm by a parallel laser directly
below it in the same chip. The tunable laser
will be useful in optical communication, in
which narrow-band interference filters are
used widely. The passband of such filters
tends to change with age, and the fixed
wavelength of light generated by a laser

36

may no longer precisely match the wave-
length of light transmitted by the filter. As
much as 60 percent of the output power of
the laser may be lost on account of mis-
match with the filter. With the new tunable
device, the output wavelength may be
changed to match the changing wave-
length of peak filter response. Such
tunable sources €an also be useful in op-

tical communications systems employing
wavelength-division multiplexing.

The new device consists of two stripe
lasers in an aluminum gallium arsenide
chip (see figure). The parallel stripes are
close enough so that light from the lower
laser is coupled into the upper laser and
vice versa. The lasers are operated by low-
duty-cycle current pulses. The lasing
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America’s [aroest
travel service plans the
space industry’s more

conventional flights.

Even the space industry is not immune to the high cost of conventional travel here on earth. Thats why
they have their travel managed by Ask Mr. Foster.
Only Ask Mr. Foster ofters such an extensive selection of money-saving travel management programs. Including
our guarantee of the lowest available airfares everytime, the finest hotel
program in the business with exceptional discounts at over 13,000 hotels
worldwide, \’i\'ciul car rental savings plus a host of other services. Ou Can expe l

It’s travel management programs like these that explain why Ask

Mr. Foster has been Corporate Americas most dependable traveling I I I Orld Ofus
€

companion for 100 years.

The next time you make travel plans, call Ask Mr. Foster at 1-800- "
FOSTER-5. WE'll help you with your conventional travel plans, as well as ASk Mr- FOSter m
something unconventional: saving money. Since 1888
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threshold of each is about 100 mA. The
currents are controlled independently.

The current in the top laser is adjusted
so that it is above the threshold value, and
the laser produces a beam of coherent
light at about 880 nm. The current in the
bottom laser is kept below the threshold.
As the current in the bottom laser is in-
creased, the wavelength of the light from
the top laser decreases. Moreover, the out-
put is single-mode light rather than the
usual multimode radiation and has a nar-
rower spectrum than light from single
semiconductor lasers.

Changing the current in the bottom laser
apparently changes the complex dielectric
constant of that device. This change in turn
alters the resonance condition of the com-
bined cavities of the two lasers and thereby
alters the output wavelength.

When the current in the bottom laser is
increased above the threshold level, that
device also starts lasing. The chip then pro-
duces two laser beams at different wave-
lengths.

The chip is made by a process that in-
cludes two stages of liquid-phase epitaxial
growth. First, an n+ gallium arsenide layer
is grown on a p *-type, zinc-doped gallium
arsenide substrate. A groove is etched
through the layer and into the substrate. In
the second epitaxial step, five layers of dif-
fering composition are grown to delineate
the two layers. Top, common, and bottom

Insulating

Top
Contact

Common
Contact
Coupling

Layer

Bottom

Laser Contact

The Top Laser Emits Light the waveléngth of which is controlled by the bottom laser. Current
to the top laser is applied through the top and common contacts, and current to the bottom
laser is applied through the common and bottom contacts.

electrical contacts are then deposited on for its commercial development should be

the chip. addressed to

This work was done by Seiji Mukai, Eli Edward Ansell
Kapon, Joseph Katz, Shlomo Margalit, and Director of Patents and Licensing
Amnon Yariv of Caltech for NASA’s Jet Mail Stop 301-6

Propulsion Laboratory. For further infor-
mation, Circle 53 on the TSP Request Card.

Title to this invention has been waived
under the provisions of the National Aero-
nautics and Space Act [42 U.S.C 2457(f)],
to Caltech. Inquiries concerning licenses

California Institute of Technology

1201 East California Boulevard

Pasadena, CA 91125

Refer to NPO-16374, volume and num-
ber of this NASA Tech Briefs issue, and the
page number.

MIRROR OR LASER
POSITIONERS

(1 COMPACT
[] CONTROLLABLE
[] PRECISE

BEI's linear and rotary actuators
meet the design challenges of pre-
cise positioning systems. Using
state-of-the-art electro-magnetic tech-
nology, BEl's actuators produce high
force or torque to size and weight. Our
actuators display excellent linearity between
current and force or torque creating a very con-
trollable and precise positioner. BE| actuators

New Products

Tartan Laboratories (Pittsburgh, PA) has released Tartan Ada
VMS and Tartan Ada VMS/1750A, a development and execution
environment for the Ada language. Tartan Ada combines advanc-
ed code generation technology with Ada language expertise, pro-
viding Ada compilers unsurpassed in quality and performance.
The compilers are validated to ANSI/MIL-STD-1815A and are ideal-
ly suited for Ada language applications where small, fast object
code is of major concern. Circle Reader Action Number 599.

A new lightweight, reusable clamp for difficult-to-secure flat
cables is offered by TA Manufacturing Co. (Los Angeles, CA). The
clamp’s cushion design isolates the cable from abrasion and
relative motion and prevents breakage by relieving strain. The
clamps comein 1,2and 3 inch widths, and the metal portion can
be either aluminum or stainless steel. Circle Reader Action
Number 594.

MathSoft Inc., Cambridge, MA has announced numerous new
features, performance and ease-of-use enhancements for
MathCAD, their PC-based calculation software package.
MathCAD is an “electronic scratchpad’ that allows users to write
calculations on a PC using standard math notation. The program
allows text, formulas and graphics to be entered with the same

are designed for precision application requiring
« Peak forces of 06 oz. to 500 Ibs
« Linear strokes of .01 10 +.76 in
= Peak torques of 6 to 110 oz. in
» Rotary strokes of £10° to +20°

Call BEI for solutions to your specific design requirements.

BEI MOTION
SYSTEMS COMPANY
KIMCO DIVISION

150 VALLECITOS DE ORO, P.0. BOX 1626, SAN MARCOS, CA 92069 (619) 744-5671

free-form ease as a blackboard, but the computer performs the ac-
tual calculations. Version 2.0 includes, among other im-
provements, the ability to solve simultaneous equations, full
matrix capabilities, autoscaling plot, and new histogram plot
types. For more information Circle Reader Action Number 593.

Melles Griot Gas Laser Products (Irvine, CA) announces anew 10
w milliwatt, 632.8 nanometer helium neon plasma tube. Both ran-
domly polarized and linearly polarized will be useful in applica-
tions requiring higher outputs such as laser printers, particle
measuring systems and high speed character readers. “Zero-leak”
hard seals assure long, trouble-free operating life. The rotationally
symmetrical cathode design and unique bore support provide

Circle Reader Action No. 337
38

mechanical and thermal stability for pointing accuracy and stable
operation. Circle Reader Action Number 595.
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Visionl.ab II. The Vision
'To Understand The Unknown.

VisionLab II breaks the time
barrier, with more real-time image
processing features. And it breaks
the price barrier, with big system
performance on an economical,
compatible microcomputer system.

Image analysis

New from 3M Comtal, Vision-
Lab II's advanced design delivers
exceptional true color, 60Hz,
flicker-free performance, plus:

* Real-time continuous roam
and zoom.

* Near real-time region of interest
processing, spatial processing,
convolutions, histograms and
filtering.

Contrast
enhancement

* A unique separate video bus,
with an image-transfer rate of
36MPixels/second.

» Standard configuration of four
512 x 512 x 8-bit memory planes,

VisionLab II

plus 640 x 512 x 1-bit overlay
for graphics and icons.

* Dynamic allocation for RGB
true color operation, YMCK four
color operation, or 1024 x 1024
x 8-bit, with real-time continuous
zoom and overview.

¢ Standard and non-standard
video inputs including RS170/
330, NTSC and TTL.

* Genloc, with up to four pro-
grammable video inputs.

» Standard real-time data capture
and optional real-time true
color capture.

Zoom and
pseudocolor

* Real-time spatial data com-
pression, variable windowing,
aspect ratio correction and
contrast and gamma correction.

Plus much more. VisionLab II
has the power and the perfor-
mance to revolutionize how you
utilize digital imaging. It’s the
kind of breakthrough you’d expect
from 3M Comtal, pioneers in a
New World of image processing
technology.

Expanding the Powers of Perception

g

r

-

3M Comtal

For information call today:
(800) 423-4166 - CA: (818) 441-1900
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Optoelectronic Proximity Sensor Finds Edges

Seams are tracked for automatic control of welding.

NASA's Jet Propulsion Laboratory, Pasadena, California

An optoelectronic system based on a
relatively simple array of optical proximity
sensors locates the edge of a plate. The
system can be used to control automatic
production machinery — for example, to
locate spot welds at the correct lateral po-
sition with respect to the seam between
two overlapping metal plates or sheets.
The system follows curved seams as well
as straight ones, and neither special con-
trol programming nor precise initial posi-
tioning of a workpiece is necessary for ac-
curate tracking of a seam.

Facing the workpiece is an array of opto-
electronic proximity sensors (see Figure 1)
in a line across the seam. Each proximity
sensor is calibrated for use with the par-
ticular workpiece material and configura-
tion, so that the output of each sensor can
be used to determine the distance to the
workpiece surface.

Each sensor is sampled in turn. The
light-emitting diode is turned on, and the
output of the detecting photodiode is
measured. The digitized measurements
are used to locate the exposed edge of the
workpiece: the system computer finds the
lateral position that corresponds to a pre-
viously calibrated sensor-output value be-
tween the values for the flat surfaces on
either side of the edge. In effect, this
amounts to a crude form of image analysis,
in which the field of view of each sensor
constitutes a picture element. For high de-
finition of the position of the edge (high
resolution), the sensor array should be
dense and the fields of view should abut or
overlap slightly.

Although the light-emitting diodes and
detecting photodiodes could be mounted
in the sensing head as in Figure 1, it would
be better to remove them from the vicinity
of the weld to reduce electromagnetic in-
terference. Therefore, in a practical sys-
tem, the diode pairs are mounted on circuit
cards with other electronic circuits and
connected through glass optical fibers to
the lens array in the sensing head. This ar-
rangement also facilitates tracking by re-
ducing the size and mass of the sensing
head.
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Figure 1. In an Optoelectronic Proximity Sensor, the signal from a light-emitting diode is re-
flected by a surface and detected by a photodiode. For a given surface viewed perpendicu-
larly or at a fixed angle, the known dependence of the photodiode output with distance can
be used to determine the instantaneous distance to the surface. A linear array of such sen-
sors can thus be used to obtain a rough profile of the surface along the axis of the array.
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Introducing
real-time recording technology
that gets better as time goes on.

If you have big plans for

your future, make them happen
with the advanced Gould
ES2000. The real-time recorder
with the capabilities that grow
with you.

The ES2000 is a powerful
system comprised of an acquisi-
tion and control unit linked to a
unique, high-speed electrostatic
recorder, real-time video monitor,
and keyboard. When called
upon by the most demanding
aerospace, medical and indus-
trial users, it displays capabilities
that no other system can match!

Like real-time display and
scrolling of digital and analog
traces, grids and text on the
monitor screen. No need for hard
copy except when desired.

Like the ability to store setup
configurations on a built-in
diskette for quick and easy test
start-ups.

Like programmed recording
sequences, so necessary for
unattended operations.

Like a digitized data stream of
up to 40,000 samples/second
to download a computer for
storage and analysis.

Like full programmability via
|IEEE-488 or serial interfaces.

There's more. Capturing
transient signals as short as 25
microseconds and analog signals
up to 35 kHz; supporting up to
40 analog or 80 digital inputs;
event markers; recording chart
speeds up to 500 mm/s; low-

cost, permanent records; word-
processor-like annotation; and
user-programmable grids.

The ES2000. Built for the future:
a compelling new reason the
world's recording systems
operate on the Gould standard.
For more information, call
1-800-GOULD-10, or write Gould
Inc., Test and Measurement,
3631 Perkins Avenue, Cleveland,
OH 44114,

Gould: making its mark
in Test and Measurement
Instrumentation.
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Electronics
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Figure 2. The Optoelectronic System processes the outputs of the linear array of sensors to
locate the exposed edge. In this configuration, the sensing head is separated from the diode
pairs and optically reconnected to them through fiber optics.

Other subsystems and the overall sys-
tem configuration are shown in Figure 2.
Through a standard keyboard, the operator
instructs the computer in the specifics of
the task. The computer controls the sampl-
ing of the proximity sensors and displays
the processed outputs in sequence on a
video screen. The results of the sensor
scans can alsobe senttoa printer or saved
on a magnetic disk.

This work was done by Antal K. Bejczy
of Caltech for NASA’s Jet Propulsion
Laboratory. For further information, Circle
52 on the TSP Request Card.

In accordance with Public Law 96-517,
the contractor has elected to retain title to
this invention. Inquiries concerning rights
for its commercial use of this invention
should be addressed to

Edward Ansell

Director of Patents and Licensing

Mail Stop 301-6

1201 East California Boulevard

Pasadena, CA 91125
Refer to NPO-16697, volume and number
of this NASA Tech Briefs issue, and the
page number.

Distress Transmitter and Receiver

Identifying distress signals are sent

and received automatically.

Goddard Space Flight Center, Greenbelt, Maryland

A radio transmitter and receiver are de-
signed to be used together for the location
and identification of persons, aircraft, or
ships in distress. The modulation of the
transmitted signal is characterized by a
unique combination of frequencies, repeti-
tion rates, and duty cycles, so that the type
or identity of the vehicle or person in dis-
tress can be ascertained from the signal.
The receiver can be operated manually
and monitored aurally in the conventional
manner, but also includes automatic tuning
and monitoring features to assist the oper-
ator in measuring the modulation charac-
teristics and in detecting weak signals.

In the transmitter (see Figure 1) an oscil-
lator generates a carrier signal at a fre-
quency of 121.5 MHz. The carrier is fed to
an output amplifier through a gate, which is
opened or closed repeatedly to obtain full
carrier, zero carrier, or 100-percent ampli-
tude modulation. Because the output am-
plifier is nonlinear, it feeds the gated signal
to the antenna at the two international
distress frequences of 121.5and 243 MHz.

Under the control of an electronic
switch, the gate is opened or closed by a
combination of timing pulses, by fixed-fre-
quency audio oscillations, and by the out-
put of a multivibrator, the frequency of
which is repeatedly swept downward in the

42
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Oscillator
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Figure 1. The Transmitter generates a signal characterized by a timed sequence of modulat-

ing pulses.

range of 1,600 to 300 Hz, 2 to 4 times per
second (the present standard international
distress signal). For example, a modulation
scheme might call for a period (e.g., 0.5 s)
of unmodulated carrier, followed by a

period of the international distress signal,
followed by a period of steady 200-Hz tone,
and then by a repetition of the foregoing se-

ce.
In addition to the standard superhetero-
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The Scopes. Nicolet digital oscilloscopes offer ten times the accuracy and as
much as one hundred times the resolution of analog oscilloscopes. A wide range of
digitizer speeds provide solutions for virtually every measurement problem. Our
latest plug-in module, the 4570, has 12-bit resolution at the unprecedented digitizing
speed of 10 MHz. Accuracy does not have to be sacrificed for speed! Neither does
sweep length. Waveforms composed of up to 16k data points are available regardless

Connected via the RS-232 s A : o
3 of the speed. Cursor readout of measurement values, *“zoom’ expansion to X256,

or the IEEE-488 (GPIB) continuously variable pretrigger data capture, and built-in disk drives all contribute
interface, the power of to Nicolet's measurement expertise.
modern signal analysis From low cost portables to high performance laboratory systems, Nicolet digital

. : oscilloscopes we e first are still the best.
can be easily realized scilloscopes were the first and are e

or 608/273-5008 The Software. Powerful, easy to use software packages are available for every
Nicolet scope. Data transfers into the PC as well as mathematical data manipulation
(FFT, integration, RMS, multiplication, etc.) can be accomplished without program-
ming or computer expertise. Waveforms can be displayed on the PC screen, stored
on the disk drive, and plotted on paper. The powerful new Waveform BASIC program
can also operate as a waveform manipulation language. Using commands similar to
standard BASIC, customized waveform calculations can be written quickly and easily.

Capture, analyze, store, and plot data with the convenience and ease of a Nicolet
oscilloscope and Nicolet software.
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Figure 2. The Receiver automatically locks onto the signal and identifies it according to its modulation characteristics. The operator can also
listen to the receiver and tune it manually. Together, the transmitter and receiver constitute a distress radio system.

dyne input and audio output sections, the
receiver (see Figure 2) includes narrow-
band audio filters connected to lamps. The
filters are set to the frequencies of the
steady audio tones of known transmitters,
to give visual indications of the reception of
signals from those transmitters.

The receiver also includes a phase-lock

loop that locks onto the carrier signal when
it is unmodulated. Exploiting the fact that
phase lock is lost during the modulation
periods, the receiver is equipped with
counters to measure the periods of lock
and unlock. These periods are compared
with stored values; if a match is found, the
comparators cause lamps to light, thereby
indicating that the signal is that of a known
transmitter.

The output of the phase-lock loop is also
fed to a frequency counter to assist the
operator in identifying the signal source.
The phase-lock loop repeatedly sweeps
through a narrow frequency range until it
locks on a signal. A timing circuit prevents
the resumption of the sweep during the
short modulation periods of the signal to
which the receiver is locked. This feature
prevents the receiver from attempting to
lock onto other distress signals in the event
that more than one is present. The phase-
lock loop can also be unlocked and tuned
manually.

Avariable attenuator enables the opera-
tor to prevent false locking during the
modulation period by adjusting the ampli-
tude until the signal is below the loop

threshold during modulation but above the
threshold during no modulation. The cor-
rect adjustment of the attenuator is indicat-
ed by the repeated, regular flashing of the
phase-lock-indicating lamp as the loop
goes into and out of lock.

This work was done by Paul E. Wren of
Goddard Space Flight Center. For fur-
ther information, Circle 101 on the TSP Re-
quest Card.

This invention is owned by NASA, and a
patent application has been filed. Inquiries
concerning nonexclusive or exclusive
license for its commercial development
should be addressed to the Patent
Counsel, Goddard Space Flight Center
[see page 20]. Refer to GSC-12821.

Solar-Powered Sensor Module

A hybrid sensor module with no external electrical interconnections includes an optical data link.

Langley Research Center, Hampton, Virginia

Geo-orbital systems of the near future
will require more-sophisticated monitoring
and control systems than do current satel-
lite systems, with an emphasis on the elec-
tronic density and autonomy of the subsys-
tem components. Hybrids that have typical-
ly served as components in spacecraft elec-
tronics will have to assume the roles of sub-
systems and systems. A solar-powered hy-
brid sensor module (see figure) has been
designed to combine low-power CMOS
electronics, GaAs solar cells, a crystal os-
cillator, standard universal asynchronous
receiver/transmitter (UART) data format,

4

and a bidirectional optical data link into a
single 1.25- by 1.25- by 0.25-in. (3.18- by
3.18- by 0.64-cm) hybrid package that has
no need for electrical input or output. Sen-
sor modules with optical data links could
also be useful on Earth in hazardous envi-
ronments; for example, in explosive atmo-
spheres or high-voltage equipment.

The module is made up of four general
subsystems: (1) the power supply, (2) the
data-acquisition section, (3) the control
section, and (4) the communication sec-
tion. The power supply is an array of solar
cells attached to the hybrid package. The

data-acquisition section includes the sen-
sors or transducers and the analog-to-digi-
tal converter (ADC). The control section
coordinates the functions of the other sec-
tions. The communication section re-
ceives and transmits information and
forms the link between the control compu-
ter and any remote sensors under its con-
trol.

Data are transmitted serially over a bidi-
rectional optical data link that offers the op-
tion of operation without wires or cables
connecting the data source to the receiver.
In addition, the optical data transmission is
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The Hybrid Sensor Module measures such parameters as temperature, acceleration, and strain. The module transmits measurement data to
a central unit and receives control signals via light beams.

considered preferable to more-conven-
tional radio-frequency or microwave
transmission systems because it will not in-
terfere with the spacecraft electronics.
The modulation method chosen for this ap-
plication was frequency-shift keying (FSK)
because of its high immunity to noise.
Three self-contained solar-powered hy-
brid sensor modules that were built and
tested met the design goals of minimal
module weight and no electrical intercon-
nections. For the most part, standard fabri-
cation processes were used. Nonstandard
techniques that were developed were

compatible with standard hybrid process-
ing. The hybrid module functioned to a
large extent as a separate system, and the
use of a free-space optical data link be-
tween the hybrid and the controlling com-
puter was successfully demonstrated. Ini-
tial results are very promising, and the
potential applications of such a system,
from data gathering to systems control,
are numerous.

This work was done by J. Michael
Johnson of Hughes Aircraft Co. for Lang-
ley Research Center. Further information
may be found in NASA CR-172495 [N87-

11343/NSP], “Solar Powered Hybrid Sen-
sor Module Program.”

Copies may be purchased [prepayment
required] from the National Technical In-
formation Service, Springfield, Virginia
22161, Telephone No. (703) 487-4650.
Rush orders may be placed for an extra fee
by calling (800) 336-4700.

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Langley Research Center [see page 20].
Refer to LAR-13454.

Digital Control for
Remote Manipulators

Multiple microprocessors enable
large separations between
controllers and manipulators.

NASA'’s Jet Propulsion
Laboratory,
Pasadena, California

A controller for a remote manipulator re-
quires no direct mechanical connection
between the slave arm and the master arm
moved by the human operator. The con-
troller employs two-way digital data trans-
mission rather than a mechanical linkage
between the master and the slave. The ma-
nipulator can therefore be a considerable
distance from the operator — perhaps
thousands of kilometers away.

The microprocessor-based controller
sends commands to the slave according to
the operator’s hand and arm movements;
it returns signals to the master to give the
operator visual and kinesthetic feedback.
The master and slave arms need not be
kinematically and dynamically identical:
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Software for the Controller is distributed between the master and the slave locations. Itis or-
ganized into modules, as indicated by the blocks. Hardware and software for the system,
still under development, have been demonstrated in a laboratory model.
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the master arm can be designed to suit the
needs of the operator and the control sta-
tion, whereas the slave arm can be de-
signed to suit the remote environment. Mi-
croprocessors at the master and slave
locations make the necessary transforma-
tions of positions, orientations, forces, and
torques to adapt the two units to each
other. The microprocessors are modular
and expandable and control such auxiliary
functions as television cameras and dis-
plays.

Four central-processing units (CPU’s)
are used so that the large computation
burden can be handled in real time. Each
CPU includes a 32000-series microproc-
essor; 128 kbytes of random-access mem-
ory; floating-point, timing-control, interrupt-

connector. Two CPU'’s are grouped to-
gether on a multibus chassis at each loca-
tion. Each CPU pair can thus readily share
information and memory space for coordi-
nating robot control and sensor-data dis-
play.

In a demonstration model of the
controller, the master manipulator is a
general-purpose, 6-degree-of-freedom,
back-drivable joystick. A dedicated 32016
microprocessor translates the joint-angle
potentiometer values of the master into po-
sition instructions for transmission to the
slave. The microprocessor accepts data
on the orientation, position, forces, and
torques at the remote end effector and
combines the data to back-drive six torque
motors on the master. It thus conveys to

ance of objects in the remote workspace.

An 8086B microprocessor on the end
effector reads and normalizes sensor data
for transmission to the control station. This
microprocessor also controls the servo-
mechanism that closes the robot hand as
instructed by the control station.

The controller software is organizedin a
modular structure that increases versatility
and reliability and makes duplication of
programs unnecessary (see figure). The
software modularity also makes software-
error detection and correction easier and
faster.

This work was done by Antal K. Bejczy
and Ronald S. Dotson of Caltech for
NASA’s Jet Propulsion Laboratory. For
further information, Circle 133 on the TSP

control, and memory-management units; the operator a sense of the inertiaofthere-  Request Card.
serial and parallel ports; and an expansion mote manipulator and a feel for the compli- ~ NPO-16879
Interface for Color-Video Monitor
A wide range of video signals can be accommodated.
Goddard Space Flight Center, Greenbelt, Maryland

A commercially produced color-video =
monitor is modified by the addition of an in- Byte Fields
terface circuit to accommodate a wider- 0 Base Horizontal Frequency, 8 Bits
than-usual range of scanning rates and - Gase Hortsostal Prsoerarrd Fits

resolutions. The monitor displays a proper-
ly adjusted picture as long as the input
video signal conforms to one of several in-
dustry standards and has a horizontal-syn-
chronization frequency of 15.0t0 37.5 kHz,
a vertical-synchronization frequency of 43
to 65 Hz, a horizontal resolution up to 1,280
elements, and a vertical resolution up to
1,024 elements. With little or no interven-
tion by the operator and without having to
be turned off for adjustments, the interface
adapts the monitor within 1 second to
changes in rates or resolutions, as long as
those parameters remain within the speci-
fied ranges.

The interface design relies on the fact
that standard video signals having the
same vertical- and horizontal-synchroni-
zation frequencies usually require similar
aspect ratios and other monitor settings.
The interface adjusts the monitor identical-
ly for video signals for which those frequen-
cies are sufficiently close.

The vertical- and horizontal-synchroni-
zation pulses are taken from a sampling
point in the monitor after these pulses have
been separated from the incoming video
signal. The interface measures the two
pulse frequencies and processes them,
according to a transfer function, into eight
outputs that adjust the width, height, cen-
tering, geometric distortion, and other
characteristics of the picture (see Figure
1).

The transfer function is contained in
electronic memory in the form of two
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Horizontal Frequency Difference, 3 Bits

Vertical Period Difference, 3 Bits

2 Base Vertical Period, 8 Bits
3 Rate-Section Value, 4 Bits Calibration
Table 1
Linearity Value, 4 Bits (Detail View)

Width Value, 8 Bits

Phasing Value, 8 Bits

Height Value, 8 Bits

Vertical Centering Value, 8 Bits

Pin-Cushion Value, 8 Bits

ol s

Unused, 8 Bits

Reference Signal 1:
Vertical-Synchronization
Pulses

Reference Signal 2:
Horizontal-Synchronization
Pulses

>

INTERFACE CIRCUIT

Transfer Function:
Calibration Table 1
and

Calibration Table 2

Output 1: Width

Output 2: Height

Output 3: Vertical Centering

Output 4: Horizontal Centering

Output 5: Rate Selection

Output 6: Linearity

OQutput 7: Pin-Cushion Distortion

Output 8: Trapezoidal Distortion

Color-Video Monitor

Note: This represents only one record of Table 1. The table can contain

up to 32 of these records in the current configuration.

Figure 1. The Interface Circuit measures the frequencies of the horizontal- and vertical-syn-
chronizing pulses. When these frequencies fall within a combination of preset ranges, the
interface generates an associated preset combination of eight picture-adjusting signals.
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“lookup” tables that specify the outputs for
input frequencies in various combinations
of nonoverlapping ranges. Table 1 con-
tains the adjustment records, which are
defined by the operator during the initial
calibration. Table 2 contains fixed calibra-
tion values that are used when Table 1
does not contain an entry for a particular
video signal. An important feature is that
the contents of Table 1 are maintained in
nonvolatile memory.

The interface repeatedly measures the
two pulse frequencies. A match is found
when each frequency lies within the range
specified in a particular adjustment record,
and the two most recent consecutive read-
ings of the frequencies differ by no more
than one count. When a match is found,
the values in the adjustment record are
used to control the monitor. When a match
is not found, the interface uses arbitrary
values from Table 2 that keep the monitor
in a safe operating condition and that might
accidentally provide a correctly adjusted
picture with some input video signals.

The adjustment records are made dur-
ing an initial calibration, which is con-
ducted with the help of a computer con-

Computer

Computer

Video Monitor

RS232 Link

Modified Video
Monitor To Be
Calibrated

\

Video Generator

Green Video and
Synchronizing Pulses

s q’ —1

1!

Red Video \
X

]

___soao 9‘;

Blue Video

—4q o000

Figure 2. The Video Monitor Is “Trained” by a computer that helps to control the calibration
procedure and inserts the values in the calibration tables.

nected to the monitor (see Figure 2). A
video generator is set to one of the antici-
pated combinations of signal parameters.
For each combination, the interface is
allowed to adjust the monitor from Table 2.
The operator then makes fine adjustments
manually for the best picture. The opti-
mized adjustment values, along with the
horizontal and vertical frequency range for

that combination, is then stored in Table 1.
The procedure is repeated for each differ-
ent combination.

This work was done by Eric Rodriguez of
Goddard Space Flight Center. For fur-
ther information, Circle 55 on the TSP Re-
quest Card.

GSC-13076
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Self-ldentifying
Emergency Radio
Beacons

Rescue teams are aided by
knowledge of the vehicle in

distress.
[ = T F G e v s EEER S et S - a3

Goddard Space Flight Center,
Greenbelt, Maryland

An emergency radio transmitter gives
information about the identity and/or type
of vehicle in distress. Thus, it not only
guides rescue workers to a downed air-
plane or sinking ship but also alerts them to
the approximate number of people to be
rescued and the nature of the rescue oper-
ation. It is similar to conventional emergen-
cy transmitters except that it contains addi-
tional timing and modulating circuits.

In the transmitter (see figure), a radio-
frequency (RF) oscillator produces the
121.5-MHz sinusoidal carrier signal as-
signed by the FCC. The transmitter also
contains a voltage-to-frequency converter
with a range of 0 to 1,600 Hz. An amplitude
modulator impresses the sinusoidal output
of the voltage-to-frequency converter on
the carrier, producing an amplitude-modu-
lated RF signal. A nonlinear RF amplifier
boosts the modulated carrier signal, provid-
ing a frequency-doubled output at 243 MHz
as well as an amplified 121.5-MHz output.

Under control of a timer and switch, the
transmitter broadcasts three signals in a
predetermined sequence:
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\
Clock
I
Switch ’é - SG Enable
7 AQ Enable Timer )q—b
:' o, el FSK Enable
| | |
A
Acquisition- Frequency-Shift-
Voltage-Level Keying Voltage
Generator (AQ) Level Generator
(FSK)
} ‘
Data Generator

Additions to a Standard

Transmitter, depicted in color, enable the transmitter to

send rescuers an Identifying signal in addition to the conventional distress signal created by
the sweep generator. The data generator contains the identifying code.
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1. An RF carrier amplitude-modulated at a
typical frequency of 100 Hz serves as ac-
quisition signal. When an Earthbound or
orbiting station receives this tone, it rec-
ognizes that an information signal will fol-
low and prepares to receive it. To pro-
duce the acquisition signal, the switch
connects an acquisition-voltage-level
generator to the voltage-to-frequency
converter.

2. An RF carrier is amplitude-modulated by
a series of tones of two distinct frequen-
cies, typically 150 and 250 Hz. The lower
frequency tone represents binary “zero,”
while the higher frequency tone repre-
sents binary “one.” The sequence of
zeros and ones provides a unique code
that identifies the transmitter and its vehi-
cle to the rescuers.

3. A conventional RF carrier is amplitude-
modulated by a tone that repeatedly de-
scends from about 1,600 to 800 Hz. This
is the conventional distress signal, and
when demodulated by the rescuers’ re-

ceiver, it sounds like a siren. The switch

connects a sweep generator to the volt-

age-to-frequency converter to produce
this signal.

The pattern of binary zeros and ones
from the data generator may be the identifi-
cation number of the vessel or aircraft. A
30-to 128+bit field is adequate for this type of
identification and can convey such addition-
al information as the type of emergency and
the latitude and longitude. A low pulse repe-
tition rate — on the order of 32 pulses per
second — ensures accurate transmission
without error-correcting codes.

To produce the identifying signal, a fre-
quency-shift-keying voltage-level genera-
tor generates two distinct voltages in direct
response to the voltages of the binary out-
puts of a data generator. One voltage sets
the output of the voltage-to-frequency con-
verter to 150 Hz; and the other, to 250 Hz.
The frequencies are sufficiently different
from the acquisition signal and the conven-
tional distress signal to ensure reliable

demodulation.

The conventional sirenlike distress sig-
nal should last fairly long to maximize the
probability of its detection by local aircraft
and search parties. The acquisition signal
merely indicates that an identification
signal is coming; both the acquisition and
data signals can be short. For 128 bits
transmitted at 32 bits per second, the iden-
tification signal would last 4 seconds. The
acquisition signal would be of equal dura-
tion. The siren signal would last 52
seconds, giving a 1-minute cycle.

This work was done by Morton L.
Friedman of Goddard Space Flight Cen-
ter. For further information, Circle 94 on
the TSP Request Card.

This invention is owned by NASA, and a
patent application has been filed. Inquiries
concerning nonexclusive or exclusive
license for its commercial development
should be addressed to the Patent
Counsel, Goddard Space Flight Center
[see page 20]. Refer to GSC-13089.

Cavity-Modulation
Autotuner for
Hydrogen Maser

Resonance is maintained
without incidental frequency
modulation.

NASA'’s Jet Propulsion
Laboratory, Pasadena,
California

A cavity-modulation tuning system
maintains the resonance of a hydrogen-
maser cavity automatically, thereby
stabilizing the maser frequency, without in-
troducing the undesirable frequency
modulation caused by other tuning sys-
tems. As its name implies, the system
tunes the maser cavity rapidly by modulat-
ing one of the physical characteristics of
the cavity that affect the resonant frequen-
cy. According to calculations, the long-
term frequency stability of a maser equip-
ped with the autotuner could be as good as
3% 10— 81— vz (where tis the observation
time in seconds).

In cavity-modulation autotuning, a
phase or amplitude modulation is caused
by, and is proportional to, a deliberate
periodic mistuning, in which the cavity
resonance is dithered about a nominal ad-
justment point. The modulation is detected
by a phase-sensitive amplifier, the output of
which is used to derive a slow modulation
(tuning signal) that corrects the frequency
error of the adjustment point.

The modulator portion of the tuner is
made of a few electronic components
mounted on the maser cavity (see figure).
The dithering signal — a 200-Hz square
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The Frequency-Controlling Components of the tuning system are placed at the maser cavity,
within the maser vacuum. The thermal environment is well controlled, and the device is
insensitive to the driving signal: these features contribute to the stability of the maser

frequency.
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wave — is applied to a positive/intrin-
sic/negative (PIN) diode. The tuning signal
is applied to a variable-capacitance diode.

By a suitable choice of the parameters
of the PIN diode and the components with
which it is mounted and coupled to the
cavity, the effective diode-circuit capaci-
tance can be made to remain constant
when the current through the diode is
varied. In that case, the diode-resistance
variation due to the modulating signal af-
fects only the ratio of reactance to resis-

tance (Q) of the circuit. Although the Q of
the maser and, therefore, the phase of the
maser output are modulated, the frequen-
cy of the maser output remains the same.
The circuit can therefore be operated in a
low-Q condition without adversely affec-
ting the frequency stability.

In experiments, the tuner compensated
for variations in the maser-cavity frequen-
cy with a loop gain greater than 1,000. Am-
plitude modulation incidental to the Q
modulation was also compensated by ap-

plying the 200-Hz square wave to a volt-
age-controlled attenuator. The tuner
should be of interest to those concerned
with precise measurements of time and
frequency.

This work was done by G. J. Dickand T.
K. Tucker of Caltech for NASA’s Jet Pro-
pulsion Laboratory. For further informa-
tion, Circle 79 on the TSP Request Card.
NPO-16906

Portable Test and Monitoring System for Wind-Tunnel Models

Model instrumentation can be tested in or out of the wind tunnel.

Langley Research Center, Hampton, Virginia

A portable system has been developed
to test and monitor the instrumentation
used in wind-tunnel models. The system is
currently in use at the Langley Research
Center 16+t (4.9-m) wind tunnel.

This system has the capability of moni-
toring balance readouts on all six wind-
tunnel model components: normal, axial,
pitch, roll, yaw, and side. It can be used for
checking thermocouples and electrical
leads for continuity and for leak-checking
pressure transducers. It was developed
as a completely portable and self-con-
tained unit that can be moved to the loca-
tion where the work is being performed.

The primary benefits realized with the
portable test and monitoring system are
associated with a saving of time. The
models used in this major windtunnel fa-
cility are very complex. Previously, about
30 percent of the facility occupancy time
was devoted to model calibration and
buildup. Without this system, a large por-
tion of the pretest buildup of a wind-tunnel
model cannot be conducted until the
model is inserted into the tunnel and con-
nected to the data-acquisition system,

wasting valuable tunnel time.

With the full utilization of this portable
equipment, a portion of the calibration and
checkout work can be accomplished out-
side of the facility, shortening the time re-
quired for mode! installation. Because of
these features, this system can be used
for checkout during model buildup before
the model is installed in the wind tunnel or
for trouble-shooting model-instrumenta-
tion problems after the model is installed
in the tunnel.

This work was done by Charles A.
Poupard of Langley Research Center.
No further documentation is available.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Langley
Research Center [see page 20]. Refer to
LAR-13405.

The Portable System Is Self-Contained and
can be moved easily to the model, either be-
fore or after the model is installed in the
wind tunnel. The system is 442 in. (113 cm)
high, 22 in. (56 cm) wide, and 17 in. (43 cm)
deep and weighs 100 Ib (45 kg).

New Products

Powerex, Inc. (Youngwood, PA) has releas-
ed a full-color brochure on their new FET-
MOD and MOSBIP isolated power modu-
les. The products were created specifically
to address problems in circuit design for
high-frequency applications up to 100 kHz.
The brochure presents relevant technical
information including dimensional draw-
ings, circuit diagrams and charts delinea-
ting ratings and electrical characteristics.
For acopy of the brochure, Circle Reader
Action Number 598.

Netzsch Inc. Exton PA has expanded its
line of thermal expansion instruments. The
Model 402E/7 2000 Dilatometer features a
water cooled graphite furnace, graphite
sample support and W-Re Thermocouple
for sample temperature. A ceramic system
is easily substituted for operation in oxidiz-
ing atmospheres up to 1700 degrees C.
Computer based data analysis is available.
Circle Reader Action Number 597.

NASA Tech Briefs, November/December 1987

Design Components, Inc., Franklin, MA,
has introduced Smart Slide, an integrated,
single axis positioning system that in-
cludes a precision linear table, a micro-
processor-based motion controller, and a
high performance motor drive. Users can
tailor the system to exact operating condi-
tions without any previous motion control
knowledge. Circle Reader Action Number
589.

New high frequency oscilloscopes from
Philips Test & Measurement (Everett, WA)
offer abandwidth that breaks the 400 MHz
barrier. The PM 3295A and PM 3296A series
oscilloscopes have an autoset function
that automatically selects channels, sets
the amplitude range, timebase speed, trig-
ger functions and screen position for any
input signal with a single button. Both
models can be supplied with a nonvolatile
memory for 75 complete front-panel set-
tings. An infrared remote control unit
allows instant recall of the settings. Circle
Reader Action Number 588.

Amoco Laser Company has introduced
the ALC 1064-50 Laser Diode Pumped
Solid State Infrared Microlaser. The 13
inch diameter, 4 inch long laser head pro-
duces 50 mW of TEM_ 1064 mm light.
Designed fortesting optical coatings and
nonlinear materials, alignment of high
power YAG systems, and general research
and development use, the new microlaser
has a stability of 2% and a noise level of
less than 0.2% RMS. Circle Reader Action
Number 586.

NCR Microelectronics Division has an-
nounced the availability of fully qualified
plastic packages in both pin-grid arrays
and quad flat packs for high-pin count pro-
ducts including application specific in-
tegrated circuits. The plastic lidded pin-
grid array package has asingle layer epoxy
glass substrate with a nickel/gold plated
routed cavity. Leads are solder plated,
phosphor bronze with a.100 inch pitch and
support through-hole assembly. Circle
Reader Actlon Number 585.
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Numerical Simulation of Silicon-Ribbon Growth
A mathematical model includes nonlinear effects. »
) Upper Yield Stress
NASA’s Jet Propulsion Laboratory, Pasadena, California at7s0K_ 300K
Lower Yield
A mathematical model in development displacements; thermal expansion; and i ?;BS;S at
will simulate the growth of a silicon ribbon gravitation (see figure). In practice, the
from a melt. Unlike previous models, this gravitational stress is negligible. The ther- el 750 K
one takes account of the entire tempera- mal components of strain are expressed in 2
ture and stress history of the ribbon. The terms of the temperature distribution and -
material history is important because it the coefficients of thermal expansion. The 2y 1,050 K
strongly affects the achievable quality and tendency toward buckling is evaluated in
growth rate of the product. Numerical the usual way, by seeking the solution for
simulations performed with the new model ribbon bending in the presence of in-plane 1,350 K
will help in the search for the temperature stresses only. 1800 K
distribution, pulling speed, and other condi- To simulate the highly nonlinear effects :
tions that favor the growth of wide, flat, of plasticity, the model must include the it
relatively defect-free silicon ribbons for following: Strain

solar photovoltaic cells at economically at-
tractive, high production rates. The model
is also applicable to materials other than
silicon.

Silicon ribbons can be grown in widths
of upto 2 cmand at speeds of upto 1 cmis.
At greater widths or speeds, ribbon growth
tends to become unstable at the rib-
bon/melt interface, ribbons tend to buckle
transversely to the direction of growth, and
residual stresses cause both shattering
during cutting and dislocations in crystal
structure that degrade electrical efficien-
cy. For realistic numerical simulations, the
model takes account of the accumulation
of thermal and mechanical changes that
cause these deleterious effects.

The ribbon is treated as a plane mem-
brane sothat the problem can be simplified
to two dimensions. The two-dimensional
stress/strain equations include the effects
of elastic, plastic, and creep strains; total

* A criterion to determine whether the ma-
terial has yielded;

* A flow rule to compute the incremental
plastic strain;

* A hardening rule to follow the stress-
included changes of the yield surface;

* A rule for the temperature dependence
of the yield stress (see figure) to follow the
changes of the yield surface with temper-
ature; and

* A rule for the annealing mechanism to
compute the dissipation of accumulated
plastic strains.

The creep loading is related to the vis-
cous behavior of silicon at high tempera-
tures. The simulation incorporates the
Sumino model of silicon viscosity, which
expresses the creep rate in terms of the
temperature, the dislocation density, and
other parameters dependent on the ma-
terial.

The combined equations for the stress-

The Stress-vs.-Strain relationship of silicon
is highly nonlinear and temperature-depen-
dent in the high-temperature, plastic-flow
region.

es, strains, displacements, and tempera-
ture distribution are placed in finite-spatial-
element form, with spatial and temporal
thermal boundary conditions. At each time
step, the position of the ribbon (and conse-
quently the boundary and solution domain)
is incremented to simulate the ribbon mo-
tion, and the spatial solutions are obtained.
For the history-dependent quantities, the
increments at each time step are accumu-
lated.

This work was done by Ben K. Woda,
Chin-Po Kuo, Senol Utku, and Sujit Kumar
Ray of Caltech for NASA’s Jet Propul-
sion Laboratory. For further information,
Circle 122 on the TSP Request Card.
NPO-16805

—

Books and Reports

These reports, studies, handbooks are
available from NASA as Technical
Support Packages (TSP's) when a Re-
quest Card number is cited; otherwise
they are available from the National
Technical Information Service.

Convective Evaporation of
Sprayed Liquid
50

The behavior of cluster