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Science Teacher Fred Holtzclaw
Has Successtully Created Energy In
A Classroom.

In the nearly 20 years that Mr. Holtzclaw has been teaching high
school science in Tennessee, he’s learned a lot about energy. How to impart
enthusiasm, for instance. The hard work needed to overcome inertia. And most
difficult of all, what to do about burn-out.

He’s not alone. Every day, teachers all over the country face the
same challenges.

That’s why Martin Marietta is helping to underwrite a new regional
Academy for Teachers of Science and Math at the University of Tennessee. It’s
an intensive program of study and discussion for Martin Marietta Fellows; out-
standing educators in all grade levels. Through the Academy, the private sector,
government and academia are all joining together to support a critical educational
initiative by President Bush.

It's important to help keep things moving in the classroom, and teachers
like Fred Holtzclaw are the right place to start. If we want to fire-up the master-
minds of tomorrow, the best thing we cando is
keep Our OUtStandmg teaCherS energlzed tOday 6801 ROCKLEDGE DRIVE, BETHESDA, MARYLAND 20817

MASTERMINDING TOMORROW'S TECHNOLOGIES

MARTIN MARIETTA
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MORE CHROMATOGRAPHIC I’I'I"I'IHGS THAN
ANYWHERE ELSE IN THE WORLD. ..........cicc .

Valco Instruments Co. Inc. Valco Europe

PO. Box 55603, Houston, TX 77255 USA Untertannberg 7 CH-6214 Schenkon, Switzerland
Telephone (713) 688-9345 M[ﬁ Telephone (045) 21 68 68

Telefax (713) 688-8106 Telex 79-0033va.cosou Telefax (045) 2130 20 Telex 868342 vicicx



Cut MCAE Costs Without Cutting
Capabilities or Performance

3-D Fluid Flow

Temperature Distributit
Cryogenic Turboexpander H

teractive CAD-like Color
Pre- and Postprocessor

Modeling and FEA on your PC, Mac Il or Workstation

ANALYSIS: FEATURES:

® STATICS: Linear and Nonlinear ® H/P METHOD F ree

® DYNAMICS: Linear and Nonlinear ® AUTOMATIC ADAPTIVE MESHING Of'f'er:

® HEAT TRANSFER ® 15,000 NODES 60,000 D.O.F. 21345 2‘2158

e FLUID FLOW: 3D, Turbulent, Compressible ~® SUBSTRUCTURING s e T

® ELECTROMAGNETICS ® COMPOSITE/SANDWICH node working version of COSMOS/M which will enable

e FATIGUE ® CAD INTERFACES you to run your own statics, dynamics and heat transfer
IGES and DXF® Input problems. Introductory user guide plus shipping and

® NONLINEAR: Plasticity, Large Strain, efc. PATRAN® TRANSLATORS Dealer Inquiries Welcome

L ]

KINEMATICS
FEA SYSTEM FROM $995 W

AND ANALYSIS CORPORATION

ANSYS is the reg : k of § Analysis Systems In ed. DXF is a reg rademark of 1661 Lincoln Blvd./Ste. 200/Santa Monica, CA 90404 USA
m,;?ckgﬁ:uu is the registered trademark of NASA. Patran is the reg of PDA Engineering TEL: (213) 452-2158/TLX: 705578/FAX: (213) 399-6421
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Inframetrics infrared imaging:

b 0 |

ThermaGRAM® image of an automotive brake rotor.

hether you’re looking for
pressure leaks in an aircraft
fuselage or fluid ingress in the
flaps; electrical system hot spots or excessive bear-
ing friction; delamination in composite struc-
tures or shorts in a multilayer printed circuit

of Inframetrics systems will quickly give
you the answers you need.

Our concentration on practical infrared
imaging and temperature measurement —
the delivery of useful results, under
real-world conditions, at reasonable
prices — has made us a leader in infrared
imaging radiometers, and producers of
the widest variety of thermal imaging
instruments in the world.

A complete system, cart-mounted, with optional VCR
and Polaroid hard copy system, goes anywhere.

ThermaGRAM is a registered trademark of
Thermoteknix Systems Ltd., Cambridge, England

Maodel 600 on the lab
bench...stalwart of
sophisticated radi-
ometers.

to see, to quantify, to understand.

Model 600 provides spot temperatures of
components on PC board. Line scan profil-
ing, isotherm contouring and area measure-
ment are all standard, without computer
interface.

TV-compatible, compact and field-
portable, Inframetrics Imaging Radi-
ometers and Thermal Imagers provide
real time imagery with excellent picture
quality for the highest total performance
commercially available today. Combine these capabilities
with the most versatile image-processing system in the
market; ThermaGRAM® performs histogram analysis,
time vs. temperature studies, real time image analysis,
and countless other functions.

Just consider the possibilities.

Inframetrics systems adapt to a wide variety of applica-
tions, including R&D, nondestructive testing, electronic
diagnosis, quality control, facilities maintenance and
medicine.

Model 445 high resolution thermal
imager shows delamination in a com-
posite panel. Ideal for qualitative
analysis, nondestructive testing,
security systems, more.

Inframetrics systems open the door to another engi-
neering perspective on your problems. To learn
more, tell us your application.

inframetrics...........
16 Esquire Rd., No. Billerica MA 01862-2598 Offices worldwide
TEL 508-670-5555 « FAX 508-667-2702 « TWX 710-326-0659
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New cars are expensive ... so is gas!
Let Tufoil® be your key to survival!

“TUFOIL®
SLIPPERIER
THAN
TEFLON® ™

WHY BUY A NEW CAR?

A new car is one of life’s biggest
investments. Why not put off such a
big expense as long as possible and
at the same time, spend less to run
the car you now own? The money
you save is money in your pocket.

Tens of thousands of drivers are
already using Tufoil to “beat the
system”. Here’s how it’'s done ... it's
simple!

ENGINES LAST & LAST

The normal life of an engine is usu-
ally about 100,000 miles, give or take
a few miles either way. This is no
longer the case. By adding 4 ounces
of Tufoil with each oil change,
together with an effective mainten-
ance program, 200,000 miles and
more are not uncommon. But that’s
not all!

Together with this extended engine
life are numerous benefits. For in-
stance, quick acceleration. One user
writes that his car ‘“Takes off like a
scared rabbit!”’

SILKY SMOOTH OPERATION

That's just the beginning! Easy starts
and better gas mileage are soon
apparent due to the reduction in fric-
tion. Your engine is now free to run
smoooothly.

K
TufO]l

MAKES
BETTER, LAST
* Improved Mlleﬂge
Better performant®
* Easier Starting
* Increased
Ngine Life
. ®duces Friction
Six U,S. patents
More Pending
8F

Oxz. (237 LI

One of our customers put it nicely
when he said, *“You can hear it, you
can feel it,”” with Tufoil in the engine.

PROVEN EFFECTIVE

Our files bulge with testimonials.
Customers not only call, but write to
us about their fantastic results!
They're telling friends and relatives.
As a matter of fact they're spreading

the news about Tufoil all over the
world.

It stands to reason, though. Tufoil is
so unique that even the United
States and Canadian governments
have confirmed it's effectiveness.
One report shows that Tufoil is ac-
tually slipperier than Teflon™!

NO TIME LIKE THE PRESENT

There’s never been a better time to
try Tufoil and prove to yourself and
your car that what everyone’s been
saying is really true! We think you’ll
find it's one of the smartest decisions
you’ve made. In fact we’re so sure,
we guarantee it’ll work. If you don’t
agree, we’ll gladly refund your
$14.25, the cost of your initial 8
ounce treatment.

So why wait any longer? The sooner
you start, the better! If your car has
over 5-10,000 miles on it, now’s the
time to start! Use the order form
below to baby your car (and your
checkbook). You'll be glad you did!

ORDER TODAY
1-800-922-0075

The Aternative to exprensive dniving!

gallon order. Values range from $3.98 to $9.95.

Ensg brochures . .
30 OueshonslAnswets about TUFOIL

TFREE . Products based on TUFOIL 16ChNGIogY.
one with each order of 2 bottles or a quart. Check 2 for each |

[ TUFOIL Gun-Coat — Super rust inhibited, smooth action
O TUFOIL Compu-Lube — Low viscosity for computer

mechanisms :
O TUFOIL Lightning Grease 7 Easily sheared grease for
instruments
O TUFOIL Lubit-8 — Genural purpose, household use
lubricant

rush my order:

ONE 8 oz. bottle . .. treat one car for
$14.25 (plus $3.50 shipping and
handling). See money back
guarantee.

0 TWO 8 oz. botties . ... treat two cars
for $25.00 (plus $4.00 shipping
and handling) SAVE $6.00

O ONE Quart bottle . . . treat 4 cars
for $34.95 (plus $4.00 shipping
and handling)

[0 ONE GALLON . . . treat 16 cars for
$125.00 (plus $6.00 shipping and
handling.)

We ship within days!
MONEY BACK GUARANTEE ON 8-0Z.

—y £ ——
Fluoramics, Inc. nmz '
18 Industrial Avenue

Mahwah, NJ 07430
My check or money order for § _____
Charge my credit card:
O Am. Express
Card No.

Exp. Date
Phone No.
Name
Addiess UPS Shipping A :
City |
State Zip
(N.J. residents please add 7% sales tax). ]
Canadian Distributor: 1-800-363-7753

is enclosed.

OMaster Card O Visa
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=2 GOULD

Electronics

Gould recorders show up
in the most convenient places. .

Introducing the first family of digital S -

recording oscilloscopes.
Now you can get the power of a digital

storage oscilloscope with the built-in con-
venience of traditional recording.

Gould recognizes that physical testing is g
extremely demanding. That's why we've n
designed a family of Digital Recording ey
Oscilloscopes (DROs™) with features - SERAA
that let you: S
O Capture and record up to eight S _E.
channels simultaneously -~ LT
O Record off-ground measurements ‘:’ ‘P2 a, S (K
with isolated or differential inputs @4 vy = i miag

[0 Capture and record single shot
events with 50 nanosecond
resolution

(O Use the built-in thermal array
recorder for:

- continuous trend recording

- screen dump of selected data

- output of a segment of memory
or the complete memory

T

All this in a single, portable package.

For more information and a free Gould Guide to
DSO/DROs diskette, call (216) 328-7000 or use the W TS
‘coupon below. Because if you think the Gould DRO s N
sounds good, you ought to see it on paper. e : 3

NTB 2/91
Yes!

| want a free Gould Guide to DSO/DROs diskette
(please print)

NAME
TITLE
COMPANY

STREET.
CITY STATE ZIP
TELEPHONE

Send to: Gould, Inc., Test and Measurement Group, 8333 Rockside Rd.,
Valley View, Ohio, 44125 or call (216) 328-7000, FAX: (216) 328-7400
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The RGB/View System
for Multimedia Effects

The RGB/View™ displays live TV or other
full motion video on workstations and high resolution
personal computers. The RGB/View accepts
video signals (NTSC or PAL) from a built-in TV tuner,
cameraq, tape recorder or videodisc.
FLIR input is also available, True color video is
displayed full screen or as a window on the monitor.

« Works with any computer
to 1280 x 1024 pixels
» Image capture

« Text and graphics overlays on
the video

« Scale, reposition, freeze
+ X-Windows support

» Cable ready tuner

« Stereo audio

« Standalone and board level
models available

« Priced from $7500.00

Applications include interactive video disk training,
video teleconferencing, process control,
surveillance, simulation, C*l and robotics.

The RGB/View may be retrofitted to
existing display systems.

Al
RGB
AL

SPECTRUM
2550 Ninth Street Berkeley, CA 94710
TEL: (415) 848-0180 FAX: (415) 848-0971
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Generate contours, surfaces, and cross-
sections from random X, Y, Z points.

XY

B2 || &

. ted with P€!
” Rgv%rf‘)t;ndmmticammsw

Filter Response

., March
3 \109@’"“"61\mbcr 13th

” LSSi(J"a:t;n;)C Magazin®*

p = (af)* cos(d)

Easily create complex curves &
surfaces with the graphical Formula-
Solver™

>

Choose from 26 graph types for
business, technical, & scientific data.

Launch of the Space Shuttle D

NEW push-button “mouse-menus”
allow easy access to frequently used
features.

|

3 Automate customized graph creation
2 with pre-recorded macro & batch files.

Integrate 2-D and 3-D data on a single

Presentation phics and analysis for scientific users. |

Your technical data requires more muscle
and sophistication than basic business
graphics and plotting packages can
provide. It's simply a matter of using the
right tool for the job. In addition to
publication-quality graphics, you need
powerful analysis tools and capabilities
such as Graftool’s ® Intelligent Data
Cursor™ to read out data points on curves
& surfaces ® Linear & non-linear curve-
fitting ® Unlimited zoom & rotation

= Multiple axes in linear, log, or proba-
bility scales ® Advanced data handling,
allowing over 268,000,000 data points

m Powerful scientific spreadsheet which
can directly read your Lotus or ASCII files

® Unrestricted placement of graphs & text
= Direct compatibility with Microsoft Word
& WordPerfect.

With Graftool, all this power and
flexibility purr quietly under the hood,
while pop-up menus and push-buttons
bring an ease of use previously unheard
of in scientific software. Just “point &
process” with increased productivity and
greater understanding.

GRAFTOOL — the right tool for your
technical solutions.

GRAFTOOL $495.

m Interactive demo available
® Academic discounts.

graph to add meaning and impact.

2% 3-D VISIONS

412 8. Pacific Coast Highway, Second Floor
Redondo Beach, CA 90277

Call: 1 (800) 729-4723,1 (213) 540-8818
FAX: 1(213) 540-3492
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Space-Based
Image
Processing
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team of scientists at NASA's

Jet Propulsion Laboratory is
creating computerized images of
the human body to help research-
ers solve medical mysteries. Using
image processing techniques first
developed to visualize data cap-
tured by spacecraft, they are en-
abling researchers to quickly “see”
how new drugs fight disease, and
to better understand changes in
the body over time.

Conventional methods of drug
testing in clinical trials often involve
thousands of subjects and many
years of study, and can cost up-
ward of $50 million. Computer
analysis techniques accelerate the
testing process, reduce costs, and
allow more precise evaluations of
test data, according to Robert Sel-
zer, supervisor of JPL's five-mem-
ber Biomedical Image Processing
Laboratory. Funded by NASA’s Life
Sciences Division and the Nation-
al Institutes of Health, the labora-
tory’s projects range from visualiz-

10

Medicine

Aids

ing atherosclerosis in heart patients
to testing muscle loss during pro-
longed inactivity.

Images Of The Heart

Since the mid-1970s, the labora-
tory has been a national leader in
the processing of coronary angio-
grams, designed to help surgeons
pinpoint the location of atheroscle-
rotic lesions in order to determine
the best way to treat coronary dis-
ease. Called angiography, the proc-
ess is also used for intervention
studies: Selzer's group, in conjunc-
tion with the University of Southern
California Medical School, is inves-
tigating whether the lowering of
blood cholesterol has a positive ef-
fect on coronary disease. The proj-
ect involves the testing of 260 men
who have had bypass surgery. Half
of the subjects received the choles-
terol-lowering drug Lovastatin, the
others a placebo. Angiograms of
their coronary arteries were made
three times: at the beginning of the

Photo courtesy NASA
Robert Selzer, supervisor of the Biomedical Image

Processing Laboratory, and staff member Anne
Shircore process angiograms as part of an ongoing
study to determine whether lowering serum cho-
lesterol has a beneficial effect on atherosclerosis.

study, aftertwo years, and after four
years.

X-ray images captured at 60
frames per second on 35 mm film
were used to track the flow of an
iodine compound into the subjects’
arteries. Selzer's group is process-
ing the film on two projectors, each
equipped with a 1000-line video
camera. The camera’s output goes
to a frame grabber that digitizes the
image and transmits it to a MicroVax
Il for display on a computer screen.

The next step involves measure-
ment of the arterial walls by tracking
the inner edges of the artery. The
computer searches in a direction
perpendicular to the vessel for the
point of maximum density gradi-
ent—where the image intensity
changes the quickest. Once the
edges are detected, the computer
estimates the location of the predis-
eased arterial wall and measures
the percentage of narrowing.

“We are comparing identical
measurements of the vessels over

NASA Tech Briefs, February 1991



Photo courtesy NASA

Computer-generated image of
lower leg muscles, part of a study
of muscle atrophy.

time in order to detect changes,”
Selzer, 58, explained. The advan-
tage of using a computer, he said, is
it can detect much smaller changes
than possible through visual analy-
sis. “This saves time and drastically
reduces the number of test subjects
needed.”

Selzer's team is exploring other
technologies that are less invasive
ordangerous to the patient, such as
ultrasound imaging. While too low
in resolution to view coronary arter-
ies, ultrasound imaging is useful for
locating blockages in the carotid ar-
tery, which transports blood to the
brain. Sound waves are employed
totrace the artery’s walls and deter-
mine their thickness. A computer
then processes the data and gener-
ates a three-dimensional picture of
the vessel, which helps the re-
searchers to precisely match the
location of measurements during
repeated tests.

Studying Muscle Loss
Another noninvasive tool for look-

ing inside the body is magnetic reso-

nance imaging (MRI). The Biomedi-

NASA Tech Briefs, February 1991

cal Image Processing Laboratory is
using MRI to study the muscle atro-
phy that afflicts astronauts in space
and hospital patients bedridden for
long periods. MRI data is collected
by measuring the energy the
muscle's protons release after the
temporary imposition of a high-
strength electromagnetic field. With
the aid of a MicroVax computer, the
researchers create pictures of
muscle cross sections. By combin-
ing the cross-sectional images into
acomposite 3D image, they can de-
termine the total volume of each
muscle and, with repeated meas-
urements, the rate of atrophy.

As part of a month-long bed-rest
study managed by NASA’'s Ames
Research Center, Selzer's group
applied MRl technology to visualize
the muscle loss in the lower legs of
19 test subjects. Images taken at
the end of the study
showed, on average, a
seven percent loss in the
subjects’ muscle mass.
Such data could prove
useful in developing spe-
cial exercises and other
measures to counter at-
rophy, said Selzer, who
holds a masters degree
in physics.

Valuable Solutions

The laboratory has
launched a new project
with Beth Israel Medical
Hospital in Boston using
imaging technology to de-
tect changes in skin le-
sions over time. Such
changes can signal the
onset of melanoma, a
type of cancer that is diffi-
cultto treat if not detected
early. Some patients have
large numbers of lesions,
which makes it difficult for

the dermatologist to ac- time.

curately detect all changes. Image
processing techniques will be used
to match photographs of the skin
taken over time and to document
changes.

“The nice thing about what we’re
doing in this laboratory,” com-
mented Selzer, “is that there’s no
ambiguity about the value of the so-
lutions to the problems. It's clear
that this work is important to people’s
health.” Q

For further information about the
technologies described in this ar-
ticle, contact:

Arif Husain

Jet Propulsion Laboratory

NASA Resident Office

Mail Stop 180-801

4800 Oak Grove Drive

Pasadena, CA 91109

FILM FROM FIRST
EXAMINATION

FILM FROM SECOND
EXAMINA
MATCHED TO FIRST FILM

Photo courtesy NASA

Selzer’s team is using imaging techniques
to detect changes in skin lesions over

1



New Product Ideas

-

Rotationally Actuated forearm. The device features simpler de-
sign and operation, less weight, and takes

up less space than conventional mecha-

Prosthetic Hand

A prosthetic hand includes two pincerlike nisms of this type.
fingers that are actuated by rotation of the (See page 69)

Each is discussed further on the tion by requesting the TSP
referenced page in the appropri- referenced at the end of the full-  described on page 14.

Only Specmaster gives you
full-text Mil-Specs,NAS, SAE
and ASTM standards plus
vendor catalogs on CD-ROM.

M Now you can search, retrieve, review and print
government and industry standards and vendor
catalogs with computer speed and ease.

B DOD-listed file is UPDATED WEEKLY! (50,000
military and federal specifications, standards, QPLs,
DIDs, handbooks, etc.)

M Specmaster can be
NETWORKED on a
NETBIOS-compatible PC-LAN.

B Call 800-638-8094 for a
demonstration or additional
information. In MD
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New Product Ideas are justa  ate sections 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 the sponsoring NASA center
Tech Briefs and having promis- NASA innovations, you can (see page 14). NASA's patent-
ing commercial applications. receive further technical informa- licensing program to encourage

commercial development is

Long-Lifetime Laser Materials
for Effective Diode Pumping

While Nd lasers have proved to be quite
useful, they would be even more so if they
could be pumped by laser diodes. Because
the cost of the diodes outweighs the cost
of the laser material by perhaps two orders
of magnitude, the cost would be reduced
significantly.

(See page 42)

Semiconductor Laser With
Multilayer Dielectric Reflector

A multilayer dielectric reflector would
be included in a proposed surface-emitting,
distributed-feedback, grating semiconduc-
tor laser (e.g., a GaAlAs device). The reflec-
tor would contribute to the efficiency and
output power of the laser.

(See page 18)

Modified Furnace Makes
More Silicon Ribbon

The rate of growth of silicon ribbon by
the dendritic-web process is increased by
a modification in the lid of the growth cruci-
ble. The modified furnace produces silicon
ribbon at the rate of 8.9 cm?/min — 44
percent higher than the previous rate.
(See page 64)

Low-Wear Ball-Bearing
Separator

A proposed ball-bearing separator for
use in a cryogenic pump would be stronger
and more resistant to wear than present
separators made of polytetrafluoroethylene
reinforced with glass fibers. The new sepa-
rator would consist of a molded plastic-and-
metal composite ring imbued with solid
lubricant and containing an embedded
metal ring.

(See page 56)

Self-Testing Static
Random-Access Memory

A proposed static random-access mem-
ory for a computer would feature improved
error-detecting and -correcting capabili-
ties. The new self-testing scheme would
provide for the detection and correction
of errors at any time during normal opera-
tion — even while data are being written
into the memory.

(See page 30)
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ENCORE

COMPUTER CORPORATION

When first impressions .
must count, count on
Encore Computer Corporatjon fi

Mission accomplished
For thirty years, Encore computer systems have
been vital to NASA’s triumphs, helping transform
inconceivable missions into indelible footprints on
man’s history.

Today, Encore is the dominant force in determinis-
tic, real-time computing. And, as the innovator of
parallelism, Encore is a step ahead with UNIX®-
based, symmetric, multiprocessing technologies.

Gathering, distributing and interpreting data at
lightning speeds, across the earth and beyond,
Encore computer systems ensure exacting
solutions to the complex demands of aerospace
and defense applications.

All systems go

Developed to meet the demands of time-critical,
real-time environments, the CONCEPT/32* family
— with a global installed base of over 8,000
systems — is the established leader in real-time
performance and cost effectiveness.
Compatible with existing CONCEPT/32 applica-
tions and retaining its uncompromised real-time
performance characteristics, the new Encore 90™
family delivers access to industry standards. Its
breakthrough guest operating system architecture
allows multiple real-time and UNIX operating
systems to work together in one multiprocessing
environment, and provides powerful support for
open-architecture environments.

Countdown to liftoff

Into the next millenium, Encore will
continue to pursue the bold, system-
based solutions and revolutionary
technologies which have made it
NASA's partner in progress for the v
past three decades.

Photo coune

So before you take a giant leap,

take one small step. Call Encore at
800-933-6267 from the U.S.A. or
Canada; 305-797-5742 in the US.A.
from anywhere else in the galaxy, or
write Encore Computer Corporation, Encore ¢
MS 704, 6901 West Sunrise Boulevard, “v"'f""f( o
Fort Lauderdale, Florida 33313-4499, p”;,l,,l.d,(,’, 2
U.S.A. It will make a world of differénce. " appil
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© Copyright 1990, Encore Computer Corporation. UNIX® is a registered
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It you're a regular reader of TECH BRIEFS, then you're already making use of
one of the low-and no-cost services provided by NASA's Technology Utilization
subscription represents

(TU) Network. But a TECH BRIEFS
the technical information and

only a fraction of
services offered by the

TU Network as a whole. In fact, when all of the components of NASA's
Utilization Network

Techhology
proverbial tip of the iceberg.
We've

are considered, TECH BRIEFS represents the

the information, access, and applications services offered by NASA's Technol-
ogy Utilization Network.

How You Can Utilize NASA'’s Industrial Applications Centers—A nationwide network offering a broad
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
Y 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 ten 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

Center (ARAC)

Indianapolis Center for Advanced
Research

611 N. Capitol Avenue
Indianapolis, IN 46204

Dr. F. Timothy Janis, Director
(317) 262-5036

Research Triangle Park,

NC 27709-2235

H.L. (Lynn) Reese, Director
(919) 549-0671

NASA Industrial Applications
Ctr. 823 William Pitt Union
University of Pittsburgh
Pittsburgh, PA 15260

Central Industrial Applications Lani Hummel
Center/NASA (CIAC) Executive Director
Rural Enterprises, Inc. (412) 648-7000

Post Office Box 1335 Southern Technology

Durant, OK 74702

Dr. Dickie Deel, Director
(405) 924-5094

(800) 658-2823 (toll-free U.S.)
Science and Technology
Research Center (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

Applications Center (STAC)
Post Office Box 24

Progress Ctr., One Progress Bivd
Alachua, FL 32615

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

(800) 354-4832 (FL only)
(800) 225-0308 (toli-free US)

Triangle Park, NC 27709; Dr. Doris Rouse, Director, (919) 541-6980

NASA/UK Technology NASA Industrial Applications
Technology Applications Center Center

University of Kentucky University of Southern California
108 Kinkead Hall Research Annex

Lexington, KY 40506-0057
William R. Strong, Director

(606) 257-6322
NERAC, Inc.

One Technology Drive
Tolland, CT 06084

Dr. Daniel U. Wilde, President

(203) 872-7000 Center
Technology Application Center Southern University Department
(TAC) of Computer Science

University of New Mexico
Albuquerque, NM 87131

Dr. Stanley A. Morain, Director

(505) 277-3622

3716 South Hope Street

Los Angeles, CA 90007-4344
Robert Stark, Director

(213) 743-6132

(800) 642-2872 (CA only)

(800) 872-7477 (toll-free US)
NASA/SU Industrial Applications

Post Office Box 9737

Baton Rouge, LA 70813-9737
Dr. John Hubbell, Director
(504) 771-6272

(504) 771-4950

How You Can Access Technology Transfer Services At NASA Field Centers:

Technology Utilization Officers & Patent Counsels—Each NASA Field Center has a Technology Utiliza-
tion 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.
Technology Utilization
Officer:Geoffrey S. Lee
Mail Code 223-3
Moffett Field, CA 94035
(415) 604-4044

Patent Counsel:

Darrell G. Brekke

Mail Code 200-11
Moffett Field, CA 94035
(415) 604-5104

Lewis Research Center
Technology Utilization
Officer: Anthony F
Ratajczak

Mail Stop 7-3

21000 Brookpark Road
Cleveland, OH 44135
(216) 433-2225

Patent Counsel:

Gene E. Shook

Mail Code LE-LAW
21000 Brookpark Road
Cleveland, OH 44135
(216) 433-5753

John C. Stennis
Space Center
Technology Utilization
Officer: Richard A
Galle (acting)

Code HA-32

Stennis Space Center,

MS 39529

(601) 688-1929
John F. Kennedy
Space Center
Technology Utilization
Officer: Thomas M
Hammond

Mail Stop PT-PMO-A
Kennedy Space
Center, FL 32899
(407) 867-3017
Patent Counsel
James D. Harrell
Mail Code PT-PAT
Kennedy Space
Center, FL 32899
(407) 867-2544

Langley Research Ctr.
Technology Utilization

Officer: Joseph J. Mathis Jr.

Deputy Head, TU Office
Mail Stop 139A
Hampton, VA 23665
(804) 864-2484
Patent Counsel
George F. Helfrich
Mail Code 279
Hampton, VA 23665
(804) 864-3523
Goddard Space Flight
Center

Technology Utilization
Officer: Donald S
Friedman

Mail Code 702.1
Greenbelt, MD 20771
(301) 286-6242
Patent Counsel

R. Dennis Marchant
Mail Code 204
Greenbeit, MD 20771
(301) 286-7351

Jet Propulsion Lab.
NASA Resident Office
Technology Utilization
Officer: Arif Husain
Mail Stop 180-801
4800 Oak Grove Drive
Pasadena, CA 91109
(818) 354-4862
Patent Counsel:
Thomas H. Jones
Mail Code 180-801
4800 Oak Grove Drive
Pasadena, CA 91109
(818) 354-5179
Technology Utilization
Mgr. for JPL: Dr. Nor-
man L. Chalfin

Mail Stop 156-211
4800 Oak Grove Drive
Pasadena, CA 91109
(818) 354-2240

George C. Marshall
Space Flight Center
Technology Utilization
Officer: Ismail Akbay
Code ATO1

Marshall Space Flight
Center,

AL 35812

(205) 544-2223

Fax (205) 544-3151
Patent Counsel:

Bill Sheehan

Mail Cede CCO1
Marshall Space Flight
Center,

AL 35812

(205) 544-0021

Lyndon B. Johnson
Space Center
Technology Utilization
Officer: Dean C. Glenn
Mail Code IC-4
Houston, TX 77058
(713) 483-3809

Patent Counsel:
Edward K. Fein

Mail Code AL3
Houston, TX 77058
(713) 483-4871

NASA Headquarters
Technology Utilization
Officer: Leonard A. Ault
Code CU

Washington, DC 20546
(202) 557-5598
Assistant General
Counsel for Patent
Matters: Robert F
Kempf, Code GP
Washington, DC 20546
(703) 557-5598

A Shortcut To Software: COSMIC*® - For software developed with
NASA funding, contact COSMIC, NASA’s Computer Software Manage-

ment and Information Center.

New and updated programs are an-

nounced in the Computer Programs section. COSMIC publishes an
annual software catalog. For more information call or write: COSMIC ,
382 East Broad Street, Athens, GA 30602 John A. Gibson, Dir., (404)

542-3265.

If You Have a Question..NASA Scientific & Technical Infor-
mation Facility can answer questions about NASA's Technology
Utilization Network and its services and documents. The ST staff
supplies documents and provides referrals. Call, write or use the
feedback card in this issue to contact: NASA Scientific and Technical
Information Facility, Technology Utilization Office, P.O. Box 8757,
Baltimore, MD 21240-0757. Walter M. Heiland, Manager, (301) 859-

5300, Ext. 245.
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In college, you would have killed
for MathCAD. So why aren’t you
calculating with it now?

100,000 engineers and scien-
tists already let MathCAD do
their calculations for them.

Now that college is far behind
you, perhaps it’s time you graduated
from spreadsheets, calculators and
programming.

Because in today’s working world
of engineering and science, there’s
no time for anything less than
MathCAD. The software that lets
you perform engineering and
scientific calculations in a way
that’s faster, more natural, and less
error-prone than any calculator,
spreadsheet, or program you could

write yourself.
Thanks to MathCAD’s live
document interface; you can enter

—— equations anywhere on
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MathCAD 2.5 includes 3-D plotting, HPGL sketch
smport, and PostScript output.

formulas, as well as exponentials,
differentials, cubic splines, FFTs and
matrices.

You get three-dimensional
plotting, vivid graphing, and the
ability to import HPGL files from
most popular CAD programs,
including AutoCAD?

Done calculating? MathCAD
prints a4/ your analyses in
presentation- quahr\ documents,
even on PostScript” compatible
printers.

All of which has made MathCAD
far and away the best-selling math
software in the world. In fact, it’s
used by over 100,000 engineers and
scientists — just like you.

There’s MathCAD for the PC.
MathCAD for the Mac, written to

take full advantage of the
Macintosh® interface. And a Unix®
version that utilizes the speed and
unlimited memory of your Unix
workstation.

/e also have Applications Packs
for Advanced Math, Statistics,
Mechanical, Chemical, and
Electrical Engineering. Eachisa
collection of adaptable mathematical
models, designed to let you start
solving your real world problems
right away.
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For a free
MathCAD demo
disk, or upgrade
information, dial
1-800-MATHCAD

(in MA, 617-577-

1017). Or see
your software
dealer.

Awailable for IBM*® compatibles, Macintosh
computers, and Unix workstations.

TM and ® signify manufacturer’s trademark or registered
trademark, respectively

1-800-MATHCAD
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MathCAD

MathSoft, Inc., 201 Broadway, Cambridge, MA 02139

U.K.: Adept Scientific 0462-480055; France: ISECEGOS 1-46092768; Germany: Softline 07802-4036; Japan: CRC 03-665-9762; Finland: Zenex Oy 90-692-7677; Italy: Channel 02-4229441. PSE
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V-Grooved GaAs Solar Cell

Greater optical coupling provides more conversion of light to electricity.

Lewis Research Center, Cleveland, Ohio

V-grooved GaAs solar photovoltaic cells
promise increased optical coupling and,
consequently, greater conversion of light
into electricity, in comparison with planar
GaAs cells. The V-groove geometry (see
Figure 1) increases both the trapping of in-
cident light and the lengths of optical paths
in the cell material. The net effect is an in-
crease in total absorptivity, tolerance to
damage by energetic particles, and short-
circuit current. These improvements are
expected to follow from similar improve-
ments obtained in silicon solar cells during
recent years.

The fabrication of a typical experimental
cell of the new type began with the selec-
tion of a (100) n *-type wafer of GaAs with
a carrier concentration of 2.8 x 1018
cm—3 The wafer was baked in a horizon-
tal, cold-wall, sub-atmospheric-pressure
metal-organic chemical-vapor-deposition
(MOCVD) reactor in an atmosphere of H,
and AsH,. A thin buffer layer followed by a
4.5-um-thick epitaxial base layer with n
doping of 2.1 x 10'7 cm —3 was then grown.
The growth temperature was 620 °C, the

ratio of the number density of atoms of
arsenic to that of gallium was 46, the do-
pant was a mixture of 500 parts per million
of hydrogen sulfide in ultra-high-purity hy-
drogen, and the pressure in the chamber
was 100 torr (133 kPa).

The V-groove pattern was established
on the n base epilayer by masking the sur-
face with a photoresist pattern of parallel
lines 4 um wide and spaces 3 um wide,
aligned along the (017) axis. The grooves
were then formed by anisotropic etching
for 150 s at 24°C in a solution of
HS0 2H,05H,0 in the ratio of 5:1:1.

The grooved wafer was again baked in
an atmosphere of H, and AsH,. The
V-grooves were oriented parallel to the
flow of gas, and the atmosphere and tem-
perature for growth were resumed except
that the dopant was changed to diethyl
zinc. Under these conditions, the 0.1-um-
thick p emitter layer with carrier concen-
tration of 4.2 x10'® cm —3 was grown on
the V-grooves. Au/Zn contacts were elec-
tron-beam-evaporated onto the p emitter,
and Au/Ge/Ni contacts were deposited

similarly on the back of the substrate. An
antireflection coat of Ta,O5 was then ap-
plied to the grooves.

Although the thickness of the antireflec-
tion coat was not optimized in the experi-
mental grooved cells, the short-circuit cur-
rent density was 13 percent above that of
comparable planar cells. The quantum effi-
ciency of the new cells was also greater
(see Figure 2).

This work was done by S. G. Bailey, G. R.
Landis, D. M. Wilt, R. D. Thomas, and A.
Arrison of Lewis Research Center and N.
S. Fatemi of Sverdrup Technology, Inc.
Further information may be found in NASA
TM-101970 [N89-22177], “A V-Grooved
GaAs Solar Cell.”

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.

LEW-14954

7 um Antireflection
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Figure 1. The Grooved Photovoltaic Cell converts more of the
incoming light into electricity than does a comparable planar pho-
tovoltaic cell. The increase in energy-conversion efficiency is the result
of longer optical paths and greater trapping of light.
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Figure 2. The Quantum Efficiencies of V-grooved and planar GaAs
cells are compared.
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DOESN'T TAKE A PC.

[T JUST TAKES A LITTLE TACT.

The company that gave you the first
digital oscilloscope, the longest
memory, best resolution and greatest
storage capacity has gone a giant
step further toward the perfect
scope. All you need is a Nicolet 400
Series DSO - and TACT.™

programs, calculations and plots has

Perform complex data reduc

never been this fast...this simple. tions. Print a complete analysis. P!
Time savings are dramatic as TACT's  trends from previous tests. And

LEARN mode writes and remembers  automate pass/fail decisions. They
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Automatically.

TACT software elevates
Nicolet’s 400 Series DSO into the
first application-specific oscillo-
scope. It gives you the power to
say and do the right thing at the
right time - to enhance the pro-
ductivity of your test capabilities.

No computer needed.

Other scopes give you waveforms.
Nicolet gives you answers. Forget
the PC. You don’t need one.
Program directly on the scope
using a built-in, full-screen editor
and 101-key PC-type keyboard.
Creating your own custom
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Nicolet Test Instruments Division

5225 Verona Road, Madison, WI USA 53711-4495, Tel. 608-273-5008
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SUPERIOR performance.
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and menus puts even more
power in your hands. All scope
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answers out.

To simplify your testing y:
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1-800-356-3090 for further
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Semiconductor Laser With Multilayer Dielectric Reflector

The reflector would increase output by reducing absorption in the substrate.

NASA’s Jet Propulsion Laboratory, Pasadena, California

A multilayer dielectric reflector would be
included in a proposed surface-emitting,
distributed-feedback, grating semiconduc-
tor laser (eg., a GaAlAs device). The reflec-
tor would contribute to the efficiency and
output power of the laser by reducing the
amount of light that enters the substrate,
where it is wasted by absorption.

A device of this type includes a double-
heterostructure laser bounded at both ends
by passive waveguides. The passive wave-
guides contain grooves perpendicular to
the axis of propagation. These grooves
have a spatial period equal to the wave-
length of the laser light and act as diffrac-
tion gratings (see Figure 1). The second-
order component of diffracted light in each
grating is reflected back toward the laser,
thus providing feedback for the laser res-
onator. Two first-order components of re-
fracted light travel perpendicularly to the
grating surfaces: one outward, the other
inward, toward the substrate. In prior de-

vices of this type, most of the light in the
inward-diffracted component is absorbed
in the substrate, with a consequent loss
of some output and efficiency.

In the proposed device, the multilayer
dielectric reflector would be interposed be-
tween the substrate and the active and
waveguide layers. It would reverse the
propagation of light entering the substrate,
returning it to the feedback and output
beams. This layer would consist of 10 or
more pairs of quarter-wavelength-thick
sublayers of alternating higher and lower
index of refraction. The reflector would be
grown on the substrate before depositing
the lower-cladding, active, and waveguide
layers. The reflector sublayers would be
made of the same materials as those of
the cladding layers to preserve the epitax-
ial nature of subsequent growth, and would
be deposited by such high-quality material-
growing processes as molecular-beam
epitaxy or metal/organic chemical-vapor

deposition. Other than the deposition of the
reflector sublayers, no additional proces-
sing would be required beyond that re-
quired to fabricate a surface-emitting laser
without the reflector. The reflector could
be integrated with grating structures of
several different types; for example, the
gratings could be formed on the outside
or the inside of the cladding layers and/or
made of such other materials as InGaAsP.

Two major issues govern the selection
of the indexes of refraction. One is that the
reflectivity of the reflector layer increases
with both the number of sublayers and the
difference between the two indexes of re-
fraction in them. Therefore, in designing a
device, one can trade off the number of
sublayers against the index difference
while maintaining the desired reflectivity.
The other is that to confine the laser elec-
tromagnetic mode to the waveguide, it is
necessary to make the effective index of
refraction (a function of both the index of
refraction and the width) of the waveguide
greater than the index of refraction of any

Contact

Gratings

Upper
Cladding

Waveguide
Layer

Lower
Cladding

Region

Substrate

Feedback Grating

PRIOR DESIGN (WITHOUT MULTILAYER DIELECTRIC REFLECTOR)

Multilayer
Dielectric
Reflector

PROPOSED DESIGN (WITH MULTILAYER DIELECTRIC REFLECTOR)
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of the reflector sublayers; this imposes an
upper limit on the difference between the
two indexes in the sublayers.

This work was done by Robert J. Lang
of Caltech for NASA’s Jet Propulsion
Laboratory. For further information, Cir-
cle 39 on the TSP Request Card.

This invention is owned by NASA, and
a patent application has been filed. In-
quiries concerning nonexclusive or exclu-
sive license for its commercial develop-
ment should be addressed to the Patent
Counsel, NASA Resident Office-JPL [see
page 14]. Refer to NPO-17763.

Figure 1. The Multi-
layer Dielectric
Reflector added to a
surface-emitting, dis-
tributed-feedback,
grating semiconduc-
tor laser would reflect
light away from the
substrate, thereby in-
creasing the output.

Layer /lLayer Multilayer
Cladding Cladding Reflector Substrate
— = = ‘—

Effective Index of Refraction
of Waveguide (Less Than Its
Nominal Index of Refraction)

TUUU UL

Index of Refraction

Depth

Figure 2. The Index of Refraction in the reflector sublayers would
alternate between a higher and a lower value. The higher value would
be less than the effective index of refraction of the waveguide layer.
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NOW TEACS XR SERIES IS
28-CHANNELS WIDE.

the world’s first 28-channel VHS data
reoorder The TEAC XR-9000. Now the performance and
capacity of the larger open-reel decks are available with the
convenience, economy and ease of operation of VHS cas-
settes. All within a lightweight, minimum foot print unit.
The XR-9000 offers TEAC's exclusive menu-driven on-

screen display plus numerous auto-functions to provide a sim-

ple step-by-step setup procedure. You can use your computer
to remotely control the XR-9000. And recorded data from the
XR-9000 can be fed directly into a computer.

the world’s first VHS cassette data recorder. Since then, we've
helped develop every major improvement in VHS data recording
technology. Today we're building VHS data recorders from 7- to
28-channels with models available in Wide Band Groups [ and I1,
plus interchangeable FM, Super FM DR, and PCM modules.
And in an industry with little tolerance for error, TEAC's
enviable record of performance and reliability is unsurpassed.
So, if you're looking for greater capacity, with the most
variety of options and models, at the most efficient cost-per-
channel, TEAC XR series data recorders is the

It's been over a decade since TEAC introduced T E AC only place you'll find it.

Information Products Division.

©1990. TEAC AMERICA, INC. 7733 TELEGRAPH RD, MONTEBELLO, CA 90640 WEST (213) 726-0303 EAST (508) 6838322




Optical Backplane Interconnection
Output and input devices would be switched by changing wavelengths.

Langley Research Center, Hampton, Virginia

The optical backplane interconnection
(OBIT) is a method of optically interconnect-
ing many parallel outputs from a data proc-
essor to many parallel inputs of other data
processors by optically changing the wave-
length of the output optical beam. Hereto-
fore, most interconnections in the back-
planes of data processors have been made

by electronic switch connections, and both
a command and an electrical or optical
connection have been required for each
switch connection. For example, an optical
matrixsvector switch, in which a column of
optical emitters can communicate with a
row of optical detectors by use of a liquid-
crystal light valve placed between the emit-
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A Change in Wavelength in light emitted by a laser in array 1 would cause a change in
the angle of the laser beam, causing the beam to strike a different detector in array 2.

When you need precision solutions
to tough design problems, you can get
them right away from Parker Metal
Bellows. And you don’t have to break
the bank to do it.

Parker off-the-shelf welded dia-
phragm metal bellows, flexible shaft
couplings, compressors and vacuum
pumps have proven themselves time
and time again.

And because dozens of these
precision-crafted products are avail-
able off-the-shelf and in a wide variety
of sizes, configurations and capacities,
they are as cost-effective as they are
convenient.

Get the precision solutions you
need right now, and at the right
price. Call, write or fax today for

Off-The-Shelf.
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Parker Metal Bellows
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Off-The-Shelf Product Catalog and 1075 providence Highway, Sharon, MA 02067
Specification Guide. Phone (617) 784-1400. Fax (617) 784-1405.
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ters and detectors, requires a column and
row address for each switch connection.
More than one connection can be made,
but each connection requires a column and
a row switch address. The OBIT requires
only one command: the exact wavelength
necessary to make the connection be-
tween the two desired processors.

The OBIT is envisioned to have an array
of outputs and inputs, such as those shown
in the figure. The selection of which output
is to be connected to which input would
be made by use of a wavelength that under-
goes a particular angle of deflection. The
method and means for generating and se-
lecting a given wavelength is provided by
an opto-electronic integrated circuit (not
shown) that is part of the overall design.
The array control would basically select the
wavelengths by which the processors could
communicate. In addition, it could be possi-
ble, depending upon the design configura-
tion, to have one laser/detector array emit
more than one wavelength and communi-
cate with an adjacent array in more than
one location simultaneously.

The limits to the numbers of rows and
columns of the arrays would depend on the
limits on the change in the angle of deflec-
tion caused by a change in wavelength
when the emitting beam is passed through
adiffraction-grating or other optical deflec-
tor. The limits would be a function of the
properties of the gratings and the ability to
shift wavelengths in the lasers or other
sources of light. The numbers of parallel
interconnections that could be made would
be limited by the loss mechanisms in the
coupling scheme and the availability of op-
tical amplification.

One of the materials from groups |1l and
V of the periodic table of the elements, prob-
ably GaAs/AlGaAs or InP/InGaAs/InGaAsP,
would be the medium for fabrication of the
integrated optical structure. An approximate
physical model of the device was imple-
mented with fiber-optic couplers, lasers of
different wavelengths, and a diffraction
grating. Many features, including small-
ness, would make it advantageous to incor-
porate an OBIT (as opposed to an electrical
or matrixsvector optical switching device)
into an integrated optical device. The OBIT
technigue would simplify or eliminate wir-
ing and would speed the transfer of data
over existing electrical or optical intercon-
nections. Computer hookups and fiber-op-
tical communication networks would
benefit from this concept.

This work was done by Herbert D.
Hendricks of Langley Research Center.
For further information, Circle 50 on the TSP
Request Card. LAR-14052
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Algorithmically Specialized Parallel Architecture for Robotics

The system is an MIMD-SIMD parallel architecture capable of exploiting
parallelism in different forms and at several computational levels.

NASA’s Jet Propulsion Laboratory, Pasadena, California

A computing system called the Robot
Mathematics Processor (RMP) contains a
large number of processor elements (PE's)
connected in various parallel and serial
combinations that are reconfigurable via
software. The RMP is a special-purpose ar-
chitecture designed for solving diverse com-
putational problems in robot control, sim-
ulation, trajectory generation, workspace
analysis, and the like. It is an algorithmi-
cally specialized parallel architecture cap-
able of exploiting the common properties
of the parallel algorithms developed for this
class of problems. It can exploit parallelism
in different forms and at several computa-
tional levels in these computation-intensive
applications.

From the perspective of interaction with
other computing equipment, the system
can be regarded as a processor that can
be attached to the bus of the external host
as a part of bus memory. The system in-
teracts with the external host processor(s)
controlled by the user(s). The external host
processor can be any stand-alone com-
puter or a bus-oriented multiprocessor sys-
tem. The data and instructions from the
external host to the RMP and the results
from the RMP to the external host are
communicated through a dual-access
shared memory that is part of the bus
memory. The RMP is activated by a pro-
cedure call from the external host, which
is executed via a “write”’ operation in a
designated address and is interpreted as
an “interrupt” by the RMP. This memory
mapping scheme provides maximum flex-
ibility and speed inasmuch as the data-
transfer rate is limited by the read/write
cycle of the external host. A bus adapter
provides the required interface for different
buses.

The system (see figure) contains a gen-
eral-purpose processor, which is called the
internal host, and n single-instruction
multiple-data (SIMD) parallel processors,
which are called “cells!” The host pro-
cessor is the control unit of the system:
it handles the interface with the external
host, controls the activities of the cells, and
performs the required input/output opera-
tions. It also handles the serial and data-

ale)

dependent computation. The ensemble of
cells performs parallel computation. By
using two synchronization mechanisms,
the ensemble can perform parallel com-
putation in different combinations of mul-
tiple-instruction multiple-data (MIMD) and
SIMD modes. The first mechanism is a
global clock-based one similar to systolic
arrays. The cells are driven by a common
clock that allows the ensemble to perform
parallel computation in a two-level SIMD/
SIMD mode. The second mechanism is a
local data-driven one similar to wave front
arrays that allows each cell to operate
asynchronously and the ensemble to per-
form parallel computation in a two-level
MIMD/SIMD mode.

The major advantage of the system lies
in the design of the cells, which provides
flexibility and reconfigurability superior to
those of previous SIMD processors. Each
cell contains six processor elements (PE’s),
which are simple floating-point processors
capable of performing such primitive op-
erations as multiplication, addition, and the
like. Each PE has a three-bus architecture

with an internal data path that enables
such accumulative operations as sum-of-
product and Newton-Raphson iterations
for performing division. Two table lookup
units (TLU's) provide the seed values for
initiating the division operations by New-
ton-Raphson method. They are also used
for trigonometric-functions evaluation.
Basically, the PE’s are organized in two
groups, each containing three PE's. In
solving problems for robot control and

- simulation, the two groups can perform

two basic (matrix-vector) operations in
parallel, while each group can exploit
parallelism in the operation. Also, each
group can be considered as an indepen-
dent SIMD subsystem or a pipeline stage,
making it possible to decompose the
whole system into two independent MIMD-
SIMD parallel architectures or two n-stage
pipes. The cell control mechanism is de-
signed to provide such flexibility and re-
configurability while also minimizing the
instruction length and complexity. Each
cell has three control units: one master
control unit (or microcontroller) and two
slave control units (or nanocontrollers). The
master control unit controls the overall ac-
tivitiegof the cell and provides the instruc-

User
Bus

The ARASH-URCH is a flexible parallel processing system that is reconfigurable via
software. It is designed to exploit parallelism to a high degree to speed computations
in robotic and image-processing applications.
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McDonnell Douglas selects truly open database to support NASA Space Station effort.
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tions to be executed by all the PE’s. Each
slave control unit performs the read/
write operations for one group of PE's. The
slave control units are run by a clock twice
faster than that of the master control unit.
This allows a complete overlapping of the
read/write and arithmetic operations. In ad-
dition, data can be fed to the PE's with
adequate speed while also reducing the
memory architecture complexity.

The direct path among the PE's of each

group enables a linear interconnection
among them. A multiplexer is used to pro-
vide other topologies among the PE’s of
each cell. Under the control of the master
control unit, the multiplexer can establish
a ring topology for each group, or a ring
topology among all PE's of the cell, or a
linear topology among all PE’s of the cell.
The latter case is used to transform the
whole system into a uniform “pipe.”
This work was done by Amir Fijany and

Antal K. Bejczy of Caltech for NASA's Jet
Propulsion Laboratory. For further infor-
mation, Circle 13 on the TSP Request
Card.

This invention is owned by NASA, and
a patent application has been filed. In-
quiries concerning nonexclusive or ex-
clusive license for its commercial develop-
ment should be addressed to the Patent
Counsel, NASA Resident Office — JPL
[see page 14]. Refer to NPO-17632.

Neural Networks of VLSI Components

“Building-block’ electronic circuits would be assembled
into analog/digital parallel-processing networks.

Direct
Input

NASA’s Jet Propulsion Laboratory, Pasadena, California

A concept for the design of an electron-
ic neural network calls for the assembly
of very-large-scale integrated (VLSI) circuits
of a few standard types. Each VLSI chip,
which would contain both analog and digi-
tal circuitry, would be used in modular or
“building-block™ fashion by interconnect-
ing it in any of a variety of ways with other
chips. Depending on the specific modular
components and connection pattern se-
lected to represent the input, output, and
hidden (intermediate between input and
output) layers of neurons, the assembly
could be made to perform a specified feed-
forward andlor feedback neural-network
function in which the neurons in each layer
would process data signals concurrently
(in parallel).

Figure 1 illustrates a generic feedforward
neural network operating under the con-
trol of a host digital computer. A small-
computer-system-interface (SCSI) bus
would be used to transfer all network
weight (that is, synaptic-connection-
strength), input, and output values bet-
ween the host computer and the neural
network. In addition, inputs to and outputs
from the network could be switched direct-
ly to signal lines associated with an appli-
cation.

Digital weight and input values from the
host computer would be converted to ana-
log signals that would be stored in capaci-
tors on the VLSI circuit chips. Because an
analog-to-digital converter typically requires
much space on a VLSI chip, space would
be saved by the use of only one off-chip,
a highly precise analog-to-digital converter
multiplexed in time to serially refresh all
the capacitor charges on one chip. A dis-
advantage of this approach — that the
analog weight signals would be quantized
by the lengths of the digital words and the
precision of the analog-to-digital convert-
er — would be more than compensated
by the ease with which the weights could
be manipulated by the host computer.

A neural network for a typical applica-
tion might contain as many as 1,000 neu-
rons in the input layer and smaller num-
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Figure 1. A Feedforward Neural Network in a typical situation would operate under the
control of a host computer and would receive inputs from, and send outputs to, other

equipment.

bers of neurons in the hidden and output
layers. Such a network might be used to
process images, for example. The network
illustrated in Figure 2 would contain cus-
tom-designed complementary metal oxide/
semiconductor mixed analog/digital cir-
cuits of three types. Input signals would
be fed to the network via multiplexing in-
put neuron chips that would store and buf-
fer the input voltages. Hidden- and output-
layer neurons would be implemented by
variable-gain neuron chips that would ap-
ply variable-slope sigmoidal activation
functions to the sums of signals coming
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from the previous synaptic layer. Each con-
nection (synapse) chip would have 32
summed outputs that would be fully con-
nected to 32 inputs, for a total of 1,024 on-
chip synapse cells. Inputs and outputs
could be directly connected to other syn-
apse chips to obtain larger synaptic lay-
ers. Downloading interface circuits would
store weights and input values in digital
form and would periodically update the
charges on the appropriate storage ca-
pacitors.

This work was done by Silvio P Eberhardt
of Caltech for NASA’s Jet Propulsion
Laboratory. For further
information, Circle 129
on the TSP Request
Card. NPO-17833

Figure 2.

Modular VLSI
"Building-
Block" circuits
would be as-
sembled into a
neural network.
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| and simulating nonlinear systems. SIMU-
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ease of use, and speed in a single package.

* A complete set of tools for constructing
and analyzing models of dynamic systems,
including linear, nonlinear, discrete, contin-
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* The ability to describe models either in
Block Diagram form or as sets of differen-
tial equations.

A design, analysis, and simulation environ-
ment that is seamlessly integrated with
MATLAB™ and the MATLAB Toolboxes.

An intuitive graphical user interface based
on the industry-standard X Window/Motif
and Macintosh windowing systems.
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SIMULAB provides you with the tools for
constructing and analyzing block diagram
models interactively using a mouse and pull-
down menus. You can explore the behavior
of systems during a simulation and interac-
tively see how the model’s behavior changes
as you change its parameters.

SIMULAB includes a comprehensive set
of built-in blocks for creating models. In ad-
dition, SIMULAB lets you extend its func-
tionality by creating your own tools. Cus-
tomize built-in SIMULAB blocks or create
your own as C, Fortran, or MATLAB code.
SIMULAB delivers the flexibility to meet
your needs.

SIMULAB is available for a wide range of
computers, including UNIX workstations and
the Apple Macintosh. For more information
on how SIMULAB can address your applica-
tions, contact The MathWorks today for a
free information packet.
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(Bottom) SIMULAB takes full advantage of the
X/Motif and Macintosh windowing systems.
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Simplified Learning Scheme for Analog Neural Network

Synaptic connections are adjusted one at a time in small increments.

NASA’s Jet Propulsion Laboratory, Pasadena, California

A simplified gradient-descent learning
scheme for an electronic neural-network
processor is less efficient than the better-
known back-propagation scheme is, but of-
fers two advantages: (1) it is easily imple-
mented in circuitry because the data-access
circuitry is separated from the learning cir-
cuity; (2) the independence of the data-ac-
cess circuitry makes it possible to implement
feedforward as well as feedback networks,
including those of the multiple-attractor type.
[The output vector of a multiple-attractor net-
work tends to remain at one of a multiplici-
ty of equilibrium points (the attractors) until
the input changes enough to push the out-
put to another equilibrium point.] Multiple-
attractor networks are important in such ap-
plications as the recognition of patterns.

Figure 1 illustrates a simple neural net-
work that includes an input layer, an output
layer, and a middle (hidden) layer of neurons.
Each neuron is represented as an analog
amplifier circuit, the output of which is a non-
linear function (called the “‘activation func-
tion") of its input. The input and output ter-
minals of all the neurons are connected to
each other by a matrix of resistors that repre-
sent synapses. The matrix includes both
feedforward and feedback synapses. The
strength of each synaptic connection is ad-
justed by varying its conductance; where
no connection is desired (eg., no feedfor-
ward or feedback along a specific path), the
conductance is set to zero.

To initiate the learning process, an input
vector of stimuli is fed to the input neurons,
and the resulting vector, o, of responses of
output neurons is measured and compared
with the desired response or target vector,
t. The conductance of one of the synaptic
connections is then changed temporarily by
a small amount, and the effect on o is ob-
served. Thus, the gradient is directly and
experimentally determined. If the change
causes o to move toward (or away from)
t, then the conductance of that connection
is changed in the same (or the opposite, re-
spectively) direction as that of the temporary
change, by a small amount related to the
error between 0 and t. If the temporary
change causes no change in the output,
then the connection is allowed to remain
at its original strength. This procedure is re-
peated, one synapse at a time, until the en-
tire synaptic matrix has been updated. The
procedure for the entire matrix may have
to be repeated many times for each stimulus/
response pair until the network has learned
the entire set of correct responses.

Figure 2 is a simplified schematic dia-
gram of the learning circuitry of a synaptic
matrix. Each synapse includes a third ter-
minal for the modification of its connection

26

=
N e |
nput
l{ Neurons
> {> J
Figure 1. This Sim- | o Hidden
ple Neural Network i b
includes a synaptic B i
matrix of resistors that |
are to be updated in a A
learning process. |
|l Output
s Neurons
B =
i ;
. I
Figure 2. This Learning
Subsystem semiper- ‘5{ Tl ]y "x,‘ iy
manently adjusts the re-
sistances of a synaptic | & W & Wl &
matrix like that of Figure
1, in response to | o W W ol H
changes in the output
error of the neural net- 1‘5 1':, 1‘\ "'; "q 7‘:,
work that occur when
those resistances are 2
temporarily changed by — ~ ’
small amounts. Synaptic Matrix
To Input Terminals
of All Neurons
4
N
From Output © o =
Terminals of  * /( { ’R
Hidden and 5 ? ? ?
Input Neurons\
R ( { Synapse Update
? ? 9 ynap: P
b,
> -——
From Output . /‘(' /{' /'( Actual R
Terminals of . Outputs Desired| _ Target
Output Neuroris o t i B Outputs| , Vector
N\ r———
- L = o
‘R ‘K ‘K Selection
{ i i of Synapse
Rowl
Column
- -
Synapti;.: Matrix Learning E;ontroller

strength. An electronic programming switch
can be closed to connect each synapse to
the update line. The learning controller con-
sists of circuitry that updates each synapse
in turn by closing its programming switch
(via the row- and column-selecting lines),
changes the conductance of the synapse
slightly, and evaluates the effect of the change.

This work was done by Silvio P Eberhardt
of Caltech for NASA’s Jet Propulsion Lab-

oratory. For further information, Circle 154
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,
NASA Resident Office-JPL [see page 14].
Refer to NPO-17664.
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Redundancy protects against failures.

NASA's Jet Propulsion Laboratory, Pasadena, California

Quad-port fiber-optic transceivers have
been demonstrated successfully as the
physical-layer interface units in the Whis-
perNet — a local-area network (LAN) of
computers and other devices in communi-
cation with each other. The WhisperNet is
arranged in a fully redundant configuration
in which each quad-port transceiver com-
municates over four pairs of optical fibers
with signals flowing as though in two sets of
counterrotating rings (CRR's) (see Figure
1). The WhisperNet meets the interface
specifications of the Institute of Electrical
and Electronics Engineers (IEEE) Standard
802.3 and Ethernet Version 2.0.

The WhisperNet concept eliminates the
need for repeaters (other than the quad-
port transceivers), star couplers, and a wir-
ing center. One WhisperNet ring is more
versatile than is one segment of Ethernet
coaxial cable, to which it corresponds. The
quad-port transceiver performs the func-
tion of the physical layer according to the
Ethernet specification, but by use of optical
fiber instead of coaxial cable.

Once a terminal, computer, printer, or
other device is connected to the Whisper-
Net, it can gain access to many other de-
vices on the network at a speed of 10 Mb/s
via virtual connections. As used here, “vir-
tual connection” denotes a connection be-
tween two devices via the network, in
which the network becomes imperceptible
in that it functions as a wire between the
two devices and in which different speeds,
parities, flow controls, and other charac-
teristics of ports are resolved automatically
within the network.

Each quad-port transceiver contains
two independent dual-port transceivers
(see Figure 2), each of which serves one of
the CRR’s. The quad-port transceivers im-
plement the special dual-CRR features that
provide the redundance that enables the
network to tolerate multiple failures. These
features are the following:

* Normally, the Ethernet message is trans-
mitted on two CRR’s (four fiber-optic
rings).

* The network can survive a break in a cable
(that is, an optical fiber) in one of the rings
without degradation of performance.

* A single failed-node bypass does not
isolate the node from the network.

*The network automatically reconfigures
itself after breaks in cables on both rings,
interconnecting the operating sections of
both rings into a larger C-shaped ring.

* A node can be added to, or moved within,
the network without causing the network
to fail.

Because of its high reliability and availabili-

ty and its “fail-soft” nature, the network is
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well suited to military and critical commer-
cial applications.

Quad-Port Transceivers for a Dual-CRR LAN

This work was done by Joseph A.
Wiencko, Jr., and Gary R. Mangus of Fiber-
Com, Inc., for NASA’s Jet Propulsion
Laboratory. For further information, Circle
146 on the TSP Request Card. NPO-17541

Figure 1. Each Node
of the Dual-CRR
LAN contains a
quad-port trans-
ceiver that serves
four pairs of optical
fibers.
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Self-Testing Static Random-Access Memory

Errors could be detected and corrected during operation.

NASA’s Jet Propulsion Laboratory, Pasadena, California

A proposed static random-access mem-
ory for a computer would feature improved
error-detecting and -correcting capabilities.
Unlike schemes that involve the use of
Hamming codes to detect and correct er-
rors after data have been read out of a
memory, the new self-testing scheme
would provide for the detection and cor-
rection of errors at any time during nor-
mal operation — even while data are being

written into the memory. Unlike in prior
error-detection and -correction schemes,
faults in the equipment (eg., memory cells
stuck at “one” or “‘zero”) that may cause
errors in the output data (depending on the
input data) could be detected by repeatedly
testing every memory cell to determine
whether it can still store both “one” and
“‘zero," without destroying the data stored
in the memory.

Announcing Flow Charting™ 3

Now, you can create, update and print
presentation-perfect flowcharts to your
specifications—in no time!

Quick to master and a snap to use,
Patton & Patton’s flowcharting software is the
standard of both large and small businesses
around the world—and is available through
all major software dealers.

BUILDTO SUIT

Each cell of the memory would include
a static subcell and a dynamic subcell,
which would be part of a built-in compara-
tor (see figure). Pass transistors G and G
would store the true and complement values
of a datum in the static subcell as charge
on gates A and B of the comparator. When
a datum was written into the cell, it would
be stored in both subcells; then the pass
transistors would be turned off so that both
subcells would be isolated. The static and
dynamic subcells would be continuously
compared to each other by the built-in
comparator. The output of the comparator
would be connected to transistor H, which
would normally be turned on. The output
of transistor H would be connected to a

signal line called the “‘column error signal’

(CES) line shared by all memory cells in
the same column. A transient fault that
flipped either subcell of a memory cell in
a column would thus be indicated imme-
diately by a CES.

The memory could be made to recover
from transient errors by combining the use
of a parity bit with a binary search pro-
cedure. In this procedure, the H transistors
in progressively narrowing groups of rows
would be alternately turned on and off un-
til a row giving rise to CES'’s in each col-
umn was identified. A parity check would
then be performed on the faulty row to
determine whether the error was caused

B R S N e

.....................................

semimerwaoes PATTON & PATTON
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The Self-Testing Static Random-Access
Memory would detect and correct both "hard”
and "soft" errors at any time during normal
operation—even while data are being written
in or read out.

NASA Tech Briefs, February 1991



by the identified static or dynamic subcell.
An error could be corrected by either re-
versing the datum in the faulty static sub-
cell in the case of a parity error or by re-
freshing the datum in the faulty dynamic
subcell where there was no parity error.
The binary search would then be back-
tracked to detect and correct single bit er-
rors in other rows.

This technique could correct single bit
errors in any number of words in memory.
In the worst case, the time needed to iden-
tify a faulty row would be proportional to
log,(2N), where N is the number of rows.
However, backtracking would cause the
average identification time to decrease
with an increase in the number of faulty
rows.

The search of faulty rows could be done
during normal memory read/write opera-
tions because the CES lines would be in-
dependent of the data lines. When a faul-
ty row was isolated, it would be read out,
and the faulty bit indicated by the CES
would be reversed immediately. This con-
cept also provides for delayed commit-
ment in writing a datum into a cell by tem-
porarily separating the two inverters in the
static subcell. The new datum could be
loaded dynamically into only one inverter
while retaining the previous datum dy-
namically in the other inverter. If the new
datum were to prove faulty, the lower in-
verter could be used to restore the previ-
ous datum.

This work was done by Savio Chau and
David Rennels of Caltech for NASA’s Jet
Propulsion Laboratory. For further infor-
mation, Circle 140 on the TSP Reaquest
Card.
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This invention is owned by NASA, and
a patent application has been filed. In-
quiries concerning nonexclusive or ex-
clusive license for its commercial develop-

ment should be addressed to the Patent
Counsel, NASA Resident Office-JPL [see
page 14]. Refer to NPO-17939.

Books and Reports

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

Experiments in
Multivariable Adaptive
Control of a

Flexible Structure

A six-input, six-output
adaptive control system is
successfully demonstrated.

A report describes experiments in the
use of a six-input/six-output multivariable
adaptive control system to suppress vibra-
tions in a complicated flexible structure.
This represents the first time a multivariable
adaptive control system of this size has ever
been demonstrated experimentally on a
physical structure. The structure, 18.5ft(5.6

NASA Tech Briefs, February 1991

m) in diameter, resembles both an anten-
na and a large spider web. It includes a cir-
cular central hub connected to 12 radial
ribs, and a large flexible boom that hangs
below the hub. The ribs are connected
together by two concentric rings of preten-
sioned wires that couple the circumferen-
tial motions of the ribs. This structure is in-
tended to exhibit low modal frequencies
and complicated dynamics like those of
large structures in outer space. However,
the conclusions drawn from this general
line of research are also relevant to such
applications as the active suppression of
wind and earthquake vibrations in tall build-
ings and other large terrestrial structures.

Collocated sensor-and-actuator pairs
were placed at two stations on the hub and
near the inner end of each of the ribs 1,
4,7 and 10. The hub actuators were linear
force actuators that applied torque to the
hub by pushing on its circumference. The
hub sensors were rotary variable-differen-
tial transformers that measured the rotary
vibrations of the hub. The rib actuators were
solenoid-based actuators that provided
torque by reacting against mounts on the

hub. The rib sensors were linear variable-
differential transformers that measured cir-
cumferential displacements of the ribs.

In a previous series of experiments on
the same structure, only two collocated
sensor-and-actuator pairs were installed —
both on the hub. In that two-input/two-out-
put system, the dynamics of the system
were thus intentionally limited to the “boom-
dish" vibrational modes that could be ob-
served and controlled from the hub. In the
experiments described in this report, the
six-input/six-output system added the pure
‘'dish"' vibrational modes to those that are
both observable and controllable, thereby
enriching the dynamics of the system and
extending control authority over a larger do-
main of the structure.

The adaptive-control algorithm was de-
veloped to control the first 4 boom-dish
modes and the first 12 dish modes of the
structure as defined by a finite-element
model of its dynamics. In implementing the
control scheme, the researchers en-
countered some practical difficulties stem-
ming from the use of a Kalman filter to proc-
ess angular-position measurements into
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angular vibrational speeds and from as-
sociated problems of limited computational
power and sampling rates. Manual adjust-
ment of the filter bandwidths and gain
weightings proved to be necessary to pro-
vide stable closed-loop adaptive control
and to optimize the adaptive performance.
Nevertheless, the researchers conclude
that the six-input/six-output control system
represents a significant upgrade relative
to the two-input/two-output system, yielding
a significant improvement in spatial con-
trollability and effective damping of a largest
set of modes.

This work was done by Che-Hang C. Ih,
David S. Bayard, Asif Ahmed, and Shyh J.
Wang of Caltech for NASA’s Jet Propul-
sion Laboratory. 7o obtain a copy of the
report, “‘Experiments in Multivariable Adap-
tive Control of a Large Flexible Structure,”
Circle 36 on the TSP Request Card.
NPO-17846

Displaying Computer
Simulations of Physical
Phenomena

Visual, aural, tactile, and
kinesthetic effects can
be used to teach such
physical sciences as
the dynamics of fluids.

A paper discusses computer simulation
as a means of experiencing and learning
to understand physical phenomena. The
paper covers both present simulation capa-
bilities and the major advances expected
in the near future.

Today, the flow of air about a complete air-
craft can be simulated on a supercomputer,
and this dynamic, three-dimensional simula-
tion can be viewed interactively on advanced
graphics workstations. The viewer can zoom
into a region of the simulation or rotate the
viewing position about the region to study
the display in more detail. Examples in other
fields can also be cited.

But although graphics workstations have
improved the interface between the scien-
tist and the computer, they have filled only
a small portion of the total bandwidth availa-
ble for a human to exchange information
with the environment. The primary improve-
ments have been in visualization — specifi-
cally in the quality of the picture and the
speed with which it is rendered.

Research on simulated environments
shows that immersion of the human in the
simulation environment is much more ef-
fective than is simply displaying a picture
on the video screen of a workstation. In one
series of experiments, the display of the
simulated environment filled the subject’s
entire field of view, and six-degree-of-free-
dom controls and voice recognition were

used. It is now technically feasible to im-
plement many features of this more com-
plete simulated environment.

The paper describes an ideal simulated
environment and compares the state of the
art with respect to the following features
 Controls for manipulation,
¢ \/oice input,

» Sensory feedback from the environment

(sound, motion, and position),

e Spatial and color resolution,

* Frame-repetition rate,

* Field of view,

® Accuracies of simulation models, and

* Ability to highlight important features and
suppress less-important ones.

The paper recommends that classrooms
in universities, government, and industry be
linked to advanced computing centers so
that computer simulations can be integrated
into the education process. Large-bandwidth
transmission facilities for computer, video,
and audio information of the types that will
make such links possible are now being in-
stalled.

This work was done by Val Watson of
Ames Research Center. 7o obtain a copy
of the report, A Breakthrough for Experienc-
ing and Understanding Simulated Physics,”
Circle 68 on the TSP Request Card.
ARC-12502
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Oscillating Thermal Switch

The transferred heat would actuate a device with no moving parts.

NASA’s Jet Propulsion Laboratory, Pasadena, California

A proposed heat switch would transfer
heat from a source to a sink in regular cy-
cles. The switch is intended for use in a
gas-sorption refrigerator. This type of refrig-
erator produces heat loads that must be
connected and disconnected in precisely
timed periods. The proposed heat switch,
unlike those now available, would be self-
sustaining; it would be actuated by the
transferred heat, contain no moving parts,
and need no external heaters or electronic
circuitry to synchronize heat-transfer
periods or control heat-transfer rates.

The proposed heat switch would con-
tain a variable-conductance heat pipe. The
heat-pipe component of the switch would
transfer heat from a heat source to a heat
sink when its reservoir of noncondensable
gasis cold. The heat pipe would not trans-
fer heat (i.e., would turn off) when the reser-
voir is hot. The pipe would alternate be-
tween on and off at a rate determined by
thermal resistance and capacitance ele-
ments attached to it, to the heat sink, and
to the reservoir. The thermal lags caused
by the thermal resistors and capacitors
would keep the variations of temperature
of the heat pipe out of phase with those
of the reservoir, thereby sustaining the tem-
perature oscillations and providing regu-
lar on/off thermal switching.

At the beginning of a cycle, a relatively
large volume of the noncondensable gas
would separate the liquid and vapor in the
heat pipe from the heat sink, decoupling
the pipe thermally from the sink (see figure).
In this state, thermal capacitor 1 and the
gas reservoir would be transiting from hot
to cold. Then energy from the heat sink

would raise the temperature of the heat
pipe. The vapor in the pipe would then
move into the cold end, forcing the non-
condensable gas into the reservoir. Upon
making contact with the cold end, the
vapor would transfer heat from the source
to the sink.

At this time, the thermal path to thermal
capacitor 1 would be exposed to the hot
liquid and vapor. Heat would flow from the
pipe through thermal resistor R, , into ther-
mal capacitor 1 (C,,), raising its tempera-
ture. Heat would flow from this thermal ca-
pacitor through thermal resistor R, , rais-
ing the temperature of the reservoir and
its thermal capacitor C,,. R,; and C,,
would be chosen so that the reservoir
would start to heat only when the tem-
perature of capacitor 1 approached that
of the pipe.

As the reservoir is heated up, it would
drive gas into the heat pipe, forcing the gas

front away from the cold end. Eventually,
the front would push the vapor away from
the sink, and the pipe would turn off; that
is, heat would no longer flow from the pipe
to the sink or to capacitor 1. Capacitor 1
would start to cool down by transferring
heat through R,, to the heat sink. Again,
R,5 and C,, would be large enough so that
the reservoir would start to cool only when
the temperature of capacitor 1 approached
that of the heat sink. The system would
then be in the initial condition, and the cy-
cle would repeat. A difference of 50 °C or
more between the temperatures of the
source and sink should be adequate to sus-
tain the oscillations.

This work was done by S. Walter Petrick
of Caltech for NASA’s Jet Propulsion
Laboratory. For further information, Cir-
cle 31 on the TSP Request Card.
NPO-17125
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and cooling of the gas reservoir, thereby restarting a new on/off cycle as soon as one ends.

Airborne Laser Polarization Sensor

This instrument measures polarization characteristics of the Earth at three wavelengths.
Goddard Space Flight Center, Greenbelt, Maryland

The Airborne Laser Polarization Sensor
(ALPS) measures the optical polarization
characteristics of the land surface. The ALPS
is designed to be flown at altitudes of

34

< 300 m to minimize any polarizing or de-
polarizing effects of the intervening atmos-
phere and to ook along the nadir to mini-
mize any effects that depend on the look

angle. The data from the measurements
are used in conjunction with data from
ground surveys and aircraft-mounted video
recorders to refine mathematical models

NASA Tech Briefs, February 1991
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used in the interpretation of higher-altitude
polarimetric measurements of reflected
sunlight.

The ALPS (see figure) includes a pulsed
neodymium:yttrium aluminum garnet laser
that emits simultaneously at the fundament-
al, second-harmonic, and third-harmonic
wavelengths of 1,064, 532, and 355 nm,
respectively, at rates up to 20 Hz. The out-
put energies per pulse are 100, 300, and
100 mJ, respectively, at the three wave-
lengths. The laser beam is polarized and
transmitted down to the ground.

The portion of laser light that returns
from the ground is received by three sets
of polarization-sensitive detectors. Each set
contains four detectors to obtain data that
can be used to calculate the four Stokes
parameters for each wavelength. (The Stokes
parameters specify the relationship be-
tween the polarizations of the incident and
the reflected light.) Each detector includes
a photomultiplier tube, a linear polarizer, lens,
and a 10-nm-band-pass filter. For each wave-
length, the polarizer in one detector is orient-
ed at 0° with respect to the polarization
of the incident beam, the polarizer in an-
other detector is oriented at 90°, and those
in the two other detectors are oriented at
45° One of the 45° units also includes a
quarter-wave plate.

By integrating each return pulse over a
period long enough to average together the
ground and tree-top returns, one can simu-
_late the effects of a return signal more near-
ly like that received by a passive solar polar-
ization sensor. To separate the polarization
effects of the layers within a tree canopy,
a future version of the ALPS will be made
to function in a lidar (pulsed ranging) mode,
processing the return signals through 200-

Three-Wavelength Laser

Polarized Incident
Laser Beam

The Airborne Laser
Polarization Sensor
aims a polarized laser
beam at the ground
and measures the po-
larization of the re-
flected light. Although
the simplified version
shown here schemati-
cally contains only 4
detectors, the actual
system contains 12 (4
for each of 3 wave-
lengths).

MHz wavetorm diaitizers.

The signals from the detectors are fed
simuttaneously to a 12-channel, 12-bit, charge-
integrating analog-to-digital converter mount-
ed in a CAMAC crate (a mounting unit in
a standard modular instrumentation-and-
digital-interface system). The digitized sig-
nals are transferred through the CAMAC
crate controller (a communication unit in
the CAMAC crate) to a PC-type computer.
A time code is superimposed on the “ground-

truth” videotape record to enable correla-
tion of the polarization data with data on
the type of surface in view. The acquisi-
tion and analysis of data are controlled via
an easy-to-use menu-driven software sys-
tem.

This work was done by James Kalshoven,
Jr., and Philip Dabney of Goddard Space
Flight Center. For further information, Cir-
cle 1 on the TSP Request Card.
GSC-13314

Optical Isolators With Transverse Magnets
Large apertures are obtained in compact isolators that include readily available permanent magnets.

Langley Research Center, Hampton, Virginia

Progress with laser systems has stimu-
lated a demand for an optical isolator of
high quality and compact size with a large
aperture. An ideal optical isolator is a de-
vice that allows total transmission of a
beam in the forward direction while totally
blocking transmission of the beam in the
backward direction, thus preventing back-
ward reflections from disturbing the for-
ward signal. In a high-power laser system,
the use of an isolator between an oscillator
and an amplifier can protect the oscillator
optics from damage by amplified backward
reflection.

The commonly used type of isolator
consists of a Faraday rotator, a quarter-
wave plate, and a pair of polarizers. The
most popular Faraday-rotation materials of
high optical quality available commercially
in large sizes require relatively large mag-
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netic fields. The required magnetic fields
can be reduced by using such high-Verdet-
constant materials as garnet crystals,
which have limitations on transmission
range, optical quality, and size, and are not
readily available. In addition, electromag-
nets with water-cooled solenoids are used
in typical isolators to produce the large
longitudinal magnetic fields required for
the proper rotation, making the isolators
cumbersome and very expensive.

A new design for an isolator includes a
zigzag, forward-and-backward-pass beam
path and use of a transverse rather than
longitudinal magnetic field (see figure).
These design choices produce an isolator
with as large an aperture as desired using
low-Verdet-constant glass rather than the
more expensive crystals. This design also
uses commercially available permanent

magnets in the Faraday rotator rather than
the more expensive and bulky electromag-
nets. Thus, this isolator is more compact
and less expensive than was previously
possible in a large-aperture design. This
isolator can also be designed to transmit a
rectangular beam. The square cross sec-
tion of the beam can easily be extended to
a rectangular shape by increasing one di-
mension of the glass without having to in-
crease the magnetic field.

A demonstration isolator of the new type,
though not of optimum design, was built
from available equipment. The isolator had
two internal reflections in the forward zig-
zag pass, two reflections in the backward
zigzag pass, and two reflections for the end
reflector. The transverse magnet had an
average field of 7 kG. Nonoptimum design
produced a high transmission loss of 74

NASA Tech Briefs, February 1991
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percent. The measured isolation was 36
percent, and the output beam had good
quality.

These unigue properties make this opti-
cal isolator potentially very useful in laser
systems involving slab lasers and amplifi-
ers. It could also have application to the
study of very-high-power lasers for fusion
research.

This work was done by Yuan X. Fan and
Robert L. Byer of Stanford University for
Langley Research Center. For further in-
formation, Circle 23 on the TSP Request
Card. LAR-14092
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!‘ Low-Thermal-Conduction Links for Silicon Sensors

Surface etching reduces
conduction and
allows sturdier links.

Goddard Space Flight Center,
Greenbelt, Maryland

A simple method of texturing the sur-
face of silicon reduces the thermal con-
ductivities of links in silicon x-ray calorime-
ters and infrared bolometers. In monolithic
design, the sensor devices, thermal links,
electrical leads, and mechanical supports
are all part of the same silicon structure.
Until now, the thermal links to the cold bath
have been made long and thin or else in
complicated shapes to minimize heat trans-
ferred through them from the detector to
the cold bath. Such links are fragile and
have low vibrational frequencies.

Now, however, a textured surface gives
the links a high density of phonon scatter-
ing sites that reduce the conduction of
heat. Therefore, the links can be made short-
er and more robust. For 10-um-thick tex-
tured thermal links we measure a thermal
conductance of 2x 10~ W/K. To obtain
this conductance without texturing, the
thermal-link thickness must be reduced to
4 pm.

A dilute solution of the anisotropic silicon
etchant ethylene diamine pyrocatechol
(EDP) is applied to the thermal links to pro-
duce small, dense, randomly positioned
pyramids ranging in size from about 1 to
5 pm (see figure). The pyramid texture scat-
ters phonons effectively. The texturing proc-
ess is independent of the design of the
monolithic sensor structure.

The texturing technigue has been used
in making x-ray calorimeters and is expect-
ed to be used soon in making infrared bo-
lometers. It should be applicable to any
microelectronic device in which a high de-
gree of thermal isolation is needed.

This work was done by D. Brent Mott of
Goddard Space Flight Center. No fur-
ther documentation is available.
GSC-13321
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N 45° Tilt

Irregular Pyramids form a texture on the surface of silicon. These scanning electron micro-
graphs show two such surfaces (at 0° and 45° incidence) that were exposed to a dilute
solution of EDP for 5 min at 95 °C. Sizes can be estimated by use of the 5- and 10-um scale
lines near the tops of the photographs.
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Two-Wavelength Interferometric Keratometer

Strongly aspherical surfaces could be measured precisely.

NASA's Jet Propulsion Laboratory, Pasadena, California

A proposed interferometric keratometer
would measure the shapes of corneas
without touching them. The keratometer
might also be used to test strongly aspheri-
cal optics. The keratometer, which would
resemble present commercial lens-testing
interferometers, would generate interfero-
grams representative of the deviation of
the surfaces under test from sphericity.
Such interferograms can be used to gener-
ate contour maps of the surfaces. While
existing instruments typically cover corne-
al diameters no greater than 3 mm, the
proposed keratometer would measure
corneal topography to diameters as large
as 12 mm.

The instrument would employ visible
light at two wavelengths; for example, the
0.633-um red light from an He-Ne laser
andthe 0.613-um orange light from another
He-Ne laser. The optical train would in-
clude three off-axis paraboloidal refiectors.
The first reflector would serve as a col-
limator. The second would form a large-
aperture (f/1.0) wave front converging on
the cormnea and partially recollimate the
wave front reflected from the surface of
the cornea, preserving the optical-path dif-
ferences. The third reflector would create
a quasi-spherical wave front converging
onto the obstruction in a Smartt point-dif-
fraction interferometer. (Other interfero-
metic configurations are possible.)

The fringe pattern at the exit pupil of
the keratometer would contain the inter-
ferograms at each of the two wavelengths
superimposed on each other. The superpo-
sition would give rise to a beat of spatial
variation in the contrast in the fringes be-
tween the two interferograms. In effect,
this pattern would constitute a third, long-
wavelength interferogram of the surface
under test. The effective wavelength
Aoy (twice the contour depth interval rep-
resented by one fringe space) of the third
interferogram would be given by

Aoty = Ayhol(Ay =)
where A, and A, are the wavelengths of the
illumination. In the case of the He-Ne-laser
light mentioned previously, 4., would be
19.4 um; thus, one fringe space would rep-
resent a depth interval of 19.4/2 = 97 um.

At the price of reduced topographic sensi-
tivity, two-wavelength interferometry enables
the measurement of surfaces more aspheri-
cal or steeply sloped than could otherwise
be measured. When the effective-long-
wavelength interferometric information is
used to remove the 2n ambiguities in the
phases in the shorter-wavelength interfero-
grams, the advantages of both long- and
short-wavelength interferometry can be
combined to measure strongly aspherical
NASA Tech Rriefe Febriiary 1001

surfaces with high topographic sensitivity.

This work was done by Eric Hochberg
and Norman Page of Caltech for NASA’s
Jet Propulsion Laboratory. For further in-
formation, Circle 85 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 should be ad-

dressed to

Edward Ansell

Director of Patents and Licensing

Mail Stop 305-6

California Institute of Technology

1201 East California Boulevard

Pasadena, CA 91125
Refer to NPO-17537, volume and number
of this NASA Tech Briefs issue, and the
page number.
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Statistical Partial Calibration of Polarimetric SAR Imagery

Statistical properties of the backscatter can be used to compensate for
cross-polarization in the antennas.

NASA's Jet Propulsion Laboratory, Pasadena, California

A mathematical technique for the partial
calibration of quadpolarization synthetic-
aperture-radar (SAR) image data makes it
possible to remove partially those contam-
inating cross-polarization effects (crosstalk)
that arise in the antenna(s) and/or other
transmitting and receiving channels. [Quad-
polarization data are complex-number rep-
resentations of the amplitudes and phases
of the horizontally and vertically polarized
transmitted and received (backscattered)
signals and the relationships (including
cross-polarization effects) between them].
Therefore, the quadpolarization data proc-
essed with the help of this technique bet-
ter approximate the backscattering prop-
erties of the target area. Furthermore, if
corner reflectors or other known discrete
radar targets are placed in the target area,
all of the data channels can be calibrated
both relatively to each other and absolutely.

The technique relies on the following two
major simplifying assumptions about natur-
al radar targets: (1) the cross-polarized re-
turns from them are reciprocal (the ma-
trices that describe their backscattering
properties are symmetrical); (2) for a given
polarization of the transmitted signal, the
like- and cross-polarized components of the
backscatter, integrated over the areas of
extended, azimuthally symmetrical targets,
are not correlated with each other. The
technique also relies on some linearizing
approximations that are based on the fol-
lowing additional assumptions: (1) the
transmitting and receiving crosstalk pa-
rameters are all smaller than —10 dB; (2)
the cross-polarized target backscatter pa-
rameter is at least 5 dB below the like-polar-
ized target backscatter parameters, but not
below the noise level; (3) the cross-cor-

Normalized Cross Section

et L bt b i1 |

The Polarization Signature of an Ideal Trihedral Corner Reflector has a simple form,

represented by the scattering matrix

(o7

that can be used in the calibration of a polarimetric SAR system.

relation between the like-polarized target
backscatter parameters is at least 10 dB
below the smaller of them.

The equations that result from these as-
sumptions are combined into an iterative
algorithm that processes the raw quadpo-
larization data into approximations of the
transmitting and receiving cross-polariza-
tion matrices. These matrices can then be
inverted to recover an approximation of the
target scattering matrix from the crosstalk-
contaminated quadpolarization data.

The backscatter from a trihedral corner
reflector (see figure) is describable by known
equations that can be used in conjunction

with the iterative algorithm to obtain a rela-
tive polarimetric calibration of the complete
transmitting, receiving, and signal-proc-
essing system. This calibration is valid at
the look angle of the reflector and is near-
ly complete except for an ambiguity in the
relative sign of the like- and cross-polarized
components. If, in addition, the cross sec-
tion of the reflector is known, the calibra-
tion can be made absolute in magnitude.

This work was done by Jeffrey D. Klein
of Caltech for NASA’s Jet Propulsion
Laboratory. For further information, Cir-
cle 30 on the TSP Request Card.
NPO-17888

Measuring Wildfires From Aircraft and Satellites
Remote sensing systems yield a wealth of data.

Ames Research Center, Moffett Field, California

Data about wildfires, collected remotely
from satellites and aircraft, provides valua-
ble information both for the management
of wildfires and for research on the causes
and effects of fires. Aircraft and satellite
systems yield wide-area views, providing
total coverage of the affected areas. More-
over, they collect data at a variety of wave-
lengths in the electromagnetic spectrum.
The digital transmission of the data makes
it easy to enhance images so that the com-
bustion characteristics of biomass can be

40

identified.

A system developed for use aboard the
ER-2 aircraft (see figure) includes a digital
scanner that records data in 12channels at
wavelengths from 0.42 to 12.5um. The
data from the system have been used to
correlate the characteristics of fires and
fuels with reflected and emitted energies.
In addition, the system transmits data to a
ground station for immediate use in fight-
ing fires.

The advanced very-high-resolution radi-

ometer (AVHRR) on the TIROS polar-orbit-
ing satellite provides images and radiance
data at 1- and 4-km resolutions. It collects
data in five channels at wavelengths from
0.58 to 12.5 um. It gives synoptic views for
regional and global monitoring of fires and
for extension of the knowledge of biotic
and abiotic responses of ecosystems to
larger scales.

The ability to collect digitally encoded in-
formation from a multispectral scanner en-
ables researchers to estimate gaseous

NASA Tech Briefs, February 1991




and particulate emissions from the fires.
The data provide information on the tem-
peratures of flame fronts and soils, the in-
tensities and rates of spread of fires, the
characteristics of fuels and smoke plumes,
energy-release rates, and concentrations
and movements of trace gases. These data
can be related to the heating and cooling of
soils, the loss of nutrients, and the effects
on atmospheric, terrestrial, and aquatic
systems.

This work was done by J. A. Brass and J.
C. Arvesen of Ames Research Center, V.
G. Ambrosia of TGS Technology, Inc., P. J.
Riggan of the U.S. Department of Agricul-
ture Forest Service, and J. S. Meyers of
ATAC, Inc. Further information may be
found in AIAA paper 87-A24933, "Aircraft
and Satellite Thermographic Systems for
Wildfire Mapping and Assessment.”

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.
ARC-12132

Tape
Recorder

EQUIPMENT IN
ER-2 AIRCRAFT

EQUIPMENT ON GROUND

The Airborne Imaging System records data in 12 wavelength channels and sends digitized
data in 2 of these channels to a station on the ground for immediate use in monitoring fires.

Testing Conductive Films for Continuity !A

A noncontacting, nondestructive apparatus detects discontinuities.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

An apparatus tests thin conductive films
for continuity without touching them. The
apparatus thus avoids the damage to the
film and the error from contact resistance
that might result from touching the film with
a conventional probe.

The apparatus was developed to deter-
mine the integrity of conductive coats ap-
plied to the surfaces of dielectric materials
to inhibit the accumulation of electrostatic
charges. During handling, a film can be-
come cracked, and the cracks can reduce
its conductance.

A 10keV diverging electron gun nearly uni-
formly irradiates the specimen of conduc-
tive film on its substrate while the edge of
the specimen is connected to ground. Then
a scanning platform, on which the specimen
is mounted, is moved horizontally to scan
anoncontacting electrostatic probe across
the surface of the film (see figure).

Where the film is locally in good electrical
contact with ground, it readily drains away
ground potential on the film. Where the film
is locally surrounded by cracks that discon-
nect it from ground or where the film con-
tains holes that expose the dielectric, the
electron charge builds up, and the probe can
sense a potential as greatas —8,000V. The
probe can thus readily identify defects.

This work was done by Philip L. Leung
of Caltech for NASA’s Jet Propulsion Lab-
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oratory. For further information, Circle 126
on the TSP Request Card.
NPO-17938

The Specimen is Irradiated with 10-keV
electrons; then the noncontacting electrostatic
probe scans the specimen and measures the
charge on the spot directly under it.
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Long-Lifetime Laser Materials for Effective Diode Pumping

lifetimes r
Long quantum lifetimes reduce the number of e kors Pk Bt e e

diodes required to pump. useful, they would be even more so if they
TR could be pumped by laser diodes. Pumping
Langley Research Center, Hampton, V/rg//z/a B Jenci clcclse et Exaat chxinud

with such common Nd laser materials as
neodymium:yttrium aluminum garnet (Nd:
YAG) and Nd:YLiF,, but such materials as
Nd:LaF,, Nd:NaF+9YF,, and possibly
Nd:YF ; could be more useful because of
the long lifetimes of their upper laser ener-
gy levels.

In the more common Nd:YAG, the life-
time of the upper laser energy level is rela-
tively short. For a pulsed solid-state laser,
the number of diodes required is approxi-
mately inversely proportional to the lifetime
of the upper laser energy level. Thus, if a
material with an upper-laser-level lifetime
twice as long as that of Nd: YAG were used,
about half the number of diodes would be
required. For a continuous solid-state laser,
the threshold is approximately inversely
proportional to the lifetime of the upper
laser level. Thus, such a laser could alsobe
improved by the use of one of the proposed
materials.

Cost effectiveness is the primary advan-
tage of the solid-state laser materials that
have longer upper-laser-level lifetimes.
While the costs of the proposed laser ma-
: - terials may be somewhat higher than those
MICROWATCHER can quickly identify and record flaws like of the more common ones, the number of
the marginal soldering of this IC pin (mqgniﬁedsotimes). diodes required for pumping may be re-
e St st o duced by factors that range from 2 to 4. Be-
cause the cost of the diodes outweighs the

Changing The Way You Look At Things. cost of the laser material by perhaps two

MICROWATCHER is the portable video microscope of the 90's ngchj ;;r:iﬁg;:::?e' the cost wouki be re-
and beyond, bringing simplicity to non-destructive testing and '

- : . The proposed laser materials have been
inspection, from the laboratory . . . to the production floor. neglected until now, probably because of

» Eliminates eye strain * Deep focus depth the relatively low value of the thermal-
« 10x to 1000x magnification  * High-resolution images | shock parameters associated with these

« Compatible with image processing, archiving, printing and | L':z”gf ngi?fa'Z?give@ﬁﬁnﬁgisﬂg:g
measuring systems ’

. ] upper-laser-level lifetimes, may more than
Whether you are responsible for manufacturing, quality offset this disadvantage.

control or laboratory quantitative testing, MICROWATCHER ‘ This work was done by Norman P.
will change the way you look at things. For more information, ‘ Barnes of Langley Research Center. No
FAX or call Fred Soskel: ‘ further documentation is available.
1-800-222-5711 (Outside Indiana) This invention is owned by NASA, and a
DHOTOV m 317-266-2969 (Call collect in Indiana) patent application has been filed. Inquiries
Division of Seradyn, Inc 317-266-2991 (FAX) concerning nonexclusive or exclusive
A Subsidiary of See Us At Pittsburgh Conference | license for its commercial development
NGB KA . Booths 2700-2706 should be addressed to the Patent
onta Tdond AESS ROt S00=PYENCNEL) RCICMIIIEN | Counsel, Langley Research Center [see

L : page 14]. Refer to LAR-13807.
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ADVERTISEMENT

SHIN-ETSU LAUNCHES

NEW PRODUCT TO MEET

MIL A-46146 TYPE Il

New High Strength RTYV Silicone Provides
Key Properties for Aircraft/Aerospace Market

‘ I

DATA SHOWS THE MATCH-UP
NEW MATERIAL
! : MIL A-46146 SHIN-ETSU DOW RTV
RIGHT ON SPECS’ | | pgopeary TYPE KE 4899° 315"
_LOS ANGELES—According to
MVir. Shiba(a’ President of HARDNESS (Shore A) 25 min. 33 33
Shin-Etsu Silicones of Ameri-
a, lnc” “When Comparing TENSILE(pSI) 500 min. 780 700
our new KE 4899 RTV to
Dow's 3]45 R’rv ona proper- ELONGATION %: 500 min. 660 675
y-for-property basis, there is
10 clear winner. Both materi- TEAR STRENGTH (ppi): NR 150 125
als pass the Mil Spec require-
‘nen(s and bo[h are Of equal SPECIFIC GRAV]TY NYR 108 ll:
-aliber.”

The data shows Shin-Etsu’s CORROSION ON: None Passes Passes
KE 4899 RTV to meet all of Brass, steel, aluminum
he requirements of MIL
A-46146 TYPE III and to COLORS: NR Grey/clear Greylclear
compare equally with Dow
Corning’s 3145 RTV. Both
naterials are non-corrosive, *KEA4899 data as tested
'llgh strcnglh. low odor, one **RTV 3145 data as reported — Dow Corning USA Form No. 10-024-82
vart adhesives.

A COMMITMENT
TO RESEARCH

Shin-Etsu Chemical Co., Ltd., founded in 1926, is a lead-
ng world class manufacturer of silicones, offering over
2,800 different products serving a broad spectrum of indus-
rial markets, worldwide. Included in these product lines
ire many innovative one and two-component RTV sili-
>ones, gels, greases, fluoro and fluid silicones with their
ywn revolutionary curing systems.

At the very core of these technological accomplishments
s Shin-Etsu’s commitment to research. Shin-Etsu’s Techni-
:al Service Center, located in Torrance, California, provides
standard elastomeric testing, including physical and chemical
>onstituents. Its small batch production includes the synthe-
iizing of polymers and compounding them in the latest state-
»f-the-art mixing equipment. The facilility is dedicated to
esearching all aspects of silicones, including synthesis,
sroperty alteration, applications, forming and working,
yrocess improvement and complete product evaluation.
e

LOS ANGELES—Shin-Etsu Silicones of America
released the above data today, showing the actual
published data of both Dow’s 3145 RTV and Shin-
Etsu’s new KE 4899 RTV.

Based upon the direct property-for-property
comparison above, it has been determined that the
Shin-Etsu material is a direct challenge to Dow’s
3145 RTV and should prove an excellent first or
second source material. According to Mr.
Tomisato, RTV Marketing Manager, ““We are
accepting requests for samples now.”

For more information on the Shin-Etsu Sili-
cones of America KE 4899 RTV, or to receive a
sample, contact Doug Bower or John Heitler at:

Shin-Etsu Silicones of America
431 Amapola Avenue
Torrance, California, 90501
(213) 533-1101

Industry Thrilled

with New Material

for High Performance
Bonding and Sealing

on Corrosion-Sensitive
Electrical/Electronic Parts

LOS ANGELES—According to
Doug Bower of Shin-Etsu Sili-
cones of America, Inc., “We've
been working on coming up with
this product for a very long time.
We always knew that Dow’s 3145
RTV was the one we had to meet or
beat. We also knew that when we
introduced this product it had to be
right on the money. ‘Close’ or
‘almost’ was not about to cut it. As
you can see by the comparative
data, our RTV KE 4899 was worth
the wait.”

Mr. Shibata, President of Shin-
Etsu Silicones of America, be-
lieves that the introduction of their
new product will have a dramatic
effect on the aircraft/aerospace
industry. “Let’s face it,”" said Mr.
Shibata, “Dow has an excellent
product that has not only been the
industry standard for years, but a
product without peers. Their 3145
RTV virtually had the marketall to
itself. As of today, all of that has
changed. Now the aircraft/aero-
space industry has a choice. Now
there is a second one-component
RTV silicone available that is every
bit as good as Dow’s 3145 (RTV)
and meets MIL A-46146 Type I1l to
the letter.”
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Books and Reports

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

Phase Transformations in
Mullite-Precursor Xerogels

Monophasic and diphasic
xerogels transform differently
under thermal treatment.

A report describes an experimental
study of the phase transformations that oc-
cur in monophasic and diphasic xerogels
of overall stoichiometric mullite composi-
tion during thermal treatment. Mullite
(3AI04+28i0,) is valued as a refractory
material because it has relatively high me-
chanical strength, excellent resistance to
thermal shock, high resistance to creep,
low density, low thermal conductivity, and
stability at high temperature. This study is
part of a continuing effort to develop pre-
cursor materials that can be transformed
into mullite and sintered at temperatures
low enough to avoid degradation of non-
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mullite reinforcing fibers in the manufac-
ture of mullite/fiber composites.

By use of the sol-gel process, the mono-
phasic xerogel was synthesized from te-
traethyl orthosilicate, and the diphasic
xerogel was synthesized from a colloidal
suspension of silica and boehmite [AIO
(OH)]. The xerogels were subjected to vari-
ous thermal treatments. The chemical and
structural changes that occurred during
these treatments were characterized by
subjecting specimens before and after to
differential thermal analysis, thermograv-
imetric analysis, x-ray diffraction, scanning
electron microscopy, and infrared spec-
troscopy. Preliminary experiments on sin-
tering behavior were also performed.

The combined results of these experi-
ments show a sequence for the formation
of mullite from the two types of xerogel.
The monophasic gel crystallizes from an
amorphous structure to a silicon-substi-
tuted alumina spinel at about 980 °C. The
spinel phase is metastable and becomes
mullite when held isothermally near the
crystallization temperature. The mono-
phasic gel yields a well-crystallized mullite
with some residual amorphous phase, the
amount of which is reduced by further re-
action at higher temperature. The mullite
formed initially is deficient in alumina. The
composition shifts towards stoichiometry
at higher temperatures.

The diphasic material follows a different
sequence. This xerogel is intially com-
posed of boehmite and a distinct amor-
phous silica phase. The boehmite decom-
poses to a cubic alumina spinel structure
at 490 °C. There is little or no reaction be-
tween the spinel and amorphous phases.
Mullite is formed by solid-state reaction be-
tween a-Al,O5and cristobalite, which form
from the spinel and amorphous phases, re-
spectively, at 1,360 °C. The mullite is not
well-crystallized initially, and residual phases
remain even after heating at 1,600 °C for 6
h. Initially, the mullite is also deficient in
alumina, but the composition shifts
towards stoichiometry at higher tempera-
tures. The diphasic powder can be sintered
to high densities, whereas the monophasic
powder is much more difficult to densify in
spite of its molecular-level homogeneity.

This work was done by Mark J. Hyatt of
Lewis Research Center and Narottam P.
Bansal of Case Western Reserve Universi-
ty. Further information may be found in
NASA TM-101349 [N89-11038], “Phase
Transformations in Xerogels of Mullite
Composition.”

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.

LEW-14898
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Open-Section Composite
Structural Elements

Superior mechanical
properties of composites
may overcome the inherent
instabilities of open sections.

A report describes an investigation of
the manufacture and the mechanical prop-
erties of graphite-fiber/aluminum-matrix
open-section structural elements; eg.,
channels and angle bars. The investigation
was conducted with a view toward using
such elements to build lightweight, thermal-
ly stable truss structures in outer space.
The same characteristics that make them
attractive for that application also make
them attractive for such specialized ter-
restrial applications as transport to, and as-
sembly at, remote or otherwise uninviting
locations.

The advantages of open-section struc-
tural elements include shapes that permit
high packing density during shipment; con-
venient paths for routing tubes, hoses, and
cables; accessibility of both inner and outer
surfaces for repair; and ease of attachment
of additional hardware. In addition, in com-
parison with closed-section structural ele-
ments (eg., box beams and tubes), open-
section elements are easier and require
less equipment to fabricate, and are more
amenable to automated fabrication and
assembly at the remote site. The primary
disadvantage of open-section structural
elements is that, in comparison with closed-
section structural elements, they are not as
resistant to some kinds of deformation un-
der load. In particular, bending and torsional
loads tend to change the shapes of the
cross sections in such a way as to make
open-section elements more vulnerable to
buckling.

Accordingly, one of the objectives in this
investigation was to exploit the tailorable
anisotropy of the composite material to
strengthen the open-section elements
against buckling. The general approach in-
volves (1) aligning most of the fibers along
the longitudinal axis to increase the buckl-
ing strength by increasing the longitudinal
modulus of elasticity and (2) aligning some
of the fibers at off-axis angles to increase
the transverse modulus of elasticity, there-
by increasing the resistance to changes
in the shape of the cross section and fur-
ther decreasing the susceptibility to buckl-
ing.

Another objective was to exploit the tail-
orable thermal-expansion properties of the
composite material to obtain overall ther-
mal stability. High-modulus-of-elasticity, pitch-
based graphite fibers have a negative coef-
ficient of thermal expansion along their
lengths, while aluminum has a positive co-
efficient. By combining the two materials

NASA Tech Briefs, February 1991

in suitable proportions and fiber orienta-
tions, one can obtain a composite that has
low or zero thermal expansion, at least in
some temperature range. Struts made of
such a material would be particularly use-
ful in frames that support precise optical in-
struments.

During the investigation, four structural
elements in each of three different con-
figurations were made from unidirectional
P100 graphite fibers in a matrix of 6061
aluminum. The graphite occupied about
half the volume of the composite. In addi-
tion, two truss structures were made of ex-
truded struts of alumium reinforced with
boron carbide (B,C) particles. Several dif-
ficulties were encountered in the fabrica-
tion of the graphite/aluminum specimens.
The major difficulty was the maintenance
of the required uniformity of temperature
in the region undergoing deformation. The
structures made of the Al/B,C composite
were fabricated with little difficulty. This
material is relatively inexpensive, and struc-
tures can be made from it by conventional
manufacturing processes.

This work was done by T. A. Loftin, C.
A. Smith, S. J. Raheb, and A. M. Nowitzky
of DWA Composite Specialties, Inc. for
Marshall Space Flight Center. To obtain
a copy of the report, “‘Composite Structural
Elements With Integral End Fittings,” Cir-
cle 3 on the TSP Request Card.
MFS-26112

Silicon Diode
Temperature
Sensors

Lake Shore’s DT-470 series silicon
diodes provide accurate, repeatable
performance over a wide cryo-
genic temperature range
(14K to 475K). For
your FREE copy
of Lake :
Shore’s 60
page Cryogenic
Sensor Reference Guide, circle the
reader response card in this magazine,
or call 614-891-2243.

LakeShor

CRYOTRONICS INC

64 E. Walnut St
Westerville, OH 43081 USA
Tel: 614-891-2243 Telex: 24-5415 CROTRON WTVL
Fax: 614-891-1392

Lake Shore Cryotronics, Inc, 1990
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e PREVENT CORROSION
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Miniature gyro gives you precise vehicle control
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COSMIC: Transferring NASA Software

_—

COSMIC, NASA's Computer Software Management and Informa-
tion Center, distributes software developed with NASA funding to
industry, other government agencies and academia.

COSMIC's inventory is updated regularly; new programs are re-
ported in Tech Briefs. For additional information on any of the programs
described here, circle the appropriate TSP number.

If you don't find a program in this issue that meets your needs, call
COSMIC directly for a free review of programs in your area of interest.
You can also purchase the annual COSMIC Software Catalog, contain-
ing descriptions and ordering information for available software.

COSMIC is part of NASA's Technology Utilization Network.

COSMIC®— John A. Gibson, Director, (404) 542-3265
The University of Georgia
382 East Broad Street
Athens, Georgia 30602

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.

¥

Computing the Dynamics of Helicopters
CAMRAD calculates the loads on, and the
motions of, various rotorcraft.

The Comprehensive Analytical Model of Rotorcraft Aero-
dynamics (CAMRAD) computer program is designed to cal-
culate the performance of, loads on, and noise generated by,
a helicopter rotor; the vibration of the helicopter and its re-
sponse to gusts; the dynamics and handling qualities of the
helicopter in flight; and the aeroelastic stability of the helicop-
ter as a system. The analysis is a consistent combination of
structural, inertial, and aerodynamical mathematical models
applicable to a wide range of problems and a wide class of ve-
hicles.

The CAMRAD analysis can be applied to articulated, hin-
geless, gimbaled, and teetering rotors that have arbitrary
numbers of blades. The degrees of freedom of a rotor blade
included in CAMRAD are blade/flap bending, rigid pitch and
elastic torsion, and, optionally, gimbal or teeter motion. General
two-rotor aircraft can be modeled. Single-main-rotor, tan-
dem-helicopter, and side-by-side-tilting-prop-rotor aircraft
configurations can be considered. The case of a rotor or
helicopter in a wind tunnel can also be modeled. The degrees
of freedom of aircraft bodies included in CAMRAD are the six
rigid-body motions, elastic airframe motions, and the rotor/
engine speed perturbations.

CAMRAD calculates the loads on, and motions of, a heli-
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copter or airframe in two stages. First, the trim solution is ob-
tained; then the flutter, dynamics of flight, and/or transient
behavior can be calculated. The trim operating conditions
considered include level flight, steady climb or descent, and
steady turns. The analysis of the rotor includes nonlinear
inertial and aerodynamic models, applicable to large blade
angles and a high inflow ratio. The mathematical model of the
aerodynamics of the rotor is based on two-dimensional,
steady-flow airfoil characteristics with corrections for the
effects of three-dimensional and unsteady flow, including a
model of dynamic stall.

In the analysis of flutter, the matrices that describe the
linear differential equations of motion are constructed, and
the equations are analyzed. In the analysis of the dynamics of
flight, the stability derivatives are calculated and the matrices
that describe the linear differential equations of motion are
constructed. These equations are analyzed. In the analysis of
transients, equations of motion of the rigid body are numeri-
cally integrated for prescribed transient gust or control input.

The CAMRAD program product is available by license for
aperiod of 10 years to domestic U.S. licensees. The licensed
program product includes the CAMRAD source code, com-
mand procedures, sample applications, and one set of sup-
porting documentation. Copies of the documentation may be
purchased separately. CAMRAD is written in FORTRAN 77
for the DEC VAX computer under VMS 4.6 with a recom-
mended core memory of 4.04 megabytes. The DISSPLA
package is necessary for graphical output. CAMRAD was
developed in 1980.

This program was written by Wayne Johnson of Ames Re-
search Center. For further information, Circle 55 on the TSP
Request Card. ARC-12337

Mathematics and Information Sciences

YAMM—Yet Another Menu Manager
Alimentary connotations notwithstanding,
this is about software for the management of
software.

One of the most time-consuming, yet necessary, tasks of
writing any piece of interactive software is the development of
a software interface with the user. The Yet Another Menu
Manager (YAMM) computer program is an application-inde-
pendent menuing package of software designed to remove
much of the difficulty and save much of the time inherentin the
implementation of the front ends of large packages of soft-
ware. Written in C for a UNIX-based operating system, YAMM
provides a complete menuing front end for a wide variety of
applications, with provisions for independence from specific
types of terminals, configurations that meet the specific
needs of users, and dynamic creation of menu trees.

An application program running under the menu package
consists of two parts: a description of the menu configuration
and the body of application code. The menu configuration is
used at run time to define the menu structure and any
nonstandard keyboard mappings and terminal capabilities.
Menu definitions define specific menus within the menu tree.
The names used in a definition may be either referenced to
application functions or the names of other menus defined
within the menu configuration. Application parameters are
NASA Tech Briefs, February 1991
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entered by use of data-entry screens,
which allow for required and optional
parameters, tables, and lists of legal
values. Both automatic andapplication-
specific checking for errors are avail-
able. Help is available for both menu
operation and specific applications.

The YAMM program was written in C for
execution on a Sun Microsystems worksta-
tion running SunOS, based on the Berkeley
(4.2bsd) version of UNIX. During develop-
ment, YAMM has been used on both 68020
and SPARC architectures, running SunOS
versions 3.5 and 4.0. YAMM should be port-
able to most other UNIX-based systems. It
requires a control memory of approximate-
ly 232K bytes. YAMM was developed in
1988.

This program was written by Alan S.
Mazer and Richard J. Weidner of Caltech
for NASA’s Jet Propulsion Laborator. For
further information, Circle 137 on the TSP
Request Card.

NPO-17769

Estimating the Cost of
Developing Software

The SOFTCOST program com-
bines diverse mathematical
models that represent aspects
of the development task.

COMPOSITE BRAIDING
It's faster than filament winding,
cheaper than pre-preg roving,
and cleaner than in-line | |mpreg

Wardwell composite braiders pro-
duce rocket-motor exit cones and
ignitors, rotor and propeller blades,
thermoplastic airframe stiffeners,
windmill spars, pressure vessels,
skis, bicycle frames, tennis racquets,
4 and more. Composite braiding

= deals more effectively with com-
plex surfaces, offers superior parts
versatility, tremendous hoop strength, and works with a
wide variety of materials, including Kevlar, fiberglass,
and carbon fibers. Find out how Wardwell's experience

4 can help you bring life to your most
challenging assignments.

| Our experience is the difference

WARDWELL

WARDWELL BRAIDING MACHINE CO. -
1211 High Street, Central Falls, RI 02863 USA i
(401) 724-8800 Fax: (401) 723-2690 TWX: 710.384-1305

Call (401) 724-8800
or write for our composite story.
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The early estimation of required resourc-
es and of a schedule for the development
and maintenance of software is usually the
least precise aspect of the life cycle of soft-
ware. However, it is desirable to make some
sort of an orderly and rational attempt at
estimation in order to plan and organize an
implementation effort. The Software Cost
developed to provide a consistent auto-
mated resource-and-schedule mathe-
matical model that is more formalized than
the often-used guesswork model based on
experience, intuition, and luck.

SOFTCOST was developed after the
evaluation of @ number of existing cost-
estimation programs indicated that there
was a need for'a cost-estimation program
that has a wide range of applicability and
adaptability to diverse kinds of software.
SOFTCOST combines several software-
cost models found in the open literature
into one comprehensive set of algorithms
that compensate for nearly 50 implemen-
tation factors relative to size of the task,
inherited baseline, organizational and
system environment, and difficulty of the
task.

SOFTCOST produces mean and vari-
ance estimates of software size, imple-
mentation productivity, recommended staff
level, probable duration, amount of com-
puter resources required, and amount and
cost of software documentation. Since the
confidence level for a project using mean
estimates is small, the user is given the
opportunity to enter risk-biased values for
effort, duration, and staffing, to achieve
higher confidence levels. SOFTCOST then
produces a program evaluation and review
techniquef/critical path method (PERT/
CPM) file with subtask efforts, durations,
and precedences defined so as to produce
the work-breakdown structure (WBS) and
schedule that are characterized by the re-
quested overall effort and duration.

The SOFTCOST program operates in an
interactive environment, prompting the
user for all of the required input. The pro-
gram builds the supporting PERT data
base in a file for later generation or revi-
sion of reports. The PERT schedule and
the WBS schedule can be printed and
stored in a file for later use.

The SOFTCOST program is written in
Microsoft BASIC for interactive execution
and has been implemented on an IBM PC-
XTIAT computer operating under MS-DOS
2.1 or higher with 256K bytes of memory.
SOFTCOST was originally developed for
the Zylog Z80 system running under CP/M
in 1981. It was converted to run on the IBM
PC-XT/AT in 1986.

This program was written by Robert C.
Tausworthe of NASA’s Jet Propulsion
Laboratory. For further information, Cir-
cle 22 on the TSP Request Card.
NPO-17936
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General-Purpose Ada
Software Packages

A collection of subprograms
brings to Ada many features
from other programming
languages.

The General-Purpose Ada Packages com-
puter program contains 10 families of sub-
programs. The families bring to Ada many
features from HAL/S, PL/I, FORTRAN, and
other languages. These families are as fol-
lows: string subprograms (INDEX, TRIM,
LOAD, etc.); scalar subprograms (MAX, MIN,
REM, etc.); array subprograms (MAX, MIN,
PROD, SUM, GET, and PUT); numerical sub-
programs (EXP, CUBIC, etc.); service sub-
programs (DATE__TIME function, etc.);
linear-algebra subprograms; Runge—Kutta
integrators; and three text input/output fami-
lies of software packages.

In two cases, a family consists of a single
nongeneric package. In all other cases, a
family comprises a generic package and its
instances for a selected group of scalar
types. All generic packages are designed
to be easily instantiated for the types de-
clared in the user’s facility. Most packages
have widespread applicability, although
some are oriented for avionics applications.
All are designed to facilitate writing new soft-
ware in Ada.

Several of the packages use conventions
introduced by other programming lan-
guages. A package of string subprograms
is based on HALSS (a language designed
for the avionics software in the Space Shut-
tle) and PLJ/I. Packages of scalar and array
subprograms are taken from HAL/S or gen-
eralized current Ada subprograms. A pack-
age of Runge—Kutta integrators is patterned
after a built-in MAC (MIT Algebraic Compiler)
integrator. Those packages modeled after
HAL/S make it easy to translate existing
HALS software to Ada.

The source code is available as ASCII text
files on two 360K, 5.25-in. (13.3-cm) floppy
disks written on an IBM/AT personal com-
puter running under PC DOS, v. 3.1. The size
of the largest file is 44,032 bytes. The soft-
ware was developed by use of VAX Ada, v.
1.5 under DECVMS, v. 4.5. It should be por-
table to any validated Ada compiler, and it
should be executable either interactively or
in batch. The software was developed in
1989.

This program was written by Allan R.
Klumpp of Caltech for NASA’s Jet Propul-
sion Laboratory. For further information,
Circle 14 on the TSP Request Card.
NPO-17983
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and R&D applications. Call today
for more information: (908) 603-5914.
Heimann Systems, A Div. of Siemens
Components, Inc.

HEIMANN
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featuring IT!'s proprietary Digital Image
Enhancement.
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turn key requirements.

Quality instruments designed for industrial
applications. Made and serviced in the U.S.A.

Satisfaction guaranteed on all products.

l' INSTRUMENT
TECHNOLOGY, INC.
P.0.Box 381, Westfield, MA 01086

TEL: 413-562-3606 FAX: 413-568-9809

Circle Reader Action No. 554 51



54 O-Ring-Testing Fixture 57 Lubrication of Non-
Hardware, Techniques, “ww‘,.",:w conformal Contacts
and Processes 58 Simulation of Flow in
a Turbine Cascade

52 Faster Algorithm for Computation Books and Reports

of Incompressible Flow 57 High-Resolution
52 Semiautomatic Design of Zonal Computations of

Computational Grids Hypersonic Flows

Faster Algorithm for Computation of Incompressible Flow

An artificial-compressibility method and an upwind-differencing scheme are combined.

Ames Research Center, Moffett Field, California

An improved algorithm yields faster nu-
merical solutions of the Navier-Stokes
equations of steady or unsteady three-di-
mensional flow of an incompressible fluid.
Like some previous algorithms for incom-
pressible flow, this one is based on the
method of artificial compressibility. Unlike
in a compressible flow, a disturbance at
one point in an incompressible flow affects
the flow at every other point simultaneous-
ly, making it necessary for any algorithm
that simulates the flow to propagate infor-
mation through the entire flow field dur-
ing each time step. In the artificial-com-
pressibility method, an unsteady flow is
treated as incompressible in advancing
from one time step to the next, but at each
time step (or in the steady state), the fluid
is treated as having a variable compres-
sibility that enables the propagation of the
flow field, and subiterations are performed
in increments of pseudotime until the ef-
fects of compressibility subside. One prin-
cipal computational advantage of artificial
compressibility is that it directly couples
the pressure and velocity fields at the
same time step and converts the elliptic
incompressible Navier-Stokes equations
to a hyperbolic form that is more amenable
to numerical integration.

The present algorithm incorporates a
higher-order flux-difference-splitting numer-
ical-integration scheme for the convective
terms and a second-order central-differ-
ence numerical-integration scheme for the
viscous terms. The use of upwind differ-
encing makes the resulting system of equa-
tions diagonally dominant. The equations
are solved with a line-relaxation scheme
that allows the use of very large incre-

Cross-Stream Ve-
locity Vectors com-
puted for the square-
cross-section duct
show a pair of secon-
dary vortexes gener-
ated by large static Z
pressure on the out- b
side wall at the bend.
The vortexes move
toward the inside wall
between the 30° and
60° positions.

COMPUTATIONAL GRID FOR 3 i |
BENT SQUARE DUCT (= |

Outer Wall \

Outer Wall i
(Hidden)

f = 90°
CROSS-SECTIONAL
VELOCITIES AT THREE
POSITIONS IN THE BEND

ments of pseudotime, leading to fast con-
vergence, both for steady-state problems
and for subiterations of time-dependent
problems.

The algorithm has been tested by using
it to compute steady flows in a duct that
has a square cross section and a 90° bend
(see figure) and in unsteady flow in an ar-
tificial heart.

The steady-state duct computations are
in good agreement with experimental data.
The artificial-heart computations yield par-
ticle traces that resemble those in photo-
graphs of the flow in a model of the ar-
tificial heart.

This work was done by S. E. Rogers and
D. Kwak of Ames Research Center and
C. Kiris of Stanford University. Further in-
formation may be found in AIAA paper
89A-25378, “'Numerical Solution of the In-
compressible Navier-Stokes Equations for
Steady-State and Time-Dependent Prob-
lems.”

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.

ARC-12370

Semiautomatic Design of Zonal Computational Grids
Knowledge-based software helps reduce the complexity of fluid-dynamical computations.

Ames Research Center, Moffett Field, California

EZGrid is a knowledge-based computer
program that semiautomatically generates
zonal computational grids for use in nu-
merical simulations of two-dimensional
flows. Zoning is necessary because of
limitations imposed by the size of available
computer memory and by the topological

52

complexity of a typical flow field. The com-
plexity and amount of required memory
can be reduced by dividing the flow field
into zones, within each of which the com-
putational grid is refined only to the extent
necessary to resolve local high gradients.
EZGrid was developed to speed and sys-

tematize zoning, which heretofore has
been a tedious manual procedure with a
high degree of subjectivity and consequent
vulnerability to error.

Because there is usually no consensus
among experts as to what constitutes the
“ideal’" or “'correct” zoning of a specific

NASA Tech Briefs, February 1991
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Software Inc.
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ACVC 1.11 Validated

Hosted in 80386 protected mode
Targeted to the standard DOS environment
Extensive Runtime Libraries

80X86 Assembler and Disassembler
Janus/Ada Debugger including Periscope
Janus/Ada Workstation Environment
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Program Profiler
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flow field, EZGrid is not designed to elimi-
nate subjectivity entirely. Instead, it codi-
fies portions of zoning expertise on which
there is or could be some consensus,
thereby speeding the zoning process by
narrowing the range of choices among
possible zoning plans. One consequence
of this approach is that EZGrid incorpo-
rates a way of entering qualitative informa-
tion on the shapes and configurations of
objects in a flow field at the beginning of
a zoning procedure. The user still provides
perceptual information on shapes and
groupings of objects, but explicitly, in a
consistent manner, only for the input ge-
ometry, and only during the setup phase
at the beginning of an EZGrid run. For this
purpose, EZGrid features interactive input
via a language in which objects are regard-
ed as being composed of primitive parts,
and the shapes, sizes, orientations, and
other attributes of objects are described
in standardized terms. The user's choice
in describing shapes can affect the zonal
grid significantly (see figure).

Any attempt to define standard zoning
practice must account for an individual
user's bias, which involes such factors as
flow-solver capabilities, user’s experience,
computational objectives, and aesthetics,
In generating a flow-field zoning, EZGrid
follows standard zoning guidelines, sub-
ject to a user's bias as reflected by a “‘user
bias profile" which the user can “tune’.
This profile is the collection of parameters
chosen to represent the factors described
above, and it is tuned by the assignment
of qualitative weights to each parameter,
denoting the importance and/or accept-
ability of that parameter.
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The User’s Opinion Regarding the Shape of an Object in a flow field is entered via
the choice of one of several prescribed names that describe various end/side shape
combinations. EZGrid then fits, to the object, a zonal grid appropriate for that shape.

EZGrid constructs zoning plans by as-
sembling predefined subplans. A subplan
is a sequence of zoning actions applicable
to a specific grouping of objects. The bulk
of the zoning design knowledge is con-
tained directly in the subplans. If there is
more than one grouping, more than one
subplan are selected and assembled to-
gether to produce a plan. The rules that
determine the way in which the subplans

are combined contain the remainder of the
zoning design knowledge. The assembly
of plans from subplans increases efficien-
cy, and a zoning-design problem is thus
transformed into a simpler selection-and-
assembly problem.

This work was done by Alison Andrews
Vogel of Ames Research Center. For fur-
ther information, Circle 86 on the TSP Re-
quest Card. ARC-12322

O-Ring-Testing Fixture
Rings can be evaluated under conditions of storage and use.
Marshall Space Flight Center, Alabama

A fixture tests O-rings for sealing ability
under dynamic conditions after extended
periods of compression. The fixture makes
it possible to evaluate the effects of a varie-
ty of parameters, including temperature,
pressure, rate of pressurization, rate and
magnitude of radiai gap movement, and
pretest compression time.

The fixture moves the sealing surface
radially away from the O-ring under test
and slides the sealing surface axially
across the ring. It also stores the O-ring
under compression under any of various
environmental conditions before it is tested.

A conical plug holds the O-ring under
test in a groove in its tapered outer wall
(see figure). The plug fits in a similar conical
hole in a housing. A shim is placed in the
housing so that it lies directly under the
plug when the components are bolted to-
gether. The thickness of the shim deter-
mines the compression applied to the
O-ring while it is stored.

When the time comes to test the O-ring

54

dynamically, the assembled plug and hous-
ing are placed in a test stand. An upper
section is bolted to the plug with a torque
wrench, and the bolts joining the plug to the
housing are removed. This procedure en-
sures that the compression on the O-ring is
not reduced during the preparation for the
dynamic test. A hydraulic cylinder is then
attached to the upper section.

Pressure is applied to the space below
the O-ring through ports in the plug. (Auxili-
ary rings above and below the test ring en-
able pressurization and measurement of
leakage.) The hydraulic cylinder is raised a
preset distance at a preset rate, sliding the
ring axially on the housing and creating a
radial gap between the ring and the hous-
ing. Pressure sensors in the housing above
and below the O-ring monitor leakage.

This work was done by James E. Turner
and D. Scott McCluney of Marshall Space
Flight Center. No further documentation
is available.

MFS-28414
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The Hydraulic Cylinder Moves the Plug in
the housing. The taper of 15° on the plug and
the cavity of the housing ensures thata gap is
created between the O-ring under testand the
wall of the cavity. Secondary O-rings above
and below the test ring maintain the pressure
applied to the test ring.
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SPECIFY INCO SPECIALTY POWDERS
FOR WIDE RANGE OF
ELECTRONIC APPLICATIONS

Inco Type T 287 Filamentary Powder, particle size (FSSS)
2.6-3.3 microns, apparent density 0.75-0.95 g/cc, relative
surface resistivity 0.30 ohms per square (O ).

Novamet HCA-1 Flake, screen mesh 98% minus 400,
apparent density 0.90 g/cc, thickness 1.0-1.1 microns,
surface resistivity 0.25 /0.

Inco Specialty Powder Products now has a wide
range of nickel and coated powders with exceptional
conductive and magnetic properties. These properties
make them ideal for a spectrum of electronic applica-
tions such as conducting film technology, coatings,
adhesives, gaskets and EMI shielding.

EXTENSIVE PRODUCT RANGE

The development of computer processed control
coupled with the continuous powder production
improvements enables us to meet your most stringent
powder specifications for electronic applications.

In addition to the products pictured above, INCO SPP
has available the following high performance powder
products. Novamet Conductive Nickel Spheres, particle
size (FSSS) 8-9 microns, apparent density 3.2-3.5 g/cc,
surface resistivity 1.0 ohms per square. Novamet 525
Conductive Nickel Pigment, screen mesh 100% minus
400, particle size 3.2 microns, 0.65 BET surface area
m?/g, surface resistivity 0.35 ohms per square. Silver
Coated Nickel Flake, 15% Ag, 2.6 g/cc apparent den-
sity, particle size (FSSS) 15 microns, screen mesh 99%
minus 200, surface resistivity 0.04 ohms per square.

Magnetic ferrites and surge arrestor applications also

Novamet Silver Coated Nickel Spheres, 15% Ag,
2.5 g/cc apparent density, particle size 10 microns,
screen mesh 99%-250, surface resistivity 0.03 Q /1.

Novamet Nickel Coated Graphite, 60% fully encapsulated Ni,
apparent density 1.6 g/cc, particle size (FSSS) 100 microns,
screen mesh 63% - 150/ + 250, surface resistivity 0.3 Q /0.

use our specialized range of nickel oxides. High Purity
Black Nickel Oxide, 77.2% Ni, BET 75 (m?/q) particle
size (FSSS) 5.2 microns, minus 325 mesh 99% plus.
Green Nickel Oxide, 78.5% Ni, BET 3 (m?/g) particle
size 1.6 microns, — 325 mesh 100%.

Inco Specialty Powder Products is your unique
source for custom fitting high performance powders into
electronic applications. Our customer focused, world-
wide marketing service group is ready to help you with
your current and future needs.

For more information write INCO Specialty Powder
Products, Dept. 1-90, Park 80 West-Plaza Two, Saddle
Brook, NJ 07662

INCO SPP

Park 80 West-Plaza Two, Saddle Brook, NJ 07662

Shin-Muromachi Building, 4-3 Nihonbashi-Muromachi 2-Chome,
Chuo-ku, Tokyo 103 Japan

1-3 Grosvenor Place, London SW1X7EA England

15/F1 Wilson House, 19-27 Wyndham Street Central, Hong Kong

Circle Reader Action No. 452
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Low-Wear Ball-Bearing Separator

A proposed component would be compatible with liquid oxygen or hydrogen.

Marshall Space Flight Center, Alabama

A proposed ball-bearing separator for use
in a cryogenic pump would be stronger and

more resistant to wear than is the present sep-
arator made of molded polytetrafiuoroethy-
ene (PTFE) reinforced with glass fibers. The
fibers contribute to wear, and although these
fibers strengthen the part, it is still prone to
failure.
The proposed separator would consist of
a molded plastic-and-metal composite ring ,,,,..,.,
imbued with solid lubricant and containing
an embedded metal ring (see figure). The
frame would provide strength and rigidity, Indesing

and the molded wall — without glass fi-
bers — would lubricate the balls.

The fabrication of the separator would
begin with the insertion of the metal ring in
the cavity of a compression mold. The tool-
ing portion of the ring would be clamped
between mating sections of the mold; tool- The Metal Ring would be
ing pins would extend between the sections embedded in the molded wall
of the mold through indexing holes in the (top) to obtain a combination
tooling portion of the metal ring to lock it of strength and lubricity.
in position. The cavity would be filled with Before molding and machin-
the molding material, and a compression ing, the ring would include a
ram would mold the plastic around the metal toollr_mg pqmon for handling
ring at a suitable pressure and temperature, dadarn

LOOKING INWARD ALONG RADIUS
METAL RING BEFORE MOLDING

COMPLETED SEPARATOR

The molded separator would be removed
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Research Engineers & Scientists
Digital Signal Processing
The Environmental Research Institute of Michigan (ERIM), a growing, leading-edge,
research and development organization with headquarters in Ann Arbor, MI, has newly

created opportunities for a select group of talented Research Engineers and Scientists
for the following areas:

Systems:
- Diﬁ'ul signal processing - Documentation specialist
- filtering - Computer systems manager
- Motion compensation/ (networked SUN environment)
navigation systems
Software:
- Real time embedded systems - Software testability
- Software systems engineering/ — Ada, CASE tools, UNIX, X11,
simulation/modeling MIL-STD-2167A environment

- User interfaces

- RF and microwave design, high speed digital and anzlog circuit design, microprocessor
and interface tcchnology dxgual signal processor design.

Previous experience with US. Government programs desirable, as is a BS, MS or PhD in
Computer Science, Electrical Engineering or Mathematics.

You'll receive an excellent salary with outstanding benefits and growth potential. For
prompt consideration, please forward your resume in strict confidence to either: ERIM,
Box 8618, Ann Arbor, MI 48107-8618; or ERIM, 5757 West Century Blvd., Suite
340, Los Angeles, CA 90045 — Attn: Human Resources Manager-NT/190. ERIM has
recently implemented a Doctoral Fellowship Program to promote continued

growth and development. The program, sponsored in conjunction with the University of
Michigan's Department of Electrical Engineering and Computer Science (EECS), is now
accepting inquiries at the above locations. An Equal Opportunity Employer. U.S. Citizenship

SERIM

At The Forefront Of Sensor Tecbnology
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from the mold and placed on a lathe or mill-
ing machine (with the aid of the indexing
holes in the tooling portion of the metal ring)
for machining of the inside and outside wall
surfaces and ball pockets. Finally the ex-
posed tooling portion of the ring would be
machined away.

The metal ring would be machined from
forgings or plate stock of a material appro-
priate for the application. For example, In-
conel* |-718 alloy might be chosen for use
in oxygen, while 440-C corrosion-resistant
steel would be a good choice for use in
hydrogen.

The molded composite would be a blend
of PTFE and fluorinated ethylene/propylene
(FEP) filled with brass and bronze powder
and molybdenum disulfide powder. The FEP
would provide bonding to the metal frame.
The PTFE and molybdenum disulfide would
give lubricity. The brass and bronze powders
would impart mechanical stability and are
known from previous experience to be com-
patible with oxygen.

*"Inconel” is a registered trademark of the
INCO family of companies.

This work was done by Elden L. Hawkinson
of Rockwell International Corp. for Marshall
Space Flight Center. For further informa-
tion, Circle 109 on the TSP Request Card.

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 14]. Refer
to MFS-29666.

NASA Tech Briefs, February 1991



Books and Reports

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

High-Resolution
Computations of

Hypersonic Flows

The enhancement of
stability and the rate of
convergence is discussed.

A report discusses the extension, to hy-
personic flows, of a class of implicit, total-vari-
ationdiminishing (TVD) algorithms suitable
for the numerical simulation of transonic
and supersonic flows that obey the Euler
and Navier-Stokes equations. The stabili-
ties and the rates of convergence, relative
to those of other algorithms, are discussed.
The study is complemented by a variety of
computations of steady and unsteady vis-
cous and inviscid hypersonic flows about
blunt bodies.

The improved algorithms implement con-
servative shock-capturing schemes that
are accurate to second and third order in
space and to first or second order in time.
They are fully implicit. Particular emphasis
is placed on high-resolution algorithms that
are implicit and accurate to second order
in time. The algorithms are formulated in
finite-volume and pseudo-finite-volume
forms, which, for certain physical problems
and grid distributions, can enhance stabili-
ty and the rate of convergence for highly
clustered or skewed grids and require only
a slight modification from the form in which
they were originally presented for gener-
alized geometries.

The report identifies some numerical
aspects of TVD-type schemes that affect
the rates of convergence for high mach
numbers and flows of real gases, but have
negligible effects on low-mach-number or
perfect-gas flows. The performances of
the various linearized implicit forms of the
improved schemes similar to the forms of
schemes used in some previous studies of
transonic flows are re-examined for hyper-
sonic flows.

The behaviors of the improved schemes
with various forms of temporal differencing
but similar forms of spatial discretization
for inviscid and viscous flows is investi-
gated. These studies indicate that the sta-
bilities and rates of convergence of these
schemes are different between viscous
and inviscid flows. However, with the prop-
er choice of the temporal discretization
and suitable implicit linearization, these
schemes are fairly efficient and accurate
for very complex two-dimensional hyper-

NASA Tech Briefs, February 1991

sonic inviscid and viscous shock interac-
tions.

The relative efficiency and accuracy of
typical TVD-type schemes for shock-wave
computations are examined. A compara-
tive study of steady and unsteady flows
reveals that the class of improved TVD-
type schemes, in particular, for equilibrium
real-gas and nonequilibrium flows pro-
duces shock resolutions just as accurate
as those of most other TVD schemes and
TVD flux-vector-splitting approaches, yet
requires fewer operations. Even with the
improvements, the rate of convergence is,
in general, slower for real gases than for
perfect gases. Also, the rate of con-
vergence is, in general, slower for viscous
flows than for inviscid, steady flows.

This work was done by H. C. Yee of
Ames Research Center, G. H. Klopfer of
NEAR, Inc., and J.-L. Montague of ONERA,
France. Further information may be found
in NASA TM-100097 [N88-22651], “High-
Resolution Shock-Capturing Schemes for
Inviscid and Viscous Hypersonic Flows."”

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.

ARC-12254

Lubrication of
Nonconformal Contacts

Regimes of minimum-
film-thickness lubrication
are analyzed.

A report discusses advances in the knowl-
edge of the lubrication of nonconformal
contacts in bearings and other machine
elements. It reviews previous develop-
ments in the theory of lubrication, presents
advances in the theory of lubrication to de-
termine minimum film thickness, and de-
scribes experiments designed to investi-
gate one of the regimes of lubrication for
ball bearings.

The lubrication of nonconformal con-
tacts is characterized by low contact area
and high unit loading. The form of lubrica-
tion normally found in nonconformal con-
tacts is elastohydrodynamic lubrication
(EHL). Depending on the effects of the
elastic deformation and the variation of the
viscosity with pressure, four regimes of
lubrication can be defined: isoviscous/
rigid, isoviscous/elastic, piezoviscous/
rigid, and piezoviscous/elastic.

The main technical discussion begins
with the development of minimum-film-
thickness resullts for the piezoviscous/rigid
regime of a compressible Newtonian fluid
with Roelands viscosity. These results pro-

* Finite Elements: truss, beam, 2-D solid, 3-D
solid, membrane, plate/shell, pipe, boundary,
rigid link, non-linear gap, thin and thick shell/
plate composites.

« Stress Analysis: point load, pressure, tem-
perature, accelerations, centrifugal loads,
deflections.

* Dynamic Analysis: mode shapes, frequen-
cies, time stress history, response spectrum,
direct integration, random vibration.

« Heat Transfer Analysis: 2-D/3-D conduction,
convection, radiation, heat source, tempera-
ture, steady state and transient.

« Graphics: 3-D models; hidden line removal;
light source shading animation; stress,
d ment, temperature and flux contours
w/optional shading; deformations; pan; zoom;
node/element numbers; color.
* Modeling: 2-D/3-D mesh, cylinders, extru-
sions profile-path, warped surfaces; bound-
aries, loads, materials. SUPERDRAW Il and
parametric model generation.

*Full Capability, no size restrictions: 3-D

drawing, Computer Aided Design, solid

modeling, design visualization, finite element
stress analysis, and graphic post-processing.

GSA Contract #GS00K89AGS6270

ALGOR FEA—Design
and Stress Analysis $889*

For 286 or 386 desktop computers

Design the
future with
Algor.

iy o

Algor has the largest base of installed FEA
software in the world!

TEL: (412) 967-2700 FAX: (412) 967-2781

VALGOR &

ALGOR INTERACTIVE SYSTEMS, INC.
260 Alpha Drive, Pittsburgh, PA 15238
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Time and Frequency
Technology for
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Communications

Systems
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® Special software — No Problem!
e Cable length — No Problem!

® Perfect frequency
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* Displays 1 pps vs UTC/GPS
to 0.1 ns resolution
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antenna-receiver
separation

Model 2201
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vide a basis for the analysis and design of a
wide range of machine elements that oper-
ate in the piezoviscous/rigid regime.

The second major feature of this study is
the development of a numerical method
for the calculation of elastic deformations
in contact stresses. A biquadratic polyno-
mial is used to approximate the pressure
distribution on the whole domain analyzed,
and the deformation of every node is ex-
pressed as a linear combination of the
nodal pressures, the coefficients of which
can be combined into an influence-coeffi-
cient matrix. This approach has the advan-
tages of higher numerical accuracy, less
computing time, and a smaller storage-size
reguirement for the matrix.

The theory of ideal elastohydrodynamic
lubrication is extended to real bearing
systems to get a better understanding of
failure mechanisms in machine elements.
The improved elastic-deformation calcula-
tion is incorporated into the EHL numerical
scheme. Using this revised numerical
technique and the flow-factor model, the
effects of surface roughness on the elas-
tohydrodynamic lubrication of point con-
tacts are studied. Conditions typical of an
EHL contact in the piezoviscous/elastic re-
gime entrained in pure rolling on rough
bearings are investigated. Results are pre-
sented to demonstrate the effects of sur-
face roughness on the shape of the film,
the distribution of pressure, and rolling fric-
tion in a ball bearing.

Experiments to study the transient EHL
effects in instrument ball bearings are
reported. A parched subregime of elasto-
hydrodynamic lubrication, lying between
starved and mixed, is proposed to describe
the behavior of instrument ball bearings.
The parched regime is characterized by
zero flow of lubricant outside the Hertz
area, slow crossflow inside the Hertz area,
and long-term transients in the thickness of
the film. A parched bearing demands the
least driving torque and has the best spin-
axis definition of any lubrication regime.

This work was done by Yeau-Ren Jeng
of Lewis Research Center. Further infor-
mation may be found in NASA TM-87120
[N86-13679], “Lubrication of Nonconform-
al Contacts.”

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.

LEW-14882

Simulation of Flow in a
Turbine Cascade

A lower—upper implicit
scheme and interactive
generation of grids are used.

A report discusses the application of a

lower-upper (LU) implicit numerical-integra-
tion scheme, together with an interactive
grid-generation method, to the simulation
of inviscid, compressible flow in a two-di-
mensional model of a turbine cascade. This
study is part of the continuing effort to de-
velop techniques for the computation of
complicated three-dimensional flows in tur-
bomachinery.

The Euler equations of two-dimensional
flow are presented in conservation-law
form, then transformed to curvilinear coor-
dinates that conform to the flow bounda-
ries. The LU implicit scheme is then intro-
duced. This scheme, which was developed
previously, is an approximate-factorization
scheme that requires the inversion of only
sparse lower and upper triangular matri-
ces — a procedure that can be performed
efficiently without extensive storage of data.
As an implicit scheme, it allows the attain-
ment of the steady state via a large time
step.

The interactive computer program TUR-
BO, still undergoing development, is used
to generate computational grids. This pro-
gram uses the control-point form of alge-
braic grid generation, in which the shapes
and positions of coordinate curves are ad-
justed from control points distributed sparse-
ly throughout the flow and the grid con-
forms precisely to the boundaries. As an al-
gebraic method, the control-point form pro-
vides explicit control of the grid structure
and requires relatively few computations.
One distinct advantage of the TURBO pro-
gram over other grid-generation programs
is that it allows the local grid structure to
be changed as necessary (eg., refined in
regions of high curvature or anticipated
high gradients) for flows bounded by sur-
faces with complicated shapes.

The basic interactive process of TURBO
is illustrated with examples of grids fitted
to turbine stator vanes and cascades of
suchvanes. The LU implicit scheme is used
to simulate the inviscid, compressible flow
on one of the cascade grids. The predic-
tions of the implicit scheme are shown to
agree closely with laser-anemometer meas-
urements of velocity and measurements of
pressure on the surfaces of a vane in an
experiment in a cascade that was annular
but otherwise had similar geometry.

This work was done by Yung K. Choo
of Lewis Research Center, Woo-Yung Soh
of Sverdrup Technology, Inc., and Seokkwan
Yoon of MCAT Institute for Ames Research
Center. To obtain a copy of the report, “Ap-
plication of a Lower-Upper Implicit Scheme
and an Interactive Grid Generation for Tur-
bomachinery Flow Field Simulations,” Cir-
cle 119 on the TSP Request Card.
ARC-12551
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Meissner-Effect Stepping Motor
Weight, cost, and maintenance would be reduced.
Marshall Space Flight Center, Alabama

A proposed stepping motor would de-
rive torque from the diamagnetic repulsion
produced by the Meissner effect — the ex-
clusion of a magnetic field from the interior
of a superconductor. The design of the
motor would take advantage of silver-
doped YB,Cu,0 and other compounds
that have recently been discovered to be
superconductive at temperatures as high
as that of liquid nitrogen.

The motor (see figure) would include a
rotor and a stator in a nonmagnetic hous-
ing. The rotor would include a shaft mount-
ed on bearings in the housing and re-
strained axially by retaining rings. The stator
would include electromagnets spaced
equally around the circumference and
joined at the periphery by a magnetically
soft cylinder that would conduct magnetic
return flux between them. The rotor body,
made of nonmagnetic material, would be
mounted on the shaft and would include
passages for liquid nitrogen, which would
be used to cool it to the temperature re-
quired for superconductivity. The outer sur-
face of the rotor body would be a cusped
cylinder covered by a superconductive
skin.

Figure 2 illustrates the principle of oper-
ation. In the top part of this figure, the
peaks of the cusps (called “nodes”) are po-
sitioned between electromagnets C and
electromagnets A. Only electromagnets A
are energized. Because of the Meissner ef-
fect, the magnetic flux of each energized
electromagnet is confined to the right of
the nearby node. The resulting gradient of
magnetic pressure pushes the rotor toward
the left.

In the middle part of the Figure 2, the
rotor has moved so that the nodes now
face the midpoints of unenergized electro-
magnets C. The fluxes from energized
magnets A to unenergized magnets C now
pass symmetrically through the bottoms of
the valleys between the nodes, and conse-
quently exert no net magnetic force to the
right or left. However, because the fluxes
from energized magnets A to unenergized
magnets C are confined by the Meissner
effect to the right of the nodes, there is still
a net magnetic force on the rotor toward

the left.
If electromagnets A were to remain en-

ergized, eventually the rotor would reach
the position shown at the bottom of Figure
2. This is a magnetic-equilibrium position
because the symmetry of the magnetic
NASA Tech Briefs Februarv 1991

fields on all cusps results in zero net mag-
netic force to the right or left. If it were de-
sired to continue the movement to the left,
then electromagnets C would have to be
turned on, while electromagnets A would
have to be turned off. Similarly, it would be
necessary to turn on electromagnets B
and turn off electromagnets C to produce
motion past the next equilibrium position.
Repetition of this cycle would result in con-
tinuous motion to the left. Of course, the
sequence could be reversed to obtain mo-
tion to the right. Modern electronic rotor-
position sensors and commutation circuitry

would be used to switch the electromag-
nets on and off at the required positions
and times.

The stator of the proposed motor would
weigh less and cost less than a convention-
al stepping motor does because it would
not contain the usual heavy metallic, mag-
netic housing. The rotor would cost less,
both to build and to maintain, because it
would not contain an arcing commutator.
The use of the Meissner effect to produce
magnetic force and torque would promote
high energy efficiency.

This work was done by Glen A.
Robertson of Marshall Space Flight Cen-
ter. For further information, Circle 9 on the
TSP Request Card. MFS-28409

Figure 1. The Skinof the
Rotor would be cooled
below its supercon-
ducting-transition tem-
perature by liquid nitro-
gen. O-Rings would pre-
vent leaks of liquid nitro-
gen from the rotor.

Figure 2. This Simpli-
fied, Flattened View of
the rotor illustrates the
principle of operation.
One out of every three

adjacent magnets is
switched on at a given
time. The asymmetry of
the magnetic field on the
superconducting skin of
the rotor results in a net
magnetic force to the
right or left.
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Molecular-Beam Epitaxy of IrSi;

In experiments, IrSi; was formed at the lowest reported temperatures.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

Molecular-beam epitaxy grows layers of
iridium silicide (IrSis) on silicon at temper-
atures of 630 to 800 °C. The formation of
IrSi; by prior techniques required anneal-
ing at 1,000 to 1,100 °C. The new, lower for-
mation temperature is expected to enable
the growth of arrays of IrSi,/Si infrared de-
tectors on Si wafers without thermally dam-
aging image-processing circuitry integrated
on the wafers.

IrSiy is particularly useful as a photode-
tector material because it forms Schottky
diodes that have potential barriers of only
0.12 to 0.15 eV — the lowest of any metal
on silicon. These photodiodes are sensitive
to infrared radiation at wavelengths as large
as 8 to 10 um.

Until now, an array of iridium/silicon pho-
todiodes has typically been made by de-
positing a layer of pure iridium on a silicon
substrate by evaporation, then annealing the
structure to convert the layer to stable IrSi,.
Unfortunately, mixtures of Ir and IrSi, IrSi and
IrSi, 75, and IrSi; ;5 and IrSi; also appear in
the layer, producing a high series resistance
and variations in the heights of the Schott-
ky barriers. These unwanted materials are
eliminated if the annealing temperature is
greater than 1,000 °C, but the integrated cir-
cuitry in the silicon cannot survive such high
temperatures.

With molecular-beam epitaxy, in contrast,
iridium and silicon are deposited on the
silicon wafer in the stoichiometric ratio of
1 to 3. Stable IrSi, thus forms on the wafer
surface, without unwanted metallic iridium
or compounds. The process takes place in

Machining With
Additional Axis

64 Modified Furnace Makes
More Silicon Ribbon

These Scanning Electron Micrographs show the surfaces of films of IrSi, deposited to a
thickness of 77 A on Si substrates. The temperatures are those of the substrates during

deposition.

vacuum, and the silicon substrate can be
cleaned in place, just before deposition
starts, to ensure a good starting surface for
the IrSi; layer.

The deposited layers become epitaxial
as the substrate temperature during deposi-
tion is raised above 630 °C. A smooth sur-
face morphology of the layer is observed
for the substrate temperature below 680 °C

(see figure). At higher temperatures, the qual-
ity of the surface deteriorates, and islands
of IrSi; form.

This work was done by True-Lon Lin of
Caltech for NASA’s Jet Propulsion Lab-
oratory. For further information, Circle 78
on the TSP Request Card.

NPO-17953

Hot Oil Removes Wax

A noncarcinogenic solvent replaces a carcinogenic one.

Marshall Space Flight Center, Alabama

Mineral oil heated to a temperature of
250 °F (121 °C) has been found effective
in removing wax from workpieces after
fabrication. (For example, one might have
to remove wax from a combustion-cham-
ber or heat-exchanger cavity that had been
filled with wax in preparation for an elec-
troforming or other fabrication process.)
The heated mineral oil serves as a relative-

60

ly safe alternative to the carcinogenic and
environmentally hazardous solvent per-
chloroethylene, which has commonly been
used until now to remove wax.
Depending upon the size and shape of
the part to be cleaned of wax, the part can
be immersed in a tank of the hot oil, and/or
the interior of the part can be flushed with
the hot oil. A pump, fittings, and ancillary

tooling can be built easily for this purpose.
After cleaning, the innocuous oil residue
can be washed off the part by an alkaline
agueous degreasing process.

This work was done by James J.
Herzstock of Rockwell International Corp.
for Marshall Space Flight 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, Marshall
Space Flight Center [see page 14].Refer
to MFS-29713.

NASA Tech Briefs, February 1991



Fast, Nonspattering Inert-Gas Welding
A conceptual technique would combine the best features of three previous arc-welding methods.
Marshall Space Flight Center, Alabama

A proposed welding technique would
combine the best features of metal (other
than tungsten)/inert-gas welding, plasma
arc welding, and tungsten/inert-gas welding.
The technique would offer these advantages:
* Wire fed to the weld joint wouid be preheat-

ed, it could therefore be fed at high speed
without spattering.

* High-frequency energy would not have to

be supplied to the workpiece to initiate
welding.

* The size of the arc gap would not be critical;
a power-supply control circuit would adjust
the voltage across the gap to compensate
for changes.

* Only a low gas-flow rate would be needed.

¢ The welding electrode could be replaced
easily as a prefabricated assembly.

* An extemal wire-feeding manipulator would
not be needed.

* The welding process would be relatively for-
giving of operator error.

The welding electrode would be a hollow
tungsten rod containing a coaxial insulating
tube (see figure). A mechanism would feed
wire along the inside of the tube. The wire
would emerge from the chamfered tip of the

Contact for Supplying
Power and Sensing

Voltage

Sintered Ring

-----------------------------------
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A Welding Wire Would Pass along the hollow core of a welding-rod assembly. The gas sur-
rounding the wire would become ionized at the tip of the rod. The rod would be about 3/8 in.

(9.5 mm) in diameter.

rod and enter the weld puddie. An inert gas
would enter the insulating tube via a porous
sintered diffusing ring and flow along the tube
to the welding tip. As it emerged from the tip,
the gas would be ionized by a radio-frequen-
cy voltage applied across the gap between
the wire and the hollow tungsten electrode.
The plasma thus created would preheat the
wire, provide an ionizing medium for initiation
of the welding arc, and protect the wire and
the hot welded metal from oxidation.

As in plasma welding, two power supplies

would be needed. One would fumish the
welding power to the wire, and the other
would energize the plasma. The welding
power would be applied and the welding voit-
age sensed via a copper contact tube inte-
grated into the electrode structure, as in me-
talfinert-gas welding.

This work was done by Jeffrey L. Gilbert of
Rockwell International Corp. for Marshall
Space Flight Center. No further documen-
tation is available.

MFS-29648

Making Large Suction Panels for Laminar-Flow Control
Perforated titanium panels are used to identify and resolve issues related to manufacture.
Langley Research Center, Hampton, Virginia

The attainment of laminar flow on the
wings of aircraft has significant potential
for reducing drag and increasing fuel effi-
ciency. One way to maintain a large chord-
wise extent of laminar flow is to suck a
small part of the boundary layer through
the skin of a wing. This method, called
laminar-flow control (LFC), can stabilize the
boundary layer against small disturbances
and delay the transition to turbulence. The
basic theory is well established and has
been verified in wind-tunnel tests and
demonstrated in flight tests. Continuous
suction through a porous surface is an ef-
fective means of delaying the boundary-
layer transition. Until recently, however, it
has been impractical to perforate airplane
materials in production with holes of the
small sizes required.

Recently, relatively large suction panels
with aerodynamically satisfactory surface
perforations and with the surface contours
and smoothness characteristics neces-
sary for LFC have teen designed, fabricat-
ed, and tested. The requirements of produc-
tion lines for commercial transport airplanes
were carefully considered in the develop-
ment of the panels. Much could be learned
about the practicality of such panels for air-
craft applications, inasmuch as the sizes of
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the panels are representative of what
could be used on the wing of a commercial
transport airplane. Tests of the perforated
panels in a transonic wind tunnel demon-
strated aerodynamic stability at flight

mach numbers.

Three titanium suction panels were de-
signed, developed, and manufactured for
testing as the upper surface of a Langley
8-foot (2.4-m) Transonic Pressure Tunnel

SUCTION SURFACE

PANEL CONSTRUCTION

Suction

Large Titanium Suction Panels were fabricated by use of an electron-beam perforation

drilling process and sandwich construction.
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CAJON Products

for Vacuum Service...

IMMEDIATE delivery from local stocks
Flexible Tubing

W 321 stainless steel construction

® Compressible by 20%,
extendable by 50%

W Absorbs vibration, relieves thermal
expansion, compensates for
misalignment

| 1/4" to 1-1/2" tube O.D.

B Nominal lengths 1” to 36"

Glass /Metal Transition Tube

One step glass to metal transition
eliminates graded seals

m Converts a glass system to a metal
system

B Smooth internal surface for high
conductance

W Non porous transition area to prevent
absorption & outgassing

Hose Connectors
Positive gripping-easy to install

L W

= Used on soft plasuc or rubber tubing
B NPT & Tube Adapter ends

B Hose clamps for safety

B Reuseable

B 316SS and brass

| 1/8" to 3/4”

Ultra-Torr’ Fitting
Provides vacuum-tight seal on glass,
metal or plastic

B Quick finger-tight assembly, reuseable
B Helium leak tested to 4.0 x 10-°
atm. cc/sec.
= 116" to 1-1/2"
W Use with undersize tubing
W Variety of configurations

W Brass & 316 stainless steel
W Temperatures to 450°F (232°C)

Flexible
Glass End Tubing

Isolates vibration
in glass systems ’

B Relief for thermal expansion

B Compressible by 20%,
extendable by 50%

u 1/4" to 1"

B Nominal lengths 2” & 3"

B 321SS fused to 7740 Pyrex glass

W Ultra-high vacuum to 25 PSI

B Single or double end glass

B Metal, 304SS — Glass, 7740 Pyrex
B Temperature to 960°F (515°C)

B Ultra-high vacuum to 25 PSI

W 100% Helium leak tested

W 1/4",3/8" & 1/2" sizes

W 6" lengths

Weld Fittings

For automatic or
manual welding

W High conductance

W 316L & 316 stainless,steel construction

W 1/4" to 1"

W Pressures to 5100 psi

M Thin wall design for cleaner, lower
profile appearance

Vac Goop”

Anti-gall lubricant for use
on threads, O-Rings, gaskets,
glass seals and metal parts

B Low vapor pressure minimizes
outgassing problems :

B Compatible with system
materials -

W Use on temperatures to 400°F
(204°C)

B Impervious to moisture

CAFODTS

A SWAGELOKr COMPANY

CAJON COMPANY, 9760 Shepard Rd., Macedonia, OH 44056

%nw“mm — TM Crawterd Famng Company
ULTRA TORR/VCD/VCR — TM Capn Company

£ 1986 SWAGELOX Co _ af nghts reserved K521
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LFC model. The suction panels represent
one of the largest perforated LFC struc-
tures ever built, with a chord as large as
that of the wing of a general-aviation air-
plane. The 7- by 7-ft (2.1- by 2.1-m) titanium
panels have an 0.8-percent open-area
porosity ratio. The perforations are
0.0025-in. (0.064-mm) holes at 0.025-in.
(0.064-cm) spacings.

The perforation was done by an elec-
tron-beam drilling process that is capable
of making 1,000 holes per second. Each
panel has a sandwich construction (see
figure) with the titanium skin bonded to a
corrugated fiberglass core (forming flutes
for the subsurface transfer of airflow) and
has a graphite inner face sheet. Imper-
vious bond areas divide the surface of the
panel such that suction through perforated
strips occurs at the surface. Metering
holes located in the bottoms of the suction
flutes transfer flow to aluminum ducts,
from which the flow leaves the tunnel.
Ducts are attached to a wing-box support
mounted on a wall of the tunnel.

The distribution of pressure in the de-
sign of the airfoil incorporates the latest in
the technology of supercritical flow and
has a drag-divergence mach number com-
parable to those of modern turbulent air-
foils. A significant region of supercritical
flow exists on the upper surface. Features
of the distribution of static pressure on the
upper surface at the airfoil design point
(mach number = 0.75, coefficient of lift =
0.55, Reynolds number = 20 million) in-
clude a short, steep favorable gradient
near the leading edge, caused by the small
nose radius, and a slightly adverse gra-
dient over the majority of the chord, with
the aft region exhibiting a Stratford-type
recovery of pressure. Although the design
Reynolds number for the perforated panels
was 20 million, the design allows tests at
Reynolds numbers as low as 8 million and
as high as 40 million. Special development
efforts were made to produce panels that
meet LFC waviness criteria. The manufac-
turing tolerances of the test panels are
considerably better than those attained in
current production-line practice for tur-
bulent aircraft. Critical issues related to the
manufacture of large suction panels were
identified and largely resolved. The tech-
nigues used to make the panels can be
adapted to modern aircraft production
lines.

This work was done by Dal V. Maddalon
of Langley Research Center. Further in-
formation may be foundin NASA TM-89011
[N86-29815] “Design and Fabrication of
Large Suction Panels with Perforated Sur-
faces for Laminar Flow Control Testingina
Transonic Wind Tunnel.”

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. LAR-13844
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Electrical-Discharge Machining With Additional Axis

Benefits include enhanced flexibility of operation and reduced cost of machining.

Marshall Space Flight Center, Alabama

A proposed electrical-discharge-machin-
ing (EDM) apparatus would use a movable
vertical wire as its electrode. The wire
would be positionable horizontally along
one axis as it slid vertically past the work-
piece. The workpiece would be indexed in
rotation about a horizontal axis.

The apparatus was proposed to make
crenelated cylindrical parts, as shown in
the figure. Because of the symmetry of the
parts, the wire EDM process can be used
to make two such parts at a time by defin-
ing the boundary between them. One ad-

The Upper End of the
Electrical-Discharge
Wire is moved parallel to
the y axis as it unrolls
parallel to the z axis.
Meanwhile, the work-
piece is indexed in rota-
tion about an axis paral-
lel to the x axis and moved
linearly back and forth in
the x direction. The elec-
trical discharge cuts the
crenelated pattern in the
workpiece.

vantage is that the cost of material is re-
duced because two such parts can be
made from a forging only slightly larger
than a forging used to make one such part
by conventional machining with a cutting
tool.

Another advantage is that wire EDM im-
parts less residual stress to the workpiece
than conventional machining does. Yet
another advantage is that less time is spent <
machining each part when the parts are
produced in such symmetrical pairs.

This work was done by Roger M.

Malinzak and Gary N. Booth of Rockwell In-
ternational Corp. for Marshall Space

Flight Center. No further documentation
is available. MFS-29630

Elmo.. .cameras from day one!

In the 1940’s and 50’s, Japanese companies were well known for making toys,
fabrics, table radios and light machinery. Elmo was making cameras.

e made cameras for professionals  non-destructive testing, surveillance Find out more from Vince Giovinco,
who filmed everything from and other applications where human 1-800-654-7628. He'll give you all the
beauties to brush-fire wars for  eyes can't. specs you want and all the technical
newsreel watchers around the world. Pletare an industrial robot in a mppon&gmiyg:wayour
More than half a century later, we toxic atmosphere. There’s no danger to Custome: . easiest
still make cameras for professionals. the human inspector in the adjacent company to deal with for personal
while an EM-102 or EC-202 with service, technical assistance and
Ultra-tech, super-sophisticated, room whiie an or delivery
rugged, miniaturized video cameras ~electronic shutter speeds of 1/60 to :
no larger than a man’s thumb...the M(Xl)ofasgm'ndlogepabg\twawl As small as your thumb
Elmo EM-102 and EC-202. on the machine’s actions. Model EM-102 T
These are color and black and white Varying light levels? Our new '

sensor corrects white balance levels at
the speed of light, and improved noise

cameras with remote camera heads.
Using 300,000 pixel CCD solid state pick-

u deliver pi quality reduction circuitry assures consistent,

D e s mary s thoir e and high qualiy color and signal quality &t

cost.. with guaranteed picture quality ~ all times.

up to 100 feet from the control unit. You see, technology or not, it takes
Elmo micro cameras are now camera makers to know what a

working in industry, robotics, camera should be.

aerospace, medicine, nuclear sciences,

70 New Hyde Park Road, New Hyde Park, NY 11040
21720 Nordhoft St., Chatsworth, CA 91311
44 West Dr, Brampton, Ontario L85 376, Canada

Mfg. Corp.
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Modified Furnace Makes More Silicon Ribbon

A simple change in the lid and heat shields makes faster growth rates possible.
NASA's Jet Propulsion Laboratory, Pasadena, California

The rate of growth of silicon ribbon by
the dendritic-web process is increased by
a modification in the lid of the growth cruci-
ble. The modified furnace produces silicon
ribbon at the rate of 8.9 cm?2/min — 44 per-
cent higher than the previous rate.

In the modified furnace, the slots in the
shields that make up the lid grow pro-
gressively wider from the bottom to the top

crucible can be maintained at a higher
temperature, the 5.8-cm-wide ribbon is
thicker, and, therefore, the ribbon can be
pulled faster.

The new lid has made it possible to at-
tain a record high production rate of 54,000
cm? per week. It will be used in a pilot pro-
duction line to demonstrate dendritic-web
technology.

of the lid (see figure). This allows the ribbon

This work was done by Paul A.
to cool faster by radiation. As a result, the

Piotrowski of Westinghouse Electric Corp.

1.07" diameter
optical encoder

Small encoder,
big performance!

Now you can choose the performance you need at a price you can
afford . . . the Size 11 optical incremental encoder from Teledyne Gurley . . .

Model Number 8111 8211 8311
Maximum number of

lines on the disc* 720 1,800 1,800
Maximum pulses per

revolution with

external electronics* 2,880 14,400 144,000
Nominal accuracy,

in arc minutes 6.0 25 <10
Maximum frequency

response with highest

interpolation factor 400 kHz 600 kHz 4 MHz
Price Range** $128-5261 | $146-8379 | $214-5581

* Many other resolutions available.

** Price range is for quantity 1-56 and does not include external electronics.
Price depends on resolution and output option. Significant discounts are

available for higher guantities. m_759_1 844

All 50 states and Canada.

“WWTELEDYNE

514 Fulton Street « P.O. Box 88-Troy, NY 12184-0088 - (518) 272-6300 - TWX: (740) 443-8456 + FAX: (518) 274-0366
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for NASA’s Jet Propulsion Laboratory.
For further information, Circle 73 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 should be ad-
dressed to

A. P, ladicicco

Intellectual Property Dept.

Westinghouse Electric Corp.

1310 Beulah Road-Churchill

Pittsburgh, PA 15235
Refer to NPO-17350, volume and number
of this NASA Tech Briefs issue, and the
page number.

(@)

o

The Stack of Heat Shields in the lid of the
crucible has progressively wider slots. The
setbacks allow the silicon ribbon to radiate
heat faster as it emerges from the melt
through the slots.
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Space Proven

FEI SPACE QUALIFIED DC-DC CONVERTERS
DELIVER HI-REL PERFORMANCE ON TIME AND ON BUDGET!

Frequency Electronics ... specialists in high-
performance, space proven products ... having
supplied more than 3,000 units in over 90 satellite
programs, continues in that 27-year tradition
with Hi-Rel, Rad-Hard DC to DC converters.

These units can meet your most demanding
specifications by tailoring our standard modular
designs.

If you want out of this world performance,
with down to earth delivery and pricing, call
Frequency Electronics today.

DC-DC CONVERTER FEATURES:
* Radiation hardened
* Inputs to 100 V DC
* Qutputs to 200 W
* Regulation to 0.1%
' F FREQUENCY ELECTRONICS, INC.
ooy E 55 Charles Lindbergh Bivd., Mitchel Field, NY 11553
Wk 516-794-4500 ¢ FAX: 516-794-4340
WY Circle Reader Action No. 640

* Power density to
0.16 W/gm (5W/oz)

» Efficiency to 85%

* Multiple outputs
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Estimating the SNR of AVIRIS Data

Improved estimates of noise are better suited to the needs of investigators.

Ames Research Center, Moffett Field, California

A combination of established statisti-
cal and filtering technigues yields im-
proved estimates of the signal-to-noise
ratio (SNR) of multispectral imagery pro-
duced by the Airborne Visible/Infrared Im-
aging Spectrometer (AVIRIS). The three
methods used heretofore to estimate the
SNR have been inadequate: the “labora-
tory” method inflates the SNR, while the
“dark-current” and “image’ methods
deflate the SNR. The new method yields a
more accurate estimate of the random var-
iability in AVIRIS imagery.

The new combination of techniques is
called the “geostatistical” method. In the
first step of this method, periodic noise is
removed by notch filtering in the frequency
domain. In the subsequent steps, sensor
noise and variability within picture ele-
ments are isolated by use of the the semi-
variance of picture elements. This function
is defined as follows:

y(h) = (V2)E[z(x;) — z(x;+ h)J?
where y(h) denotes the semivariance for all
pairs of picture elements in which the
members of each pair are a distance h
(called the “lag") apart, x;is the applicable
coordinate of the ith picture element, E
denotes the expectation operator, and z
denotes the signal at a picture element.
The function y(h) or the plot thereof is call-
ed the “semivariogram” (see figure).

An unbiased estimate of y(h) is obtained
from a transect of m pairs of picture ele-
ments separated by the same lag distance,
as follows: 4

$2 = (vam)¥. [2(x) — z(x;+ h)]2
=1
This is a useful measure of the difference
between the signals at spatially separate

picture elements. The larger S2 and,
therefore, y(h)is, the less similar the picture
elements are.

Three aspects of the semivariogramare
of interest here: the sill, which is the asymp-
totic upper-bound value of y(h); the nugget
variance (so named because it is reminis-
cent of a statistical measure used in pros-
pecting for gold) C,, which is the limit of y(h)
when h approaches 0; and the spatially
dependent structural variance, C, which is
the sill minus the nugget variance. By
definition y(h) equals zerowhen h = 0. In
practice, the limit of y(h) when h ap-
proaches 0 has a positive value because
the nugget variance represents variability
at scales smaller than a picture element.
This phenomenon is a characteristic of the
“regularized” semivariogram calculated
for plot rather than point data.

The key argument upon which the geo-
statistical method is based is that the nug-
get variance is a sound estimate of the
spatially-independent noise variance rele-
vant to the investigator. This argument is in-
tuitively acceptable because at the limit of
y(h), when h approaches 0, the nugget
variance does not have a spatial compo-
nent and is composed almost entirely of
random sensor noise and variability within
picture elements. The statistical justifica-
tion for this argument requires considera-
tion of a one-dimensional mathematical
model in which x is a continuous parame-
ter giving the location along a linear tran-
sect. The observed signal z(x), comprises
both radiance r(x) (assumed to be sta-
tionary) and noise n(x), which is assumedto
be stationary, uncorrelated with r(x), and
not autocorrelated. It can be shown that
the square root of the nugget variance can

Spatially
Dependent
Structural

Variance, C

Semivariance, y (h)
N,

Nugget
Variance, Cg

Lag, h

The semivariogram of an image gives a
measure of the difference between the
signals at spatially-separate picture ele-
ments.

be used to estimate the standard deviation
of the random noise and the variability
within picture elements and, thereby, the
SNR of AVIRIS data, via the equation
SNR~Z/VC,
where Z = the average of the z;. Because
Zand VC, depend on wavelength, this cal-
culation should be done for the data in
each spectral band sensed by the AVIRIS.
This work was done by Paul J. Curran of
Ames Research Center and Jennifer L.
Dungan of TGS Technology, Inc. Further
information may be found in NASA TM-
101035 [N89-15443] “Estimating the Sig-
nal-to-Noise Ratio of AVIRIS Data.”
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.
ARC-12361

Algorithm for Solution of Subset-Regression Problems

Subsets can be selected directly from originally defined regression parameters.
Ames Research Center, Moffett Field, California

A reliable and flexible algorithm for the
solution of the subset-regression problem
performs a QR decomposition with a new
column-pivoting strategy, which enables
the selection of the subset directly from the
originally defined regression parameters.
This feature, in combination with a number
66

of extensions, makes the algorithm very
flexible for use in the analysis of subset-
regression problems in which the parame-
ters have physical meanings.

The subset-regression problem is the
least-squares problem

min. ||Ax —bl|
X

where Aisanm X n(m 2 n) system matrix
that contains some columns that are near-
ly linearly dependent on an independent
set of columns. As used here, “nearly”
means that small perturbations of A that
are of the order of the inaccuracies in the
entries of A establish the linear dependen-
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to experiment...

Imagine having more time to ponder the
abstract, rather than having to derive the solution.

With MACSYMA® symbolic math software you can!

No other software today packs the computa-
tional power, versatility, and reliability of MACSYMA.
MACSYMA can tackle any mathematical application you
may have, whether in algebra, calculus, trigonometry,
or practically any other branch of higher mathematics.
It gives you problem-solving tools such as Laplace and
Fourier transforms, Taylor and Poisson series, solution
of first and second order differential equations, solu-
tions to integrals, and more. It gives you sophisticated
2-D and 3-D graphics, and can convert your equations
into Fortran or ‘C’ for optimal numeric performance, or
TgX for inclusion in publications.

MACSYMA provides unequalled accuracy too,

\/

with your choice of exact or arbi-
trary precision arithmetic, and gives
you results at speeds from 10 to 100 times

faster than traditional methods.

All this power is remarkably easy to use. With
the help of the User’s Guide, extensive on-line docu-
mentation, executable examples and demonstrations,
and the Quick Reference Card, a beginning MACSYMA
user can quickly become proficient, tackling problems
that might otherwise have been too difficult or time-
consuming.

Whatever your application — engineering,
science, economics or pure math — your work is too
important to trust to any other math software. You
deserve MACSYMA.

More than just a system for doing mathemat-
ics by computer, it's the power tool for mathematics.

symbolics, inc.

MACSYMA Division
8 New England Executive Park East, Burlington, MA 01803 USA « 1-800-622-7962 (in Massachusetts, 617-221-1250.)

MACSYMA is a registered trademark of Symbolics, Inc. TX is a trademark of the American Mathematical Society
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TableCurve

One step fits
221
your X-Y data.
Automatically.
In less than
7 seconds.*

With TableCurve™ finding the best formula to
fit your data couldn't be simpler...or faster.

» Flexible Data Input - input from Lotus’,
dBase’, ASCII and many other file
formats, or manually from the keyboard.

» Data Manipulation — smooth data,
weight data, or apply standard math
calculations.

u Curve Fitting - 221 candidate equations
including Gaussian, log-normal, sigmoidal,
sine, and user-defined-ranked by best fit
and interactively displayed.

800-874-1888
415-924-8640

equations to

» Speed* - an 8MHz PC AT, with math
coprocessor, will process 221 equations
(50 data points) in 6.8 seconds.

More powerful systems are much faster.

» Qutput - supports most dot-matrix
and LaserJet” printers. Qutput directly
to SigmaPlot 4.0”, Lotus, ASCII, and
other formats.

» Quality Interface — pull down menus,
mouse support and more.

To find out more about TableCurve or other
scientific and engineering software from
Jandel, just give us a call.

SCIENTIFIC
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Analog Designers...
COMTRAN ' Is Now On The 386

Automatic optimization adjusts selected component
values of your topology to make its response fit your
arbitrary target curves in magnitude, phase, Z;,, Z,,
or any combination. Multiple passes allow standard
value capacitors in precision filters or other networks.

16 nF —L— 160F L

* COMTRAN™ is fast. Each plot here was generated
on screen in 6 seconds. Optimization took less than
3 minutes using a 25 MHz 386/387 (or an HP 310).
« COMTRAN*® is an interactive, intuitive AC circuit
analysis program that handles component entry,
editing, analysis, optimization, and user scaled
Linear/Log graphics in one program.

» COMTRAN®'s tolerance mode graphically shows
the effect of real world components. fmpedance
mode plots impedance at ANY node in your circuit.

VOLTAGE GAIN MAGNITUDE (dB)

89 180 0 18%
FREQUENCY (Hz)

Actual Plotted Output of COMTRAN (Reduced Size)

* COMTRAN® can create, capture and analyze time
domain data, then use it to stimulate your circuit and
plot the result in either time or frequency domain.

» COMTRAN® has over 10 years of field experience on
HP computers. Now it runs on 386™ machines, too.
And it still drives HPGL plotters.

* COMTRAN® is modular-buy only what you need
today. Ready-to-use packages start at under $1000.

(60) k) :WE Integrated Softwarej

A Division of Jensen Transformers, Inc.
10735 BURBANK BOULEVARD, N. HOLLYWOOD, CA 91601

FAX (818) 763-4574

PHONE (213) 876-0058

COMTRAN is a registered trademark of Jensen Transformers, Inc. 386 is a trademark of Intel Corporation.
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cy. The task is to find the minimal number,
k, of columns that constitute the independ-
ent set.

One numerically reliable technique used
thus far to detect near dependencies is
that of singular-value decomposition
(SVD), which determines a minimal set of
columns. However, the columns selected
by SVD are linear combinations of the origi-
nal columns of A. This is a major disadvan-
tage in such practical subset-regression
problems as the identification of the
parameters of an aerodynamic model.

The QR decomposition of A is denoted

as R
QA = [0]
where R is an n X n upper triangular matrix
and
Q[,Qo =1,

In contrast with the SVD, this decomposi-
tion does not involve a right orthogonal
transformation of A that would obscure the
selection of k individual columns of A. The
only right transformation of A allowed in
this technique is a permutation of columns.
The idea of column pivoting is to exploit
the freedom introduced by this column
permutation to solve the rank-deficient
least-squares problem. Furthermore, it is
not necessary to compute the full SVD of A
to determine k because accurate esti-
mates of the singular values, which enable
such a determination, are also obtained.
The algorithm rearranges the columns
of Aas[a, . 8 a ]wherethe
vectors [a,, ...a, correspond to the so-
called idenhﬂable or mdependent com-
ponents x, of x, and [a, a; ] cor-

respond to the dependent or11es When a
component of x is deemed not identifiable,
because its corresponding estimated
variance becomes unacceptably large,
then another procedure for determining
the dependencies more precisely corre-
sponds to determining whether an unac-
ceptable increase in the variances of the
components of x, occurs.

In physical applications, information is
often available about which components of
x have to be in x,,, and a priori estimates of
individual components of x with corre-
sponding variances are available. This in-
formation, inserted after a modified QR
decomposition, enables one to inter-
change columns of [a J with col-
umns of [ag, _ ;... a. a.l

The algorithm can also be extended to
enable the joint processing of columns that
are contaminated by noise with those that
are free of noise, without using scaling
technigues. This involves a two- or three-
stage procedure in which one investigates
the dependencies after a modified QR de-
composition in which A is partitioned into
noisy and noise-free parts.

This work was done by Michel Verhaegen
of Ames Research Center. For further in-
formation, Circle 8 on the TSP Request
Card. ARC-12145
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Prosthetic Hand Lifts Heavy Loads

Features include ruggedness, simplicity, and relatively low cost.
Marshall Space Flight Center, Alabama

A prosthetic hand is designed to enable
an amputee to lift diverse heavy objects like
rocks and logs. The device is both simple
and rugged. In addition, it costs less than
do many other prosthetic hands, which are
often awkward, bulky, heavy, and otherwise
not well suited to strenuous lifting.

The new prosthetic hand (see figure) has
no moving parts other than flexible straps
that hold it in place. It includes a simple L-
shaped metal end effector that is serrated
to help prevent the lifted object from slip-
ping off. The end effector is bolted into the
end of a reinforced fiberglass cuff, which
is fitted onto the remaining part of the fore-
arm. A sock of cotton or similar material is
placed over the remaining part of the fore-
arm before inserting it in the cuff.

Hook-and-pile straps hold a flexible band
on the upper arm. An inner strap and an out-
er strap extend downward from this flexible
band to hold the cuff on the forearm. A loop
strap, a front shoulder strap, and a back strap

(hidden in the figure) keep the flexible band
pulled off by heavy loads. The back strap
and the front shoulder strap are anchored

by a ring to a front strap, which anchors the -

system of straps under the shoulder oppo-
site that of the amputated hand.

A steel strip on the side of the cuff that
faces the body protects the cuff against
damage by the lifted object. A rubber sheath
could be placed over the cuff for additional
protection.

This work was done by James R. Carden,
William Norton, and Jewell G. Belcher of Mar-
shall Space Flight Center and Thomas W.
Vest of Management Services, Inc. For further
information, Circle 133 on the TSP Request
Card.

Inquiries conceming rights for the commer-
cial use of this invention should be addressed
to the Patent Counsel, Marshall Space Flight
Center [see page 14].Refer to MFS-28465.

The Prosthetic
Hand has a
simple serrated
end effector
with no moving
parts. The pros-
thesis is held on
the forearm by
a system of flex-
ible straps.

Rotationally Actuated Prosthetic Hand
A simple mechanism is powered by rotation of the forearm.
Marshall Space Flight Center, Alabama

A prosthetic hand includes two pincerlike
fingers that are actuated by rotation of the
forearm. In comparison with “‘bionic” de-
vices and body-powered artificial limbs that
include cable controls, the prosthetic hand
is simpler in design, is simpler to operate,
weighs less, and takes up less space.

The prosthetic hand (see figure) is at-
tached to the affected arm of an amputee
at two places: (1) a plastic cuff slips over
the end of the remaining part of the forearm,
and (2) a flexible band with hook-and-pile
(Velcro™ or equivalent) straps is wrapped
around the upper arm just above the elbow.
A pair of braces jointed at the elbow restrain
the main body of the hand against rotation
about the axis of the forearm. However, the
forearm is free to rotate about its own axis,
and as it does so it rotates the cuff, which
is mounted at one end of a shaft supported
by roller bearings in the main body.

An oval cam is mounted at the other end
of the shaft; it rotates with the cuff and shaft.
Two fingers attached to the main body are
pressed toward each other and onto the

NASA Tech Briefs, February 1991

cam by a rubber band. The cam pushes the
fingers apart by an amount that depends
on its rotational position. When the forearm
and cuff are rotated to a position at which
the long dimension of the oval lies along the
gap between the fingers, the fingers are
spread apart to the maximum extent; when
the forearm and cuff are rotated 90° from
the foregoing position, the ends of the fingers
are pressed together. Intermediate separa-

tions are obtained at intermediate rotational
positions.

This work was done by William E. Norton,
Jewell G. Belcher, Jr., and James R. Carden
of Marshall Space Flight Center and
Thomas W. Vest of Management Services,
Inc. For further information, Circle 148 on
the TSP Request Card.

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 14]. Refer
to MFS-28426.

Main Body
Shaft /o! Hand

Flexible

The Prosthetic
Hand is attached to
the end of the remain-
ing part of the fore-
arm and to the upper
arm just above the
elbow. The pincerlike
fingers are pushed
apartto adegree that
depends on the rota-
tion of the forearm.

Pile Straps

Cam Fingers

SECTION A-A,
SHOWING CAM
PUSHING
FINGERS
OUTWARD

Bearings
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Treating Wastewater With Immobilized Enzymes
Urea and other contaminants are removed.
Marshall Space Flight Center, Alabama

Experiments have shown that enzymes
can be immobilized on supporting materi-
als to make biocatalyst beds for the treat-
ment of wastewater. With a suitable com-
bination of enzymes, the concentrations of
various inorganic and organic contami-
nants, including ammonia and urea, can
be reduced significantly.

The enzyme urease can be used to cat-
alyze the decomposition of urea according
to

Urea Immobilized
o —— Urease
NH,CONH, + H,O = 2NH, + CO,

In an experiment, urease was immobi-
lized on a 1,6-hexanediamine derivative of
silica that had been activated by Ti(IV) ions.
The immobilized-enzyme material was
packed in a 7.1-cm? column. A solution of
30 mg/L urea was passed through the col-
umn at a flow of 2.5 cm¥min, yielding a
contact time of 2.8 min. Analysis of the first
29 liters of effluent showed that the column
had catalyzed the reaction of nearly all
measurable urea to NH, and CO,.

The enzyme alcohol oxidase can be
used to catalyze the decomposition of
alcohols and formaldehyde. In an experi-
ment, alcohol oxidase was immobilized on
derivatized silica, and the immobilized-
enzyme material was packed in a 35cm?
column. A solution of 50 mg/L methanol sat-
urated with oxygen was pumped through
the column at a flow of 5 cm3min, yielding
a contact time of 7.1 min. Initially, the col-
umn removed all measurable methanol; it
then began to lose activity because of
degradation by H,O,.

To protect the alcohol oxidase, it is nec-
essary to add enzymes that catalyze the
decomposition of H,0, in situ. One pro-
posed way to do this is to coimmobilize the
alcohol oxidase with catalase and superox-

ide dismutase on derivatized silica. When
such a mixture was tested in a 30 cm3col-
umn at a flow of 3.4 cm3min (contact time
5 min), it removed 24 mg/L of ethanol from
3.2 L of 80 mg/L ethanol solution.

In a third experiment, a bed of immobi-
lized urease and a bed of mixed resins
were used to post-treat shower water that
contained 15 mg/L urea and had been
treated conventionally by multifiltration. As
the figure shows, multifiltration did not re-
move urea from the water, but treatment
by the column reduced the concentration

P B

e

Multifiltration Alone
o

of urea to below measurable levels. After

further treatment by the bed of mixed res-
ins, the concentrations of all of the carbon
bound in inorganic compounds (principally
CO,) and of the ammonia from the decom-
position of the urea were reduced below
measurable levels. The total concentration
of carbon bound in organic compounds in
the effluent was 3.3 mg/L.

This work was done by Clifford D. Jolly of
Umpqua Research Co. for Marshall
Space Flight Center. For further informa-
tion, Circle 164 on the TSP Request Card.
MFS-26090

Treatment
by Urease

i

Treatment
by Mixed
Resins

wlagy g -t

e T boaeds 4 A - o
The Concentrations of Nitrogen Bound in Ammonia and of Urea are shown at various stages
in the treatment of shower water. The limits of detection are 1.0 mg/L for urea and 0.1 mg/L for

N in NH,.

Optical Computation of Matrices From Vectors
Four-wave mixing yields a two-dimensional pattern of light and dark.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

A proposed optical apparatus would
generate a rectangular pattern of light and
dark areas, the brightnesses of which
would represent the elements of the matrix
product of two vectors. Optical multipliers
of this type might be used as real-time an-
alog tensor generators, components of
neural networks, and generators of pat-
terns to steer electromagnetic beams by
diffraction or to effect temporary intercon-
nections in very-large-scale integrated cir-
cuits.

The apparatus (see figure) would, in ef-

70

fect, compute the tensor product xy’
(where T denotes the matrix transpose) of
the vectors x and y, which would be repre-
sented by linear arrays of small areas of
various degrees of transparency. A laser
beam would pass through the horizontal
strip transparency representing vector x.
The beam would be expanded by horizon-
tal cylindrical lens L, then collimated by
horizontal cylindrical lens L,, forming col-
umns of uniformly collimated light repre-
senting the components of x. In a similar
manner, a second laser beam coherent

with the first would pass through the ver-
tical strip transparency representing y’,
then through vertical cylindrical lenses L,
and L, to form rows of uniformly collimated
light representing the components of y’.
The row and column patterns of laser
light would be applied to opposite faces of
a photorefractive crystal. A plane-wave
pumping laser beam coherent with the first
two beams would be applied to the photo-
refractive crystal (e.g., LINDO ) from a third
direction through a beam splitter. An output
beam representing the matrix product
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would be generated by four-wave mixing.
The intensity in the output beam would be
distributed spatially in proportion to the
product of the three input waves. The out-
put beam would propagate in the direction
opposite that of the pumping beam, out
through the beam splitter to the output
plane, where it would be fed to sensors, a
projection screen, or possibly another op-
tical computing apparatus.

This work was done by Hua-Kuang Liu
of Caltech for NASA’s Jet Propulsion
Laboratory. For further information, Circle
114 on the TSP Request Card.

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

The Photorefrac-
tive Effect would
give rise to four-wave
mixing, which would
generate an output
beam modulated
spatially by the ma-
trix product xy”

...,I.,.,' o

Tansar Outpwt = 4"

license for its commercial development
should be addressed to the Patent

Counsel, NASA Resident Office-JPL [see
page 14]. Refer to NPO-17512

101 ways

Quick. Send for this book. After all, with Watlow flexible heater technology,
almost anything’s possible. Need a way to handle a heating problem more
efficiently, more economically? It's in the book. Want to see actual case
histories? This book’s full of 'em. Want truly better solutions? Just circle the

to set this woman free. }
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The XS-420 thermal imaging cam-
era from Xedar Corp., Boulder, CO,
features an image resolution of 270
x 270 elements and provides ap-
proximately 0.2° C thermal resolu-
tion. The battery-powered camera—
including 50 mm f/.7 Germanium
optic and 1.5" viewfinde—weighs
8.5 Ibs., and is TV-compatible.

Circle Reader Action Number 772.

Adhesives Research Inc., Glen Rock,
PA, has introduced a line of electri-
cally-conductive pressure-sensitive
tapes. The technology can be incor-
porated into a variety of adhesives
and coated onto conductive or
nonconductive materials such as
copper foil and pressure-sensitive
foam and film tapes. Applications
include foils and tapes in EMI/RFI
shielding, replacements for low-volt-
age wires, bonding layers, and anti-
static uses in computers and inte-
grated circuits.

Circle Reader Action Number 770.

| The Spaceball™, from Spatial Sys-
| tems Inc., Billerica, MA, is a force-
sensing input control device which
enables a computer user to manipu-
late screen images using simple hand
movements. Users can move from
axis to axis instantly by changing
the direction of the force applied to

| the ball. Spaceball is supported on
| major graphics platforms including

Silicon Graphics, Apollo, Sun, Inter-
graph, and Hewlett-Packard
Circle Reader Action Number 776.

The ECR904 ion beam source from

New on the Market

The Boardmaster digital diagnostic
system from United Electronic In-
dustries, Watertown, MA, tests digi-
tal devices with up to 40 pins, in-
cluding surface mount packages.
The stand-alone system can test
digital ICs in- or out-of-circuit. TTL,
CMOS, LSI, static and dynamic

memory and interface devices are
among the test programs included
in the system library. All results and
pin conditions are displayed on the
unit’s integral VDU.

Circle Reader Action Number 766.

Microscience Inc., Norwell, MA,
combines ECR plasma technology
with ion beam extraction optics. As
the ECR process does not require a
filament, 904GR can work with re-
active gases for extended periods of
time. Applications include RIBE,
CAIBE for GaAs technology, preci-
sion milling for semiconductor laser
fabrication, and optical structures.

Circle Reader Action Number 768.

|
—

A demonstration kit from EG&G
Electro-Optics, Salem, MA, shows
how pulsed xenon lighting and sili-
con photodiodes can be used as a
UV-visible light system for analyti-
cal equipment. The kit includes a
pulsed xenon lamp with LITE-PAC®
power supply, focusing optics, an
integrated reference and signal chan-
nel with cuvette, and a channel for
direct viewing of the light pulse.

Circle Reader Action Number 774.

72

The

Model 891 ruggedized
miniature CCD video camera from
Videospection, Salt Lake City, UT,
features a compact, lightweight
aluminum modular housing. The
CCD image sensor incorporates an
X1000 anti-blooming capability,
zero percent geometric distortion,
over 70 dB dynamic range, and low
image retention. The camera com-
plies with Mil-E-5400 airborne elec-
tronic equipment requirements and
is available in US RS-170 or Euro-
pean CCIR sync standards.

Circle Reader Action Number 792.

CubiCalc™, from HyperLogic Corp.,
Escondido, CA, is a fuzzy logic de-
cision system shell that allows users
todesign, prototype, and testa com-
plete fuzzy system on a PC without |
external equipment or program- |
ming. The shell contains a text edi- |
tor for entry of the English-like rules
which form the basis of the decision
procedure and another editor for
entry of spreadsheet-like expressions |
used to define data pre-processing
and post-processing steps. Available
for $495, CubiCalc is based on IBM
AT computers running Microsoft
Windows.

Circle Reader Action Number 798.

Designed to report real-time dimen-
sional measurement and dataaccu-
mulation for instant inspection of
machined parts, the Computer-
Aided Gaging (CAG) system from
Edmunds Gages, Farmington, CT,
monitors complex gaging operations
through full cycle. Using 16 to 32
multiple and expandable inputs, the
microprocessor-based system can
be linked in any combination to
produce automatic mastering, user-
programmable master size and part
tolerances, and statistical, histogram,
and XR displays.

Circle Reader Action Number 740. |

Cotronics Corp., Brooklyn, NY, has
developed a ceramic putty with a
melting point above 3200° F. Made
from asbestos-free aluminum-oxide-
based ceramics, THERMEEZ™ is re-
sistant to oxidizing and reducing at-
mospheres, molten nonferrous met-
als, steam, and most chemicals and
solvents. Applications include

1 molded ceramic fiber components,

high-temperature insulation, and
liquid metal handling.
Circle Reader Action Number 794,

The LRY-1000 laser rangefinder
from the Electro-Optics Division of
Holometrix, Cambridge, MA, meas-
ures distances up to 30 km to an
accuracy of £10 cm. The system
features a 90 millijoule Nd:YAG
laser transceiver operating at 20
pulses per second, a control con-
sole, and a laser power supply. Its
adjustable laser beam width enables
the LRY-1000 to be used in a variety
of rangefinding, tracking, survey-
ing, mapping, and photogrammet-
ric applications.

Circle Reader Action Number 800.

A new digital audio multiplexer,
the NV2000 High-Definition Audio
System from NVision, Nevada City,
CA, supports and simplifies multi-
channel audio interconnection re-
quirements, including HDTV, D-1/
D-2, and Type C videotape record-
ers. It provides 20 bit encoding and
distribution capability for multiple
channels of program audio with 100
dB /N in a studio environment.
Program audio channels and ancil-
lary signals are multiplexed together
into one data stream, allowing one
deck of a video routing switch to
carry all program audio, time code,
and cue information.

Circle Reader Action Number 796.
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New on the Market

k

The MDL series of miniature colli-
| | mated diode lasers from LaserMax

| Inc., Rochester, NY, can be TTL-
| modulated up to 1 KHz or modu-
lated at 10 Hz with a built-in flash
circuit. The 11 mm diameter by 28
B | mm lasers function on unregulated
| DC power and are suitable for opti-
| caldiscinterferometry, holography,
| and alignment.

| Circle Reader Action Number 786.
The D4C series fiber optic connector R P e SR
from OFTI, Billerica, MA, incorpo- B
rates an internal spring-loaded fer- =S ”V Peypaeves
rule designed to eliminate the risk of || B EERERE EEEREg S
signal interruption when the cable | PHPEEIES S8 e =
is pulled. The one-piece connectors 2 ]
are available for single-mode fibers |[EEEISISES FEEa SIS S
and both 125 and 140 pm clad, :vhichﬁéimliwsﬁmmm'
multimode fibers. They perform over oF Hidh o I rbd i
a temperature range from -40° to | Mﬁﬂ'ﬂﬂiﬂe VisU procs
+807C. 8 af 'l‘ AT LT
Circle Reader Action Number 778. Circle Reader Action Number 784.

PSSI/BIMA ergonomic chairs from |
Plug-In Storage® Systems Inc., Or- |
ange, CT, are suitable for use in ESD 1
and class 10 clean room environ-
ments. Static charges are dissipated |
through the chairs to a conductive ‘ :
floor. Electrically-conductive uphol- |
stery prevents static generation. ‘ '
Available in desk and bench heights,

all models have been independ- |

ently tested to below the class 10
limits of Federal Standard 209D, |
Table 1, for all particle sizes. |
Circle Reader Action Number 790.

New miniature CCD cameras from
PULNIX, Sunnyvale, CA, measure
two inches square and operate with-
out support electronics. The TM-7
cameras feature a high-resolution
(768H x 493V) 1/2" format interline
CCD. Any C-mount lens may be
used with the TM-7.

Circle Reader Action Number 782.
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NOISE PROBLEMS?
WHERE FIRE IS A RISK,
SOUNDFOAM HT KEEPS ITS COOL.

Soundcoat’s exclusive
SOUNDFOAM HT is an ultra-
light sound absorption material
made of low density, flame re-
sistant polyimide foam. This
makes it the ideal material for
acoustic and thermal insulation
where fire safety is a primary
concern. The material can
be custom cut and supplied
with a high performance
pressure sensitive adhesive
for fast, permanent pro-
duction line assembly
or field retrofitting.
SOUNDFOAM HT
from Soundcoat. Cuts
noise and keeps its
cool within a tem-
perature range of
—150°C (—238°F) to
+260°C (+ 500°F).

The noise stops here.

SOUNDCOLT

One Burt Drive, Deer Park, NY 11729 « 516-242-2200 Ext. 56 » FAX: 516-242-2246
3002 Croddy Way, Santa Ana, CA 92704 + 714-979-9202 » FAX: 714-979-0834

Send for your free noise control bulletin No. 725 today.

Circle Reader Action No. 438

“WE DON'T JUST DELIVER”

S

VAUXHALL RD
DN, N.J. 07083

PHONE:
201-964-3828
201-964-5746

® Weatherhead Brass Fittings
® Weatherhead Pressure Hose and Fittings
® Electrical Products by Thomas and Betts

Overnight delivery anywhere in US
24 hour order line 1-800-235-0473
Most items shipped same day

A COMPLETE SERVICE TO THE INDUSTRIAL AND TRUCKING INDUSTRY
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Thermoplastic
Quick COuplmgs

(1) plastlc

disconnect

Free gmde to fittings
and quick couplings for
plastic tubing. New! 36
page catalog of quality
products for flexible and
semi rigid plastic tubing,
1/16" to 3/8" ID.

—F~.COLDER PRODUCTS CO.

1001 Westgate Drive - St. Paul, MN 55114 « Call 612-645-0091

CIrcle Reader Action No. 517

SPECIAL OFFER:
APoLLO COMMEMORATIVE POSTER

Actual size: 30" x 21"—in full color!

Relive mankind’s greatest
adventure with this official
NASA commemorative
poster. A gorgeous full-color
rendition of the Apollo moon
landing printed on high-
quality poster stock and
shipped in a protective
tube. Special introductory
price only $8.95 each.
BONUS: Order now and
receive three prints for
just $23.95.
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Rush me Apollo commemorative poster(s). | have
enclosed $ plus $3.00 for postage. (NY residents
add sales tax.) Total enclosed: $
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Company
Address

City State
Mail with payment to: NASA Tech Briefs, Dept. F,
41 East 42nd St., New York, NY 10017

For credit card orders call: (212) 490-3999

Zip
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More than 1700 controls and gages
are featured in a free catalog from

Dwyer Instruments, Inc., Michigan |

City, IN. Included are pressure and
| differential pressure gages and
switches, manometers, air filter
gages, flowmeters, Pitot tubes, air
velocity gages, and pressure trans-
mitters for air and fluids. All provide
| 4-20 mA output signals for spans
| from 0-0.1" wc up to 0-2000 psi.
‘ Clrcle Reader Action Number 720.
A brochure descrlbmg TECPLOT™,
an interactive plotting program for
| visualizing engineering and scien-
tific data, is available from Amtec
| Engineering Inc., Bellevue, WA.
| TECPLOT integrates X-Y, 2D, and
3D plotting capabilities, and allows
the display of multiple plots on the
screen using windows.
Clrcle Reader Action Number 728.

A four-color brochure from Tech-
netics Corp., Deland, FL, describes
fiber metal products including
abradable seals, acoustic products,
and thermal barrier systems pro-
duced with and without plasma
flame sprayed ceramic coatings. The
brochure also covers the company’s
quality control procedures, engi-
neering laboratory, and design and
manufacturing capabilities.

Circle Reader Actlon Number 722,

Kurta Corp., Phoenix, AZ, has pro-
duced a four-color brochure high-
lighting its line of digitizers, point-
ing devices, and software solutions.
The centerfold spotlights the Kurta
Studio, a Macintosh-based system
for PageMaker, FreeHand, and Per-
suasion software which features a
color-coordinated template.

Circle Reader Action Number 726.

| high-density digital

J.W. Lemmens Inc., St. Louis, MO,
is offering two free technical papers
on its equipment and procedure used
in nondestructive testing of refrac-
tory products. The system meas-
ures a material’s modulus of elastic-
ity through impulse excitation and |
provides a reading of strength, po-
rosity, wear rate, and thermal shock |
resistance. Because the system can
be set up to test automatically, it |
makes total batch testing and grad-
ing practical.
Circle Reader Action Number 716.

\
\
‘
‘
‘
S |
\
\

Motion Control
Product Guide

A free 216-page guide describes
motion control products developed
by Aerotech Inc., Pittsburgh, PA.
The publication features motor-
driven linear and rotary positioning
stages, microstepping translators,
stepping motors and drives, servo
motors, amplifiers, and brushless
drives. Also described is the
UNIDEX™ motion controller line
ranging from single-axis point-to-
point microstepping controllers to
the eight-axis UNIDEX 21 contour-
ing motion controller.

Clrcle Reader Action Number 724. |

Penny & Giles Data Systems Inc.,
Rosewell, GA, has published an
eight-page brochure on the Multi-
band Data Recorder, which fea-
tures a wide range of direct, FM, and
recording
(HDDR) formats, and track configu-
rations up to 42 channels. The free
brochure describes ECAL, a unique |
Electronic Channel Alignment that
permits up to four user-program-
mable equalizer settings per chan-
nel for optimum performance in
IRIG, non-IRIG, and HDDR opera-
tions.

Circle Reader Action Number 718.
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New Literature

A Practical Guide to Neural Nets,
from Addison-Wesley Publishing
Co., Reading, MA, explores the state
of the art in research, system devel-
opment, and deployed applications.
It explains how neural networks
function and how to move from the-
ory to application for development
of a neural netto be embedded inan
expert system. An IBM-compatible
diskette is included which demon-
strates a neural net in the process of
learning.

Circle Reader Action Number 702.

A 38-page booklet from Anritsu
America Inc., Oakland, NJ, de-
scribes five optics control tech-
niques: high-speed modulation of
lightwaves, control of optical waves
via nonlinear optical effects, devel-
opment of a hyper-coherent optical
sweep generator using semiconduc-
tor lasers, phase conjugate optics
using dye-doped films, and semi-
conductor quantum effect devices.
The booklet includes technical data
and diagrams.

Circle Reader Action Number 710.

Virtual Reality: The Next Revolu-
tion in Computer/Human Interface,
from Matrix Information Services,
Lathrup Village, MI, reports on vir-
tual reality R&D efforts worldwide,
identifying key players and likely
future competition. It previews com-
mercial systems, discusses current
and future legal issues, and includes
a bibliography and conference
schedule.

Circle Reader Action Number 704,

Lambda/Ten Optics, Westford, MA,
has published a catalog featuring its
optical instruments and compo-
nents, including laser beam expand-
ers, Newtonian collimators, para-
bolic mirrors off-axis, front surface
flat mirrors, and coatings. It describes
each product’s function, applica-
tions, design benefits, specifications,
and optional features.

Circle Reader Action Number 714.

AAASnA . - . B

Ramey Aerospace, Carmel Valley,
CA, has published the Space Shuttle
Entry Handbook, a comprehensive
course in deorbit and entry, guid-
ance, navigation and control, and
flight procedures. Based on NASA
astronaut training materials, the 300-
page softcover book includes data
on aerodynamics and thermody-
namics.

Circle Reader Action Number 706.

Vacuum pumps and accessories are
described in a 16-page catalog from
Vaccon Co. Inc., Medfield, MA. The
catalog includes performance data,
physical dimensions, factors to
consider when selecting a vacuum
pump, and pricing information. A
comparison chart of Vaccon )-Se-
ries air-powered vacuum pumps to
equivalent electrical pumps is also
provided.

Circle Reader Action Number 712.

A free catalog spotlights axial leaded
conformal coated monolithic ce-
ramic capacitors from Murata Erie,
Smyrna, GA. It contains specifica-
tions such as temperature charac-
teristics, capacitance tolerance, and
mechanical and environmental
details. Tape and reel dimensions
are also included.

Circle Reader Action Number 708.
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IKKnock Out
NOISE

AZONIC delivers the
Knock Out punch to
noise. AZONIC, the

noise control experts

offer. ..

LOWER prices,
FASTER delivery,
FRIENDLIER service,
BETTER performance,
IMPROVED designs.

We are the noise control
champions. Let us help
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control problems.
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Circle Reader Action No. 518

A

ADA (PROGRAMMING
LANGUAGE)
General-purpose Ada
software packages

page 51 NPO-17983

ADAPTIVE CONTROL
Experiments in adaptive
control of a fiexible
structure

page 31 NPO-17846

AIRBORNE LASERS
Airborne laser polariza-
tion sensor

page 34 GSC-13314

page 66 ARC-12145
ALUMINUM GRAPHITE
COMPOSITES

Open-section composite
structural elements
page 45 MFS-26112

Algorithmically special-
ized parallel architecture
for robotics

page 22 NPO-17632

BALL BEARINGS
Low-wear ball-bearing
separator

page 56 MFS-29666

BEARINGS
Lubrication of nonconfor-
mal contacts
page 57 LEW-14882

BOUNDARY LAYER
CONTROL

Making large suction
panels for laminar-flow

page 61 LAR-13844

C

CALIBRATING
Statistical partial calibra-
tion of polarimetric SAR

imagery
page 40 NPO-17888

COMMUNICATION
NETWORKS

Quad-port transceivers
for a dual-CRR LAN
page 28 NPO-17541

elements
page 45 MFS-26112

Faster algorithm for com-
putation of incompressi-
ble flow

page 52 ARC-12370
Simulation of flow in a
turbine cascade

page 58 ARC-12551

Estimating the cost of
developing software

page 48 NPO-17936
COMPUTERIZED
SIMULATION

Displaying computer
simulations of physical
phenomena

page 32 ARC-12502

CONDUCTORS

Testing conductive films
for continuity

page 41 NPO-17938

CORNEA
in-

terferometric keratometer
page 39 NPO-17537

COST ESTIMATES
Estimating the cost of
ing softwart

developing e
page 48 NPQO-17936

page 84 NPO-17350

D

DATA PROCESSING
Optical backplane
linterconnection

page 20 LAR-14052

E

EARTH RESOURCES
SURVEY AIRCRAFT
Measuring wildfires from
aircraft and satellites
page 40 ARC-12132

EDUCATION

Displaying computer
simulations of physical
phenomena

page 32 ARC-12502

ELASTOHYDRODYNA-
MiCS

Lubrication of nonconfor-
mal contacts

page 57 LEW-14882

ELECTRIC
DISCHARGES
Electrical-discharge
machining with additional
axis

page 63 MFS-29630

ERROR CORRECTING
DEVICES

Self-testing static
random-access memory
page 30 NPO-17939

EYE (ANATOMY)
Mvwavelength in-
terferometric keratometer
page 39 NPO-17537

F

FARADAY EFFECT
Optical isolators with
page 36 LAR-14092

FIXTURES

O-ring-testing fixture
page 54 MFS-28414

FLEXIBLE BODIES
Experiments in adaptive
control of a flexible
structure

page 31 NPO-17846

zonal computational grids
page 52 ARC-12322
Simulation of flow in a
turbine cascade

page 58 ARC-12551

FLUID FLOW

FOREST FIRES
Measuring wildfires from
aircraft and satellites
page 40 ARC-12132

page 64 NPO-17350

G

GALLIUM ARSENIDES
V-grooved GaAs solar
cell

page 16 LEW-14954

High-resolution computa-
tions of hypersonic flows
page 57 ARC-12254

GAS TUNGSTEN ARC
WELDING

Fast, nonspattering inert-
gas weiding

page 61 MFS-29648

HAND (ANATOMY)
Prosthetic hand lifts
page 69 MFS-28465
Rotationally actuated pro-

sthetic hand
page 69 MFS-28426

HEAT TRANSFER
Oscillating thermal switch
page 34 NPO-17125

'

NASA's annual
report Spinoff
informs the public
about your new |
product incorporat-
ing space technol-
ogy. Want to be |
|included in the next|
issue? For details |
call 301-859-5300
Ext 242.

Circle Reader Action No. 366

NASA Tech Briefs. February 1991



M A R K ET P LAC E To Advertise—Call (212) 490-3999

Quality Precision™ ——
Assemblies &
Components

SINCE 1962 « Custom = Stock
Al Sterling we're equipped to ha

your entire assembly proj 13
wirh the creative engineenng phase

Call for FREE brochure.

5 Sterling
Instrument
2101 Jerkcho Tumpike
New Hyde Park. NY 11040
Phone: (516) 328-3300
Fax: (516) 3268827

For OEM Application Circle No. 381 For In-House Use Circle No. 556

Free Standing Wire Grid Polarizers |
‘ For Spectroscopy at Millimeter and
\ Sub-millimeter wavelength

Applications
. FAR-R Wavelength Polarization
. Interferometer Beam Divider
. Variable Refiector
. Coupling Device for Long Wavelength Lasers
| . Suitabie for High Vacuum and Cryogenic Conditions
Custom design available

| Another quality product from SPECAC

SPECAC ANALYTICAL INC.

301 Commerce Drive Tel (203) 366-5112

Fairfleld, CT 06430 Fax (203) 384-1524
A Cambridge Electronics Industries (CEI) Company

Circle Reader Action No. 621

5

AND MAINTAINABILITY

'PREDICTION AND FMECA

ANALYSIS SOFTWARE

Hundreds have used this leading
computer-aided engineering software

since 1982.

Powertronic Systems offers software to predict Reliability
and Maintainability and for Failure Modes Effects and
Cnhcamy Analysis. Hundreds of users have selected from
PSI's large, versatile and integrated software family for
military and industrial equipment and for both electrical
and mechanical systems. And, these p Oc:?fams are either
interactive or can be input from batch modes from existing
CAE or database programs

Programs_implement MIL-STD-1629; MIL-HDBK-217
including E Notice 1; and MIL-HDBK-472

S Powertronic ms, Inc.
P P0. Box 29109 New Orleans 70189
(504) 254-0383 FAX (504) 254-0393

Circle Header Action No 593

ARIACSA T ok % ol

PEM" SELF-CLINCHING &
BROACHING FASTENERS

® strong, quality
threads in metal
and P.C. boards
too thin to be
tapped.

® variations
include free-
running, self-
locking, floating
and blind hole
types meeting Unified, ISO and MIL
standards.

o Available in steel, stainless steel and
aluminum.

’I"* ~

fl"f'?‘

o;‘

Imagine a lightweight
metal foil with a mesh-like,
single-unit structure that
eliminates the unraveling
and contact resistance of
woven mesh

Imagine it with
superior EMV/RFIVESD
shielding, electrical
and heat transfer
properties.

Imagine it wrapping,
laminating, contracting,
expanding.

Now imagine how you'd
For your FREE condensed catalog, circle i
the number below. However, for a complete

fastener ifications & design data cata-
log, cal i%ﬁ?ﬁ?ﬁ. Or ék? us at
215-766-0143.

Call 203/481-4277
for a free sample of
MicroGrid *

DELKER

Branford CT 06405

©1991
~_ Circle Reader Action No. 339

More than

450 pages of

B

e
-
»
4
1
(4

This illustrated complete
line catalog includes
component parts for jigs
and fixtures, chuck jaws,
plug gauges, threaded
inserts, stainless steel
tooling compaonents,
toggle clamps,
SWIFTSURE power
p workholding devices, drill
jig bushings, locking pins,
and modular fixturing
oyl Completely illustrated

Ideal ior embedded real-time control, data acc

sing. Forth

ik = Send for your free copy.

s soliware inchuded, C optional. OEM pricing V'”L”’" MANUFACTURING CO.
SlLICON COMPOSERS INC (415) 322-8763

208 California Ave., Palo Alto, CA 94306 8 e e o

Circle Reader Action No. 679 Circle Reader Action No. 429

s FREE!

=

SC/FOX' Embedded-System Computers

SC/FOX VME SBC (Single Board Computer) 18 MIPS, 60 MIPS
general-purpose, slot-1 Master/Slave System Controller, Up o640« by
ws memory, 1 SCSL, 1 pir

burst

2 serial pons. Uses 16-bit Harris RTX 200(
SC/FOX PCS (Parallel Coprocessor System) 15 MIPS, 50 MIPS burst, general
purpose PC/AT/386 plug-in board, 32K 10 1M byte O-ws static memory
multiple PCS operation, SCSI option. Uses Harris RTX 2000

SC/FOX SBC (Single Board Computer) 1 8 MIPS, 6(

operation, Eurocard size, 1 pir, 1 serial port, .

IPS burst, Stand-alone

Cbytes O-ws memory
TX 2000

2 50-pin user connectors, SCSI optic ses Harris

SC/FOX PCS32 (Parallel Coprocessor System 32) 15

) 70 MIPS, gen
1M byte

eral-purpose PC/AT/I86 ard with 64K to

static memary

1
| R

FREE!

CATALOG of 130
REAL TIME Page
DATA ACQUISITION Catalog
PRODUCTS [
for the PC 1
Filled with applications information, Optics
competitive comparisons, or -
waveform analysis techniques, Industry

hardware and software specifications,
and DEMO DISK!

We manufacture the industry’s fastest data acquisition

hardware and software designed for applications that

demand a true real time display with simultaneous disk

streaming. Call us at.
1-800-553-9006

DATAQ INSTRUMENTS, INC
825 Sweitzer Avenue
Akron, Ohio 44311
Tel(216)434-4284  Fax(216) 434-5551

Circle Reader Action No. 505

Free 130 page product catalog from Rolyn,
world's largest supplier of “Off-the-Shelf” optics.
24-hour delivery of simple or compound lenses,
filters, prisms, mirrors, beamsplitters, reticles,
objectives, eyepieces plus thousands of other
stock items. Rolyn also supplies custom prod-
ucts and coatings in prototype or production
quantities. ROLYN OPTICS Co., 706 Arrowgrand
Circle, Covina, CA 91722-2199, (818)915- 5707,
FAX (818)915-1379

Circle Reader Action No. 551

p—



MARKETPLACE + asvertise—ca 212 aso-3ss

IMAGE ANGSTROMS TO MICRONS
Service Provided

ATOMIC FORCE MICROSCOPY
SCANNING TUNNELING MICROSCOPY
SCANNING TUNNELING SPECTROSCOPY

MICA ATOMS: Viewed with Atomic Force Microscope

Sufteemdysismdmmfwnssdoneonm,

POy S

Sputtered and plated surfaces

Typical applications:
Polished surfaces

VOLTAGE SELECTABLE
INTERNATIONAL SYSTEM

Z-LINE TPC 884

The TPC, a voltage-selectable AC power distribu-
tion and control system, can have either 120 or
240 volt input and output. Designed with IEC-,
UL-, CSA- and VDE- components, op-
erating up to 16 amps in Europe and 20 amps in
North America. Size: 19.0"x1.75"x7.0". EMY
RFI filtering, spike/surge suppression and over-
load curcuit breaker protection are standard
Remote on/off is optional.

; CVD and ion implantation Integrated circuits
| Computer disks and tapes Laser disk stamper
| Nano machined surfaces Diffraction gratings

Pulizzi Engineering, Inc.
3260 S. Susan St.,

A

Contact: Dr. Thomas L. Altshuler

(508) 369-9033

Advanced Materials Laboratory, Inc.
242 Baker Avenue, Concord, MA 01742

Circle Reader Action No.447

Santa Ana, CA 92714
714/540-4229 FAX: 714/641-9062

Circle Reader Action No. 497

N
|smet
[ | “VVN

PC Systems Handbook for Scientists & Engineers

Configure Your Own Data Acquisition Systems:
Take Control while you Save Thousands of Dollars!!

Have you ever wanted to enjoy the many benefits of configuring your own PC-
| | based Data Acquisition or Instrumentation system, but you didn't know where
to begin? The PC Systems Handbook will lead you every step of the way, ex-
plaining all aspects of systems configuration with easy-to-understand text and
clearly documented diagrams. A detailed glossary and two-dozen “Tech Notes™
help you understand the terminology. Our new Spring 1991 Edition is expanded
to 132 pages with a hard spine, making it suitable as a permanent addition to
your bookshelf. And there is absolutely no charge for this invaluable reference.

Topics Covered Include:
* Industrial Rack-Mount PC's — AT & 80386
* Real-Time Data Acquisition & Process Control Software
* PC Plug-in Boards for Analog/Digital, Digital/Analog, & Digital I/0
 Connect your PC to Test Instrumentation with IEEE-488, RS-232, RS-422
 Stepping and Servo Motor Control with your Personal Computer

Call 1 (800) 341-2525 or (203) 483-8815 (cT & Overseas)

Circle Reader Action No. 371

- o S S S S S S G S S S S G S = Say

Reel Moments: |
A History

of Flight
and Space

| From Kitty Hawk to the Space Shuttle, this
| exciting videotape chronicles the successes
| and innovations, the heroes and inventors, in

| footage. (VHS, 40 minutes) $19.95 each plus
| $3.00 postage and handling.

|
| Name

: Address

ity _Saate. - Zip.

:Tolll Enclosed: §

I Send check or money order to:
1 NASA Tech Briefs, Fulfillment Dept.
|4l East 42nd Street, New York, NY 10017 |

———— —— ——— —— o o o o ]

|
|
|
|
1
|
|
|
|
|
) air and space travel. Includes vintage newsreel :
|
I
|
|
|
|
|
|
|
|

Name

Climb aboard

‘ the world’s best

fighter air-
craft-the F-16
Falcon, F-15
Eagle, and
F-111-for high
flying adventure!
This action-
packed VHS
videotape
features real
combat footage.
$19.95 each plus
$3.00 postage.
NY residents
add sales tax.

Address

City

State

Zip

Total enclosed:
for

Jet videos.

Send check or money order to:
NASA Tech Briefs, Dept. F
41 East 42nd St.,

New York, NY 10017

HUMAN FACTORS
ENGINEERING

YAMM — yet another
menu manager

page 47 NPO-17769

HYPERSONIC FLOW
High-resolution computa-
tions of hypersonic flows

page 57 ARC-12254
INCOMPRESSIBLE
FLOW

Faster algorithm for com
putation of incompress:
ble fiow
page 52 ARC-12370
INFRARED IMAGERY
Estimating the SNR of
AVIRIS data
page 66 ARC-12361
INTERFEROMETRY
Two-waveiength in-
terferometric keratometer
page 39 NPO-17537

IRIDIUM
Molecular-beam epitaxy
of IrSi

page NPO-17953

TR

L

LAMINAR FLOW
Making large suction
panels for laminar-flow
control
page 61 LAR-13844
LASER MATERIALS
Long-lifetime laser
materials for effective
diode pumping
page 42 LAR-13807
LASERS

Semiconductor laser with
multilayer dielectric
reflector
page 18 NPO-17763
LEARNING MACHINES
Simplified learning
scheme for analog
neural network

page 26 NPO-17664

LINKAGES
Low-thermal-conduction
links for silicon sensors
page 38 GSC-13321

LOCAL AREA
NETWORKS

Quad-port transceivers
for a dual-CRR LAN
page 28 NPO-17541

LOGIC CIRCUITS
Simplified learning
scheme for analog
neural network
page 26 NPO-17664
LUBRICATION
Lubrication of nonconfor-
mal contacts

page 57 LEW-14882

MACHINING
Electrical-discharge
machining with additional
axs
page 63 MFS-29630
MAGNETO-OPTICS
Optical isolators with
ransverse magnet

page 36 LAR-14092

MAN-COMPUTER
INTERFACE

YAMM — yet another
menu marn r

page 47 NPO-17769

MATRICES
(MATHEMATICS)

Optical computation of
matrices from vectors
page 70 NPO-17512

MEDICAL EQUIPMENT
Prosthetic hand lifts
heavy loads

page 69 MFS-28465
Rotationally actuated pro-
sthetic hand
page 69 MFS-28426
MEISSNER EFFECT
Meissner-effect stepping
motor
page 59 MFS-28409
MINERAL OILS

Hot oil removes wax
page 60 MFS-29713

MOLECULAR BEAM
EPITAXY

Molecular-beam epitaxy
of IrSi
page

MOTORS
Meissner-effect stepping
motor

page 59

NPO-17953

MFS-28409

MULLITES

Phase transformations in
mullite-precursor xerogels
page 44 LEW-14898

N

NAVIER-STOKES
EQUATION

Faster algorithm for com-
putation of incompressi-
ble flow
page 52 ARC-12370
NEODYMIUM LASERS
Long-ifetime laser
materials for effective
diode pumping
page 42 LAR-13807
NEURAL NETS

Neural networks of VLSI
components

page 24 NPO-17833
Simplified learning
scheme for analog

neural network
page 26

NONDESTRUCTIVE
TESTS
Testing conductive films

for continuity
page 41

NPO-17664

NPO-17938

o

O RING SEALS
O-ring-testing fixture
page 54 MFS-28414

OPTICAL
COMMUNICATION
Optical backplane
interconnection

page 20 LAR-14052

OPTICAL COMPUTERS
Optical computation of
matrices from vectors
page 70 NPO-17512

OPTICAL EQUIPMENT
Optical isolators with
transverse magnet

page 36 LAR-14092

P

PARALLEL PROCESS-
ING (COMPUTERS)
Aigorithmically special-
ized parallel architecture
for robotics

page 22 NPO-17632

Neural networks of VLSI

component:
page 24 NPO-17833

NASA Tech Briefs Februarv 1991



Optical backplane
nterconnection

page 20 LAR-14052
PHASE
TRANSFORMATIONS
Phase transformations ir

PHOTOVOLTAIC CELLS
V-grooved GaAs solar
cell

page 16 LEW-14854
PHYSICAL SCIENCES
Displaying computer
simulations of physical

phenomena

page 32 ARC-125(
PLASMA ARC
WELDING

Fast, nonspattering inert
gas weiding

page 61 MFS-29648
POLARIMETRY

Statistical partial calibra
tion of polarimetric SAR
imagery
page 40 NPO-17888
POLARIZED LIGHT
Airborne laser polariza
tion sensor

page 34 GSC-13314
PRODUCT
DEVELOPMENT

Estimating the cost of
developing software
page 48 NPO-17936

PROGRAMMING
LANGUAGES
General-purpose Ada
software packages

page 51 NPO-17983

PROSTHETIC DEVICES
Prosthetic hand lifts
heavy loads

page 69 MFS-28465
Rotationally actuated pro
sthetic hand

page 69 MFS-2842¢

R

RANDOM ACCESS
MEMORY

Self-testing static
random-access memory
page 30 NPO-17939

REFLECTORS
Semiconductor laser with
multilayer dielectrnic
reflector
page 18

NPO-17763

REFRIGERATORS
Oscillating thermal switch
page 34 NPO-17125

REGRESSION
ANALYSIS

Algorithm for solution of
subset-regression
problems
page 66 ARC-12145
REMOTE SENSING
Measuring wildfires from
aft and satelites

ARC12132
Estimating the SNR of
AVIRIS data
page 66 ARC12361

REMOTE SENSORS
Arborne laser polarza
tion sensor
page 34

ROBOTICS
Algorithmically special
zed parallel archilecture
for robotics

page 22 NPO-17632

S

SEALS (STOPPERS)
O-ring-testing fixture
page 54 MFS-28414

NACA Torh Rriote

SELF TESTS
Selttesting static
rangom-access memaory

page 30 NPO-17939
SEMICONDUCTOR
DEVICES

Molecular-beam epitaxy

fetime las
s for effective
diode pumping

page 42 LAR-13807
SEMICONDUCTOR
LASERS

Semiconductor laser with
multilayer dielectric

reflector
page 18

NPO-17763

SET THEORY
wn for solution of

SIGNAL TO NOISE
RATIOS

Estimating the SNR of
AVIRIS data

page 66 ARC-12361
SILICIDES
Molecular-beam epitaxy
of ISig

page 80 NPO-17953
SILICON

Modified furnace makes
more silicon ribbon

page 64 NPO-17350

SILICON RADIATION
DETECTORS

Low-thermal-condk
hinks for silicon s
page 38

SIMULATION
Displaying computer
simulations of physical
phenomena
page 32 ARC-12502
SLURRIES

Phase transformations in
muliite-precursor xerogels
page 44 LEW-14898

SOFTWARE TOOLS
YAMM — yet another
menu manager

page 47 NPO-17769

SOLAR CELLS
V-grooved GaAs solar
cell
page 16 LEW-14954
SOLID LUBRICANTS
Low-wear ball-bearnng
separator

page 56 MFS-29666

SOLVENTS
Hot oil removes wax
page 60 MFS-29713

SPARK MACHINING
Electrical-discharge
machining with aoditional
axis
page 63 MFS-29630
STEPPING MOTORS
Meissner-effect slepping
motor

page 59 MFS-28409

SYNTHETIC APER-
TURE RADAR
Statistical partial calibra
tion of polanimetric SAR
imagery
page 40

NPO-17888

Ealhr iarvy 1004

If your product or system involves motion, and you need

accu

ate loads, displacements, velocities, accelerations, forces

or motion path information...you need ADAMS'".

Mechanical Dynamics, Inc

The World's First Choice for Multibody System Analysis

4 2301 Commonwealth 4 Ann Arbor, M1 48105 4 313-994-3¢

Circle Reader Action No. 548

[ b

OUTER
SPAGE
ADVENTURE

Experience the thunderous
power of Space Shuttle
launches, bouncing moon
walks, and weightless space
ballet — all in the action-
packed VHS videotape SPACE
SCAPES, featuring rare footage
gleaned from NASA's film ar-
chives. This visual treat is set
to the award-winning music of
Jan Hammer. (Color, 30 min-
utes) Only $19.95 each plus
—$3.00 postage and handling. _ _ _

Name ——

Address _ e

City — e
State ¢4 -
Total Enclosed: $ __ A
for (quantity) Space

Scapes videotapes.
Send check or money order to:
NASA Tech Briefs, Dept. F

41 East 42nd St.
New York, NY 10017

Special Offer:
Official NASA Caps

Black or white cap with gold leaves and
official NASA insignia. A great gift item,
Only $8.95 each!

Add $2.50 for postage. NY residents add
sales tax.
Total Enclosed: $§

Name
Address
City

State. Zip

Mail payment to:
NASA Tech Briefs,
41 East 42nd St.,
New York, NY 10017

b  — — — — —_——————— — — ——
Rush me: ___black ___ white
NASA cap(s).

-n



T

THERMAL
INSULATION
Low-thermal-conduction
links for silicon sensors
page 38 GSC-13321

THIN FILMS

V

VECTORS
(MATHEMATICS)

Optical computation of
matrices from vectors
page 70 NPO-17512

VERY LARGE SCALE

Advertisers Index

Testing conductive films INTEGRATION SDVINONS: ..o orecoeeeiiinnsns (RAC 669) ...........
for continuity Neural networks of VLSI Advanced Materials

page 41 NPO-17938 components Laboratory ........................ (RAC 447) .......
A R e AEROCON 81 ....cccconsvrvn (RAC 488)
RECEIVERS VIBRATION DAMPING Aerospace Optics, Inc. .......... (RAC 309) ...

Quad-port transceivers
for a dualkCRR LAN

Experiments in adaptive
control of a flexible

Algor Interactive Systems, Inc. (RAC 361) ...

page 28 NPO-7S1 et AMP ...... rensrasssamisssseseeses (FNG 65T
page 31 NPO-17846 ANA Brass .........ccccccvecenneeene. (RAC 515)
TURBINES Anritsu America, Inc. .............. (RAC 507) ..
ar;?nt:tuggggggw ® W Apollo Commemorative Poster .............c.c.cocouune.
page 58 ARC-12551 Astro-Med, Inc. ..... (RAC 405)
Austron ............ .. (RAC 304) ...
gt sl WY Azonic, INC. ....... . (RAC 478) ...
Semiautomatic design of immobiiized enzymes CAJON Company (RAC 380) ...

zonal computational grids
page 52 ARC-12322

U

Treating wastewater with
immobilized enzymes
page 70 MFS-26090

USER REQUIREMENTS
YAMM — yet another
menu manager

page 47 NPO-17769

page 70 MFS-26090

WATER TREATMENT
Treating wastewater with
immobilized enzymes
page 70 MFS-26090

WAXES
Hot oil removes wax
page 60 MFS-29713

WINGS

Making large suction
panels for laminar-flow
control

page 61 LAR-13844

Carr Lane Manufacturing Co. (RAC 429) ...
(RAC 517) ...
Comtran Integrated Software .. (RAC 480) ...

Colder Products Company ....

Contempory Cybernetics

Group
Cyber Research, Inc.
Datag Instruments, Inc.
Delker Corporation ...
Dolphin Scientific

(RAC 510)

Elmo Manufacturing Corp. ...... (RAC 509) ...
Encore Computer Corp. .......... (RAC 353) ...
Erie Engineered Products, Inc. (RAC 536) ...

(RAC 411) ...
..(RAC 371) ...
..(RAC 505) ...
..(RAC 316) ...

B R
The Only Outsourcing Show
for the Aerospace Industry

T O R L SRS ( - U0 Y, (. .
Flexbar Machine Corporation (RAC 534) ..... 41
Fluoramics, InC. .......ccccevnneee (RAC 364) ... 5
Frequency Electronics, Inc. .. (RAC 640) .......... 65
Gould Recording Systems .... (RAC 483) ............ 7
Hardigg Industries, Inc. .......... (RAC 492) ... 3
Heimann Systems ... ... (RAC 484) ..... TR -
Hitachi Chemical Co., Ltd. .... (RAC 460) .......... 27
Humphrey, Inc. ...................... (RAC 626) .......... 46
INCO Specialty

Powder Products . (RAC 452) .........
Inframetrics .... o LA SR oviassess
Instrument Technology, Inc. .. (RAC 554)
Jandel Scientific .................... (RAC 580) ..........

MACSYMA/SYMBOLICS ...... (RAC 524)
Magna-Lock, U.S.A. ... .. (RAC 419) .
Martin Marietta ...

MathSoft, Inc. ...... (RAC 682)
Mechanical Dynamics............ (RAC 548)
Melles Griot ............... . (RAC 417) ...

Meridian Laboratory ... . (RAC 377) ..
Mitchell & Gauthier Associates (RAC 527)
National Design Engineering

Show & Conference ........ (RAC 588) .......... 81
National Instruments . (RAC681) .......... 82
National Standards Assoc. .... (RAC 415) .......... 12
Nicolet Instruments (RAC 696) .......... 17
Oracle Corporation (RAC 494) .......... 23
Palmetto Economic

Development Corp. ...... . (RAC 392) .......... 75
Parker Metal Bellows . (RAC 519) .......... 20

Patton & Patton
Software Corporation ...... (RAC 499) .......... 30
Penn Engineering &

ALEROC

AEROSPACE CONTRACT MANUFACTURERS

Manufacturing Corp. ...... (RAC 339)
PROIOVOR ..o vmeisisisirsranms . (RAC 562) ...
Powertronic Systems, Inc. .... (RAC 593)
Pulizzi Engineering, Inc. ........ (RAC 497) ...
RGB Spectrum ....... . (RAC 467) ...
Rolyn Optics Co. ......... ... (RAC 551) ...
RR Software, Inc. .................. (RAC 564) ...
Shin-Etsu Silicones of America(RAC 617)
Silicon Composers, Inc. . (RAC 679)
Specac Analytical, Inc. . (RAC 621) .. 77

Sterling Instruments .............

(RAC 391,556) .. 77

Structural Research and

This is the show where you can meet Analysis Corporation ... (RAC 676) ............ 3

hundreds of aerospace-qualified job shops. ?EAhc /Tmenggb E)n; st (RAC 344) .......... ; 2
% il Q.- H echnology MOCBOAINGS .. .ocinsnrssvucnssicasmasia

/YS AEROCON 91' Ap”’ 3-11at the Anahelm Technology 2001 ..........cc.... (RAC 700,701) .. 37

Convention Center.

You'll find companies with expert capabilities in metalworking, plastics and rub-
ber. They produce custom parts and components and manufacturing services.

Teledyne Gurley .........
The MathWorks, Inc.
The Soundcoat

e . : Company, InC. ........ccccc... (RAC 438) .......... 73
Exhibitors will be both domestic and foreign, ranging in size from small to large, TIOKZD <.oncerriierase correeeerers (RAC 422) .......... 45
plus dlsadvantaged Valco Instruments Co. Inc. .... (RAC 498) ............ 2

VAT Incorporated . (RAC 518) .......... 76
AEROCON 91 — Linking buyers and sellers industry-wide and woridwide. bz e i s
Ask about the CME Seminar Series offered by: SME & NAPM - LA & Orange County Machine Co. (RAC 396) ..........
3 oyt ; Watlow .................. (RAC 416) ...
For registration, seminar or exhibit information, call 1-800-635-9885. Zircar Products, Inc (RAC 595) ..........

Contract Manufacturers Expo West, Ltd., 3270 W. Big Beaver Road, Suite 123,
Troy, Michigan 48084 313/643-6807 or FAX 313/643-0856.

*RAC stands for Reader Action Card. For future
information on these advertisers, please circle the
RAC number on the Reader Action Card in this
issue.This index has been compiled as a service
to our readers and advertiosers. Every precaution
is taken to insure its accuracy, but the publiser
assumes no liability for errors or omissions.

AMERICA'S OUTSOURCING EXPOSITION FOR THE AEROSPACE INDUSTRY

April 9, 10 & 11, 1991 Anaheim Convention Center, Anaheim, California.

Circle Reader Action No. 488

NASA Tech Briefs, ISSN 0145-319X, USPS 750-070, copyright © 1991 in U.S., is published monthly by Associated Business Publications Co., Ltd., 41 East 42nd St., New York, NY 10017-
5391. The copyrighted information does not include the individual tech briefs which are supplied by NASA. Editorial, sales, production and circulation offices at 41 East 42nd Street, New
York, NY 10017-5391. Subscription for non-qualified subscribers in the U.S. , Panama Canal Zone, and Puerto Rico, $75.00 for 1 year; $125.00 for 2 years; $200.00 for 3 years. Single copies
$10.00. Foreign subscriptions one-year U.S. Funds $150.00. Remit by check, draft, postal, express orders or VISA, MasterCard, and American Express. Other remittances at sender’s risk
Address all communications for subscriptions or circulation to NASA Tech Briefs, 41 East 42nd Street, New York, NY 10017-5391. Second-class postage paid at New York, NY and additional
mailing offices

POSTMASTER; please send address changes to NASA Tech Briefs, 41 East 42nd Street, Suite 921, New York, NY 10017-5391



Shocking news? We don’t think so. All right,
maybe the White Sox won’t win the World Series.
But U.S. industry can maintain its world leadership.

As engineers, we design the future. And just one
idea from the National Design Engineering Show &
Conference can provide the spark for the innovations
we’ll need to keep us moving ahead.

National Design is the show for innovation. Engineers
will find over 925 world-leading suppliers of advanced
materials, electronics, fluid technologies, controls,
mechanical components and more. Everything you
need to start and finish your bill of materials.

Management can compare the value of automated
desifn systems from the leading CAD/CAM/CAE
hardware and software suppliers. And learn more
about document imaging systems that will increase
productivity.

Marketing can see what's new in industrial design
and how to make products more marketable.

Your entire engineering team can learn about
proactive design strategies that will help meet the
demands of today’s environmental mandates and
quality-concious consumers. You'll find over 50
sessions and short courses sponsored by the ASME
at the National Design Conference, for knowledge
you can use immediately at the office.

Take the first step towards a better engineered
future. Mail the coupon below now for your free
National Design Show Preview and Conference
Program. It’s your time to be a world champion.

For more information, call Customer Service
(203) 964-8287. Ask for ext. 7550.
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We help designs make it in the real world.

BONUS with your National Design admission!
v ission to these seven shows
as %&f‘?‘laﬁonal Manufacturing Week:
National Plant National Electrical Equipment
Enviromental Technol National Electronic ufacturing

Computers & Software for and Desllgn
Manufacturing Computer Electronic Publishing
Facilites and Security

O1 want to attend National Design. Please send me a Show
Preview and Conference Program.

OT'm interested in exhibiting. Please call with information.

Name Title

Company

Division/Mail Stop

Address

City/State/Zip

Phone Fax

Mail to: Attendee Fulfillment, National Design, P.O. Box 3833,
999 Summer Street, Stamford, CT 06905-0833



The Most Choices
for your PC
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..and the Best Technology

NAT4882 IEEE-488.2 Controller chip
» Optimized GPIB functionality
Turbo488 performance chip

» 1 Mbytes/sec reads and writes
SCSI, serial, parallel Converters
Full-function Analyzer

Data Buffer for plotters

Extenders for distance

Expanders for more devices

FCC certified

High-speed IEEE-488.2 routines

\ ’ ’

Industry-standard NI-488" functions
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HP-style commands

'

Windows 3.0 support
Interactive development and
configuration utilities

« NATIONAL
. " INSTRUMENTS

The Software is the Instrument *
nt Parl

JAPAN 1+ UNITED KINGDOM (0¢
FRANCE 4 - GERMANY
ITALY 4 32 « SWITZERLAND

Over the past three decades, NASA has
granted more than 1000 patent licenses in
virtually every area of technology. Sales of
licensed inventions exceed $10 million, and
royalties paid to NASA approach $1 million
The Space Agency has a portfolio of 3000 do-
mestic and foreign patents and pending appli-
cations available now for license by small and
large businesses, and by individuals. Recently
patented inventions include:

(U.S. Patent No. 4,728,448)

Inventor: Harold E. Sliney

Mr. Sliney, NASA's 1989 Inventor of the Year,
has created a self-lubricating, friction- and
wear-reducing composite material for use
over a wide temperature spectrum from cryo-
genic to about 900°C in a chemically-reactive
environment comprising silver, barium fluo-
ride/calcium fluoride eutectic, and metal-
bonded chromium carbide.

(U.S. Patent No. 4,820,791)

Inventors: Paul M. Hergenrother

and Stephen J. Havens

This invention relates to structural resins and,
in particular, to new polyimides formed from
the reaction of aromatic dianhydrides with
novel aromatic diamines containing carbonyl
and ether connecting groups between the
aromatic rings, whereby processible, solvent -
chemical-, and impact-resistant polyimides
are obtained.

(U.S. Patent No. 4,833,233)

Inventor: Daniel C. Carter

NASA's 1990 Inventor of the Year, Carter has
developed a methodology for preparing crys-
tals of human serum albumin in a form suitable
for x-ray analysis of crystal structure. The size
and quality of the resulting crystals enable
drug binding and genetic engineering studies

(U.S. Patent No. 4,843,554)

Inventors: David B. Middleton, Raghava-
chari Srivatsan, and Lee H. Person

This invention provides the pilot with graphic
and metric information to assist in decisions
related to achieving rotation speed within the
safe zone of the runway or stopping the aircraft
on the runway after landing or takeoff abort.
The real-time monitoring system displays the
aircraft's position on the runway, summarizes
the critical information into a situation advisory
flag, flags engine failures and off-nominal
acceleration performance, and indicates
where on the runway events such as decision
speed and expected stop points will occur
based on actual or predicted performance

(U.S. Patent No. 4,902,574)

Inventor: Sheng Y. Lee

Fluoroepoxy compounds are made by react-
ing a fluoroepoxy resin with an effective curing
agent such as an adduct amine. While the
compound is sufficiently liquid to wet a fluoro-
plastic surface, it can be applied to a fluoro-
plastic adherend such as Teflon and employed
as an adhesive to form various fluoroplastic
products, without requiring any surface treat-
ment of the adherend. The compounds are
formulated with high fluorine contents, nor-
mally above 46 percent by weight, preferably
for bonding fluoroplastics with a high F-con-
tent, above 55 percent by weight.

(U.S. Patent No. 4,921,293)

Inventors: Carl F. Ruoff and

J. Kenneth Salisbury, Jr.

The invention is a robotic hand having a plural-
ity of fingers, each with multiple joints pivotally
connected to one another, with actuators at-
tached at one end to an actuating and control
mechanism mounted remotely from the hand
and at the other end to the joints of the fingers
for manipulating the digits and passing the
robot arm in between the hand and the actuat-
ing and control mechanism. Pulleys route the
actuators within the fingers.

To obtain a license for these or any other
NASA-owned patents, a potential licensee
must prepare a detailed plan which describes
how the invention will be developed and mar-
keted. This plan should delineate the nature
and amount of anticipated investment of capi-
tal and other resources the applicant believes
will be required to bring the invention to practi-
cal application. It should also contain a state-
ment of the applicant's capability and intention
to fulfill the plan, including information on
manufacturing, marketing, financial, and tech-
nical resources. The plan is important be-
cause it forms the basis upon which the deci-
sion to grant a license is made, and is also
used in formulating the terms of the license.

NASA patent licenses usually contain re-
quirements for periodic reporting and market-
ing the licensed invention, restrictions on the
fields of use in which the invention may be
practiced, and a requirement that the invention
be available for sale within a specified time
period. Additionally, all licenses NASA grants
contain royalty terms. NASA requires an initial
royalty payment, a running royalty based on
measures such as net sales, and yearly mini-
mum royalties.

For further information on licensing the
inventions described in this article, or for gen-
eral information on NASA patent licensing,
write to: NASA, Code GP, Washington, DC,
20546, or call (202) 453-2430. 0
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- <5ns EMP clamping response,
~ plus line-by-line filtering.
i Max protection in zero space.

ARINC types. All with the rugged

Now: meet MIL-Std461C and engineering and attention to detail
TEMPEST requirements without rede- you can always expect fmff’ AM P.
signing or kludging. Meet our tiny EMP Let us show you our lightning
killers — substrate mounted uni-polar or ~ Tesponse. For technical information or
back-to-back zeners that tackle voltage literature, call us at 1-800-522-6751.
surges inside the receptacle housing, at AMP Aerospace & Government Systems
the pin. In under five nanoseconds. Sector, Harrisburg, PA 17105-3608.

And: beat noise problems in the
same space, with our broad range of fil-
ters. Clamping followed by filtering helps
reduce resonance and high-frequency ' T"”S IS AMP TC)DAY. AM P
spiking below the clamping threshold.
Lightning-fast EMP protection
is available in the configurations you
need, including 38999s, 24308s, and Circle Reader Action No. 657

ARINC is a trademark of Aeronautical Radio, Inc.



TOUCHAND GO...

m Broad Bandwidth
(0.35t0 1.75 um)

m Broad Dynamic Range
(up to > 80 dB)
m High Sensitivity (-80 dBm)
m Low Polarization
Dependency (< £ 0.5 dB)
m High Level Accuracy
(<+15dB)
The advanced series of MV02
Optical Spectrum Analyzers
provides a new dynamic user
interface that simplifies
operation with a touch EL
panel and a high resolution

The Optical Spectrum Analyzer
That Puts More Power At Your Fingertip!

color display. The display section
can be interfaced with up to three
optical units that can be selected
depending on measurement
application. Color analysis can
be measured directly and polariz-
ation modes can be viewed
simultaneously. Direct spatial
coupling is used for the double
monochromator optical unit.

For literature or a demo,
contact Anritsu America, Inc.
15 Thornton Road, Oakland,
NJ 07436. Call 800-255-7234
or (in NJ) 201-337-1111. |
FAX 201-337-1033. | &

/Nritsu

Circle Reader Action No. 507

ANRITSU CORP., JAPAN



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	Page 82
	Page 83
	Page 84
	Page 85

