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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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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.
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stemming from software
that we are developing,
autonomous robots can
quickly and efficiently
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precision inspections, even
choose their own tools.
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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.
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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.




NNSA TechBriefs

National Aeronautics and

Space Administration MP VBPA

NASA Tech Briefs:

Published by .......... Associated Business Publications
e T R R RS Bill Schnirring
I s ooty o av/a o AR e h s Thomas H. King
ABROCIMRS PUDBSHBN . . ... . .. :icnoviconaneas Frank Nothaft
Associate Publisher ................. Robin J. DuCharme
IR EOMIOF . o' o s o 0 505 3ivin s isn w3 Hm RO R. J. Laer
ADBOUING BEWNON .. .. ii oo o ho AR A .8 Leo D. Kluger
Associate Editor ................. Joseph T. Pramberger
Technical Advisor ............... Dr. Robert E. Waterman
Production Manager ................ccocuunn Rita Nothaft
RO IRIRRDBE = < <o o o oo n Snwvwioichons James E. Cobb
Clrciation DINBCION ....c.cvivessssenmanas Anita Weissman
L e e e PP Nell B. Rose
AWNUS MANROBY <. . oonnesnsnonsseineiess Evelyn Mars
Reader Service Manager ................. Arlene Berrios
Technical Staff:

Briefs prepared for National Aeronautics and Space
Administration by Logical Technical Services Corp., NY, NY

Technical/Managing Editor ................. Ted Selinsky
LR ARSI N ke Ernest Glllesple
NOTRRISREION - - & . il i L e i ey Elizabeth Texeira
ChISt Copy EHIOF ..o csiiscagarssidssintion Lorne Bullen
A SRR Dr. James Boyd, Dr. Larry
Gruenberger, Jordan Randjelovich, George Watson,
Oden Browne, Joseph Renzler
T T A R L Luis Martinez, Vernald Giliman,
Charles Sammartano
= Rod ends and bearing Editorial & Production Bill Little, Frank Ponce, lvonne Valdes,
in standard or custom Paul Marcus
design for regular and
special applications NASA:
for aerospace and NASA Tech Briefs are provided by the National Aeronautics
most other industries. and Space Administration, Technology Utilization Division,
= Precision ground balls, Washington, DC:
single piece race type ACTOIRSIRION . . <« onmnisine vsia s Dr. James C. Fletcher
construction. Assistant Administrator for Commercial Programs ........
= High misalignment Lawrence F. Herbolsheimer (Act)
units available in male Director Technology Utilization Division . ..Henry J. Clarks
and female models. Publications Manager ................... Leonard A. Ault
Assoclated Business Publications
41 East 42nd Street, Suite 921
New York, NY 10017-5391
(212) 490-3999
B o L I e watomerslass i S hweatn o oo Bill Schnirring
Executive Vice President .................. Frank Nothaft
Aurora Bearing Company offers a complete Vice President Marketing ............... Mark J. Seitman
line of quality rod ends and linkages to provide VICEPIORIAO o2 o o5 v man o3 owveve i John K. Abely
nearly trouble-free performance. Expertly designed
and competitively priced, you'll find that they will Advertising:
improve the life and important functions of New York Office: (212) 490-3999
your products. T AR RO SRS E Robin DuCharme
\ Account Executive (Mid-Atlantic) ............. Dick Soule
* Account Executive (Midwest) ............ Michelle Larsen
- ‘ Advertising Coordination Manager .. ... Erving Dockery, Jr.
- Account Executives (Eastern MA, NH, ME, Rl) .. .Lee Arpin
m at (617) 899-5613; Bill Doucette at (617) 2787792
Al = Write for FREE 36-page Account Executive (Western MA, CT, VT) ... .George Watts
; catalog. at (413) 596-4747
i bk =i Aurora Bearing —the MOTION Account Executives (No. Calif., UT) Janice Richey King and
e TRANSFER SPECIALISTS! Richard Cassidy at (415) 656-3613
i Account Executives (So. Calif., AZ, NV, NM) Thomas Stiliman

and Leslie Alley at (213) 541-4699

f.. AURORA BEARING COMPANY

HURORB 970 South Lake Street NTBM-Research Center
; A Aurora, lllinois 60506 * Ph. 312 859-2030 Project Director Mark J. Seitman
\¢ - EECEA. SIS SN SO TIL SNse0art Account Supervisor ................... Lourdes Del Valle

6 Circle Reader Action No. 413 NASA Tech Briefs, November/December 1987



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” ®
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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

T

i’

L’> L

n

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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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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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
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€
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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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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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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:

NASA Tech Briefs, November/December 1987

Control-Station
Software
System

Hand-Controller
Subsystem

Graphic-Display
Subsystem

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.
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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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53 Testing Long-Term dynamic and Transport
Exposure to Vacuum Properties of Fluids
60 Star-Tracker Computer
Program
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 clusters of
drops is analyzed.

Atheoretical model has been developed
to analyze the behavior of both dense and
dilute clusters of evaporating liquid drops
in gas flows. The model is particularly use-
ful in the search for methods of controlling
the evaporation, ignition, and combustion
of fuel sprays.

The analysis is based on a cluster of
drops, all of the same size, uniformly dis-

tributed in a cluster volume, V, which is
embedded in a gaseous control volume, V.
The drops are treated as moving with re-
spect to the gas, but not with respect to
each other. Each drop is considered to be
surrounded by an imaginary sphere of in-
fluence, the radius of which is half the dis-
tance between adjacent drops; the en-
semble of the spheres of influence and the
spaces between them constitute V...

The quiescent evaporation of each drop
within its sphere of influence is modeled by
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Newport’s new
a".)

In this

fiber-alignment

setup, a source

fiber is sequentially .
coupled with three output
fibers by a PM500 X-Y stage.

A PC collects data and controls

the PM500 and the rest of the experiment.

Guaranteed. ..regardless of
load and speed!

The secret: Newport's new PM500
continuously measures position directly
from the stage to provide 0.1 micron
precision independent of load and speed.
That makes it vastly more precise than
conventional systems that simply count
stepper pulses. With the PM500, even
shifting loads and thermally-induced
translations are automatically
compensated!

© 1987 NEWPORT CORPORATION

A Perfect Tenth!

@® Tenth-micron resolution.

® Tenth-micron bidirectional repeatability.

® Tenth-micron incremental move.

Specifications that hold up
in the real world

Put it to work in your most
demanding applications: It will give you
inherently consistent precision thanks
to its stage-mounted optical linear
encoder with non-contacting read-head.
You'll appreciate its wide speed range—
10 microns/second to 100 mm/second—
and smooth-running DC motor drives.
Precisely linear motion is ensured by the

finest crossed-roller bearing construction.

Its sophisticated yet easy-to-use controller
talks to virtually any computer via
built-in RS-232 and IEEE-488 ports. And,
like all Newport products, it's easy to
integrate into your setup and compatible
with your other Newport equipment.

714/965-5406

18235 Mt. Baldy Circle

Fountain Valley, CA 92708

Europe: Newport Gmbh Ph. 06151-26116
UK.: Newport Ltd. Ph. 05827-69995

Configurations to fit your
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more information and your free copy of
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quasi-steady convective/diffusive differen-
tial equations for species and heat. These
equations are coupled to the equations for
the nonuniform temperature within the
drop through the boundary conditions at
the drop surface. The solutions of these
equations are used in an integral set of
equations that describe heat, mass, and
species conservation over the entire V,,
and the global equation of state completes
the formulation for the quiescent condition.
Convective evaporation is described with
the help of a previously developed correla-
tion between the quiescent evaporation
rate, the evaporation rate in convective
flow, and the Reynolds number. In this

case, the Reynolds number is based on the
drop radius and the relative velocity be-
tween the cluster of drops and the gas.

The equation for the conservation of
momentum in V treats the drop cluster and
the gas as two interpenetrating fluids. The
transfer of momentum between the drops
and the gas is assumed to occur through
evaporation, fluid-flow interaction that can
be expressed in the form of a drag coeffi-
cient, and small pressure gradients: this
splitting enables the model to yield the cor-
rect limits in the case of no evaporation, no
slip (zero relative velocity), or quiescent
ambient gas.

Calculations for a spray of n-decane in
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air revealed several distinctive evaporation
regimes at different fuel/air ratios. Very
dense clusters were found to evaporate in
a diffusion-controlled regime, while very
dilute clusters were found to evaporateina
convection-controlled regime. Between
these extremes is a convection/diffusion
regime where both phenomena influence
the lifetime of the drop cluster. These
results are insensitive to the drag model:
three different drag models showed less
than 10-percent variation in the evapora-
tion time.

The effects of important parameters
were investigated in the various evapora-
tion regimes. The initial relative velocity
was found to be a weak control parameter
for both dense and dilute clusters. The vari-
ation of the evaporation time with the initial
ambient temperature is basically the same
for both dense and dilute clusters. For both
dense and dilute clusters the internal drop
temperature relaxes quickly to a nearly
uniform condition, but transients persist
throughout the drop lifetime.

The drop lifetime in a dilute cluster
depends weakly on the initial drop temper-
ature, while for dense clusters the depen-
dence is weak in the higher-temperature
regime and strong in the lower-tempera-
ture regime. For a given air/fuel mass ratio,
the evaporation time of a dilute cluster is
very insensitive to the fraction of the fuel
mass that is initially in vapor form, but the
evaporation time of a dense cluster de-
creases linearly with an increase in the ini-
tial fuel-vapor fraction.

This work was done by Josette Bellan
and Kenneth G. Harstad of Caltech for
NASA’s Jet Propulsion Laboratory. To
obtain a copy of the report, “Analysis of the
Convective Evaporation of Dense and Di-
lute Sprays,” Circle 36 on the TSP Request
Card. NPO-16955

Predicting Visible Range
of an Object

The relative angles of light
sources and object orientation
are taken into account.

A report and supplementary materials
present a method for estimating the maxi-
mum distance at which the Spartan free
flyer can be seen by star trackers on the
Space Shuttle. The ability to detect the
Spartan, or another object, depends on the
brightness of the object relative to that of
other visible sources. The brightness, and
consequently the visible range, is calculat-
ed by using a simplified model of the object
as a reflector, taking into consideration the
orientation of the object and the predicted
relative positions of the Shuttle and the
Sun.

The Spartan reflector model is a rec-
tangular parallelepiped having a diffuse
reflectance of 0.05 on one of the end faces
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and 0.82 on all of the other faces. The
model is considered to be illuminated by
solar radiation and by light reflected from
the Earth. A conservative average Earth
albedo of 0.30 is adopted, and the illumina-
tion of the Spartan by the reflected light is
approximated by summing the reflections
toward the Spartan from finite Sun-illumi-
nated surface elements of the Earth visible
from the Spartan.

lluminated by the combined direct and
Earth-reflected solar radiations, the Spar-
tan reflector model becomes, via its own
reflectivity, a model light source itself. The
intensity of this Spartan source varies with
direction of observation, and its intensity in
the Shuttle direction determines the de-
sired visible range. The light reflected into
the Shuttle star trackers from each Spar-
tan face visible from the Shuttle is calculat-
ed from the intensity of its combined il-
lumination, its reflectivity, and its angle to
the Shuttle/Spartan line.

The angles for the photometric calcula-
tions are obtained from the fundamental
geometric relationships among the posi-
tions of the Sun, Earth, Shuttie, and Spar-
tan, and from the orientation of the Spar-
tan. The inputs for the angle calculations
are obtained from the ephemerides of the
Sun and the Shuttle, and from the antici-
pated schedule of Spartan maneuvers.

The working range is defined as the dis-
tance at which the Spartan brightness is at
least third stellar magnitude, the level
needed for reliable detection by the star
trackers. Because of the uncertainties in
predicting actual Spartan/Shuttle dis-
tances, the visibility-prediction problem is
formulated to compute the working range
from the other variables. In practical ap-
plications, a series of computed ranges
covering all or a part of a Spartan free flight
can be plotted against time and compared
to actual range values or limits to deter-
mine the usefulness of optical tracking dur-
ing the flight.

This work was done by Joseph C. King of
Goddard Space Flight Center. 7o obtain
a copy of the report, “Continuous Predic-
tion of Spartan Visibility from Orbiter Over
Modeled Free-Flight Mission” and the
summaries “Optical Tracking” and “Meth-
od for Predicting Free-Flyer Visibility from
Shuttle,” Circle 54 on the TSP Request
Card. GSC-13078

Testing Long-Term
Exposure to Vacuum

A laboratory facility enables
storage of materials under
controlled vacuum conditions.

A facility for studying the long-term ef-
fects of vacuum on materials is described
in a report. The facility was built for testing
specimens of materials used in solid-
rocket motors, including propellants, cas-
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ings, insulators, and liners.

The vacuum storage system maintains
specimens at constant temperature and
high vacuum. It enables the specimens to
be removed easily and safely for analysis.
It includes six canisters connected to a
vacuum manifold. Samples of outgassing
products from the specimens are collect-
ed on salt plates cooled to 50 °F (10 °C).

A nitrogen storage system maintains
specimens at 77°F (25°C) in pure, dry
nitrogen gas under a gauge pressure of 2
to 4 psi (14 to 28 kPa). It enables the com-
parison of control specimens with speci-
mens exposed to the vacuum. It, too, con-
sists of a set of canisters.

The canisters are maintained at the con-
stant temperature of 77 £5°F (25+3°C)
by circulating heated water that flows
through jackets on the canisters. An
instrumentation-and-control system meas-
ures and records the operating parame-
ters and generates control signals and
alarm indications as necessary.

This work was done by D. L. Clark,
Charles E. Forsyth, Thomas L. Rerucha,
and William J. Arbegast, Jr., of Martin
Marietta Corp. for NASA’s Jet Propulsion
Laboratory. 7o obtain a copy of the report,
“In-Situ Vacuum Effects Testing of Solid
Rocket Motor Materials,” Circle 24 on the
TSP Request Card. NPO-16944

EX
ECH

Cost effective fabrics
Jor people who can't afford
Jailures.

Aerospace...Defense...Composites...
Safety Apparel... Filtration

Tex-Tech Industries has the problem-solving experience and
manufacturing capabilities to produce fabrics that exceed
your performance expectations. We can shape your ideas
with carbon and ceramic fibers, PBI®, Kevlar®, Nomex®, or
Teflon® materials. Choose from over 300 fabrics engineered
to exacting specifications to insulate, dampen, seal, filter,
suppress noise, retard fire, protect people
and resist hostile environments. Contact
Tex-Tech Industries, Inc., Main Street,
P.O. Box 8, North Monmouth, ME 04265.
Call (207) 933-4404.

NDUSTRIES, inc.

Kevlar, Nomex and Teflon are registered trademarks of DuPont.
PBI is a registered trademark of Celanese Corporation.

Circle Reader Action No. 392



Hardware, Techniques, and Books and Reports Computer Programs
Processes 55 Degradation of Reflectors 60 Calculating Transport of
54 Thermosetting and Dielectrics Moisture Through
Fluoropolymer Foams 55 Advancesin Thermo- Honeycomb Panels
54 Polyphenylquinoxalines electric Materials 60 Laminate-Moisture-
Containing Alkylenedioxy Analysis Computer
Groups Program
62 ICAN: Integrated
Composites Analyzer

Thermosetting Fluoropolymer Foams
Uses include coatings, electrical insulation, and structural parts.

Godaard Space Flight Center, Greenbelt, Maryland

A new process makes fluoropolymer
foams with controllable amounts of inert-
gas fillings in the foam cells. Unlike foamed
thermoplastic fluoropolymers, the thermo-
setting fluoropolymers do not require
foaming additives that leave undesirable
residues and do not have to be molded and
sintered at temperatures of about 240 to
400°C. Consequently, the thermosetting
polymers may be better for use with elec-
tronic or other parts that are sensitive to
high temperatures or residues.

Atypical thermosetting polymer is made
from a fluorodiepoxide and a curing agent
that is usually an adduct amine (see figure).
These ingredients are liquid at or near
room temperature. First, they are mixed in
stoichiometric or other suitable amounts.
After deaeration in a vacuum, the mixture
is placed in a chamber, which is then
pressurized with the desired filling gas ata
pressure of several atmospheres.

The filling gas can be air, oxygen,
nitrogen, or any of a variety of elements
and compounds that do not react chemi-
cally with the mixture. Experiments have
shown that the gas reacts physically with
the mixture in a controlled way and that the
gas can be sgueezed into the mixture as
long as the fluorine content of the mixture
is at least 30 to 40 percent by weight.

The mixture is allowed to cure partially
at room temperature. Once the mixture
has gelled, the gas is trapped in the
polymer.

The partially cured polymer is removed
from the pressure chamber and heated to

CF,

\
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N | | LN
CH,—CH—CH,0—C C—OCH,—CH—CH,

|
CF,

|
OH CF,

~
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o
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These Ingredients are mixed at or near room temperature to form a thermosetting fluoro-
polymer. The fluorine content varies with the sizes of the perfluoroalkyl groups, R, and R(.

complete the cure. While the polymer is
being cured, the trapped gas causes it to
foam by heating. The depth of foaming de-
pends on the type of gas and can be in-
creased by increasing the pressure during
the gas-trapping/partial-curing stage.

The type and amount of gas can be se-
lected to impart a desired mass density.
For example, the material might be foamed
to the maximum possible extent to reduce
the cost. (Fluoropolymers are relatively ex-
pensive.) A gas filling — possibly sulfur
hexafluoride — might be chosen to en-
hance the dielectric properties of afoam to
be used as electrical insulation. Another

gas [oxygen or Freon (or equivalent)] might
be chosen to support or retard combustion
or to perform other specific functions.

This work was done by Sheng Yen Lee
of Goddard Space Flight Center. For fur-
ther information, Circle 131 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 Coun-
sel, Goddard Space Flight Center [see
page 20]. Refer to GSC-13008.

Polyphenylquinoxalines Containing Alkylenedioxy Groups

Better processability is achieved through the lowering of glass-transition and melt temperatures.

Langley Research Center, Hampton, Virginia

New polyphenylquinoxalines (PPQ's)
have been prepared from the reaction of
novel bis(alpha-diketones) with aromatic
bis(o-diamines). These PPQ’s contain
alkylenedioxy groups in their repeating

g

units. They have lower glass-transition
temperatures and melt viscosities and,
conseguently, better processability than
the all-aromatic PPQ’s. The tensile
strength, modulus, elongation, adhesive

strength, fracture energy, and solvent re-
sistance of the new polymers are compar-
able with the properties of known PPQ’s.
The incorporation of a flexibilizing seg-
ment such as an aliphatic or an alkylene-
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dioxy group intc the repeating unit of an
aromatic/heterocyclic polymer is an effec-
tive way of reducing the glass-transition
temperature and improving the processa-
bility. In this case, the flexibilizing alkylene-
dioxy unit was incorporated into the
bis(alpha-diketone) portion of the PPQ re-
peating unit.

The PPQ's containing alkylenedioxy
units of two to six carbon atoms within the
backbone were prepared in high-molecu-
lar-weight forms. Their glass-transition
temperatures ranged from 203 to 241 °C,
decreasing with the increasing lengths of
the alkylenedioxy groups. Solution-cast

films had tensile strengths, tensile moduli,
and elongations at room temperature as
high as 14,400 psi (99 MPa), 378,000 psi
(2.61 GPa), and 8.1 percent, respectively.
The PPQ's were readily compression-
molded to provide compact tension speci-
mens that had fracture energies as high as
10.5 in.4b/in.2 (1.84 kJ/Im?). Titanium-to-ti-
tanium tensile shear specimens provided
average strengths of 4,400 psi (30 MPa) at
26°C, 3,100 psi (21 MPa) at 177°C, and
2,010 psi (13.9 MPa) at 203 °C. The PPQ's
were resistant to normal aircraft fluids but
were soluble in chlorinated solvents. These
polymers are potentially useful as adhe-

sives, coatings, films, and molded pro-
ducts, particularly for aerospace applica-
tions.

This work was done by Paul M.
Hergenrother of Langley Research Cen-
ter, StephenJ. Havens of PRC Kentron, Inc.,
and Frank W. Harris of the University of
Akron. For further information, Circle 3 on
the TSP Request Card.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Langley Re-
search Center [see page 20]. Refer to
LAR-13601.

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.

Degradation of Reflectors
and Dielectrics

Terrestrial and orbital effects
are described.

A report describes the important de-
grading effects of the atmosphere and
outer-space environments on reflective
surfaces and dielectrics. For reflective sur-
faces, the terrestrial effects include soiling
on glass surfaces and their changes with
time. The space effects include the uitra-
violet enhancement of contamination and
possible surface erosion due to solar radia-
tion, the impact of debris, and interactions
with atomic oxygen. Dielectrics are
similarly affected in both environments.

It is known from solar-energy programs
that the primary agents of the degradation
of reflectors in terrestrial applications are
natural aerosols from vegetation, dust,
ozone, and such industrial pollutants as
sulfur. The main degradation effects in ter-
restrial applications are caused by water
vapor coupled with airborne dust. In cer-
tain geographical regions, surfaces are
damaged by hail. In low orbits around the
Earth, the degrading agents are space
debris, contaminating volatile materials
emitted by adjacent equipment, and
atomic oxygen. Damage by micrometeor-
ites and photolysis of surface con-
taminants by ultraviolet or particulate radi-
ation is also important.

Insulators that perform well in terrestrial
applications may perform poorly in satellite
applications. On the Earth, factors that de-
grade insulators are the same as those
that degrade reflective surfaces. However,
for insulators the primary concern regards
the buildup of contamination surface lay-
ers that provide electrical-discharge paths
over the surfaces. It has been found that
water vapor, coupled with dust and tem-
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perature cycles due to weather, causes the
most damage. In desert areas, insulation
does not require frequent washing except
near industrial pollution sources. In coastal
areas, the presence of humidity and con-
tamination necessitates frequent washing.

The effects of the orbital environment
upon insulators are more complex than ori-
ginally thought. The response of an insula-
tor to postulated radiation, atomic oxygen,
and contamination needs to be known for
success in an intended application. Orbital
altitudes, radiation-resistant materials, and
low-outgassing adjacent materials may
have to be chosen with a view toward the
minimization of degrading effects.

This work was done by Frank L.
Bouquet, Edward F. Cuddihy, and Carl R.
Maag, Jr., of Caltech for NASA’s Jet Pro-
pulsion Laboratory. To obtain a copy of
the report, “Terrestrial and Space Effects
on Reflective Surfaces and Dielectrics,”
Circle 86 on the TSP Request Card.
NPO-16711

Advances in Thermo-
electric Materials

Rare-earth chalcogenides
and boron-rich borides show
promise.

A report discusses the search for
materials that will perform more efficiently
in high-temperature thermoelectric con-
version. It begins with a summary of de-
velopments during the past three decades.
This is followed by a brief introduction to
the theory of thermoelectric energy con-
version, then by experimental findings and
by some additional theory on specific
materials.

The efficiency of conversion of heat to
electrical energy in a thermoelectric
couple increases with the difference be-
tween the squares of the Seebeck coeffi-
cients of the two materials and is reduced
by heat conduction and Joule heating.
These effects are summarized in a figure

of merit, Z, which appears in the equation
for the conversion efficiency and has the
dimensions of the reciprocal of tempera-
ture. As Z increases, so does the efficien-
cy. It is also common to use a modified
definition of Z for a single material and then
to compare different materials in terms of
the dimensionless parameter ZT (where
T = absolute temperature.)

Early theoretical work explained the
transport properties of and guided the de-
velopment of materials with high conver-
sion efficiencies. In general, it has been
found that the Seebeck coefficients of
metals are too low, while the electrical
resistivities of insulators are too high. Good
compromises (the highest Z values) are
made by choosing highly doped semicon-
ductors that have intermediate Seebeck
and resistivity values. The more significant
developments have involved the estima-
tion of optimum doping concentrations, the
reduction of thermal conductivities by
solid-solution doping, and the development
of a variety of materials with ZT = 1 in the
temperature range of 300 to 1,200 K.

It would be a breakthrough to find
materials with ZT »1, that can withstand
large hot-junction temperatures. The
search has led to two classes of candidate
materials: (1) the rare-earth chalco-
genides, which have high vacancy con-
centrations, behave as conventional, high-
ly degenerate ntype semiconductors at
room temperature, and become partially
degenerate at higher temperatures; and(2)
the boron-rich borides, which exhibit hop-
ping p-type conduction. In the interest of
the compatibility of materials, it would be
desirable to fabricate a thermocouple from
n-and p-legs of the same compound. How-
ever, it appears extremely difficult to dope
rare-earth chalcogenides p-type or boron-
rich borides n-type.

This work was done by Charles Wood of
Caltech for NASA's Jet Propulsion Lab-
oratory. 7o obtain a copy of the report,
“"High Temperature Thermoelectric
Energy Conversion, " Circle 89 on the TSP
Request Card. NPO-16885

55



\~—r"

programs described here, circle the appropriate TSP number.
If you don't find a program in this issue that meets your needs,

COSMIC's inventory is

Computer Programs

COSMIC: Transferring NASA Software
OOSMIC.NASAsOunMuSoRmantdeMof
mation Center, distributes software developed with NASA fund-
ing to industry, other government agencies and academia.
updated regularly; new programs are re-
ported in Tech Briefs. For additional information on any of the

call COSMIC directly for a free review of programs in your area of
interest. You can also purchase the 1987 COSMIC Software
Catalog, containing descriptions and ordering information for
available software.

__COSMIC is part of NASA's Technology Utilization Network.

COSMIC® — John A. Gibson, Director, (404) 542-3265
Oanpqnus«vicesAnnex,Univ of Georgia, Athens,

thens, GA 30602

56 Designing Rectangular 60 Star-Tracker Computer 64 Computing Long-Term 68 Optimal Network-Topology
RHCP Microstrip Antennas Program Orbital Motions Design

56 PCACE-Personal- 60 Calculating Transport of 64 Numerical Simulation for 68 Fast-Polynomial-Transform
Computer-Aided Cabling Moisture Through Supersonic Inlets Program
Engineering Honeycomb Panels 64 Computing Aerodynamics 70 Mathematical Routines
Assessment of Advanced 60 Laminate-Moisture- of Propfans for Engineers
Concentrator Photovoltaic Analysis Computer 67 Simulation of the Internal- and Scientists
Modules Program Combustion Engine 70 Algorithm Sorts Groups

58 Calculating Electro- 62 ICAN: Integrated 67 Calculation of of Data
magnetic Flelds of a Composites Analyzer Multicomponent 70 Computer Program for
Loop Antenna 62 Steady-State Thermal- Convective Diffusion Linear Algebra

58 Improved General Analysis Program for Deposition
Chemical-Kinetics Microcomputers 67 Allocating Spare Parts in
Program 62 Aerodynamic-Analysis Complicated Systems

60 Calculating Thermo- Programs for 68 Simulation of Research
dynamic and Transport Microcomputers and Development Projects
Properties of Fluids

Computer Programs

These programs may be obtained at a
very reasonable cost from COSMIC, a
facility sponsored by NASA to make
computer programs available to the
public. For information on program
price, size, and availability, circle the
reference number on the TSP and
COSMIC Request Card in this issue.

Electronic Components
and Circuits

Designing Rectangular
RHCP Microstrip Antennas

A program calculates
the configuration
and the impedance.

RHCP, the Right-Handed, Circularly Po-
larized Microstrip Antenna program, aids
in the design of a rectangular microstrip-
antenna element, given the desired fre-
quency of operation and characteristics
of the substrate. RHCP begins the design
calculations on the basis of a square ele-
ment with linear polarization. The effective
dielectric constant and changes in electri-
cal length due to fringing at the edges of
the radiating element are taken into ac-
count. A coaxial feed is inset with 50 ohms
input impedance. By placement of the feed
such that two orthonormal modes are pro-
duced in the antenna cavity, right- or left-
handed circular polarization is obtained.

The input to RHCP consists of the de-
sired frequency, the dielectric constant,
and the thickness of the substrate. The out-
put consists of the final rectangular con-
figuration, the proposed placement of the
feed inset, and the actual inputimpedance.

56

RHCP has been used successfully for
frequencies between 2 and 15 GHz for thin
substrates. This program was used to de-
sign antenna elements for the S-band quad
antennas on board the Space Shuttle and
is a part of the design project for the S-band
phased-array-antenna radiating aperture.

RHCP is written in FORTRAN 77 for in-
teractive execution and has been imple-
mented on a DEC VAX-series computer
operating under VMS. The program was
developed in 1985.

This program was written by Shayla E.
Davidson of Johnson Space Center. For
further information, Circle 51 on the TSP
Request Card. MSC-21180

PCACE — Personal-
Computer-Aided Cabling
Engineering

Routine aspects of the
design of wiring
harnesses are automated.

The PCACE computer program has
been developed to provide an inexpensive,
interactive system for learning and using
an engineering approach to interconnec-
tion systems. PCACE is basically a data-
base system that stores information as
files of individual connectors and handles
wiring information in circuit groups stored
as records. This directly emulates the typi-
cal manual engineering methods of handl-
ing data, thus making the interface be-
tween the user and the program very
natural.

Data files can be created, viewed, ma-
nipulated, or printed in real time. The print-
ed output is in a form ready for use by fabri-
cation and engineering personnel. PCACE
also contains a wide variety of error-
checking routines, including checks of

connector contacts during printing.

The user can edit existing files of data on
wiring harnesses or create new files. In
creating a new file, the user is given the op-
portunity to insert all the connector and
harness “boilerplate” data that would be
part of a normal connector wiring diagram.
These data include connector reference
designator, connector part number, back-
shell part number, cable reference desig-
nator, cable part number, drawing revision,
relevant notes, standard wire gauge (in the
Apple version only), and maximum circuit
count. Any item except the maximum cir-
cuit count may be left blank, and any item
may be changed later.

Once afile is created and organized, the
user is directed to the main menu and has
access to the file boilerplate, the circuit-
wiring records, and the wiring-records in-
dex list. The organization of a file is such
that record zero contains the connector/
cable boilerplate, and all other records
contain circuit-wiring data.

Each wiring record handles a circuit
with as many as nine wires in the interface.
The record stores the circuit name and
wire count and the following data for each
wire: wire identifier, contact, splice, wire
gauge, wire/group type, wire destination,
and note number. The PCACE record
structure provides for a wide variety of wir-
ing forms using splices and shields, yet re-
tains sufficient structure to maintain ease
of use.

PCACE is available in two versions. The
Apple version is written in P-Code Pascal
and has been implemented on an Apple I
computer with a memory of 64K of 8-bit
bytes, two 5% -inch floppy-disk drives, and
an Epson MX-series printer. It was devel-
oped in 1983. The IBM PC version of
PCACE is written in TURBO Pascal 3.0and
has been implemented on IBM PC, XT, and

NASA Tech Briefs, November/December 1987



Designed to Fit

e NEC b

TI-23A CCD CAMERA

Once again, NEC has designed

TI-23A Shuttered Monochrome
512(H)x492(V) pixels

(Note: Camera shown is life size.)

enough to work in your most de-

and built an industrial camera spe-

cifically suited to your needs. The smallest in NEC's
long line of compact cameras, the rugged little
(194"x1%4"x435") TI-23A, features an electronic shut-
ter that freezes action up to %000 of a second. With-
out blurring. Or a strobe.

Add to that the endurance and dependability of
CCD chips, and you've got a camera that's tough

| 413

| TI-22A1 Monochrome

vl 384(H)x490(V) pixels

1

il
1

6.26" |

TI-50ES High-Speed
Shuttered Monochrome
390(H)x493(V) pixels

2

manding applications, yet sensitive
enough to pick up even the smallest images. That
can be vital in advanced, highly technical settings.

So no matter how specialized — or difficult — your
need is, take a long look at our whole line of well
designed, well built cameras. There’s one with your
application on it.

sl PRr 1
l or |

TI-24A High-Resolution
Shuttered Monochrome
728(H)x493(V) pixels

!
|

§—
H
S v

NC-8 Low Light Color

< 427(H)x492(V) pixels

NC-110 CCD COLOR CAMERA

NC-110 Color, RGB Available
384(H)x490(V) pixels

NEC

NEC America, Inc., Broadcast Equipment Division = 1255 Michael Drive » Wood Dale, IL 60191

Phone: 312-860-7600 = Fax: 312-860-2978 « Twx: 910-222-5991

©1987 NEC America, Inc

652-041

Circle Reader Action No. 369




AT systems under DOS 3.1 with a memory
of 512K of 8-bit bytes, two floppy-disk
drives, an RGB monitor, and a printer with
ASCII control characters. The IBM PCACE
was developed in 1986.

This program was written by Joseph W.
Billitti of Caltech for NASA’s Jet Pro-
pulsion Laboratory. For further informa-
tion, Circle 58 on the TSP Request Card.
NPO-17006

Assessment of
Advanced Concentrator
Photovoltaic Modules

Many designs are
analyzed in terms of
cost and efficiency.

A computer program was developed to
estimate probabilistically the total and
component costs to end users of concen-
trating photovoltaic arrays in the 1990’s.
The program is based on a modified version
of the SIMRAND program (SIMRAND —
Simulation of Research and Development
projects — is available separately from
COSMIC) to estimate the total cost of a
system for a large number of module de-
signs. The module design that yields the
minimum cost for the total system is then
chosen as the preferred design. To obtain
a distribution of expected module costs, a
simulation is performed. The component
estimates made by SIMRAND include the
efficiency of a module and the costs of a
cell, an assembly of cells, an assembly of
lenses, and an assembly of modules.

The program includes 120 possible
module designs representing concentra-
tors of 200 X, 500 X, and 1000 X . These
120 designs are put through 500 trials with
SIMRAND. A second programis then used
to examine a selected subset of the
SIMRAND cases; for example, only 200 x
concentrators or only concentrators con-
tained in plastic housings with heat sinks.
The input variables include the efficiency of
the lenses, the time value of money, and
the costs of the substrate, heat sink,
packaging, interconnections, optical ele-
ments, and antireflective lens coatings.
These variables are used to produce 34
distributions, such as the baseline cost of
silicon, the advanced cost of silicon, the ef-
ficiencies of compression-molded lenses,
the efficiencies of injection-molded lenses,
the costs of plastic housings, and the costs
of aluminum housings.

The documentation contains instruc-
tions on how to alter the number of de-
signs, the number of distributions, and the
probability of failure and the associated
cost of failure for each distribution. The
ouput includes the mean and standard de-
viation for each cost equation, a cumula-
tive histogram for each cost equation, and
a histogram of how many trials each mod-
ule design won.
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This program is written in FORTRAN 77
for batch execution and has been im-
plemented on the IBM PC computer series
under DOS (2.0 or higher) with a minimum
central-memory requirement of 256K of
8-bit bytes. Two double-sided, double-
density flexible-disk drives, or one
megabyte of hard-disk space is also re-
quired. This program was developed in
1986.

This program was written by C. S.
Borden and D. L. Schwartz of Caltech, and
M. C. Davisson of Apogee Computer De-
signs, Inc., for NASA’s Jet Propulsion
Laboratory For further information, Circle
98 on the TSP Request Card. NPO-17042

Calculating
Electromagnetic Fields
of a Loop Antenna

Approximate field values
are computed rapidly.

The MODEL computer program was de-
veloped to calculate the electromagnetic-
field values of a large loop antenna at all
distances to an observation point. The
antenna is assumed to be in an x-y plane
with its center at the origin of the coor-
dinate system. MODEL calculates the field
values in both rectangular and spherical
components. It also solves for the wave
impedance.

MODEL is not intended to give ex-
tremely accurate answers but to give ac-
ceptable answers very quickly. MODEL
has been used to investigate the electro-
magnetic fields the Space Shuttle may
encounter from some of the planned pay-
loads that will emit low-frequency radia-
tion. The program is a simple and fairly ac-
curate tool for finding approximate field
values in the near field of a large loop
antenna.

MODEL is a quick interactive program.
The user is prompted for the radius of the
loop antenna, the starting frequency, the
stopping frequency, the change in frequen-
cy, and information on the observation
point. The output includes the coordinates
of the observation point, the frequency,
magnetic-field values, electric-field values,
and the wave impedance.

MODEL is written in MicroSoft FOR-
TRAN 77 for interactive execution and has
been implemented on an IBM PC with a
memory requirement of approximately
120K of 8-bit bytes. MODEL was devel-
oped in 1985.

This program was written by Mitchell B.
Schieffer of McDonnell Douglas Corp. for
Johnson Space Center. For further infor-
mation, Circle 108 on the TSP Request
Card.

MSC-21110

@) rovsat scencss

Improved General
Chemical-Kinetics Program

More computational power
is brought to bear on
complicated, homogeneous
ideal-gas reactions.

A new general chemical-kinetics code,
GCKP84, has been developed to compute
the progress of many types of complex
gas-phase chemical reactions. This new
code replaces the original GCKP code and
offers greatly improved efficiency, addi-
tional capabilities, and greater conven-
ience.

The original GCKP computed the prog-
ress of a general complex, homogeneous,
gas-phase reacting system. The system
was assumed to be adiabatic, and the
reaction could be in a batch or in one-di-
mensional frictionless flow. Shock-tube ki-
netics and equilibrium combustion models
were alsoincluded in the code. Any chemi-
cal system could be used if thermodyna-
mic data for the species and the chemi-
cal-reaction mechanism (including rate
constants) were known.

The new code, GCKP84, has the follow-
ing seven new capabilities and convenient
features:

1. Heat transfer between any reacting sys-
tem and its surroundings can now be
considered.

2. The well-stirred-reactor model is includ-
ed.

3. Anew implicit numerical-integration tech-
nique is used for greatly increased speed
in integrating “stiff” differential equations.
The speed of integration is increased by a
factor of 10 to 20 over that of GCKP, while
maintaining the same accuracy.

4. The new code can use several additional
types of reaction processes, including
photochemical reactions and reactions
of activated species.

5. The input for combustion problems is
simplified.

6. Rocket-performance parameters can be
computed for any flow-expansion prob-
lem

7. A well-stirred reactor followed by a nor-
mal flow reaction can be computed as a
single case.

The new code is written in FORTRAN [V
and was developed on the IBM 370/3033
computer.

This program was written by David A.
Bittker and Vincent J. Scullin of Lewis
Research Center. For further information,
Circle 18 on the TSP Request Card.
LEW-14216
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Calculating Thermo-
dynamic and Transport
Properties of Fluids

A computer program
incorporates a van der Waals
equation and

correction tables.

The accurate computation of the ther-
modynamic and transport properties of
fluids is a necessity for many engineering
calculations. The FLUID program was de-
veloped to calculate the thermodynamic
and transport properties of pure fluids in
both the liquid and gas phases. Properties
are calculated by use of a simple gas
model, empirical corrections, and an effi-
cient numerical interpolation scheme.
FLUID produces results that agree very
well with measured values. FLUID is much
faster than older, more complex programs
developed for the same purpose.

A van der Waals equation of state is
used to obtain approximate state values.
These values are corrected for the effects
of real gases by model correction factors
obtained from tables based on experiment-
al data. These tables also compensate ac-

curately for the special circumstances that.

arise from phase transitions. Values of
viscosity and thermal conductivity are
computed directly from tables. Interpola-
tion within tables is based on Lagrange’s
three-point formula. A set of tables must be
generated for each fluid.

FLUID currently contains tables for nine
fluids, including dry air and steam. The user
can add tables for any fluid for which ade-
quate data on thermal properties are
available. The FLUID routine is structured
so that it can be incorporated easily into
engineering programs.

The IBM-360 version of FLUID was de-
veloped in 1977. It is written in FORTRAN
IV and had been implemented on an IBM
360 with a central memory of approxi-
mately 500K bytes. The IBM-PC version of
FLUID is written in Microsoft FORTRAN 77
and has been implemented on an IBM PC
with a memory of 256K bytes. The IBM-PC
version of FLUID was developed in 1986.

This program was written by Margaret P.
Proctor of Lewis Research Center and
Mark D. Klem of the U.S. Air Force. For fur-
ther information, Circle 93 on the TSP Re-
quest Card. LEW-14418

Star-Tracker
Computer Program
Image-analyzing
pointing systems
can be aimed
to high precision.
The star-tracker program, STRACKER,

was developed to solve algorithm-design
problems for area-array tracking and point-
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ing systems operating at accuracies of
0.001 t0 0.01 picture element (pixel). Track-
ers and pointers of this accuracy are pri-
marily required for the pointing of astro-
nomical instruments. STRACKER includes
auxiliary programs for reformatting point-
spread data from the commercial ACCOS
V lens-design program. Other optical-ana-
lysis program data can be reformatted by
use of the utility routines included in the
STRACKER package.

STRACKER calculates a simple cen-
troid estimation of an arbitrary point-
spread function supplied by the user. It
then calculates a set of correction polyno-
mials to best-fit the calculated centroid to
the actual centroid as the actual centroid is
moved over a pixel. Maximum and root-
mean-square errors are calculated for all
polynomials.

STRACKER displays the polynomial val-
ues and a pixel-error map showing, in two
dimensions, the deviations from perfect
pointing. STRACKER can also calculate
the field variation of a set of point-spread
functions, and local corrections thereof,
distributed in an image field. The program
is menu-driven and prompts the user for all
required input. Options include the calcula-
tion, storage, and recall of sets of poly-
nomials and the generation of plots of
zones, full-field errors, and individual field-
point errors.

STRACKER is written in FORTRAN 77
for interactive execution and has been
implemented on a PRIME 550 computer
operating under PRIMOS 19.1.6 with a
central-memory requirement of approxi-
mately 250K bytes. STRACKER supports
Tektronix 4025 and 4107 graphics termi-
nals. The program was developed in 1986.

This program was written by Thomas
Glavich of Caltech for NASA’s Jet Propul-
sion Laboratory. For further information,
Circle 61 on the TSP Request Card.
NPO-16862

O o

Calculating Transport
of Moisture Through
Honeycomb Panels

Diffusion equations
are solved for steady-state
and transient conditions.

HUMID is a computer program for pre-
dicting the moisture gradients and internal
bursting pressure in composite honey-
comb-sandwich panels. Advanced multi-
layer composite structures are usually
degraded by absorbed moisture when sub-
jected to high temperatures. HUMID was
designed to monitor the ebb and flow of
moisture in the Space Shuttle Orbiter
payload bay doors, but is applicable for

general use.

A sandwich panel consists of many lay-
ers of different materials with adhesives
and facesheets surrounding a ribbon of
honeycomb core. Absorbed moisture
causes swelling and may alter the me-
chanical properties of a material. Moisture
is transported to the core from the surface
skin via rapid diffusion through trapped air.
This phenomenon can be satisfactorily
modeled by Fick’s diffusion laws for both
steady-state and transient conditions.

The diffusion response of each layer of
different material to boundary humidities is
represented in HUMID by a linear partial
differential equation. The equations of all
the layers are solved simultaneously with
the ideal-gas law to yield structural mois-
ture levels as a function of the environ-
ment.

The input to HUMID consists of such
sandwich-layer parameters as thickness-
es, densities, permeabilities, break tem-
peratures, water solubilities, etc., and such
environmental factors as the initial humidi-
ty of the layers; the duration of the flight;
and the temperatures of the core and outer
skin during ascent, re-entry, and cool-
down. Typical HUMID results include the
average moisture content of each layer of
material. The contribution of water-vapor
pressure to the honeycomb-sandwich in-
ternal pressure as a consequence of heat-
ing is also calculated. The internal bursting
pressure and structural margins of safety
can also be determined. HUMID produces
plots of the moisture content against time,
the temperature against time, and the
margin of safety against time.

HUMID is written in FORTRAN for batch
execution and has been implemented on
an IBM 360-series computer operating un-
der OS with a central-memory requirement
of approximately 501K of 8-bit bytes. This
program was developed in 1985.

This program was written by R. T. Martin
and D. J. Zigrang of Rockwell International
Corp. for Johnson Space Center. For fur-
ther information, Circle 159 on the TSP Re-
quest Card. MSC-21144

Laminate-Moisture-Analysis
Computer Program

The diffusion and the
deleterious effects of
moisture can be predicted.

The General One-Dimensional, One
Material Moisture Analysis computer pro-
gram was developed to predict the mois-
ture gradient across a composite laminate
where moisture enters two surfaces and
flows in the direction between these sur-
faces. The mechanical properties of com-
posites, especially matrix/fiber combina-
tions, are adversely affected by moisture
when subjected to high temperatures. This
program was designed to monitor the flow
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of moisture in the Space Shuttle Orbiter
payload bay doors but is applicable for
general use.

Advanced composite structures are us-
ually degraded by absorbed moisture. The
resin in a composite part absorbs water,
which slowly diffuses across the material.
If the material is not chemically changed
by this absorption, the detrimental effect
on such properties as shear, plate buckl-
ing, and ply delamination can be reversed.
At high temperatures, the resin may
change from a glassy to rubbery state, and
the thermal properties are altered drasti-
cally.

This program solves Fick’s law of diffu-
sion with the user’s choice of finite-dif-
ference solution: Crank-Nicholson or back-
ward-difference method. Diffusivity is
allowed to be a function of moisture con-
centration and temperature, and the exter-
nal surfaces can be exposed to transient-
relative-humidity environments.

The input to the program consists of
such laminate parameters as diffusivity,
glass-transition temperature, and solubility
and of such environmental factors as the
initial humidity and the temperature history.
Typical results include temperature and
moisture levels at node points and the
average moisture content of the laminate.
The program produces plots of the mois-
ture content against time, the temperature
against time, and the margin of safety
against time.

This program is written in FORTRAN [V
(IBM Level H extended) for batch execu-
tion and has been implemented on an IBM
360 computer operating under OS/MVS
with a central-memory requirement of ap-
proximately 152K of 8-bit bytes. This pro-
gram was developed in 1982.

This program was written by Ronald T.
Martin of Rockwell International Corp. for
Johnson Space Center. For further infor-
mation, Circle 156 on the TSP Request
Card. MSC-21143

ICAN: Integrated
Composites Analyzer

This program calculates
macromechanical,
micromechanical, and related
environmental effects.

The importance of, and need for, multi-
level analysis in the design of structural
components made of multilayered fiber
composites is well documented. As a re-
sult, the computer code ICAN has been de-
veloped to carry out comprehensive linear
analyses of multilayered fiber composites.
The program contains the essential fea-
tures required to design structural compo-
nents made from fiber composites. The
program is an outgrowth of two in-house
computer codes: MFCA (multilayered fila-
mentary composite analysis) and INHYD
(intraply hybrid composite design).

MFCA provides (1) micromechanical
62

theories for the thermoelastic properties
andthe stress-level limit of a single ply or as
functions of the properties of constituent
materials and the particular fabrication
process, (2) the combined stress/strength
criterion for a single ply, and (3) analysis of
the response of a single ply or of an entire
multilayered composite structure, where
the effects of interply layers are taken into
account.

INHYD is the result of recent theoretical
and experimental investigations of the me-
chanical behavior of intraply hybrids. The
theoretical methods and equations, to-
gether with those for hygrothermal effects,
have been integrated to form this comput-
er code, which predicts hygral, thermal,
and mechanical properties of intraply hy-
brid composites.

The synergy of MFCA and INHYD, to-
gether with several significant enhance-
ments, has produced ICAN, which utilizes
the micromechanical design of INHYD
and the laminate analysis of MFCA to build
a capability for comprehensive analyses of
structural composites. One enhancement
is a data base of material properties for
commonly used fibers and matrices. The
program searches and selects the ap-
propriate properties from its library.

The inputs to the code are the properties
of the constituent materials, factors that
reflect the fabrication process, and the size
and shape of the composite structure. The
code performs micromechanics, macro-
mechanics, and analysis of laminates, in-
cluding the hygrothermal responses of fi-
ber composites. The code outputs are the
properties of the various plies and compo-
sites, the responses of composite struc-
tures, and results of analyses of stresses in
composite structures, including detailed
information about failures.

The code is in FORTRAN IV and can be
used efficiently as a package in complex
structural analysis programs. In addition,
ICAN has been tested on the UNIVAC
1108, IBM 370, and CRAY 1 operating com-
puter systems.

This program was written by Christos C.
Chamis of Lewis Research Center and
Pappu L. N. Murthy of the National Re-
search Council. For further information,
Circle 144 on the TSP Request Card.
LEW-14468

£ Wechanc

Steady-State Thermal-
Analysis Program for
Microcomputers

A nodal-network model of
heat flow is implemented by
a computer program.

The Steady State Thermal Analysis Pro-
gram (STEADY) provides the thermal de-

signer with a quick and convenient method
for the calculation of heat loads and
temperatures. STEADY can be used on
small nodal networks for conceptual or
preliminary thermal design and analysis.
STEADY will accept up to 20 nodes of fixed
or variable temperatures, with constant or
temperature-dependent thermal conducti-
vities, and any set of consistent units.

In a steady-state thermal network, the
heat balance on each variable-tempera-
ture node must sum to zero. The general
heat-transfer equations are solved with a
Newton-Raphson technique and refined by
a fourth-order quartic solution. The input
data include the number of nodes, the
number of boundary nodes, the fixed tem-
peratures at all boundary nodes, the initial
guesses of the temperatures at the varia-
ble-temperature nodes, impressed heat
loads, conduction and radiation coeffi-
cients, and such control parameters as
convergence criteria, the maximum num-
ber of iterations, and damping factors. The
output is stored in a print file, which
tabulates final temperatures and heat
flows for all nodes. STEADY is menu-driven
and allows the user to save files for future
modification.

STEADY is written in FORTRAN 77
(Ryan McFarland's RMFORTRAN) for in-
teractive execution and has been imple-
mented on the IBM PC computer series
under DOS with a central-memory require-
ment of approximately 92K of 8-bit bytes
with a math coprocessor, and 103K bytes
without the coprocessor. This program
was developed in 1986.

This program was written by S. W.
Petrick and C. L. Cagle of Caltech for
NASA’s Jet Propulsion Laboratory. For
further information, Circle 99 on the TSP
Request Card. NPO-17179

Aerodynamic-Analysis
Programs for
Microcomputers

Lifts, drags, and

moments can be calculated
for subsonic and
supersonic speeds.

A series of computer programs used for
aerodynamic analysis at the NASA Lang-
ley Research Center has been modified for
use on a microcomputer. The programs in-
clude an aerodynamic-analysis program
for low-speed wing and flap systems
(SUBAERF), a supersonic-wave-drag-anal-
ysis program (WDRAG2), and a superson-
ic-lifting-surface program (Lift Analysis).
The programs are set up to run from a
common geometry format with appropri-
ate additional input data for each particular
program.

SUBAERF provides estimates of the
performances of wings, including the ef-
fects of attainable thrust and vortex lift, and
analysis of simple leading- and trailing-
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|0 REASONS WHY YOUR ADA COMPILER
SHOULD BE A JANUS/ADA COMPILER
(Besides the Price!)
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We're fast

Compilation and development speed mean a lot
when you're working on a large program; every
minute you have to wait is time and money wasted.
A Janus/Ada compiler has an average compila-
tion speed of 400 lines per minute with a 6 MHZ
8086; over 500 lines per minute with an 80186;
1100+ lines per minute on an 8 MHZ 80286, and
nearly 1900 lines per minute on PC Limited’s 386.

We work on any XXX86 machine.

Not everybody can afford the newest technology
and some of us can't afford the name brands . . .
but with Janus/Ada, that doesn't matter. It doesn’t
need protected mode, 8087', or PC-DOS. As long
as you have an Intel 80X86 chip at the heart of your
computer and some way to run or emulate MS-DOS
2.1 or higher, you can use Janus/Ada.

Our product has been in use for over six years.

We released our first compiler in 1981 and got our
first review in 1982. The products we sell have had
the scrutiny of customers and reviewers for over six
years, changing o meet the increased sophistica-
tion of the technology and the user. Our customers
come from every segment of the computing com-
munity; the government, Fortune 500, and acade-
mia. Users like yourself are able to benefit from the
wide range of uses we respond to every day, as
well as the built-in network of people working with
Ada just like you.

No copy protection.

Our products come to you free of any form of copy
protection and with a warranty insuring media
replacement for defective media. We know you
dont need the hassle of locking devices and other
protective devices. We know you want to use Janus/
Ada on your hard disk and network, and we make
it easy to install, easy to maintain, and easy fo use.

Application programs writien in Ada
for as low as $12.00.

We offer IBM graphic routines, window handlers,
scientific libraries and many other application pro-
grams wriften in Ada. These programs come with
complete source code and documentation and
are user tested.
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We offer embedded systems capability,
like rommable, reenirant code and licensing
of our source code.

Janus/Ada is designed to make your embedded
processing easy . . . with features especially
created for that environment. Our code is rom-
mable, allowing you to “burn in” the applications
you create. We make our source code available, in
our Systems Package ("S” Pak), so you don't have to
guess at the answer. If you would prefer to have us
design and implement your code, we'll be more
than happy to accommodate.

Superior error handling.

Nothing is more frustrating than an error in coding
... except a bad error message which does
nothing except confuse you. Our error messages
tell you vital information, such as line location,
cause of error and a full walkback including sub-
program names. If you do a lot of development, or
you just appreciate being fully informed, our error
messages are sure fo please!

Support that won't let you down.

Superior support services, such as the Janus/Ada
bulletin board, the Janus/Ada BIX conference, a
quarterly newsletter, as well as customized support
services.

Our compiler was developed on a micro,
for a micro, in Ada.

We have "bootstrapped” our compiler, version by
version, so that we know it really works! Our com-
piler was developed on multiple XXX86 machines,
from different manufacturers, so that it would be a
true microcomputer compiler. Our products are
developed in Ada, demonstrating our commitment
to the language and the capabilities it can bring
o you.

Self paced, low cost educational tutorials.

The Janus/Ada Extended Tutorial offers a program-
mer’s perspective on learning Ada. This tutorial was
written expressly for novices in the Ada language,
by a programmer, and includes a complete set of
disk based quizzes to compliment the 150 page
tutorial. You can determine how quickly you pace
yourself, and you won't believe you did it for $99.95.

WAND OF COURSE, JANUS /ADA IS STILL ONLY $99.95!!

JANUS/ADA IS ABOUT TO VALIDATE!!

Actual validation should occur during the fourth quarter of 1987. While awaiting validation, R.R. will freeze it's current price
list and offer any single users of the current version a fifty dollar (§50) update to the validated version as soon as its released.
To take advantage of the current prices, please call 4-800-PC ADA 4 U (1-800-722-3248) and place your order.

CP/M, CP/MB86, COP/M-86 are mademarks of Dighal Research, Inc
“ADA & & trademark of the U S Department of Dedense

MS-DOS is & mademark of Microsoh
oG ht 1987 RR Softy

SOFT WARE, INC.

specialists in state of the art programming

(608) 244-6436 TELEX 4998168

P.O. Box 1512 Madison, Wisconsin 53701

1-800-722-3248
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edge flap systems. This low-speed wing/
flap aerodynamic analysis is based on a
lifting-surface solution from linearized
theory.

WDRAG2 can be used to determine the
wave drag of a configuration that may in-
clude a wing, a fuselage, and various com-
binations of nacelles, canards, horizontal
tails, and vertical tails. The program uses
the supersonic-area rule to determine the
equivalent body-area distributions from
which the wave drag is calculated. An opti-
mization feature is included.

The Lift Analysis program determines
distributions of lifting pressures, drag due
to lift, pitching moment, and trimmed drag
of a fuselage and wings with canard and/or
horizontal tail configurations. The program
employs modified methods of linearized
theory to calculate lifting-surface pres-
sures, both far-field and near-field methods
to calculate forces due to configuration
volume, and turbulent-flat-plate theory to
calculate skin friction.

This package is written in FORTRAN 77
for interactive execution and has been im-
plemented on the IBM PC series of com-
puters operating under DOS with a central-
memory requirement of approximately
256K of 8-bit bytes. The Lift Analysis pro-
gram requires a hard disk. The SUBAERF
and Lift Analysis programs require a math
coprocessor and the commercial Lahey
F77L compiler and Phoenix PLINK linker.
(A Microsoft compiler and linker are not
sufficient.) The package includes source,
object, executable (except for Lift Anal-
ysis), and sample input/output files for each
program. This collection of microcomputer
programs was made available in 1986. The
mainframe versions of these programs are
available separately from COSMIC.

This program was written by Marie L.
Knapp of PRC Kentron, Inc., for Langley
Research Center. For further information,
Circle 96 on the TSP Request Card.
LAR-13666

Computing Long-Term
Orbital Motions

Drifts and lifetimes
can be predicted.

The Long-term Orbit Predictor (LOP)is a
trajectory-propagation computer program
intended to be used as an analysis tool for
studies of the lifetimes of orbiting space-
craft. It can be used for any planetary
orbiting missions. Sample usages are in-
cluded for studies of the drift cycle of an in-
clined geosynchronous station, of a Venus
radar mapper, of the orbit of an Earth-
ocean topography spacecraft, and for a
frozen orbit about Mars.

LOP uses the variation-of-parameters
method in the formulation of equations of
motion. Terms involving the mean anomaly
are removed from the numerical integra-
tion so that large step sizes, on the order of
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days, are possible: Consequently, LOP ex-
ecutes much faster than programs based
on Cowell's method, such as the compan-
ion program ASAP. (The Artificial Satellite
Analysis Program, ASAP, is available sepa-
rately from COSMIC.)

Both programs use identical force
models; i.e., with gravity fields of up to 21 by
21, lunisolar perturbation, drag, and solar-
radiation pressure. The input includes
classical orbital elements (either mean or
osculating), orbital elements of the Sun
relative to the planet, reference time and
dates, drag coefficients, gravitational con-
stants, planet radius, and rotation rate. The
printed output contains the classical ele-
ments for each time step and such addi-
tional orbital data as true anomaly, eccen-
tric anomaly, latitude, longitude, periapsis
altitude, and the rates of change per day of
certain elements. Selected output is addi-
tionally written to a plot file for postprocess-
ing by the user.

LOP is written in FORTRAN 77 and can
be compiled and linked by any F77 compil-
er. The IBM-PC version uses the Lahey F77
V2.0 compiler and Microsoft Linker under
DOS and requires a minimum of 256K 8-bit
bytes. The LOP package includes exam-
ples that use LOTUS 1-2-3 for graphical dis-
plays, but any graphics software package
should be able to handle the ASCII data file.
The LOP program was written in 1986.

This program was written by J. H. Kwok
of Caltech for NASA’s Jet Propulsion
Laboratory. For further information, Circle
91 on the TSP Request Card.

NPO-17052

Numerical Simulation
for Supersonic Inlets

Flows are calculated for
realistic engine-inlet
conditions.

The analytical study of large-scale tran-
sient flows in supersonic inlets and interac-
tions of inlet flows with engine flows is of
primary importance to the design and con-
trol of inlets. The optimum design of an in-
let, its associated auxiliary air systems, and
the inlet-control system is based on an un-
derstanding of the effects of flow transients
on the history of the inlet flow and the at-
tendant effect on the control and perform-
ance of the inlet. The computer code
LAPIN (large-perturbation inlet) was de-
veloped to analyze the large-perturbation,
transient-flow fields in supersonic inlets.

LAPIN is a robust, quick-running code
capable of solving unsteady quasi-one-di-
mensional, inviscid-flow problems in mixed
subsonic and supersonic regimes for in-
lets. Its approach is based upon a quasi-
one-dimensional, inviscid, unsteady formu-
lation that includes engineering models of
unstart/restart, bleed, bypass, and geo-
metrical effects. The numerical solution of

the governing time-dependent equations of

motion is accomplished through a shock-

capturing, finite-difference algorithm. A

few of the important numerical features in-

cluded in the code are the following:

¢ |mplicit Solution Algorithms — The Beam
and Warming and the MacCormack impli-
cit methods have been included to provide
fast solutions under slow transients or un-
der time-asymptotic conditions.

* Explicit Solution Algorithms — The Mac-
Cormack explicit method has been incor-
porated in the code to yield efficient solu-
tions for highly transient flows.

* Split-Flux Schemes — To provide robust
solutions for highly transient flows with
moving shocks, split-flux schemes were
applied to both the MacCormack and the
Beam and Warming algorithms.

To model inlet flows accurately, the
code uses precise inlet- and exit-plane
boundary conditions. For the exit plane,
these include specified exit-plane pres-
sures and corrected mass flow as a func-
tion of time. For the inflow boundary, these
include a specified mach number for the
fully started inlet and code adaptability to
model inlet unstart. LAPIN utilizes both ex-
plicit and totally-implicit boundary condi-
tions in the inlet code to provide totally-
compatible numerical schemes.

The code includes a number of sophisti-
cated engineering features for treating
such real inlet phenomena as translating
center bodies, throat bleed, moving ramps,
and variable engine-bypass flow — all with
realtime variation. The code, designed by
use of the top-down modular approach, is
highly interactive with the user. It has been
verified against data from unsteady tests of
axisymmetric and two-dimensional engine
inlets over a wide range of free-stream and
geometric conditions.

The program is written in FORTRAN IV
for execution on the IBM 370 or the
VAX-11/780 and contains approximately
6,100 lines of source code.

This program was written by M. O.
Varner, W. R. Martindale, W. J. Phares, K. R.
Kneile, and J. C. Adams, Jr., of Sverdrup
Technology, Inc., for Lewis Research
Center. For further information, Circle 95
on the TSP Request Card.

LEW-14324

b o T

Computing Aerodynamics
of Propfans

The cost and duration of wind-
tunnel tests-could be reduced.

High-speed turboprops (propfans) have
the potential to reduce significantly the fuel

consumption of current transport aircraft.
The propfans also offer higher installed
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propulsive efficiency at high subsonic
cruise speeds. The integration of the prop-
fan/nacelle with the airframe is the key fac-
tor in determining the efficiency of the
propfan propulsion system under installed
conditions. A computer program was de-
veloped to predict the interference of the
slipstream of a propfan on a supercritical
wing at subsonic speeds. The use of this
program could reduce the cost and time in-
volved in the wind-tunnel testing of newly-
designed wing/nacelle configurations.

For the computer program, a subsonic-
flow panel code was modified to handle the

effects of a propeller wake. The effects of

the propeller slipstream are increased ax-
ial velocity, a new tangential velocity, and a
total-pressure rise in the wake of the pro-
peller. Principles based on blade-perform-
ance theory, momentum theory, and vortex
theory are used to evaluate the slipstream
characteristics. The slipstream effects are
superimposed on Neumann boundary
conditions to predict the installation aero-
dynamics of the powered propellers
mounted on overwing or underwing
nacelles integrated with supercritical
wings. The inclusion of viscous-flow model-
ing enhances the accuracy of the predic-
tion.

The input to the program includes the
free-stream mach number, the propeller
angle of attack, the propeller geometry, the
propeller location, the propeller rotation,
the thrust coefficient, the root-cutout posi-
tion of the propeller blade, and the control
parameters of the solution technique. The
output includes the panel-induced veloci-
ties, the pressure increases, the final ve-
locity distribution, and the pressure-coeffi-
cient distribution.

This program is written in FORTRAN V
for batch execution and has been imple-
mented on a CDC CYBER 800-series com-
puter operating under NOS with a central-
memory requirement of approximately
74K (octal) of 60-bit words. The program
was developed in 1986.

This program was written by B.
Chandrasekaran of Vigyan Research As-
sociates, Inc., for Langley Research Cen-
ter. For further information, Circle 92 on
the TSP Request Card.

LAR-13623

Simulation of the
Internal-Combustion Engine

This program adapts to the
available information
about a particular engine.

A mathematical model of the internal-
combustion engine has been constructed
and implemented as a computer program
suitable for use on large digital computer
systems. The ZMOTTO program calcu-
lates Otto-cycle performance parameters
as well as working-fluid compositions and
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properties throughout the cycle for a
number of consecutive cycles and for a
variety of input parameters.

The model strikes a balance among
three competing factors: (1) the desire for
physical realism, (2) the extent of experi-
mental information on the physical proc-
esses occurring in the engine, and (3) the
capabilities of the present generation of
computers. The result is a flexible and
computationally economical model based
on a system of ordinary differential equa-
tions for cylinder-averaged properties.

The computer program is capable of
multicycle calculations, with some para-
meters varying from cycle to cycle, and
has restart capabilities that enable the con-
tinuation of a sequence of cycle calcula-
tions or the recalculation of earlier cycles
with altered assumptions. It can accom-
modate a broad spectrum of reactants,
permit changes in physical properties, and
offer a wide selection of alternative model-
ing functions without any reprogramming.

The program readily adapts to the
amount of information available in a par-
ticular case because the model is actually
a hierarchy of five models of differing com-
plexity. The models range from simple, re-
quiring only thermodynamic properties, to
very complex, demanding full combustion
kinetics, transport properties, and the flow
characteristics of poppet valves.

The cycle calculations are based on the
premise that heat transfer is expressible in
terms of a heat-transfer coefficient and
that the cylinder average of kinetic plus
potential energies remains constant. Fur-
thermore, during combustion the pres-
sures of the burned and unburned gases
are assumed to be equal and their heat-
transfer areas are assumed to be propor-
tional to their respective mass fractions.
Although the model cannot resolve spatial
gradients, it does not assume spatial uni-
formity.

The computer program ZMOTTO con-
tains over 70 routines. It is written in stan-
dard FORTRAN |V and was tested on the

“IBM 370/3033, the IBM 360/67, and the

Cray 1S computers.

This program was written by Frank J.
Zeleznik and Bonnie J. McBride for Lewis
Research Center. For further information,
Circle 19 on the TSP Request Card.
LEW-14313

:FMTM

Calculation of
Multicomponent Convective
Diffusion Deposition

A computer program
calculates rates

of deposition by vapor
or by small particles.

A wide variety of engineering concerns,
including the chemical coating of metals,
solid-state electronics, filtration, icing of
aircraft, and the corrosion and fouling of
gas-turbine blades and heat exchangers,
involves the capture of vapor and particles.
A computer program that embodies a
comprehensive but tractable theory of
rates of convective diffusion deposition
has been developed on the basis of the as-
sumption of a multicomponent, chemical-
ly-frozen boundary layer.

The theory makes full use of the availa-
ble information on transport coefficients
and properties. It is not only applicable un-
der conditions of transport of multicompo-
nent vapors (e.g., chemical-vapor deposi-
tion) but is also capable of simultaneously
calculating the transport of particles, pro-
vided that the particles are small enough to
be considered heavy molecules. The code
is being used to interpret experiments in
the deposition of sodium sulfate as related
to hot corrosion.

The program is written in FORTRAN [V
for use on an IBM computer.

This program was written by Suleyman
A. Gokoglu of Analex Corp. and Daniel E.
Rosner and Bor-Kuan Chen of Yale Univer-
sity for Lewis Research Center. For fur-
ther information, Circle 143 on the TSP Re-
quest Card.

LEW-14366

===.

Allocating Spare Parts
in Complicated Systems

Assortments are analyzed
for cost effectiveness
and effects on system
functionality.

The Eisenberger-Maiocco algorithm
(EMA,) is an efficient Markov algorithm to
aid in the provision of spare parts. Two
calculations are performed by EMA: (1)
forecasting the availability of a system with
a given pool of spare parts and (2) deter-
mining the most cost-effective assortment
of spares. EMA was used in NASA's Deep
Space Network project to calculate the
probability that a system would continue to
function with the spares available at each
location.

The system to be analyzed is defined in
terms of modules, which are any pieces of
equipment that may fail, be repaired, or be
replaced. A module can be in one of three

states: (1) working, (2) spare, or (3) failed
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and waiting for repair. For each module
type in the system configuration, there is
an actual number in use by the system and
a minimum number for the system to func-
tion. A module type is considered “down”
(that is, failed) when there are fewer than
the required minimum number working,
and there are no spares in the stockpile.

The input to EMA includes such module
data as the mean time between failures,
the mean time to repair, the number of
spares, and the cost of each item. EMA de-
termines the overall system availability, or
uptime ratio, as the probability that the
system will function during a given time.
EMA can also calculate the most cost-ef-
fective assortment of spares for a given
range of uptime ratios.

EMA is written in interpreter PC-BASIC
and is for interactive execution. It has been
implemented on an IBM PC-series compu-
ter operating under DOS 2.0 with a central-
memory requirement of approximately
64K of 8-bit bytes. This program was
developed in 1978.

This program was written by I.
Eisenberger, G. Lorden, Fredric Kajikawa,
F. Maiocco, Jodie Gunn, and Ethel
Kameyama of Caltech for NASA’s Jet
Propulsion Laboratory. For further infor-
mation, Circle 142 on the TSP Request
Card. NPO-16973

Simulation of Research and
Development Projects

Measures of preference for
alternative project plans can
be calculated.

The Simulation of Research and De-
velopment Projects (SIMRAND) program
aids in the optimal allocation of research
and development resources needed to
achieve project goals. SIMRAND models
the system subsets or project tasks as
various network paths to a final goal. Each
path is described in terms of such task
variables as the cost per hour, the cost per
unit, and the availability of resources.
Uncertainty is incorporated by treating
task variables as probabilistic random vari-
ables.

SIMRAND calculates the measure of
preference for each alternative network.
The networks yielding the highest utility
function (or certainty equivalence) are then
ranked as the optimal network paths.
SIMRAND has been used in several eco-
nomic-potential studies at NASA's Jet Pro-
pulsion Laboratory, involving solar-dish
power systems and the construction of
photovoltaic arrays. However, any project
having tasks that can be reduced to equa-
tions and related by measures of prefer-
ence can be modeled.

SIMRAND analysis consists of three
phases: (1) reduction, (2) simulation, and (3)
evaluation. In the reduction phase, analyti-
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cal techniques from probability theory as
well as simulation techniques are used to
reduce the complexity of the alternative
networks. In the simulation phase, a Monte
Carlo simulation is used to derive statistics
on the variables of interest for each alter-
native network path. In the evaluation
phase, the simulation statistics are com-
pared, and the networks are ranked in pref-
erence by a selected decision rule. The
user must supply information on project
subsystems in terms of equations based
on variables (for example, parallel and
series assembly-line tasks in terms of the
number of items, cost factors, time limits,
and the like). The associated cumulative
distribution functions and utility functions
for each variable must also be provided (for
example, allowable upper and lower limits
and group-decision factors).

SIMRAND is written in Microsoft
FORTRAN 77 for batch execution and has
been implemented on an IBM PC-series
computer operating under DOS. This pro-
gram was developed in 1986.

This program was written by Ralph F.
Miles of Caltech for NASA’s Jet Propul-
sion Laboratory. For further information,
Circle 41 on the TSP Request Card.
NPO-16937

Optimal Network-
Topology Design

Candidate network designs
are tested for acceptability
and cost.

The Optimal Network Topology Design
computer program was developed as part
of a study on the topology design and the
analysis of performance of the Space Sta-
tion Information System (SSIS) network.
The program uses an efficient algorithm to
generate candidate network designs (con-
sisting of subsets of the set of all network
components) in increasing order of their
total costs and checks each design to see
whether it forms an acceptable network.
This technique gives the true cost-optimal
network and is particularly useful when the
network has many constraints and not too
many components.

It is intended that this new design tech-
nigue consider all important performance
measures explicitly and take into account
the constraints due to various technical
feasibilities. In the current program, the
user inserts the technical constraints by
properly forming the starting set of can-
didate components (e.g., nonfeasible links
are not included). As subsets are generat-
ed, they are tested to see-whether they
form an acceptable network by checking
that all requirements are satisfied. Thus,
the first acceptable subset encountered
gives the cost-optimal topology satisfying
all given constraints.

The user must sort the set of “feasible”
link elements in increasing order of their
costs. The program prompts the user for
the following information for each link:
cost, connectivity (number of stations con-
nected by the link), and the identities of sta-
tions connected by that link. Unless in-
structed to stop, the program generates all
possible acceptable networks in increas-
ing order of their total costs. The program
is written only to generate topologies that
are simply connected. Tests of reliability,
delay, and other performance measures
are discussed in the documentation but
have not been incorporated into the pro-
gram.

This program is written in PASCAL for in-
teractive execution and has been imple-
mented on an IBM PC-series computer op-
erating under PC DOS. This program was
developed in 1985.

This program was written by Victor O. K.
Li, Joseph H. Yuen, Ting-Chao Hou, and
Yuen Fung Lam of Caltech for NASA’s Jet
Propulsion Laboratory. For further infor-
mation, Circle 162 on the TSP Request
Card.

NPO-16809

Fast-Polynomial-
Transform Program

A modular approach
saves computational
resources.

Acomputer program uses a fast-polyno-
mial-transformation (FPT) algorithm appli-
cable to two-dimensional mathematical
convolutions. Two-dimensional convolu-
tions have many applications, particularly
in image processing. Two-dimensional cy-
clic convolutions can be converted to one-
dimensional convolutions in polynomial
rings. Traditional FPT methods decom-
pose one-dimensional cyclic polynomials
into polynomial convolutions of different
lengths. This program decomposes cyclic
polynomials into polynomial convolutions
of the same length. Thus, only FPT's and
fast Fourier transforms of the same length
are required. This modular approach can
save computational resources. To en-
hance its appeal further, the program is
written in the transportable C language.

The five steps in the algorithm are the
following:

1. Formulate the modulus-reduction equa-
tions.

2. Calculate the polynomial transforms.

3. Multiply the transforms by use of a
generalized fast Fourier transformation.

4. Compute the inverse polynomial trans-
forms.

5. Reconstruct the final matrices by use of
the Chinese remainder theorem.

The input to this program comprises the

row and column dimensions and the initial

" two matrices. The matrices are printed out
NASA Tech Briefs, November/December 1987
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at all steps, ending with the final recon-
struction.

This program is written in C for batch ex-
ecution and has been implemented on the
IBM PC series of computers under DOS
with a central-memory requirement of ap-
proximately 18K of 8-bit bytes. The pro-
gram was developed in 1986.

This program was written by T. K.
Truong, I. S. Hsu, and Y. F. Chu of Caltech
for NASA’s Jet Propulsion Laboratory.
For further information, Circle 60 on the
TSP Request Card.

NPO-17030

Mathematical Routines for
Engineers and Scientists

Programs for frequently-
used mathematical
procedures save time.

A package of computer programs pro-
vides the scientific and engineering com-
munity with the means to perform routine
mathematical manipulations. This collec-
tion will enable scientists to concentrate on
their work without having to write their own
programs to solve common problems, thus
saving considerable amounts of time.
The package contains 16 subroutines.
Each is separately documented with des-
criptions of the invoking subroutine call, its
required parameters, and a sample test
program. The functions available include
the following:
® Maximums, minimums, and sorting of
vectors;

* Factorials;

* The generation of random numbers with
uniform or Gaussian distribution;

* Complementary error function;

* Fast Fourier transformation;

* Integration by Simpson’s rule;

* Determinants and inverses of matrices;

* Bessel function for any order and modified
Bessel function for zero order;

* Roots of a polynomial;

* Roots of a nonlinear equation; and

* The solution of first-order ordinary differen-
tial equations using Hamming's predictor-
corrector method.

There is also a subroutine for using a dot-

matrix printer to plot a given set of y values

for a uniformly-increasing x value.

This package is written in FORTRAN 77
(Super Soft Small System FORTRAN com-
piler) for batch execution and has been im-
plemented on the IBM PC series under MS-
DOS with a central-memory requirement
of approximately 28K of 8-bit bytes for all
subroutines. The program was developed
in 1986.

This program was written by A. V.
Kantak and F. Davarian of Caltech for
NASA'’s Jet Propulsion Laboratory. For
further information, Circle 77 on the TSP
Request Card.

NPO-17165

70

Algorithm Sorts
Groups of Data

Sets are sorted quickly
according to weighted
sums of elements.

An algorithm sorts sets of data into an
ascending or descending order. Such sort-
ing can become difficult for grouped data;
i.e., multiple sets of data, where each set of
data involves several measurements or re-
lated elements. The sorting becomes in-
creasingly cumbersome as more ele-
ments are added to each set.

For efficient sorting, the algorithm finds
the set that contains the minimum or maxi-
mum most significant data. The sets of
data are then sorted as desired. The algo-
rithm has been implemented in a computer
program that handles the daily tempera-
ture readings of the Voyager spacecraft; in
particular, those related to the special
telecommunications-tracking require-
ments of Voyager 2.

The sorting process is simplified by the
reduction of each multielement set of data
to a single representative number. First,
each set of data is expressed as a polyno-
mial with a suitably chosen base, using the
elements of the set as coefficients. The
most significant element would be placed
in the term containing the largest expo-
nent. The base is selected by examining
the range in value of the data elements.
The resulting series is then summed to
yield a single representative number.
These numbers are then easily sorted, and
each such number is converted back to its
original set of data by successive division.

The computer program includes a sam-
ple data file containing 500 sets of data.
Each set contains five elements. The pro-
gram sorts the sets in ascending order in 3
to 5 seconds on an IBM PC-AT (or equiva-
lent) computer equipped with a hard disk;
on a similarly equipped PC-XT (or equiva-
lent), the time is still less than 10 seconds.
Operating instructions are included.

This program is written in BASIC (specif-
ically the Microsoft QuickBASIC compiler)
for interactive execution and has been im-
plemented on the IBM PC computer series
operating under PC-DOS with a central-
memory requirement of approximately
40K of 8-bit bytes. (Note: The bulk of this
memory space is occupied by the runtime
support modules; the program is executa-
ble directly from DOS.) A hard disk is desir-
able for speed, but is not required. The pro-
gram was developed in 1986.

This program was written by J. D. Evans
of Caltech for NASA’s Jet Propulsion
Laboratory. For further information, Circle
76 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-17077.

Computer Program for
Linear Algebra

A collection of routines
is provided for basic
vector operations.

The Basic Linear Algebra Subprogram
(BLAS) library is a collection of FORTRAN-
callable routines for employing standard
techniques to perform the basic opera-
tions of numerical linear algebra. The
BLAS library was developed to provide a
portable and efficient source of basic
operations for designers of programs in-
volving linear-algebraic computations. The
subprograms available in the library cover
the operations of dot product, multiplica-
tion of a scalar and a vector, vector plus a
scalar times a vector, Givens transforma-
tion, modified Givens transformation, copy,
swap, Euclidean norm, sum of magni-
tudes, and location of the element of larg-
est magnitude. Since these subprograms
are to be used in an ANSI FORTRAN con-
text, provisions are made for the case of
single precision, double precision, and
complex data. All of the subprograms have
been thoroughly tested and produce con-
sistent results even when transported from
machine to machine.

The BLAS library is supplied as a
machine-independent ANSI FORTRAN-77
version and assembler-code versions. The
assembler versions offer extra efficiency in
operations involving large vectors. The
mainframe BLAS has been implemented
on IBM-370, UNIVAC-1100, and CDC-6000
series computers. The PC BLAS FOR-
TRAN version requires one of the following
compilers: Lahey F77L, IBM-PC Profes-
sional FORTRAN, or Microsoft FORTRAN.
The PC BLAS assembler version requires
the Microsoft Macro assembler and a
math coprocessor. The PCimplementation
allows individual arrays of over 64K. The
BLAS library was developed in 1979, and
the PC version was made available in 1986.

This program was written by F. T. Krogh
and R. J. Hanson of Caltech for NASA’s
Jet Propulsion Laboratory. For further in-
formation, Circle 57 on the TSP Request
Card.

NPO-17121

NASA WANTS YOU

to tell your fellow citizens
how you have applied
NASA research in your
products or processes.

For more information,
call: Linda Watts
(301) 621-0241

NASA Spinoffs
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We're putting 18
new Atlas/Centaurs
on the line.

General Dynamics has made
an unprecedented commitment
to its commercial customers.

Between now and 1992, we
will build 18 new Atlas/Centaur
launch vehicles. This new
thrust for Atlas/Centaur is a
company-funded program,
initiated because we are con-
vinced that our proven exper-
ience, reliability and accuracy
are what you need to protect
your investment and ensure
your mission’s success.

Several customers have
already made reservations for
Atlas/Centaur launches begin-
ning in 1989. If you'd like to
join them, please let us know.

There is space for you.

Atlas/Centaur has a new thrust.

GENERAL DYNAMICS
Space Systems Division

Circle Reader Action No. 417

Atlas/Centaur launches
FleetSatCom from Cape
Canaveral.




SPACE
CAMP

'YOU CAN ATTEND the exciting U.S. SPACE CAMP
which inspired the hit movie “SpaceCamp”".

*SPACE CAMP (grades 4-7) trainees enjoy Space Shuttle
mission simulation, micro-gravity training, space food and
model rocketry in 5-day program. February- ‘\ugus(

*SPACE CAMP-Florida (grades 4-7) offers 3 and 5-day pro-
grams near NASA's launch complex. April-November. Con-
tact Huntsville address.

*SPACE ACADEMY Level | (grades 8-10) focuses on flight
crew and mission control activities for full-size shuttle mission
simulations in 5-day program. February-August.

*SPACE ACADEMY Level Il is a 10-day college-
accredited program for grades 11, 12 and college freshmen.
Scuba course in Underwater Astronaut Trainer.

*ADULTS enjoy 3-day weekend sessions in the fall which
feature astronaut speaker.

On-site accommodations and meals included. Major
Easten Alirlines fare discounts available. For information,
write SPACE CAMP '88, P.O. Box 1680, Huntsville, AL
35807. To register with credit card, phone:

1-800-633-7280
Circle Reader Action No. 538

NASA's PC Programs

oftware-hungry computer

mavens can feast on
COSMIC's library of computer
programs. NASA’'s Computer
Software Management and In-
formation Center, a non-profit
organization run by the Universi-
ty of Georgia, currently has 1,161
programs available for industry,
government agencies and aca-
demic institutions. An increas-
ing number of programs run on
personal computers, according
to John Gibson, COSMIC'’s
Director. He explains: “Most
engineers at NASA centers have
PCs. They’re creating more
microcomputer-based pro-
grams.” Gibson anticipates that
within a year nearly %3 of
COSMIC's library will consist of
microcomputer programs.
Many, he said, will be PC ver-
sions of programs developed for
engineering workstations.

The following list describes
PC programs developed by and
for NASA. Circle the reader ac-
tion number for a Technical Sup-
port Package. [J

THE T3 SCIENTIFIC WORD PROCESSOR
THE ACKNOWLEDGED LEADER. . .

T3 is at the top of the

heap in PC scientific

word processing”
“Editor’s Choice"”

-Review of version 2.1 in
PC Magazine, Feb. 25, 1986

s
ACROS AND ¥ yeart
MIERsION 22

£ CAPABILTT 1ES

“
e o
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lms
1rus 0 1200

belu New kq sequences (or -cm) and I‘lms supplied with the new release ma
technical typing even easier than before:

Full gbgrd as keys |Same as keys
75 in|Line fmt Display [ HE[D@ i

B

Actual screen and page images

NG N
APHICS MPORT AMO! n 23

CALL 800-874-2383

1180-8 FOSTER ROAD + LAS CRUCES, NEW MEXICQ 88001 « USA + (505)522-4600 +« TELEX:317629
For IBM PC family and compatibles, most graphics boards, popular dot mairix and laser printers

... ISEVENBEITER

We listen to our users.

Veersion 2.2 is the unsurpassed
WYSIWYG word processor
they want.

TCl SOFTWARE
RESEARCH, INC.

Circle Reader Action No. 495

72

Mathematical Routines for Engineers and
Scientists (Cal Tech/JPL) This package pro-
vides the scientific and engineering com-
munity with a library of 16 programs useful
for performing routine mathematical mani-
pulations. The library also includes a sub-
routine for using a dot matrix printer to plot
a given set of y values for a uniformly in-
creasing x value. Circle 165 on the TSP
Request Card.

OAP-Office Automation Pllot Graphics
Database System (NASA Goddard Space
Flight Center) The Office Automation Pilot
(OAP) Graphics Database system assists
the IBM PC user in producing a wide variety
of graphs and charts. OAP uses a conven-
ient database system, called a chartbase,
for creating and maintaining data associ-
ated with the charts. Twelve different
graphics packages are available to the OAP
user. Circle 164 on the TSP Request Card.

AIPE-Apple Image Processing Educator
(Computer Sciences Corp.) The Apple Im-
age Processing Educator (AIPE) was de-
veloped to explore the concept of using
microcomputers to provide personalized
computer-assisted instruction (CAl) in the
digital image processing of remotely sens-
ed images. AIPE is intended to be a “proof-
of-concept” system and is not a polished
production system. Circle 163 on the TSP
Request Card.

OWL-1200 Video Terminal Emulator For
The IBM Personal Computer (Boeing Ser-
vices International) An OWL-1200 video ter-
minal emulator has been written for the IBM
Personal Computer. Even those features
which are implemented in hardware on the
OWL-1200 are fully provided by the emulator
software. Circle 160 on the TSP Request
Card.

ARCEM-Arinc Research Concept Evalua-
tion Methodology Program (Arinc Re-
search Corp.) The Arinc Research Concept
Evaluation Methodology (ARCEM) program
was developed to assist in the rank-ordering
of research concepts in terms of their
potential benefit-to-cost ratios. Circle 100
on the TSP Request Card.

Subsonic-Supersonic Aerodynamic
Analysis Programs For The Microcompu-
ter (PRC Kentron) A series of computer pro-
grams used for aerodynamic analysis at the
NASA Langley Research Center have been
modified for use on a microcomputer. Cir-
cle 158 on the TSP Request Card.

EXADS-Expert System For Automated
Design Synthesis (NASA Langley Research
Center) The expert system called EXADS
was developed to aid users of the
Automated Design Synthesis (ADS) general
purpose optimization program. Circle 157
on the TSP Request Card.

FLUID-Thermodynamic And Transport
Properties Of Fluids (NASA Lewis
Research Center) The FLUID program was
developed to calculate the thermodynamic
and transport properties of pure fluids in
both the liquid and gas phases. FLUID pro-
duces results that are in very good agree-
ment with measured values, while being
much faster than older, more complex pro-
grams developed for the same purpose.
Circle 155 on the TSP Request Card.
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12,000+ Solutions

In minutes you can search 25 years of NASA Tech Briefs to find
briefs related to your current project. NASA may have already
found a solution or NASA may suggest other ways of resolving the
problem. On the way to space NASA has had to solve thousands of
unique problems in all engineering fields; electronics, mechanics,
materials, fabrication, etc. under the most extreme conditions.
Each issue of NASA Tech Briefs has about 50 to 70 briefs. Now
with NTB:BASE you can examine over 12,000 briefs for a new
slant on a down-to-earth problem.

NTB:BAStE

from NN\S/\ TechBriefs

NTB:BASE, a PC-compatible database of all NASA Tech Briefs for the past 25 years, contain-
ing proven solutions developed by working engineers like you—from NASA’s Research
Laboratories.

NOT JUST AEROSPACE!
NASA’s research covers the entire spectrum of technology. From mechanics to matrix calculations,
from chemistry to computer science. . .and most everything in between.

SEARCH TWO DECADES IN TWO MINUTES!

Sold by category and grouped by the year published, you will be able to repeatedly search the en-
tire 25 year file of abstracts of NASA Tech Briefs and then call up for display on your desktop any
one you feel appropriate. Searching by subject title or by key word or phrase will allow you to scan
more than two decades of NASA technology and change the most arduous week or month-long
task into a research project that literally takes seconds.

Then, after perusing the Tech Brief abstract, if interested, you will be able to order the complete
brief with illustrations for a nominal charge.

NTB:BASE IS A ONE-TIME ONLY COST.

You can access NTB:BASE as often as you like. No online time clock to consider. With over 12,000
abstracts at your fingertips, NTB:BASE puts over one billion dollars of NASA technology on your
desk.

NTB:BASE can be used on an IBM PC/XT/AT or any IBM compatible equipped with: 256k-
available memory or more; DOS 2.0 or higher; one double sided disk drive (a hard drive will enhance
program performance).
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How is the material categorized?

You can subscribe to any or all of the six (6) categories offered.

A. ELECTRONICS (includes: Electronic Systems; Electrical; Electronic
Components and Circuits)

B. PHYSICAL SCIENCES (includes: Energy Sources)

C. MECHANICS (includes: Machinery; Equipment and Tools)

D. MATERIALS (includes: Chemistry)

E. FABRICATION TECHNOLOGY

F. 3-IN-1 (includes: Mathematics & Information Sciences; Life Sciences;
and Pre-1976 Computer Programs. After 1975, Computer Programs
have been grouped under one of the appropriate categories above.)

How do I initiate a search?

You can search by:

1. SUBJECTTITLE

2. AUTHOR

3. TECH BRIEF NUMBER or by
4,

KEY WORD or PHRASE.

You can review the abstract of any brief on your computer. The year in
which the brief was published will be displayed with the abstract. You
may order the complete briefs for as little as $2.00 each, subject to
ordering procedure.

How much does it cost to subscribe to NTB:BASE?

Each category subscription costs $100.00. All six (6) for $500. That is a one
time charge for 25 years of NASA Tech Briefs abstracts. Annual updates are
$20.00 per category. All six (6) for $100.00.

What are the Tech Brief ordering procedures?

You may telephone or mail in your request. For your convenience, you can
choose among several different methods of payment:

1. DEPOSIT ACCOUNT
$5.00 minimum order. The complete brief will be mailed within 24 hours
of your request. A DEPOSIT ACCOUNT requires a minimum $100.00
deposit. The cost for ordering briefs will be deducted from your balance.
Your statement/invoice will show your purchases and current balance.
Accounts must maintain a positive balance to remain on DEPOSIT
status.

2. OPEN ACCOUNT
$10.00 minimum order. The complete brief will be mailed within 48
hours of your request. An OPEN ACCOUNT must be kept current (30
days).
Depending on how you order, complete briefs can cost as little as $2.00!
BONUS—
Technical Support Packages (TSP), in-depth descriptions of the tech-
nology covered by the briefs, are available from NASA for most pub-
lished Tech Briefs. A TSP request form included with your Tech Brief
allows you to obtain most TSP’s, when available, at no additional cost.

A3INT) HEVISTH-WAIN

|

he
answer
to your
hi-tech
questions



faster access and convenience.

NASA TechBriefs

—On your desk
—At your fingertips

® 25 Years of NASA Technology

® Searching with only a Key Word or Phrase.

® A one time cost for access. No online timeclock. Use
and re-use at no additional cost.

® NO CHARGE for Technical Support Packages
(TSPs), when available.

® Transferable to hard disk drive for

NTB:BASE

Pre-Order Form for NNASAN TechBriefs Subscribers

Yes, I want the following NTB:BASE categories.

[0 % All Categories
[J A Electronics

[0 D Materials
[0 E Fabrication Technology

[J B Physical Sciences O F 3-in-1 (Mathematics & Information Sciences, Life Sciences
[J C Mechanics and Computer Programs)
Each Category is $100.00—All 6 for $500.00 . ... .. $
Tech Briefs Ordering Procedure
[0 Deposit Account. Yes, I want the economy,
speed and convenience of a Deposit Account.
Please ship NTB:BASE Diskettes in I’m enclosing an additional $100. ................ $
the following format: (check one) Sub Total ~ $
[ 360K DS/DD(PC or XT) or N.Y. Residents Add 8 % Sales Tax $
[J 1.2M DS/HD (AT) Total $
ORDERS WILL BE FILLED ACCORDING TO POSTMARK, ALLOW 30 DAYS FOR DELIVERY.
[J Check Enclosed Payable to: NTBM Research Center [J Bill Me Purchase Order #
Name Title
Company Div./Branch
Address P.O. Box M/S
City State Zip
Authorizing Signature Telephone ( )

Special Instructions

NTBM-RESEARCH CENTER 41 East 42nd st.

Suite 921 NY, NY 10017-5391 212-490-3999



BDMADS-Basic Data Manipulation And
Display System (NASA Lewis Research
Center) is a software package that runs on
an Apple Il + or lle personal computer to
provide a user-friendly environment in
which to perform complex calculations on
an array of numbers. Circle 103 on the TSP
Request Card.

SDDL-Software Design And Documenta-
tion Language (Cal Tech/JPL.) The Soft-
ware Design and Documentation Language
(SDDL) provides an effective communica-
tion medium to support the design and
documentation of complex software ap-
plications. SDDL supports communication
between all the members of a software
design team and provides for the produc-
tion of informative documentation on the
design effort. Circle 102 on the TSP Re-
quest Card.

Weld Heat Flow Model (NASA Marshall
Space Flight Center) This program contains
a numerical model of the temperature
distribution in the vicinity of a weld. The
model may be applied to gas tungsten arc,
plasma arc, electron beam, and laser beam
welds on wide plates under steady condi-
tions. Circle 154 on the TSP Request Card.

CLIPS “C” Language Integrated Produc-
tion System (NASA Johnson Space Flight
Center) The C Language Integrated Produc-
tion System (CLIPS) is a shell for develop-
ing expert systems. It was designed to allow
artificial intelligence research, develop-
ment, and delivery on conventional com-
puters. (See also our feature story this
month). Circle 149 on the TSP Request
Card.

SOFTCOST-Deep Space Network Software
Cost Estimation Model Program (Cal
Tech/JPL.) The Software Cost Estimation
Model Program, SOFTCOST, was devel-
oped to provide a consistent automated
resource and schedule model which is
more formalized than the often used
guesswork model based on experience, in-
tuition, and luck. It is basically a combina-
tion of several software cost models found
in the open literature into one comprehen-
sive set of algorithms that compensate for
nearly fifty implementation factors relative
to size of the task, inherited baseline,
organizational and system environment,
and difficulty of the task. Circle 148 on the
TSP Request Card.

LCP-Lifetime Cost and Performance Model
of Distributed Photovoltaic Systems (JPL)
The Lifetime Cost and Performance (LCP)
Model was developed to assist in the
assessment of Photovoltaic (PV) system
design options. LCP is a simulation of the
performance, cost, and revenue streams
associated with distributed PV power
systems. Circle 145 on the TSP Request
Card.

SAMIS-Standard Assembly-Line Manufac-
turing Industry Simulation (JPL) The Stan-
dard Assemble-Line Manufacturing In-
dustry Simulation (SAMIS) program was
originally developed to model a
hypothetical U.S. industry which manu-
factures silicon solar modules for use in
electricity generation. The SAMIS program
has now been generalized to the extent that
it should be useful for simulating many dif-
ferent production-line manufacturing in-
dustries and companies. Circle 140 on the
TSP Request Card.
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MMW-Mission Manager’'s Workstation
(ABACUS Programming Corp.) The Mission
Manager's Workstation (MMW) is a per-

" sonal computer based system providing

data management and reporting functions
to assist Space Shuttle Mission Managers.
MMW also acts as a general productivity aid
by providing central data storage and word
processing. Circle 152 on the TSP Request
Card.

ASAP-Artificial Satellite Analysis Program
(Cal Tech/JPL.) The Artificial Satellite
Analysis Program (ASAP) is a general orbit
prediction program which incorporates suf-
ficient orbit modeling accuracy for mission
design, maneuver analysis, and mission
planning. Circle 141 on the TSP Request
Card.

OMEGA-An Owner Dependent Methodo-
logy For Energy Generation Assessment
(CalTech/JPL.) An Owner-Dependent Me-
thodology of Energy Generation Asses-
sment, OMEGA, has been developed to pro-
vide for the economic evaluation of energy
generation systems. OMEGA can be used
to find normative prices and break-even
values of system parameters. Circle 147 on
the TSP Request Card.

CRISP80-Software Design Analyzer Sys-
tem (Cal Tech/JPL.) The CRISP80 Software
Design Analyzer System is a set of pro-
grams forming a software design and
documentation tool which supports top-
down, heirarchic, modular, structured
design and programming methodologies.
Circle 146 on the TSP Request Card.

Infrared'’s on-site capabilities makes us
the single source supplier for your
electro-optical needs.

Infrared Industries puts electro-
optical technology to work for
| you with a complete product line
A featuring:
IR Detectors
« Detector Arrays
"+ Integrated
__—— _FEilters « Electronics
—__Coeolers « Optics
-Multi-color

.
W Mil-specs

We also produce preamplifiers,
thermo-electric controller power

supplies, blackbodies, and
computer controlled detector test
systems. Your electro-optical
needs are backed by our years of
application know how, service and
reliability. Call for assistance today.

Infrared
Industries, Inc.
12151 Research Parkway
Orlando, FL 32826

(305) 282-7700

FAX (305) 273-9046
TELEX 568908

The supplier for all your infrared
technology needs—
application through testing.
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MODEL-Electromagnetic Fields Induced
By A Loop Antenna (McDonnell Douglas
Corp.) The MODEL computer program was
developed to calculate the electromagnet-
ic field values of alarge loop antenna at all
distances to an observation point. The
antenna is assumed to be in an X-Y plane
with its center at the origin of the coordinate
system. Circle 151 on the TSP Request
Card.

General Thermal Analyzer (Rockwell Inter-
national Corp.) The General Thermal
Analyzer program solves transient and
steady-state thermal problems using desk-
top computers. The user models the ther-
mal problem in terms of a resistance and
capacitance network. The program current-
ly handles up to 400 nodes. Circle 150 on
the TSP Request Card.

IPEG-Improved Price Estimation Guide-
lines (Cal Tech/JPL.) The Improved Price
Estimation Guidelines (IPEG) program pro-
vides a simple yet accurate estimate of the
price of a manufactured product. IPEG
facilitates sensitivity studies of price
estimates at considerably less expense
than would be incurred by using the Stan-
dard Assembly-line Manufacturing Industry
Simulation (SAMIS) program (COSMIC pro-
gram NPO-16032). Circle 105 on the TSP
Request Card.

LMSS Services Financlal Report Program
(Cal Tech/JPL) This Services Finance
Report program provides a means for com-
paring altemnative designs of LMSS systems
orother services systems. This program is
actually a Multiplan worksheet. Circle 104
on the TSP Request Card.

3

/j

The Pittsburgh Conference

The Pittsburgh Conference
12 Federal Drive Suite 322
Pittsburgh, PA 15235
Phone: 412-795-7110
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CES-Constant Elasticity of Substitution
Production Function Simulation (Cal
Tech/JPL.) This program simulates the con-
stant elasticity of substitution (CES) pro-
duction function. The user provides input
parameters such as price of labor, price of
capital, and dispersion levels. CES mini-
mizes the expected cost to produce a
capital-uncertainty pair. Circle 106 on the
TSP Request Card.

LOOP-Simulation of the Automatic Fre-
quency Control Subsystem of a Differen-
tial Minimum Shift Keying Receiver (Cal
Tech/JPL) The LOOP computer program
was written to simulate the Automatic Fre-
quency Control (AFC) subsystem of a Dif-
ferential Minimum Shift Keying (DMSK)
receiver with a bit rate of 2400 baud. The
AFC simulated by LOOP is a first order loop
configuration with a first order R-C filter.
Circle 107 on the TSP Request Card.

Optimal Network Topology Design (Cal
Tech/JPL) This program was developed as
part of a research study on the topology
design and performance analysis for the
Space Station Information System (SSIS)
network. It uses an efficient algorithm to
generate candidate network designs (con-
sisting of subsets of the set of all network
components) in increasing order of their
total costs, and checks each design to see
if it forms an acceptable network. Circle 138
on the TSP Request Card.

AKPLOT-A Plotter Routine for the IBM PC
(Cal Tech/JPL) The AKPLOT routine was
designed for engineers and scientists who
use graphs as an integral part of their
documentation. AKPLOT allows the user to
generate a graph and edit its appearance on
aCRT. Circle 136 on the TSP Request Card.

SMDOS-Shuttle Mission Design and
Operations Software (Cal Tech/JPL) The
Shuttle Mission Design and Operations
Software (SMDOS) assists in the design and
operation of missions involving low earth
orbiting spacecraft by providing orbital and
graphics information. Circle 109 on the TSP
Request Card.

SIMRAND-Simulation of Research and
Development Projects (Cal Tech/JPL) The
Simulation of Research and Development
Projects program (SIMRAND) aids in the op-
timal allocation of R&D resources needed
to achieve project goals. SIMRAND models
the system subsets or project tasks as
various network paths to a final goal. Each
path is described in terms of task variables
such as cost per hour, cost per unit,
availability of resources, etc. Circle 110 on
the TSP Request Card.

EMA-Eisenberger-Malocco Algorithm for
Spares Provisioning (Cal Tech/JPL) The
Eisenberger-Maiocco algorithm (EMA) is an
efficient Markov sparing algorithm to aid in
the provisioning of spare parts.

Circle 132 on the TSP Request Card.

PCACE-Personal Computer Aided Cabling
Engineering (Cal Tech/JPL) A computeriz-
ed interactive harness engineering program
is developed to provide an inexpensive, in-
teractive system designed for learning and
using an engineering approach to intercon-
nection systems. PCACE is a database sys-
tem that stores information as files of in-
dividual connectors and handles wiring in-
formation in circuit groups stored as
records. Circle 130 on the TSP Request
Card.
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Capture data at fast trigger rates—internal or external—with the new
Model 194A High Resolution Digitizer. Here are the advantages:

" Faster, More
Thorough
Testing.
- NOW—With the
Model 194A High
Speed Digitizer,
you can acquire
f samples with external
trigger pulses. Capture
discrete samples syn-
chronized to changes in
position, distance, angle,
¢ log (time), a stimulus level, or
" other events. With trigger
- rates up to IMHz, you can take
more data in less time. That
means more complete testing at
lower cost.

Resolution of 16 bits.
At rates up to 100kHz.

The Model 194A’s 16-bit
(4%2-digit) resolution lets you
detect 1 part in 32,000—far better
than most digitizing devices. For
higher frequency waveforms—
up to IMHz—the 194A samples
with 8-bit resolution. And its 64k
bytes of memory is up to 8 times
that of other digitizers.

Add the 1944A Channel 2 op-
tion and acquire two different
waveforms simultaneously, in
time sync, or asynchronously.
Each channel is independent,
isolated, fully programmable,
and has 64k bytes of memory.

The 194A provides 5 trigger
options for initiating a measure-
ment. Pre- and post-trigger data
can be stored.

Analyze and Automate

The 194A directly displays key
waveform parameters such as
integration, RMS, average, and
peak-peak. With two channels
installed you can compute ratio
or difference between channels.
All functions are IEEE-488 bus
programmable. And our exclu-
sive, built-in TRANSLATOR soft-
ware reduces bus transfer time
and simplifies documentation.
At $4095, you won't find better
performance. And the optional
second channel for just $1995
doubles acquisition capability.
For complete details contact the
Product Information Center,
Keithley Instruments, Inc.,
28775 Aurora Road, Cleveland,
Ohio 44139, (216) 248-0400.
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LABORATORY PRECISION
YOU CAN TAKE WITH YOU.

SI's highly stable and

transportable Resistance

Standards allow routine
calibration in the laboratory or
in the field.

The SR1 individual resistance
standards offer 0.005% long-term
accuracy for most values from
1€) to 10M£). Dekabox® DB877
Coaxial Dial and DB62 In-line
Decade Resistors provide addi-
tional linearity checking capa-
bility with virtually continuous
resistance between 0.01€) and
12M(2 at 0.02% accuracy.

When you want to be sure your
instruments are performing up to
specifications, call ESI, the lead-
ing manufacturer of resistance
standards traceable to the National
Bureau of Standards.

Putting Precision
To The Test.

K==

Electro Scientific Industries, Inc.
13900 NW Science Park Drive * Portland, OR 97229

1-800-547-1863 5.5

Circle Reader Action No. 530

“If a journey around the world changes a person. :
then a journey 200 times around the world
at the speed that a spaceship travels ;
Joe Allen, astronaut

SEVEN DAYS IN SPACE

(A week aboard Space Shuttle “Discovery™

changes a person even more.”

The first home-video documentary shot, almost entirely, in space.

e Background notes supplementing the video

® Footage never before seen by
the public!

© 88 minutes of being there!

capabilites, guided by the astronauts a_sdcoﬁﬁouers of

'Dlscovery. on the mission that ratum

the Manned Maneuvermg Unit and “Stinger,” and take
the ride men have dreamt of for thousands of years!

To order send name and address +
check or money order for $29.95 +
$3.00 for postage and handling to:
Halcyon Films and Video

110 Beach Road, Room 7
Kings Point, Iovl York 11024

= - 800-426-0582
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PITEST-Multiple Precision Arithmetic
(Sterling) The PITEST program is a package
of subroutines that perform arithmetic on
floating-point numbers of arbitrarily high
precision. PITEST can also work on very
large integers by treating them as floating-
point numbers with enough precision to ex-
actly represent their integral values. Circle
111 on the TSP Request Card.

A Fast Polynomial Transform Program
with a Modularized Structure (Cal
Tech/JPL) This program uses a fast poly-
nomial transformation (FPT) algorithm ap-
plicable to two-dimensional mathematical
convolutions. The program is written in the
transportable “C” language. Circle 129 on
the TSP Request Card.

Assessment of Advanced Concentrator
Photovoltaic Module Technologles (Cal
Tech/JPL) This program was developed to
probabilistically estimate the total and com-
ponent costs to end users of concentrating
photovoltaic arrays in the 1990’s. This is ac-
complished by using a modified version of
the SIMRAND program to estimate total
system cost for a large number of module
designs. The minimum system cost module
design is then chosen as the preferred
design. Circle 128 on the TSP Request
Card.

LOP-Long-Term Orbit Predictor (Cal
Tech/JPL) The Long-Term Orbit Predictor is
a trajectory propagation program useful as
an analysis tool in lifetime studies of or-
biting spacecraft. LOP is suitable for study-
ing planetary orbit missions with spacecraft
trajectories of reconnaissance (flyby) and
exploratory (mapping) nature. Circle 127 on
the TSP Request Card.

Algorithm for Sorting Grouped Data (Cal
Tech/JPL) It is often desirable to sort data
sets in ascending or descending order. This
becomes more difficult for grouped data.
The sort becomes increasingly cumber-
some when more than a few elements exist
for each data set. In order to achieve an ef-
ficient sorting process, an algorithm has
been devised in which the maximum most
significant element is found, and then com-
pared to each element in succession. Circle
121 on the TSP Request Card.

BLAS-Basic Linear Algebra Subprograms
(Cal Tech/JPL) The Basic Linear Algebra
Subprogram (BLAS) library is a collection of
FORTRAN callable routines foremploying
techniques in performing the operations of
numerical linear algebra. The BLAS library
was developed to provide a portable and ef-
ficient source of basic operations for
designers of programs involving linear
algebraic computations. Circle 120 on the
TSP Request Card.

STEADY-A Steady State Thermal Analysis
Program for Microcomputers (Cal
Tech/JPL) The Steady State Thermal Anal-
lysis Program (STEADY) provides the ther-
mal designer with a quick and convenient
method for calculating heat loads and tem-
peratures. STEADY can be used on small
nodal networks for conceptual or
preliminary thermal design and analysis.
STEADY will accept up to 20 nodes of fixed
or variable temperature, with constant or
temperature-dependent thermal conduc-
tivities, and any set of consistent units. Cir-
cle 123 on the TSP Request Card.
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Puised and CW

Power Sources
Pulser for MA/Com ‘ond Stantel bright arrays, 40 and 60A

models, 20 to 200ns, operates from 15 fo 28VDC, variable

n i od e La se rs pulse width is standard.

ILC

ILD and ILT

\ﬁ
~
L

Pulser for .5 o 30A pulse current, two or three independently
friggered pulses, pulse spacing can be reduced to -0-, pulse
amplifude and width independently adjusfable, operates
from 10 to 28VDC.

Most popular pulser series, .5 to 100A, 7 to 500ns, 1 fo 6
juncfions, infemal clock or external frigger, mountfing
options for a large variety of diodes, variable pulse width
options, operates from 10 fo 28VDC.

ILB

Pulser for .5 to 30A
pulse current, 7 to
300ns pulse width,
1 fo 3 junctions,
separate power
supply and head,
compact size 2" x
1 x 2, total weight
for power supply and
head -35 gr., varia-
ble pulse width
opfional, operates
from 10 to 28VDC.

ILE and ILN

A Temperature Confrolled
Diode Laser Mount, Ther-
moelectric cooling/heating
provide a diode tempera-
ture range of -5° C to +70°
C+0.1° C. The ILE pulsed
version provides a current
of 0.5A fo 30A at a pulse
width of 7 to 300ns. The
ILN CW version provides a
bias of O to 500mA and
modulation from O fo
500mA DC to 50 Mhz.

Custom Pulsers
and CW Drivers

Custom Laser Detectors

.

with or without femperature control. R W 310 1.7 microns.

Power Technology Inc;orpor-at:ed

h% Address correspondence to: Box 9769 Little Rock, Arkansas 72219 501-568-1995
§) Plant location: 7925 Mabelvale Cutoff Mabelvale, Arkansas 72103 TWX 910-722-7313

Specification limits in this od encompass the entire product line for each series. Individual performance s detailed in the specification sheet.



Mechanics oo

Analysis Program for
Hardware, Techniques,and  Books and Reports Microcomputers
Processes 87 Three-Axis 62 Aerodynamic-Analysis
82 Airplane Wings for Faster Superconducting Gravity Programs for
Climbing and Slower Gradiometer Microcomputers
Landing 87 Heat Shields for 64 Computing Long-Term
Transatmospheric Orbital Motions
Vehicles 64 Numerical Simulation For
Supersonic Inlets
s - Modified
Airplane Wings for Airfol
= B o 2 —
Faster Climbing and \
Slower Landing [ S
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performance. :
Original
Ames Research Center, s o, e
Moffett Field, California
The performances of general-aviation 18~
airplanes can be improved by modifying M°:|':g?| g O\
airfoil shapes. An equation is used to deter- \F’ “
mine a new contour for each type of wing. 1.6 d 1
The calculations are straightforward d !
enough to be done on a hand calculator; a )
computer is not necessary. 141

The equation applies to National Adviso-
ry Committee for Aeronautics (NACA) 63,
64-, and 65-series airfoils with lift coeffi-
cients between 0 and 1 and maximum 12
thickness-to-chord ratios between 0.06
and 0.18. These airfoils are used on a varie-
ty of general-aviation aircraft, including
single-engine, propeller-driven airplanes
and small passenger jet airplanes. The cal-
culations determine new shapes for the
upper surfaces of cambered airfoils or for 08|
both surfaces of uncambered airfoils.

The modification of an airfoil increases
the bluntness of the leading edge and adds
forward camber. It does so without intro-
ducing discontinuities in curvature any-
where, not even in the region where the Reyﬂ”g;&'ﬁ‘:ﬂ’g‘;‘:’_: fo B
modified shape blends with the original 04 e
shape.

The increase in the forward thickness of
the airfoil reduces the adverse pressure
gradient near the leading edge of the upper
surface at high angles of attack and results
in a larger maximum coefficient of lift. Stall-
ing characteristics are thereby improved, 0.0 —/f

Original
Airfoil

086

Lift Coefficient

02}

shorter and slower landings are possible,
and the rate of climb is increased.

When it was used to modify a NACA
63-215 airfoil shape (see figure), the equa- -02H
tion yielded a shape that gives approxi-
mately a 20-percent increase in the maxi-

mum lift coefficient. It also substantially -04 © 1 I 1 | ! 1

increased the allowable angle of attack. =4 0 4 4deg 8 12 16 20

The equation can be used to design new Angle of Attack, Degrees

high-performance airfoils and to modify ex-

isting .deS|gns. : The New Shape of a NACA 63-215 airfoil (above) increases the maximum coefficient of lift
This work was done by Susan Cliff- and angle of attack (below). The ratios y/c and x/c represent the thickness and chordwise di-

Hovey of Ames Research Center. No fur- mensions, respectively, of a wing normalized to the chord, c.
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ther documentation is available.
Inquiries concerning rights for the com-

mercial use of this invention should be ad-
dressed to the Patent Counsel, Ames Re-

search Center [see page 20]. Refer to
ARC-11598.
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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.

Three-Axis Superconduc-
ting Gravity Gradiometer

Gravity gradients can be
measured even on ac-
celerating platforms.

A three-axis superconducting gravity
gradiometer is based on flux quantization
and the Meissner effect in superconduc-
tors and employs a superconducting quan-
tum interference device as an amplifier. It
incorporates several magnetically levi-
tated proof masses, as described in the
preceeding article, “Six-Axis Supercon-
ducting Accelerometer” (MFS-26040). The
gradiometer design integrates the acceler-
ometers for operation in a differential
mode. The principal use is expected tobe
in commercial instruments for the meas-
urement of Earth-gravity gradients in geo-
physical surveying and exploration for oil.

In the gravity gradiometer, the signals
representing common-mode acceleration
(due to motions of the instrument platform)
are balanced out, leaving an apparent dif-
ferential-acceleration reading for each axis
proportional to the distance between two
acceleration detectors along that axis and
to the projection of the gravity gradient
along that axis.

The gravity bias of the Earth is nulled by
stable magnetic levitation using supercon-
ducting persistent currents. The levitation
coils for the two proof masses for each axis
are connected in series to stiffen the sus-
pension springs against common-mode
accelerations while keeping the differen-
tial-mode compliance unchanged. The
common-mode resonance is damped by
eddy-current dissipation; this improves the
common-mode rejection. The stable mag-
netic field arising from persistent currents
creates the effect of a negative spring,
which increases the compliance of the dif-
ferential mode and thereby increases the
sensivity to gravity gradients.

Piezoelectric crystals are employed
to align precisely the sensitive axes of
the component accelerometers. This
suppresses both the instrument errors
associated with coupling to the cross-com-
ponent linear accelerations and the modu-
lation of the Earth-gravity bias caused by
angular motions.

As in the accelerometer, force-rebal-
ance feedback currents are applied to the
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proof masses for both the common and dif-
ferential modes. In addition, cold damping
feedback is applied to damp actively the
differential mode. This reduces the non-
linearity error of the instrument and im-
proves its dynamic range.

The instrument simultaneously reads
out three in-ine component gradients and
three common-mode linear accelerations.
The common-mode signals can be used to
stabilize the platform, to compensate for
errors, and to obtain the precise position of
the instrument during a survey. The three
gradient signals provide valuable cross-
checks of the gravity data. The sum of
these gradient signals reflects the attitude
rate of the instrument and provides a
cross-check of platform gyroscope read-
ings.

A room-temperature gravity gradiome-
ter developed by the Navy has a sensitivity
limited to about 10 s—%. The new super-
conducting gravity gradiometer has a sen-
sitivity of ~10-1to ~10-4 s—% and
greater stability as well. The only serious
limitation is the need for liquid helium to
maintain the instrument at a temperature
of n2 to 5 K.

This work was done by Ho Jung Paik of
the University of Maryland for Marshall
Space Flight Center. No further docu-
mentation is available.

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

Ho Jun Paik

Department of Physics and

Astronomy

University of Maryland

College Park, MD 20742
Refer to MFS-26041, volume and number
of this NASA Tech Briefs issue, and the
page number.

Heat Shields for
Transatmospheric Vehicles

Thermal-protection schemes
are evaluated for space
vehicles that bounce off

the Earth atmosphere.

A report compares the performances of
four conceptual heat shields for transat-
mospheric vehicles. These future space-
craft will operate above the atmosphere of
the Earth but will dip into the atmosphere to
exploit combinations of aerodynamic and
propulsive forces for such major maneu-
vers as changing orbital planes. They will
experience high rates of aerodynamic
heating during such maneuvers.

Three of the concepts are based on in-

sulating tile fastened to the skin of the
vehicle. The fiber/fiber rigid composite in-
sulation (FRCI) and the Tophat (ceramic/
ceramic shell) insulation are bonded to a
polyimide graphite skin with room-temper-
ature-wulcanizing adhesive. The Tophat in-
sulation includes a wall of FRCI around a
layer of Nextel (or equivalent) for structural
support. A third conceptual insulation sys-
tem — the advanced carbon/carbon (ACC)
system — employs side panels to support
inner felts and uses metal clips to fasten
the tiles to a titanium skin.

The three systems were compared by
one-dimensional transient computer anal-
yses of temperature variations within the
tiles when the tiles were subjected to heat
pulses at several values of heat flux. The
thickness of the interior insulation was
varied for each of the systems.

For heat fluxes near the tolerable limit of
the front surfaces, the calculated heat-
shield mass required to keep the skin tem-
perature of the vehicle within limits was
nearly the same for the three heat-shield
concepts. For lower heat fluxes, there
were significant differences in weight
among the systems. Such factors as cost,
ease of fabrication of a titanium skin versus
one of polyimide/graphite, and control of
the heat stored in the system in the ab-
sence of convection will determine the se-
lection of a heat shield.

The fourth conceptual system includes
a multilayer insulating blanket under a heat
shield of FRCI. Such a blanket would allow
the use of a tile structure of reduced weight
and under some circumstances could
thereby enable the reduction of the overall
weight of the vehicle.

This work was done by W. C. Pitts of
Ames Research Center and M. S.
Murbach of Sterling Software Inc. To ob-
tain a copy of the report, “Heatshield De-
sign for Transatmospheric Vehicles,” Cir-
cle 139 on the TSP Request Card.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Ames Re-
search Center [see page 20]. Refer to
ARC-11749.

R e R T e e

New Products

A new commercial airline data-link control
panel design using a touch-sensitive
screen was recently announced by the Col-
lins Air Transport Division of Rockwell in-
ternational Corporation, Cedar Rapids, |A.
The DLC-800 control panel, a menu-driven
control display, is designed to be used with
Collins DL-700 data link systems. Itis com-
pletely compatible with other data link
management units that use the ARINC 429
data bus. Airline-programmable software
enables a carrier to create distinctive sym-
bols, display formats and messages. Circle
Reader Action Number 591.

87



Machinery

Hardware, Techniques, and Books and Reports Computer Programs
Processes 90 Variable-Reluctance Motor 64 Computing Aerodynamics
88 Inflatable Probe Would for Electric Vehicles of Propfans
Manipulate Delicate Parts 67 Simulation of the Internal-
88 Powered Lift for Combustion Engine
Paraplegics

Inflatable Probe Would Manipulate Delicate Parts

Delicate parts would be grasped gently.

Marshall Space Flight Center, Alabama

A proposed inflatable probe would
grasp parts gently. Unlike many existing
robotic end effectors with hard grasping
fingers, the proposed mechanism would
not apply high contact pressures and is
therefore less likely to damage delicate
parts.

The rigid probe would be surrounded by
a bladder (see figure). The probe would be
inserted in a hole of slightly larger diameter
in the part to grasped. The depth of inser-
tion would be limited by three resilient
bumpers, which could serve as stops to
control the position and orientation of the
part if necessary.

Once the probe was inserted, the blad-
der would be inflated to a preset maximum
pressure, expanding against the inside of
the hole in the part to grasp it firmly but
gently. After moving the part to the desired
position, the bladder would be deflated and
the probe withdrawn.

The principal disadvantage of the con-
cept is the need to provide a hole of the
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A Cylindrical Bladder Would Be Inflated against the inner wall of surrounding hole in the part

to be grasped.

specified diameter in every part to be cle 2 on the TSP Request Card. Olis Engineering
handled. However, this may be offset by In accordance with Public Law 96-517, Olis Enterprises, Inc.
the advantages of simplicity and reliability the contractor has elected to retain title to P.O. Box 408#D

of the inflatable bladder. this invention. Inquiries concerning rights Sedalia, CO 80135

This work was done by Carter K. Lord of
Olis Engineering for Marshall Space
Flight Center. For further information, Cir-

for its commercial use should be ad-
dressed to
Carter K. Lord

Refer to MFS-26045, volume and number
of this NASA Tech Briefs issue, and the
page number.

Powered Lift for Paraplegics
People with paralyzed legs can transfer themselves to and from wheelchairs.

Ames Research Center, Moffett Field, California

A battery-operated lift is designed to aid
paraplegics in moving about locally. It can
raise or lower a paraplegic from or to a
bed, toilet, or wheelchair, for example. The
paraplegic controls the operation of the lift
with a toggle switch and a joystick.

A prototype (see figure) has been con-
structed, and further refinements are ex-
pected. The liftincludes a rolling frame with
a body support that is raised and lowered

88

on a column by a pair of drivescrews. The
user positions the wheelchair within the
frame and places his arms over a pair of
curved, padded armpit hooks. The user
flips the toggle switch so that the hooks rise
on the column. As they rise, the user's
weight bears down on them, and the
weight is transferred through a cam that
causes a pair of padded leg supports to
move inward, just behind his knees. The

user’'s body is thus supported at four
points.

When the supports reach the desired
height, the user flips the toggle switch to
stop the upward motion and uses the joy-
stick to move the lift forward, backward,
left, or right, as necessary. The joystick
controls two independent dc motors, en-
abling the lift to be positioned precisely and
rotated. The motors and a rechargeable

NASA Tech Briefs, November/December 1987
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SPEED PATIENT RECOVERY
WITH A COMPUTERIZED
GET WELL CARD.

When infection threatens, identifying
it-and the antibiotic to fight it-takes
time. That's time a patient may not

yto pinpoint an in-
ify a treatment in
jours instead of days.
tek diagnostic system uses
cards containing “wells” of dehy-
drated nutrients. N 3 n
sample is introduced,
feeds and grows. Light beamed
through the wells to a computer
identifies bacteria which are growing.
Antibiotics in wells ofa second card
stop the growth and help the physi-
cian choose the best treatment. The
time saved is days. The ache saved is
appreciated. The lives saved :
priceless. v ”w
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battery are in a compact enclosure at the
base of the column.

To return to a wheelchair, the user simp-
ly reverses the procedure. He uses the
joystick to position himself over the chair
and operates the toggle in the reverse
direction to lower himself into the seat.

This work was done by of Ben Aubert 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-11638.

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.

Variable-Reluctance Motor
for Electric Vehicles

A scaled-down motor per-
formed as expected.

A report describes research on a vari-
able-reluctance electric-motor drive for
eventual use in electric-vehicle propulsion.
The primary design and performance cri-
teria were the torque and power output per
unit mass of the motor, the cost (with em-
phasis on the inverter circuit needed for
the motor), and the drive efficiency (with
emphasis on the motor). For each criteri-
on, an optimized drive design was devel-
oped, and these designs were then unified
to yield a single electric-vehicle drive.

The theoretical treatment of variable-
reluctance-motor drives led to the design
of a 60-kW motor with a mass of 65 kg. To
reduce the cost of the inverter, a three-
phase system was selected. (Three is the
minimum number of phases for a self-start-
ing variable-reluctance motor). There are
four rotor poles and six stator poles. An
alternating polar alignment of the phase
windings (NSNSNS) eliminates the mutual
inductance between the phases and main-
tains flux symmetry in the back iron. The
windings are biffilar.

The stator-pole angle is 32 °, which is a
compromise between a large overlap re-
gion and a large winding-slot volume. The
rotor-pole angle is 45 °. The rotor-pole pitch
was designed to allow for a large
maximum-inductance region in the phase-
inductance profile to provide extra time to
remove currents. The radial gap between
the rotor and the stator was designed to be
the smallest permitted by manufacturing
limitations. The number of turns on each
stator pole is constrained by the current
levels required for operation with a 240V
supply.
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The Prototype of the Paraplegic Lift is operated by a toggle switch and a joystick. The lift can
be plugged into a household electrical outlet for recharging when it is not in use.

Because the inverter circuit includes
only three power switches, its cost is lower
than that of competitive circuits. The circuit
enables independent control of the cur-
rents in each phase, thereby enhancing
the capability for optimum output and effi-
ciency. The power switches must block a
forward electromotive force of 480 V, with
a 240-V safety margin. Though the switch-
es could be silicon-controlled rectifiers,
gate turn-off thyristors (GTOT's) are pre-
ferred because of their simpler commuta-
tion requirements. The GTOT's selected
have voltage, current-at-turn-off, and root-
mean-square-current ratings of 1,300 V,
600 A, and 400 A, respectively. Each
GTOT can be commutated with a field-
effect transistor at turn-on and with a
silicon-controlled rectifier at turnoff.

To test the motor-design concepts, a
3.8kW version was designed and built by
scaling down all the dimensions of the
60-kW unit by a factor of about 2.5. The
smaller motor was not thermally designed,
however, the scaledown was only magne-
tic for verification of the mathematical
design models. The small motor performed
as expected, showing excellent agree-
ment with the predicted scaled-down elec-
tromechanical characteristics. Provided
that the thermal constraints are satisfied, it
thus appears that the 60-kW unit will per-
form as expected.

This work was done by Jeffrey H. Lang
of Massachusetts Institute of Technology
for NASA’s Jet Propulsion Laboratory.
To obtain a copy of the report, “Variable-
Reluctance Motor Drives for Electric Vehi-
cle Propulsion,” Circle 113 on the TSP Re-
quest Card.

NPO-16993

New Products

Selecting and ordering Micro Switch
pressure sensors is easy with the com-
pany’s “Specifier's Guide for Pressure
Sensors.” Sensors in the catalog include
absolute, differential, gage and vacuum
gage measurement devices with pressure
sensing ranges from =5 inches water
pressure to 250 psi. Many are offered with
temperature compensation. Housings are
constructed from plastic, die-cast alumi-
num or stainless steel, and versions are
available to meet MIL standards for shock,
vibration and moisture resistance. Circle
Reader Action Number 587.

Intel Sclentific Computers, Santa Clara,
CA has announced its second generation
hypercube family of concurrent supercom-
puters. New hardware and software devel-
opments make the iPSC/2 family easier to
program and up to ten times faster than
first generation hypercubes. Standard
systems are available in configurations
from 16 to 128 processing nodes, with up
to a gigabyte of memory. Circle Reader
Action Number 590.
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91 Hybrid Electrostatic/ Deposition

Acoustic Levitator

Grinding Inside a Toroidal Cavity

Weld Lines can be ground smooth within about 0.001 in. (0.025 mm).

Marshall Space Flight Center, Alabama

A grinding tool for smoothing longitudi-
nal weld lines inside a toroidal cavity in-
cludes a curved tunnel jig to guide a grind-
ing “mouse” along the weld line (see
figure). The curvature of the tunnel jig is
matched to the shape of the toroid so that
the grinding ball in the mouse can follow a
circular arc of the correct radius as the

Grinding
Mouse

Grinding

Ball Thick Shim To
Orient Grinding
Mouse

Thin Shims for
Lateral
Adjustment of
Grinding Mouse

mouse is pushed along the tunnel. The tool Weld
enaples precise control of grindout shape, Line Tunnel
yet is easy to use. Jig

Weld-free areas of the toroid serve as
position references for the alignment of the
tunnel jig with the toroid. During grinding,
the tunnel jig is clamped against the inner
wall of the toroid by an air-driven piston.
(Screw clamps could be used instead.) The
depth of the grind is controlled by adjusting
the distance by which the grinding ball pro-
trudes from the mouse.

Shims are placed along the inner sides
of the tunnel jig to control the lateral posi-
tion of the mouse on each grinding pass.
The steps between passes can be made
small enough so that the ridge between
adjacent grind paths is 0.001 in. (0.025 mm)
or less. The ground surface can then be
polished to achieve a smoother finish if
desired.

A flexible driving cable connects an ex-
ternal air-powered or electric motor to the
grinding ball in the mouse. The handle used
by the operator to slide the mouse through
the tunnel is attached to the mouse by a
curved rod. The perpendicular force of the
grinding ball against the surface to be
ground is provided by a small air-powered
cylinder on the side of the mouse opposite
that of the grinding ball.

Welded
Toroidal
Object

. Air-Actuated
Clamp

\ of Toroid
\ and Tunnel Jig

Handle
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Driving

Handle

Grinder

Center of
Symmetry
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The Grinding Tool smoothes out protruding material along weld lines inside a toroidal cham-
ber. The curved tunnel jig guides the grinding mouse.

This work was done by Walter Mayer,
James F. Adams, and Richard K. Burley of
Rockwell International Corp. for Marshall
Space Flight 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, Marshall
Space Flight Center [see page 20]. Refer to
MFS-29249.

Hybrid Electrostatic/Acoustic Levitator

Particles and drops can be rotated and vibrated.

NASA's Jet Propulsion Laboratory, Pasadena, California

A levitator for liquid drops and small par-
ticles includes both electrostatic and
acoustic components for versatility in the
manipulation of samples. The sample is le-
vitated electrostatically and rotated or vi-

NASA Tech Briefs, November/December 1987

brated acoustically. Because the electro-
static and acoustic forces are independent
of each other, the hybrid levitator is
especially suitable for studies of drop dyna-
mics. Like all-acoustic or all-electrostatic

systems, it can also be used in studies of
containerless material processing.

The levitator (see Figure 1) includes two
dish-shaped electrodes that generate the
levitating electrostatic field. A liquid-
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Figure 1. The Vertical Levitating Force is applied to the sample by the upper and lower electrodes. Torques or vibrational forces in the hori-
zontal plane are applied by the acoustic transducers.

injection nozzle enters the levitation cham-
ber through a hole in the center of the
lower electrode. An acoustic transducer is
attached to each of two orthogonal vertical
faces to produce orthogonal acoustic
standing waves in the chamber.

To facilitate the adjustment and stabili-
zation of the vertical position of the sample,
the electrostatic portion of the levitator is
controlled by a digital feedback system.
The acoustic transducers are locked to
each other in frequency and phase. To ap-
ply an acoustic torque to rotate the sample,
a phase difference of 90 ° is imposed. The
torque is varied by adjusting the amplitude
of the sound.

A nonrotating sample can be made to
vibrate by fixing the phase difference at
zero and sinusoidally modulating the am-
plitude. Both a nonzero phase difference
and amplitude modulation can be used to
produce rotation and vibration. If the sam-
ple is a liquid drop, it can be rotated until it
breaks in two (see Figure 2). The levitator
can also manipulate aluminum shells,
glass shells, and wooden spheres.

This work was done by Won K. Rhim,

Figure 2. An Electrically Charged Water Drop about 4 mm in diameter was levitated electro-
statically and rotated acoustically until it assumed a dumbbell shape and broke apart.

Eugene H. Trinh, Sang K. Chung, and  formation, Circle 27 on the TSP Request
Daniel D. Elleman of Caltech for NASA’s  Card.
Jet Propulsion Laboratory. For furtherin-  NPO-16834

New Products

Yokogawa Corporation of America
(Peachtree City, GA) introduces a high-
speed analyzing recorder that accepts one
or two inputs with frequencies ranging
from DC to 1 MHz. A 5 MHz sampling rate
enables signals to be time sliced and con-
verted from analog to digital with 10-bit
resolution every 0.2 microseconds, resul-
ting in extremely high accuracy. The Model
3656 simultaneously measures the sig-
nals, displays the waveforms on a 7-inch

92

CRT and plots in color on hard copy. An op-
tional data memory module with up to 32K
capacity foreach channel is available, and
allows duplex plotting. Three triggering
modes from either internal or external
sources can be set at any level overthe in-
put signal’s amplitude. The trigger initiates
CRT traces, the plotter and the memory
module. For memory mode, a pre-trigger,
selectable in steps from 0 to 100% of
signal amplitude is provided. Circle
Reader Action Number 596.

Radlo Shack, adivision of Tandy Corpora-
tion (Fort Worth, TX), has released the 0S-9
Development System for their Color Com-
puter 3. The 0OS-9 Development System is
a complete editor/assembler with full
screen editing and specialty 1/0 drivers.
The 0S-99 Level Two operating system is
required to take advantage of programm-
ing tools provided by the development
system. Circle Reader Action Number
592.
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Optical Temperature Sensor for Gas Turbines

The new design promises accuracy even in the presence of contamination.

Lewis Research Center, Cleveland, Ohio

An improved sensor is being developed
to measure gas temperatures up to
1,700°C in gas-turbine engines. The ac-
curate measurement of gas temperatures
within a gas-turbine engine is difficult
because of the severe temperature, pres-
sure, and vibration environment. The dis-
charge gas of the turbine-engine combus-
tor is particularly difficult to measure
because the major constituents of the gas
are hot, chemically active products of the
combustion of a fossil fuel.

The sensing element of an existing opti-
cal thermometer (DILS, NBS) is a thin
single crystal of sapphire, with a tip coated
to form a blackbody cavity. When im-
mersed in the gas stream, the sensing ele-
ment eventually reaches the temperature
of the stream and emits thermal radiation.
The radiation is transmitted through a fiber-
optic light pipe to a radiation detector.

In principle, this sensor will function re-
liably only if the thermal energy is trans-
mitted to the detector without changes in
intensity induced by the fiber-optic wave-
guide. It is known, however, that inside the
gas-turbine engine, the combustor and tur-
bine parts tend to accumulate a thin but op-
tically absorbing deposit of various sub-
stances. In a modern engine, this deposit
consists primarily of atmospheric dust that
has been ingested by the engine and pyrol-
ized. In engines of older designs, some car-

bon particles may also be present.

The existing sensing device, although
having a blackbody cavity at the tip, has no
protection against the formation of depos-
its on the uncoated portion, which is also
exposed to the gas stream. It is expected
that optically absorbing deposits will form
on the exposed sensing element over an
extended time. This will cause some of the
light to be absorbed at the interface be-
tween the sapphire crystal and the deposit.
Thus, the calibration will be shifted, and the
displayed temperature will be in error. As
an example of this effect, when a silicon di-
ode detector of near-infrared radiation is
used at a tip temperature of 1,000°C, a
drop in transmission of energy by 10 per-
cent would result in an error of approxi-
mately 10 degrees.

Another deficiency of existing sensing
elements is in the inherent weakness of a
cylinder when loaded as a cantilever
beam. This loading comes from the drag of
the flowing gases acting on the cylinder to
produce a bending moment that is greatest
at the base of the cylinder.

The foregoing deficiencies should be
overcome by a new sensor design. The
new sensor element (see figure) is a cone
of a solid, refractory, and optically
transparent material; for example, single-
crystal sapphire. The tip is coated with a
durable and emissive material; for exam-

ple, iridium. When the cone is heated by
the combustion gas, radiant-energy rays
are emitted. The limit (marginal) rays just
pass by the aperture, are collected by the
lens, and are brought to a focus at the face
of the fiber-optic cable. Rays between the
margins that originate at the tip also pass
through the aperture and are focused onto
the fiber-optic face. Rays that glance off
the cone surface (where some of the ray
energy is absorbed by foreign-matter de-
posits) continue on to be collected by the
lens and focused away from the fiber-optic
face.

It can be shown, then, that only the rays
that are emitted from the tip and that do not
intersect the cone will be collected and fo-
cused onto the fiber-optic face. All other
rays — that is, all rays that intersect the
cone surface — will not be focused onto
the fiber-optic face. This design, therefore,
makes the sensor respond only to the radi-
ation emitted by the tip, and deposits of
foreign matter on the sides of the cone
have no effect on the measurement.

This work was done by P. W. Mossey of
General Electric Co. for Lewis Research
Center. Further information may be found
in NASA CR-175108 [N86-28729/NSP],
1700 °C Optical Temperature Sensor.”

Copies may be purchased [prepayment
required] from the National Technical In-
formation Service, Springfield, Virginia

Foreign
Matter

Aperture

Limit -
Ray Fiber-Optic

Cable

Face
_'

Conical Sensor

Element Lens

The New Sensor has a conical shape for mechanical strengths and an optical configuration that is insensitive to deposits of foreign matter
on the sides of the cone.
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The patented pres-
surized cartridge
developed for NASA per-
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+400°F, over glossy or
greasy surfaces, under
water and up to 3 times
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pens.

Chrome Space open
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button point re
traction. Rehills
readily available
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Chrome pocket
purse pen with
distinctive Space
Shuttle emblem
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design
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Fisher Space Pens are available
wherever better pens are sold. Cor-
porate logos and emblems are
available. You may order or request
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FISHER PEN CO.
743 Circle Avenue
Forest Park, IL 60130
(312) 366-5030

94  circle Reader Action No. 451

22161, Telephone No. (703) 487-4650.
Rush orders may be placed for an extra fee
by calling (800) 336-4700.

This invention is owned by NASA, and a
patent application has been filed. Inquiries

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.

Equations for Fading-
Memory Filters

Simplified solutions

are based partly on the
exponential decay of effects
of previous states.

A report discusses simplified recursive
solutions for the equations of a class of
fading-memory filters. Under appropriate
assumptions regarding noise and the ex-
ponential decay of the effects of previous
states, the filter equations can be reduced
to analytic formulas in closed form.

The general filter problem involves a
linear system that passes through a se-
quence of discrete states, each of which
depends on the previous state. The filter is
not a piece of equipment but rather a set of
equations that provides a sequence of esti-
mates of the states that fit the measure-
ments of the states and the mathematical
model of the system as closely as possible
according to a weighted-least-squares cri-
terion. Transitions between, and measure-
ments of, the states include state-inde-
pendent white noise. The filter calculations
are complicated matrix and matrix-inverse
operations at each discrete time.

The choice of weighting matrices for the
least-squares calculation determines the
filter equations. One such choice results in
Kalman filtering, which offers recursive
solutions for state estimates and for a
state-estimate-covariance matrix. How-
ever, Kalman filters attempt to fit all past
data into a single model, a disadvantage
when the system varies with time. When
the model is in error, large errors occur in
the state estimates.

In this study, a weight that decays ex-
ponentially with time is applied to older
measurements. This approach entails the
loss of information as past measurements
are discounted but compensates by over-
coming most of the mismodeling and insta-
bility associated with Kalman filters. The
fading-memory filter has the added advan-
tage that an exponential decay of past data
is intuitively comprehensive to most users.

Asimplification is achieved by assuming
that the state-noise-covariance matrix is

concerning nonexclusive or exclusive
license for its commercial development
should be addressed to the Patent Coun-
sel, Lewis Research Center [see page 20].
Refer to LEW-14276.

proportional to the time-propagated state-
estimate-covariance matrix. Even though
this assumption departs from the modeling
of the state noise in the physical system, it
is useful in practical problems where the
state noise is unknown, difficult to model,
or not of the assumed constant-white-
noise form. The equation for the filter-de-
cay factor a,, then becomes
a, = exp(—Th,)

where T is the filter sample time and t,, is
the filter time constant. The filter response
to an input impulse is thus similar to the
response of a resistor/capacitor combina-
tion to a step-voltage input.

Filter equations are derived for a system
with time-invariant state-transition, meas-
urement, measurement-noise-covariance,
matrices and filter-decay factor. For the
steady-state case, the filter is expressed as
a z-transform transfer function in the form
of a matrix between m inputs (measure-
ments) and n outputs (states). As ex-
amples, closed-form analytic tracking-filter
solutions are found for second- and third-
order fading-memory filters used in a Glo-
bal Positioning System receiver. In general,
this class of fading-memory filters is com-
putationally efficient, and the solutions are
stable.

This work was done by J. I. Statman of
Caltech for NASA’s Jet Propulsion Lab-
oratory. 7o obtain a copy of the report,
“Simplified Solution for a Class of Fading-
Memory Filters,” Circle 31 on the TSP Re-
quest Card.

NPO-17089

New Products

MAX 2, a single board computer for IBM
PC/ATs and compatibles, has been in-
troduced by International Meta Systems,
Inc., Torrance, CA. The computer operates
at between 20 to 40 million instructions per
second (MIPS) at an estimated cost of
$9,000 per million floating point operations
per second (MFLOPS). The MAX 2 supports
up to 16 Mbytes of user RAM and 256
Kbytes of register-like context memory. A
single user machine, the MAX 2 is design-
ed for engineers, scientists, and high-level
programmers requiring powerful, low cost
computing capabilities. Because of its non
Von-Neuman architecture and adaptable
WISC (writable instruction store computer),
the MAX 2 is useful for fifth generation
development projects. For scientific and
engineering applications, languages on the
MAX 2 are FORTRAN 77 and C.

Circle Reader Action Number 575.
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is relative to None.

No one comes close to BEI's 20 year history
of space fprogram experience. Proven on
dozens of successful missions including;
Orbiting Astronomical Observatory « Apollo
Telescope Mount « Synchronous Meteorolo-
gical Satellites including SMS, GOES, GMS,
VAS -+ Solar Maximum Mission « SAAM -
Space Sextant « Galileo Deep Space Probe «
Space Telescope « Space Shuttle — encod-
ers and commutators « And other programs.
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The Genius
of our Design.

BEI's unique design features result in the
highest accuracy and reliability obtainable
anywhere. Better than 0.6 arcsecond accu-
racy proven by actual test. And a MTBF on
many space rated models in excess of
950,000 hours. Our long established systems
and procedures are in compliance with high
quality criteria NHB-5300.4 (3A-1) and MIL-
Q-9858A, and high reliability criteria MIL-
STD-785. Contact BEI for more details.
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Ever wonder where the excitement is these days?

Just ask around. Those in the know will confirm
that the most advanced work in space systems is
being performed for both military and civilian clients
by Booz-Allen & Hamilton, an international leader
in technology and management consulting.

With its highly diversified technical base and
tradition of leadership, the Applied Sciences Center
(ASC) is well positioned in a wide range of
marketplaces. Under the direction of former NASA
astronauts Drs. Bill Lenoir and Ed Gibson, the
professional services of our Space Systems Practice
are in constant, continually increasing demand by
the Department of Defense, federal civilian agencies
and major corporations. In short, the space systems
work you want is here. It’s stimulating, absorbing and
at the leading edge. So are the rewards.

To qualify for any one of numerous positions now
open in our expanding metropolitan Washington,
D.C. facilities, you must have a technical degree
related to one of the assignment areas listed below.
All positions are high-profile, requiring extensive
client interface and excellent communications and
interpersonal skills. We have opportunities for
individuals at every level of experience, including
exceptional new graduates.

As a member of our Space Systems team, you'll
contribute to programs ranging from systems
engineering and integration for the Space Station, to
strategic planning for other important NASA and
DOD programs. You must have experience in one or
more of the following areas:

e Space communication network integration

» Military satellite programs

e Manned space flight operations

e Space program and policy analysis

At Booz-Allen & Hamilton, we see the future of
space every day. And, every day, it’s all systems go. To
join us, send your resume to Janet Dierker,
Booz-Allen & Hamilton Inc., Dept. 103, 1725
Jefferson Davis Highway, Suite 1100, Arlington,
Virginia 22202.

BOOZ-ALLEN & HAMILTON INC.

Equal Opportunity Employer. U.S. citizenship required.
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ERIM

“ .. we were pioneers in imaging technology

F or more than 40 years ERIM has been a leader in conceiving,
designing, and demonstrating new sensor systems—high
resolution synthetic aperture radars, laser imaging scanners, and three-
dimensional and multispectral scanners—for applications that range
from outer space to the factory floor.

Today, with a staff of over 600, ERIM is the world’s largest organiza-
tion devoted to advanced imaging technologies for the defense, busi-

—and we still are”

ness, and industrial communities.

The Institute is headquartered in Ann Arbor, Michigan—a location
which offers the advantages of a vital research community and sophis-
ticated cultural opportunities without the crowded, expensive living

conditions that prevail in other parts of the country.

ERIM also maintains permanent offices in Washington, DC; Los
Angeles, California; Dayton, Ohio and Fort Walton Beach, Florida, as
well as a Flight Facility at Willow Run Airport to house our research

aircraft.

Both research and management positions are available in most of
the locations. All positions require a BS, MS, or PhD in engineering,
physics, mathematics, or computer science, along with appropriate
work experience. Salary and benefits are highly competitive.

Send your resume to Personnel Administrator, Dept. NT, ERIM, P.O.
Box 8618, Ann Arbor, MI 48107-8618.

LS. Citizenship required/Equal opportunity employer

DERIM
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CONTRACTS UPDATE

A major aeronautical flight experiment will be con-
ducted by the Boeing Commercial Airplane Company for
NASA's Langley Research Center. Boeing will test the ef-
fectiveness of a hybrid system designed to achieve laminar
air flow control at high subsonic speeds. The system, which
combines air suction near the wing’s leading edge with con-
touring of the wing surface for reduced drag, could improve
transport aircraft fuel efficiency by as much as 20 percent.

Contractors have been selected for the first of a two-
phase systems definition study for the proposed Shuttle-
C. Martin Marietta Manned Space Systems; Rockwell Inter-
national, Space Transportation Systems Div.; and United
Technologies Corp., USBI Booster Production Co. will each
submit designs for the unmanned, cargo-carrying launch
vehicle. Shuttle-C would have a lift capacity of 100,000 to
150,000 pounds to low-earth orbit, giving the U.S. space pro-
gram a launch vehicle with nearly three times the payload
capacity of the present Space Shuttle.

NASA and the Department of Defense have selected
three firms to continue airframe development on the ex-
perimental National Aero-Space Plane. Awarded 36 month,
$25.5 million contracts were the General Dynamics Corp.,
Ft. Worth Division; McDonnell-Douglas Corp., McDonnell
Aircraft Co.; and Rockwell International Corp., North
American Aircraft Operations.

Langley Research Center will sponsor a design study
for a helmet-mounted display system able to present col-
or 3-D images in stereo. The helmet will be used in flight
simulator research, with possible adaption to actual flight,
according to Langley officials.

Five aerospace firms have been awarded design and
definition study contracts for a Space Shuttle advanced
solid rocket motor. The 9-month, $3.3 million contracts were
awarded to Aerojet Solid Propulsion Company, Atlantic
Research Corp., Hercules Aerospace Company, Morton
Thiokol, Inc., and United Technologies Chemical Systems
Division.

NASA has chosen Grumman Aerospace Corp. for a
Space Station Program Support Contract (PSC). The PSC
provides for Space Station systems engineering and in-
tegration in addition to management support to the Space
Station Program Office. Grumman'’s proposed cost for the
11 year performance period is $841 million, with a priced op-
tion for additional support of $406 million.

A new commercial Initiative, supported by NASA and
the Departments of Defense and Commerce, will aim at
making the sophisticated computer language Ada widely
available to American industry and business. Adais believ-
ed to have substantial potential for enhancing U.S.
economic competitiveness through manufacturing applica-
tions, such as industrial automation. The language is
presently being employed in a variety of defense and
aerospace programs and has been chosen for use aboard
Space Station.

The U.S Air Force and NASA have signed an agreement
establishing reimbursement policies for DOD flights on the
Space Shuttle and NASA flights on DOD-procured expen-
dable launch vehicles. Under this “quid pro quo” agree-
ment, NASA and DOD will each maintain launch capabili-
ties that can be used by the other in assuring access to
space at minimal additional cost. Pricing provisions apply
to launches scheduled through fiscal year 1991. The esti-
mated DOD price for Shuttle hardware will be $115 million.
NASA's estimated ELV prices will be $93 million for Titan
IV, $25.6 million for Delta Il, and $24.6 million for Titan II.

NASA Tech Briefs, November/December 1987

Pressure Reducing

Regulators

More than 40 models, plus
virtually limitless modifications.
5 to 15,000 PSIG (outlet). For
corrosive, non-corrosive or high
purity applications. Soft goods
available in a variety of ma-
terials to match compatability
requirements. Diaphragm or
piston types. constructed of
aluminum, brass or corrosion-
resistant

. Stainless steel.
Send for our

free 12-page
color brochure
P describing our
entire line. Or,

write explaining
your application

Pressure relief and pressure
reducing regulators which are
ideal for such applications as
R&D, purging and charging,
high-pressure testing, high-
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e s pressure wafer washing systems,
. quUIl’Cmt.‘,nlS mhbmuon.chemwalnglanam
and we'll send you detailed and other manufacturing
specifications on recommended iy
models.
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PRESSURE CONTROLS DIVISION
12616 Industrial Boulevard, Elk River, MN 55330 (612) 441-6330
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SCIENTIFIC/ENGINEERING

GRAPHIC TOOLS
for the IBM PC and compatibles

FORTRAN/Pascal tools: GRAFMATIC (screen graphics)
and PLOTMATIC (pen plotter driver)

These packages provide 2D and 3D plotting capabilities
for programmers writing in a variety of FORTRAN/Pascal
environments. We support MS, R-M, LAHEY FORTRAN
and more. PLOTMATIC supports HP or Houston Instru-
ment plotters. Font module available too!

Don’t want to program? Just ask for OMNIPLOT! Menu-
driven, fully documented integrated scientific graphics.
Write or call for complete information and ordering in
structions.

GRAFMATIC-PLOTMATIC-OMNIPLOT [S] & [P]
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Through the
technology transfer
process, many of the
systems, methods and
products pioneered by NASA
are reapplied In the private sector
obviating duplicate research and

making a broad range of new products

and services avallable to the public.

usinesses with complex

resource management de-

mands can ill afford idle time
or bottlenecks in their activity sched-
ules. Aerospace, transportation, health
care, food service—all of these indus-
tries rely on smooth operational flow.
To help them keep pace, Avyx Inc. of
Englewood, Colorado has introduced
TREES-pls, a programming language
for IBM and IBM-compatible com-
puters. Originally developed to coor-
dinate NASA’s space shuttle program,
TREES-pls can be applied to schedul-
ing, resource allocation, project con-
trol, and information management
functions.

The TREES language is based on
built-in libraries of project manage-
ment routines. A value-added reseller
or developer creates an application
that uses the system’s inherent tree-
structured data management, which
arranges alternatives heuristically,
greatly accelerating the scheduler's
decision-making process. The hierar-
chic tree structures can be modified
and manipulated during program ex-
ecution, making it useful for artificial
intelligence applications such as sym-
bolic manipulation and knowledge
representation.

The product’s most attractive fea-
ture, according to Avyx president John
Willoughby, is its flexibility. “In the
past,” he said, “management has spent
millions of dollars developing one-of-a-
kind solutions to activity scheduling
problems. TREES-pls offers a cost-
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Burlington Northern Rallroad
uses the TREES language for
scheduling lumber shipments to

saw mills. The technology was Initially
developed for NASA by Information
Sclences, Inc., now the research and
development arm of Avyx.

effective alternative; its common
logical architecture can be applied to
different problems with minimal ad-
justment or customization.” The end
result, according to Willoughby, is an
up to 80% programming cost savings.

NASA's Johnson Space Flight Cen-
ter currently uses TREES-pls to sche-
dule various science activities planned
for space station. The technology is
also being used for deep space track-
ing network activities and for design-
ing operational concepts for com-
munications satellites.

In non-aerospace applications, E.J.
Gallo Winery uses TREES-pls to
schedule production of its cham-
pagne, and Burlington Northern to
allocate lumber to saw mills.

By next year, according to Willough-
by, Avyx will introduce TREES-plson a
full line of workstations—including
Apollo, DEC, and Hewlett-Packard,
and on mainframes such as the VAX-
8000. An end-user version is in the
planning stages.

The MS-DOS package costs $995.
Mr. Willoughby expects sales to ex-
ceed $500,000 this year, with growth to
$2.5 million in 1988 as TREES-pls
begins to branch outward. (J

CAMAC

(IEEE-583)

Your Standard
Tools for
Data Acquisition
and Control

For 15 years, KSC has been sup-
plyin& users in laboratories, plants
and R & D facilities with practical
CAMAC (IEEE-583) hardware and
software tools for automation. The
reason is simple. CAMAC, the inter-
national standard for Computer Auto-
mated Measurement And Control,
provides modular real-time data ac-
quisition and control solutions that
can be implemented a step at a time,

CAMAC features . . .

Full Standardization. Specified by the
IEEE, ANSI, and IEC.

Open-end Architecture. Start as small
as you like and expand when and
how you want.

Multicomputer Surport.
for a wide range of computers, such
as DEC, CDC, MODCOMP, Gould/
SYSTEMS, and Hewlett-Packard.

High Data Rates. Data transfer rates
to 348,000 bytes per second with
DMA interfaces.

Unsurpassed Selection of Process 1/0
Modules. From A/D and D/A con-
verters and signal multiplexers to
event counters and transient re-
corders.

Powerful Distributed Systems. Peak
block rates up to ree million
data bytes per second over a fiber
ogtic serial highway to as many as
62 remote stations.

Su mng Software. Easy to use
CAMAC andlers, software drivers,
and Process Control/Data Base System
software packages.

Field-proven System Design.
such facilities as Boe:’n"g, Nalco
Chemical, Kimberley-Clark, Digital,
NASA, Bell Labs, Martin Marietta,
DuPont, and General Electric.

Join the growing list of users who are
specifying our CAMAC tools for their
system development. Call us today.

Interfaces

KineticSystems
Corporatcion

11 Maryknoll Dr., Lockport, IL 60441
(815) 838-0005
TWX: 910 635 2831
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let you pinpoint problems like
stack overflow or incorrectly
restored pointers—without

breakpoints or manual notation.
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BREAKTHROUGH:

ONE MESSAGE
BY LAND. NOW ONE
BILLION BY LASER.

The use of light to send messages is rooted in
history. Our nation’s destiny once hung on a
single gleam.
The challenge today is to use light-the light
of a laser-for communication through satellites.
To do so, we cluster 100,000 energy-
producing diodes where only 200 could go
before. Together they pump greater power into
the same size laser. We taught the beam to pulse
at a rate we wanted, split it, delayed it, folded
it back on itself, and polarized it horizontally
and vertically. That lets us put two bits of
information into each pulse to send each bit
twice as fast.
Compact, and with good beam quality, our
laser system is scalable for large power increases,
for laser ranging, and for multigigabit-per-second
satellite transmissions to underwater receivers ‘
or to other planets. *
We're creating breakthroughs that make a !
difference in the way people work and the way
people live.
We're McDonnell Douglas.

For more information, write to:
Lasercom, McDonnell Douglas, Box 14526,
St. Louis, MO 63178 '
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