


With a 1.25 MB per second rransfer rate and a 35 !TIS average seek rime, the 1 GB CY-2000 
optical disk drive saves and restores files at hard disk speed. All on a removable media that 
protects your data from unpredictable head crashes. Once you lose your hard disk files, 
they're gone forever. But data stored on optical disks remains secure - and quickly accessible. 

TRUEPwG 
CoMPATIBIUTY Wmt: 

The CY-2000 is perfect for data-intensive applications like desktop publishing, multi­
media, digital video, CAD/CAM, medical imaging and more. It's also ideal for private data­
bases and security-sensitive files because the disks can be removed and stored to prevent 
unauthorized access. 

What's more, it's fully compatible with your personal computer, mini-computer, work­
station or server. 

With the CY-2000, each disk stores 1 GB, making it twice the capacity of competitive 
optical disk drives. The media are erasable, rewrit­
able, and exrremely durable. One platter can last 
over 40 years. And because the disks are small 
and lightweight, you'll enjoy reduced storage and 
shipping costs. 

The CY-2000 is part of our frunily of data stor­
age products that includes QIC tape srreamers, 
magneto-optical disk drives, and 8mm tape drives 
and tape libraries. 

If you want gigabyte capacity, 
fast file access, and the security of 
a removable media, the CY-2000 
is a perfect fit Call today for more 
information at (804) 873-9000. 
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Leak-tight Valves 8\ Fittings 
for Analytical Instrunlent 
Applications 

The leak-tight technology of the SWAGELOK 
companies is built into all the products you 
see here. 

They work with each other to give you design 
flexibility. You can select sizes, shapes, materials 
and ratings to handle your service conditions. 

They're all manufactured to the same stand­
ards of precision and quality control. You can 
count on consistent tolerances, compatible end 
connections, and reliable seals. 

They're available locally from Authorized 
Sales and Service representatives. You can save 
money through efficient purchasing, controlled 
inventories, and on-time delivery. 

FILTERS 

QUICK-CONNECTS 

e 1988 SWAGElOK Co .• all riglllS reserved SW--4 

TUBE FITIINGS 

BALL & PLUG VALVES 

CHECK& 
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You can automate your 
systenl with 30-year-old 
technology, 
or I II 

Now Available for 
III Sun SPARCstation 

III Microsoft Windows 

Apple acintosh 

Automated Test 

Process Control 

Chromatography 

Analytical Chemistry 

,-.-.... . 

Audio and Vibration 

Manufacturing and Production 

Bring It to Life with LahVIEW® 
Tired of wrestling with text-based programming languages? Then make the 
switch to LabVIEW. LabVIEW is the most celebrated application software for 
data acquisition, instrument control, and data analysis. Over six years ago, 
LabVIEW introduced the combination of front panel user interfaces and graphical 
programming on the Macintosh. Today, engineers and scientists around the world 
use LabVIEW for a broad spectrum of applications on the PC under Microsoh 
Windows or the Sun SPARCslalion, as well as the Macintosh . 

Unlike olher graphical packages, LabVIEW does not sacrifice power and 
flexibility for ease of use. With LabVIEW, you quickly build block diagram 
programs and add your own blocks to expand upon our libraries. You also 
create front ponel user interfaces and import pictures to customize the ponels. 
Yet LabVIEW virtual instruments run as qUickly as compiled C programs. Call us 
10 find out how LabVIEW can bring your system 10 life, on your pla~orm of choice. 

For a F;~~~a:;:~~ure, call: ~r.:sVdS~\"TS® 
(800) 433.3488 (U.S. and Canada) .,., Tbe Software is Ibe [I/slr"metll Ie 

6504 Bridge Poinl Parkway 
Auslin, TX 78730-5039 

For More Information Circle No. 681 Fax: /5121794-8411 

Branch Offices: Australia 03 8799422 • Belgium 02 7570020 • Canada 519 622 9310 • Denmark 45 76 73 22 • Finland Q() 524566 
France 1 48 653370 ' Germany<J89 714 50 93 ' Italy 02 48301892 ' Japan 033788 1921 • Netherlands 01720 45761 
Norway 03 846866 • Spain 91 896 0675 • Sweden 08 984970 • Swillenand 056 27 00 20 • U.K. 0635 523545 
Q Copjr,ghl 1992 NoI'oool ""U"..,. COIpc>Ol''''' ,IJ1,'9h15 • .......d P,ociucIOI'<l """po",, names loled 01' 'TOdemo." 01 I!Ode r,]I',., 01 the" 'espe<"" compon .. 



Imagine you could design your own personal 
computer. What would it be? It would be fast, of 
course. Faster than your basic 486 machine. Fast 

The Apple Macintosh Quadra. 
enough to handle the rendering, animating, design 
and analysis jobs that often require a workstation. 

It would have immense storage and memory 
capacity. And it would have features like high­

erformance networking and accelerated 
video support built in. 

You would make it flexi­
ble enough to run any kind 

Mathematita of application. Affordable 
~ MicroStation enough to put on everyengi­

neer's desk. And as long as 
you're fantasizing here, 

"""------ yout! make it as easy to set 
Macililosh QUlltira runs allihe most 1 d 

powerful engilleering software. Up, easy to earn an easy 

Uellum 

JlI UersaLRD 

to use as an Applee Macintoshe personal computer. 
But it's not a fantasy. It's a Macintosh Quadra~ 
By any measure, the Macintosh Quadra 700 and 

950 are two of the most powerful personal com­
puters ever built. Both are based on the Motorola 68040 
(rated at 20 and 25 MIPS, running at 25 and 
33 MHz), which integrates the processor, math 
coprocessor and RAM cache all onto one chip. 

programs like AutoCAD, MicroStation Mac; MacBRAVO! 
and VersaCAD perform at a level once seen 
only in dauntingly complex workstations. 

High-performance subsystems provide 
built-in support across the board: Ethernet 
networking, accelerated 24-bit video** sup-

They're up to twice as fast as any of their 
forebears. Fast enough to beat the chips off 
comparably priced 486 computers from mM, 
Compaq and Dell~ And fast enough to make 

Buill-ill 24-bit lideo leIS you port and faster SCSI and NuBus'" slots. 
createpbolo-realislicimagesu.iliJoul v. add 400MB h d d' k b h 

liJe elpellse 0/011 exira card IOU can a ar IS to ot 



the 700 and the 950 to accommodate the largest CAD 
files. And the 950 even lets you add a CD-ROM drive or a 
removable cartridge drive, and a disk array or more than 
a gigabyte of internal hard disk storage. 

You can increase the memory of the 950 to up to 64MB 
of RAM for handling compute-intensive applications like 
three-dimensional modeling and stress analysis. 

Over your network, the unique Apple interapplication 

communications architecture liiiir1 
lets you easily take advantage 
of features like distributed pro- ' 
cessing, allowing programs like 
RenderPro and BackBurner to 
utilize excess CPU cycles on 
other Mac computers or work - Tbereare 1100 A/acinlosb Quadra 

• C f d . models. The 950 sits next 10 YOtir StatIOns lor aster ren enngs. desk: fbe 700jitsol1 lopofil. 

And Macintosh Quadra fits in with the PCs you 
already own. The built-in Apple SuperDriv( used 
with Apple's new Macintosh PC Exchange software, 
allows you to share files easily with MS-DOS PCs 
via floppy disk or over a network. And with Apple's 
fully compliant version of UNIA - A/lJX® - you can 
even run UNIX, X Window, MS-DOS and Macintosh 
programs all at 
the same time. 

It all adds up to 
the kind of power 
that moved PC 

Performance Index 
I Macinlosh Qu:u!m 700 (93) & 9SO (9.7) I 
! Compaq Ile5kpn> 4861331. I 
I IBM PS/2 Model 95 Xl> 486133 I 
I llell433P (486133) I 

SPl't't.i r:1Ull~ 
I: ~~...J ,I!HII I'YI ~% 

I , \ • i h 
, R 9 ~I 

TV;'; ,l. . h Macintosh Quadra sigllificantV' outperforms 486 PCs 
WeeM to gIve t e from rB!~f, ComfWI and Dell running Windoll's 3.0. 

Macintosh Quadra its highest satisfaction rating in 
the categories of overall performance, price relative 

to performance, expansion capability and ease of instal­
lation and configuration! 

Your authorized Apple resellerwould be glad to show 
you all this and more. For the name and location of 
the one nearest you, call 800-538-9696, extension 200. 

And soon you'll discover the latest power of '-
Macintosh personal computers. The power to 
start a revolution. The power to be your bese 
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Tranter, inc. and Dean Products, Inc. 
have supplied efficient and flexible 
PLATECOll~, PANElCOll~ and 
CRYOPANEl~ prime surface heat 
exchangers for a wide variety of 
space age projects-from large and 
small solar simulator space chambers, 
to components for jet and rocket 
engine test stands, to heat exchange 
surfaces for helium cryopumping, to 
bell jar shrouds. 

With the acquisition of Dean 
Products I assets and the addition of a 
large, dedicated location for production 
of special space-oriented heat 
exchangers at its Wichita Falls, TX 

facility, Tranter is now producing 
PANElCOll and CRYOPANEl products, 
in addition to PLATECOll units. 

These outstanding heat exchangers 
can be supplied with grit blasted and 
blackened interior surfaces for low 
emissivity and high absorptivity to 
enhance acceptance of radiation from 
test objects. Outside surfaces can be 
electropolished for high emissivity and 
low absorptivity, reAecting radiation to 
reduce cryo-liquid usage. 

Discover the unparalleled versatility 
of PLATECOll, PANElCOll and 
CRYOPANEl units, and the potential 
efficiency and savings they can bring 

For More Information Circle No. 594 

to your operation. Call us at (817) 
723-7125, or contact your local 
Tranter representative. Better still, ask 
your local Tranter 
representative about our 
Heat Transfer Symposiums. 

The heat transfer answer. 

ranter 
TRANTER, inc., Texas Division 
Old Burk Road. P.O. Box 2289 
Wichita Falls TX 76307. (817) 723-7125 
TELEX: 73-4410· FAX: (817) 723-5131 
C 1992 TRANTER. Inc. === MADE IN U.SA 650102 
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Ames Research Center has produced an exercise machine that 
trains astronauts ' upper body muscles for extravehicular activity 
in orbit. The invention has applications in the sports fitness 
market and in rehabilitation. See the tech brief on page 120. 
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on the cover: 
This model of the flow within a complex 3D ram accelerator 
was generated using a novel data visualization software 
package developed with NASA 's aid. The flow field consists of 
chemically reacting premixed methane and air, high super­
sonic velocities, viscous boundary layers, reflecting shock 
waves, combustion fronts, and extremely complex 3D 
interactions between the projectile fins and tube wall. Turn to 
Mission Accomplished, page 12. 
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SCIENCE/ SCOPE® 

Japan will benefit from expanded communications services, with two new satellite cheduled to be 
launched in 1994 and 1995. The atellites, built by Hughes Aircraft Company, will be three-axis, 
body-stabilized HS 601 models - Hughes' late t atellite design. They will each carry 24 Ku-band 
transponders, providing greater data, telephone, and video transmission throughout Japan. The 
HS 601 model is an extremely high-power satellite developed for applications uch as direct television 
broadcasting to small receiving antenna, very small aperture terminals for private bu iness networks, 
and mobile communications. 

Integrated circuit manufacturers will be able to de ign faster. smaller electronic components - for 
higher output - now that Hughes has developed a precision method for thinning bonded Silicon-on­
Insulator (SOl) semiconductor wafers. This new AcuThin T \1 process thins wafers to optical tolerances 
through a non-contact fabrication technology called PIa rna Assisted Chemical Etching (PACE), also 
developed by scientists at Hughes. It yields a wafer with silicon film thickness of less than 
100 nanometers-and uniformity of +/- 10 nanometers or better. It also pre erves all bulk silicon 
properties, so manufacturers do not have to retool their fabrication equipment. Hughes has begun 
producing these new wafers for customers' initial process evaluation. 

In the first full-scale "disaster drill" simulating a failed satellite transponder, Hughes satellite and 
network controller restored a Disney feed placed on Galaxy II, transponder 4, after customer 
Upsouth Atlanta had intentionally dropped the feed as part of the drill. The object was to test 
satellite operating instructions and staff response, to see if any deficiencies existed. There was no 
disruption of programming to Up outh Atlanta, as Hughes immediately coordinated with the Galaxy 
Program Office and moved the Upsouth feed to another Galaxy transponder. Restoring service to the 
primary transponder wa completed in two minutes. 

Government relief efforts in the Philippines were enhanced greatly by VSAT terminals, following 
the volcanic eruptions of Mount Pinatubo. These very small aperture terminals, built by Hughe , were 
u ed to transmit seismic data to geologi ts, as well as relay information regarding those left homele s. 
The earth station are owned by the Philippine' Clavecilla Radio, which operates a network of more 
than 60 satellite earth station in the Philippine . The terminals are C-band versions of the Personal 
Earth Station, Hughe ' flag hip atellite networking terminal for interactive voice and data 
transmission. 

Major industrial plants in the United States are now benefitting from Hughes technologies that are 
providing environmental solution . These technologies include thermal imaging to detect vapor spills, 
laser pectrometers for monitoring gas emission, and fiber optic leak detector. Hughes is actively 
involved in a Superfund cleanup project at a major U.S. indu trial plant where it i providing 
ystems engineering, remediation planning, technology application and environmental laboratory 

support, as well as helping manage these efforts. The e innovative, science-ba ed solutions draw 
upon many of Hughes' defen e and non-defen e technologies. 

For more information wnte to: POBox 80032, Los Angeles, CA 90080-0032 

HUGHES 
e 1992 Hughes Aircraft Company Subsidiary of GM Hughes Electronics 
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• AdJustment free auto­
locking to all workstations, 
Pes and Mac lis 

• Interlaced and non-
Interlaced inputs 

• Pan, scroll and zoom 

• Flicker-free output 

- Video overlay capability 

- Full 24 bit color 

- Genlock 

- RS-232 control 

- Broadcast quality NTSC/PAL 
compOSite video S-Video, 
RGB RS-170/EBU, Y, R-Y, B-Y 

- RGB 31.5 kHz for video 
projection 

- Other models from $ 1 0,995 

SPECTRUM -
950 Marina Village Parkway Alameda, CA 94501 

Tel: (51 0) 81 4-7000 Fax: (510) 81 4-7026 

For More Information Circle No. 467 
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The Quickest Way 
to Analyze 2-D Data and Images 
Whether. you work with floating-point matrices or satellite images, whether your 
data comes from simulations or sensors, Spyglass Transform is the quickest data 
analysis tool available. Unlike expensive programming languages or environments, 
Spyglass Transform offers advanced visual data analysis capabilities in a streamlined, 
affordable software package that requires absolutely no programming! 

Just Click ... 
.. . to import the common data / image file formats, fromASCll 
to TIFF to HDF. Import 3D data one slice at a time. Numeri­
cal data immediately appears in a spreadsheet display that 
works interactively with images and plots. And The Data 
Handbook (see inset) will help you understand and handle 
virtually any file format. 

Just Click ... 
.. .for color raster images, contour plots, vector plots, surface 
plots, and line graphs. Compare multiple images and datasets 
interactively. Overlay one plot on another to create insightful 
composite plots. Select from the 20+ supplied color tables; 
expand or compress existing color tables to create new color 
tables. Output any image or plot to PostScript printers. 

Just Click ... 
... to use built-in manipulation functions and kernel convolu­
tions, as well as mathematical, trigonometric, and statistical 
functions. Smooth and resarnple data arrays by a variety of 
methods, and fill missing values. Export data and images to 
other programs. 

Call today ... 
and use Spyglass Transform tomorrow! 

• 60-Day Money-Back Guarantee 

• FREE Telephone Technical Support 

• Overnight Delivery (US only)* 

• 2nd-day delivery-$9; Ovem ight-$19. Over­
night orders must be placed by 2:00 p.m. (CT). 

The Data Handbook 
A Guide to Understanding the 
Organization alld Visllalizatioll of 
Technical Data 

by Brand Fortner ($39.95) 

This indispensable reference provides an overview 
of the data universe. You'll also find useful 
information on specific formats like SECoY, Plot 3D, 
ACR·NEMA, netCDF, PICT, ICES, DXF, and others. 
FREE when you purchase Spyglass Transform, or 
ord r separately (allow 4-6 weeks for delivery). 

1-800-647-2201 
• Macintosh Version 

• UNIXlMotif Version 
Sun, DEC, SGI, HP, IBM 

9-5 cr 

$495 
$895 

VISA, Me and AMEX accepted. Prices are U.s. list. 
Mention this advertisement for a special offer! 

SPYGLASS 
~ 

Spyglass, Inc., 1800 Woodfield Dr., 
Savoy, IL 61874 

tel: (217) 355-6000 fax: (217) 355-8925 

Join the thousands of 
scientists and engineers who 

use Spyglass™ Transform 

Surface elevation of Antarctica 
Data: Professor Doug MacAyeal, Univ. of Chicago 

u.s. Weather, January 2, 1991 
Data: University of Illinois at Urbana-Champaign 

Dept. of Atmospheric Sciences 

Simulation of wind flow over an airfoil at Mach 05 
Data: Dr. Mark Christon, Lawrence Livermore labs 

Slice from 3D seismic survey 
Data: Halliburton Geophysical Services, Inc. 

Spyglass Transfonn 2.0 

MacUser Eddy Award Winner for Best 
Science/Engineering Product, 1991 

For internati onal information contact Spyglass, Inc., at the address above, or-Australia: MacScience 03 499 2607; France: Alsyd (Macintosh only) 7641 8430; Gennany: SW Design 02408 6071, 
Vistee 06112 2037; Japan: IMI 0333653641, Sumisho Eleetronics03 32191956; Netherlands: IVS0226353703; UK: Adept 0462480055 C 1992, Spyglass, Inc. Trademarks: Spyglass, Spyglass, Inc.; 
PostScript, Adobe Systems, Inc.; UNIX, AT&T Information Systems; Macintosh, Apple Computer, Inc.; Moti!, Open Software Foundation. 

For More Information Circle No. 654 for UNIXlMotif Version 
For More Information Circle No. 656 for Macintosh Version 



T 
oday's sophisticated computations 
often generate mountains of data­
far more than any person could 

visualize mentally. Software designed 
by Amtec Engineering Inc., Bellevue, 
WA, can create computer images from 
data tables containing millions upon 
millions of numbers, enabling the sci­
entist or engineer to quickly examine 
the data for important features , trends, 
and anomalies. 

Called TECPLOT, the interactive, 
menu-driven, data visualization program 
integrates X-Y plotting with two- and 
three-dimensional surface plotting ca­
pabilities. Flexible and easy-to-use, it 
has applications in test engineering, 
image and signal processing, process 
monitoring, medical diagnostics, scien­
tific research, financial analysis, and 
energy exploration. It is particularly use­
ful for analyzing computer simulations 
of fluid flows, electromagnetic fields, 
and heat conduction. 

TECPLOT originated in 1984 as an 
in-house program to help Amtec better 
conduct R&D projects for commercial 
and government clients. "We designed 
it to anticipate what the user will want to 
do-to think like an engineer," said Byron 
Ponten, senior programmer at Amtec 
and the software's creator. After many 
clients such as NASA and Boeing had 
seen the results, they wanted the soft­
ware for themselves and soon a com­
mercial product was born. 

12 

According to Amtec president 
Michael Peery, TECPLOT stands out 
from most commercial programs in its 
abil ity to plot nonrectangular data struc­
tures, eliminating the need to interpo­
late data onto a rectangular grid. Inter­
polation of nonlinear data such as that 
acquired in computational fluid dynam­
ics (CFD) can resu lt in a loss of poten­
tially important details. 

Most plots are generated in sec­
onds, and the user can interrupt to 
make alterations in the plotting configu­
ration. Data can be subdivided into as 
many as 2048 subsets, or "zones," and 
then selectively plotted . The zones may 
represent physical objects, different ver­
sions of the data, or parts of a larger plot 
and can be displayed using a variety of 
plot types-including X-Y, contour, vec­
tor field, mesh, and scatter. These plots 
can be simultaneously displayed in up 
to 16 windows. 

Multiple plots can be overlaid for 
analysis. Air flow data from wind tunnel 
tests , for example, can be superim­
posed on data from a computerized 
simulation of airflow. In this way, the 
experimental data can be used to con­
firm the utility of a simulation program. 

TECPLOT runs on most UNIX and 
VMS workstations as well as PCs with 
DOS and UNIX, and is compatible with 
many other programs. For example, 
TECPLOT serves as the graphical user 
interface for INCA, Amtec's recently 

released CFD software. 
TECPLOT 5, the latest release, in­

corporates many customer-requested 
features. According to Peery, NASA's 
Langley Research Center has been a 
primary source of user feedback, serv­
ing as a beta test site and suggesting 
such enhancements as 3D capability 
and porting to workstations. TECPLOT 6, 
scheduled for release in early 1993, 
will provide 3D volume capability for 
structures having an inside. Develop­
ment of this feature was supported by a 
Small Business Innovation Research 
grant from Langley. 

The program's versatility is illustrated 
by recent applications. NASA Langley 
has used it for space shuttle and space 
station research, satellite studies, rar­
efied gas dynamics studies, and even 
management of electricity demand. Los 
Alamos National Laboratory used TEC­
PLOT to develop compl)ter. .. codes to 
help improve 'the 'safety and efficiency 
of nuclear facilities. The US Geological 
Survey employed it to analyze data 
generated from a multi-county ground­
water study in the Florida panhandle. 
And oceanographers at Oregon State 
University used it to create large-scale 
ocean models. 0 

Editor's note: Amtec Engineering will dem­
onstrate TECPLOTatTechnology2002, the 
third national technology transfer confer­
ence and exposition, to be held December 
1-3 in the Baltimore, MD convention center. 
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BOOTH 
Addison-Wesley Publishing Company 1101 
Reading, MA 
Literature will include Milling the Nation's Brain 
Trl/st. focusing on how to access the technical 
resources in federally funded or managed research 
labs, and Concl/rrent Engineering. describing this 
method of concurrently designing the product and 
its production. marketing. and support processes. 

Advanced Digital Imaging 1101 
Irvine, CA, 
will present the AD1 digital disk recorder, which 
plays seven minutesof video with Betacam and OJ 
compatibility. 

Advanced Technology & Research Corp. 222 
Laurel. MD. 
provides engineering services in defense. aero­
space, and automation systems for ASA, DOD, 
USPS, and other agencies. The firm specializes in 
analysis, design. fabrication, and testing. 

AECL Technologies 1101 
Rockville, MD. 
will feature the Open Architecture Distributed 
Computer System, a versatile and highly-reliable 
generic in trumentation and control system origi­
nally developed for nuclear power plants. 

Aerospatiale 1023 
Les Mureaux Center, France, 
will highlight its role in principal European space 
projects and exhibit new products and technolo­
gies in such areas as thermal protection. magnetic 
bearings, and HP filament winding. 

AFCEA 
Fairfax. VA. 

1223 

is a nonprofit international organization repre­
senting government, industry, and military pro­
fes ionals in the fields of communications, com­
puters, imaging. intelligence, and informationsys­
tems. 

AGEMA Infrared Systems 224 
Secaucus, N), 
will exhibit the Thermovision" 900, a high-defini­
tion. infrared thermal measurement system fea­
turing built-in high-speed, 12-bit digital dynamic 
recording. 
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TECHNOLOGY 

2002 
Exhibits Preview 

Technology 2002 (December 1-3, 1992, Baltimore, 
Maryland convention center) will be the largest 
technology transfer conference and exposition 
ever held, with 60,000 square feet of exhibits 
displaying new inventions and products avail­
able for license or sale. Following is a directory of 
the more than 200 federal government, university, 
and industry exhibitors who will be showcasing 
their latest and greatest technologies at this NASA­
sponsored event. 

BOOTH 
Allied-Signal Aerospace Company 906 
Kansas City, MO, 
will highlight its process capabilities in electrical­
electronic, mechanical, and rubber and plastic prod­
ucts. 

Ambassador Marketing 306 
National City, CA, 
will display bacteriostatic water treatment units 
incorporating technology originally developed for 
the space shuttle. 

American Ceramic Society 200 
Westerville, OH 
Literature will highlight society meetings and ex­
positions. publications and books (including ad­
vertising opportunities), continuing education, ref­
erence services, and membership. 

American Microwave Corp. 1101 
Frederick, MD 
The firm's product catalog includes DLVAs and 
SDLVAs, PI diode switches, and PI diode at­
tenuators. 

American Welding Society 509 
Miami, FL, 
will spotlight the society' s annual convention, as 
well as its educational seminars and conferences. 
Available literature will include the Welding Jour­
nal and A WS codes and standards. 

Amerinex Artificial Intelligence Inc. 1101 
Amherst, MA 
Literature will describe products and services for 
vision automation including the KBVision™ sys­
tem, which provides rapid prototyping and devel­
opment tools as well as libraries to create applica­
tion-specific software modules. 

Ames Research Center 528 
Moffett Field, CA, 
will showcase the Electro-Expulsive Deicing Sys­
tem for shipboard and aircraft use and a compact, 
modular measurement system for physiological 
and spaceflight applications. 

BOOTH 
Arntec Engineering Inc. 726 
Bellevue, W A, 
will feature TECPLOT, an interactive, menu-driven 
data visualization program for creating X-Y, con­
tour, vector, scatter, and me h plots in 20 and 3D. 
and INCA, a 3D Navier-Stokes flow analysis pro­
gram. 

Andrews Glass Company 1101 
Vineland, J 
A brochure will describe the firm's precision glass 
and quartz fabrication capabilities, including pre­
cision cutting, grinding, and polishing; bore tub­
ing; metal sealing; graded seals; and hand tooling. 

Arthur D. Little Inc. 1101 
Cambridge, MA 
Literature will describe future space program plan­
ning and development, thermal control hardware, 
flight experiments, space science, EVA materials 
technology, and systems development, as well as 
the space station laundry and refrigerator project. 

Association of American Railroads 312 
Pueblo,CO, 
will highlight a variety of R&D programs for rail 
transportation conducted at the Transportation 
Test Center. 

ASTM 1101 
Philadelphia, PA 
The ASTM publications catalog describes the 68 
volumes of the Annual Book of ASTM Standards 
and several hundred related technical publica­
tions. 

Astro-Med Inc. 126 
West Warwick, RI, 
will exhibit advanced chart recorders including 
the MT95K2 8-32 channel recorder with monitor 
and Dash 8 and Dash IV portable field recorders. 

Austrian Embassy 1109 
Washington, DC 
The embassy and Austrian Trade Commission 
provide assistance in trade between the US and 
Austrian companies and institutions. 
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BOOTH 

Aviatioll Week & Space Techllology 1101 
ew York, Y, 

is a weekly news magazine for the aviation/ aero­
space business reporting on a range of ind ustries 
including commercial, military, defense electron­
ics, and pace. 

Bergen Cable Technologies [nco 1101 
Lodi, NJ 
Literature will describe Bergen's safety cable, a 
cost-effective alternative to lockwire for fastener 
retention that offers a 50 percent labor savings and 
has no sharp edges. 

BEST orth America 1101 
Baltimore, MD 
The company's on-line research database profiles 
faculty research expertise and technologies from 
more than 125 major North American universities 
and research institutions. 

BF Goodrich Aero pace 622 
Vengennes, VT, 
will exhibit aerospace components for commer­
cial, military, and space vehicles. 

Biophysics Research Foundation 72 
Edgewood, [L, 
will display neural pattern enhancement equip­
ment and technology that employs brain map­
ping, evoked response, and delta-state condition­
ing to reprogram brain patterns and enhance abili­
ties. 

Biotronics Technologies 506 
Wauke ha, WI, 
will feature on-line systems for simultaneous, 
multi-component analysis of chemical constitu­
ents in wa ter using absorption and liquid atomic 
emission spectrometry. 

Birch, Stewart, Kolasch, and Birch 1101 
Falls Church, VA 
Literature from this intellectual property law firm 
deta ilsassistance available to inventors, engineers, 
and designer in obtaining, licensing, and enforc­
ing US and foreign patent rights. 

Boeing Company 128 
Huntsville, AL, 
will exhibit components of space station Freedom 
including a glove box, a plant and animal habitat, 
a biomedical monitoring rack, and a 2.5-meter 
centrifuge. 

Boeing Company 510 
Seattle, WA, 
will demonstrate EASY5 software, a GU[-ba ed 
package for dynamic system modeling, simula­
tion, control system analYSis, and design appli­
cable to large and complex continuous, digital 
sy tems. 

Booz-Allen & Hamilton 909 
Bethesda, MD, 
will highlight efforts in its space systems division 
to consolidate civilian space engineering and op­
erations, space and strategic defense technology, 
satellite ystems, and technology transfer. 

Brookhaven ational Laboratory 708 
Upton, Y, 
focuses on basic and applied research in the physi­
cal, biomedical, and nvironmental sciences and 
in elected energy technologies. 

Business Communications Company [nco 1101 
orwalk,CT 

The BCC catalog contains information on over 250 
business opportunity reports, newsletters, direc­
tories, and conferences in such fields as waste, 
energy, chemical, biotechnology, health care, op­
tics, materials, electr nics, and communication. 
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BOOTH 

California Institute{)f Technology 40 
Pasadena, CA 
A a member of the ational Consortium for Con­
current Supercomputing, Caltech will present re­
cent scientific results obtained using the [ntel 
Touchstone Delta Supercomputer. 

Canon Communications Inc. 1010 
Santa Monica, CA, 
is the primary source of news and information for 
the medical products and electronics manufactur­
ing industries with its trade publications Medical 
Device & Diagllostic hldustry, Medical Product Mallu­
facturing ('IUS, and Microcolltaminatioll. 

C [Systems Inc. 107 
Hawthorne, Y, 
will demonstrate its line of blackbody reference 
sources and the SR-5000, a computerized 
spectroradiometer. 

C.[TOH Technology Inc. 314 
Irvine,CA, 
will display a multifunction, programmable 
graphic LCD key switch with multicolor LED back­
lighting, and various prototype and design tools to 
shorten design time. 

Concurrent Technologies Corp. 221 
Johnstone, PA, 
provides technical metalworking services to in­
dustry and government, developing ways to pro­
duce net shape parts and their manufacturing 
processes correctly the first time in an efficient, 
environmentally safe, and cost-effective manner. 

BOOTH 

Control Systems Analysis 1101 
Middletown, RI 
Literature will present INTERLOCKS"', a power­
ful, clear-cut methodology and tool for specifica­
tion and analysis of complex control systems. 

Cornell Theory Center 821 
[thaca,NY 
The four ational Science Foundation (NSF) 
Supercomputer Centers have joined together at 
Cornell as the SF Metacenter. The exhibit will 
offer information about this national resource and 
highlight ongoing research projects. 

Corning Inc. 210 
COrning, Y 
Corning's Technology Sales and Licensing Group 
will describe the company's analytical and engi­
neering services and its patented technologies 
available for sale or license. 

Corptech 1101 
Wobum,MA 
The Techllology 1 nd /lstry Growlh Forecaster uses cur­
rent data from technology executives to provide 
monthly insight into the technologies and geo­
graphic areas with the fastest projected growth 
during the upcoming year. 

COSMlC/ The University of Georgia 721 
Athens,GA 

ASA's Computer Software Management and [n­
formation Center (COSM1C) will demonstrate soft­
ware developed or funded by ASA and available 
to industry, academia, and government. 
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BOOTH 

County of Loudoun, Virginia 309 
Leesburg, VA, 
will provide information on relocation and expan­
sion services as well as demographics, taxes, build­
ing sites, and buildings. 

CTA Inc. 1101 
Rockville, MD 
A special edition of the company' magazine Tech 

ell'S will focus on CT A technical support to ASA. 

Cybernet Systems Corp. 114 
Ann Arbor, MI, 
will demon trate the PER-Force'" handcontroller 
with virtual force-feedback, suitable for hazard­
ous environments, and the Interface Evaluation 
System for advanced cockpits. 

Daedalus Enterpri es Inc. 
Ann Arbor, MI 

1101 

Literature will describe two newcommercia l scan­
ner products from this manufacturer of airborne 
multispectral imaging ystems. 

DATATAPE Inc. 208 
Pasadena, CA, 
will display high-environment, rotary digita l and 
analog magnetic tape recording systems for mili­
tary, aerospace, and commercial applications. 

Defense Programs Technology Transfer: 1028 
Lawrence Livermore ational Laboratory, 
Los Alamos ational Laboratory, and 
Sandia ational Laboratories 
This alliance of national labs and advanced manu­
facturing facilities seeks new ways for US indu,try 
to use the Defen e Program's technica l resources. 

Department of Economic & Employment 604 
Development 
Baltimore, MD, 
wi ll highlight resource, for technology develop­
ment in the State of Maryland including regional 
technology councils, the Maryland Venture Capi­
tal Trust, the University of Maryland, the Mary­
land Biotechnology Institute, Johns Hopkins Uni­
versity, the hri topher Columbus Center for 
Marine ReseMch and Explorations, and the a­
tionallnformation Technology Center. 

Department of Transportation 900 
Washington, DC, 
will feature the AircraftSituation Display, a graphic 
depiction of current traffic and flight plans nation­
wide, and the GeographiC Information System, a 
display and analysis of transportation-related spa­
tial data. 
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BOOTH 

Diamonex 611 
Allentown, PA, 
will exhibit diamonds and diamond coatings for 
optical and thermal applications, and chemical­
and abrasion-resistant coatings for metal , glass, 
ceramic, and plastic substrates. 

Digiray Corp. 50 
San Ramon, CA, 
will display an all-electric, real-time x-ray system 
based on reverse geometry. It uses a scanning 
beam of electrons to produce film-quality x-ray 
images that are displayed on a video monitor in 2D 
or 3D stereo. 

Digita l Equipment Corp. 612 
Marlboro, MA, 
will spotlight the Real-Time Integrator, a power­
ful, icon-ba ed software tool for rapid develop­
ment and execution ofte t, control,and data acqui­
sition applications. 

DUAL Inc. 
Arlington, V A, 

Fll/id Dynamics 
Intemational 
w ill demonstrate 
CFD sof tware 
that siml/lates a 
variety of fll/ id 
flows for 
applications i/l 
aerospace, 
marlllfa chI ring, 
materials science, 
and otlrer fields. 

123 

will feature software engineering (including a real­
time data system for NASA's Mission Control in 
Hou ton), systems integration products and ser­
vices, hardware/ software simulator engineering, 
and custom electronics manufactu ring. 

Edison Sensor Technology Center 827 
C1eveland, OH 
This exhibit will highlight the ESTC, which spe­
cializes in microsensor development, and the Cen­
ter for Automation and Intelligent Systems Re­
search, located with the ESTC at Case Western 
Reserve Univ., which provides R&D in machine, 
process, and data control and intelligent ystems. 

Electromechanical Systems Inc. 501 
Corona,CA, 
will display RF switching modules, power divid­
ers, logic controllers, and switch matrix systems. 

ERIM/IRIA 1101 
Ann Arbor, MI 
Literature will describe this DOD-supported in­
formation analySis center specializing in infrared, 
electro-optical, and microwave sensor and image 
processing systems for milita ry applications. 

BOOTH 

ESL Inc. 1122 
Sunnyvale, CA, 
will present ViewPoint, a SOO-megasample/sec­
ond analog and d.gitalsignal acquisition,analysis, 
and playback device, and DATAFLOW, a continu­
ous da ta stream processor offering the ad vantages 
of high throughput and true flexibility . 

Evans & Sutherland 1101 
Salt Lake City, UT 
Literature will spotlight the firm's state-of-the-art 
image generation and display systems, such as the 
ESIG-3000, used by ASA for astronaut training 
since 1976. 

Federal Highway Administration 605 
Washington, DC, 
will highlight the latest technolOgies for pave­
ments, structures, safety, and traffic. Information 
about the Intelligent Vehicle-Highway Systems 
will be presented. 

Federal Laboratory Consortium 702 
Sequim, WA, 
provides access to the technical expertise and 
unique facilities available in the federal labora­
tory system. 

Fermi ationa l Accelerator Laboratory 809 
Batavia,IL 
Fermilab's research employing the superconduct­
ing Tevatron, the world's most powerful particle 
accelerator, ha led to advances in cryogenics and 
superconductivity, accelerators for medical appli­
cations, computers and software, fast electronics, 
and controls. 

Ferrofluidics Corp. 628 
Nashua, NH, 
will d isplay products based on proprietary mag­
netic fluid technology, including environmental 
seals, advanced materials processing systems, fluid 
bearings, and audio ferrofluids. 

FUR Systems Inc. 205 
Portland, OR, 
will di playa radiometric thermal imaging system 
that provides the highest-available resolution, real­
time image in a thermoelectrically cooled system. 

Fluid Dynamics International 308 
Evanston,IL, 
will demonstrate FlDAP general-purposecompu­
tational fluid dynamics software that hand les in­
compressible and compressible flows and 
Newtonian and non- ewtonian fluids. 

General Pneumatics Corp. 1101 
Orange,NJ 
Literature will describe custom-designed hydrau­
lic and pneumatic valves, aspirators, cryostats, 
Stirling systems, and conversion and thermal man­
agement equipment. 

GNB Corp. 1101 
Hayward,CA 
Literature will highlight vacuum equipment engi­
neering and the firm's conventional and custom 
slit, gate, and poppet va lves, as well as chambers, 
viewports, traps, baffles, and accessories. 

Goddard Space Flight Center 530 
Greenbelt, MD 
Goddard's in teractive exhibit will feature infor­
mation technologies designed for biomedical ap­
plications and to assist the aging. A model of the 
EOS/ AM spacecraft also will be displayed. 

HEMCO Corp. 727 
Independence, MO, 
will exhibit the Unilab, a modular, self-contained 
room structure built to meet c1eanroom, environ­
mental control room, and laboratory work area 
requiremen ts. 

NASA Tech Briefs, November 1992 
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Hewlett-Packard Company 
Rockville, MD 

BOOTH 

1210 

High Technology Systems Inc. 305 
Troy, NY, 
wilj feature base polyimide products for aero­
space, aircraft, electronic, and automotive appli­
cations. 

Hitachi Denshi America Ltd. 1220 
Woodbury, Y, 
will display a high-definition, rear-screen projec­
tion monitor, a low-light Haripon camera, and an 
HV-C10 compact color camera with three CCDs 
for high-resolution applications. 

Hypertat Corp. 1106 
SI. Louis, MO, 
will exhibit the All-Weather Portable Lab, a self­
con tained and expandable laboratory mounted on 
Caterpillar's innovative Mobil-Trac System. The 
lab is ideal for resource exploration, environ­
mental monitoring, and remote terrain uses. 

Idaho National Engineering Laboratory 805 
Idaho Falls, 10, 
will showcase nuclear reactor research, informa­
tion technology, chemical sciences, waste treat­
ment technology, materials research, biotechnol­
ogy, applied engineering, and rapid prototyping. 

llTRI Assurance Technology Center 802 
Rome, Y, 
offers consulting services and training programs 
in reliabi lity, maintainabIlity, and testability engi­
neering, and operates the Reliability Analysis 
Center. 

Impra Inc. 825 
Tempe, AZ, 
manufactures porous polytetrafluorethylene 
(PTFE) tubing, sheets, and rods. PTFE is a fully­
fluorinated polymer with exceptional chemical 
and physical properties. 

Industry-University Cooperative 1121 
Research Center/ University of Texas 
Health Science Center at San Antonio 
San Antonio, TX 
The center serves as a liaison between commercial 
ventures and university researchers, facilitating 
technology transfer and communications. 

BOOTH 

lnfolytica Corp. 810 
Montreal, Quebec, 
will feature MagNet software, which enables fast 
simulation and analysis of electromagnetic de­
vices and includes modeling, solution, and post­
processing. 

Infornlation Handling Services 122 
Englewood, CO, 
will display technical and regulatory information 
on CD-ROM, including fuJI-text military specifica­
tions, industry standards, and vendor catalogs. 

Inframetrics Inc. 914 
North Billerica, MA, 
will feature the models 760 and 740 high-perfor­
mance thermal imaging radiometers as well as 
ThermaGRAM Version 5.0 and ThermoMonitor, 
the company's newest image processing software 
packages. 

Innovation 128 Inc. 1019 
Cambridge, MA 
This consulting, information service, and technol­
ogy transfer company based in the US and Europe 
offers specialists in such areas as advanced mate­
rials, polymers, and coatings. 

I PEX / lntromark Inc. 600 
Pittsburgh, PA 
The Invention / New Product Exposition (INPEX) 
is an international event showcasing inventions, 
new products, and innovations to business and 
industry. Intromark, a marketing and licensing 
firm, works with new inventions. 

Institute of Environmental Sciences 1101 
Mount Prospect, IL 
The institute, a professional society of engineers 
and scientist established in 1956, will offer copies 
of its official journal. 

Integrated Engineering Software 512 
Winnipeg, Manitoba, 
will present advanced CAE software packages for 
electromagnetic field analysis: ELECTRO (2D) and 
COU LOMB (3D) electrostatic programs; and MAG-

ETO (2D), AMPERES (3D), and OERSTED (2D / 
RS time harmonic) magnetostaties software. 

BOOTH 

Integrated Sensors Inc. 713 
Utica, 
will focus on development a nd prototype efforts in 
raw data sensor fusion concepts and applications 
and in lightweight, low-cost, flat-plate phased ar­
ray antennas. 

International Computers and 
Telecommunications Inc. 
Rockville, MD, 

407 

provides technical services in information man­
agement, telecommunications, lOgistics, engineer­
ing, and systems integration, and offers technical 
publkation support services, developing the re­
ports that appear in NASA Tech Briefs. 

CAE softw are f rom In tegra ted Engineering 
is II sed Irere for 2D maglletic field analysis 
of a brush /ess motor. 

International Environmental 
In titute/ Westinghouse 
Hanford Company 
Richland, W A 

1101 

A brochure will describe the institute's role as a 
resource center dedicated to environmental resto­
ration, education, and the advancement of rel­
evant technologies. 
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j5" £M £XlT.,.."""_.,._'!""",, 

i20s~ , 
'---1 
'208, 

12101 IS , 

r----- - , 
I 11061 , 
1 0 
: )0': , , 
~ 
I 1112 , ,. 
'--- o- "'~ 

g r- 'O'"iil.~ 
---, .- : u I 
12161 W I I 

I ~l lfI'l 

1218: « l : , , 
1.._----.) 

1225 1126 , 
J---' ,I 
11227 1130 

, " , ---

1012 
l. __ ~ _ _ ~ 

I.I.J 11115 
~I 
<{ 11117 , 

101~' , 
1 , ,,', 
1 , , 

1021]1 

I 40' , 
~ ______ ~~1 

~lOO5 , 
1 , , , 
1009 

g06~ , 
1 

JO~ , 
, 

~ ., 
I 9121 
I 20' 
'--- 0 .-~ 

~ 
11021 , 
f--
1023 , 

120' 

--, 
9201 

"', 

-l 
32f 

NASA Tech Briefs, November 1992 

", ~"!'"""\-""""~,EM EX.IT~EI.A EXIT"" _+-_~~_"I, 

L82~ ~01J 1703 604' L6~ ~~ 

~90f- 806' , 
r--- 20' I 
1907 I , 
I- ..., 
1909 SID , , 
• --l 
I 812 

, " 1..-- 0 

~9'9 1 8iO~ , , 
I 2.0·1 , , 
,JO , 

1 ~ 
I !l24 , 
f- ., 
'925 ~26' 

1..-- _.I 

1805 
, , 
f­
,809 , 

706~ , 
----1 
7081 

--i 
710 , 

1 
71Z 

'" 1..--0 -.) 

"-'a'"7;-'~ g 
, , c 

(J 1 '-, 
, v1 

l<i , , 
--

, 
'26 

", , , 

, J 
I-- , 
1705 1 , "" 
1707 , 
I­
,709 , ,,, , 

:7',3] , 0 , 
," 
1 
J , 

"L 

, 
, 
1 

610t 

1 
6121 

~i21 1l 6i2~ 
" 0' , 

1..__ _ J 

. j1 , ~2' 2el 
~__ __J 

". 

~6051 506~ , , 
, --i 
I 5081 "" , -l 

510 , ; 
1611 5121 

1..-- _.) 

n 

o 
f62~ ;22~ 
20 

, 
629 

, , 
524 , 
'" , 

J , 
5281 

; 

'" 

L.J 
J lO' 

~I , , 
L 

I,. 

~'051J06~ > -; 
407 3061 , , 

> -; 
1409 3101 
J , 
I- ., 
~ 11 J12 

-lo-: - -4'4; 

1
3~': 

o 
, , , , , , , 

______ J 

",' , , 
--l 

318: 

---
n ______ ~ __ , 

$0' Jnl , 
1 

~3051206: 
I- -l 
1307 2081 , , 
~ -; 
JOg 2101 , , 
I- 20·1 
,3t\ 1 
L. ____ .) 

~20S 106t , , 
1 

108 , , 
I-- - -l 
209 liD , 

1 , . , 

0"'-­o IJU 2141 g 12'3 --, 0 
11 4 0 

'" 
Ij 1315 
Vl 
<if--

317 , 

o 

N, 

2161 'j 12.0 
, Vl , 

<i 
216/ 1217 , , ---

~J21 2221 , , 
1323 
I 

1325 , 
"0' 

329 
1 ,--

; 
2241 

20' 
\ 
\ 

--l 
225' , 
-j 

230' , 

J---' 
,225 

f-
1229 

1261 

1281 , ,., , , ---

1105 , 
1107 , 

1119 
J 

1121 , 
I~J , 

17 



TECHNOLOGY 2002 Exhibitor Directory 

BOOTH BOOTH 

Invention Machine Laboratory 1126 
NewYork,NY 
Invention Machine Lab and Imcorp will present 
software that solves complex engineering prob­
lems and predicts future technological develop­
ments. 

Ithaco Inc. 1101 
Ithaca, NY 
Literature will highlight products and services for 
spacecraft attitude determination and control sys­
tems, such as Earth sensors, magnetometers, 
TORQRODs", momentum / reaction wheels, and 
complete subsystems. 

Ivy League Universities 217 
This exhibit will spotligh t hundreds of technolo­
gies developed at Cornell, Col.umbia, Dartmouth, 
Pennsylvania, and Yale that are available for com­
mercial development. 

'WD1_fm 
\EfM~I¥EtnNG 

This unique composite material has a 
coefficient of .04 to .OS, and low 
creep when exposed to 30,000 psi 
loads at SOOOF. 

Manufactured And Dt!veIoped By; 

Jet Propulsion Laboratory 
Pasadena, CA 

Johnson Space Center 
Houston, TX, 

522 

321 

will fea ture microstrip patch antenna sensors from 
RIM tech that can reliably measure ice thickness, 
wa ter ethylene glycol, and slush conditions on 
airfoi l surfaces and highway bridges. Also, 
DiGraphics Inc. will demonstrate graphics-based 
analysis software that displays causes and effects 
of system failures. 

JW Lemmens Inc. 1101 
St. Louis, MO 
Literature will describe Grindo-Sonic, a system for 
nondestructive testing of materials' elastic prop­
erties. 

18 For More Information Circle No. 336 

BOOTH 

Kennedy Space Center 325 
Florida, 
will show technologies with commercial potential 
including various sensors, computer software, and 
tube fittings. 

Knowledge Express Data Systems 820 
Wayne, PA, 
will demonstrate Knowledge Express™, an inno­
va tive on-line computer search service to identify 
high-tech coUaborative research and technology 
licensing opportunities wi th US government labo­
ratories and universities. 

Langley Research Center 
Hampton, VA 

524 

Lawrence Berkeley Laboratory 1212 
Berkeley, CA, 
will highlight innova ti ve, transferable technolo­
gies in such fields as biotechnology and life sci­
ences, advanced materials, environment, energy, 
computing and communications, and transporta­
tion. 

Lewis Research Cen ter 
Cleveland, OH, 

323 

will fea lure a structural health monitoring system 
for aging aircraft, manufacturing technology for 
complex-shape sapphire windows, diamond-like 
carbon samples, and PS-212, a high-temperature 
bearing ma terial. 

Lockheed Missiles & Space Company 806 
Sunnyvale, CA, 
will focus on NASA programs and advanced ce­
ramic systems to meet the emerging technological 
requirements of the 21st century. 

Machida Inc. 106 
Orangeburg, NY, 
will exhibit remote visual inspection equipment, 
flexible borescopes, lights sources, and video sys­
tems. 

Marshall Space Flight Center 
Alabama, 

329 

will showcase current projects in materials and 
processes, propulsion, structures, dynamics, as­
trophysics, and low gravity science. 

Martin Marietta Electronics, 1227 
Information & Missiles Group 
Orlando, FL, 
will demonstrate image processing technology for 
automatic object extraction to aid in environmen­
ta l waste location, x-ray diagnostics, fingerprin t 
identifica tion, and optical character recognition. 

Martin Marietta Energy Systems Inc. 1117 
Oak Ridge, TN 
The firm's Office of Technology Transfer negoti­
ates terms of technology licenses and Coopera ti ve 
Research And Development Agreements for three 
major DOE facilities in Oak Ridge. 

McCleUan Air Force Base 
California 

400 

The Sacramento Air Logistics Center will show 
aircraft communications electronics and a non­
destructive inspection system that scans entire 
aircraft without disassembly. 

MCNC, Center for Microelectronics 119 
Research Triangle Park, NC, 
will display development and processing services 
for smart sensors, CMOS and smart power semi­
conductor design and fabrication , flip chip pack­
aging, metallization, lithography, reactive ion etch­
ing, ion implantation, and chemical vapor deposi­
tion. 

NASA Tech Briefs, November 1992 



e hen you were a child, it wasn't easy putting your ideas 
into words. Fortunately you had crayons and paper so 

you could express and develop your thoughts visually. 

G oday there are still certain ideas that are best suited for 
graphic expression. That 's why our Advanced 

Continuous Simulation Language (ACSL), the industry 
standard in simulation software, now offers a block diagram, 
gra phical front-end . ACSL/ Graphic 

language with the simplicity and clarity of visual 
programming. This remarkable combination, with its ease 
of use, functionality and infinite extensibility, is the ideal 
solution for projects of every size. o 0W, we 're inviting qualified customers to try 

ACSUGraphic Modeller for one month, absolutely free. 
If you'd like to take advantage of this free trial offer, give 

us a call at 1-800-647-ACSL, 1-508-369-5115 
or FAX us at 1-508-369-0013. And start Modeller combines the power, flexibility 

and execution speed of ACSL's code MitcheD .... Gauthier drawing your own conclusions. 

Associates . Inc. 
The only real choice for simulations. 

For More Information Circle No. 580 



Defense Prag,.. 
u.s Department of Energy 

For More Informlltlon CIrcle No. 383 
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BOOTH 

MERP Enhanced Composites 406 
Willow-dale, Ontario, 
will exhibit a low-power (I00-watt), 7-80 kHz in­
duction heater with mIcroprocessor control and 
user-set parameters. 

Micro Surface 1119 
Morris,IL, 
will display engincert'CI coatings for industry and 
describe available engineering consulting and ser­
vices. Representatives will discuss the application 
of ASA- and university-developed technologies 
to wear- and friction-reduction problems. 

lid-Atlantic Technology 925 
Applications Center 
Pitt burgh, PA, 
will demonstrate the Federal Laboratories Data­
base, an easy-to-use package providing access to 
information on some 2000 federal laboratories, 
facilities, and centers. 

Millitech Corp. 713 
South Deerfield, MA, 
will showcase millimeter and submillimeter wave 
components and subsystems for a wide range of 
appli ations including space-qualified versions 
deployed in ASA satellites. 

Mitchell & Gauthier Associates 1125 
Concord, MA, 
will feature the Advanced Continuous Simulation 
Language (ACSl), a complete environment for 
simulatingand anal yzing the behaviorof nonlinear, 
dynamic systems. ACSL/Graphic Modeller, a new 
block diagram front end, adds the clarity of visual 
programming. 

Modular Instruments Inc. 502 
Malvern, PA, 
will exhibit Scroller Scope, a paperless strip chart 
recorder that displays up to eight waveforms on 
any VGA monitor. The screen can display from 
milliseconds to hours of data. 

Moltech Corp. 301 
Stony Brook, NY, 
will display lasers, a computed tomography and 
microtomography system, nonlinear optical crys­
tals, and standard optical parts and materials. 

Morgantown Energy Technology Center 707 
Morgantown, WV, 
will present transfer opportunities in natural gas 
sourcesand recovery, coal gasification and cleanup, 
advanced fossil fuel combustion,and novel instru­
mentation and fluidi7ed b('CI technologies. 

Multitech Inc. 1009 
West Chester, PA, 
will exhibit servo controllers, amplifiers, motors, 
precision X-Y positioning systems, industrial con­
trollers, and computers. 

ASA 

BOOTH 

322 
Washington, DC 

ASA's "theater island" will highlight technolo­
gies developed for industrial use 10 such fields as 
materials, microsensors, and life sciences. The ex­
hibit will feature a 20-foot video wall and models 
of the ational Aero-Space Plane, the space huttle, 
and space station Freedom. 

ASA Center for AeroSpace Information 714 
Baltimore, MD, 
will demonstrate how ASA-generated technol­
ogy has found its way into the private sector via 
commercial pinoffs. Technology transfer special­
ists will explain how the professional community 
can tap into ASA's vast storehouse of available 
technology. 

ASA Center for the Commercial 
Development of Space 
Washington, DC 

ASA Regional Technol gy 
Transfer Centers 
Washington, DC 

ASA Scientific and Technical 
Information Program 
Washington, DC, 

1114 

920 

31 

provides a full line of prod ucts and services to hel p 
meet the scientific and technical information needs 
of researchers worldwide. 

ASA Small Business Innovation 625 
Research Program 
Washington, DC, 
will display and demon trate commercial prod­
ucts, processes, and service!> from participants' 
R&D projects. The program's 1992 Product Cata­
log will be available. 

NASA T"e1, Bri"f5 
ewYork. Y 

919 

ationallnformation Technology Center 610 
Rockville, MD, 
is a government-industry-academic partnership 
providing information technology brokerage, an 
experimental ISDN testbed , applied R&D and us­
ability labs, and guided entrepreneur hip, as well 
as publications, seminars, and training. 

ational Institute of Standards 621 
and Technology 
Gaithersburg, MD. 
will exhibit ervices that provide technical support 
and, io some cases. financial assistance, to US 
industry. especially to small and medium-size 
businesse~. 

National Institutes of Health 116 
Bethesda, MD 
n", NIH Office ofTechnologyTransfer assists the 
biomedical industry in commercializing leading 
edge scientific research conducted by the Public 
Health Service. Licensing portfolio specialists will 
be available to assist companies in identifying 
licensing or joint R&D opportunities. 

ASA's " theater islal/d" 
exhibit w ill iI/elI/de a 
50-foot model of the 
Na tiol/al Aero-Space 
Plal/e, a /'ypersol/ic 
aircraft desiglled to 
take off al/d lal/d at 
cOl/vel/ t iol/al airport 
rill/w ays. 
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ALL TOO OFTEN, THE UNCERTAINTIES AND 

BLIND ALLEYS OF THE RESEARCH PROCESS CAN 

HINDER THE DEVELOPMENT, GROWTH AND 

COMPETITIVENESS OF BUSINESSES. 

THERE IS, HOWEVER , A WAY TO AVOID THESE 

SETBACKS - WITH A PHONE CALL TO THE NATIONAL 

TECHNOLOGY TRANSFER CENTER (NTTC). 

FUNDED UNDER A FIVE-YEAR COOPERATIVE 

AGREEMENT BETWEEN NASA AND WHEELING 

JESUIT COLLEGE, THE NTTC IS AN INDEPENDENT 

ORGANIZATION WHOSE ROLE IS TO MATCH YOUR 

INDUSTRIAL NEEDS WITH FEDERAL TECHNOLOGIES, 

EXPERTISE, AND UNIQUE FACILITIES. 

WE PROVIDE INFORMATION ON CURRENT FEDERAL 

LAB RESEARCH, PATENT LICENSING OPPORTUNITIES 

AND COOPERATIVE R&D AGREEMENTS. 

WE HAVE A STRATEGIC FUND DEDICATED TO THE 

PROMOTION AND DEVELOPMENT OF R&D PARTNER­

SHIPS BETWEEN FEDERAL LABS, UNIVERSITIES, AND 

BUSINESSES. AND WE'VE DEVELOPED TRAINING 

SEMINARS AND COURSES IN TECHNOLOGY TRANSFER 

AND INNOVATION MANAGEMENT. 

FOR MORE INFORMATION ON NTTC'S VITAL ROLE 

AS GATEWAY AND GUIDE TO THE TECHNOLOGIES 

YOU SEEK, CALL (SOO)67S-NTTC. 

ONE PHONE CALL CAN MEAN THE DIFFERENCE 

BETWEEN GETTING LOST IN THE MAZE AND 

DISCOVERING ITS REWARDS . 

NATIONAL TECHNOLOGY TRANSFER CENTER 
WHEELING JESUIT COLLEGE · WHEELING , WEST VIRGINIA 26003 

For More Information Circle No. 428 



TECHNOLOGY 2002 Exhibitor Directory 

BOOTH 

ational Renewable Energy Laboratory 712 
Golden, CO, 
will spotlight R&D in photovoltaics, wind and 
solar thermal technologies, energy efficiency in 
buildings, solid detoxification of water, and 
biofuels. 

ational Technical Information Service 129 
Springfield, V A 
An agency of the US Dept. of Commerce, NTIS is 
the central source for the sale of government­
sponsored research, development, and engineer­
ing reports and foreign technical reports. 

BOOTH 

National Technology Transfer Center 722 
Wheeling, WV, 
strives to strengthen US industrial competitive­
ness by ensuring rapid and productive access to 
marketable federal technologies and by promot­
ing coUaboration between companies and federal 
laboratories in the development and commercial­
ization of technological products, processes, and 
services. 

aval Air Warfare Center Weapons Div. 816 
China Lake, CA 
This joint exhibit of four US avy R&D, test and 
evaluation labs will highlight work in electronics, 
communica tions, chemicals, materials, optics, com­
puters, plastics, composites, ceramics, fiber optics, 
imaging technology, sensors, lasers, and construc­
tion technology. 

DIE BEST REASON YOu EVER HAD 
TO CLEAN OUTDIE RAT'S NESI 

22 

Now, you can manage 
hundreds of signal chan­
nels with simple program­
ming. Connect them. 
Change them. Verify them. 
A few minutes does it. 

Fbrget the hours and 
expense of hand patching. 

Precision 
Programmable 

Patch 

Enjoy the computer con­
trol you demand for all 
your other instruments 
with the Precision 
Programmable Patch. 

We customize the 
Precision Patch to your 
work, using standard 
hardware. Up to 50,000 
crosspoints. Random 
access for your signal 
channels. Bank switch­
ing if you wish. Reed 
relays or solid state. We 
make the Patch fit your 

needs today, but ex· 
pandable for tomorrow. 
Thrnkey, of course. 
With all the perform· 
anoe you expect of 
Precision Filters. 

Let us give you the 
details in terms of your 
signal patching. Call, 
write or fax. We'll 
help you clean out old 
problems. 

PRECISION FILTERS, INC. 
240 Cherry Street, Ithaca, New York 14850 
607-'Z17-3550 Fax: 607-277-4466 

For More Information Circle No. 415 

BOOTH 

aval Research Laboratory 410 
Washington, DC, 
will exhibit eight R&D programs available for 
licensing including analog VLSI neural network 
integrated circuits, pulsed laser deposition of 
biocompatibleceramics,and a fiber-optic biosensor 
system. 

aval Surface Warfare Center 801 
Philadelphia, PA 
The center provides RDT&E, fleet support, and in­
service engineering for surface and undersea ve­
hicle HME and propulsion systems, as weU as 
logistics R&D in support of the maritime industry. 

NERAClnc. 511 
ToUand, CT 
This technology transfer center works in coopera­
tion with ASA and other government agencies 
and sources worldwide to help US businesses 
compete more effectively by providing problem­
solving services and technological assistance. 

NOAA Satellite Applications Laboratory 1123 
Washington, DC 
The National Environmental Satellite, Data, and 
Information Service manages the nation's civil 
Earth-observing satellite systems as weU as global 
national databases for meteorology, oceanogra­
phy, geophysics, and solar· terrestrial sciences. 

Nondestructive Testing Information 1101 
Analysis Cen ter 
Austin, TX 

TIAC collects, reviews, and evaluates 
nondestructive testing, evaluation, and inspection 
technology, providing a broad array of informa· 
tion analysis services and products. 

North Carolina State University 1101 
Raleigh, C 
A brochure will describe the NASA Mars Mission 
Research Center at orth Carolina State Univ. and 
North Carolina A&T State Univ. 

Novespace 926 
Paris, France, 
will describe European technology transfer net­
works established around Novespace, and wiU 
feature various technology catalogs. 

NSI Technology Services Corp./Division of 629 
ManTech International Corp. 
Alexandria, VA, 
provides support services for engineering, design, 
fabrication, integration, test and evaluation of flight 
hardware, and conducts maintenance, operations, 
and systems engineering of research simulators 
and aircraft. 

Numerical Algorithms Group 405 
Downers Grove, lL, 
will feature Fortran 90 technology plus the AXIOM 
system for symbolic algebra and visual mathemat­
ics. Applications in orbital mechanics, dynamics, 
chaos, and fractal geometry will be demonstrated. 

NYMAlnc. 812 
Greenbelt, MD, 
manufactures a line of 386 and 486 PCs and pro· 
vides systems integration, systems engineering, 
and programmatic support to the aerospace in­
dustry. 

Oak Ridge alional Laboratory 1014 
Oak Ridge, TN 
Operated by Martin Marietta Energy Systems for 
the US Department of Energy, the laboratory con· 
ducts R&D with an emphasis on working with 
industry and tran ferring technology. 

NASA Tech Briefs, November 1992 



BOOTH 

Oklahoma Center for lntegrated 1101 
Design and Manufacturing 
StiUwater, OK 
Literature will describe this technology consor­
tium of three universities and industry, and iden­
tify its technology transfer target areas. 

Oneida Research Services 411 
Whiteboro, 
will introd uceORSolutions, a nationwide network 
of scientists and engineers with microelectronics 
expertise offering on-si te support in TQM, glass to 
metal seal failure analysis, process efficiency en­
hancement, hermeticity evaluation, and SPC im­
plementation. 

Pacific orthwest Laboratory 709 
Richland , WA, 
will highlight ReOpt"', a database with informa­
tion about remedial action technology derived 
from EPA, DOE, and industry sources. Also fea­
tured will be in situ vitrification, which uses high 
temperatures to convert contaminated soil and 
rocks into a stable glass and crystalline material, 
and a low signature vehicle that characterizes haz­
ardous waste sites on steep and rough terrain. 

Philtec Inc. 1216 
Arnold, MD, 
will exhibit fiber-optic displacement sensors for 
precision dynamic measurements in such a pplica­
tions as motion analysis of vibrating or rotating 
targets. 

Photonic Systems Inc. 229 
Melbourne, FL, 
will display 1 and 4 GHz bandwidth, MHz 
frequency resolution acousto-optic spectrum ana­
lyzers that provide instantaneous frequency mea­
surement for Signal analysis, spectroscopic, and 
test and measurement equipment applications. 

Pittsburgh Energy Technology Center 703 
Pittsburgh, PA, 
will highlight examples of Cooperative Research 
And Development Agreements and licenses, as 
well as the broad range of industry interaction 
using the center' s coal research expertise and 
facilities. 

Pratt & Whitney-Waterjet Systems 209 
Huntsville, AL, 
will showcase Automated Robotic Maintenance 
Systems that use ultra-high-pressure water under 
precision robotic control to remove coatings (in­
cluding plasma-sprayed), paints, and seals in an 
environmentally-sound, cost-effective manner. 

NASA Tech Briefs, November 1992 
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BOOTH 

Precision Filters Inc. 1113 
Ithaca, Y, 
will exhibit a line of fully-integrated data acquisi­
tion and conversion systems including high-den­
sity switch matrices, transducer amplifier/ filters, 
anti-alias filters, and high-speed A/ D converters. 

Princeton Plasma Physics Lab 710 
Princeton, J, 
will showcase developments in magnetic systems, 
plasma processing of materials, x-ray laser tech­
nology, and plasma instrumentation and mea­
surement. 

Proto Manufacturing 311 
Detroit, MI, 
will exhibit highly-accurate automated x-ray dif­
fraction systems for real-time measurement of re­
sidual and applied stress and nondestructive mea­
surement of retained austenite. 

Ramtek Corp. 1101 
SanJose, CA 
Literature will describeTERRAIN,a software pack­
age for applying remotely sensed data in such 
fields as environmental studies, land use plan­
ning, natural resource management, mapping and 
cartography, reconnaissance, and surveillance. 

Regain 1101 
Columbia, MD 
A brochure will describe new technology for 
manual wheelchairs that feature standing mobil­
ity, separate hand and traction wheels, and "for­
ward only" for climbing ramps. 

Rexham Industrial 705 
Matthews, C, 
is a contract manufacturer specializing in preci­
sion coating and laminating of films, foils, papers, 
and fabrics. 

Research Triangle Institute 315 
Research Triangle Park, C 

ASA's Technology Applications Team at RTI 
works with ASA field centers, other federal agen­
cies, and national associations to develop coopera­
tive projects. This exhibit will feature the RTl­
developed Spinoff Technology Application Re­
trieval System. 

RGB Spectrum 108 
Alameda, CA, 
will feature Watchdog"" which displays up to 15 
video sources in monochrome windows on a work­
station. Watchdog accepts NTSC or PAL video 
signals and can be configured to accept infrared, 
radar, medical imaging, and other nonbroadcast 
video formats. 

A "magic bullet" 
for cancer therapy: 
NIH researcl,ers 
will describe a 
commercially 
promisillg 
immunotoxin 
designed to fight 
cancer, AIDS, 
and arthritis. 

BOOTH 

RG Hansen & Associates 218 
Santa Barbara, CA, 
will exhibit cryogenic systems and components 
for use in spectroscopy sample cooling, materials 
research, and detector cooling, as well as custom 
cryogenic systems for R&D. 

Ribbon Technology 824 
Gahanna, OH, 
will present "Melt Overflow" direct casting tech­
nology that produces superalloys and intermetal­
lics in the form of fiber, particulate, and strip or foil. 

Sandia National Laboratories 1130 
Albuquerque, NM, 
will feature highlights of Sandia's 81 satellite and 
space probe payloads, laser power beaming to 
geosynchronous satellites, applications of virtual 
reality to space, and lunar rover concepts. 

Satellite Data Systems 1101 
Cleveland, MN 
Literature will describe a system for the reception, 
viewing, and enhancement of weather satellite 
imagery. 

Scientific Research Associates Inc. 1101 
Glastonbury, CT 
A brochure on the firm's MINT Navier-Stokes 
code will highlight code capability and provide 
simulation examples. 

Small Parts Inc. 829 
Miami Lakes, FL, 
offers overnight delivery of 8000+ engineering 
findings . The company will exhibit various com­
ponents, materials, and precision tools from their 
current catalog. 

Sonic Perceptions Inc. 1021 
Norwalk, CT, 
will display a binaural head and analysis system 
for use in determining sound quality and measur­
ing psychoacoustic properties of sound environ­
ments and sound or noise generators. 

Sonoscan Inc. 102 
Bensenville, IL, 
will showcase acoustic microscopy equipment and 
services, nondestructive inspection of capacitors, 
resistors, plastic and ceramic integrated circuits, 
and advanced material characterization using high­
frequency ultrasonic inspection techniques. 

Southwall Technologies Inc. 1101 
Palo Alto, CA 
Literature will highlight Southwall's Electro-Op­
tic Laboratory, which models, designs, and pro­
duces advanced thin film coatings on flexible and 
rigid substrates. 

Space Age Technology Products Corp. 713 
Chicago, IL, 
will display fire- and heat-resistant paint coatings 
that suppress smoke, as well as fire- and heat­
resistant fabrics, caulks, and caulk bricks. 

Space News 313 
Springfield, V A, 
is a weekly newspaper dedicated to the politics, 
business, and technology of space, offering concise 
and timely coverage of space community develop­
ments. 

Spire Corp. 
Bedford, MA 

1101 

Literature describes products and services avail­
able in the fields of biomaterials, optoelectronics, 
and energy technologies induding processing ser­
vices for medical components, exotic semiconduc­
tor wafers, defense optical coatings, and photovol­
taic manufacturing equipment. 
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Statistical Sciences Inc. 
Seattle, WA, 

BOOTH 

216 

will demonstrate S-PLUS, a flexible, interactive 
computing environment that provides a full-fea­
tured graphical data analysis system and an ob­
ject-oriented data language. 

Stennis Space Center 
Mississippi 

228 

Stephens Analytical Inc. 317 
Montreal, Quebec, 
will exhibit the MCM hygrometers (trace moisture 
analyzers) for air and noncorrosive gases. They 
offer rapid response, accuracy, reliability, and an 
exclusive "push purge" diagnostic feature. 

Strategic Defense Initiative Organization 230 
Washington, DC 
The SDIO'sOfficeofTechnology Applications will 
showcase spinoffs from 501 research and provide 
information abou t its technology fransfer program. 

Strategic Innovations IntI. 1101 
Lake Wylie, SC 
Broadening the Search For Clues To Product Com mer­
cializntion will describe a proven method for iden­
tifying applications/markets for new materials, 
processes, or advanced technology. 

Superconix Inc. 11 01 
51. Paul, MN 
Literature will describe high-temperature super­
conducting materials such as substrates, crystals, 
rods, thick films, and melt-cast shapes, as well as 
low-temperature superconducting wire, magnets 
and commodity metals. 

BOOTH 

TAU Corp. 11 01 
Los Gatos, CA 
Literature will highlight automated digital track­
ing and measurement systems for testing, surveil­
lance, and inspection applications. 

Technicallnsights Inc. 409 
Fort Lee, NJ, 
identifies and monitors technical developments 
poised for near-term, explosive growth, analyzes 
emerging technological trends, and locates small, 
innovative companies likely to become technol­
ogy giants. 

Technology Access Report 302 
San Rafael, CA, 
offers monthly news, analysis, and opportunities 
in technology transfer, management, and com­
mercialization through cooperation between in­
dustry, government, academia, and capital . 

Technology Trallsfer BushlesS 121 
Vienna, VA, 
is a quarterly magazine presenting business strat­
egies in technology transfer for CEOs, directors of 
engineering and manufacturing, and other R&D 
professionals. 

Technology Transfer Society 206 
Indianapolis, IN 
T'S is dedicated to the development of profession­
als involved in technology transfer. Membership 
information, newsletters, journals, the member­
ship directory, and society proceedings will be 
available. 

BOOTH 

Technology Utilization Foundation 1206 
ewYork, , 

will offer exhibiting opportunities at Technology 
2003, the fourth national tech transfer conference 
and exhibition, to be held Dec. 7-9, 1993 in the 
Anaheim, CA convention center. 

Techron 800 
Elkhart, IN 
Techron Power Products, a division of Crown 
International Inc., designs, manufactures, and mar­
kets products providing controlled current and 
voltage according to customer waveforms. 

Tennessee Technology Foundation 1020 
Knoxville, T , 
will exhibit advanced materials, neural networks, 
telecommunications, 3D irnage analysis,CFD mod­
eling, high-volume data management, and perfor­
mance analysis technologies. 

Textron Specialty Materials 1124 
Lowell, MA, 
develops and manufactures high-strength, light­
weight advanced composites and fire-protection 
materials for aerospace and industrial uses. 

Thermal Sciences Company 1101 
Houston, TX 
Literature will describe methods for disposal and 
recovery of space debris. The firm is seeking inves­
tors or partners for related programs. 

Thiokol Corp. 213 
Brigham City, UT, 
will highlight technologies developed in internal 
IR&Dor DOD/NASA programs that show poten­
tial for commercialization, new propulsion con­
cepts, or enhanced environmental processes. 

FORTRAN 90 
~ ;! ~~ 
~'" ~'" O~ \$\ ~ 
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~~~.l~& ~ ... 
Ordinarily you might have waited years before you were actually able to ()'? \$\ &'It' 
implement a new language standard - but not this time. You can discover +:." ~ ~ 
all the rich new features of Fortran 90 using a fully tested, commercially .r -YA.. \$\ 
available compiler. A compiler developed specifically to meet the new • ~ n Y '!" (\ 
ANSI/ISO standard - the NAG Fortran 90 Compiler. NAG's twenty plus years \7'~ U/ 
of involvement in the Fortran community and close monitoring of the standards ~ 
committee's activities has helped us develop a compiler which was ready to ship )' n 
the same day the standard was formally adopted. \7'~ 

~ Twenty years ago when someone said Fortran, they meant Fortran 66. Ten years 
ago it was Fortran 77. For the nineties and beyond - it's Fortran 90. The 
NAG F90 compiler is supported on most UNIX workstations. License fees start 
at $537 up to $5200. Call NAG today to order your copy or obtain 
information. If you prefer, you can contact NAG electronically at: 

N~ 

litdesk@nag.com 

Numer ical Algorithms Group 
1400 Opus Place, Suite 200 
Downers Grove, IL 60515 
(708) 971-2337 
FAX: (708) 971-2706 

For More Information Circle No. 528 NASA Tech Briefs, November 1992 



EASY5x. 
It gives you the power to visualize complex problems 

the way you want to see them. 

Almost all engineering 
analysis software works 
fairly well on nickle-and­
dime problems. But when 
it comes to really difficult 
jobs, you run into a lot 
of limitations. 

EASY5x is different. 
It gives you the ability 

to look at big, complex 
problems. You can use it 
to model simulate, and 
analyze virtually any type 
or size of dynamic sys­
tem-even ampled-data 
control systems. 

Easily build your own 
components. 

With EASY5x's open 
architecture, you can create 
your own application-spe­
cific components. Then 
store them, reuse them, 
and share them with other 
engineers. 

Model documented 
via user-defined icons. 

... ---
~ ---

Nested ''sub models" 
simplify large models. 

Mo/if~based graphical 
user interface. 

User-supplied code integral 
to block diagram. 

Wide variety of non-linear 
and linear analyses . 

--

~ 

[1] 

~Bft)El --

Designed by engineers 
for engineers. 

EASY5x wasn't created 
in an academic setting. It 
was developed, tested, and 
refined at Boeing, one of 
the world's leading aero­
space companies. 

Altogether, in fact, more 
than 2,700 Boeing engi­
neers have u ed EASY5x. 
And the software has 

Colltinuousand1l1ulli-rate logged more than a mil­
sampled-dotacomponents. lion man-hours designing 

the airplanes you fly. But 
that' only the beginning. 

Or, you can use any of our Non-linear simulalilJll results viewed 
195 modeling components. inlerac/ivety or off-line. 

Frequency-response data displayed in 
Bode, Nichols, or Nyquist fON/IOts. 

Because thousands of 
other engineers and stu­
dents worldwide are using 
EASY5x to model and 
analyze electrical, mechan­
ical, hydraulic, pneumatic, 
tl1ermal, and chemical sys­
tems. And they're applying 
their findings to the aero­
space and automotive 
indu tries. Plus robotic , 
heavy equipment, nuclear The e standard "building 

blocks" will help you efficiently model 
dynamic effects or physical systems. 
Including tricky problems like fric­
tion and hysteresis, or two-phase 
refrigeration cycles. 

Concentrate on the problem, 
not the software. 

EASY5x gives you unparalleled 
flexibility. Yet it 's easy to learn and 
imple to use. 

The XWindow·-based graphical 
interface lets you work on engineer­
ing workstations without forcing you 
to learn special commands. 

And when your problem be­
comes complex enough for speed 
to be important, EASY5x is an order 
of magnitude faster than our com­
petitors' software. You can even run 
your analyses on a supercomputer. 

power, and environmental control. 

Try EASY5x for free. 
All things conSidered, EASY5x i 

the best value on the market. And 
we'd like to prove it to you. 

Call us for a free, 30-day trial offer. 
Phone 1-800-426-1443 or FAX to 
206-865-2966. Or write to Boeing, 
p.o. Box 24346, MS 7L-46, Seattle, 
WA 98124-0346. 

BOEING 
For More Information Circle No. 497 



TECHNOLOGY 2002 Exhibitor Directory 

BOOTH 

Tiodize Company lnc. 110 
Huntington Beach, CA, 
will display all-graphite compo ite fastener prod­
ucts, self-lubricating composites, titanium anodiz­
ing, hard anodize wIth Teflon,anti-corrosion coat­
ings, dry film and PTFE lubricants, Teflon C0,1t­
ings, and mold releases. 

Turbomixer Corp. 826 
ewark, DE, 

will feature a new technology that dissolves gases 
into liquids at five times the current rate. It can be 
applied in aeration, air stripping. gasification, bio­
reactors, and pollution remediation processes. 

United Magnet Technologies 1101 
San Leandro, CA 
Literature will illustrate the firm's design and 
fabrication of accelerator-beam-handling electro­
magnets, plasma fusion containment coils, induc­
tors, and solenoids. 

University of Dayton Research Institute 1026 
Wright-Patterson Air Force Base, OH, 
will describe human factors products and services 
available to engineers and designers to help them 
integrate HFprinciples into newsystemsand prod­
uct designs. 

Urethane 2000-A Urethane Company 713 
Las Vegas, V, 
will discuss an ongoing project to design and 
construct self-contained residential, commercial, 
and industrial urethane structures with airborne, 
marine, and submarine capabilities. 

USAF Manufacturing Technology 117 
Directorate 
Dayton,OH, 
will provide information on more than 100 
ManTech projects with commercialization and 
transfer potential in electronics, integration tech­
nology, processing and fabrication, industrial base 
analysis, and concurrent engineering. 

US Alcohol & Drug Testing 505 
Rancho Cucamonga, CA. 
will feature state-of-the-art alcohol breath testing 
and drug testing equipment for law enforcement, 
industry, and other organizations. 

US Army Aeromedical Research Laboratory 500 
Fort Rucker, AL, 
will highlight research effort to prevent or mini­
mize health hazards in military operational envi­
ronments and to enhance soldiers' performance. 
Focus areas include acoustic , vision, crew 
workload and stress, and life support technology. 

US Army Armament Research, 1005 
Development, and Engineering Center 
Pica tinny Arsenal, Nj , 
will showcase nondestructive inspection technolo­
gies including automated analysis of radiographs 
by artificial neural networks, high·speed lacquer 
positioning, depth measurements, and metal in­
tegrity determinations. 

US Army Belvoir Research, 1101 
Development and Engineering Center 
Fort Belvoir, V A 
Literaturewillii t technologies available fore clu­
sive licenses or Cooperative Research And Devel­
opment Agreements. 

US Army Corps of Engineers 1112 
Vicksburg, MS, 
will highlight research and expertise at the Corps' 
four labs: the Waterways Experiment Station, the 
Cold Regions Research and Engineering labora­
tory, the Construction Engineering Research labo­
ratory, and the Topographic Engineering Center. 
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BOOTH 

US Army Electronics Technology and 310 
Devices Laboratory 
Fort Monmouth, J, 
will display eIt.octronics technology developed for 
Army systems with an emphasis on transfer to the 
private sector through cooperative and patent li­
cense agreements. 

US Army Research Institute of 
Environmental Medicine 

atick, MA 

1101 

Literature will describe collaborative research op­
portunities in biomechanics, sports medicine, nu­
trition, and p~ychological , phYSiological, and 
chemical responses tn the stresses of heat, cold , 
exercise, and high altitudes. 

US Army Research Laboratory 225 
Adelphi, MD, 
will display new technologies in advanced com­
putingand software, battlefield environment, elec­
tronics and pmwr sources, ensors, materials, and 
more. 

US Bureau of Mines 307 
Washington, DC, 
will highlight innovations relating to mining and 
minerals with technology transfer and c(>opera­
tive re carch potential. 

USDA Agricultural Research Service 103 
Beltsville, MD, 
will present computer-controlled equipment, ex­
pert systems, and bioprocess engineering systems 
for manufacturing value-added industrial and 
food products. 

US Department of Energy 912 
Washington, DC, 
will showcase technology projects and achieve­
ments, technology transfer programs, and ex­
amples of successful commercializations. 

US Department of Energy / Conservation 1012 
& Renewable Energy 
Golden, CO, 
will provide an overview of research activities in 
conservation and renewable energy, with an em­
phasis on building, utility, industrial, and trans­
portation technologies. 

US Department of Energy / Triodyne 201 
Niles,IL, 
will exhibit new technologies for environmental 
restoration and waste management. 

US Environmental Protection Agency 1115 
Cincinnati, OH, 
will describe cooperative research and develop­
ment opportunities available with the EPA. 

BOOTH 

US Marine Corps: Marine Corps 1101 
System Command 
Quantico, VA 
Literature will explain how the USMC is orga· 
nized, its unique capabilities, and its plans to meet 
the challenges of the 21st century. 

US aval Academy 1101 
Annapolis, MD 
A booklet will highlight the academy's scientific 
and engineering expertise and research facilities. 

Utility Development Corp. 1101 
Livingston, j 
A brochure will de cribe the firm's involvement in 
R&D of high-performance and co t-effective plas­
tics, coatings, adhesives, inks, and composite ma­
terials. 

Vector Aeromotive Corp. 414 
Wilmington, CA 
Gerald A. Wiegert, Vector's CEO and Chairman, 
will introduce his new design, the Avtech A ' WX3, 
the ultimate aerospace-engineering supercar, and 
will display "black project" ideas for 21st century 
land, sea, and air vehicles. Be prepared fo r future 
shock. 

Vermont Research Corp. 105 
orth Springfield , VT, 

will feature high-performance data storage solu­
tions including the RAIDstar'"disk array, K2 solid 
state disk, and the A SWER, an SMD to SCSI 
product that allows replacement of older disk 
drives with new technology. 

Wacom Technology Corp. 1101 
Vancouver, WA 
Literature will describe graphics tablets featuring 
cordless, battery less, pressure-sensitive pens and 
cursors that can serve as input devices for com­
puter graphics, illustration, CAD, and desktop 
publishing. 

Wolfram Research Inc. 214 
Champagne, IL, 
will demonstrate Mathematica-, a system for nu­
merical, symbolic, and graphical computation used 
both a an interactive calculation tool and a pro­
gramming language. 

Editor's note: The final and complete list 
of exhibitors and booth locations will be 
contained in the official program distrib­
uted on-site in the show registration area. 
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Have You Reserved Your Place At 
America's Premier High-Tech Event? 

TECHNOLOGY 

2002 I 
December 1-3, 1992 

Baltimore, MD 
Convention Center I 

Time is running out! 
Preregistration Deadline: 

Friday, November 20 

Join 6000 of the nation's top technology managers 
and engineers for three information-packed days 
featuring: 

... Over 120 presentations spotlighting new inventions in Materials, 
Manufacturing, Computing and Communications, Biotechnology / 
Life Sciences, and Energy/Environment - areas identified as 
National Critical Technologies; 

... Sessions on university and international technologies U.S. compa­
nies can use to bolster their competitiveness; 

... 60,000 square feet of exhibits showcasing cutting-edge innovations 
available for license or sale; 

... The third annual Technology Transfer Awards Dinner, offering an 
unparalleled opportunity to network with government and indus­
try executives in an elegant setting-the Hyatt Regency's Grand 
Ballroom. 

... Top-level speakers including NASA Administrator Daniel Goldin, 
Maryland Senator Barbara Mikulski, Martin Marietta Chairman & 
CEO Norman Augustine, and Rockwell International COO Sam 
Iacobel\is. 

TECHNOLOGY 2002 CONFERENCE PROGRAM 
Tuesday, Dec. 1 
8:30 - 10:00 am 

10:00 - 11:45 am 

1:00 - 3:00 pm 

1:30 - 3:30 pm 
3:30 - 5:30 pm 

Wednesday, Dec. 2 
9:00 - 9:45 am 

10:00 am - 12:00 pm 

1:00 - 3:00 pm 

3:30 - 5:30 pm 

7:00 - 10:00 pm 

Thursday, Dec. 3 
8:30 - 9:45 am 

Keynote Address and Federal Technology 
Overview 
Theme Panels: Cooperative R&D; invest­
ment and Financing; Manufacturing 
Excellence 

ational Critical Technologies 
(6 Concurrent Sessions) 

ational Technology Initiative Workshops 
National Critical Technologies Concurrent 
Sessions 

Keynote Address: Aerospace Technology 
Transfer 
National Critical Technologies Concurrent 
Sessions 

ational Critical Technologies Concurrent 
Sessions 
University Tech Transfer Opportunities 
(Track #1) 
International Technology Forum (Track #2) 
Technology Transfer Awards Dinner 

Concurrent Work hops: How To Do 
Business With The Government 

10:00 am - 12:00 pm National Critical Technologies Concurrent 
Sessions 

1:00 - 3:00 pm Univer ity Tech Tran fer Opportunities 
(Track #1) 
Lnternational Technology Forum (Track #2) 

EXHIBITION HOURS 
Dec. 1-2: 10:00 am - 6:00 pm; Dec. 3: 10:00 am - 5:00 pm 

How To REGISTER 
Fax your completed preregistration form with credit card data to 
(212) 986-7864. To register by phone, call (800) 944-NASA. 

Choose from four types of registrations: 
... Complete registration-includes symposia, workshops, and ex­

hibits for all three show days; tickets to the opening reception on 
Monday evening, Nov. 30 and to the Awards Dinner on Wednes­
day, Dec. 2; and a set of the official Technology 2002 proceedings; 

... Three-Day Symposia / Exhibits-covers symposia, workshops, and 
exhibits Tuesday through Thursday; 

... One-Day Symposia /Exhibits; 

... Exhibits Only 
By 11/20 

$240 
$150 
$75 

On-Site 
$285 
$195 
$95 

Complete Registration 
Three-Day Symposia / Exhibits 
One-Day Symposia/Exhibits 
Exhibits Only o Charge -
Awards Dinner Only $95 $105 

On-Site Registration Hours: ov. 30: 9:00 am - 5:00 pm; 
Dec. 1-3: 7:00 am - 5:00 pm. 
For information on hotel and car rental discounts, call Wendy Janiel at 
(800) 944- ASA. 

arne 

Technology 2002 
Preregistration Form 

Title _____________________ _ 

Company _______________________________________ _ 

Address ________________________________________ _ 

City/St / Zip ________________ _ 

Phone o. 

check one: 
Complete Registration $240 

o Three-Day Symposia/Exhibits $150 
o One-Day Symposia / Exhibits $75 

(circle day: Tues. Wed. Thurs.) 
o Exhibits Only Free 

(circle day(s): Tues. Wed. Thurs.) 
o Awards Dinner only $95 

(number of tickets: ~ 

Total: $ ____ __ 

bill my: AmEx 0 VISA 0 Mastercard 

Account o. ___________________ Expire Date _____ _ 

Signature ___________________________________ _ 

Registrations and Awards Dinner reservations aTe transferable, and may 
be ca llcelled ulltil November 20,1992 subject to a $50 cancellation fee. 
After that date no cancellations will be accepted alld no money refunded. 

Fax to: Technology Utilization Foundation at 
(212) 986-7864 



New Product Ideas 
New Product Ideas are just 
a few of the many innovations 
described in this issue of 
NASA Tech Briefs and having 
promising commercial applica­
tions. Each is discussed further 
on the referenced page in the 

appropriate section in this 
issue_ If you are interested in 
developing a product from 
these or other NASA innova­
tions, you can receive further 
technical information by 
requesting the TSP referenced 

at the end of the full-length article 
or by writing the Technology 
Utilization Office of the sponsoring 
NASA center (see page 30)_ 
NASA's patent-licensing program 
to encourage commercial develop­
ment is described on page 30. 

Electro·Optical 
High·Voltage Sensors 

New sensors for measuring high volt· 
ages (e.g., 10t020 kV) are being developed 
for use in automatically controlled power­
distribution systems. The sensors are im­
mune to electromagnetic noise at radio 
and lower frequencies and have greater 
range and are cheaper than conventional 
high-voltage sensors. 
(See page 40) 

Improved Capacitive 
Liquid Sensor 

An improved capacitive sensor is used 
to detect the presence and/or measure the 
thickness of a layer of liquid. Features in­
clude interdigitated driving and sensing 
electrodes and a peripheral coplanar 
ground electrode that helps to reduce 
parasitic effects. 
(See page 44) 

Optical-Input, Optical·Output 
Morphological Processor 

This processor would offer the speed 
of optical connection with other processors 
and the programmability of electronic in­
ternallogic circuitry. The processor would 
perform binary operations on the picture 
elements of a binary input image, yielding 
a processed binary output image. 
(See page 52) 

H igh·Performance, 
Semi·lnterpenetrating 
Polymer Network 

A new polymer can be synthesized from 
easy-to-process, but brittle, thermosetting 
polyimides and one or more tough, but 
difficult-to-process, linear thermoplastics. 
The result is a tough polymer network that 
is relatively easy to process for aerospace, 
automotive, and electronic industries. 
(See page 85) 

Improved Fluidized· 
Bed Reactor With 
Horizontal Staging 

This reactor features multiple, horizontal­
ly arrayed stages. Several advantages are 
realized over the conventional designs, 
such as larger number of stages than in 
vertically stacked models, easier mainten­
ance, and better heat retention, among 
others. 
(See page 108) 

Secure Container for 
Discarded Hypodermic 
Needles 

A container designed for safe retention 
of discarded blood-collecting hypodermic 
needles and similar sharp objects in 
spacecraft may be adaptable by hospitals 
concerned with highly secure collection 
and disposal. 
(See page 117) 

The new Elmo 1SN270 Color 
CCD Camera is a double 
breakthrough .. . Minimum 
illumination of 2 lux and a very 
affordable price! 

Features . . . 
Resolution is over 330 TV lines 
(H), selectable shutter speeds to 
1110,000 sec, 46 dB SIN, CS 
and optional C mount lenses, 
buitt-in circuitry for auto-iris lenses, 
auto-white balance and AGC. 
The 1SN270 Series is available in 
24V AC, 12V DC, 120V AC and 
a power to coax model for use 
with our acclaimed sse-8C Two 
Page Quad Controller. 

New Elmo low light CCD color 
camera - affordably priced. 

Compact in size, the 24V AC 
model weighs a mere 17 oz. 
and measures 2%" square 
by 6W'long. 

Ask your CCTV systems installer 
or distributor to demonstrate 
the superb new Elmo 1SN270 
Color Camera. 
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For fast action and complete technical specs, call Vince Giovinco 
or any of our CCD/ITV experts at 1-800-654-7628. 

For More Information Circle No. 509 

BLlW:D~~: 
10 New Hyde Park Road, New Hyde Park, NY 11040 
44 West Drive, Brampton, Ontario, UiT 3T6 Canada 
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Do ou ne 
up to 7 arc second accuracy for video 
scanning, tracking or optic positioning? 

The AOM360D series provides the most precise 
azimuth/elevation positioning available for your application 
today. Here's why: 

You can have accuracies up to 1 arc second 
depending upon the transducer selected - choose 
from encoders, Inductosyn and resolvers. 

Velocity of 60"/sec is standard. 

Wobble to 1 arc second and orthogonality to 
5 arc seconds are available. 

Resolution and bi-directional repeatability to 
0.1 arc second are available. 

Backlash and hysteresis are eliminated due to the 
use of direct-drive samarium-cobalt DC motors and the 
absence of any gear trains. 

The U.K.: Aerotech, Ltd., phone (0734) 817274; FAX (0734) 815022 
Germany: Aerotech GmbH., phone (0911) 521031 ; FAX (0911) 5215235 
Switzerland: Semilas AGj phone 0041164 47 00 50; Fax 0041/64 47 00 72 
Italy: Samec; phone (02) 90 55 443; Fax (02) 90 52 665 
France: A.R.I.E.S.; phone (1) 46-57-41 -71 ; Fax (1) 46-56-69-39 

Control is provided by the 
advanced UNIDEX'· 21 . 

Highly accurate rate control is achievable 
with optional low ripple tachometers. 

And that's not ali i For details on this .A.. 
exciting new product, send for your , ~ 
AOM360D series brochure today. AEROTECH'" 

AEROTECH, INC., 101 Zeta Drive, '-~ 
Pittsburgh, PA 15238; phone (412) "'V'4n~ 
963·7470; Fax (412) 963·7459. AD0991EO 

For More Information Circle No. 375 



HOW YOU CAN BENEFIT If you're a regular reader of TECH BRtEFS, then you're already making use of 
one of the tow-and no-cost services proVIded by NASA's Technotogy Transfer 
Program. But a TECH BRIEFS subscnpllon represents only a fractJon of the 
technlcat Infomnatlon and apphcationslenglneenng serviceS offered by thiS Pro­
gram. In fact. when all oftheconnponents of NASA's T echnotogy Transfer Network 
are considered, TECH BRIEFS represents the proverbial liP of the ICeberg. 

FROM NASA's 
TECHNOLOGY 
UTILIZAmN 
SHlVleES 

We've outlined below NASA's Technotogy Transfer Network-named the 
partICipants, descnbed thelf services, and lISted Ihe IndIVIduals you can contact 
for more Informallon retallng 10 your specifIC needs We encourage you to make 
use of the Infomnatlon. access, and applications servICes oHered 

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

I
f you need further information about new technologies presented in NASA Tech Briefs, request the Technical Support Package (T S P). If a TSP is not 

available, you can contact the Technology Utilization Officer at the N ASA 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_ John C. Stennis Langley Research Ctr. Jet Proputslon Lab. George C. Marshall Houston, TX 77058 
Technology Utilization Space Center T echnotogy Utilization NASA Resident OffICe Space Flight Center (713) 483-3809 
Officer:Geoffrey S. Lee Acting Technology Officer: Joseph J. Technology Utilization Technology Utilization Patent Counsel: 
Mail Code 223-3 Utilization Officer. Mathis, Jr. Officer: Arif Husain Officer: Ismail Akbay Edward K. Fein 
Moffett Field, CA 94035 Charles Hill Head, TU & AO Office Mail Stop 180-SOlO CodeATOl Mall CodeAL3 
(415) 604-4044 Code HA-3O Mail Stop 200 4800 Oak Grove Drive Marshall Space Flight Houston, TX 77058 
Patent Counsel: Stennis Space Center, Hampton, VA 23681-0001 Pasadena, CA 91109 Center, (713) 483-4871 
Darrell G. Brekke MS 39529 (804) 864-2464 (818) 354-4862 AL 35812 NASA Headquarters 
Mail Code 200-11 (601 ) 688-1929 Patent Counsel: Patent Counsel: (205) 544-2223 Technology Utilization 
Moffett Field, CA 94035 John F. Kennedy 

Dr. George F. Helfrich Thomas H. Jones Palent Counsel: 
Officer: Leonard A. Aull 

(415) 604-5104 Space Center Mail Stop 143 Mail Code lSO-S01G Robert L Broad , Jr. CodeCU 
Lewis Research Center Technology Util ization Hampton, VA 23681 -0001 4800 Oak Grove Drive Mail Code CCOl Washington, DC 20546 
Technology Utilization Officer: James A. 

(804) 864-3221 Pasadena, CA 91109 Marshall Space Flight (703) 557-5598 
Officer: Anthony F. Aliberti Goddard Space Flight (818) 354-5179 Center, Assistant General 
Ratajczak Mail Stop PT-PAT-A Center Technology Utilization AL35812 Counsel for Patent 
Mail Slap 7-3 Kennedy Space Technology Utilization Mgr. for JPL: Dr. Nor- (205) 544-0021 

Matters: Robert F. 
man L Chanin 

21000 Brookpark Road Center, FL 32899 Officer: Dr. George Alcom 
Mail Stop 156-2 t 1 

Lyndon B. Johnson Kempf, Code GP 
Cleveland, OH 44135 (407) 867-3017 Mail Code 702 Space Center Washington, DC 20546 
(216) 433-5568 Patent Counsel: GreenbeH, MD 20771 "OW OCi~ Grove Drive Technology Utilization (202) 453-2424 
Patent Counsel: Bill Sheehan (301 ) 286-5810 Pasadena, CA 91109 Officer. Dean C. Glenn 
Gene E. Shook Mail Code PT-PAT Patent Counsel: (818) 354-2240 Mail Code IC-4 
Mail Code LE-LAW Kennedy Space R. Dennis Marchant 
21000 Brookpark Road Center, FL 32899 Mail Code 204 
Cleveland, OH 44135 (407) 867-2544 GreenbeH, MD 20771 
(216) 433-5753 (301) 286-7351 

How You Can Utilize NASA's Regional Technology Transfer Centers (RTTCs) - A nationwide network offering 
a broad range of technology transfer and commercialization services. 
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y ou can contact NASA's network of RTTC s for assistance in solving a specific technical problem or locating technology o r m a rkets tha t matc h your 

interests. The RTTCs are experienced in working with industry to define technology needs and acquire and commercia lize applicable technology . 

User fees are charged for most services . For mort! information, call 1-800-472-6785 and you will be connected to the RTTC in your geographical 

region (or you may call or write directly to the RTTC in your region). 

REGIONAL TECHNOLOGY TRANSFER CENTERS (RTTCs) 

RTTC Directors 

NORTHEAST 
Dr. William Gaska 
Center tor Technology 

Commercialization 
Massachusetts Technology Park 
100 North Drive 
Westborough, MA 01581 
(508) 870-0042 

MID-ATLANTIC 
Ms. Lani S. Hummel 
University of Pittsburgh 
823 William Pitt Union 
Pittsburgh, PA 15260 
(412) 648-7000 
(800) 257-2725 (toll -free US) 

SOUTHEAST 
Mr. J. Ronald Thornton 
Southern Technology Application 
Center 
University of Florida 
College of Eng. 
Box 24 
One Progress Boulevard 
Alachua, FL 32615 
(904) 462-3913 
(800) 225-0308 (outside FL) 

MID-CONTINENT 
Mr. Gary Sera 
Texas Engineering Experiment Station 
Texas A&M UniverSity System 
237 WERC Collge Station, 
Texas 77843-3401 
409-645-8762 

MID-WEST 
Dr. Joseph W. Ray 
Great Lakes Industrial Technology Center 
25000 Great Northern Corporate Center 
Su~e 450 
Cleveland, OH 44070-5310 
(216) 734-0094 

FAR-WEST 
Mr. Robert Stark 
Technology Transfer Center 
University of Southern California 
37t6 South Hope Street, 
Suite 200 
Los Angeles, CA 90007-4344 
(213) 743-6132 
(800) 642-2872 (CA only) 
(800) 872-7477 (toll-free US) 

If you are interested in information, applications, research , training, and services relating to satellite and aerial data for Earth resources, contact NA SA 's 

transfer point for earth observing technology: Technology Application Center, University of New Mexico, 2500 Yale Blvd. S.E., Suite 100, 
Albuquerque, NM 87131-6031 ; Dr. Stan Morain, Director (505) 277-3622. 

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 identity 

and solve critical prob lems with existing NASA technology. Technology Application Team, Research Triangle Institute, P.O. Box 121 94, Research 
Triangle Park, NC 27709; Dr_ Doris Rouse, Director, (919) 541-6980 

A Shortcut To Software: COSMIC-- For software developed with NASA 
funding, contact COSMIC, NASA's Computer Software Management and Infomna­
tion Center. New and updated programs are announced in the Computer Programs 
section. COSMIC publishes an annual software catalog. For more infomnation call 
or write: COSMI~ 382 East Broad Street, Athens, GA 30602 John A. Gibson, 
Director, (706) 542-3265; FAX (706) 542-4807. 

If You Have a Question .. NASA C e n ter For A eroSpace Infor­
matio n can answer questions about NASA's Technology Transfer Nelwork and 
~s services and documenls. The CASI staH supplies documents and provides 
referrals. Call, write or use the feedback card in this issue to contact: NASA Center 
For AeroSpace Information, Technology Transfer Office, P.O. Box 8757, Balti­
more, MD 21240-0757. WalterM. Helland. Manager, (410) 859-5300, Ext. 245. 
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Reduce Your Design T file 
in No Tfile 

Call (800) 344-2571 for your fteevideo 
Department A191 

Easy to learn. 
Face it: time is money. The less time you spend learning CAD sofrware the 
more time you can spend making money. With Ashlar Vellum 's Drafting 
Assistant you'll be producing professional quality drawings in about twO 

hours. Lines, arcs, NURB splines, symbols, and many more design tools 
are just a click away. Plus, Ashlar Vellum's on-screen tool coach will 
prompt you exacdy how to use each tool you select. 

Gets work done faster. 
Ashlar Vellum's Drafting Assistant completely automates the process of 
finding endpoints, rangencies, intersections and any other logical contraint. 
You're done in a fraction of the time it takes by hand or with other CAD 
packages. In fact, the Drafting Assistant is so unique that it has been issued 
a patent by the u.s Patent Office (PAT. No. 5,123,087). Plus; Ashlar 
Vellum comes with DXF and IGES translarors built-in so you can share 
files with other CAD systems fast. 

Gives you all the design tools you need. 
With over 20 smart design tools, built-in pararnerrics, 3D wireframe 
conStruction, mechanisim animation, 8 editing tools, a text tool that will 
support any installed font, 9 different ways to pan and zoom, fill patterns 
like steel, aluminum, rubber, glass and over a dozen more and free toll-free 
technical support, you will find all the tools you need. Plus, you get an 
extensive symbol library of fasteners, slots, holes and more, that can be 
automatically resized and placed into a drawing. Call now for more 
information on Ashlar Vellum (800) 344-2571. 

"the only way to foLly appreciate Ashlar VeLlum is to 
sit down and use it; tackle a tough job, right off" 

Burt Rutan 
Inventor, Engineer - Designer of the Voyager aircraft 

"we use Vellum to do complete drawings . .. what used 
to take weeks now only takes a couple of days. " 

Michael "Bake" Riebeek 
Designer, Engineer, Builder 

Ashlar-Vellum® 
Reduce Your Design Time in No Time™ 

Ashlar Incorporated ' 1290 Oakmead Parkway ' Sunnyvale ' CA ' 94086 ' (800) 877-2745 

System Requirements: M acintosh system 6.0.2 or greater (system 7 
compatible), SE/30. Mac II family or Quadra. 4MB RAM. IBM and 
compatibles - 386 or 486. Microsoft Windows 3.0 or greater. 4MB RAM, 
mouse. Ashlar Vellum 20 $1,995. Ashlar Vellum 3D $2,495 (Ashlar Vellum 
3D available for Macintosh only, prices subject to change). Trial versions. 
videos and data sheets are available. JUSt ask your salesman. To place an order 
or speak with a sales person, call (800) 877-2745. 

C 1992 Ashlar IncQrp(mlt~. Ashlar and Vellum are registered trademarks of A'ihlar Incorpor:ued. 
Reduces Your Design Timt: In No Time is J rrademark of Ashlar Incorpor:ned. Orher brands and 
product names are trademarks of their rcspecd,"c holJers. 
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Frrqutney rrsponses of a family of rontroI 
S)5tmU. modtltd, simulattd and I'isuali:td in 
MAIW!4.0. 

We see your 
expectations of 
visualization 
and we raise them. 

Three views of the surface height of a penny sbuw 
user customizablt object-orienttd grapbics in 
MAIW! 4.0. Data courtt.!)' of NISI'. 

C ombmo olv.mred,;",m­

tion with the powerful computation 

of MAWJl, and gain new insight into 

your most challenging problems. 

The MatbWoriu 
introduus MAnAB 4.0 

MAnAB 4.0 blends visualization 

techniques and numeric computa­

tion into a seamless interactive 

environment that redefines how you 

can solve complex problems. You 

can analyze data numerically and 

visually, simulate models and see 

the results immediately, or explore 

ideas and test them interactively. 

More tlxln meets the eye 

MAnAB 4.0 provides you with an 

extensive library of built-in compu­

tational tools, combined with a 

powerful fourth-generation language. 

It thereby offers the convenience of 

a pre-packaged application program 

and the extensibility and flexibility 

of a high-level language. Much 

easier to use than Fortran or C, 

MAWJl4.0 yields tremendous 

gains in productivity and creativity. 

New high-level functions enhance 

these gains--functions in areas ranging 

from advanced graphics to powerful 

sparse matrix support to integrated 

program development tools. 

Add SIMUUNK'" to MAWJl4.0 and 

you can perform dynamic system 

simulation of nonlinear models in a 

graphical mouse-driven environ­

ment. And with specialized applica­

tion toolboxes, you can tailor the 

MAnAB environment to address 

your specific needs. 

We've devoted the next page to 

giving you a more complete picture. 



MATLAB®4.0 
Picture the Power 

Broadly appliC4Zbk, widely used 

Over 100,000 technical profes­

sionals use MA1LAB in diverse 

applications areas, including signal 

processing, control engineering, 

chemistry, economic modeling, 

and data analysis. They use it as 

their primary analysis tool in 

industrial, academic, and govern­

ment settings in over 50 countries. 

Flexibk & extensibk 

With the open system architecture 

of MA1LAB, you can see the 

algorithms, edit them, and create 

your own to address specific 

needs. MA1LAB provides multi­

platform interoperability, so you 

can use your applications and data 

across platforms without modifica­

tion. As a result, MA1LAB has 

become the ideal way to create 

and communicate algorithms and 

ideas--a lingua franca for technical 

professionals. 

Easy to use 

MATIAB has always been powerful, 

yet easy to use-a fast and accu­

rate number-cruncher, a high-level 

prototyping environment, and a 

complete programming language. 

MAnAB 4.0 adds many new features 

that make it more powerful and even 

easier to use. 

New feature bigbligbts 

The most visible changes to 

MATLAB are graphical. 

_

With our new object­

oriented Handle 

GraphicsTW system, 

you can customize virtually every 

conceivable attribute of your 

MATLAB plots. 

New graphics capabilities include: 

I 3-D shaded color surface graphs 
I 3-D contour plots 
I 3-D data trajectories 
I Image display 
I Light sources 
I Faceted and interpolated surface 

rendering, plus texture mapping 
I Animation 
I Color and black & white 

PostScript® output (Le\lell & 
LeIIel2) 

Image rrpresentation of Southeastern New 
England altitude data mattd in MA1lAB 4.0. 
Data courmy of NOM. 

Beyond tbe 'Visual 

Other new features in MATLAB 

4.0 include: 

I Over 100 new functions 
I Graphical user interface controls 

Add "widgets"-such as sliders, 
buttons, and menus-to create 
customiud MATIAB graphical 
user interfaces easily. 

I Enhanced file I/O 
Import and export your data in 
any fonnat. 

I Sound output 
Play data and functions as sound 
(SPARC only). 

I Integrated debugging 
environment 
Create MA7IAB functions and 
scripts more quickly and easily. 

Rimrann surface of the comp/tx cube root 
function shows the capability of MA1lAB 4.0 
far mathematical visualization 

I Sparse matrix support 
Compute quickly and efficiently 
with \lery large matrices. 

I Compute engine interface 
Call MATIAB from your C and 
Fortran programs as a computa­
tion engine. 

I Faster interpreter and graphics 
Draws graphics up to two times 
faster than MATIAB 3.5. 

I Enhanced on-line help 
I New, expanded documentation 

For More Information Circle No. 603 

Spectrogram of Handel's Hallelujah Chorus, 
computtd and displayed with MA1lAB 4.0 and 
the Signal Processing Toolbox. 

Powerful, wrsatile toolboxes 

Application toolboxes, designed 

and written in MATIAB by world­

class experts in their fields, provide 

specialized solutions. They're based 

on MAnAB, and they combine pre­

packaged functionality with an 

open systems approach that allows 

you to see the algorithms and to 

modify them to suit your needs. 

The comprehensive MATIAB 

toolbox family includes: 

I Signal Processing 
I Control System Design 
I Robust-Control Design 
I Mu-Analysis and Synthesis Design 
I System Identificatio~ 

Neural Networks ~ 
Nonlinear Optimization 

I Spline Analysis 
I Chemometric Analysis 

MA1LAB 4.0 is available now for 

Sun SPARCstations, and will soon 

ship for other standard MATLAB 

platforms including: 386/486 PCs, 

Macintosh, HP/Apollo, 

DECstation, VAXNMS, IBM, 

Silicon Graphics, Convex, & Cray. 

For more information, please 

call us at (508) 653·1415. 

The 
MATH 
WOR~ 
~ 

24 Prime Pork Woy/Notick, MA 01760 
Tel: 508/653-1415 Fox: 508/653-2997 

Email info@mothworks.com 



Electronic Components and Circuits 

..... ~ Computer Simulation for Design of TWT's 
Thermal.and mechanical aspects are modeled mathematically 
in three-dimensional finite-element analysis. 

Lewis Research Center, Cleveland, Ohio 

A three-dimensional finite-element ana­
lytical technique facilitates the design and 
fabrication of traveling-wave-tube (TWT) 
slow·wave structures. lraveling-wave tubes 
are transmitter power amplifiers used in 
many space and terrestrial communica­
tions systems. The analytical technique in­
cludes the MARC finite-element code and 
enables designers to simulate the fabrica­
tion of components of a TW1 Simulated 
thermal loads like those encountered un­
der various operating conditions can then 
be applied to a mathematical model of the 
TWT to predict temperature distributions, 
structural integrity, and failure limits. 

In a typical traveling-wave tube, the radio­
frequency (RF) signal to be amplified is 
launched onto a wire or tape that has been 
precisely wound into a helix. A beam of 
electrons traveling along the axis of the 
helix is velocity-modulated by the RF signal 
in such a way that the electrons become 
grouped into bunches that interact with the 
RF signal on the output section of the helix. 
The net effect of these interactions is an 
increase in the strength of the RF Signal. 

scribes the normal RF operating mode of 
a TWT. For computational economy, the 

model represents a 60 0 slice of the TWT. 
and is the smallest possible model that still 
fully describes the TWT geometry and 
structural loading through the application 
of rotational symmetry. This figure shows 
three 60 0 turns of the helix (representing 
the critical thermal region), half of a dia­
mond support rod, and a 600 segment of 

Figure 1 shows a partially assembled 
20-GHz TWT helix structure. The helix is 
supported centrally in a metal sleeve by 
three dielectric support rods that are posi­
tioned at 1200 intervals around the helix. 
The dielectric properties of the support-rod 
material must be selected so that the rods 
electrically insulate the RF Signal on the 
helix from the body of the TWT (which is 
at ground potential). In addition, the ma­
terial and the cross section of each rod 
must be chosen to minimize dielectric load­
ing on the electromagnetic fields that sur­
round the helix. 

Figure 1. This Partially Assembled Helix Structure of a traveling-wave tube was analyzed 
by use of the technique described in the text. 

Highly pure, natural diamonds were used 
to make the rods in this application . The 
diamond rods not only support the helix 
but are also required to carry large ther­
mal loads away from the tungsten helix 
tape; this, in turn, requires the mainte­
nance of thermal contact between com­
ponents at all times and at all operating 
temperatures. The new analytical tech­
nique provides for computer modeling that 
addresses such issues of structural integri­
ty as those of contract pressures and con­
tact areas. 

Figure 2 displays an output from a three­
dimensional computer analysiS that de-
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Figure 2. This Distribution of Temperature was computed on a three-turn, 60° segment of 
the helix structu re shown in Figure 1. 

NASA Tech Briefs, November 1992 



ARE VOU GEl IrNt: ONLV PART-TIME REAL TIME? 

f# your real-time system doeslt't deliver 
~hese six real-time teehlto/ogies, you're 
~lt/y gettiltg a part-time solutiolt. 

Do you need guaranteed total availability? 

3ubmillisecond response times? High throughput? 

;imultaneous data acquisition and display? Fault­

:olerance? Expert services? 

If you count on such demanding performance as 

Nell as standards, you need a real -time solution from 

:he real -time, all-the- time specialist. Concurrent 

:omputer Corporation . 

Real -time computing is more than doing things real 

=ast. Six times more. 

r. Distributed Computing 

co~pumc 
ond Networking that 

/, 
DISlRtBUTED 

&NETWOtmNG delivers the enormous 

Flexibility of high-performance connections over multiple 

high-speed networks - with fault tolerance, guaranteed 

response time and open standards. 

2. system Software 

that delivers multipro­

cessing, preemptive 

priority scheduling and reliable event notification -

within a standards-based 

environment. 

:I. Hardware Al'l:ltiteeftlre 

that eliminates bottle-

necks because it' s 
HAiOWARE 

/ ARCHITECT\JI!E 

designed for high -capacity I/O and system throughput. 

Upward compatibility enables you to move applications 

to more powerful systems as your needs grow. 

4. Craplties that deliver 

2-D and 3 -D capabilities 
_ _ _ 10.1 with ease of use, enhanced 

standard graphical interfaces and libraries, fast- image 

load , and outboard multiple-intelligent displays that 

offload system overhead . 

DATA 
ACOUISIT1ON 

5. DIIftI Acquisition for 

an integrated, scaleable 

solution with an intelli-

gent high-performance data movement engine and con ­

trol software libraries in an easy-to-use environment. 

6. Produttill/tv TOols 

that support the 

building of totally integrat­

ed applications via toolkits which manage the total 

software lifecycle. 

Real -time computing is more than fast transaction 

processing . And no one understands real -time technolo­

gies better than Concurrent. 

Total real - time thinking, applications, and services. 

Real -time solutions as extraordinary and innovative as the 

specialists who are pioneering the future of real ­

time computing, as they have for over 25 years. 

Talk to the real-time speCialist. 

Call Concurrent at 1 -800-631 -2154. 

ALL WE DO IS REAL TIME. 
ALL THE TIME. 

eONeURRENT 
eOAfPUTER 

eORIPORATION ™ 
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the outer sleeve. The temperature scale 
in this figure indicates that the highest 
temperatures within the assembly occur 
at those spots on the helix that are farthest 
away from a diamond support rod. The dia­
mond support rod, being an excellent ther­
mal conductor, exhibits an almost imper­
ceptible temperature gradient across the 
radial dimension. The outer sleeve, used 
as a massive heat sink for the entire helix! 
rod assembly, has a spatially constant tem­
peratura The results of this analysis were 
verified against actual experimental data. 

The new technique can be used to per­
form thermal and mechanical analyses of 
a TWT designed with a variety of configur­
ations, geometries, and materials. Such 
time-variant properties of the materials as 

creep can also be analyzed for their ef­
fects on the predicted performance and 
failure point of a TWT 

In using this three-dimensional comput­
er analysis, a designer will be able to simu­
late the building and testing of a TWT. with 
consequent substantial saving of time and 
money. Moreover, computer simulation min­
imizes the number of tubes that must be 
produced under costly, iterative fabrication 
runs or for destructive testing. The new ana­
lytical capability provides a three-dimension­
aI investigation of a three-dimensional struc­
ture, thus eliminating the uncertainties 
associated with two-dimensional approx­
imations. Ukewise, this analytical technique 
enables a detailed look into the operation 
of traveling-wave tubes to help improve 

performance for future communications 
systems. 

This work was done by Karen F. Bar­
tos, E. Brian Fite, Kurt A. Shalkhauser, and 
G. Richard Sharp of Lewis Research 
Center. Further information may be found 
in NASA TP-3081 [N91-274361 ' :.<\ Three­
Dimensional Finite-Element Thermal/Me­
chanical Analytical Technique for High­
Performance Traveling Wave Tubes." 

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-15374 

l'~ Portable Computer Keyboard for Use With One Hand 
The user need not be seated at a desk. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
A data-entry device can be held in one 

hand and operated with five fingers. It con­
tains seven keys (three for the thumb and 
one for each of the other remaining fingers). 
Letters, numbers, punctuation, and cursor 
commands are keyed into a computer by 
pressing the keys in various combinations. 

The device, called a "data egg" for its 
original shape (see figure), can be used 
where a standard typewriter keyboard is 
unusable or unavailable - when the user 
is lying, walking, driving, or working on 
manual tasks, for example. It should be 
especially useful to handicapped or bed­
ridden people who find it difficult or im­
possible to operate standard keyboards. 

EGG-SHAPED 

In an alternative package (also in figure), 
the device resembles a personal pager 
("beeper"). 

A prototype data egg contains a micro­
processor and a 32-Kbyte memory. It can 
capture text and transmit it to a computer 
later on via a built-in serial port. 

The concept can also be extended to 
a computer mouse. The mouse would be 
equipped with the seven keys. The user 
could then manipulate the mouse and sim­
ultaneously key in text with the same hand. 

The key combinations are easy to learn. 
It can take less than an hour to memorize 
the alphabet, partly because the pressed­
key configuration usually resembles some 

aspect of the character it represents. An 
experienced user can type about 30 words 
per minute without looking at the keys. 

A bedridden user could operate a data 
egg in combination with a desktop com­
puter and a commercial display device, 
called the Private Eye, that is worn a few 
centimeters in front of the user's eyes. This 
device displays a virtual image of the com­
puter video monitor screen, which appears 
to be about 2 meters away. 

This work was done by Gary L. 
Friedman of Caltech for NASA's Jet Pro­
pulsion Laboratory. For further informa­
tion, Circle 44 on the TSP Request Card. 
NPO-18231 

BEEPER-SHAPED 

The Handheld Keyboard has only seven keys. The keyboard can be strapped to the hand. Both "egg" and "beeper" packages have 
been built. 
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You've Probably Seen Our DFBCApproved 
DC/DC Converters On Tv. 

For today's high-performance 
military and aerospace designs, 
Advanced Analog's line of DO/DO 
converters is clearly the one to 
watch. We proved our stripes during 
Desert Storm. We are also the first 
hybrid DO/DO converter supplier 
approved by DE SO on Standard 
Military Drawings (SMDs). 

Now we're way ahead in this sea­
son's ratings for "smart" electronics 
applications. With 84 new power 
supply products on the DESOISMD 
source list, we're the one to turn to 
for your mission-critical application. 

Advanced Analog's new AHE 2800, 
AHF 2800, ATO 2800 and A1W 2800 
Series devices offer single, dual and 
triple-charmel designs, with power 
outputs from 12 to 30 watts. They're 
manufactured in our MIL- STD -1772 
certified and qualified facility, and 
feature full military screening and 
proven reliability. 

Advanced Analog is the recognized 
technology leader in high-reliability 
hybrid microcircuits for military and 
aerospace markets. Our components 
have performed in the toughest 
environments imaginable-from the 

Patriot missile to the MLRS to the 
Space Shuttle to the 0 -17 aircraft. 
Plus a range of high-performance 
graphics, medical, datacomm and re­
mote monitoring applications. 

For reliability, performance and 
fast time to market, these off-the­
shelf power supplies are in a class by 
themselves. 1b find out more, call 
(408) 988-4930 today. Or fax us at 
(408) 988-2702. 

Advanced 
Analog 
a division of Intech 

For More Information Circle No. 556 



Highly parallel computing. 

Fermilab is tapping a new 
If there' one thing you can count on in cience, 

it' that your data will increa e exponentially but your 
funding won't. 

The scienti ts at Fermi ationa] Accelerator Labora­
lory (Fermilab) have encountered thjs problem in a very 
big way. The dala Fermilab proce e for ubnuclear event 
re onslruction and modeling ha r ached 40 terabyte a 
year. And they've developed an innovative solution to meet 
th ir needs. 

T nstead of relying on upercomputers, Fermilab 
ha di tributed a ignificant part of the workload to clustered 
IBM Rl C S teml6000T\1 work tations. The 've combined 
108 of them, at late t ount, in a LAN-connected 



source of power. 
proce or ['arm. Thi farm give FermiJab a fuJJ 3,000 MIP 
that can be dedicated to a ingl parallel proce ing 
application. 

"The re ult," a Thomas -a h, Head of Computing at 
FermiJab puts it, "j better science." t a fraction of the co t of 
using supercomputer. 

Many u ers are dis overing the affordable, calabl 
power of clustered RISC y teml6000 workstation . 

The ational Center [or up rcomputingApplica­
tion in Champaign, JIlinoi ,for example, runs uperscalar 
applications on a cluster of seven HI C Sy tem/6000 . 
High p r/orman e and reliability are why th y lected th 
RI C ysterrV6000. 

BP Exploration (AJaska), Inc. is achieving 
upercomputer throughput for their reservoir imuJalion 

applications b doing batch load baJan ing on a clust r 
of five R1 C teml6000 . For th ir computers, oftware, 
systems integration and training in the use of batch 
c1u ters, they worked in alliance with £8M. We can help 
you, too - with consulting ervice ,open y tern inte­
g'I'ation and Bu ine Partner of'tware. 

If you'd lik to make orne dis overie of 
our own about the power and econom of RJ C 

System/6000 paraUel proees ing, caJl ==-=.:: 
£EM Technical Computing Sy tern §: : ;-':'~ 
atl 800472-4966. ==-= ~ = 
IBM IS a reglslered Irademark and RISC Systeml6000 IS a trademark of InternatIOnal BUSiness 
Machines Corporalion C 1992 IBM Corp 



~~ Electro-Optical High-Voltage Sensors 
Features include relatively low cost, electrical isolation, and immunity from electromagnetic noise. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

Electro-optical sensors for measuring 
high voltages (e.g., 10 to 20 kV) are being 
developed for use in automatically con­
trolled power-distribution systems. A sensor 
of this type is connected to optoelectronic 
interrogating equipment by optical fibers 
(see figure). Because the sensitive material 
and the optical fibers are all dielectric, 
there is no problem in electrically isolating 
the interrogating circuitry from the high 
voltage, and there is no need for voltage 
dividers. The sensor signals transmitted 
along the fibers are immune to electromag­
netic noise at radio and lower frequencies. 
In comparison with other high-voltage sen­
sors, these have greater range and are 
cheaper. 

The sensor is essentially a Fbckels cell. 
It includes a slab of electro-optical material 
sandwiched between two electrodes that 
are connected to the high voltage to be 
measured. In this case, the electro-optical 
material is an electro-optically sensitive 
dye dispersed in an epoxy, as described 
in more detail in Bulk Electro-Optical Poly­
mer Component" (NPO-18207) in a later 
section of this issue. The polymer slab used 
in the sensor prototype, was cured in a 
cuvette and later transferred in its solid 
state to the sensor housing. 

The interrogating light is generated by 
a light-emitting diode, and transmitted to 
the cell along one of two optical fibers. The 
light emerging from this fiber is collimated 
by a graded-index rod lens, then passes 
through a polarizer and a quarter-wave plate 
into the cell. In the cell, the polarization 
of the light is altered by the electro-optical 
effect, which is approximately proportional 
to the voltage between the electrodes. The 

Quarter·Wave Graded·lndex~f· 
Refract ion Rod Lens 

,------:::--,-.,----;1 

Electrode 

Light -Emitting 0,_ 

Photodlode 

light emerging from the cell passes through 
a second polarizer (analyzer), is focused 
by a second rod lens into another optical 
fiber, and travels along that fiber to a PIN 
photodiode. 

Sensors of this type are expected to re­
spond nearly linearly from the minimum 
detectable potential up to potentials of the 
order of 1 MV. Consequently, the maximum 
operating potential will likely be limited by 
dielectric breakdown, which would occur 
well below 1 MV in typical designs con­
templated thus far. An experimental sen­
sor was tested at 7.96 kV (rms) and is 
believed to have a breakdown voltage of 
slightly more than the 54 kV peak (cor­
responding to 38 kV rms) used in fabri­
cating it. For demonstration purposes, it 
should be safe to operate the sensor at 
10 to 20 kV, provided that it is connected 

The Electro-Opti­
cal Effect in the sen­
sor cell alters the po­
larization of light 
transmitted through 
it. The response of 
this sensor is a 
nearly linear func­
tion of voltage up to 
well beyond the 
breakdown voltage 
of the cell. 

in series with a large current-limiting resistor. 
This work was done by Allan Gottsche 

and Alan R. Johnston of Ca/tech for 
NASA's Jet Propulsion Laboratory. For 
further information, Circle 98 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-18311, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 

!~ Compact Spare-Row Decoder for Computer Memory 
Commercial integrated circuits are used. 

Goddard Space Flight Center, Greenbelt, Maryland 

A spare-row memory-address-decoder 
circuit can be commanded to address a 
ninth row in a computer memory instead 
of addressing one of eight others that it 
would address normally. Variants of this 
circuit could be used to construct small , 
highly reliable computers. The initial intend­
ed applications include the computers in 
the Hitchhiker Central Unit (a Space Shut­
tle payload) and an embedded computer 
on the Cassini spacecraft. The concept of 
the circuit is applicable to most flight com­
puter systems. It has also been proposed 
to incorporate a triple-modular redundant 
version on an application-specific integrat­
ed circuit. 

40 

The spare-row decoder, which is made 
of standard radiation-hardened spacecraft 
integrated circuits, offers advantages of 
compactness, efficiency, and performance 
over error -detection-and-correction (EDAC) 
subsystems: In a system equipped with 
EDAC, a failure results in diminished per­
formance. The spare-row decoder requires 
only 12.5 percent memory OIIerhead, where­
as an EDAC subsystem requires 37.5 per­
cent memory overhead in a 16-bit memory 
system. Furthermore, a memory system 
equipped with a spare-row decoder requires 
less glue logic and exhibits greater through­
put than does one equipped with EDAC. 

The spare-row decoder receives a 3-bit 

memory address signal [A(i), A(i+ 1), A(i+ 
2)]. In normal operation (when the spare 
row is not to be used), the decoder re­
sponds by asserting a signal on one of the 
eight lines (RAMO* through RAM7*) to 
select the corresponding one of the first 
eight rows of memory (see figure). 

By sending a 3-bit address signal (~O, 
01 , 02) to the decoder, the computer can 
designate one of the first eight rows of 
memory to be replaced by the spare row. 
If one of two decoder-enabling signals 
(EM or EN2*) is also received by the de­
coder, then whenever the incoming ad­
dress [A(i), A(i+ 1), A(i+2)] is that of the row 
to be replaced (00, 01, 02), the decoder 

NASA Tech Briefs, November 1992 



If you work with 
DATA ... 

for you! 
The Standard Worldwide - adopted by thousands of 

scientists and engineers for data analysis and graphics. 
If you collect data, reduce it, analyze it, transform it, edit it, and 
plot it, then DADiSP will increase your productivity. DADiSP's 
point-and-click menus make the complete process, from input to 
output, easier than you ever thought possible. 

Choose from hundreds of powerful functions for data reduction 
and editing, series and scalar math, matrix math, table manipu­
lation, statistics, peak analysis, FFTs and convolutions, digital 
filtering, image marripulation and display as XY plots, contours, 
3-D/4-D graphics, and shaded surfaces. And DADiSP's unique 
interactive spreadsheet environment helps you create your own 
programs and templates, without any programming, with 
macros and command files for custom work. 

DADiSP is currently in use in engineering, laboratory data 
collection, matrix processing, manufacturing, science, signal 
processing, chemical and mechanical applications in automo­
tive, aerospace, defense, medical, and other industries. 

for your free DADiSP Trial Kit. DADiSP is available for 
SUN, HP, IBM, NeXT, DEC, Concurrent, and Silicon 
Graphics workstations, and of course, IBM PC compatibles. 

~ 
CorporJlil)O 

One Kendall Square 
Cambridge, MA 02139 
617-577-1133 
FAX: 617-577-8211 

Australia·ln"'rworld Electronics. (03) 563-7066; Belgium·Electroruque-Mesures, (02) 384·7309; Denmark-Engberg, (042) 25-1777; Finland-Mespek OV. (9) 0-351-1800; France-8M2i. 
(01) 34-89-78-78; Germany-Dataman 10711) 773131; lngenieurburo Kohler, (069) 9765-000; Wilke (0241) 154071. Hungary-Selectrade Computer. (01) 163-2905; lndia-Dynalog 
Microsystems. (022) 517-0514; 18rael·Racom, 1031 491922; Italy·BPS Computers,102) 612·90221; Japan-Astrodeslgn, (044) 751-10ll; Korea-Echo Mla.systems. (02) 704-5378; 

Netherlanda-Computer Engineering Roosendaal,101650) 57-417; Peekellnslruments (010) 4162722; New Zealand-GTS Engineermg, (09) 3092-464; Spain-Novatronic, (04) 452-0811; 
Sweden-SYSTEC, (013) 11-01-40; Switzerland-Urech & Harr, (061) 61-13-25; Taiwan-Advantech. (02) 351·2117; U.K.-Adept Scientific, (0462)480055 

For More Infonnatlon Circle No. 662 
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The Spare· Row Decoder selects the spare row of memory instead of one of the other rows, in which a defect has been discovered. 

does not select one of the first eight rows When p. is asserted, the decoder auto- This v.ork was done by Richard a Katz. 
but instead puts out the signal SPARE· on matically replaces row 0 with the spare Glenn P. Rakow, Thomas C. Bickler, and 
a ninth line to select the spare ninth row row. This feature is used when the com· Rod Barto of Goddard Space Right Cen· 
of memory. puter cannot' 'boot up" because of a fail· ter. No further documentation is available. 

There is a third decoder·enabling line, ure in row O. The p. signal is activated GSC·13481 
called "p." or the "panic-button" line. simply by a hardware monitor. 
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CUSTOM ENCLOSURES 
DESIGN AND FABRICATION 
ASSEMBLED FROM STANDARD COMPONENTS 

• Pre engineered construction system produces rigid frameworks 
using aluminum extrusions and die cast corners . 

• Complex enclosure shapes are achieved with over 50 different 
stock angled extrusions and matching castings. 

• Square and radius profiles in two sizes. 
• A wide selection of additional hardware. 

CRYSTAL MARK, INC. 
Custom Enclosure Division 

NO 
WELDING 
MITERING 
FORMING 

Consoles 
Racks 
Test Benches 
Machine Guarding 
Pre-cut Kit Assemblies 
Electro-mechanical Enclosures 

TOLL FREE 1-800·788-7521 . FAX 702-885-2774 

For More Information Circle No. 536 NASA Tech Briefs, November 1992 



500 WATT HV SUPPLIES 
Extended current capabilities 
EW Series regulated DC supplies 
cover voltage ranges from 0 to 1 kV 
through 0 to 60 kV. Rated at 500 W, 
these supplies will output current 
equivalent to a 600 W supply up to 
84% of rated voltage. Automatic 
crossover from constant-voltage to 
constant-current regulation protects 
the supply from overloads. Full local 
and remote control and monitoring 
are standard. Panel height is 3.5 
inches and weight less than 18 Ibs. 
Glassman High Voltage 

ADVERTISEMENT 

HV POWER SUPPLIES ... 
to 125 kV with 500 W plus 
The WK Series of 500 W high voltage 
power supplies complement the EW 
Series by extending output ranges 
from 0 to 80 kV through 0 to 125 kV. As 
with the EW Series, current capability 
is equal to that of a 600 W supply up 
to 84% of rated voltage. Panel height 
is 5.25 inches and weight less than 
30 Ibs. Available with positive, nega­
tive, or reversible output polarity. 
Glassman High Voltage 

Call for full information on the WX Series, or other Glassman 
supplies, 1 kV to 500 kV, 15 W to 15 kW. 

GLASSMANtaHIQfVOITAGE INC. * 
Glassman High Voltage, PO Box 551 , Whitehouse Station, NJ 08889, 
telephone (908) 534-9007. Also Glassman Europe, in the UK call (0256) 810808 
and in Asia, Glassman Japan (044) 877-4546. 

For More Information Circle No. 544 

PG SERIES DC SUPPLIES 
Available with low ripple to 400 kV 

The PG Series includes open-stack 
models from 0 to 100 kV up to 0 to 
400 kV with power capabilities of 500 
or 1000 W. Normal ripple is 0.1% of 
rated voltage at full load. A special 
low-ripple version , the PG-LR Series, 
is available with ripple typically below 
5 V pop at rated voltage. Power is 
reduced to 250 or 500 W. The PG-LR 
Series consists of a high voltage 
multiplier and a low-pass filter stack 
in parallel , together with a remote 
control unit. The standard PG Series 
consists of only a multiplier stack and 
remote control unit. 

Both PG versions feature automatic 
crossover from constant-voltage to 
constant-current regulation for protec­
tion against overloads. 
Glassman High Voltage 

75 WATT HV MODULES 
o to 1 kV through 0 to 60 kV 
The MK Series of 75 W modules offer 
DC ranges from 0 to 1 kV through 
o to 60 kV in an enclosure of only 
0.157 fP Air insulation allows for easy 
serviceability. Tight voltage and cur­
rent regulation , overload protection , 
local/remote control , and a safety 
interlock are all standard . Positive or 
negative polarity. 
Glassman High Voltage 



Improved Capacitive Liquid Sensor 
A coplanar ground electrode reduces parasitic capacitive effects. 

John F. Kennedy Space Center, Florida 
An improved capacitive sensor is used 

to detect the presence and/or measure the 
thickness of a layer of liquid. The electrical 
impedance or admittance of the sensor 
is measured at a prescribed frequency, and 
the thickness of the liquid is inferred from 
the predetermined theoretical or experi· 
mental relationship between the imped· 
ance (or admittance) and thickness. 

The sensor is basically a three·terminal 
device: The driving ac signal, vo' is ap· 
plied to the driving electrode, which is one 
of two interdigitating electrodes made of 
parallel strips of metal. The readout volt· 
age, vR' is induced on the other electrode 
(the sensing electrode) by capacitive 
coupling through the liquid and through the 
dielectric materials of the sensor structure 
(see Figure 1). The two electrodes are sep­
arated from a ground plane (the third elec­
trode) by an insulating substrate of thick· 
ness ds ' which is much smaller than the 
width, ).,j4, of each metal electrode strip. 

The electrodes and substrate are cov­
ered by an insulating base layer of thick­
ness db' which is also much less than >./4. 
The center-to-center distance between ad­
jacent electrode strips is >./2. The outer­
most parallel strips belong to the driving 
electrode, and a wider electrode strip 
around the periphery of the electrode area 
in the electrode plane is connected to the 
ground plane. The thickness of the liquid 

is dw and can be maintained at this value 
by a glass plate supported by metal shims 
around the edge. 

Figure 2 presents schematic diagrams 
of the lumped-parameter equivalent circuit 
of the sensor. The capacitance Cp repre­
sents that part of the capacitive coupling 
between the driven electrode and the 
ground plane that is attributable to con­
duction through the liquid and capacitive 
coupling from the liquid through the base 
layer to the outer grounded electrode strip. 
(There is presumed to be no capacitive 
coupling through the liquid because the 
typical driving frequency of 1 MHz is much 
less than the dielectric-relaxation frequen­
cy of the liquid, and so the liquid acts es­
sentially as a purely resistive medium.) Cp 
dominates the response of the sensor to 
the liquid and helps to stabilize the ca­
pacitance of the device, reducing parasitic 
capacitive effects. 

The bottom part of Figure 2 shows the 
system for measuring the coupling admit­
tance of the sensor. Provided that the im­
pedance of the ammeter is much less than 
the capacitive reactance of Cs' one can 
neglect vR and thereby simplify the com­
putation of the coupling admittance. The 
coupling admittance can be decomposed 
into real and imaginary parts that depend 

on the various resistance and capacitive 
circuit elements and, therefore, on the 
thickness of the liqUid. 

This capacitive sensor is patent-pending 
because it is the first to utilize the ground 
plane as a "shunting" electrode. The shunt 
acts to improve the sensitivity of a capaci­
tive sensor to changes in the dielectric prop­
erties of the liquid by a order of magnitude 
in the radio-frequency range. It is, there­
fore, now possible to detect dielectric re­
laxations that previously required measure­
ment frequencies in the gigahertz range. 

The shunting sensor can be used to 
measure the composition of a liquid if its 
thickness is held constant. When the sen­
sor is fabricated into the wall of a pipe 
through which the liquid flows, the changes 
in the dielectric properties can be directly 
related to changes in composition. The sen­
sor has been successfully evaluated in 
commercial production plants to charac­
terize emulsions, slurries, and solutions. 
The system is less expensive than infrared, 
microwave, or refractive-index systems for 
on-line analytical measurement. 

This 'Nark was done by Francis A. 
Waldman ofAxiomatics Corp. for Ken­
nedy Space Center: For further informa­
tion, Circle 8 on the TSP Request Card. 

Inquiries concerning rights for the com­
mercial use of this invention should be ad­
dressed to the Patent Counsel, Kennedy 
Space Center [see page 30}. Refer to 
KSC-11S41. 

Sensing-Electrode 

'~'I-I - .... 1-:'1 
cp 1 

EQUIVALENT CIRCUIT 

r-----------~~ V r---~--------~ 

Figure 1. The Improved Capacitive Liquid Sensor features 
interdigitated driving and sensing electrodes and a peripheral 
coplanar ground electrode that helps to reduce parasitic effects. Ground Terminal Ground Terminal 

Nots: Transfer admittance Y21 =~2/~; If VA Is negligible, where the circumflexes denote 
complex-numl>er representation. Figure 2. These Equivalent Circuits emphasize selected charac­

teristics of the improved capacitive liquid sensor. 
MEASUREMENT OF TRANSFER ADMITIANCE 

!~ Si1_xGeJSi-Heterojunction Internal-Photoemission Detectors 
Cutoff wavelengths can be tailored by choice of Ge content. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
Infrared detectors based on internal pho­

toemission at Si1_ KGe)Si heterojunctions 
have exhibited photoresponses at wave­
lengths from 2 to 12 J-Lm in initial tests. In 
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principle, the cutoff wavelengths and other 
aspects of the photoresponses of these 
detectors can be tailored over the wave­
length range from 1 to > 20 J-Lm ; this en-

abies optimization with respect to perform­
ance and required cooling. Because these 
detectors are compatible with silicon de­
vices in general, it should be possible to 
integrate them with silicon readout circui­
try without the thermal-expansion mis­
match that is encountered with present 

NASA Tech Briefs , November 1992 



ou can't be there, 
A removable Universal Input Module directly handles 20 
analog input channels of virtually any sensor type­
including thermocouples, RTDs, DC voltage, AC voltage 
(true rms), frequency, and resistance-without extemal 
signal conditioning. 

A portable Memory Card lets you 
transfer setup and configuration 
information to a remote unit and transfer 
collected data to your PC for analysis. 

send a card. 
PC· based data acquisition is easier, 
faster, and more convenient with 
Fluke's new Hydra Data Bucket 
featuring a removable Memory Card. 

Use Hydra Data Bucket's remov-

able Memory Card to transfer data to 
your PC for archiving, analysis, or report 

generation. Or send configuration informa­

tion to the field so non-technical users can 
run a test in a snap. Either way, you'll find 

nothing does a better job of capturing the 
memory of an event like a card. 

Hydra Data Bucket features 
alarm limits, Mx+B scaling, 
minlmax/last memory, direct 
printer output, real-time clock, 
and selectable scan triggers. 

Simple to set-up 
and operate from 
the front panel. 

Menu-driven software (included) 
lets you upload collected data to 
a PC, directly from a Memory 

Card or via Data Bucket's 
RS-232 port, for analysis 

with familiar spreadsheets. 

Now, you don't have to haul data 

acquisition equipment back and forth from 
a remote site to your PC. Simply let the 

data flow into your Hydra Data Bucket. 

Then send a card. And keep collecting 

data without interruption. 
For literature or more information, call 

1·800·44·FlUKE. 

e l992 John Fluke Mfg. Co., Inc .• P. O. Box 9090, MIS 250C, 
E'II!Iett, WA 98206-9090. u.s. (206) 356-5400 

For More Information Circle No. 512 

Canada (416) 890-7600. Other coun1ries: (206) 356-5500 
AI rights r8S8lV8d. Ad No. 00270 



An AMP Micro-Strip interface acts 
like a natural extension of the micro­
strip configuration of your board. It 
accept high- peed signal from board 
traces. Pre ents them with a consis­
tent, controlled-impedance interface. 
And passes them through with an 
absolute bare minimum of fuss. 

Board to board 01' box to box, 

the signal doe n't see an interconnect, 
and acts just a if it were on a continu­
ou microstlip path, experiencing a 
carefully controlled 50 ohm per line. 
Reflection les than 5% at IGHz. 

Cros talk Ie s than 4% at In ri etime . 
Connector propagation delay of 0.05ns. 
Cable propagation delay of l.4n 1ft. 
Astoni hing numbel for an intercon­
nect ystem; excellent news a ignal 
approach 500ps ri etime . 



The eparable bus bar between 
contact rows makes all contacts avail­
able for signal, giving you a comfortable 
40 lines per inch on 0.05" centers, in 
parallel or right-angle configurations. 
A range of parallel stack heights is 
available for "hot" applications such 
a workstation cpu module board . 

The transmission-line cable imple­
mentation extends from sub ystem to 
ub ystem, or box to box. Using silver­

plated conductors on 0.0125" centers in 

a ground / ignal/ ground 
configuration, the teflon­
insulated cables exhibit 

minimal crosstalk 
and delay. Our 
proprietary 

termination technique create a con-
i tent impedance characteristic at 

the connector interface. 
Need high- peed help in product 

development, too? We can horten 
yom design cycle and cut yom time 

THIS IS AMP TODAY. 

to market with exten ive ervices that 
range from design verification to routing, 
board layout/fabrication, and complete 
system architectme - using the latest 
technique to develop unique, co t- and 
time-effective solutions to your problems. 

For more information, call our Product 
Information Center at 1·800·522·6752 
(fax 717·986·7575). AMP Incorporated, 
Harrisburg, PA 17105·3608. In Canada, 
call 416 ·475· 6222. 
AMP is a tl'ademark of AMP Incorporated, 

ANiP 
For More Information Circle No. 61 3 



THE ADVANCED 
INDUSTRY STANDARD 

DC/DC cowetter£ 
COMPARE APEX FOR: 

Quality 
Lower Per Unit Costs 

HighMTBF 
Lifetime Warranty 

T emperarure Range 
Applications Support 

ADVANCED MANUFACTURING 
YIELDS HIGH RELIABILITY 

CONVERTERS 

By using a multilayer substrate and a one­
step reflow solder process, our hybrid 

manufactu ri ng process yields a lower cosr 
dc/dc converter thar's extremely rel iable 

and rugged with no PIND failures. 

Hermetic 
Welded 
Package 

Hybrid 
Transformer 
Assembly 

Reflow soldered 
components 

Low thermal 
resistance, BeO 
and solid steel 

Lowest Multilayer 
number of Substrate 

interconnect wires 

082800 SERIES 

lOW Singles 
Input: 
14-50V 

Ourput: 
SV, llV, ISV 

lOW Duals 
Inpur: 
14-50V 

Output: 
±llV, ±15V 

APEX MICROTECHN OLOGY CORPORATION 
5980 N. Shannon Road, Tucson, AZ 85741 

For Product Informacion or 
Applications Assiscance Call 

1-800-862-1032 or FAX (602) 888-3329 

48 For More Information Circle No_ 585 
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ENERGY-BAND DIAGRAM Si1 _ x Gex/Si DETECTOR 

Si1-xGe)Si-Heterojunction Internal-Photoemission Detectors can be tailored for use at 
wavelengths of the order of 10 p.m. Future developments are expected to include the 
integration of such devices with silicon readout circuitry to form infrared-imaging arrays. 

HgCdTe infrared detectors. Thus, imaging 
arrays that operate in the important wave­
length range of 8 to 12 pm could be fabri­
cated relatively inexpensively for use in outer­
space, military, and industrial applications. 

The figure shows a typical detector of 
this type, which includes a degenerately­
p+-doped Si1_xGex layer (which serves as 
the photoemitter) on a p-doped Si substrate 
(which serves as the collector). The 
mechanism of detection consists of the 
generation of holes by absorption of pho­
tons in the p+ Si1_xGex photoemitter fol­
lowed by internal photoemission of the 
holes over the potential barrier at the 
Si 1_xGeJ Si heterojunction. 

By selecting the Ge content, x, of the 
photoemitter, one can set the height of the 
potential barrier and thereby set the cut­
off wavelength. One can also tailor other 
aspects of the photoresponse by the se­
lection of thicknesses of layers, concen­
trations of the p+ dopant (boron), the ge­
ometry of the device, optical cavities, 
stacking, and antireflection coats to optimize 
its performance for a given application. 

The Si1_X
Gex!Si detectors are expect­

ed to exhibit internal quantum efficiencies 
(number of photoexcited holes collected 
+ total number of photoexcited holes) 
much greater than those of silicide 
Schottky-barrier photodetectors. One 

reason is that the band of absorbing en­
ergy states in the p+ Si1_xGex layer is 
narrow in comparison with that in the emit­
ting layer of a silicide detector. This causes 
a more abrupt turn-on with decreasing 
wavelength, which in turn results in useful 
sensitivities closer to the cutoff wave­
length. In contrast, in a Schottky detector, 
photons can excite charge carriers from 
states far below the Fermi energy; these 
carriers often do not have enough energy 
to overcome the barrier. Near threshold, 
only the small fraction of the photoexcited 
carriers that originate from states near the 
Fermi energy can exceed the barrier en­
ergy and thus contribute to the signal. Con­
sequently, the quantum efficiency of a 
Schottky-barrier detector rises only slow­
ly with energy above the potential barrier. 
Another reason for the increased quantum 
efficiency is that in a Si1_xGeJ Si detec­
tor, photoexcited holes traveling over the 
potential barrier are less likely to be back­
scattered at the heterojunction because 
the ratio between effective masses is more 
favorable. 

This work was done by True-Lon Un and 
Joseph Maserjian of Caltech for NASA's 
Jet Propulsion laboratory. For further 
information, Circle 15 on the TSP Request 
Card. 
NPO-18450 
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Books and Reports 
These reports. studies. handbooks are avail­
able from NASA as Technical Support Pack­
ages (TSP's) when a Request Card number 
is cited; otherwise they are available from the 
National Technical Information Service. 

Examples of Synthesis of 
Dual·Shaped Reflectors 
The validity and utility 
of a method developed 
previously are demonstrated. 

A report presents examples to demon­
strate the validity and utility of a method 
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The current report reviews the deriva­
tion of the partial differential equations and 
the iterative method of numerical solution. 
It discusses the significance of the start­
ing point of the numerical integration on 
each reflector surface; this point could be 
at the center, on the outer rim, or, most 
generally, at an interior point. 

It emphasizes that one of the notable 
attributes of the partial differential equa­
tions is the speed with which they can be 
solved - less than 45 seconds on some 
personal computers and in a fraction of 
a second on a mainframe supercomputer. 
It demonstrates the utility of this speed by 
incorporating the synthesis computer pro­
gram developed previously into a multipa­
rameter optimization program that performs 
the syntheSiS many hundreds or even thou­
sands of times to optimize chosen param­
eters of the system. Object functions or 
goals of the optimization procedure can 
include, for example, mapping equations 
that yield a low-cross-polarization radiation 
pattern. Another object function could be 
a prescribed outer projected perimeter 
(e.g., circular) of the main reflector when 
the starting point for the numerical integra­
tion on each reflector is the center or an 
interior point. 

Three examples are presented. In the 
first example, a Gregorian design with a 
feed hole in the main reflector is synthe­
sized to illustrate the utility of starting the 
numerical integration at an interior point. 
In the second example, a dual offset reflec­
tor of 120-wavelength diameter is designed 
via a combination of synthesis and gra­
dient-optimization software to obtain a low­
spillover, low-cross-polarization antenna 
system. This system is then analyzed by 
various combinations of geometrical and 
physical optics (diffraction) to illustrate the 
validity of the synthesis. 

In the third example, the synthesis pro­
gram is integrated into an existing gradient­
optimization program to optimize a dual­
offset-reflector antenna in such a way that 
(1) the new main reflector is shaped to a 
"best fit" with an existing paraboloidal re­
flector that is to be reconfigured into the 
new design, and (2) the antenna produces 
low cross-polarized radiation with low spill­
over or low noise temperature. The result­
ing design is subjected to a full diffraction 
analysis to illustrate its validity. 

This work was done by Victor Galindo 
and William A. Imbriale of Caltech and Raj 
Mittra of the University of Illinois for 
NASA's Jet Propulsion Laboratory. To 
obtain a COW of the report, "Theory of syn­
thesis of offset dual-shaped reflectors -
case examples," Circle 43 on the TSP Re­
quest Card. 
NPQ-18340 
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Electronic Systems 

... ~ Integrated-Circuit Pseudorandom-Number Generator 
This device produces 8-bit pseudorandom numbers at a rate of 10 MHz. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
The figure shows essential features of 

an integrated circuit that produces 8-bit 
pseudorandom numbers from a specified 
probability distribution, at a rate of 10 MHz. 
By use of Boolean logic, the circuit imple­
ments a pseudorandom-number-generat­
ing algorithm like the one described in 
"Digital Pseudonoise Generator" (NPO-
16627), NASA Tech Briefs, Vol. 10, NO.4 
(July/August 1986), page 53. 

The circuit includes eight 12-bit pseudo­
random-number generators, the outputs 
of which are uniformly distributed. These 
pseudorandom-number generators are cellu­
lar automatons, which are an improvement 
over the typical linear feedback shift reg­
ister because the outputs exhibit less cor­
relations. These outputs are processed 
partly separately and partly together ac­
cording to the algorithm to yield the final 
output stream of 8-bit pseudorandom num­
bers that satisfy the specified probability 
distribution. 

The operation is best explained starting 
with bit 7: The output of pseudorandom­
number generator 7 is compared with the 
mean of the specified distribution, which 
has been stored in advance in a one-word 
(12 bits per word) memory block. The out­
put of comparator 7 is thus a stream of 
1-bit pseudorandom numbers, the mean 
of which equals the mean of the distribu­
tion. The output of comparator 7 is fed 
through a delaying chain of eight D flip­
flops to the bit-7 output terminal. 

Depending on whether the output of 
comparator 7 is 0 or 1, the output of pseu­
dorandom-number generator 6 is compared 
with one or the other of two 12-bit numbers 
stored in advance in a two-word memory 
block. These numbers are conditional prab-

Bit 0 

Bit 1 

Bit 2 

Bit 3 
Output 

Bit 4 

Bit 5 

Bit 6 

Bit 7 
Notes' 

1 " D" denotes a D fl ip-flop circuit. 3. " C" denotes a comparator. 
2. "nW" (where n is 1 or a power of 2) 

denotes an n·word memory block. 
4. " PN" denotes a uni form PN generator. 
5. Bi t 7 is the most significant. 

a-Bit Pseudorandom Numbers that satisfy a specified nonuniform probability distribu­
tion are generated by processing the uniformly distributed outputs of eight 12-bit 
pseudorandom-number generators through a " pipeline" of 0 flip-flops, comparators, and 
memories that implement conditional probabilities on zeros and ones. 

abilities for zeros and ones that satisfy the 
specified probability distribution. Thus, the 
output of comparator 6 is a 1 or a 0 that 
depends on bit 7 and the specified distribu­
tion. The output of comparator 6 is fed 
through a delay chain of seven D flip-flops 
to the bit-6 output terminal. 

The fifth bit is generated similarly, except 
that a four-word memory block is required 
to store the four conditional probabilities, 
one of which is selected for comparison 
according to the combination of the D-flip­
flop-delayed outputs of comparators 7 and 
6. This process continues through the re­
maining bits, with doubling of the size of 
the memory block for the next less-signifi­
cant bit, and each bit is affected by the 

previously generated, D-flip-flop-delayed 
more-Significant bits. 

Thus, pseudorandom bits are generated 
on each clock cycle and fed into a " pipe­
lined" system. After an initial delay of eight 
clock cycles, during which bits propagate 
through the chains of comparators and D 
flip-flops, the "pipeline" produces a new 8-
bit random number on each clock cycle. 

This work was done by James E. 
Steelman, Jeff Beasley, Michael Aragon, 
Francisco Ramirez, Kenneth L Summers, 
and Arthur Knoebel of Regents of New 
Mexico State University for NASA's Jet 
Propulsion Laboratory. For further infor­
mation, Circle 5 on the TSP Request Card. 
NPO-18507 

... ~ Optical-Input, Optical-Output Morphological Processor 
Some of the advantages of optical and electronic processing would be combined. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
The proposed optical-input/optical-out­

put morphological processor would be an 
optoelectronic assembly that would per­
form some binary operations on the pic­
ture elements of a binary (black and white) 
input image, yielding a processed binary 
output image. The binary operations would 
occur in a programmable silicon-based 
very-large-scale integrated (VLSI) logic cir-

52 

cuit, which would be sandwiched between 
the two VLSI optoelectronic input and out­
put image planes (see Figure 1). 

A number of such processors could be 
cascaded to form a more complicated 
image-processing system. The use of optics 
as the connection medium would make 
the rate of processing faster than it is in 
an all-electronic system designed to per-

form the same overall processing func­
tions. At the same time, the use of elec­
tronics as the processing medium would 
provide the flexibility of reconfiguration 
(i.e. , p;,ogrammability) that is not available 
in an all-optical system. Thus, the proc­
essor would combine some of the advan­
tages of both optical and electronic 
processing. 

NASA Tech Briefs. November 1992 
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Processor) light Modulators 

Figure 1_ The Optical-Input, Optical-Output Morphological Processor would offer the speed of optical connection with other proc­
essors and the programmability of electronic internal logic circuitry_ 

The input image plane would lie on the 
face of an array of silicon photodetectors 
that would be part of the VLSI logic cir­
cuit; each photodetector would be asso­
ciated with one of the elements of the logic 
array and would define one picture ele­
ment. The output image would be formed 
on an array of ferroelectric-liquid-crystal 
light modulators, each of which would de­
fine one picture element and would be 
associated with the corresponding picture 
element of the VLSI processing circuit and 
input array_ The output voltage of each ele­
ment of the VLSI logic array would con­
stitute the modulating voltage applied to 
each optical-output element. 

Figure 2 illustrates two logical opera­
tions, called "erosion" and "dilation," that 
the processor might be programmed to 
perform simultaneously on every picture 
element and four of its nearest neighbors_ 
Two processors could be cascaded to per­
form erosion followed by dilation, this se­
quence of operations being useful in 
eliminating single isolated white picture 
elements in otherwise black areas ("salt" 
noise). Similarly, two processors could be 
cascaded to perform dilation followed by 
erosion to eliminate single isolated black 

From Array 
of Detectors 

picture elements in otherwise white areas 
("pepper" noise). One could then also 
cascade four processors to obtain erosion, 
dilation, dilation, then erosion to eliminate 
both salt and pepper noise. 

This work was done by Jeffrey W Yu, 
Tien Hsin Chao, Li Jen Cheng, and 
Demetri Psaltis of Caltech for NASA's Jet 
PropulSion Laboratory. For further infor­
mation, arcle 22 on the TSP Request Card. 

In accordance with Public Law 96-517, 
the contractor has elected to retain title 

Figure 2. The Ero­
sion and Dilat ion 
Operations are the 
logical AND and the 
logical OR , respec­
tively, of the values 
(1 for white, 0 for black) 
represented by the 
brightnesses of adja­
cent picture elements. 

to this invention. Inquiries concerning 
rights for its commercial use should be 
addressed 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-18174, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 

Multiple-Ring Digital Communication Network 
An optical-fiber commun ication system would be overlaid on an electric-power-distribution network. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

An optical-fiber digital communication 
network has been proposed to support the 
data-acquisition and control functions of 
electric-power-distribution networks. The 
optical-fiber links of the communication 
network would follow the power-distribu­
tion routes. Since the fiber can cross open 
power switches, the communication net­
work would include multiple interconnect­
ed loops with occasional spurs (see fig­
ure). At each intersection a node is needed. 
The nodes of the communication network 
would also include power-distribution sub-
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stations and power-controlling units. In ad­
dition to serving data acquisition and con­
trol functions, each node would act as a 
repeater, passing on messages to the next 
node(s). 

Network topology is arbitrary, governed 
by the power system. The token-ring pro­
tocols that are used in Single-ring digital­
communication networks are not adequate 

The Multiple-Ring Communication Networ1< 
would operate on the new AbNET protocol 
and would feature fiber-optic communication. 

NASA Tech Briefs, November 1992 



for this more complicated network. A new 
protocol has been developed. 

Initially, a message inserted anywhere 
in the network would pass from node to 
node throughout the network, eventually 
reaching all connected nodes. On the first 
reception of a message, each node would 
record an identifying number and retrans­
mit the message to the next node(s). On 
second reception of the same message, 
each node would recognize the identify­
ing number and refrain from retransmitting 
the message. This would prevent the end­
less repetition and recirculation of mes­
sages. This aspect of the protocol resem­
bles the behavior of T-cells in the immune 
.system, which learn to recognize invading 
organisms on first exposure and kill the in­
vading organisms with antibodies when 
they encounter the organisms again. For 
this reason, the protocol is called "AbNET" 
after the microbiologists' abbreviation 
"Ab" for "antibody." The AbNET protocols 
include features designed to maximize the 
efficiency and fault-tolerant nature of the 
approach. Multiple service territories can 
be accommodated, interconnected by 
"gateway" nodes (see figure). 

The AbNET protocol is expected to en­
able the network to operate as economi­
cally as does a single ring that includes 
an "active monitor" node to prevent the 
recirculation of messages. With AbNET 
the performance of the proposed network 
would probably exceed that of a network 
that relies on a central unit to govern the 
routes of messages. Communications 
would automatically be maintained in the 
remaining intact parts of the network even 
if fibers were broken. 

For the power-system application, the 
advantages of optical-fiber communication 
include electrical isolation and immunity 
to electrical noise. The AbNET protocols 
augment these advantages by allowing an 
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economical system to be built with topo­
logy'independent and fault-tolerant features. 

This work was done by Harold Kirkham 
of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Cir­
cle 28 on the TSP Request Gard. 

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 
Galifornia Institute of Technology 
1201 East Galifornia Boulevard 
Pasadena, CA 91125 

Refer to NPO-18133, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 

Hypercluster Parallel Processor 
The same equipment can be connected in shared- or distributed-memory configurations. 

Lewis Research Center, Cleveland, Ohio 

The hypercluster is a computer system 
that includes multiple digital processors, 
the operation of which is coordinated 
through specialized software. It is con­
figurable according to various parallel· 
computing architectures of the shared· 
memory or distributed-memory class (see 
figure), including scalar computer, vector 
computer, reduced-instruction·set com· 
puter (RISC), and complex·instruction-set 
computer (CISC). Any or all of these com­
puting architectures of either class or both 
classes can coexist within the hypercluster. 

The hypercluster is not meant so much 
to provide a significant improvement over 
present supercomputers of fixed, special· 
ized architecture. Rather, it is designed as 

NASA Tech Briefs, November 1992 

a flexible, relatively inexpensive system 
that provides a Single programming and 
operating environment within which one 
can investigate the effects of the various 
parallel-computing architectures and com­
binations thereof on performance in the s0-

lution of complicated problems like those 
of three-dimensional flows in turboma­
chines. The more-expensive alternative to 
the development of the hypercluster would 
have been the purchase of two or more 

This Configuration of Processors and Mem· 
ories Is one of many multilevel shared· 
memory/distri buted·memory/distri buted­
processor configurations encompassed 
by the hypercluster concept. 

fP Processor 

o Shared Memory 
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commercial parallel computers representa­
tive of each architectural class. The hyper­
cluster enables the concurrent application 
of a variety of computing architectures to 
the problem under study and provides a 
unique, multilevel computing architecture 
that does not exist in any commercial par­
allel computer. 

The hypercluster equipment is based on 
the relatively inexpensive, standard VME bus 

microcomputer circuit boards. Consequent­
ly, the processing elements can be recon­
figured and upgraded easily as microproc­
essor technology evolves. The processing 
elements need not be homogeneous: dif­
ferent processors, each performing the types 
of operations for which it is best suited, 
can be incorporated into the hypercluster 
system. Because the hypercluster soft­
ware and architectural concepts are in the 

Compensating for GPS Ephemeris Error 

public domain, anyone may implement the 
relatively inexpensive hypercluster ap­
proach in research on parallel computing. 

This work was done by Richard A. 
Blech, Gary L. Cole, and Edward J. Milner 
of Lewis Research Center and Angela 
Quealy of Sverdrup Technology Inc. For 
further information, Circle 42 on the TSP 
Request Card. 
LEW-15283 

Most of the error in the position of a user station can be elim inated. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

A method of computing the position of a 
user station that receives signals from the 
Global A:lsitioning System (GPS) of naviga­
tional satellites compensates for most of 
the GPS ephemeris error. The GPS is pri­
marilya military system, and the broadcast 
GPS ephemeris data include errors that are 
introduced deliberately to degrade the ac­
curacies available to users who lack access 
to the applicable error-correcting codes. A 
receiving station that is thus nonprivileged 
and uses the GPS in the simplest conven­
tional method (processing signals received 
simultaneously from four or more GPS sat­
ellites) can compute its position to within 
about 100 m. The present method enables 
the user station to reduce the error in its 

computed position substantially. 
Of course, the method involves a "catch": 

the user station must have access to two 
or more reference stations at precisely 
known positions several hundred kilome­
ters apart and must be in the neighbor­
hood of the reference stations. The method 
is based on the fact that when GPS data 
are used to compute the baseline between 
a reference station and the user station , 
the vector error in the computed baseline 
is proportional (to a first approximation) to 

the ephemeris error and to the length of the 
baseline. 

First, the baseline vectors from the ref­
erence stat ions to the user station are esti­
mated from the GPS measurements, using 
the somewhat erroneous broadcast GPS 
ephemeris data. This results in slightly dif­
ferent user positions - one for each refer­
ence station. The final estimate of the posi­
tion of the user station is then computed 
as a weighted average, in which the weight 
of each vector is chosen to be inversely 

The User Station makes two slightly erroneous initial estimates of its position by com­
puting baselines from two or more reference stations from broadcast, slightly erroneous 
GPS ephemeris data_ The estimates can be combined in a way that reduces or eliminates 
the error. This is a simplified view: the user station need not be located on a line be­
tween reference stations. 

HeaterstafM 
Temperature Controller 

True Posit ion 
olGPS 

Satellite 

FORM 

FIT 

LCD heaters • Portable instrument 
BattelY powered heaters 

FUNCTION 

This unique DC controller directly regulates temperature of Minco 
heaters - no en or required! The controller take temperature readings 
from the heater element itself, and turns on power only when required. 

• Low cost module for circuit • Low power consumption, 
board mounting long battery life 

• Switche lip to 3 A at 4.5 to 60 VDC • Adjustable etpoint 

7300 Commerce Ln. 
Minneapolis, M N 
55432-3177 USA MINCO Phn: 612/571-3121 

Telex: 687-9025 
FAX: 612/571-0927 

PRODUCTS , INC. 

56 For More Information Circle No. 541 

Reference 
Station 2 

Reference 
Station 2 

Station 

Error Vector 1 

\ ,,-'"' ~""­of GPS Satellite 

Reference 
Station 1 

Estimate 1 
of Position of 
User Slalion 

I 

I 
I 

Line of Sight From 
User Station to 

/ / Broadcast Position of j/' GPS Satellite 

\ 
Reference 
Station 1 

DETAIL OF BASELINES AND ERRORS 

NASA Tech Briefs , November 1992 



---, --------~ bus 

50MH z Pu lse 
Rates 
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NOW you ca n generate those tim e­

critical, co mplex waveforms entirely 

within your VXI system. Wavetek's 
new 50MH z Arbitrary Waveform 

Generato r (arb) and Pu lse Gene rator 
modu les capitalize on VXI fea tures 

such as the UMBU and Local Bus to 

produce a dazzling specrrum of signa l 

ourpurs . 
The new 1395 arb i so versat ile that 

most complex wave can be produced 
by a single unit. W ith up to 128K 

points and ten built-in fun ctions, plus 

linking and looping, there's no more 
powerful arb on the YXlbus. The 

1391 Pulse Ge nerato r, toO, has a wide 

selection of ourputs with exceptional 

waveform quali ry, variable transition 

times, gated and burst modes, and 

square waves to 100 MHz. 
Your waveform possibilities expand 

by an o rder of magnirude when multi­

ple 1391s and/or 1395s are in your sy -
tem. You can create unlimited wave 

shapes by using th e analog SUMBUS 
to combine the waveforms of twO o r 

more mod ul es. Or, you can produce 

multiple outputS with precise 

time/phase relationships, thanks to the 
full utiliza tion ofVXlbus trigger lines. 

Best of all , like all ofWavetek's VXl 

mod ules, the 1391 and 1395 are SCPI­
compatible to merge right into your 

VXI test app lica tion. You won' t need 

to interface, insta ll , o r program addi­

tional equipment or software. 
So before yo u reach for waveform 

sources outs ide your VXl system, give 

us a cal l at 1-800-223-9885 . When 

it comes to waveforms, Wavetek is (he 

so urce. 
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proportional to the length of its baseline. 
This weighting equalizes the magnitudes 
of the ephemeris-error contributions of 
the position vectors, thereby providing for 
vector-sum cancellation of equally large 

(but oppositely directed) components of 
ephemeris error in the position of the user 
station. 

This work was done by Jiun-tsong Wu 
of Caltech for NASA's Jet Propulsion 

laboratory. For further information, Cir­
cle 16 on the TSP Request Card. 
NPQ-18416 
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LEwis Research Center, Cleveland, Ohio 
A digital electronic subsystem made of 

commercially available programmable 
logic arrays and discrete logic devices 
serves as an interface between a micro-

processor and a dual-channel MIL-STO-
1553 data bus. The subsystem consumes 
only 800 mW of power (not including the 
power consumed by the transceiver that 
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Explore the power of AutoCAI)® Release 11 with a new 
PC-based tutorial from the maker of AutoCAD 

Now you can 
easily explore 
the basics of 
AutoCAD with­
out having to buy 
the real program. 

Take a stroll 
through this 
series of self­

paced lessons that include the key 
AutoCAD commands and menus. 
With AutoCAD Simulator, Ttl you 
can examine commands like snap, 
draw, zoom, dimension, copy, 
move, trim and more-including 

exercises in 2D and 3D drafting 
and 3D solids. All for a fraction of 
the cost of the actual program. 
AutoCAD Simulator-it's a coach, 
a teaching tool, and the best intro­
duction to the most widely 
supported CAD program in the 
world. Call us for details. 

ToR-fre. (800) 228-3601 
Refer to Offer A03 

~. 
AUTODESK 

C 1992Aulodesk Retail Product. 11g" North C,eekParkway South, Bothell. WA 9&011 , FaJt {206} -4a5-0021 AutoCAQ. Autode$k and theAutode:sk logo 
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is part of it). It provides flexibility in that 
it is controllable via firmware. It includes 
only two reading-and-writing ports: one for 
status and control Signals, the other for the 
transmission and reception of data. 

The interface requires two addresses in 
the map of the memory of the microproc­
essor. The microprocessor controls the in­
terface by writing to, or inquires into the 
status of the interface by reading from, one 
of these two addresses. The microproc­
essor transmits data by writing to, or re­
ceives data by reading from, the other 
address. 

The interface includes a transmitting 
state machine, a control register, a receiv­
ing state machine, parallel-to-serial shift 
registers, serial-to-parallel registers, a re­
ceiving data register, a status register, and 
a transmitting data register. The transmit­
ting state machine consists of logic cir­
cuitry that generates all the control and 
timing signals necessary to transmit over 
the data bus. Parallel data from the micro­
processor are converted to serial data in 
the parallel-to-serial shift registers, then 
processed through Manchester encoder/ 
decoders. One of the transmitters in the 
transceiver transmits the data over chan­
nel A or channel B of the bus, depending 
on the command from the microprocessor. 

The transceiver includes two receivers: 
one for channel A and one for channel B. 
Incoming data are Manchester-decoded 
and converted from serial to parallel. If the 
incoming message is a command, the be­
ginning of which bears the correct remote­
terminal address, the receiving state ma­
chine generates a signal that interrupts 
the microprocessor and informs it that a 
command is being received. In effect, the 
microprocessor receives an early warn­
ing that the rest of the message is about 
to follow. The status register contains the 
remote-terminal address and Signals from 
both Manchester encoder/decoders to in­
form the processor of the status(es) of 
message(s), and of the channe~s) on which 
a message or messages is or are coming 
in on the bus. 

This work was done by Bryan L. Davies 
and Timothy L. Heaps of Rockwell Inter­
national Corp. for Lewis Research Cen· 
ter: For further information, Circle 7 on the 
TSP Request Card. 
LEW-1S1S0 
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We won a trip to Saturn. 
And this is th e best part. 

ot everyone get to go to aturn, but when the 
/ JPL Cas ini 1i ion bla t off, IBM' radiation­

hard ned computer technology will be on board. Our 16-

and 32-bit proce sors have everything 

needed for periloll pace jou rne 
high throughput, mall ize, lo\ 

weight, and minimal power con umption. Ju t a 
important, we meet deadline time after lime. These 
are important consideration since the Ca sini Mi ion 

will be watched by a lot of peopl in high places. 

Proven, reliabl e performance wa ju t the 

ticket TA A/JPL ==-= =® - - ------- -- ----- - - ---wa looking for. ----------- , -
FEDFH \ LS\ STE II S O\l I' I N\ 

For mOl" information on pace technology product , call (703) 367-9493. 



~~ Memory Network for Distributed Data Processors 
Dissimilar computers share data at memory-bus speeds. 

Ames Research Center, Moffett Field, California 
The Universal Memory Network (UMN) 

is a modular, digital data-communication 
system that enables computers with dif­
fering bus architectures to share 32-bit­
wide data between locations up to 3 km 
apart with less than one millisecond of 
latency. This network makes it possible to 
design sophisticated real-time and near­
real-time data-processing systems without 
the data-transfer "bottlenecks" that now 
exist between computers using the typical 
communications protocols. This enterprise 
network permits the transmission of a vol­
ume of data equivalent to an average en­
cyclopedia each second (40 MB/s). Ex­
amples of facilities that can benefit from 
the Universal Memory Network include tel­
emetry stations, simulation facilities, power­
plants, and large laboratories (e.g., parti­
cle accelerators), or any facility that shares 
very large volumes of data. 

The main hub of the UMN is the reflec­
tion center - a subsystem containing a 
central control processor (the reflection 
controller) and a data bus (the reflection 
bus) equipped with 16 dual memory ports. 
Various configurations of host computers, 
workstations, fileservers, smaller networks 
on subnetworks of computers (see figure) 
can be interconnected, providing memory 

speed bandwidth connectivity. The reflec­
tion center provides full duplex communi­
cations between the ports, thereby effec­
tively combining all the memories in the 
network into a dual-ported, random-access 
memory. This dual-port characteristic elim­
inates the CPU overhead on each com­
puter, which is required with typical Ether­
Net or FOOl networks. 

The reflection bus carries write transfers 
only and operates at a sustained data rate 
of 40 MB/s (this does not include address, 
error correction, and coordination informa­
tion, which makes actual UMN bus traffic 
approach 100 MB/s). The UMN can be im­
plemented in copper cables for distances 
up to 50 ft (15 m) and/or in fiber optics for 
distances up to 3 km. Combinations of 
both media can be used in the same net­
work. Multiple reflection centers can be 
interconnected to obtain configurations re­
quiring more ports. 

In addition to the reflection center of 
main hub, the UMN includes smaller hubs 
called Shared Memory Interfaces (SMI), 
which make it possible for computers 
based on different bus architectures (e.g., 
SELBus, DEC BI , MultiBus, and VME or 
other selected buses) to communicate via 
the reflection bus. Each host computer is 

Port 1 

REFLECTION CENTER 

Reflection 
Controller 

(Central Control Processor) 

REFLECTION BUS 

Port 2 

Broadcast I Reflection 
Receiver Transmitter 

Broadcast I Reflection 
Receiver Transmitter 

Broadcast I Reflection 
Transmitter Receiver 

Broadcast I Reflection 
Transmitter Receiver 

Broadcast I Reflect ion 
Transmitter Receiver 

Memory, Memory, Memory, 
1 to 4 MB 1 to 4 MB 1 to 4 MB 

Dual-Port Stand·Alone Stand· Alone 

Memory Memory Memory 

Interface Interface, Interface, 
32 Bits Wide 16 Bits Wide 

Data Bus 

attached to the reflection center by a bus­
interface-circuit card, which translates the 
read and write transfers of the host com­
puter to and from the reflection-bus stan­
dard. This translation centers around the 
ordering of bytes and conversions used by 
various vendor architectures to a common 
strategy required by the 100-nanosecond­
cycle time of the reflection bus. 

The Shared Memory Interface enhances 
the modular nature of the network. It pro­
vides computer memory access to proc­
essors of lower cost and enables a large 
number of workstations to be supported 
from one reflection center. For example, 
one reflection center can support up to 12 
SMI memory interfaces, each with capaci· 
ty to support between 8 and 16 worksta­
tions, depending on local hardware con­
figurations. Multiple reflection centers can 
be interconnected to support even more 
workstations. 

This work was done by David Bolen, 
Dean Jensen, Ed Millard, Dave Robinson, 
and George Scanlon of Computer 
Sciences Corp. for Dryden Flight 
Research Facility. For further informa· 
tion, Circle 40 on the TSP Request Card. 
ARC-13095 

Broadcast I Reflection 
Receiver Transmitter 

Broadcast I Reflection 
Transmitter Receiver 

Memory, 
1 to 4 MB 

Dual-Port 
Memory 
Interface 

The Universal Memory Network is modular and flexible. It provides memory-speed data communications among computers at NASA's 
new Integrated Test Facility (ITF). 
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NEW Rack-Mount Computer Systems with Pull-out Keyboard & VGA Color Monitor 

Utilize components from our extensive product 
line and we will install and test them at no extra 
charge at our world headquarters in Branford, 
CT before shipping the complete system to you. 

High-Performance Rack-Mount PC's at 
Economical Desktop Prices! 

Now you don't have to pay a huge premium to 
enjoy the benefits of a 19' rack-mountable PC. 

Rugged Chassis Saves Rack Space 
Many manufacturers would require you to use 10.S' 
of height for a PC, 14' for a monitor, and 3.S' for a 
keyboard drawer (on which you are supposed to 
balance the keyboard while you type.) This comes 
to 28' (16 rack units) of rack height. Our new VRK 
models include all of these components in just 
10.S' (6 rack spaces) tall. You can fit 2'/3 PC's in 
the space of their system, or simply have a rack­
mount PC where it was never possible before. 
VRK Rack-Mount PC's come in heavy-duty metal 
cases for EMI/RFI protection. 

The VRK line includes the following feotures: 
• Your choice of 80386 or '486 microprocessor. 

From affordable 386sx models to Ultimate­
Performance SOMHz EISA-Bus Computers. 

. 4MB of RAM (2MB on 386sx model). 

. 10' VGA High-Resolution Color Monitor, with 
VGA Card included at no extra charge. 

• Eight Expansion Slots. 

• Industrial Keyboard pulls out and locks - does 
not move while typing. A protective door keeps 
keys safe from foreign materials when not in use. 

· 1.2MB (S.2S·) or 1.44MB (3.S·) Floppy Drive. 
· 3 Full-access Drive Bays for Floppy Drives, etc. 
• Hold-Down keeps Expansion Cards Firmly Seated. 
• Roppy & IDE Hard Disk Controller Included. 
• Dual-Fan Cooling System w/Honeycomb Filter. 
• Rack-Mounting Slide Rails Included FREE. 

I VRK 386-20S Rack-Mount 20 MHz 80386sx PC wNGA 
Monitor,Rack-Mount Keyboard, & 2 MB RAM ... $3495 

IVRK 386-33 Rack-Mount 33 MHz 80386 PC wNGA 
Monitor, Rack-Mount Keyboard, & 4MB RAM ... $3795 

IVRK 486-33 Rack-Mount 33 MHz 80486 PC wNGA 
Monitor, Rack-Mount Keyboard, & 4MB RAM ... S4295 

I VRK 486-50 Rack-Mount 50MHz 80486 PC wNGA 
Monitor, Rack-Mount Keyboard, & 4MB RAM ... $4595 

#YRK U6-50E Rack-Mount 50 MHz EISA-Bus 80486 PC 
wNGA Monitor, R-M Keyboard, & 16MB RAM .$5195 

Prices subject to chonge (reduction) ot any time 
Also available as chassis-only for installation of 
computer by others. Call or FAX for the latest 
pricing, quantity discounts, and more information 
on the entire VRK rack-mounting product line . 

For More Information Circle No. 

Turn your PC into a Digital Benchtop Instrument 19" Rack-Mount Keyboards Just 1 Rack Unit High 
New from Kelth ley/Metrabyte, the PCI 
product line of PC Instrument products, 
includes full-featured instruments con­
tained entirely on boards that fit into your 
PC. Computerized Instruments without 
the hassles (or the expense) of GPIB 
instrumentation. All PCI products come 
with easy-to-use software. Perfect for ===::...::==:.:..=;;"--__ ---' Automated Test Systems & field service. 

I PCI AWF6 5 MHz, 2-Channel Arbitrary Wavefor Generator Card w/Software .$850 
IPCI CAL ±199.99mV to ±19.999V Voltage Reference/Calibrator Card w/Softw .. $899 
I PCI CNTR 2-Channel80MHz CounterlTimer Board ....................................... $699 
IPCI DMM 4.5 -Digit Mullimeter Card with Easy-to-Use Menu-Driven Software ......... $750 
I PCI OSD 10 MHz (20 MHz Sample Rate) 2-Channel Digital Oscilloscope Card ...... $1099 
IPCI PPS Triple-Output Progr. Power Supply & 3.5-0igit Multimeter Card .... ..... $1099 
IPCI SST Sine, Square, & Triangle Wave Funclion Generator Card w/Software ........ $999 

For More Information Circle No, 360 

New High-Resolution Event nmlng Controller 
~ . - . 

'I ,. • . 

• lIM_ - .-- - - - #-

The latest innovation from 
Guide Technology is the 
GT 401 Real-Time Event 
Controller. Now you can 
easily control and monitor 
external events. An on­
board Intel 80S 1 controller 
handles real-time process­
ing , relieving your PC of 

the burden of timing tasks. The GT 401 is a precision tool , with 1 microsetond 
timing resolution, 50,000 times the resolution of the DOS clock in your PC. 
• 4 channels for use as pulse outputs or time-tagging inputs; 400 ns. resol. 
• Three 10MHz counter/timers can be synchronized to the real-time clock. 
• Various time formats implemented in hardware. 
• Entirely software-controlled, using software included free with each board. 
16T 401 Precision Event Timing Controller with Software ................................ $995 
#liT 100 Low-Cost 100MHz Universal Counter (Call for more information) ...... $995 

For More Information Circle No, 362 

VGA to Video Converter - VGA to your VCR 
Redlake's TapeCaster converts VGA 
screen output to video for applications 
such as record ing animation and 
creating training tapes. The TapeCaster 
is extremely easy to use: no base 
addresses, no interrupts, no software 
required - just plug and play. 

• True, precise NTSCIPAL video timing. 
• Simultaneous VGA & video display. 
• Composite Video & Y-C (SuperVHS) 

output for use with equipment rang ing 
from an inexpensive VCR to broadcast-quality professional video. This is a 
full-color image acquisition board, not monochrome with pseudo-color. 

I NTSC 200 TapeCaster- NTSC Video Output (ForusewtthVCR', lntheUSA) .. .... ... $750 
I PAL 200 TapeCaster - PAL (European) Video Output .. .......... .. ....................... $750 

TOLL-FREE (800) 486-8800 



Books and Reports 
These reports, studies, handbooks are avail­
able from NASA as Technical Support Pack­
ages (TSP's) when a Request Card number is 
cited; otherwise they are available from the 
National Technical Information Service. 

Accuracies of Optical Proc­
essors for Adaptive Optics 
In comparison with digital 
electronic processing, optical 
processing offers greater 
speed but less accuracy. 

A paper presents a theoretical analysis 
of the accuracies and requirements con­
cerning the accuracies of optical linear­
algebra processors (OLAP's) in adaptive­
optics imaging systems. An example of an 
adaptive-optics imaging system is an as­
tronomical telescope in which the primary 
mirror is divided into segments that are re­
peatedly adjusted under computer control 
to correct for atmospheric distortions of the 
incoming wave fronts. In such a system, 
the continuing evolution of the atmospheric 
distortion during the computational delay 
gives rise to an additional residual com­
ponent of uncorrected distortion. In prin­
ciple, an OLAP would be much faster than 
a digital electronic processor is and could, 
therefore, eliminate some of the residual 
distortion. The question is whether the er­
rors introduced by the analog processing 
of an OLAP would overcome the advan­
tage of greater speed. 

This paper addresses the issue by pre­
senting an estimate of the accuracy re­
quired in a general OLAP that yields a 
smaller average residual aberration of the 
wave front than does a digital electronic 
processor that computes at a given speed. 
First,the errors that arise in an OLAP at 
the input-vector (light-source), matrix (spa­
tiai-light-modulator), and output-vector (pho­
todetector) planes are discussed. These er­
rors are represented by two independent 
mathematical models: one for multiplica­
tive and one for additive encoding errors. 
These models take account of the mean­
square wave-front error caused by the at­
mosphere, wave-front-measurement noise, 
the shape of the mirror, and the values of 
the elements of the feedback matrix used 
to adjust the segments of the mirror. Next, 
a mathematical model for the residual 
mean-square wave-front error caused by 
the computational delay in a digital proc­
essor is presented. This model includes 
terms that represent atmospheric turbu­
lence. the number of segments, the zenith 
angle of the reference star, and the com­
putational speed, among other things. 

The foregoing models are applied in a 
computer simulation based on a mirror of 
seven regular hexagonal segments, and 
the numerical results are presented in 
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YICfeo Of PAl.) from a 
camera, tape rec:oIdeI, YIdeodIIc 

or built-In TV tuner. FUR Input Is 
also available. True color video Is 

displayed tun screen or as a 
scaleable window. 

• Real time video under 
all conditions 

• No impact on graphics 
performance 

• Image capture 
• Text and graphics overlays 

on video 
• Scale, reposition, freeze 

• X-Windows compatible 
• Cable ready tuner 
• Priced from $7500.00 

Applications include Cli. robotics. 
interactive videodisc training. video 
telE.'conferencing. process control. 

surveillance and simulation. 

Standalone peripheral and 
board level models available 

GSA Contract IIGS03F2032A 
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Alameda, CA 94501 
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graphs. The relative merits of an OlAP and 
a digital processor are evaluated by com­
paring the wave-front errors introduced by 
the finite computational speed of the digital 
processor with the wave-front errors in­
troduced by the inaccuracies in the OLAP. 
The numerical results could be used as 
guidelines when deciding whether to use 
an optical or a digital processor with a mir­
ror of a given size. 

This INOrk was done by John D. Downie 
of Ames Research Center and Joseph 
W Goodman of Stanford University. To 
obtain a copy of the report, "Accuracy Re­
quirements of Optical Unear Algebra Proc­
essors in Adaptive Optics Imaging Sys­
tems," Circle 20n the TSP Request Card. 
ARC-12840 

Development of 
Maneuvering Autopilot for 
Flight Tests 

Minimum-error-excita t ion 
output-feedback design 
worked well. 

A report describes recent efforts to de­
velop an automatic control system that 
would operate under the supervision of a 
pilot and make an airplane follow pre­
scribed trajectories during flight tests. This 
report represents additional progress on 
this project, parts of which have been de­
scribed in previous documents. Here, the 
emphasis is on the acquisition of four types 
of expertise: (1) the mathematical model­
ing of maneuvers; (2) the application of 
modern linear. multivariable synthesis of 
mathematical models of control systems; 
(3) techniques for the development of ref­
erence-command and gain-scheduled per­
turbation controllers; and (4) investigation 
of the emerging use of prelinearizing trans­
forms in the design of nonlinear systems. 

The main text of the report is presented 
in nine sections. Section 1 gives back­
ground information on the technology of 
the control of test-flight trajectories, a sum­
mary of previous developments, and a 
brief description of the subject matter of 
the report. Section 2 presents mathemati­
cal models of the airframe, engine, and 
command-augmentation system (a sub­
system that includes some of the aerody­
namic control surfaces). The integration of 
these models into the overall linear model 
for the design and evaluation of the control 
system is discussed. 

Section 3 focuses on the mathematical 
modeling of maneuvers. It describes flight­
test trajectories characterized by con­
straints on components of poSition, con­
straints on components of velocity and 
altitude, or constraints on combinations of 
load, speed, and altitude. Mathematical 
models of eight general types of trajectory 
are presented. 

Section 4 addresses the design of auto­
pilots for maneuvers. A first subsection 

shows how a table of trim values can be 
used to develop what amounts, in effect, to 
a piecewise-linear model of the entire 
flight-test system of the F-15 airplane for 
the design and evaluation of the dynamic 
response of the airplane in specified 
nonlinear maneuvers. A second subsec­
tion describes two different linear tech­
niques for the design of control systems: 
eigenstructure-assignment design and 
minimum-error-excitation output-feedback 
design. A third subsection contains a brief 
discussion of nonlinear controllers. 

Section 5 discusses the numerical sim­
ulation and evaluation of the results of the 
simulation of eight maneuvers under the 
control of a simulated autopilot. Section 6 
presents a summary and a discussion of 
future work. Among the conclusions stated 
in this section are the following: 
• The use of a guaranteed stability margin is 

a powerful technique in the design of con­
trol systems represented by high-order 
augmented and coupled mathematical 
mcx:lels. 

• The eigenstructure-assignment method 
was abandoned because there appears to 
be no direct way to use it in a converging­
iterative-design approach. 

• The minimum-error-excrtation output-feed­
back method with a guaranteed-stability­
margin, full-state design worked well un­
der all simulated flight conditions. 
This work was done by P. K. A. Menon 

and R. A. Walker of Integrated Systems, 
Inc., for Ames Research Center. Further 
information may be found in NASA CR-
179428 [N88-16707], "Aircraft Flight Test 
Trajectory Control. " 

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 (BOO) 336-4700. 
ARC-12166 

Nested Neural Networks 

Many patterns of 
different sizes can 
be stored and retrieved. 

A report presents a theoretical analysis 
of nested neural networks, which consist 
of interconnected subnetworks (and each 
subnetwork may be subdivided into small­
er interconnected subnetworks). Although 
the analysis is based on simplified mathe­
matical models that are more appropriate 
for artificial electronic neural networks, it 
may be partly applicable to biological neu­
ral networks, which have been found to ex­
hibit some of the characteristics of nesting. 

Neural information is considered to be 
stored in the synaptic connections and 
conveyed by patterns of neural states. A 
neural network is considered to be globally 
stable if, when probed by any pattern, it 
converges to a final state that is an equi-
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Introducing the DAS-1600. 
Fasten your seatbelts. 

Turbocharged data acquisition 

perfonnance at an economy 

price-only $899. 

When we introduced 

the DAS-16 in the early '80s, 

it raced quickly into the top 

spot among general purpose data acquisi­

tion boards. 

Well, here w e go again. We've 

just taken the wraps off the next genera­

tion: the DAS-1600. A board with break­

through performance and the best soft­

ware support in the industIy. For the 

incredible price of $899-less than our 

original DAS-16. 

Packe d with advanced features 

you need for the '90s. Including: 

100 ksample/sec with 12-bit resolution. 

o Burst mode to simulate simultaneous 

sample and hold. 0 8 differential or 16 sin­

gle-ended analog inputs. 32 bits of digital 

1/0.02, 12-bit D/ As with 5 selectable 

ranges for greater flexibility. 
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librium point of the network in the sense 
that it minimizes an energylike function of 
the state. The storage capacity of the net­
work has been defined as the number of 
stored patterns that are equilibrium points. 
A storage rule that guarantees that the 
stored patterns are equilibrium points of 
the network is called a "safe storage" rule 
for the purpose of this study. 

The network structures considered in 
this study were largely motivated by the 
observation that while the safe storage of 
network-size patterns in a large, fUlly-con­
nected neural network is either unresolv­
able (if only orthogonal patterns are to be 
stored) or of little practical use (if only two 
patterns are to be stored), the subpatterns 
can be stored safely in relatively small sub­
networks, with resultant vast storage ca­
pacity of the entire network. In the case 
of visual patterns, the sizes of the subpat­
terns are naturally categorized by spatial 
periods or frequencies in the pattern field. 
The corresponding subnetworks are sub­
sequently categorized by layers, each cor­
responding to a spatial frequency. Inter­
layer connections are suggested by the 
fact that points in the pattern field may be 
shared by subpatterns of different sizes. 
Connecting each neuron at a given layer 
to its nearest neighbors in lower layers re­
sults in the nesting of subnetworks that 
correspond to neighboring layers and that 
share a common neuron. The number of 
consecutive layers connected in this fashion 
defines the "nesting degree" of the network. 

Thus, a nested neural network lends it­
self readily to the storage and retrieval of 
information in the form of subpatterns. The 
storage capacity and the error-correction 
capability of the subnetworks in a nested 
network are shown in this study to increase 
in general with the nesting degree. Storage 
of only few patterns in each subnetwork 
is suggested by both physical and informa­
tion-retrieval considerations. The worst-case 
storage capacity of nested subnetworks 
is the same as that of externally discon­
nected networks of the same size, and 
their error-correction capability is generally 
higher. The probability of orthogonality be­
tween random patterns is shown to be ap­
proximately inversely proportional to the 
square root of the size of the patterns. It 
follows that the orthogonality condition can 
be met sensibly in the storage of subpat­
terns in a nested network, by use of a sim­
ple threshold function. 

For random subpatterns stored in rela­
tively large subnetworks, the probabilities 
of local stability and error correction are 
shown to increase with the nesting degree. 
The fact that large patterns often share 
some or many of their subpatterns implies 
that the number of different network-size 
patterns that can be stored and retrieved 
in the nested network is exponential in the 
number of the subnetworks. Storage of rel­
atively few subpatterns in each subnet-

works results in a vast storage capacity 
of the entire network, maintaining the sta­
bility and error-correction capability of the 
subnetworks. The nested structure also 
allows for the retrieval of individual sub­
patterns. A nested network requires con­
siderably fewer wires and connection 
devices than fully connected networks do, 
and allows for the local reconstruction of 
damaged subnetworks without having to 
rewire the entire network. 

This work was done by Yoram Baram 
of Ames Research Center. Further infor­
mation may be found in NASA TM-101032 
[NBB-30373), "Nested Neural Networks." 

Copies may be purchased [prepayment 
required) from the National Technical In­
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 4874650. Rush 
orders may be placed for an extra fee by 
calling (BOO) 336-4700. ARC-12274 

Digital Frequency 
Synthesizer for 
Radar Astronomy 
Spectral purity of the 
output has been analyzed. 

A report discusses a conceptual digital 
frequency synthesizer that would be part 
of a programmable local oscillator in a 
radar-astronomy system. From a 100-MHz 
reference clock signal, the synthesizer is re­
quired to produce a nearly sinusoidal out­
put signal, the frequency of which must 
be adjustable from 0 to 50 MHz in incre­
ments of 2 -48 X the clock frequency (0.36 
J.LHz). The phase must remain continuous 
during adjustments of frequency, phase 
noise must be low, and spectral purity 
must be high. 

Although the synthesizer is based on a 
design concept published in 1971 , the re­
port is nevertheless valuable because it 
discusses the theory of operation in some 
mathematical detail and presents a new 
analysis of the spectral purity of the out­
put. The basic principle of operation can 
be summarized as follows: A binary ac­
cumulator synchronized with the clock sig­
nal is used as the phase generator, while 
a read-only-memory lookup table is used 
to generate the sinusoid at each increment 
of phase. Because the number of bits that 
must be used in the accumulator (in this 
case, 48) to obtain adequate resolution is 
greater than the number of address bits 
that can be accommodated in a practical 
read-only-memory sine generator, the out­
put of the accumulator must be truncated 
to a smaller number of bits (in this case, 
16, corresponding to a phase resolution 
of about 0.0055°). The output frequency, 
as a fraction of the clock frequency, fc , is 
controlled by an external computer, which 
supplies a frequency-control word (actu­
ally, an integer number, F,) to the phase 
generator. 

NASA Tech Briefs, November 1992 
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The analysis of the output spectrum 
takes account of the relationships among 
the clock frequency, the number of bits in 
the accumulator, the frequency control, 
and the truncation in the output of the ac­
cumulator. The spectrum is shown to in­
clude " frequency spurs," which are the 
first N harmonics of a fundamental fre­
quency FcF,/2~ where L is the number of 
bits in the accumulator (in this case, 48) 
and N = 2L X the greatest common divi­
sor of F, and 2~ Equations for the powers 
in the spurs are derived. The equations are 
applied to the specific design, and it is 
shown that the largest spur is about 96 
dB below the desired output sinusoid. 

Accurate to aT ... 

This work was done by Ramin Sadr, 
Edgar Satorius, J. Loris Robinett, Jr., and 
Erlend Olson of Caltech for NASA's Jet 
Propulsion Laboratory. To obtain a coPt 
of the report, " Digital Frequency Syn­
thesizer for Radar Astronomy," Circle 49 
on the TSP Request Card. NPO-18421 

More About Vector Adaptive! 
Predictive Coding of Speech 

Details of design and results 
of tests are presented. 

A report presents additional information 
about the digital speech-encoding and 

as well as B, E, J, K, R, and S type. 
For your difficult temperature 
monitoring problems, the SR630 
Thermocouple Monitor provides 
the power and flexibility you 
need. The SR630 interfaces 7 
types of thermocouples, 16 
independent channels of data 
and easily handles monitoring 
and logging functions as well as 
computer interfacing. And the 
easy to use front panel makes 
setup a snap. 

And the price? At $1495, the 
SR630 is the complete, low cost 
solution you're looking for. 

The SR630 
Thermocouple Monitor 
$1495 
• 16 channels 
• 0.1 degree resolution 
• B, E, J, K, R, S, and T type 

thermocouples 
• °C, oK, of, and mV dc readings 
• 2000 point non-volatile memory 
• 4 proportional analog outputs 
• Audible alarm 
• GPIB, RS232 and Printer 

interfaces 

(SRS) STANFORD RESEARCH SYSTEMS 

1290 D Reamwood Avenue, Sunnyvale, CA 94089 
TEL (408)744-9040 FAX 4087449049 TLX 706891 SRS UD 

68 For More Information Circle No. 364 

-decoding system described in "Vector 
Adaptive/Predictive Encoding of Speech" 
(NPO-17230), NASA Tech Briefs, Vol. 13, No. 
9 (September 1989), page 40. The basic 
purpose of this system is to compress a 
digitized speech signal for transmission at 
a rate of 4.8 kb/s, then reconstruct a per­
ceptually satisfactory approximation of the 
original speech signal at the receiver. To­
ward this end, the raw digitized speech 
signal (sampled at 8 kHz with a cumUlative 
data rate of 64 kHz) is analyzed in non­
overlapping frame intervals of 22.5 ms, 
and the data in each frame interval are 
processed into code vectors according to 
the adaptive/predictive algorithm, which 
reduces the data rate by removing much 
of the redundant content of the data. 

The report summarizes the develop­
ment of the vector adaptive/predictive ced­
ing (VAPC) system and describes the basic 
functions of the VAPC algorithm. It de­
scribes refinements that were introduced 
to enable the receiver to cope with errors; 
in particular, isolated errors and burst er­
rors in the transmission channel at an 
average bit-error rate of about 10-3. These 
refinements include the use of 1 of the 108 
bits in each frame to synchronize the 
frame and the use of 3 of these bits to 
detect errors. 

The frame-synchronization scheme pro­
vides, among other things, for resynchron­
ization in the receiver within a short time 
( < 1 s) when synchronization is lost, and 
for silent output pending recovery of syn­
chronization. The error-detection scheme 
provides for repetition of the previous frame 
(up to a maximum of two repetitions), or 
for silent output until a burst of errors ends; 
this reduces the perceptual effect of bursts 
of two frames or shorter. To reduce the 
perceptual effect of isolated errors, the 
code vectors and the binary indices there­
of are constructed according to a pseudo­
Gray-coding scheme. 

The VAPC algorithm requires about 4 x 
106 multiplications and additions per sec­
ond; about 8K words of random-access 
memory are needed for storage of the al­
gorithm and of data. The VAPC algorithm 
has been implemented in integrated-circuit 
coding/decoding processors (codecs). 
VAPC and other codecs were tested under 
a variety of operating conditions, including 
between fixed stations and mobile stations 
aboard land vehicles and aircraft. Tests 
were also designed to reveal the effects 
of various background quiet and noisy en­
vironments and of poor telephone equip­
ment (e.g., carbon microphone). In these 
tests, the VAPC was found to be competi­
tive with and, in some respects, superior 
to other 4.8-kb/s codecs and other codecs 
of similar complexity. 

This work was done by Thomas C. 
Jedrey of Caltech and Allen Gersho of 
Voicecraft, Inc., for NASA's Jet Propul . 

. slon Laboratory. To obtain a copy of the 
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report, "Performance of a Low Data Rate 
Speech Codec for Land-Mobile Satellite 
Communications," Circle 54 on the TSP 
Request Card. 

positions of two spacecraft, one of which 
could be in orbit around a distant planet 
(e.g., Mars), the other of which could be 
either in orbit or on the surface of the 
planet. Same-beam interferometry could 
be used when the angle subtended by both 
spacecraft, as seen from Earth, is less than 
the angular width of the beam of a track­
ing antenna. Two ground stations separat· 
ed by a long baseline would simultaneously 
and continuously track the phases of car­
rier signals transmitted by both spacecraft. 

NPO-18297 

Tracking Two Spacecraft 
With Same·Beam 
Interferometry 

Accuracy could be greater 
than in prior interferometric 
spacecraft t racking. These phase measurements at any given 

instant could be processed to determine 
one component of the angular separation 
between the spacecraft. The angular com-

A report discusses the use of same-beam 
interferometry in determining the relative 
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ponent measured would be along the pro­
jection of the baseline onto that plane, 
which is normal to the Earth-spacecraft 
line. This relative-position information could 
be used, for example, in computing the p0-

sition or trajectory of one of the spacecraft, 
given the poSition or trajectory of the other 
spacecraft, which could have been deter­
mined previously from Doppler measure­
ments. Alternatively or in addition, the phase 
information obtained by same-beam inter­
ferometry could be processed, along with 
Doppler measurements and a mathemati­
cal model of the dynamics, in a joint com­
putation of the orbits of both spacecraft. 

Same-beam interferometry would be 
similar, in some respects, to delta differen­
tial one-way range (~DOR) measurements 
of the position of one spacecraft. In ~DOR , 

the antennas are aimed alternately at a 
single spacecraft, then at an angularly near­
by quasar. When the antennas are aimed 
at the spacecraft, the group delay is deter­
mined-by use of tones spaced about the 
carrier frequency. The quasar obseNations 
are used to calibrate the clocks at the 
ground stations and to cancel out some 
common-mode errors. Typically, the accur­
acy of ~DOR is about 30 nanoradians. 

In interferometric measurements of 
these types, many errors scale with the 
angular separations. Because the angular 
separation of two sP§Gecraft-in orbit would 
be much smaller (typically, a fraction of a 
milliradian) than the angular separation of 
a spacecraft and a quasar (typically, 10° 
"" 175 milliradians), these errors would be 
much smaller in same-beam interferome­
try. Simultaneous, continuous tracking and 
the use of phase rather than group delay 
would increase the accuracy further, re­
sulting in an overall accuracy of about 50 
picoradians; that is, about 1/60Oth the er­
ror of ~DOR. 

Even though same-beam interferometry 
would yield more-accurate results, the 
equipment and operations of same-beam 
interferometry would be similar to, but some­
what simpler than, those of ~DOR : There 
would be no need to switch the antennas 
between different lines of sight. There 
would be no need for a cross-correlation 
of the broadband quasar signal in process­
ing of the measurement data, and conse­
quently the phase measurements could be 
extracted in real time. Furthermore, there 
would be no need to generate tones about 
the carrier signals; the carrier Signals of 
the spacecraft telemetry transmitters 
would suffice. 

This work was done by William M. 
Folkner and James S. Border of Ca/tech 
for NASA's Jet Propulsion Laboratory. 
To obtain a copy of the report, "Orbiter­
Orbiter and Orbiter-Lander Tracking USing 
Same-Beam Interferometry," Circle 101 on 
the TSP Request Card. 
NPO-18330 

NASA Tech Briefs , November 1992 



Gould's newest recorder. 
With 48 megabytes. 
The new Gould TA5000 offers 
an unprecedented memory 
capacity that's bound to make 
you smile. This is the only 
24-channel recorder with a 15/1 
thermal array printhead and up 
to 48MB of on-board memory. 
Which means you can record 
over-longer periods of time 
and increase your sample rate 
to 250kS/s on all channels. 
So you 're guaranteed the 
bandwidth you need for 
comprehensive analysis. 

And when we say the 
TA5000 has the flexibi lity to 
record what you want, how you 
want it, we're hardly making 
idle chatter. Modular design 
allows for easy configuration or 
expansion for 8, 16 or 24 
channels. The widest selection 
of the most accurate signal 
conditioners are yours to 

choose from. 
And our single, 
thermal array printhead lets you 
position traces anywhere in full 
overlap or discrete channels -
with no blank zones. 

In addition, Gould 's 
M icropulsi ng ™ tech nology 
provides reliable operation and 
the resolution you need to see 
your signals clearly, at every 
frequency and chart speed. 

All this in a rugged, 
economical package backed 
by the largest sales and 
support organization in the 
recorder industry. It's the kind 
of value you can really sink your 
teeth into. Just remember, it's 
only from Gould. 

Call Gould today at 
(216) 328-7000 or, for immediate 
response, complete the coupon 
and FAX it to us today. 

NTB 11 /92 
Yes! 0 Have a Gould Representative call me to arrange 

a demonstration 
o Rush me a free TA5000 brochure 

(Please p!lnt. or affix business card.) 
Name: __________________________ __ 

Title: __________________________ _ 

Company: ________________________ __ 

Street: __________________________ _ 

City: ________ State: ____ Zip: _ _ 

Telephone: ________________________ _ 

Send to: Gould Inc., Test and Measurement Group, 8333 Rockside 
Road, Valley View, Ohio 44125. Fax: (216) 328· 7400. 

For More Information Circle No. 484 



Physical Sciences 

.. ~ Apparatus for Tests of Embrittlement by Hydrogen 
Disk specimens can be monitored in more-realistic tests. 

Lyndon 8. Johnson Space Center, Houston, Texas 
A test apparatus exposes disk speci· 

mens to hydrogen in a controlled, repeat­
able way that simulates conditions in use. 
A specimen can be viewed from outside 
the apparatus, so that optical measure­
ments can be made during tests. For ex­
ample, holographic interferometry can be 
used to measure extremely small deflec­
tions of the specimen in real time to help 
researchers understand the effects of cor­
rosion and embrittlement by hydrogen. In 
addition, the chamber can be used in 
measuring the amount of hydrogen that 
passes through the specimen. 

To H2 Probe Initially 
Evacuated 
Chamber 

Line of Sight 
to and From 

Optical Instruments 

Each specimen is a thin disk that sep­
arates high-pressure hydrogen from an in­
itially evacuated chamber (see figure). The 
pressure sets up a minute flow of hydrogen 
molecules through the disk. After about 24 
hours, the concentration of hydrogen on 
the vacuum side is sufficient to be meas­
ured by a hydrogen probe. 

The Disk Specimen constitutes a thin wall between the pressure and vacuum chambers. 
The test proceeds until the hydrogen weakens the disk enough that it ruptures. The 
aluminum impact plate absorbs debris from the ruptured disk. 

The apparatus thus replicates those as­
pects of service environments that are rel­
evant to embrittlement by hydrogen in 
such equipment as storage tanks, valves, 
and fluid-handling components that con-

tain hydrogen at high absolute or gauge 
pressure. In such a situation, the hydrogen 
inside can permeate the stressed material 
and produce a gradient of concentration 
as the hydrogen diffuses through the ma­
terial to the low-pressure side. 

This work was done by Rollin C. 
Christianson and Peter P Lycou of Lock­
heed Engineering and Sciences Co. for 
Johnson Space Center. For further in­
formation, Circle 63 on the TSP Request 
Card. MSC-21822 

~ Detecting Hydrogen Leaking Into a Purged Cavity 
The composition of an HJHe mixture would be estimated 
from measured pressure, density, and temperature. 

John F. Kennedy Space Center, Florida 
The hydrogen content of a mixture of hy­

drogen and helium gases would be com­
puted from measurements of the pressure, 
density, and temperature of the mixture, ac­
cording to a proposal. This method of de­
termining the composition of a two-gas 
mixture is not new, but the particular ap­
plication and method of implementation 
may be of interest. In this application, the 
purpose is to estimate the size of a leak 
of combustible gas into a cavity purged 
-by a pressurized inert gas (see figure). 

It is not assumed that there is enough 
time for the leaking and purging gases to 
mix perfectly down to the molecular level 
before the measurements are taken. How­
ever, it is assumed that the gases come 
to thermal equilibrium quickly and that the 
gross properties indicated by the pressure, 
density, and temperature sensors quickly 
reach values representative of thorough 
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mixing. For the purpose of determining the 
composition, it is assumed that the pres­
sure (P) , temperature (T), and density (p ) 
of the gas mixture are given by the real­
gas equation 

P = /1-RpT 
where /1- is a compressibility factor that rep­
resents the deviation from the ideal gas 
law, and R is the real-gas constant (approx­
imately equal to the ideal-gas constant) for 
the specific gas. 

The estimation of the composition of the 
gas would then be straightforward. First, 
one would compute /1-R from the meas­
ured values of P, p , and T: 

/1-R = PlpT 

Then one would compute the mole frac­
tions of the two gases by interpolation in 
tables of the /1-R of each gas as a function 
of P and T Of course, the tables could be 

1 
Flow of Purge 
Gas 

Hydrogen Can Leak Into a Cavity (in this 
case, a propellant umbilical cavity on the 
Space Shuttle). The cavity is purged with 
helium. The problem is to estimate the hy­
drogen content of the cavity and, concomi­
tantly, the rate of leakage of hydrogen. 

NASA Tech Briefs, November 1992 
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stored in computer memory so that the 
calculations could be performed quickly. 
A simple leak-detection algorithm could 
also estimate the rate of leakage from the 
size of increase in the mole fractions of 
hydrogen measured at subsequent sam-

piing intervals. 
This work was done by William M. 

Stinson of Kennedy Space Center. For 
further information, Circle 12 on the TSP 
Request Card. 

InqUiries concerning rights for the com-

mercial use of this invention should be ad­
dressed to the Patent Counsel, Kennedy 
Space Center (see page 30). Refer to 
KSC-11542. 

Modulating Concentration of Hydrazine Vapor To Aid Detection 
Modulation facilitates identification of signal in output of photoionization detector. 

John F. Kennedy Space Center, Florida 
Three novel techniques - flow modula­

tion, filament modulation, and reactive-fil­
ter modulation - have been developed 

to obtain a selective response to hydrazine 
or to methyl hydrazines from a photoioni­
zation detector. These techniques, which 
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could be implemented in portable selec­
tive hydrazine detectors, would be useful 
where continuous or rapid, repetitive quan­
titative measurements of concentrations 
of vapors of these toxic substances are 
required. 

In addition to its use as a rocket fuel, 
hydrazine is commonly used in powerplants 
as an anticorrosive additive; it is also used 
as a precursor in synthesizing agricultural 
chemicals. Normally, a photoionization de­
tector would be unable to distinguish be­
tween, say, cyclohexane (ionization poten­
tial = 9.88 eV) and monomethyl hydrazine 
(ionization potential = 9.8 eV). For this rea­
son, concentrations of vapors of hydrazine 
and the methyl hydrazines are commonly 
measured by use of photoionization detec­
tors in conjunction with chromatographic 
columns that separate the components of 
gaseous samples; the disadvantage of this 
procedure is that chromatographic separa­
tion takes a significant amount of time and 
is expensive. 

The three modulation techniques make 
it possible to measure the concentration 
of gaseous hydrazines in the presence of 
such other gases as cyclohexane, chloro­
fluorocarbons, and ammonia. The flow-mod­
ulation technique is based on the fact that 
hydrazine is so reactive and unstable that 
as a sample of gas containing hydrazine 
is pumped from an inlet port to a sensor, 
some of the hydrazine vapor is lost. The 
amount lost depends on the rate of flow, 
which determines how long it takes the 
sample to reach the sensor. Such other 
compounds as cyclohexane are not as re­
active, and so that component of the out­
put of the sensor attributable to such com­
pounds does not depend strongly on the 
rate of flow. One can vary the flow to make 
the hydrazine component of the output 
vary, thereby making it possible to deter­
mine the concentrations of hydrazine and 
cyclohexane in the sample. Hydrazine can 
also be distinguished from many other c0m­

monly present compounds by this tech­
nique. A mathematical model of this tech­
nique has been developed, and experiments 
have been performed to gather data to vali­
date the model. 

The filament-modulation technique is 
based on the fact that when the sample 
gas is in contact with a catalytic filament 
heated to several hundred degrees Cel-
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ADVERTISEMENT 

low Profile 12-WDCIDC Converters Low Profile 15-WDCIDC Converters 
The AHF 2 00 serie of DClDC 

converters feature single or dual outputs over 
the full military temperature range. 0 derat­
ing in output power is required, making them 
suitable for u e in rugged military applica­
tions. The low profile, small outline package 
i ideally suited to the tight board space re­

The new AHV 2 00 series of 15W DC/DC 
converters features high power densities and 
ruggedized low-profile package only 0.405 
inches high. They are available in single, dual 
and triple output models and are fully com­
pliant with MIL-STD-704 (A-E), MIL-STD-883 
and MIL-H-38534. All AHV 2800 DC/DC con­

quirements of many industrial and aerospace applications. Designed 
for nominal 28 VDC inputs, thi family of converters meets all the 
requirements of MIL-STD-704D. 

verters withstand the 80-Volt surge requirement ofMIL-STD-704A 
and operate over the full military temperature range of -55·C to 

The proprietary magnetic feedback circuit provides for an 
extremely wide band\vidth control loop with a high phase margin. 
These converters are manufactured in a facility fully qualified to 
MIL- STD-1772. Two temperature ranges and creening grades are 
available to satisfy a \vide range of requirements. 

+ 125·C with no derating of power output. These devices all have 
nominal 28 VDC inputs and operate over a 16 VDC-40 VDC range. 
The AHV 2800 series feedback design is impervious to temperature, 
radiation, ageing or variations in manufacture. The unique circuitry 
provides high control loop gain, high phase margin, and an extremely 
wide bandwith. 

For More Information Circle No. 561 For More Information Circle No. 558 

Triple Output 30-WDCIDC Converter 
The ATR 2815T triple output DC/DC 

converter provides 30 watts of output power 
over the full military temperature range with 
no derating. This device is pin compatible 
with ATO series converters but offers twice 
the maximum output power in a lower profile 
package. A custom CMOS ASIC pulse width 
modulator and a patented magnetic feedback circuit reduce circuit 
complexity and enhance reliability. This converter provides 500-Volt 
input to output isolation and operates in a highly efficient single 
forward mode. 

The advanced design feature an extremely wide bandwidth 
control loop with high gain and phase margin. The control loop is 
compensated to provide optimum performance over the full military 
temperature range and over the 16 to 40-Volt input voltage range. 

For More Information Circle No. 557 

High-power 40-W 
DC/DC Converter 

Space Application 
DCIDC Converters 

1.:'--------, 
Send For More Information 

TheAFW 
2805S hybrid 
DClDC con­
verter features 
high power 
density and 
full mill tary 
temperature range operation without 
output power derating. The advanced 
feedback design provides fast loop re­
sponse for superior line and load trans­
ient characteristics and offers greater 
reliability than devices incorporating 
optical feedback circuits. The basic 
circuit topology is a pu h-pull config­
uration operating at a nominal switch-
ing freq uency of 500Khz. 

This device is de igned to meet 
MIL-STD-704A input requirements 
offering full performance over a 16- to 
50-Volt input range and operating at 
80 Volts for 100 milliseconds or 100 
volts for up to 5 milli econds. The AFW 
2805S is packaged in a rugged parallel 
earn welded teel case using ceramic 

feed through pins to assure true long 
term hermeticity. 

For More Information Circle No. 559 

Advanced Analog's high-perfor­
mance DC/DC converters are now 
being shipped for mission-critical 
space application. To meet space 
requirements, proven radiation­
hardened components are used in all 
necessary areas, such as the cu tom 
integrated circuits and power 
MOSFETs. And, because the magnetic 
pulse feedback circuits do not u e opto­
couplers or generate spurious RF 
energy, they are unaffected by time, 
temperature or radiation. These con­
verters are all implemented u ing thick 
film hybrid technology and are fully 
certified and qualified to MIL-STD-883. 
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sius, the hydrazine in the sample reacts, 
forming nitrogen and water vapor, neither 
of which is detected directly in a photo­
ionization detector equipped with a lamp 
of either of the commonly-used 9.6- or 10.2-
eV types. Therefore, if a sample that con­
tains monomethyl hydrazine is passed 
through a chamber that contains such a 
filament on the way to the photoionization 
detector, the output of the detector is re­
duced when the filament is heated. More­
stable compounds like cyclohexane, chlon> 
fluorocarbons, and ammonia do not react 
Significantly at the temperature of the heat­
ed filament and thus are unaffected by the 
filament. Thus, the change in the Signal 
(modulation) when the sample alternately 
passes through or bypasses the filament 
chamber is an indication of the concen­
tration of mono methyl hydrazine in the 
sample gas. 

The reactive-filter-modulation technique 
is based on the fact that monomethyl hy­
drazine is a strongly basic compound, 
whereas many of the common interferant 
compounds are not basic, or at least are 
not as basic as monomethyl hydrazine is. 
By passing a sample gas stream through 
an acidic filter of the correct pH, it is possi-

. ble to remove the monomethyl hydrazine 
from the stream. Such interferant gases 
as chlorofluorocarbons, cyclohexane, and 
carbon dioxide are not affected by the filter. 
The sample gas stream is made to pass 
alternately through the filter, then bypass 
the filter, thereby imparting modulation to 
the output of a photoionization detector. 
The amplitude of the modulation indicates 
the concentration of monomethyl hydrazine. 

All three techniques produce a modulat­
ed Signal, the amplitude and phase of 
which indicate the amount of hydrazine, 
monomethyl hydrazine, or 1,1-dimethyl hi 
drazine present it"' the mixture. If the ampli­
tude of the modulated signal is zero, then 
no hydrazines are present. Inversely, if the 
modulated Signal is not zero, then a hydra­
zine is present in the sample. In compari­
son with unmodulated signals, modulated 
signals are more stable and have greater 
signal-to-noise ratios. The modulation tech­
niques can also be used with such other 
detectors as electrochemical cells. 

This work was done by Joseph R. Stetter 
and G. Jordan Maclay of Transducer Re­
search, Inc., for Kennedy Space Center. 
For further information, Circle 39 on the 
TSP Request card. 

Inquiries concerning rights for the com­
mercial use of this invention should be ad­
dressed to the Patent Counsel, Kennedy 
Space Center {see page 30]. Refer to 
KSC-11520. 
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Sparsely Sampled Phase-Insensitive 
Ultrasonic Transducer Arrays 
Three methods reduce errors in computations 
of shapes of ultrasonic beams. 

Langley Research Center, Hampton, Virginia 
Phase cancellation at a piezoelectric re­

ceiving transducer is an instrumental effect 
that arises because the voltage generated 
by the receiving element is proportional 
to the integral of the pressure over its aper­
ture. Although this is the same effect that 
yields the desirable directional character­
istics of piezoelectric transducers, under 
some experimental conditions phase can­
cellation results in quantitative errors in es­
timates of the energies in ultrasonic fields. 

Three methods of interpretation of the 
outputs from a sparsely sampled two-di­
mensional array of receiving ultrasonic 
transducers used in transmission experi­
ments have been investigated. These meth­
ods are (1) description of a sampled beam 
in terms of the first few spatial moments 
of the sampled distribution of energy, (2) 
the use of a signal-dependent cutoff to limit 
the extent of the effective receiver aper­
ture, and (3) the use of spatial interpola­
tion to increase the apparent density of 
sampling during computation. 

Most of the energy in a typical transmit­
ted ultrasonic field is concentrated within 
a main lobe, surrounded by side lobes of 
smaller amplitude. The essential features 
of a transmitted beam of ultrasound may 
thus be described by the two-dimensional 
moments of the spatial distribution of en­
ergy sampled across a receiving aperture. 
An estimate of the total energy at the re­
ceiving array is obtained from the zeroth­
order moment, the centroid of the energy 
distribution is determined from the first­
and zeroth-order moments, and a measure 
of half width of the beam is obtained from 
the moments of second and lower order. 
These parameters based on moments pro­
vide additional information about the beam 
that would be lost in the case of a single­
element receiver. Further, because the en­
ergy from each element is used in the 
calculation, the moments are inherently in­
sensitive to phase. 

Such a computation applies a heavier 
weight to noise that lies away from the 
main lobe of the transmitted beam. Mo­
ments computed under these conditions 
may be difficult to interpret because of the 
influence of the noise. Therefore, it may 
be desi rable to limit the computation to the 
main lobe. 

One method is to use an effective aper­
ture smaller than the total sampled aper­
ture. In this method, moments are com­
puted by use of only those values that lie 
above a specified fraction of the peak 
value measured within the total aperture 
of the array. Thus, in effect, one allows the 

main lobe to determine the shape, size, 
and location of the effective aperture used 
in the computation of moments. This meth­
od excludes, in a consistent manner, small­
er signals in favor of the larger Signals in 
the main lobe. 

According to sampling theory, if a band­
limited function is sampled at a rate faster 
than twice the highest frequency compo­
nent present in the function, the function 
can be reconstructed by interpolation. The 
lateral shape of the far field of a transmit­
ting transducer is a Fourier transform of 
the aperture. For a spatially limited trans­
mitter, this field is spatially band-limited. 
Thus, with adequate spatial sampling, the 
full field distribution can be reconstructed. 

Results show that a sparsely sampled 
array of small-diameter transducer ele­
ments can be employed to characterize 
the main features of a transmitted ultra­
sonic beam. The first few moments of the 
distribution of energy sampled by such an 
array yield a phase-insensitive description 
of the width, the centroid, and the total 

energy content of the main lobe. These 
characteristic parameters Can be com­
puted with improved accuracy by use of 
spatial interpolation to increase the effec­
tive spatial sampling rate of the data and 
by then applying a signal-dependent cutoff 
in which only values above a given frac­
tion of the peak value are used in com­
puting the moments. With a cutoff chosen 
above the level of any sidelobes and suf­
ficiently above the level of noise, this ap­
proach provides automatic correction for 
far-field diffraction effects. Interpolation 
provides a possible means for detecting 
very small shifts of the beam or very small 
changes in the width of the beam. 

The development of this method sig­
nificantly enhances understanding of the 
characterization of beams with data from 
signal-dependent apertures and spatial in­
terpolation. Because the underlying con­
cept encompasses most applications that 
involve finite-aperture transducers, poten­
tial for widespread application is assured. 

This work was done by Patrick H. 
Johnston of Langley Research Center. 
For further information, Circle 30 on the 
TSP Request Card. 
LAR-14302 
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Piezoelectric Measurement of Bulk Modulus 
Piezoelectric current decreases as the constraint offered by the material increases. 

Marshall Space Flight Center, Alabama 
motors.) New experiments with multiple 
crystals of various diameters are under 
development. 

In a proposed methOO of measuring the 
bulk mOOulus of elasticity of an elastomer· 
ic material , piezoelectric crystals would be 
embedded in the material. The crystals 
would be of various sizes and would be 
energized by an alternating voltage. The 
methOO is based on the fact that (1) when 
a piezoelectric crystal is unconstrained, 
most of the energy conveyed to it by ap· 
plying an electric potential goes into distor· 
tion of the crystal , but (2) the crystal gen· 
erates a back electromotive force, the 
amount of which increases with the de· 
gree to which the crystal is constrained. 
In the proposed application, the degree of 
constraint would depend, in turn, on the 
bulk modulus of elasticity of the material. 
The power consumed by the crystals would 
thus be a measure of the modulus. 

The concept was demonstrated in a test 
cell in which a piezoelectric crystal could 
be mounted either unconstrained or else 
between two rubber pads and connected 
as though it were the actuator in a loud· 
speaker. The 1·in. (2.54·cm)-diameter crys­
tal was excited with 24 Vac at 60 Hz. When 
the crystal was unconstrained, it drew a 

current of 0.8 mA. When the crystal was 
constrained between the rubber pads, the 
current fell to 0.65 mAo 

The low current, minimal heating, and 
absence of arcing may make the technique 
suitable for measurement of the bulk mOO­
uli of elasticity of flammable or explosive 
rubbery materials; e.g. , adhesives and pro· 
pellants. (The voltages and currents need­
ed to excite the crystals are well within the 
ranges permitted in solid-propellant rocket 

This work was done by Barry L. Butler 
of SCience Applications International Co. 
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 30]. Refer 
to MFS·28617. 

24 Vac 

ac Mill iammeter 

In the Demonstration Cell , a low ac voltage was impressed on a piezoelectric crystal. 
The cu rrent fell when the crystal was constrained between the rubber pads. 
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Books and Reports 
These reports, studies, handbooks are avail­
able from NASA as Technical Support Pack­
ages (TSP's) when a Request Card number 
is cited ; otherwise they are available from the 
National Technical Information Service. 

Estimation of Ocean· 
Surface Winds From 
Seasat Data 
A newer geophysical model 
produces more-accurate and 
more-complete estimates. 

A report discusses the performance of 
a recently developed method of estimating 
the mesoscale (over distances of hun­
dreds to thousands of kilometers) near­
surface winds over the ocean from normal­
ized cross sections for radar backscatter 
from the surface of the ocean. The method 
is based on a geophysical model that is, 
in turn, based on the geostrophic approx­
imation and upon simplistic assumptions 
about the divergence and vorticity of the 
wind field, but that also includes nongeo­
strophic winds. This method is compared 
with an older method. 

In the newer method, the parameters 
of the model are estimated from the radar 
backscatter via a maximum-likelihood ap­
proach. An objective function based on a 
log-likelihood function is computed from 
the scatterometer measurements. The set 
of values of parameters that minimizes the 
objective function is deemed to be the 
most likely estimate of the parameters, and 
these values are inserted in the model and 
used to compute the wind field. The model 
uses all available scatterometer measure­
ments from sampling points across the en­
tire radar swath to estimate the wind at 
any given point, and it yields an estimate 
of the wind vector at every sampling point 
in the swath - even at points where scat­
terometer measurements are missing. 

In contrast , the older method is based 
on a pointwise approach, in which the meas­
urements pertaining to each sampling point 
are used to estimate the wind at that point 
only. Furthermore, the pointwise approach 
yields nonunique estimates of the wind 
vector at each point. Thus, the wind fields 
estimated by the older method can include 
gaps (including gaps at the edges and con­
sequent loss of swath) and ambiguities, 
and further processing by use of dealiasing 
techniques is needed to resolve the ambi­
guities. Because the newer method takes 
advantage of the inherent correlation in the 
wind field over the swath, it is more tolerant 
of noise in the scatterometer measure­
ments than is the older method, and the 
accuracy of the estimates obtained by the 
newer method deteriorates gradually as 

NASA Tech Briefs, November 1992 

the signal-to-noise ratio of the measure­
ments is reduced. 

The newer and older methods were test­
ed by using them to process simulated and 
real Seas at backscatter measurements. 
The results confirm that the newer method 
yields more-accurate estimates of the wind 
field, fewer gaps, and wider swaths. 

Mass·Transport Properties 
in Growth of Crystals 
From Vapors 

The GeSe/Ge 14 and the 
Hgo.8Cdo.2 Te/Hg12 systems 
were studied. 

This work was done by David G. LDng 
of Caltech for NASA's Jet Propulsion 
Laboratory. To obtain a copy of the report, 
"Model-Based Wind Estimation Using 
Seasat Scatterometer Measurements," 
Circle 45 on the TSP Request Card. 
NPO-18260 

A brief report summarizes the results 
of experimental and theoretical studies of 
mass-transport properties of the GeSej 
Gel4 and Hgo.aCdo.le systems in connec­
tion with the growth of crystals in closed 
ampoules. The primary emphasis in these 
studies was on thermochemical analyses, 
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on the development of mathematical mod­
els to predict diffusion-limited mass trans­
port, and on the comparison of theoretical­
ly predicted with experimental fluxes_ The 
results can be applied to the design, prep­
aration, performance, and analysis of crys­
tal-growth experiments of semiconducting 
materials on Earth and in outer space. 

Systematic mass-transport studies of 
the GeSe/Ge14 system in the absence 
and presence of inert gas demonstrated 
the existence of diffusion boundary layers 
under all transport modes in closed am­
poules; the thicknesses of the boundary 
layers varied with the pressures of the 
compounds being transported. These ob­
servations are generally consistent with 
estimated relevant fluid-dynamic param­
eters of the respective gas mixtures. This 
work also demonstrated the significant 
effects of the modes of transport (diffusive­
convective and convective flows) on the 
crystalline structures under otherwise­
the-same experimental conditions (same 
mass-transport rates). 

Mass-transport-rate studies of the GeSe/ 
Gel4 system as a function of orientation 
of the gradient of density in the gravita­
tional field demonstrated the effects of 
convection on the mass flux of this system. 
In addition, local temperature instabilities 
of the vapor phase were observed even 
under vertical, stabilizing conditions. A com­
putational model based on a stoichiometric 
transport reaction and process and on the 
absence of a second condensed phase 
was developed for the GeSe/Ge14 system. 
In agreement with experimental data, the 
model predicts that sublimation dominates 
transport at lower pressures and chemical­
vapor transport increases at higher pres­
sures. Within the boundary conditions 
specified, the basic model is generally ap­
plicable to other transport systems. 

On the basis of a quantitative thermody­
namic analysiS of the inherent solid-phase/ 
gas-phase reactions of the HgosCdo 2 Tel 
Hgl2 system, a first-order computational 
model of transport was developed to pre­
dict the mass-transport rates for diffusion­
limited transport conditions. The close 
agreement between theoretical and ex­
perimental mass fluxes for different pres­
sures and different source-material com­
positions confirms the thermochemical 
analysis and computational model and in­
dicates that the model could be used to 
study mass-transport phenomena of this 
and other ternary, alloy-type vapor-trans­
port systems. The model has been extend­
ed to predict the mass flux and overall 
composition of transport products of the 
Hgo.aCdo.2 Te transport system. 

This report was written by H. Wiedemeier 
of Rensselaer Polytechnic Institute for 
Marshall Space Flight Center. To obtain 
a copy of the report, " Fluid Dynamics and 
Thermodynamics of Vapor Phase Crystal 
Growth," Circle 6 on the TSP Request 
Card. MFS-26119 
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Materials 

Enhancing the Hyperpolarizabilities of Finite Polyenes 
Hyperpolarizabilities, and thereby optical properties, would be switchable. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
Quantum-mechanical calculations pro­

vide the theoretical basis of an improved 
strategy for designing finite polyenes that 
would have optical properties useful in op­
tical digital communications and optical 
processing of data. Such highly conjugat­
ed organic polymers as the finite polyenes 
typically have large nonresonant electronic 
susceptibilities, which give rise to unusual 
optical properties. The improved strategy 
for exploiting these properties is to (1) en­
hance molecular hyperpolarizabilities by 
introducing "defect" quantum-mechanical 
states and (2) produce molecules that 
could be switched photochemically or elec­
trochemically between states character­
ized by considerably different second mo­
lecular hyperpolarizabilities. 

Heretofore, the relatively limited strategy 
for increasing the second molecular hy­
perpolarizability of a material has been to 
increase the widths of the valence and 
conduction electron-energy bands of the 
material and to decrease the gap between 
these bands. In the improved strategy, con­
jugation and/or substitution defects, which 
could be electrically neutral or charged d0-
pant or impurity atoms or groups thereof, 
would be incorporated into a finite polyene, 
possibly by (1) light doping of a conjugated 
polymer (an irreversible process) or (2) syn­
thesis of a conjugated polymer that would 
contain, in conjugation with the polymer, 
a photoexcitable species (electron donor) 
from which an electron could be transferred 
reversibly to an acceptor (see figure). These 
defects would introduce midgap quantum-

Notes: 1.n and n' are integers. 
2. X can be a carbon , metal, or other 

neutral or charged atom. 
3. D is an electron donor. 
4. A is an electron acceptor. 

Defects In Finite Polyenes would alter their second molecular hyperpolarizabillties. 
Transient large second hyperpolarizabillties should be attainable in molecules of 
structure II. 

mechanical states that would, in turn, in­
fluence the magnitude and the sign of the 
second molecular hyperpolarizabilities. 

Thus far, lightly doped finite polyenes in 
which the defects would be located at the 
middles of the molecular chains (n = n' 
in structure I of the figure) have been 
analyzed quantitatively. By use of a one­
electron tight-binding approximation, the de­
pendence of the second molecular hyper­
polarizabilities upon the occupancies and 
energies of the defect states were calcu­
lated. The defects were found to cause sig­
nificant decreases or increases by imped­
ing localization of charge or creating partly 
filled bands (mimicking the one-band limit), 
respectively. 

The results of the analysis also suggest 
that materials that have transient large 
second hyperpolarizabilities might be 

made by use of molecules, like those of 
structure" in the figure, that have charge­
transfer excited states with long lifetimes. 

Details of this work are reported in the 
Journal of Physical Chemistry, vol. 93, 
pages 3915 et seq. (1989) and in U.S. Pa­
tent No. 5,011,907. 

This work was done by David N. Beratan 
of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Cir­
cle 56 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 develorr 
ment should be addressed to the Patent 
Counsel, NASA Resident Office-JPL [see 
page30j. Refer to NPQ-17633. 

Bulk Electro-Optical Polymer Component 
The polymer could serve in high-voltage sensors and laser-beam modulators. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
An electro-optical polymer of relatively 

low cost has been formed as a bulk spec­
imen (5 by 7 by 7 mm) from the azo dye 
4-(4-nitrophenylazo)-N-ethyl, N-2-hydroxy­
ethylaniline (also known as Disperse Red 
1 or DR1) and a transparent epoxy. This 
polymer may be more stable, in the long 
term, than prior electro-optical polymers 
based on DR1 and poly(methylmethacry­
late) have been. If the polymer were sand­
wiched between electrodes, it could pro­
vide direct measurement of high voltage 
via the electro-optical effect. In addition, 
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it has significant nonlinear optical proper­
ties. This material may be useful in mi­
croelectronics, micro-optics, integrated op­
tics, and testing of materials. 

In the preparation of the specimen, 
purified DR1 was dissolved in EPO:rEK 
301-2 epoxy resin at a concentration of 5 
weight percent. The amine hardener sup­
plied with the resin was added. The epoxy 
mixture was poured into a mold equipped 
with top and bottom electrodes, both of 
which made contact with the mixture. The 
epoxy mixture was partially cured at room 

temperature in a vacuum chamber for 15 
to 20 h. The mold was then heated in an 
oil bath to accelerate the cure. 

When the temperature in the oil bath 
reached about 40 °e, a process of 
poling - that is, alignment of the dye 
molecules in an electric field - was 
begun. (This alignment is a prerequisite 
for the electro-optical effect.) As the 
specimen was heated above 40 °e, volt­
age from a 100-kV dc high voltage supply 
was gradually applied across the speci­
men via the electrodes. As this was done, 
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the current was monitored and the voltage 
adjusted so that the current did not exceed 
a preset limit of 10 pA. 

When the temperature reached 80 °C, 
it was then kept constant for a while; at 
that temperature, the curing time of the 
epoxy is only 1 V2 h. The voltage was then 
gradually increased until the maximum 
electric poling field of approximately 120 
IN/cm was reached; the current simultane­
ously decreased to its minimum of a few 
pA or less, indicating that the specimen 
was almost completely cured. The system 
was then cooled to room temperature 
while maintaining the poling field. 

The specimen thus prepared was 
cleaned and mounted to act as a laser 
modulator. A circularly polarized O.7-mW 
beam of wavelength 1,150 nm from a 
He/Ne laser was passed through the 

specimen, and through a polarizer rotated 
45 0 relative to the fast optical axis of the 
specimen. The voltage applied to the elec­
trodes, acting via the electro-optical effect, 
changed the polarization from circular to 
elliptical, thereby changing the power 
transmitted through the polarizer. The 
transmitted beam was measured by an 
optical-power meter based on a Ge pho­
todiode. With this arrangement, a sinusoi­
dal voltage of 4 kV at a frequency of 60 
Hz was applied to the electrodes, the dc 
level of the transmitted beam was meas­
ured by the power meter, and the ac 
modulation of the beam was viewed on 
an oscilloscope and measured by a lock­
in amplifier. From these measurements, 
the electro-optical coefficient, r 33' of the 
polymer was found to be 1.7X10-14 m/V. 
It was also found that the polymer could 

withstand electric fields up to 120 kV/cm. 
This work was done by Allan Gottsche, 

Joseph W Perry, and Kelly J. Perry of 
Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Cir­
cle 102 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 NP0-18207. volume and number 
of this NASA Tech Briefs issue, and the 
page number. 

Fatigue in Continuous-Fiber/Metal-Matrix Composites 
Techniques for meaningful tests to detect and quantify fatigue damage are reviewed. 

Langley Research Center, Hampton, Virginia 
A report describes various experimental 

approaches to the quantification of fa­
tigue damage in metal-matrix composites 
(MMC's). The report discusses a number 
of examples of the development of 
damage and of failure along with some 
associated analytical models of the be­
havior of an MMC. 

The use of metal-matrix composites re­
inforced with continuous fibers is projected 
for high-temperature, stiffness-critical parts 
that will be subjected to cyclic loads. How­
ever, fatigue of a MMC can be quite com­
plex. The matrix, because of its relatively 
high strength and stiffness compared to 
those of the fiber, plays a very active role 
compared to that of a polymer matrix. 

The objectives of the report are twofold. 
The first objective is to present experimen­
tal procedures and techniques for conduct­
ing meaningful fatigue tests to detect and 
quantify fatigue damage in MMC's. These 
techniques include interpretation of stress­
vS.-strain responses, acid etching of the 
matrix, edge replicas of the specimen un­
der load, radiography, and micrographs of 
the failure surfaces. In addition, the report 
shows how the loss of stiffness in con­
tinuous-fiber-reinforced MMC's can be a 
useful parameter for detecting the initia­
tion and accumulation of fatigue damage. 

The second objective is to present nu­
merous examples of how fatigue damage 
can be initiated and grow in various 
MMC's. Depending on the relative fatigue 
behavior of the fiber and matrix and on the 
properties of the interfaces between fibers 
and the matrix, the modes of failure of 
MMC's can be grouped into four categor­
ies: (1) matrix-dominated, (2) fiber-dominat­
ed, (3) self-similar growth of damage, and 
(4) fiber/matrix interfacial failures. These 
four types of damage are discussed and 
illustrated by examples with emphasis on 
the fatigue of unnotched laminates. 

Matrix-dominated damage occurs if the 
matrix material has a lower fatigue en­
durance strain range than does the fiber. 
The result is the development of matrix 
cracks that can cause significant losses 
in stiffness in laminates with off-axis plies. 

Fiber-dominated damage occurs if the 
fiber has a lower fatigue endurance strain 
range than does the matrix material. In this 
case, numerous fiber breaks may occur 
within the laminate, yet the stiffness may 
be relatively unaffected. This type of 
damage results in sudden laminate failure. 

Self-similar growth of cracks can occur 
if the fiber and matrix materials have 
similar values of fatigue endurance strain 
ranges . The material can experience 

growth of cracks much like the growth of 
a crack in a homogeneous material. 

Fiber/matrix interfaces fail if they are 
weaker in the transverse direction than the 
fiber and the matrix are. The higher the 
strength of the matrix material, the greater 
the chance of interfacial failures in the off­
axis plies. 

As new continuous-fiber-reinforced 
MMC's are developed, projections of their 
fatigue behavior can be made by under­
standing the relative strengths of the fiber, 
matrix, and fiber/matrix interface. This re­
port is intended to furnish some insight into 
what type of fatigue damage can occur 
and how the damage might be quantified. 

This work was done by William S. 
Johnson of Langley Research Center. 
Further information may be found in NASA 
TM-100628 [N88-25489]. "Fatigue Test­
ing and Damage Development in Con­
tinuous Fiber Reinforced Metal Matrix 
Composites." 

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-14384 

Lightweight Protective Coatings for Titanium Alloys 
Ultrathin dual barrier system provides effective protection for titanium. 

Langley Research Center, Hampton, Virginia 
Titanium alloys are critically important 

in the aerospace industry because of their 
high strengths and low densities. However, 
the application of them is limited because 
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they are susceptible to environmental at­
tack: oxygen and nitrogen react vigorously 
with titanium alloys at high temperatures, 
forming surface oxides and causing solid-

solution contamination of the alloys, reduc­
ing their ductilities. 

Previous methods of protecting titanium 
alloys included coating by a variety of meth-
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CHOOSE INCO COATED PRODUCTS 
FOR HIGH PURITY AND 

PREDICTABLE PROPERTIES. 

Nickel Coated Graphite Powders 

INCO Specialty Powder Products' development of the 
use of carbonyl gas coating allows deposition of nickel 
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RESEARCH 
INCO SPP research activities for this line of products 

include nickel carbonyl coated powders and other sub­
strates. Applications include advanced products for EMI 
shielding, ESD, arc welding, powder metallurgy addi­
tives, and in battery technologies. 

Nickel Coated Alumina 
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an accurate measure of automobile speed on those 
highways. Another futuristic consideration is "computer 
trips for cars" using those strips and bar codes to pro­
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Figure 2. Oxidation Protecti on of Ti-14AI-21 Nb (Wt % ) alloy by 
a light-weight sol-gel coating equals or exceeds that of a much 
thicker reaction coating 

Figure 1. Reaction·Barrier and Self-Healing Diffusion·Barrier Layers combine to protect 
a titanium alloy against chemical attack by oxygen and nitrogen at high temperatures. 

rier layer remain free of microcracks and 
other defects throughout its seNice life. 

ods. For one method, the alloy is heat·treat· 
ed after application of a coating compound, 
producing a protective reaction layer be· 
tween the coating compound and the alloy. 
These coatings must be relatively thick 
(about 25 /-Lm) to provide a substantial pro· 
tection. Interactions between a coating and 
the underlying alloy can exert a deleterious 
effect on the mechanical properties of the 
alloy, and a thick coating can diminish or 
eliminate the advantage of the high strength· 
to-weight ratio of titanium alloys. 

veloped to protect titanium and titanium 
aluminide alloys and titanium-matrix com­
posite materials from attack by the envi­
ronment when used at high temperatures. 
The protective coating is applied by sol-gel 
methods, and ITS thickness is less than 5 ~. 
Because of the reactivity of titanium with 
most materials that act as barriers against 
the diffusion of oxygen and nitrogen, it is 
necessary to provide a reaction-barrier lay­
er to maintain separation between the ti­
tanium alloy and the diffusion-barrier layer. 
It is also necessary that the diffusion-bar-

These requirements are met by a multi· 
layer coating system: a reaction-barrier 
layer 1 to 2 /-Lm thick is deposited on the 
titanium alloy; then a silica diffusion-barrier 
layer 2 to 3 ~ thick is deposited on the 
reaction-barrier layer (see Figure 1). The 
reaction barrier is a compound such as 
yttrium-stabilized cubic zirconium oxide or 
barium titanate. The silica diffusion-barri­
er layer is a two-phase glass that consists 
of a silica-rich glass matrix plus dispersed 
frozen droplets of a magnesium phosphate 
glass that softens at a lower temperature. 
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Therefore, a lightweight coating was de-
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The diffusion-barrier layer is tailored so that 
the droplet phase is soft at the temperature 
of use to promote self-healing of defects 
and microcracks. Thus, the reaction-barri­
er and diffusion-barrier layers prevent 
gases in the environment from attacking 
the titanium alloy at high temperatures. 

Very promising results have been dem­
onstrated by oxidation-protective coatings 
prepared by sol-gel techniques (see Figure 

2). Multilayer two-phase glass coatings that 
are about 2/ffTl thick compare very favor­
ably with commercially available interme­
tallic coatings that are 25 to 50 p.m thick. 
These ultrathin coatings have the poten­
tial to multiply the life of pure titanium at 
700 °c by a factor of 100. This concept 
can also be extended to the protection of 
other environmentally sensitive materials. 

This work was done by Karl E. 

Wiedemann and Patrick J. Taylor of Analyt­
ical Services. and Materials and Ronald K. 
Clark of Langley Research Center. For 
further information, Circle 13 on the TSP 
Request Card. 

Inquiries concerning rights for the com­
mercial use of this invention should be ad­
dressed to the Patent Counsel, Langley 
Research Center [see page 30). Refer to 
LAR-14448. 

High-Performance, Semi-Interpenetrating Polymer Network ~ 
A combination of two commercially available resins exhibits 
greater toughness and resistance to microcracking. 

Langley Research Center, Hampton, Virginia 
A high-performance polymer can be 

made by a new synthesis in which one or 
more easy-to-process, but brittle, ther­
mosetting polyimides are combined with 
one or more tough, but difficult-to-process, 
linear thermoplastics to yield a semi-inter­
penetrating polymer network (semi-IPN) 
that has a combination of easy processa­
bility and high tolerance to damage. In an 
experiment that demonstrates this syn­
thesis, two commercially available resins 
were combined to form a tough, semi-IPN 
called "LaRC-RP49." The first resin was 
a high-temperature, thermosetting resin, 
Thermid-600~ The second resin was a 
high-temperature, thermoplastic polyimide, 
NR-150B2®. 

The figure illustrates the synthesis. In 
comparison with Thermid-600, LaRCRP49 
displays improvements in toughness and 
resistance to microcracking, but its glass­
transition temperature is slightly lower. The 
mechanical properties of LaRC-RP49 at 
high temperatures suggest that NR-150B2 
acts as a reinforcement at those tempera­
tures. The results of the experiment also 
indicate that when a semi-IPN is used as 
a composite matrix, a new interface is in­
troduced between the polymeric phases. 
The strength of this interface plays an im­
portant role in controlling such toughness­
related properties as microcracking. 

Like its semi-IPN precursors, LaRC­
RP49 has potential as a high-temperature 

matrix resin, adhesive, and molding resin. 
It should be useful in the aerospace, auto­
motive, and electronic industries. 

This work was done by Ruth H. Pater, 
Sharon E. Lowther, Janice Y. Smith, 
Michelle S. Cannon, Fred M. Whitehead, 
and Robert M. Ely of Langley Research 
Center. For further information, Circle 41 
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, Langley Research Center [see 
page 30). Refer to LAR-14339. 
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LaRC-RP49 Is Synthesized from commercially available thermosetting and thermoplastic resins. 

Damage~olerant CompOSites Made by 
Stitching Carbon Fabrics 
High damage tolerance and potential low cost make these materials attractive. 
Langley Research Center, Hampton, Virginia 

Composite materials that consist of epoxy 
matrices reinforced by carbon fibers have 
been developed to produce aircraft struc­
tures of reduced weight. However, the struc­
tural efficiency of these composites is 
severely degraded by holes, notches, or 
damage. New, toughened composite ma­
terials tolerate damage better and exhibit 
greater structural efficiency, but they are 
considered too expensive for widespread 
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application to commercial aircraft. there­
fore, work has been conducted at NASA 
Langley Research Center to investigate 
stitching combined with resin transfer mold­
ing to make composites more tolerant of 
damage and potentially cost competitive 
with metals. 

During this work, composite materials 
were tailored for damage tolerance by stitch­
ing layers of dry carbon fabric with close-

Iy spaced threads to provide reinforcement 
through the thickness. Epoxy resin was 
then infused into the stitched preforms, 
and the epoxy was cured. Various stitching 
patterns and thread materials (Kevlar®, 
carbon, and glass) were evaluated by use 
of flat plate specimens. Also, blade-stiffened 
structural elements were fabricated and 
tested. Tests included measurements of 
compression strengths of coupons with 
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and without holes, measurements of com­
pression strengths of panels after impact, 
and tests of stiffened panels. 

Tests of stitched flat laminates showed 
outstanding damage tolerance, excellent 
compression strength in notched speci· 
mens, and acceptable fatigue behavior. 
Stitched specimens evidenced no loss of 
compression strength after hundreds of 
temperature cycles from 200 of (93°C) to 

-65 of (-54 0C). Strong, closely spaced 
threads of Kevla~ fiberglass, or carbon 
were equally effective. Stitching in a single 
direction was as effective as was stitching 
in a square array in suppressing delamina­
tions and limiting impact damage. Blade­
stringer panels were successfully fabricat­
ed by use of hard tooling and resin transfer 
molding. A three-stringer panel demonstrat­
ed excellent postimpact compression 

strength. 
This development is expected to be of 

particular interest to the aircraft and 
automotive industries. 

This work was done by Marvin B. Dow 
of Langley Research Center and Donald 
L. Smith of Planning Research Corp. For 
further information, Circle 50 on the TSP 
Request Card. 
LAR-14420 

~~ Filling Batteries Precisely With Electrolyte 
Electrolyte-filled batteries would have the 
specified initial void volume. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
A proposed apparatus (see figure) would 

include a conductivity probe that would de-
tect the arrival of a liquid filling at a speci­
fied level. The apparatus would enable the 
precise, rapid, and reproducible filling of 
electrochemical cells with electrolyte solu­
tions to specified levels, thereby providing 
the specified void volumes in the cells. 

Precise control of void volumes can pre-
vent the undesirable consequences that 
result from void volumes that are too large 
or too small. The void volume of a cell af­
fects the pressure, and, therefore, the tem-
perature, at which the cell vent opens (to 
prevent explosions, for example in an Lit 
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SOCl2 cell). If the temperature is too high 
before venting, an explosion may occur; 
this can happen if the initial void volume 
is too large. If the initial void volume is too 
small, the cell can vent before its full ca­
pacity is discharged. 

The cell can be designed with the proper 
initial void volume to avoid these extreme 
events. However, present manufacturing 
techniques - in which cells are filled with 
electrolyte solutions by adding amounts 
measured by bulk volume or bulk mass -
do not control the electrolyte volume to 
within the necessary limits to prevent such 
undesirable events. 

To ensure that filled cells have the spec-

ified void volume, the proposed cell-filling 
apparatus would include the electrolyte­
level-measuring conductivity probe plus 
means to deliver the solution in small, 
periodic volumes after the bulk of the solu­
tion - an amount less than the required 
volume - has been delivered to the cell. 
Because the cross-sectional area of the 
cell varies very little and because the roof 
of the cell and the filling tube can be con­
veniently fixed in space by use of a cell 
fixture, the level of the solution in the cell 
can serve as a direct and sensitive con­
trol of the initial void volume. 

The cell-filling procedure would be as 
follows: 

1. Evacuate the cell. 
2. Deliver the bulk of the required volume 

of electrolyte to the cell. 
3. After allowing enough time for the ab­

sorption of the solution into the electrode 
stack in the cell, deliver the solution drop­
wise until the desired level is reached (as 
determined by the conductivity probe). 

4. Seal the cell as in the customary 
procedure. 
This work was done by Ralph Lutwack 

of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Cir­
cle 105 on the TSP Request Card. 
NPO-17989 

Molybdenum in Cathodes of Sodium/Metal Chloride Cells 
Molybdenum may have some value as an active electrode material or as a current-collector materiaL 

NASA's Jet Propulsion Laboratory, Pasadena, California 
Cyclic voltammetric curves of molybde­

num wire in NaAICI4 melt (see figure) in­
dicate that molybdenum chloride (MoClx) 
might be useful as a cathode material in 
rechargeable sodium/metal chloride elec­
trochemical cells. The formation of MoClx 
appears to be reverSible, and MoClx ap­
pears to be insoluble in the molten NaAlCI4 
electrolyte. The kinetic stability apparent­
ly provided to Mo via a protective layer of 
the chloride formed during oxidation, com­
bined with the higher oxidation potentials 
of Mo in comparison with those of Ni and 
Fe, enable molybdenum to be an ideal 
positive-current-collector/grid material in 
Na/FeC12 and Na/NiCI2 batteries. These 
batteries could be used in electric vehi­
cles, for electric-power load leveling, and 
in other applications that involve high en­
ergy and power densities. 

The essential requirement for success­
ful operation of a metal chloride as cath­
ode in a sodium/metal chloride cell is its 
insolubility in the molten NaAICI4 electro­
lyte. NiCI2 and FeCI2 essentially meet this 
requirement and perform well in batteries, 
but other suitable metal chlorides that 
would have higher potentials, higher elec­
trochemical equivalents, and higher ener­
gy densities are sought. The search may 
be guided by criteria that have emerged 
from the cyclic voltammetric responses of 
nickel and ferrous chlorides. 

One criterion is that the cyclic voltam­
metric curve of the material in question 
should consist of sharp reversible peaks, 
with low oxidation currents subsequent to 
the peaks. In general, the dissolution of the 
metal electrode during oxidation is inhibit­
ed by the oxidation product deposited on 
the electrode. The protective nature-of the 
oxidation product is determined by its mi­
crostructure and its chemical and elec­
trochemical stability in the electrolyte. low 
oxidation currents subsequent to peaks thus 
imply an insoluble oxidation product. High 
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oxidation currents subsequent to peaks 
could be caused either by the formation 
of a porous deposit (in which case the 
sizes of the reduction peaks are compar­
able to those of the oxidation peaks) or by 
the solubility of the oxidation product (in 
which case the reduction peaks would be 
smaller, especially at smaller scan rates). 

On the basis of these criteria, Mn, Cr, 
AI, Ag, Ti, Co, Mo, and V were screened 
as cathodes in an NaAICI4 electrolyte in 

a high-temperature-glass cell with concen­
tric Ni foil as counterelectrode and highly 
pure aluminum as the reference electrode. 
Each of these metals except Mo and to 
some extent cobalt, failed to satisfy one 
or more of the criteria, but the voitamme­
tric curves of Mo included sharp, reversi­
ble peaks that were approximately sym­
metrical in shape and size. More important­
ly, the dissolution current subsequent to the 
peaks was found to be rather low. imply-
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• Low Cost 
• Every un it is depth tested to 41 

meters (135') and carries a one 
year warranty . 

• Rugged package construction 
utilizing 1/2" thick quartz optics. 

• 100' cable includes RF and EMI 
shielding. 

• Compatible with I.L. Radiometers 
and Photometers. 

• Can be used with 
optical filters 
for spectral stud ies. 

APPLICATIONS: 
• Absorbtion studies. 
• Pollution detection . 
• Plant Growth studies. 
• Biological studies at air - ocean 

interface. 
• Underwater communications. 
• Bioluminescence. 

il 
o 

2 3 4 

:g~· L IIL-_____________________________________ 100 __ m_v~ 
Potential VS. AI 

fhese Cyclic Voltammetric Curves of molybdenum wire in NaAICI4 melt at 250°C sug· 
gest an absence of solubility, as well as a high degree of reversibility, for the molybdenum 
chloride formed via oxidation. (The initial voltage was 997 mV vs. AI.) 

ing that the oxidation product (molybde· 
num chloride) is insoluble in the molten 
NaAICI4 electrolyte, forming a nonporous 
film on the electrode and inhibiting further 
dissolution of metal. In other words, the 
voltammetric curves suggest an absence 
of solubility, as well as a high degree of 
reversibility, for the molybdenum chloride. 
Accordingly, Mo appears promising as a 
cathode material in Na batteries. 

The oxidation and reduction peaks are 
located at 1,035 and 935 mV vs. AI. Be· 
cause the potential of an AI reference elec­
trode vs. Na+/Na at 250 °C is 1.643 V, this 
implies that the charging and discharging 
voltages of an Na/MoClx cell would be 
2.68 and 2.58 V, respectively, at 250°C. 
The open-circuit voltage would be ""2.64 
Vat 250°C. 

This work was done by Ratnakumar V. 
For More Information Circle No. 584 Bugga, Alan I. Attia, and Gerald Halpert 

of Galtech for NASA's Jet Propulsion 
Laboratory. For further information, Cir­
cle 66 on the TSP Request Card. 
NPO-18384 
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Porosity, an intrinsic quality of IMPRA ePTFE, permits the 
permeation of gases and the restriction of fluids under low pressure. 

Applications include aeration and de-aeration of liquids and filtration 
as well as thousands of other tasks. Because ePTFE is highly 
resistant to chemicals and high temperatures, the possibilities are 
endless. 

_ Since IMPRA manufactures PTFE in porosities ranging from 80% 
porous to solid, it ~e the secret~o~ss t06. -

For product ordering informatidn, contact an 6 .E.M. $4s 
representative at 1-800-321-4254. IMPRA, Int., P.O. Box 1740, 
Tempe, AZ 85280-1740 

ONNfF THE SECRETS 
TO OOR SUCCESS 
IS LEAKING opT. 

The Rne UneofExceilence 

For More Information Circle No. 357 

Books and Reports 
These reports, studies, handbooks are avail­
able from NASA as Technical Support Pack­
ages (TSP's) when a Request Card number 
is cited; otherwise they are available from the 
National Technical Information Service. 

Conditions of Directional 
Solidification Affect 
Superalloy 

Microstructure and fatigue 
properties depend on the 
gradient of temperature 
and rate of solidification. 

A report describes experiments to de· 
termine the effects of the gradient (G) of 
temperature and the rate (R) of solidifi­
cation on the microstructure and fatigue 
properties of the nickel-based superalloy 
MAR-M246(Ht). Enhancement of the prop­
erties of this alloy would extend the life· 
spans of objects - including the turbo­
pump blades of the Space Shuttle Main 
Engines - made from it. 

Three different temperature gradients -
68, 170, and 309 °C/cm - were selected 
to directionally solidify the superalloy at 
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two different solidification rates: 5 cm/h and 30 cm/h. The speci­
mens were then subjected to the standard heat treatment , and 
the resulting microstructure was metallographically examined. 

The fatigue specimens were tested for high-cycle fatigue at 
room temperature in air with a minimum/maximum ratio of 0.4 
and a maximum stress level of 125 kpsi (862 MPa). Data from 
the fatigue tests were then analyzed by use of the Weibull tech­
nique. This analysis showed the characteristic life at the lowest 
G/R to be about 10 times that at the highest G/R, but to be ac­
companied by less reliability. 

The distances between primary dendrite arms were found to 
decrease with both G and R. In addition, trends in the micro­
structures of the carbide and 'Y-'Y ' phases were found to be relat­
ed to G/R. 

At the higher R, the microstructure of the carbide was found 
to change from small fine block to small fine script as G was 
increased. At the lower R, there was a coarsening , along with 
the appearance of large irregular block carbides, as G was 
increased. 

There appears to be a correlation between GJ R and the micro­
structure of the carbide. At G/R <10 °C·h/cm , the microstruc­
ture is block; script appears at G/R = 10.3 °C·h/cm2. 'As G/R 
increases from 10.3, the script carbides become coarser, and 
irregular blocks become more prominent. However, the total re­
sults indicate that G/R alone may be insufficient to predict the 
behavior of the carbides. In particular whereas small block carbides 
were observed in this study at the low G/R values of 2.2 and 
5.7 °C·h/cm2, there are published results from earlier experiments 
that indicate that block carbides form at high G/R. The distribution 
of temperature during di rectional solidification may significantly 
affect the microstructure of the resulting solidified material. 

On the basis of the combined data on microstructure and 
fatigue, it appears that the small block carbide microstructure 
is preferable to the other microstructures in that it is associated 
with longer characteristic life. The predominant failure mecha­
nism was identified as stage 1 crystallographic high-cycle fatigue; 
some fracture surfaces indicated failure by grain-boundary crack­
ing, ductile overload, and surface and subsurface anomalies. 
Specimens with inclusions had a shorter fatigue life than did 
specimens of the same G and R that did not show inclusions. 

These results indicate that Significant improvements in fatigue 
properties can be derived through manipulation of the param­
eters of directional solidification. In particular, MAR-M246(HD for 
turbine blades should contain small , well-dispersed blocky car­
bide and a microstructure with small distances between den­
drite arms, and preferably without eutectic phase. 

This work was done by D. D. Schmidt, W. S. Alter, W. D. 
Hamilton, and R. A. Parr of Marshall Space FI ight Center. Fur­
ther information may be found in NASA TM-100374 [N89-29528J. 
" The Effects of Temperature Gradient and Growth Rate on the 
Morphology and Fatigue Properties of MAR-M246(Hf). " 

COpies may be purchased [prepayment required] from the Na­
tional Technical Information Service, Springfield, Virginia 22161, 
Telephone No. (703) 487-4650. Rush orders may be placed for 
an extra fee by calling (800) 336-4700. 
MFS-27231 

Diamondlike Protective Coats 
for Infrared Windows 

Experiments yield mixed results. 
A report describes experiments in which four infrared-transparent 

window materials (fused Si02, Si , ZnS, and ZnSe) were coated with 
diamondlike carbon films. The purpose was to investigate the abili­
ty of the films to protect infrared windows against erosion by rain 
and wind-blown hard particles (e.g., sand). The two of these materials 
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Small quantities 
fast 

Metals Polymers 
Ceramics 

from the ordinary to the 
extraordinary 

For product information, 
quotations, or a 

copy of our 
comprehensive catalog, 

Call: 1-800-821-2870 
Fax: 1-800-283-2020 

8225 W. Parkland Ct. • P.O. Box 571 • Milwaukee, WI 53201 
Phone: 414-355-8300· Fax: 414-354-0453 

CopYright 199t WHo Brady Co. All nghts reserved 
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Now quan. 
gas analysIS- Now, in addition 

, to high perfor-

to go' mance rack-mount and bench 
• models, Ametek can also offer 

you a mobile Dycor'" Quadrupole 
Gas Analyzer. 

A perfect, go-anywhere, microprocessor-based 
mass spectrometer that can handle all your gas 
analysis, process monitoring, or leak detection 
applications. 

And tell you in a glance at the high resolution 
display-exactly what's in your sample, off-gas, 
or vacuum system. 

Standard Features 
D 1-100 AMU Mass Range D Faraday Cup 
Detector D 100% Front Panel Control D High­
Resolution CRT Display D Graph or Tabular Data 
Display D RS232 Computer Interface D 5 x 10 12 

Torr Minimum Detectable Partial Pressure 
D Background Subtraction 

Optional Features 
D 1-200 AMU Mass Range D Pressure vs Time 
Display D Graphics Printer For Hard Copy 
D Electron Muiliplier D 5 x 10 '4 Torr Minimum 
Detectable Partial Pressure D Sample System 
For Higher Pressures 

For literature, contact AMETEK, Process 
and Analytical Instruments Division, 
150 Freeport Road, Pittsburgh, PA 15238. 
Tel: (412) 828-9040. 

ETEK 
PROCESS & ANALYTICAL INSTRUMENTS DIVISION 

For More Information Circle No. 517 

(ZnS and ZnSe) that are used most often as infrared windows are 
soft and, therefore, especially vulnerable in severe environments. 
Diamondlike films were chosen as candidate protective coats be­
cause they are transparent over a broad spectral range and resist 
attack by chemicals, moisture, and abrasion. 

In the experiments, specimens of the window materials were 
coated by three different ion-beam methods: (1) sputter deposi­
tion from a carbon target by use of an 8-cm argon-ion source, 
(2) direct deposition by a 10-cm-aperture-masked 30-cm hollow­
cathode ion source with methane and butane in argon, and (3) 
dual-beam direct deposition by the 30-cm hollow-cathode ion 
source and the 8-cm argon-ion source. 

In an attempt to increase the adhesion of the diamond like films 
on ZnS and ZnSe, each window-material specimen was treated, 
prior to deposition, by one of the following techniques: (1) ion­
beam cleaning, (2) ion implantation via' 'knock on" of thin carbon 
films by 100-keV nitrogen ions, (3) ion implantation with 100-keV 
neon and helium ions, or (4) thin, ion-beam-sputter-deposited in­
termediate coating with germanium or silicon. 

The diamondlike films were then examined to determine hydro­
gen content , adherence, intrinsic stress, infrared transmittance, 
and ability to protect against erosion. A sand blaster with 27 -Ilm­
diameter AI20 3 particles was used to determine the ability of the 
diamondlike films to protect against erosion by wind-driven hard 
particles. After erosion, an infrared spectrophotometer was used 
to indicate the change in specular transmittance between 2.5 and 
50 Ilm. The coated windows were also subjected to water droplets 
impinging at 180 m/s for exposure times up to 15 min. These speci­
mens were qualitatively evaluated by optically viewing the pit­
ting , microcracks, and subsurface ring cracks that resulted from 
the erosion. 

The hydrogen-to-carbon ratio of the ion-beam-deposited films 
was nearly 1, while the ion-beam-sputter-deposited films had a 
relatively low hydrogen-to-carbon ratio, even with the addition of 
hydrogen gas. The compressive stresses exhibited by the depoSit­
ed films did not depend on the hydrogen content , but on such 
other parameters as the hydrocarbon gas and the deposition tech­
nique and conditions. Elevated stresses were found in the films 
that were ion-beam deposited with butane or ion-beam-sputter 
deposited from a graphite target. This indicates that thick films 
with good adherence on ZnS and ZnSe could not be generated. 

Even though the diamondlike films on fused silica exhibited 
adherence as good as the maximum measurable adherence of 
the tester, these films were not as adherent on the ZnS and ZnSe 
substrates. Ion beam-cleaning and ion implantation did not in­
crease adherence. Ion implantation did, however, improve the ' 
phYSical hardnesses of the substrates. Intermediate coats of Ge 
enabled the diamondlike films to remain adherent and exhibited 
adherences equal to the strengths of the substrates. These inter­
mediate Ge films caused small reductions in the infrared specular 
transmittances of ZnS and ZnSe at shorter wavelengths, but only 
a 1 percent loss occurred at a wavelength of 10 Ilm . 

Although ion implantation plus diamondlike films did not pro­
tect the ZnS and ZnSe windows exposed to the simulated ero­
sion by hard particles, they did improve the performance of ZnS 
exposed to erosion by simulated rain. The ZnS windows in which 
He ions were implanted and which were then coated with the 
intermediate germanium and the outer diamondlike layers had 
fewer new surface pits and a delayed start of subsurface ring 
cracks. 

This work was done by Oiane M. Swec, Bruce A Banks, and 
Michael J. Mirtich of Lewis Research Center. Further informa­
tion may be found in NASA TM-102111 [N89-27506], "Oiamond­
like Carbon Protective Coatings for Optical Windows." 

Copies may be purchased [prepayment required] from the Na­
tional Technical Information Service, Springfield, Virginia 22161, 
Telephone No. (703) 487-4650. Rush orders may be placed for 
an extra fee by calling (800) 336-4700. 
LEW-15045 
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HOVAMET 
CONDUCTIVE PIGMENTS 

Conductive Silver Coated Nickel Flakes Conductive Nickel Flakes 

Conductive Silver Coated Nickel Spheres Conductive Nickel Spheres 

Conductive Nickel Coated Alumina Nickel Coated Graphite 

Also: 

Conductive Nickel Coated Glass Frit 

Conductive Nickel Coated Aluminum 

Conductive Nickel Pigment 525 

Conductive Silver (0.5%) Stabilized Nickel Flakes 

And 
Custom Nickel Coating 

Custom Micron Separation of Nickel Powders 

Custom Screening of all Novamet Pigments 

I NOVAMETI 
Novamet Specialty Products Corporation . An INCO Company 

10 Lawlins Park. Wyckoff. New Jersey 07481 . (201) 891-7976 

For More Information Circle No. 635 



St~stical Analysis 
V Library 
for Hewlett-Packard Computers 

and PCs running HTBasic 

Developed by Hewlett-Packard Engineers 

Over 10,000 Users Worldwide 

Ready to Go - No Programming Necessary 

10 Floppies full of High Powered 
Statistical Routines 

including 
2 Floppies of Graphical Routines 

Also, ask about ou~nal Processiijg;> 
Graphics Editor, and much more . . . 

@ Parametri~~~1 
P.O. Box 8035 Loveland, CO 80537 

Phone or FAX (303) 667-4030 

For More Information Circle No. 575 

uGrid 
SOLVING CAD PROBLEMS 

FOR INDUSTRY 
• Easy set-up menu -

No dip switches to set 

• Available in opaque, 
translucent or backlit models 

• 12" X 12" to 44" x 60" sizes 
• +/-0.005" or 0.010" accuracy 
• 4- or 16-button cursors or dual switch stylus 

• 1" profile 

Computer Programs 
COSMIC: Transferring NASA Software 

COSMIC, NASA's Computer Software Management and Information Cen­
ter distributes software developed with NASA fundlng'to Industry, other govern­
ment agencies and academia 

COSMIC's Inventory is updated regularly; new programs are reported in 
Tech Briefs For addilional informalion on any of the programs descnbed 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, containing descriptions and 
ordering information for available software. 

COSMIC is part of NASA's Technology Transfer Network. 

COSMIC' - John A. Gibson, Director, 
Phone (706) 542-3265 ; FAX (706) 542-4807 
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 Request Card in 
this issue. 

~ Electronic Components and Circuits 

Program Assists Design of Cabling 

A common data base helps to harmonize 
parts of designs produced by different workers, 

... 

DFACS is an interactive, multiuser, com­
puter-aided-engineering software tool for 
system-level electrical-integration and 
cabling engineering. The purpose of the 
program is to provide the engineering com­
munity with a centralized data base for 
entering and gaining access to definitions 
of the functions of systems, details of pin 
connections to circuits at the subsystem 
and instrument ends, and data on harness­
ing of cables. The primary objective is to 
provide an instantaneous single point of 
interchange of information, thus avoiding 
error-prone, time-consuming, and costly 
multiple-path shuttling of data. 

CAD problems invited from: VAR's, OEM's, Systems Integrators 

The DFACS program, which is centered 
around a single data base, has built-in 
menus that provide easy input of and ac­
cess to data for all involved system, subsys­
tem, and cabling personnel. The DFACS 
program allows parallel design of sheets 
of data on circuits and drawings of har­
nesses. It also recombines raw informa­
tion to generate automatically various pro­
ject documents and drawings, including 
the index of circuit-data sheets, the list of 
electrical interface circuits, lists of assem­
blies and equipment, the electrical-ground 
tree, the list of connectors, the cable tree, 
drawings of the cabling electrical inter­
faces and harnesses, circuit-data sheets, 
and the list of interfaces and assemblies 
affected by engineering change requests. 
Real-time automatic production of harness 
drawings and circuit-data sheets from the 
same reservoir of data ensures instant har-
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o NUMONICS 
101 Commerce Drive, Montgomeryville, PA 18936 

Toll Free: 1-800-247-4517 

AccuGrid: THE GREAT AMERICAN TABLET 
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mony of system and cabling engineering 
designs. DFACS also contains automatic 
wire-routing procedures and extensive er­
ror-checking routines designed to mini­
mize the probability of engineering errors. 

DFACS is designed to run on DEC VAA­
series computers under VMS using Ver­
sion 6.3/01 of INGRES QUELjOSL, a rela­
tional-data-base software system that is 
available through Relational Technology, 
Inc. The program is available on one 5.25-
in. (13.34-cm), 360K IBM MS-DOS-format 
diskette. DFACS was developed in 1987 
and last updated in 1990. 

DFACS is a copyrighted work with all 
copyright vested in NASA. DEC, VAA, and 
VMS are trademarks of Digital Equipment 
Corp. INGRES QUELjOSL is a trademark 
of Relational Technology, Inc. 

This work was done by Joseph W Bilfitti 
of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Circle 
11 on the TSP Request Card. 
NPQ-18408 

" Bectronlc Systems 

Estimating Effects 
of Rain on Groundl 
Satellite Communication 

The LeRC-SLAM program 
provides statistical analyses 
of the effects of 
attenuation by rain. 

The frequency and intensity of the atten­
uation by rain that affects the communica­
tion between a satellite and an Earth termi­
nal is an important consideration in planning 
a satellite link. The NASA Lewis Research 
Center Satellite Link Attenuation Model 
Program (LeRC-SLAM) provides a static 
and dynamic statistical assessment of the 
impact of attenuation by rain on a com­
munication link established between an 
Earth terminal and a geosynchronous sat­
ellite. The program is designed for use in 
the specification, design, and assessment 
of a satellite link for any terminal location 
in the continental United States. 

The basis for LeRC-SLAM is the Acrs 
Rain Attenuation Prediction Model, which 
uses a log-normal cumUlative probability 
distribution to describe the random proc­
ess of attenuation by rain on satellite links. 
The derivation of the statistics for the rain­
rate process at the specified terminal loca­
tion relies on long-term rainfall records 
compiled by the U.S. Weather Service dur­
ing periods of up to 55 years long. The the­
ory of extreme-value statistics is also utilized. 

The user provides (1) the longitude posi­
tion of the satellite in geosynchronous or­
bit, (2) the latitude and longitude of the 
Earth terminal, (3) the height of the Earth-
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terminal site, above sea level, (4) the yearly 
average rainfall at the terminal site, and (5) 
the operating frequency of the communi­
cation link (within 1 to 1,000 GHz, inclu­
sive). On the basis of the yearly average 
rainfall at the terminal location, LeRC­
SLAM calculates the relevant rain statis­
tics for the site, using an internal data base. 

the elevation and azimuth angles of the 
terminal antenna required to establish a 
link with the satellite, the statistical param­
eters that characterize the rain-rate proc­
ess at the terminal site, the length of the 
propagation path within the potential rain 
region, and the length of its prOjection on­
to the local horizontal. 

The program then generates attenua­
tion-by-rain data for the satellite link. These 
data include a description of the static (Le., 
yearly) attenuation process, an evaluation 
of the cumulative probability distribution 
for attenuation effects, and an evaluation 
of the probability of fades below selected 
depths. In addition, LeRC-SLAM calculates 

The IBM PC version of LeRC-SLAM (LEW-
14979) is written in Microsoft QuickBASIC 
for an IBM PC-compatible computer with 
a monitor and printer capable of support­
ing an 80-column format. The IBM PC ver­
sion is available on a 5.25-in. (13.34-cm) 
MS-DOS-format diskette. The program re­
quires about 30K of random-access mem-

ARE YOU SPENDING 
TOO MUCH TIME 

DRAWING FLOWCHARTS? 
YOU NEED FLOW CHARTING ™3. 

Every day, professionals worldwide save time 
and money using Flow Charting 3. It's fa t, 
efficient, easy to use, and always produces 
pre entation-perfect charts and diagrams. 

With Flow Charting 3's built-in flexibility, 
you can create customized charts using a 
variety of shapes, line ,and text-
placed where you want them. 

Plus, Flow Charting 3 is now available in a 
LAN version. Making it easy to share file and set 
up work groups for specific projects. 

And it' backed with free technical upport and a 
90-day no-risk guarantee. So if you're spending too 
much time drawing charts, call for a free demo and 
see for yourself what makes Flow Charting 3 the 
best-selling flowcharting software_ 

u 
o 

See your dealer today! Or for a 
free interactive demo disk,call 
1-800-525-0082, ext. 282 
Lntemational : 408-778-6557, ext. 282 

PAl lilt al«I lilt 
Software CorporatIon 

NO\tlll • registtred trademark of No"cll, Inc. 
Excellence in charting tllej/ow oj idea ! 

Patton & Patton Software Corp. 485 Cochrane Circle, Morgan Hill , CA 95037 

For More Information Circle No. 499 
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ory. The source code and executable code 
are included. The Macintosh version of 
LeRC-SLAM (LEW-14977) is written in Mi­
crosoft Basic, Binary (b) v2.00 for Macin­
tosh II-series computers running MacOS. 
This version requires 400K of random-ac­
cess memory and is available on a 3.5-in. 
(8.89-cm), BOOK Macintosh-format diskette, 
which includes source code only. The Mac­
intosh version was developed in 1987, and 
the IBM PC version was developed in 1989. 

This program was written by R. M. 
Manning of lewis Research Center. For 
further information, Circle 72 on the TSP 
Request Card. 
LEW-14977 

G Mathematics and 
~ Information Sciences 

Panel Library and Editor 

This program assists in the 
generation of software for 
graphical user interfaces. 

IBM PC is a trademark of International 
Business Machines Corp. MS-DOS is a reg­
istered trademark of Microsoft Corp. Mac­
intosh is a registered trademark of Apple 
Computer, Inc. 

~- ... 

Step Up to Algor 
More than 6.000 engineers in 50 states and over 60 countries 
have stepped up to Algor, the most advanced fInite element 
analysis and design software money can buy. All FEA models 
on this page were designed. analyzed and visualized on a PC 
with Algor software. The largest contains more than 24,000 
nodes and 13,000 elements. Other Algor analysis packages 
include buckling. nonlinear gap/cable, specialized vibration, 
composite elements, kinematics/dynamics, piping and more. 

~;;;;;;::;::::;;;;;;;::::::::;;;:;;;= Algor, a PC and You .. _The Total Design/Engineering Team 

Notes: 386/486 Pnces, shown in U.S. $, 
may change at any time. 3861486 
software uses extended memory. Weitek 
coprocessor and selected Unix worI<station 
versions available. Algor software Is sub­
jected to nuclear power industry 

Algor, the world's leading design/analysis software for PCs, is 
specifically designed to fully exploit their increasing level of 
power. Tight bridges to CAD/CAM and other software create a 
seamless fit into your environment. Algor design software 
provides parametric design and results visualization tools (see 
aclual screen photographs on this page) that are worthy of 
your expertise and creativity. And the engineering is buill In. 

Typical Algor Engineering Software Packages Price 

A Linear Stress Analysis with ViziCad Plus $1500 

B Stress, Vibration and Mode Shape Analysis with ViziCad Plus $2100 

C Fluid Flow Analysis with ViziCad Plus $1100 

D Heat Transfer Analysis with ViziCad Plus $1800 

E Accupak-3-D Nonlinear Stress & Vibration $2500 

F Iconnex V EAGLE, Concurrent Engineering & Oesign Optimization $2300 

G Electrostatic Analysis with VizlCad Plus $1600 

H Interactive Demonstration/Tutorials - $19 to $49 

Finite Element Analysis I Heat Transfer Fluid Flow 

Electrostatic I PipePlus Free 36-Page Product Guide 

Your current PC has more computing +RLGDR. power than your last one. Your next 
I PC will have even more. Algor 

software is constantly updated to take 150 Beta Dnve 

advantage of the power of new PCs. Pittsburgh, PA 15238-2932 USA 
412-967-2700 Fax: 412-967-2781 

GSA Contract # GS 00 K 89 AGS 6270 PSOI Quality Assurance standards. In Callfomia: 714-564-2541 
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The Panel Library and Editor computer 
program is a graphical-user-interface (GUI) 
builder program for use on workstations 
of the Silicon Graphics IRIS family. The pro­
gram creates "widgets" that can be ma­
nipulated by the user. Its appearance is 
similar to that of the X-Windows System. 

The Panel Library component of the pro­
gram is written in C and is meant to be 
used by programmers to write user-friendly 
mouse-driven application programs for 
IRIS workstations. GUI 's built by use of the 
Panel Library consist of "actuators" and 
"panels." Actuators are buttons, dials, 
sliders, and other mouse-driven symbols. 
Panels are groups of actuators that occupy 
separate windows on the IRIS workstation. 
The user of an application program can 
alter variables in the graphics program, or 
initiate the execution of functions with a 
click on a button. The evolution of data 
values can be tracked with meters and 
strip charts, and dialog boxes with text 
processing can be built. Panels can be 
stored as icons when not in use. 

The Panel Editor component of the pro­
gram is used to create and test Panel 
Library interfaces interactively in a simple 
and efficient way. The Panel Editor itself 
uses a Panel Library interface, so all ac­
tions are mouse-driven. Extensive context­
sensitive online help is provided. A pro­
grammer can graphically create and test 
the user interface without writing a single 
line of code. Once an interface is judged 
satisfactory, the Panel Editor will dump it 
out as a file of C code that can be used 
in an application program. 

The Panel Library (v9.8) and Editor (v1.1) 
are written in C language (63 percent) and 
Scheme, a dialect of LISp, (37 percent) for 
Silicon Graphics 40-series workstations 
running IRIX 3.2 or higher. Approximately 
10 Mb of disk space will be required once 
the program is compiled; 1.5Mb of main 
memory wil be required to execute the 
Panel Editor. This program is available on 
a O.25-in. (6.35-mm) streaming-magnetic­
tape cartridge in UNIX tar format for an 
IRIS workstation and includes a copy of 
XScheme, the public-domain Scheme-in­
terpreter program used by the Panel Editor. 
The Panel Library Programmer's Manual 
is included on the distribution medium. The 
Panel Library and Editor were released to 
COSMIC in 1991. 

Silicon Graphics, IRIS, and IRIX are trade­
marks of Silicon Graphics, Inc. X-Window 
System is a trademark of Massachusetts 
Institute of Technology. 

This program was written by Eric Raible 
and David Tristram of Ames Research 
Center and Pam Walatka of Computer 
Sciences Corp. For further information, 
Circle 74 on the TSP Request Card. 
ARC-12981 
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High-Resolution Rotary-to-Linear Motion Converter 
A coiled shim carries a high load. 

Goddard Space Flight Center, Greenbelt, Maryland 

A compact rotary·te-linear motion conver· 
ter combines high load·carrying ability with 
finely resolvable movement. The converter 
is simple and inexpensive to manufacture. 

The device includes a collar that rides 
in a helical coil of a metal ribbon mounted 
on a spool (see figure). The ribbon passes 
through an opening in the collar: this open· 
ing constitutes a transition region in which 
the pitch of the ribbon is greater than in 
the parts of the coil above and below the 
collar. If the spool that contains the coil 
is rotated on a platform while the collar is 
restrained from rotating (but not from trans· 
lating), the coil advances through the collar, 
one thickness of ribbon for each revolution. 
The rotation of the coil is thus converted 
into translation of the coil. Clockwise (as 
viewed from the top) rotation of the spool 
moves the collar upward, and counterclock· 
wise rotation moves it downward. 

This arrangement enables precise con· 
trol of the vertical movement of the col· 
lar. For example, if the ribbon is 0.020 in. 
(0.508 mm) thick, the collar rises or sinks 
by precisely that distance with every turn 
of the coil. Moreover, the coil under the 
collar is always in compression and can 
thus support a large load on the collar -
a load much greater than a lead·screw roo 
tary·to·linear converter of equal resolution 
could support, for example. 

The fine pitch of the device helps to pre· 
vent vibrations from inadvertently back· 
driving the collar. Thus, locking mecha· 
nisms like those on ball·screw converters 
are unnecessary. 

The coil can be made from flattened roll· 
formed wire. This material is inexpensive, 

Ribbon 

I. Transition I r Region I 

Helically 
Coiled 
Ribbon 

Bearing (Allows 
Rotation of Spool 

About Vertical Axis) 

SIMPLIFIED VIEW OF 
COLLAR AND RIBBON 

Spool 

Base 

SIDE VIEW OF MECHANISM 

Restraining 
Bar 

A Helical Coil of Metal Ribbon is wrapped around a spool. A beari ng supports the spool 
on a fixed base. The restraining bar prevents the collar from rotating, but allows it to 
rise and fall. A 1,000-turn coil of ribbon 0.010 in. (0.254 mm) th ick would provide fortransla· 
tion of the collar over a distance of 10 inches (25.4 centimeters). 

strong, and resistant to fatigue. 
This work was done by M. Bruce Mil/am 

and Philip Studer of Goddard Space 
Flight Center. For further information, Cir· 
cle 85 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, Goddard Space Flight Center 
[see page 30]. Refer to GSC·13141. 

Adaptive Grids for 3-D Parabolized Navier-Stokes Computations 
Computational grids are adjusted iteratively to reduce errors. 

Ames Research Center, Moffett Field, California 

A procedure for the iterative adjustment 
of computational grids has been developed 
for use in numerical solution of the three· 
dimensional parabolized Navier-Stokes 
equations of flow. The essence of the pro· 
cedure is to refine (or coarsen) the grid in 
regions of high (or low, respectively) gra· 
dients in the initial computed flow so that 
on subsequent iterations, one can satisfy 
the competing requirements to (1) produce 
a solution that captures such pertinent fea· 
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tures as shock waves and boundary lay· 
ers, the accurate resolution of which typi' 
cally requires fine meshes; and (2) prevent 
unnecessary refinement of the mesh else· 
where, thereby preventing an undue in· 
crease in the amount of computation. 

The procedure is one implementation 
of the solution·adaptive-grid method, which 
was described in "Adaptive Grids for Com· 
putations of Three·Dimensional Flows" 
(ARC·12479), NASA Tech Briefs, Vol. 15, 

NO. 8 (August, 1991), page 66. To recapitu· 
late: The grid points are considered to be 
connected by fictitious tension and torsion 
springs, and the configuration of the grid 
is found by use of a variational principle 
that minimizes the potential energy stored 
in the springs. The stiffnesses of the springs 
are adjusted for the next iteration in reo 
sponse to flow·field quantities computed 
during the present iteration. 

The forces in the tension springs are 
functions of the local errors in the com· 
puted flow field, which errors are related 
to gradients of selected dependent flow 
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variables and/or curvatures of stream lines 
and flow surfaces. The torsional springs 
help to limit the skewness (the local de­
parture from orthogonality) of the grid. 

The parabolized Navier-Stokes equations 
are approximations of the steady-state 
Navier-Stokes equations and are solved 
by a space-marching numerical-integration 
method. The first step in performing the 
numerical integration in conjunction with 
the solution-adaptive-grid procedure is to 
obtain an initial solution on the cross­
stream surface that corresponds to the 
present marching station. Using this pre­
liminary solution, the grid is adjusted in 
both cross-stream directions, clustering 
grid points in regions of high gradients or 
curvatures. A refined solution is then ob­
tained by remarching across the newly 
adapted surface. The adapted grid is then 
projected downstream to the next march­
ing station, where it is used to obtain a pre­
liminary solution. Then the process is re­
peated, each time progressing farther 
downstream. 

One of the distinguishing characteristics 
of the present solution-adaptive-grid pro­
cedure is that it provides for the efficient 
redistribution of grid points along each 
computational coordinate line, using an 
equidistribution concept. Another is that 
it limits the displacements of grid points 
in adaptations so as to prevent the numeri­
cal instability that could be caused by too 
rapid a buildup of skewness, thereby en­
abling the uninterrupted recomputation of 
the flow field on a smooth grid while mini­
mizing the number of adaptation parame­
ters that have-to be supplied by the user. 

The solution-adaptive-grid procedure 
and associated numerical-integration algo-

•• ___ Flxed SolUtion-Adapted 
Grld i Grid -

CROSSFLOW GRIDS AT 0.1016 m 
ALONG CONE 

Fi ed Solution-Adapted 
- :rid ---+1--- Grid -

MACH-NUMBER CONTOURS COMPUTED 
ON FIXED AND ADAPTED GRIDS 

Mach-Number Contours in a mach 7.95 free-stream flow about a 10° right circular cone 
at an angle of incidence of 16° were computed by use of fixed and solution-adapted 
grids. The circles show positions of shock waves. 

rithm were tested by using them to com­
pute hypersonic flows over a 10° right cir­
cular cone at various angles of incidence 
in its plane of symmetry. The shock-resolv­
ing characteristics of this method were 
found to be superior to those of a numeri­
cal-integration algorithm based on a fixed 
grid. The adaptation process was shown 
to be able to align grid lines with flow struc­
tures (see figure), thereby providing for in­
creased resolution in high-gradient regions. 

This INOrk was done by A. D Harvey and 
S. Acharya of Louisiana State University 

and S. L. Lawrence of Ames Research 
Center. Further information may be found 
in AIM paper A91-19137, ' :.\ Solution-Adar:r 
tive Grid Procedure for the Three-Dimen­
sional ParaixJlized Navier-stoi<es Equations." 

Copies may be purchased [prepayment 
required] from AIM Technical Information 
Service Ubrary, 555 West 57th Street, New 
York, New York 10019, Telephone No. (212) 
247-6500. 
ARC-13073 

~~ High·Precision Coupling Mechanism Operable by Robots 
Features include kinematic mounts and protection against overtightening. 

Goddard Space Flight Center, Greenbelt, Maryland 

A coupling mechanism has features that 
make it both easily operable by hand and 
suitable for operation by robots: it tolerates 
some initial misalignment, imposes precise 
final alignment, and protects itself against 
overtightening. The coupling mechanism 
would typically be used to mount an equip­
ment module (e.g., a scientific instrument 
or a package of electronic circuitry) on a 
structure. 

The coupling mechanism consists of two 
assemblies: the baseplate assembly (which 
would typically be attached to the struc­
ture) and the replaceable-plate assembly 
(which would typically be attached to the 
equipment module). Figure 1 illustrates the 
components of the two assemblies and 
the spatial relationships between them. Al­
though this figure is mostly self-explana­
tory, it is important to point out that the 
three pairs of mating components connect-
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ed by dashed lines - the left conical post 
and slotted bar, the two flat-topped posts, 
and the right conical post and cup - con­
stitute a set of standard kinematic mounts, 
which enforce alignment. 

At the beginning of a coupling sequence, 
the two assemblies are brought close 
to each other, and the mating kinematic 
mounts are aligned approximately. The hold­
down bolt on the baseplate assembly is 
made to engage the floating nut on the 
replaceable-plate assembly. As the bolt is 
tightened, the right conical post settles into 
the mating conical hole in the cup, the left 
conical post settles into the mating V-cross­
section slot, and the two flat-topped posts 
make contact. 

As shown schematically in Figure 2, the 
holddown bolt and the floating nut do not 
apply clamping force in the middle of the 
assembly: application of clamping force 

in the middle could bend the nominally 
rigid plates to which the structure and the 
equipment module are attached. Instead, 
the holddown bolt and floating nut apply 
the clamping force via flexible (that is, 
springy) plates to standoff posts directly 
in line with the kinematic mounts. Once 
the kinematic mounts make contact, the 
bolt and nut are tightened further, deflect­
ing the flexible plates and building up a 
spring preload that keeps the two assem­
blies clamped together. The stop collar 
on the holddown bolt provides a very re­
peatable amount of preload to the flexible 
plates. Any attempt to tighten the bolt and 
nut beyond the limit merely presses the 
stop collar and nut against oppoSite sides 
of the lower flexible plate, and does not 
increase the clamping force. The repeat­
ability of the interface was tested and 
found to be better than forty-millionths 
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Figure 1. The Coupling Mechanism includes kinematic mounts, which tolerate small initial misalignment and enforce precise final 
alignment as the two assemblies are brought together_ 
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Figure 2. The Clamping Force is applied to the kinematic mounts via two flexible plates. The bolt and nut are tightened on the flexible 
plates to impose a spring clamping load. 

of an inch. 
This work was done by George Voellmer 

of Goddard Space Right Center. For fur­
ther information, Circle 82 on the TSP Re-

quest Card. 
This invention is owned by NASA, and 

a patent application has been filed_ In­
quiries concerning nonexclusive or ex-

elusive license for its commercial develorr 
ment should be addressed to the Patent 
Counsel, Goddard Space Flight Center 
[seepage30j. Refer to GSC-13360. 

Robust Assignment of Eigensystems for Flexible Structures 
The open-loop eigenvector matrix and its closest unitary matrix are selected. 

Langley Research Center, Hampton, Virginia 
The assignment of an eigensystem for 

a multiple-input, multiplEHlutput system by 
use of linear, constant-state, or output feed­
back plays an important role in shaping 
the transient response of the system. Re-
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cent research has been directed toward 
the development of reliable algorithms for 
the design of controllers that are robust 
and that satisfy constraints on the place­
ment of eigenvalues. In this case, " robust-

ness" denotes the insensitivity of the 
closed-loop eigenvalues to uncertainties 
and perturbations in the system. 

Accordingly, one of the results of recent 
development efforts is an improved meth-
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od for the placement of eigenvalues and 
eigenvectors of a closed-loop control sys­
tem by use of either state or output feed­
back. The method is applied to a reduced­
order finite-element mathematical model 
of NASA's MAST truss beam structure. The 
model represents the deployer/retractor 
assembly, the inertial properties of the 
Space Shuttle, and rigid platforms for the 
allocation of sensors and actuators. 

Three secondary actuator stations are 
distributed along the beam, and one pri­
mary station is located at the tip. Each of 
the secondary actuator stations contains 
two actuators acting in the same plane. 
The primary station contains four actuators 
to impart torques as well as in-plane forces. 
Also included are displacement and veloci­
ty sensors collocated with the actuators, 
for a total of 20 measurements. The re­
duced-order mathematical model consists 

of 92 first-order equations, and it includes 
the dynamics of actuators and sensors 
and 6 rigid-body degrees of freedom in ad­
dition to elastic deformations. 

The method basically involves three 
steps. First, the singular-value decomposi­
tion is used to generate an orthonormal 
basis that spans the admissible eigenvec­
tor space that corresponds to each as­
signed eigenvalue. Second, a unitary ma­
trix is sought to minimize the error between 
the unitary matrix and the assignable 
eigenvector matrix. Third, given the unitary 
matrix, the set of eigenvectors that best 
approximates the given matrix in the least­
squares sense and still satisfies the eigen­
value constraints is determined. 

Two matrices - the open-loop eigen­
vector matrix and its closest unitary ma­
trix - are proposed for use as the desired 
set of eigenvectors. The latter matrix gen-

erally favors both minimal conditioning and 
control gain. In addition, the algorithm is 
formulated in real arithmetic for efficient 
implementation. 

The choice of the open-loop eigenvec­
tor matrix and its closest unitary matrix is 
believed to be suitable for generating a 
well-conditioned eigensystem with small 
control gains. The implication of this ap­
proach is that the element of iterative 
search, used in previous methods, for the 
"optimal" unitary matrix appears unnec­
essary in practice for many test problems. 

This INOrk was done by Jer-Nan Juang 
and Kyong B. Um of Langley Research 
Center and John L. Junkins of Texas A&M 
University. For further information, Circle 
31 on the TSP Request Card. 
LAR-14305 

~~ Improvement of the Helmholtz Absorber 
Sound is absorbed at harmonic frequencies without loss of performance at primary frequency. 

Langley Research Center, Hampton, Virginia 
A Helmholtz resonator absorbs sound 

energy in only a single, narrow frequency 
band. In one NASA program, a system of 
absorbers is deSigned for a ~opeller-blade­
passage fundamental frequency of 234 Hz. 
However, improved attenuation at the sec­
ond-harmonic frequency, 468 Hz, is need­
ed. Helmholtz resonators can be scatter­
tuned to perform at both frequencies, but 
the attenuation at the fundamental is re­
duced accordingly. Therefore, the Helmholtz­
resonator system has been improved to 
enable it to absorb sound at more than one 
frequency without appreciable loss of ef­
fectiveness at the primary frequency. 

Because of the inherent stiffness of its 
wall, the sphere or hemisphere is the best 
shape for the Helmholtz absorber elements. 
In the improved system of Helmholtz ab­
sorbers, closed or open tube absorbers 
that are either one-quarter or one-half wave­
length long for the frequencies of interest 
are added to the spaces between hemi­
spheres (see figure). The center from which 

Annular 
Cavity Added 

Present Hemispherical 
Helmholtz Abaorber 

Present Hemispherical 
Helmholtz Absorber 

The Addition of Annular Cavities (in either of two alternative configurations) enables the 
absorption of sound at harmonic frequencies in addition to the primary frequency. 

the radius of a tube or formed cavity is 
drawn, and the circumference of the tube 
or cavity, is determined by analysis and 
test. From experience, the area of the 
opening to the annular cavity should be 
at least twice the cross-sectional area of 
the cavity served. 

The improved Helmholtz absorber is de­
signed for use on structures of high trans­
mission loss. It can be applied to such ma-

chines as fixed-speed engines and fans, 
which have high noise output at fixed fun­
damental frequencies, with additional out­
put at harmonic frequencies. 

This work was done ty.; Duane L MarroN 
of Lockheed Corp. for Langley Research 
Center. No further documentation is 
available. 
LAR-14222 

~~ Screw~hread Inserts as Temporary Flow Restrictors 
Friction alone (without tapped threads) holds the inserts against moderate upstream pressures. 

Lewis Research Center, Cleveland, Ohio 
Coil-spring screw-thread inserts have 

been found to be useful as temporary flow 
restrictors. The inserts (available commer­
cially under the trade name " Heli-Coil" ) 
are placed in the holes through which flow 
is to be restricted, effectively reducing the 
cross sections available for flow. 

Unlike in most other applications of screw­
thread inserts, the holes are not tapped to 
match the insert threads; however, the in­
serts are otherwise installed in the usual 
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way by screwing them in, which coils them 
up more tightly to fit in the hole, then re­
leaSing them to spring outward against the 
inside walls of the holes. Thereafter, they 
are held in place against upstream pres­
sure by friction induced by the spring forces 
against the walls. Later, they can be re­
I'TlCN8d and placed in other holes as needed. 

The use of coil-spring thread inserts as 
flow restrictors was conceived as an in­
expensive solution to the problem of ad-

justing the flow of oxygen through orifices 
in a faceplate (see figure) into a hydrogen/ 
oxygen combustion chamber. The orifices 
are thin-wall tubes that protrude through 
holes in the faceplate. The installation and 
removal of the threaded inserts proved to 
be gentle enough not to deform the orifice 
tubes. An attempt to restrict the flow by 
a more-conventional method such as driv­
ing or threading plugs into the orifices 
would have deformed the tubes and could 
have caused the faceplate to seize in place. 
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Coil-Spring Screw­
Thread Inserts were 
placed in some of the 
tubes to restrict the 
flows through them. 
The Insides of the tubes 
were not threaded; the 
Inserts were held in 
place by friction alone. 

Flow 
Restricted 

by Threaded 
Insert 

In this case , the original 
diameter of the orifices was 
0.093 in. (2.4mm) , and the 
inserts were of size # 1-64. 
These inserts were found 
to withstand an upstream 
pressure of 70 psig (480 
kPa) without blowing out. 

This work was done by 
Paul Trimarchi of Lewis 
Research Center . Forfur­
ther information, Circle 65 
on the TSP Request Card. 
LEW-15293 

Faceplate 

DETAIL OF THREADED INSERT 

Thermal Barrier for Vented a-Ring Seal 
The barrier allows gases to seat the seal without damaging it. ~J 

Marshall Space Flight Center, Alabama ...... 
A porous barrier of tungsten-wire mesh 

cools and admits initially-hot pressurized 
gases to a seal gland so that they can 
push an a-ring into its seat and thereby 
help to ensure the integrity of the seal (see 
figure). At the same time, the barrier cools 
the gases and distributes them more near­
ly uniformly so that they do not erode the 
a-ring material. The barrier was devised for 
use in a rocket motor. Potential terrestrial 
applications may include aircraft engines, 
furnaces, and ducts that carry hot gases. 

The knitted tungsten-wire mesh resists 
attack by the hot, high-pressure gases. It 
has a high specific heat and thus can ab­
sorb substantial heat from the gases and 
cool them to a safe temperature. The mesh 
is highly compressible, yet does not have 
a high specific surface area. In addition, 

The Ring of Tungsten·Wire Mesh forms a 
protective barrier between hot, pressurized 
combustion gases and D-rings. The mesh 
cools and depressurizes the gases so that 
they can safely push on and thereby help 
to seat the primary D-ring (or the second· 
ary D-ring if the primary D·ring fails to form 
a seal). 

VENTED SEAL WITHOUT 
THERM AL BARRIER 

VENTED SEAL WITH THERMAL BARRIER 

TURBOMACHINERY 
DEVELOPMENT 

MADE EASY 

With advanced turbomachinery 
software systems from NREC 

you can balance performance, 
reliability, and cost. 

Or, we can do it for you. 

Product Design & Development 
Services include product specification, 
feasibility studies, fluid and mechanical 
des ign, controls engineering , finite 
element analysis, rerating, performance 
upgrades, and failure analysis. 

Specialized CAE/CAM Software 
Advanced technology software improves 
design , performance prediction , 
vibration analysis, and N/C machining of 
compressors, pumps, and turbines. 

Precision Manufacturing 
NREC provides the highest quality 5-axis 
machining of complex impellers, rotors, 
blades, and blisks, up to 60 inches, plus 
balancing, spin testing, and assembly. 

For More Information 
Please request free literature or 
contact Frank Hines to discuss your 
application. Phone 617 937-4655 or 
Fax 617935-9052. 

NREC 
Northern Research and 
Engineering Corporation 
39 Olympia Avenue, Woburn MA 01801 
A part of worldwide Ingersoll-Rand 
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unlike porous barriers made of other ma­
terials, this one does not shed fibrous de­
bris (which could interfere with seating the 
ring) during assembly. 

A 15-percent-density mesh of O.OO45-in. 
(0.11-mm}-diameter tungsten wire was test­
ed in a small rocket motor with a mach-
0.15 flow of gases at a temperature of 
6,000 of (3,300 0c) and gauge pressure 
of 800 to 1,000 Ib/in.2 (5.5 to 6.9 MPa). 
The mesh allowed the first burst of pres-

sure to seat the O-ring, while cooling the 
gases and reducing the rate of flow toward 
the O-ring. Thereafter, the mesh hindered 
further flow of gases to the O-ring. 

This oork was done tJy H. Schick, Philip 
S. Shadlesky, Mark C. Perry, Donald M. 
Ketner, and Mark Salita of Thiokol Corp. 
for Marshall Space Flight Center. No 
further documentation is available. 
MFS-28628 

Pin-Height Gauge ~~ 
The gauge aligns itself and retains its indication for later reading. 

John F. Kennedy Space Center, Florida 
A measuring tool indicates the height 

of protrusion of a pin from a flat surface. 
The tool surrounds the pin and holds itself 
square with the flat surface, thus ensur­
ing proper alignment and accuracy of 
measurement. 

The tool can be used in hard-te-see and 
hard-te-reach places. It holds the indica­
tion of height until it can be read. 

The tool includes a clear polycarbonate 
cylinder in which a pistonlike polytetraflu­
oroethylene plug slides (see figure). The 
cylinder is placed over a pin, and the plug 

Drill Hole for Tether Using 
Approximately #40 Drill Bit 

Note: Barrel To Be 
Tethered With Metal 
Tie Wrap Scale 

is pushed down until it makes contact with 
the head of the pin. A metal scale bonded 
to the piston indicates the height of the pin, 
which is read as the scale value at the top 
of the cylinder. A slight interference fit be­
tween piston and cylinder ensures that the 
scale stays in place until deliberately fl1CNed. 

This work was done by Daniel R. 
Sumrall and Vincent P. Nichols of Lock­
heed Space Operations Co. for Kennedy 
Space Center. No further documentation 
is available. 
KSC-11S24 

Measuring 
Plane 

R-t---A~-n======*~ 

T 

FRONT VIEW SIDE VIEW 

The Metal Scale Slides In and out through the slot In the top plate. The scale value at 
the slot gives the height of the pin under the piston. Dimensions are in Inches. 
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Books and Reports 
These reports, studies, handbooks are avail­
able from NASA as Technical Support Pack­
ages (TSP's) when a Request Card number 
IS cited; otherwise they are available from the 
Nallonal Technical Information Service. 

Study of Spacecraft 
Capsule Reentering 
the Atmosphere 

Heating, decelerations, and 
related issues are discussed. 

A report describes a computational study 
of the heating and deceleration of the crew 
capsule of a spacecraft entering the atmos· 
phere of the Earth upon return from Mars. 
Issues pertaining to heating and decelera­
tion are considered in the context of re­
lated issues pertaining to navigation, ma­
neuverability of the spacecraft, and safety. 

It is assumed that the capsule would 
make a single-pass, direct entry followed 
by a parachute landing from a hyperbolic­
orbit (escape-trajectory) speed of as much 
as 16 km/s. Emphasis is placed on a nom­
inal speed of 14 km/s, and lesser em­
phasis on speeds in the range from 12 to 
16 km/s. To prevent injury to the crew, the 
maximum allowable deceleration would be 
5 times normal gravitational acceleration, 
g, at the surface of the Earth. 

A single pass (rather than multiple pass­
es) through the atmosphere is chosen be­
cause previous studies have shown that 
less precision is required to guide the 
spacecraft through the single-pass maneu­
vers and the total heat input is less than 
in multiple passes. Various capsule con­
figurations (as opposed to a winged con­
figuration like that of the Space Shuttle) 
were studied because they have smaller 
windward surfaces and, consequently, less 
mass would have to be devoted to heat 
shielding. 

The flow fields about the capsule are 
computed by use of a Navier-Stokes com· 
puter code. Laminar and turbulent convec­
tive heating, chemical effects, and thermal 
radiation are taken into account. Trajector­
ies are computed for flight conditions near 
and at the undershoot and OIIershoot bound­
aries. Capsule shapes that yield various of 
lift-to·drag ratios (LID) are considered. 

For entry at 14 km/s, it is found that LID 
of 0.5 is required to provide an allowable 
range of about 0.9 0 in the angle of entry 
at a nominal altitude of 122 km for the 
specified deceleration limit of 5 g. The LID 
of 0.3 of the Apollo spacecraft is found to 
be inadequate. The peak rates of heating 
at the stagnation point are found to range 
from about 0.87 kW/cm2 for the overshoot 
trajectory to 1.33 kW/cm2 at undershoot, 
for a ballistic coefficient of 300 kg/m2. For 
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a blunted, raked cone with LID = 0.5, the 
peak heating rate near the aft end of the 
forebody is found to vary from 0.14 to 0.2(3 
kW/cm2 in laminar flow, but if ablation 
triggers boundary-layer transition, the peak 
heating can rise to 0.5 or up to 0.72 
kW/cm2. 

All rates of heating are sufficiently high 
to make ablative heat shields necessary. 
The total heat load at the stagnation point 
is about 100 kJ/cm2. The total heat load 
near the aft end of the forebody is about 
20 kJ/cm2 for a laminar boundary layer, 
and approaches 90 kJ/cm2 if fully turbu-

lent flow is assumed to occur during the 
entire entry. 

This work was done by Michael Tauber 
and Grant Palmer of Ames Research 
Center and Uly Yang of Sterling Software. 
Further information may be found in AIAA 
paper 9OA-38402, "Earth Atmospheric En­
try Studies for Manned Mars Mission." 

Copies may be purchased [prepayment 
required] from AIAA Technical Information 
Service Ubrary, 555 West 57th Street, New 
York, New York 10019, Telephone No. (212) 
247-6500. 
A RC-12826 

EA 
Made 
Easy. 

COSMOS/M FEA Is easy to use, easy to buy and 
easy to expand. 

COSMOS/M FEA Is 
powerful and solves 
complex problems -
fast - on the PC or 
workstation. Still haven't 
looked Into It? Here are 
a few reasons why you 
should. 

3D Automatic Meshing 
Obtaining an optimum 
mesh manually Is slow, 

Element plot of two sided impel/er 

No problem. 
COSMOS/M solid 
elements have both 
translational and 
rotational degrees of 
freedom - similar to 
beams and shells - so 
you can mix these 
elements In your models 
without any difficulty. 

hard work. Let COSMOS/M do It for 
youl With a single command, the 
system places the nodes, creates the 
elements and generates the mesh. 
Also, Its adaptive H- and P-Method 
generated mesh iteratively adapts 
Itself to a problem and solves it within 
specified error limits. Need to take a 
closer look? You can refine the mesh 
for a particular section without 
remeshing the entire model, so you 
save time and Increase accuracy. 

Comprehensive Element Ubrary 
Access an extensive library for 
creating true-to-life models. Can't 
connect beam, shell and solid 
elements with your current system? 

Automatic Error Convergence 
How do you know the solution Is 
correct? With COSMOS/M there is no 
doubt ... It calculates the error and 
refines the mesh locally until 
convergence to the specified error 
has been obtained. You can trust 
your results with COSMOS/M, 
Call Structural Research today to get 
your FREE 50-node version to try on 
your own problems. Prove to yourself 
what thousands already know. 
COSMOS/M FEA Is easy. 

2951 28th Street, Ste ](Xx) 
santa Monica . CA 90405 

tel 310-452-2158 
fax 310-399-6421 

telex 705578 

FEA 
from only 
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Machinery 

Lateral Deflections of Ball Bearings Reveal Wear 
Wear can be quantified in terms of equivalent spring stiffness. 

Marshall Space Flight Center, Alabama 
The wear in ball bearings that support 

a shaft in a housing can be quantified via 
measurement of the lateral (radial) deflec· 
tion of the shaft with respect to the hous· 
ing as a function of the lateral force ap­
plied between the shaft and the housing. 
This method was devised to estimate wear 
in the bearings of the high·pressure-liquid­
oxygen turbopump of the main engine of 
the Space Shuttle, without having to dis­
assemble the pump or dismount it from 
the engine. The method is probably ap­
plicable to other rotating machinery and 
may help inspectors to determine quickly, 
noninvasively, and in the field whether 
bearings should be replaced. 

The method is related to the familiar in-
formal and qualitative " jiggle test" of bicy­
cle and automotive ball bearings. In this 
more formal and quantitative method, one 
plots the lateral (radial) force versus deflec­
tion to obtain a plot that shows internal 
radial clearance, radial stiffnesses, and 
points of change of radial stiffnesses (see 
figure). The plot serves as the basis of a 
calibration profile that can be correlated 
directly or indirectly with ball-bearing wear. 

A baseline plot is obtained by perform­
ing the measurements on the machine 
equipped with new bearings. This plot de­
fines one of the principal points of increase 
of radial stiffness; namely, the point at 
which the internal clearance is used up. 
The radial-deflection coordinate of this 
point increases with wear. By comparing 

At this point, 
Internal clearance 

Is used up (balls " bottom"). 

Radial displacement : 
I+--in this region consists-l 
I of internal clearance I 
I plus deflection. 

I 
I 
I 
I 
I In the original 
I turbopump 
I application, 
, at th is pOint the 

Impeller hits the 
I forward silver seal. 

I 

I 
I 
I 
I 
I I I Limit of Radial 

Deadband -.., 
o I 

I I Deflection (0.012 in. 
Decrease In I to 0.014 In. in the 
Slope, Caused I Original Turbopump 
by Wear I Application) 

O~ ________ ~ ____________________ ~~ __ -L __ ~ ____ __ 

I Increase In Internal 
I---Clearance, Caused by 

Wear 
Radial Deflection 

The Force Necessary to Produce a Given lateral Deflection is measured over a range 
large enough to characterize radial clearances and stiffness. 

this coordinate to that of a new bearing, 
one can obtain a direct measure of wear. 

One can also quantify wear in terms of 
the change in the radial stiffness, as in­
dicated by the change in the slope of part 
of the force-versus-displacement plot. Data 
from a mathematical model of the static 
radial stiffnesses of bearings indicate that 

bearings behave as softer radial springs 
as they wear. 

This work was done by Gaston A. 
Gurada and David L Wineland of Rockwell 
International Corp. for Marshall Space 
Flight Center. No further documentation 
is available. 
MFS-29813 

Pneumatic Pellet~ransporting System 
The flow of air through a venturi assembly would entrain pellets. 

Ames Research Center, Moffett Field, California 
A proposed pneumatic system would 

transport food pellets to confined animals. 
The flow of air into a venturi assembly 
would entrain round pellets, drawing them 
from a reservoir into the venturi for 
transport by airflow. 

The system (see figure) would include 
a bulk pellet reservoir with a gate at its out­
let, a venturi assembly with a pellet-retain­
er!bleed-air tube, transport tubes, an in-line 
pellet sensor, and a pellet dispenser to hold 
the transported pellets. 

An experimental partial prototype in­
cluded only the venturi assembly, a sim­
ple pellet reservoir, and transport tubes. 
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The Pneumatic 
Pellet-Transport­
ing System would 
include a venturi as­
sembly, which cre­
ates a flow of air that 
would draw pellets 
into the system. 

Pellet 
Sensor 

LEGEND 

Tube _ 

Animal Habitat 
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An air compressor supplied the air to op­
erate the venturi. The venturi assembly 
was machined from acrylic rod 1.5 in. (38.1 
mm) in diameter. The expansion chamber 
at the downstream end of the venturi throat 
flared at a r angle; its outlet end was 
about 2.5 times the diameter of the ven­
turi throat. 

The inlets and outlet of the venturi were 
brass tubes "'l16 in. (11 .1 mm) in inside dia­
meter. Pellet-transport tubes of V2-in. (12.7-
mm) inside diameter were used. Eight 
rows of Y16-in . (1 .6-mm) diameter were 
drilled along the length of the 0.5-in. (12.7-
mm) inside-diameter pellet-retainer/bleed­
air tube. The pellet reservoir was made 
from a whiffle ball. 

In tests, the prototype system trans­
ported %-in. (9.5-mm) diameter acrylic 
plastic spheres through flexible plastic 
tubing; however. some pellet jams occurred. 
During the tests, pellet separators were 
placed in the reservoir in an attempt to 
eliminate pellet jams at the reservoir outlet. 
Although some jams continued to occur, 
this does not appear to be an insurmount­
able problem. 

The number of pellets that can be suc­
cessfully transported at one time depends 
on the deSign of the venturi, the configura­
tion of the system (particularly with respect 
to heights in a 1-g environment), the mass­
es and sizes of pellets, and the rates of 
flow of air. In the prototype system, the 

pressure differential was insufficient to 
transport more than about 20 pellets at 
once along the 6 ft (1.8 m) of downstream 
tubing, especially inasmuch as there was 
a 3- to 4-in. (7.5- to 10-cm) uphill section 
near the end of the 6-ft tUbe. The speed 
of the pellets in the tube was about 6 ft/s 
(1.8 m/s). 

This INOrk was done by George Wood 
of Lockheed Engineering and Sciences 
Co. and Robert A Pugsley of General Elec­
tric Government Services for Ames Re· 
search Center. For further information, 
Circle 103 on the TSP Request Card. 
ARC-12816 

Positioning Mechanism for Hoisting 
Objects are guided to the proper position for removal by lifting. quiries concerning nonexclusive or ex­

clusive license for its commercial develop­
ment should be addressed to the Patent 
Counsel, Goddard Space Flight Center 
[see page 30]. Refer to GSC-13242. 

Goddard Space Flight Center, Greenbelt, Maryland 

A mechanism positions large, heavyob­
jects in a container for lifting out of the con­
tainer by a hoist, crane, or winch. The 
mechanism handles the objects gently 
and ensures that they are lifted cleanly 
away in a vertical direction without bump­
ing the container. It was developed for lift­
ing offset pieces of solid-propellant core 
out of a rocket motor through its propellant 
port. Similar specialized mechanisms 
could be developed to lift other specially 
shaped, specially contained heavy objects. 

The base of the mechanism is placed 
over the propellant port (see figure). The 
base includes a track for trunnions that are 
screwed onto studs on the tops of the 
pieces of core to be lifted. Each trunnion 
is attached to a rod in a hydraulic cylinder 
that extends horizontally and radially 
toward the center of the propellant port. 

To begin to position a piece of core for 
lifting, a hydraulic cylinder is activated so 
that it extends its rod and drives its trun­
nion radially inward along the track. This 
tilts the upper end of the piece of core so 
that its upper end approaches the center 
of the bin. Next, the base is lifted, freeing 
the lower end of the piece of core to swing 
inward. The swinging piece of core strikes 
a rubber-covered aluminum paddle, which 
absorbs the kinetic energy of the swing 
and brings the piece of core to rest near 
the axis of the motor. Another piece of core 
on the opposite side of the motor is ma­
nipulated similarly. Then the positioning 
mechanism and both pieces of core can 
be lifted from the motor by a remotely con­
trolled hoist. 

This INOrk was done by John D. Marlin, 
III, Barry J. Moore, and Robert I. Myers of 
Morton Thiokol, Inc., for Goddard Space 
Flight Center. No further documentation 
is available. 

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

NASA Tech Briefs, November 1992 

TOP VIEW 

SIDE VIEW 

Retainer Nut 

Base 

The Track in the Base of the Mechanism guides each trunnion and the piece to which 
it is attached to the middle as hydraulic rods extend. When the mechanism is lilted, 
the tilted pieces swing Inward and come to rest on the energy-absorbing paddle. 
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~J Smoother Conversion From Helicopter to Airplane 
Rotor blades would be retracted while still rotating to reduce instability. 

Ames Research Center, Moffett Field, California 

A proposed high·speed rotorcraft would 
convert between rotating·wing flight and 
fixed·wing flight without high vibration. It 
would function both while hovering and 
while moving at transonic or low supersonic 
speeds. 

The rotor blades would extend from a 
disk·shaped hub fairing of about half the 
diameter of the rotor·tip circle. The chords 
of the rotor blades would be larger than 
those of conventional helicopter blades -
more nearly like those of fixed wings. The 
blades could be standard asymmetrical 
airfoils or airfoils symmetrical about the 
half-chord position. The aircraft would be 
powered by fan-jet engines, and the rotor 
would be driven by fan·jet exhaust ducted 
to, and venting from, the tips of the blades 
or the edge of the fairing . 

To prepare for the change from helicop­
ter mode to an airplane mode in forward 
flight , the fan-jet engines would first be 
used to accelerate the aircraft to a critical 
speed. At the same time, the angle of at­
tack would be increased so that the rotat­
ing fairing and non rotating components , 
such as the fuselage, horizontal tail , and 
canard surfaces, would furnish sufficient 

lift . The blades would then be retracted into 
the rotating fairing. The rotation would then 
be halted, and the two blades would be ex· 
tended to serve as wings. (In the case of 
a three- or four-blade rotor, the two rearmost 
blades would be extended to serve as 
swept wings.) The aircraft would then pro­
ceed in fixed-wing configuration. By retract­
ing the blades into the hub fairing during 
rotation, the unfavorable offset between the 
aerodynamic center and the blade center 
of gravity is eliminated, and the blade oscil­
latory airloads are eliminated, thereby sup­
pressing the instability and vibration that 
otherwise occurs when a rotor is stopped 
in an airstream. 

In hovering or slow helicopter flight. the 
pitch of the rotor blades would be varied 
by electromechanical rotary actuators to 
control the pitch and roll of the aircraft. A 
reaction jet at the tail of the aircraft would 
be used to control yaw. In forward flight 
in the fixed-wing mode, pitch could be con­
trolled by use of canards and/or horizon­
tal tail surfaces plus the pitch control on 
the " wings " jutting from the hub fairing ; 
roll could be controlled by differential de­
flection of the canards, differential deflec-

Plug it in ... --r~ . - --
• I t'_ = -: 

••• I ... • . ,. - ~ -

. -. -

and transform your PC 
for a real-time test fli9.ht 

of your latest diQltal 
controller deSign. 

In no time at all, not weeks 
or months, you can have your hardware 

in-the-Ioop-test up and running, giving you vita l 
information about your controller reacting to realistic flight conditions. 

Or, prototype your latest fly -by -wire control strategy on the same PC platform. 
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tion of the horizontal tail surfaces, and/or 
differential pitch of the " wings"; and yaw 
would be controlled by deflection of the 
rudder on the vertical tail fin . 

To convert from fixed·wing mode to ro­
tating-wing mode, the process would be 
reversed. First, the aircraft would slow 
down to conversion speed, the blades 
would be retracted into the faring and the 
fairing would be brought up to full rotational 
speed. The blades would then be extend­
ed, and the aircraft would slow further and 
maf\euver to a landing site, come to a 
hover, and land. 

This v.ork was done by Robert H. Stroub 
of Ames Research Center: For further in­
formation, Circle 48 on the TSP Request 
Card. ARC-11881 

Hub fairing and blades rotate at the 
same speed. 

Blade~ 

Aircraft hovers, takes off, and accelerates to 
conversion speed. 

At conversion speed, blades are drawn into 
the rotating hub fairing . 

v -
After blades are retracted into the 

hub fairing, rotation Is stopped. 

Selected blades are extended to serve as 
swept wings. 

The Aircraft Would Take Off and hover like 
an ordinary helicopter. After accelerating 
to a sufficient forward speed for conver­
sion, the rotor blades would be retracted 
into the large, rotating hub fairing . Rota· 
tion would then be stopped. Two blades 
would be extended to serve as wings, and 
the aircraft would accelerate to its cruis­
ing speed. 
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IE! Fabrication Technology 

Fixture for Drilling and Tapping a Curved Workpiece 
A made-to-order template positions and orients drills and taps. 

Ames Research Center, Moffett Field, California r.tA~=====================E ======::--1A 
A simple fixture guides the drilling and t 

/ poxy Filler 

@ 
-;' ~ 

tapping of holes in prescribed locations 
and orientations on a workpiece that has 
a curved surface. The tool was conceived 
for use in reworking complexly curved 
helicopter blades made of composite 
materials. 

The fixture (see figure) is a block of rigid 
foam with an epoxy filler, custom-fitted to 
the surface contour, containing bushings 
and sleeves at the drilling and tapping 
sites. The bushings can be changed, so 
that taps and drills of various sizes can be 
accommodated. 

The fixture is made by the following steps: 
• Cut a block of rigid urethane foam to 

match the surface contour at the site Cut 
out the middle of the block so that only 
an outer wall of foam remains. The outer 
wall will serve as a mold to fabricate the 
fixture. 

• Cover the surface of the workpiece with 
a release material. Position the fixed 
metal sleeves so that t~ey are centered 
on the sites of the holes to be drilled 
ard/or tapped. (Those ends of the sleeves 
that make contact with the workpiece 
have previously been cut at the angles 
that will give the required slants to the 
drills and taps relative to the surface. Cir­
cumferential grooves have also been cut 

@@ - ® 
:/ 

@@ @ ® 
Part To Be Reworked 

'" Rigid Foam 
Wall 

Hold-down Outer Fixed 
Sleeve The Fixture f o r 

Drilling and Tap­
ping conforms to the 
curved surface of the 
workpiece . Sleeves 
and bushings-per­
pendicular to the 
surface or slanted­
orient the drill bits or 
taps. 

in the sleeves so that they can be gripped 
more strongly by the epoxy matrix.) Cover 
the bottom of the wall with a thin layer 
of epoxy and place the wall around the 
sleeves on the workpiece. 

• Fill the space around the sleeves with 
epoxy filler and let it harden, taking care 
that drops of epoxy do not fall inside the 
sleeves. 

• Choose bushings with inside diameters 

to accommodate the drills and/or taps to 
be used and place them in the sleeves. 
The fixture is now ready for use. In use, 

the fixture is secured to the surface by 
hold-down bolts extending through the 
sleeves and into threads in the substrate. 

This work was done by P. S. Espinosa 
and R. T. Lockyer of Ames Research 
Center. For further information, Circle 62 
on the TSP Request Card. ARC-13164 

Flush Mounting of Thin-Film Sensors 
The novel mounting technique requires a vacuum pad and customized materials. 

Langley Research Center, Hampton, Virginia Fiberglass Recess '?f Sensor 

A technique has been developed for 
mounting thin-film sensors flush with sur­
faces like aerodynamic surfaces of air­
craft, which often have compound cur­
vatures. In the application shown in the 
figure, a fiberglass glove that includes a 
recess for a sensor is attached to a wing 
for use in studying natural laminar flow. 
The sensor is to be mounted flush with the 
surface of this glove. 

The technique involves the use of ma­
terials that have been tailored to the ther­
mal (including thermal-expansion) proper­
ties of the substrate in which the sensor 
is to be mounted. One of the materials is 
an adhesive that is made by mixing 70 
volume percent of an amorphous fumed 
silica with 30 volume percent of a two­
component epoxy to obtain the desired 

NASA Tech Briefs, November 1992 

"~ 
Terminal Pin Vacuum Pad 

Stainless-Steel Shim 

A Sensor Is Mounted 
in a Recess by use 
of a vacuum pad and 
materials selected 
for the specific ap­
plication. 

Adhesive Ribbon Lead of Sensor Foam 

viscosity and to match the thermal expan­
sion of the cured mixture with that of the 
substrate. The relatively large volume of 
a cavity in the lowest part of the recess 
is filled with urethane foam, which does 
not produce large thermally induced stress­
es on the ribbon leads of the sensor. 

Fi rst, the upper part of the recess is 
filled with the adhesive. Then the sensor, 
attached to the underside of a strip of 
Kapton® tape that covers the recessed 
area and acts as a carrier for the sensor, 
is positioned in the recess. A stainless­
steel shim is placed over the tape. A vac-
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uum pad is placed over the shim to pro­
vide a uniform surface pressure while 
evacuating the volume above the sensor. 

After the adhesive has been cured, the 
ribbon leads of the sensor are soldered 
to terminal pins, and the cavity at the bot­
tom of the recess is filled with urethane 
foam. The foam is shaped to be totally con­
fined to the cavity and to protrude up to 
near the surface. More adhesive is then 
used to fill the volume over the foam. The 

excess adhesive is faired to conform to the 
surrounding surface by use of a fine-grit 
abrasive paper under a microscope. 

This technique, together with custom­
ized materials, should enable the flush 
mounting of thin-film sensors in most situa­
tions in which recesses for the sensors 
can be provided. The technique should be 
useful in both the aircraft and the auto­
motive industries. 

This work was done by Thomas C. 

Moore, Sr. , of Langley Research Center. 
No further documentation is available. 

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, Langley Research Center [see 
page30] Refer to LAR-14446. 

~J Container Prevents Oxidation of Metal Powder 
Metal is kept uncontaminated until used in vacuum plasma spraying. 

Marshall Space Flight Center, Alabama 

Introducing 
new ScreenStar™ from BitWise, 
the world's fi rst portable with dual-page 
display. It's a 486 50MHz PC 
workstation constructed within a 
suitcase for unrivaled performance in 
a portable package. 

1fF.!~!1 ScreenStar's 
massive 21.3" gas 
plasma screen 
folds flat within the 
suitcase, and easily 
displays two 8-1/2" x 
11 " documents at 
full size, to powerfully 

present data in meetings, in the field, or 
on the road. 

5-1 /4" bay for optical/CD drive 
1280 x 1024 resolution 

Imagine 
the possibilities. 
Impressively present 
to large groups. 
Effortlessly run the 
most demanding 
software. Effectively travel with a 
powerful document imaging system. 

Portable computing 
without compromise. 
Discover the quality 
and innovation of 
ScreenStar. 
Otherwise, it's not a 
BitWise. 

800-367 -5906 
BitWise Designs, Inc. 

3 full-length slots 
Up to 32 MB RAM 
Up to 1 GB hard drive 

Technology Center 
Rotterdam Industrial Park 
Schenectady, N.Y. 12306 BI-r-wtsE Fax : 518-356-9749 

DESIGNS , INC . 

COMPUTERS WITHOUT COMPROMISE 
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A sealed high-vacuum container holds 
metal powder that is required to be kept 
free of contamination by oxygen from the 
point of manufactt,Jre to the point of use 
at a vacuum-plasma-spraying machine. 
The container protects the powder from 
the air during filling, storage, and loading 
of the spraying machine. It eliminates un­
necessary handling and transfer of powder 
from one container to another. 

Previously, metal powders were shipped 
in small glass bottles or cans. A technician 
transferred the powder from such a con­
tainer to a canister on the powder feeder 

The Stainless-Steel Container Sits on the 
powder feeder of a vacuum-plasma-spray­
ing machine. 
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of the vacuum-plasma-spraying machine. 
This procedure required time-consuming 
handling of the material and presented 0p­
portunities for accidental contamination of 
the powder with oxygen. 

The new container (see figure) consists 
mostly of a stainless-steel cylinder that 
holds 50 pounds (22.7 kilograms) of pow­
der. It is vacuum-rated to 10-4 torr (about 

10-2 Pa). It is equipped with a valve for 
loading and unloading, a port for monitor­
ing the residual gas content, and a purge 
valve. Lugs for lifting the container are pro­
vided, and a flat base allows for easy 
storage. 

This work was done by William H. 
Woodford, Christopher A. Power, Timothy 
N. McKechnie, and David H. Burns of 

Rockwell International Corp. for Marshall 
Space Flight Center. For further informa­
tion, Circle 68 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 30]. Refer 
to MFS-29861. 

Tools Make Clean Holes in Honeycomb Panels 
Holes for mounting hardware 
can be made quickly. 

Goddard Space Flight Center, 
Greenbelt, Maryland 

Three tools are designed to be used 
together to prepare honeycomb panels for 
insertion of hardware to support structural 
members or electronic packages. The 
tools speed up and simplify the time-con­
suming operation of manually pushing 
honeycomb material aside to make room 
for a spool-shaped mounting insert. 

The tools are a core cutter, a spotface 
cutter, and a displacement tool (see figure). 
The preliminary operation involves making 
a clearance hole on true position through 
the front skin of a honeycomb panel. The 
panel is turned over and a hole is cut 
through the back skin to the diameter of 
the spool. The technician then uses the 
sharp-edged core cutter to remove a cylin­
drical slug from the honeycomb cell. The 
technician then rotates the spotface cut­
ter in the hole made by the core cutter to 
remove any remaining adhesive. Finally, 
the technician inserts the eccentric hub 
of the displacement tool in the hole and 
rotates the crank of this tool to enlarge and 
finish the hole. The panel is then ready for 
insertion of a mounting spindle. 

This work was done by Dott Wells of 
Goddard Space Flight Center. For fur­
ther information, Circle 27 on the TSP Re­
quest Card. 
GSC-13416 

These Tools Make Clean Holes in honey­
comb panels to receive spool-shaped 
mounting inserts. 

Thermally Activated Retainers for Insertion in Gaps 
Inserted while flat, retaining strips later develop tabs that hold them in place. 

Lyndon B. Johnson Space Center, Houston, Texas 
Proposed mechanical retainers of a new 

type for use with gap filler promise to be 
easy to install and to attach themselves 
securely. The retainer concept is based on 
the shape-memory properties of the metal 
alloy Nitinol, an alloy of nickel and titanium. 

The retainers were conceived for use 

NASA Tech Briefs, November 1992 

with the Space Shuttle insulating tiles but 
could also presumably be used in other 
assemblies of blocks or tiles that are con­
figured similarly. The retainers would be 
used in place of the present gap-filling 
system, in which solid gap fillers are se­
cured in the gaps by use of room-temper-

ature-vulcanizing silicone rubber. Installa­
tion by use of the silicone rubber is difficult 
and time consuming, and the resulting 
bond is unreliable. 

A retainer of the proposed type would pro­
vide a positive, adhesive-free attachment 
that would utilize the normally inaccessible 
undersides of the adjacent tiles. One ver­
sion of the retainer would be made from 
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Gap Fllle< 

Retainer Made of 
Nltlnol (or EqulYalent) 
Shape-Memory Alloy 

a strip of Nitinol approximately 0.02 in. (0.5 
mm) thick, into which a series of tabs has 
been stamped (see figure). The gap filler -
a loop of ceramic cloth - would be at­
tached to the retainer by gluing or sew­
ing. In fabrication, the retainer would be 
subjected to a sequence of tab-bending 
and tab-straightening steps at different 
temperatures above and below the tran­
sition temperature of the Nitinol alloy, such 
that in the resulting "remerrbered" higher­
temperature shape, the tabs oould protrude 
from the plane of the strip, while in the 
"remembered" lower-temperature shape, 
the tabs would be flush with the strip. 

TABS PROTRUDING ("HOr' SHAPE) TABS FLUSH ("COLD" SHAPE) 

Tile"" Gap Fl lle< Tile"" 
Tabs Bent Outward 
would be made flush 
by cooling below the 
memory transition 
temperature. Finally, 
after insertion in the 
gap and reheating , 
the tabs would spring 
outward. 

To prepare for insertion into the gap be­
tween a pair of adjacent tiles, a retainer· 
and-gap-filler assembly would be cooled: 
this would make the tabs flush, enabling 
them to fit in the gap. After insertion, the 
retainer would be heated above the tran­
sition temperature, perhaps by allowing it 
to warm up to ambient temperature or per­
haps by heating with a resistance wire. This 
warming would make the tabs spring into 
the bent-outward configuration. This would 
secure the tabs firmly under the tiles. 

GAP FILLER AND RETAINER INSTALLED, AS VIEWED ALONG GAP 

This work was done by Margaret E. 
Grimaldi and Leslie S. Hartz of Johnson 
Space Center. For further information, 
Circle 78 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, Johnson Space Center [see page 
30J Refer to MSC-21793. 

~~ Improved Fluidized-Bed Reactor With Horizontal Staging 
This design promotes conservation of energy and optimization of flows and residence times. 

Lyndon B. Johnson Space Center, Houston, Texas 
The design of a fluidized-bed reactor 

that contains multiple, horizontally arrayed 
stages (see Figure 1) offers several advan­
tages over present multistage fluidized bed 
reactors with horizontal, vertical, or slanted 
stacking: 
• The number of stages can be greater 

than in a vertically stacked reactor where 
headroom limits height, and the ancillary 
structure required to support the stack 
can be smaller than in vertical stacking. 

• The entire top of the reactor can be re­
moved, exposing all stages of the reac­
tor for inspection and maintenance; such 

Figure 1. This Fluidized-Bed Reactor With Horizontally Stacked 
Stages offers several advantages over vertically stacked and prior 
horizontally stacked reactors. 
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maintainability is difficult to achieve in a 
vertical-stacking design. 

• Most of the wall area of the individual 
beds in the new reactor is exposed only 
to adjacent beds. Thus, heat is retained 
better than in a vertical design, in which 
the entire circumference of each bed is 

Weirs and 
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Figure 2. For High-Pressure Reactions , a fluidized-bed reactor 
containing stages stacked horizontally within a cylindrical pressure 
shell might be preferred . 
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exposed to the environment. 
• The overflows between stages contain 

nonfluidized solids, which tend to insulate 
the lower portions of the stages from 
each other. 

• The horizontal length of each stage, and 
hence the cross section presented to the 
vertical flow of gas, can be varied inde­
pendently if control of the velocity of the 
gas is required - as when it is desirable 
to suppress those changes in pressure 
or temperature betvveen stages that 'M:lU1d 
adversely affect the operation of the reac­
tor. Such control cannot be effected as 
easily in a vertically stacked design, be­
cause in vertical stacking, the diameter 
of the reactor is usually kept constant 
with height. 

• If a longer retention time is required, the 
horizontal length of the bed can be in­
creased to increase the volume of the 
bed. Ungainly bed heights, with resultant 
high pressure drops, would be required 
in a standard vertical design. 

In the new reactor, the solids proceed 
from one stage to the next by flow over 
a weir. Once the fluidized solids enter the 
nonfluidized zone near each weir, they 
form a less permeable bed that partially 
seals the adjacent stages from inter­
changes of gas. The effectiveness of the 
seal depends on the differential pressure, 
the nature of the solids, and the adjustable 
height of the weir, but slight leakage from 
one stage to the next may be quite accep­
table. If not, a small stream of stripper gas 
can be introduced. 

The upper portions of the stages are sep­
arated by baffles, thus producing distinct 
disengaging zones for separation of fines. 
The combination of the weirs and baffles 
provides for the separation of the stages 
in both the fluidized-solid and gas phases . 

The gas venting from the top of the last 
stage is fed to the plenum of the penulti­
mate stage to fluidize its bed; the vent from 
this stage is sent to the bed preceding it; 
etc. No other horizontally arranged staged 

beds provide countercurrent flow of the 
gas. There are two ways to force the pres­
sure drop to be in the direction required 
to make the gas flow countercurrent to the 
solids: (1) the pressure can be made to 
cascade downward along the entire length 
of the reactor or (2) intermediate increases 
in pressure can be provided with additional 
compressors or blowers. 

Any of the presently used methods of 
feeding and removing solids from fluidized 
beds can be applied in this reactor. "Air 
slides" or other gas-controlled devices 
might be preferred because they can be 
used to extend the staging concept. If high 
pressures are to be used, or if floor area 
of the equipment must be kept small , a 
cylindrical pressure shell may be called for. 
The plan view for this is shown in Figure 2. 

This work was done by Thomas A. 
Sullivan of Johnson Space Center. For 
further information, Circle 17 on the TSP 
Request Card. 
MSC-21844 

Dielectric-Particle Injector for Processing of Materials 
Dielectric particles or droplets are electrically charged and electrostatically projected. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

The device illustrated schematically in 
the figure generates electrically charged 
particles of solid, or droplets of liquid, fabri­
cated from dielectric material and projects 
them electrostatically, possibly injecting 
them into an electrostatic-levitation cham­
ber for containerless processing. Previous­
ly, the electrostatic-injection technique was 
limited to electrically conductive droplets, 
greatly limiting the variety of materials that 
could be processed. 

The droplets or particles of the material 
to be injected are placed initially in the 
injector on a plate of zinc or other metal 
chosen because it has a low work func­
tion. The plate is biased at a negative elec­
trostatic potential with respect to ground. 
A highly transparent, coarse, electrically 
grounded wire grid is located 1 cm above 
the plate so that there is a strong electric 
field at the surface of the plate. The plate 
is illuminated by an ultraviolet source that 
emits at wavelengths from 2,000 A to 
3,000 A. 

Because of the low work function of the 
plate, the ultraviolet illumination readily 
causes the emission of photoelectrons 
from the plate. Few photoelectrons are 
emitted from the dielectric particles or 
drops because dielectric materials usual­
ly have work functions much greater than 
that of zinc. When the photoelectrons 
emitted from the plate collide with the 
dielectric particles or droplets, the par­
ticles or droplets become negatively 
charged. The electric field acts on the 
charged particles or droplets, pulling them 
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away from the plate. Most of these par­
ticles or droplets pass through the wire 
grid. They can then be trapped by use of 
the proper electrostatic levitating and con­
fining field. 

This injector has been tested in a lab­
oratory, using glass microballoons as the 
dielectric particles. These microballoons 
were ejected from the zinc surface at an 
applied potential of 1 kY. A relatively large 
electrostatic force was needed to over­
come gravitation and adhesion of the 
microballoons to the plate. 

This work was done by Philip L. Leung 
and Stephen 8. Gabriel of Caltech for 
NASA's Jet Propulsion Laboratory. For 

further information, Circle 46 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 
Mall Stop 305-6 
California Institute of Technology 
1201 East California Boulevard 
Pasadena, CA 91125 

Refer to NP0-18299, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 
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Mathematics and 
Information Sciences 

Accelerating Learning by Neural Networks 
Teacher forcing functions are applied initially, then gradually diminished. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

0.6.---------, 

0.0 

Electronic neural networks can be made 
to learn faster by use of terminal teacher 
forcing. This is a method of supervised 
learning that involves the addition of teach· 
er forcing functions to the excitations that 
are fed as inputs to the output neurons. 
Initially, the teacher forcing functions are 
strong enough to force the outputs to the 
desired values; subsequently, these func· 
tions decay with time. Teacher forcing is 
analogous to the traditional method by 
which a parent teaches a child to ride a 
bicycle: initially, the parent holds the bicy­
cle; as learning progresses, the parent re­
leases the bicycle and stands back for 
longer periods, eventually withdrawing 
from the scene when learning is complete. 

-0.61.-___ --::'7 ___ --" 

-M M M 0~0-~200~~~~~600~~600~ 

The Simulated Neu­
ral Network With 
Terminal Teacher 
Forcing learned to 
produce a close ap­
proximation of a cir­
cu lar trajectory in 
400 iterations. 

The evolution of a neural network dur­
ing learning is represented by 

un+knun = 9n['Yn(ETnm um+ln)] t>O 
m 

where t denotes time, un denotes the out­
put of the nth neuron and ~m denotes the 
synaptic coupling from the mth to the nth 
neuron. The constant kn characterizes the 
decay of neuron activity. The response of 
the nth neuron is governed by the sigmoi­
dal function 9n and gain 'Yn; typically, 
gn('Yx) = tanh(-yx). The time-dependent 
term, In (t) , called the "source" term, en­
codes the contribution of the nth compo­
nent, an(t), of the pattern to be learned, 
via the following equation: 

I 
an(t) if the nth neuron is an input neuron; 
o if the nth neuron is a hidden neuron; or 

In(t) = }.(a
n
(I))I-p[a

n
(I)-u

n
(t)] il if the nth neuron 

is an output neuron. 

The third version of the equation specifies 

TRAJECTORIES 

the teacher forcing function. At the present 
state of development, ).. is a positive con­
stant. When {3 = (2i +1 )-1 and i is a 
strictly positive integer, the teacher forcing 
function induces a terminal-attractor phe­
nomenon into the dynamics of the network. 
This is the mathematical meaning of " ter­
minal teacher forcing ." When the learning 
is successfully completed, terminal teacher 
forcing vanishes, and the dynamics of the 
neural network become equivalent to those 
of a conventional neural network. 

The problem in learning is to adjust the 
synaptic couplings, ~m' in such a way as 
to minimize a quadratic measure of the er­
rors in the outputs. These adjustments are 
made iteratively; they involve computations 
of gradients of the error measure in ~m 
space, as well as other computations, all 
of which are beyond the scope of this article. 

The terminal-teacher-forcing concept 
was tested by computer simulations of a 
network of six fully connected neurons 
(zero input, four hidden, two output) learn-

Number of Iterations 
LEARNING CURVE 

ing to produce time-varying Cartesian 
coordinates of a circular trajectory. The 
figure illustrates the result of one simula­
tion, in which learning was nearly com­
plete after 400 iterations. In contrast, 
neural-network-training method previous­
ly published in the open literature, required 
about 12,000 iterations to teach a circular 
trajectory. 

This work was done by Nikzad Toomarian 
and Jacob Barhen of Caltech for NASA's 
Jet Propulsion Laboratory. For further 
information, Circle 92 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 30]. Refer to NPO-18553. 

Software for Monitoring a Computer Network 
SNMAT assists in determining operational status and locating faults. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
SNMAT is a prototype rule-based expert­

system computer program designed to as­
sist personnel in monitoring the status of 
a computer network and in identifying de­
fective computers, workstations, and other 
components of the network. It will also as­
sist in training network operators. 

The network for which SNMAT is being 
developed is located at the Space Flight 
Operations Center (SFOC) at NASA's Jet 
Propulsion Laboratory; it consists of 21 
software and hardware subsystems that 
process telemetry data from, and com-
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mands for, spacecraft, and will soon sup­
port up to 6 different spacecraft missions 
simultaneously. SNMAT is also expected 
to be adaptable to other computer net­
works; for example in the management of 
repair, maintenance, and security, or in the 
administration of planning systems, billing 
systems, or archives. 

The commercial network-testing com­
puter programs used heretofore at SFOC 
have proved tedious in operation, yield 
cryptic printouts, and do not provide diag­
nostic routines with context-sensitive help 

systems. SNMAT is intended to serve as 
a data-reduction system that can provide 
windows, menus, and graphs, thereby ena­
bling users to focus on relevant information. 

SNMAT is constructed by use of the Sun 
Common Lisp 2.1 language and the Auto­
mated Reasoning Tool (ART) version 3.1, 
which is an expert-system software shell 
that provides a powerful knowledge-rep­
resentation language and is extendable, yet 
maintains rule processing at high speeds. 

SNMAT (see figure) incorporates an 0b­
ject-oriented design and programming 
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technique that allows the creation of gen­
eric cla~es, objects, rules, and methods. 
This design and programming technique 
provide dynamic binding of functions to 0b­
jects, inheritable objects and methods, 
and abstraction of objects through both 
relational and object-oriented representa­
tion of data. This approach allows cate­
gories of objects (components of the net­
work) to be organized into separate entities 
so that when a new category of objects 
is created, the rest of the system need not 
be modified. 

The services to be provided by SNMAT 
include the following: 
• Rapid identification of faults, explanations 

of failures, and suggested remedies; 
• Quick access to information on the loca­

tion, serial number, hardware, software, 
and statistics of utilization of each func­
tioning or malfunctioning node of the 
network; 

• A graphical display of the network that 
can be modified and tested by simulation; 

• Monitoring of status of the network via 
reception of messages broadcast by all 
nodes; 

• Graphical display of statistics (e.g., vol­
umes of traffic) on operation of the 
network; 

• Interactive presentation of selected data 
overlaid on topological and/or geographi­
cal depictions of the network; and 

• Relatively sophisticated expert-system 
reasoning with incomplete, uncertain, and 
ambiguous data to complement the work 
of human experts. 
This work was done by Young H. Lee 

of Galtech for NASA's Jet Propulsion 
laboratory. For further information, Cir­
cle 58 on the TSP Request Gard. 
NPO-18329 
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Statistical Approach to Extraction of Texture in SAR 
The effects of sampling, resolution, system noise, and speckle are taken into account. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
An improved statistical method of ex­

traction of textural features in synthetic-ap­
erture-radar (SAR) images takes account 
of the effects of the scheme used to sam­
ple the raw SAR data, the system noise 
(which includes thermal noise, quantiza­
tion noise, and other components), the res­
olution of the radar equipment, and speck­
le. This and other methods of extraction 
of textural features are important because 
they aid in discrimination between different 
targets in SAR images. One major purpose 
in developing this method was to over­
come deficiencies in treating speckle in 
prior methods. For example, removing 
speckle from an image by simple smooth­
ing also destroys all the other information 
about the radar-backscattering properties 
of the scene. 

NASA Tech Briefs, November 1992 
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System Noise Gives Rise to Errors and there­
by makes it more difficult to extract textural 
features. However, as shown here, the errors 
are large only at small signal-to-noise ratios. 

In the improved method, the treatment 
of speckle is incorporated into an overall 
statistical treatment of the speckle, system 
noise (see figure), and natural variations 
in texture. The first-order statistics of tex­
ture are characterized by use of the stand­
ard deviation of texture. The second-order 
statistics of texture are characterized by 
the area of the texture autocorrelation co­
efficient, as expressed by an equation that 
incorporates the standard image autocor­
relation coefficient and the speckle auto­
correlation function. 

The texture autocorrelation function is 
estimated by removing the speckle auto­
correlation function from the image auto­
correlation function, by use of what is es­
sentiallyan inverse-filter computation. The 
speckle autocorrelation function can be 
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determined by use of a calibrating scarl 
of a smooth, low-return scene. In practice, 
a smooth scene can be difficult to find 
and/or the signai-t<Hloise ratio of the return 
from the scene may be too low. Alterna-

tively, one can compute the speckle auto­
correlation function from the system trans­
fer function that expresses the effect of the 
radar aperture and thereby incorporates 
the range and azimuth resolutions. 

This work was done by Eric J. Rignot 
and Ronald Kwok of Caltech for NASA's 
Jet Propulsion Laboratory. For further 
information, Circle 32 on the TSP Request 
Card. NP()'18259 

~J Expert-System Consultant to Operating Personnel 
Artificial intelligence will aid engineers and technicians 
in controlling and monitoring complicated systems. 

John F. Kennedy Space Center, Florida 
The Operations Analyst for Distributed 

Systems (OPERA) software is a develop­
mental suite of expert-system computer 
programs that will help engineers and tech­
nicians operating from a number of com­
puter workstations to control and monitor 
a spacecraft during the prelaunch and 
launch phases of operation. It is intended 
to be particularly helpful in the timely iden­
tification of operating problems and de-­
fects in equipment, and in the formulation 
of corrective actions. Modified versions of 
OPERA could be used in chemical-proc­
essing plants, factories, banks, and other 
enterprises in which there are distributed­
computer systems that include computers 
that monitor or control the other computers. 

OPERA is not designed to exert direct 
control over the monitored computers and 
other equipment: rather, it is designed to 
serve as a consultant to the operating 
engineers and technicians. In effect, it pre-­
processes incoming data, using the exper­
tise collected from a conglomerate of spe­
cialists in the design and operation of 
various parts of the system. Thus, each 
operating specialist engineer or technician 
can take advantage of the expertise of 
other specialists, drawing on such knowl­
edge as solutions to similar problems en­
countered in the past. 

OPERA is based on a modular and flex­
ible distributed architecture, in which ex­
pert-system programs are errbedded within 
individual "blackboard" ~er programs. 
Communications and coordination are man­
aged by a dedicated controller "blackboard" 
computer program called the "OPERA con­
troller." The expertise from each specialty 
("domain knowledge") is codified within a 
knowledge base. All of the information proc­
essed via the various expert-system pro­
grams and knowledge bases is consoli­
dated by the OPERA controller, which 
resolves disagreements, thereby helping 
to assure the reliability of the incoming 
data and suggesting solutions to problems. 

The figure illustrates this architecture, 
showing current and anticipated future 
modules. When fully developed, OPERA 
will include the following six expert-system 
software modules: 
• ReaFrime System Error Management 

(R1SEM), 
• Problem Impact Analysis (PIA), 

• Data-Base Interface (DBIF), 
• Configuration Requirements Analysis 

(CRA), and 
• Configuration Management (CM). 

OPERA will also eventually include the 
following knowledge bases (KB's): 
• Command, Control, and Monitor Subsys-

tem (CCMS) Structure Model KB, 
• CCMS Message Catalog KB, 
• Problem-Impact-Rule KB, 
• Data-Base-Management System (DBMS) 

Interface KB, 
• Model CCMS Sets KB, 
• Model Message Streams KB, 
• CCMS Behavior Model KB, and 
• Configuration Test Requirements KB. 

This architecture also facilitates the 
sharing of user interfaces and of domain 
knowledge bases that are useful in more 
than one expert system. The fault-isolation 
strategy used in OPERA is also applicable 
to problems of interpretation of data in other 
scientific and technological disciplines. 
The "blackboard" architecture of OPERA 
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is similarly generalizable . 
The OPERA system is not driven by 

keyboard commands, but by menus and 
mouse-activated commands. Multiple 
screens are used and operate with both 
plain English and graphical interfaces. 
When queried, OPERA then shows the user 
a possible solution to the problem. When 
fully developed, OPERA will function in real 
time; at present it does not, but instead re-­
ceives input in the form of processed data, 
recorded on tape. 

This work was done by Astrid E. Heard 
and Patrick P Pinkowski of Kennedy 
Space Center. Richard M. Adler of The 
Mitre Corp., and R. Bruce Hosken of 
Grumman Corp. For further information, 
Circle 14 on the TSP Request Card. 

Inquiries concerning rights for the com­
mercial use of this invention should be ad­
dressed to the Patent Counsel, Kennedy 
Space Center [see page 30]. Refer to 
KSC-11509. 
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• Model-Based Fault Isolation (MBFI), The Modular Architecture of OPERA facilitates expansion and adaptation to different 
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~~ Life Sciences 

More Genetic Engineering With Cloned Hemoglobin Genes 
Cells are modified to enhance growth and the production of proteins. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

A method for enhancing both the growth 
of micro-organisms in vitro and the pro­
duction of various proteins or metabolites 
in these micro-organisms provides for the 
incorporation of selected chromosomal or 
extrachromosomal deoxyribonucleic acid 
(DNA) sequences into the micro-orga­
nisms from other celis or from artificial 
sources. The incorporated DNA includes 
parts that encode the desired product(s) 
or characteristic(s) of the celis and parts 
that control the expression of the product­
or characteristic-encoding parts in re­
sponse to variations in the environment. 

The method combines and extends the 
concepts introduced in "Cloned Hemo­
globin Genes Enhance Growth of Celis" 
(NPO-17517) and "Environmental Control 
of a Genetic Process" (NPO-17576) [both 
articles in NASA Tech Briefs, Vol. 15, No. 
1 (January 1991), page 54]. In the method 
described in the first of the two prior ar­
ticles, plasmids are used as vectors to 
transfer hemoglobin-encoding DNA se­
quences from Vitreoscilla bacteria (which 
produce hemoglobin) into Escherichia coli 
bacteria (see figure). This causes the E. 
colito produce hemoglobin, which, in turn, 
causes increases in the rate of growth and 
density of the E. coli celis. 

In the method described in the second 
article, one exploits promoterlregulator DNA 
sequences, which determine the extent of 
eventual expression of such genes as the 
hemoglobin-producing DNA sequence, and 
which are sensitive to the envi ronment. To 
implement this method, one manipulates 
the chemical composition, temperature, or 
some other aspect of the environment to 

increase or decrease the growth of celis 
andlor the production of a given substance. 
In the specific application tested, one de­
creases or increases the concentration of 
oxygen in the culture medium, thereby 
causing the recombinant E. coli to produce 
more or less hemoglobin, respectively. 

The oxygen-binding proteins can be used 
to increase not only the proteins and meta­
bolites naturally made by celis but also un­
natural proteins and metabolites. For ex­
ample, in one experiment, a plasmid that 
contained the gene for chloramphenicol 
acetyltransferase was introduced into a 
natural strain of E. coli and a strain that 
contained the hemoglobin gene and its 
promoter from Vitreoscilla. The celis were 
grown in a fermentor in a buffered nutrient 
solution. When the concentration of ox­
ygen feli below a limiting value, the celis 
that contained the hemoglobin gene pro­
duced significantly more chloramphenicol 
acetyltransferase. 

The extended method is expected to 
enable increased research into the growth 
of organisms in oxygen-poor environ­
ments. The hemoglobins or other oxygen­
binding proteins can be used to enhance 
the supply of oxygen to celis or to chemical 
processes. Other proteins can be used as 
selective markers in research on recom­
binant DNA. Potential industrial applica­
tions may be found in the enhancement 
of those processing steps that require ox­
ygen in fermentation, enzymatic degrada­
tion, treatment of wastes that contain toxic 
chemicals, brewing, and some oxidative 
chemical reactions. 

This work was done by Chaitan Khosla 

Disinfecting Filters for Recirculated Air 
Microbes are killed in a simple procedure. 

Lyndon B. Johnson Space Center, Houston, Texas 
A simple treatment disinfects air filters 

by killing bacteria, algae, fungi , mycobac­
teria, viruses, spores, and any other micro­
organisms that the filters might harbor. The 
treatment can be used on filters in air-cir­
culation systems in spacecraft, airplanes, 
other vehicles, and buildings to help pre­
vent the spread of colds, sore throats, and 
more-serious illnesses. 

NASA Tech Briefs, November 1992 

The concept has been applied to reusa­
ble stainless-steel wire mesh filters. First, 
the filters are rinsed to remove particles. 
Then they are immersed in a commercial 
disinfecting solution at room temperature. 
The filters are removed from the solution 
and aliowed to drain. Then they are stored 
in plastic bags until needed for installation. 

Disposable air filters can also be treat-

This Part Includes the 
Hemoglobin Gene 
From Vitreoscilla ~ 

Aat Z 

Aat 

pUC19/pRED2 
(4.9 kb) 

Hin 

This Nucleotide Sequence of the plasmid 
pUC19!pRED2 of E. coli includes a subse­
quence from Vitreoscilla, part of which en­
codes the Vitreoscilla hemoglobin protein. 
This figure differs slightly from the figure in 
one of the noted previous articles (NPO-17517). 

and James E. Bailey of Caltech for NASA's 
Jet Propulsion laboratory. For further 
information, Circle 94 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-18156, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 

ed. They are sprayed with the disinfectant 
solution and immediately packed in plastic 
bags to retain the disinfectant vapor. 

This work was done by Carmine A. 
Pilichi of Rockwell International Corp. for 
Johnson Space Center: For further infor­
mation, Circle 77 on the TSP Request Card. 
MSC-21783 
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Software for Data Acquisition & Control. 

MOnitOring changes in pressure, 
pH, temperature, or position 
with a PC? Want to tryout 

your application quickly in different 
ways? EASYESf IX' makes it a snap. 
Just click on the appropriate icon 
and EASYESf LX will capture, ana­
lyze and display your data. No other 
PC-based data acquisition software 
lets you do so much so easily. Or 
fast. In fact, because EASYESf LX 
is such a powerful set of integrated 
tools, you can actually be plotting 
and analyzing your data within min­
utes of installing your hardware. 

FREE DEMO DISK. See for your­
self how easy EASYESf LX is for 
troubleshooting or automating tests 
and experiments with a PC. Just ask 
for our interactive demo disk and lit­
erature. Write: Keithley Asys~ 440 
Myles Standish Blvd., Taunton, MA 
02780. For a faster look, call: 
800-348-0033. 
EASYEST IJ( i •• trademart Ii Kei!hley 
""""menlS, Inc. 

KEITHLEY ASYST 
DATA ACQUISITION 

440 Myles SUndish Blvd .. Taunton, MA 02780 ~3(XX) 

More solutions ... more experience. 

Rotary Apparatus Concentrates 
and Separates Micro-Organisms 
Subtle interactions concentrate organisms into concentric rings. 
Marshall Space Flight Center, Alabama 

The apparatus illustrated schematical­
ly in the figure concentrates and separates 
swimming micro·organisms of different 
species into concentric rings in a fluid. 
Fluid containing a high concentration of 
a desired species can then be removed 
by use of a small scoop placed into the 
flUid at the radius of one of the rings formed 
by that species. The apparatus has been 
demonstrated to concentrate algae (Con­
ium pectorale, Euglena gracilis var. bacil­
larus, and Polytomella parva) and protozoa 
(Tetrahymena pyriformis). 

Unlike prior devices that separate mi­
cro-organisms, this apparatus depends on 

the active participation of the organisms. 
It exploits the Coriolis force and bioconvec­
tion , which is a form of convection that 
evolves from the upward swimming and 
the competing effects of gravitation and 
diffusion. The prevalent upward swimming 
of some organisms results in the forma­
tion of a top layer of fluid containing a rela­
tively high concentration of organisms and, 
consequently, having an elevated mass 
density. The elevated mass density gives 
rise to a gravitational instability, which turns 
the fluid over, just as the gravitational in­
stability of a cooler, denser top layer of fluid 
turns the fluid over in thermal convection. 

Scoop Placed in Fluid 

Turntable 

To Remove Micro-Organisms 
Concentrated at This Radius 

------
Rotation 

APPARATUS 

TOP VIEW OF RINGS IN A ROTATED 
BIOCONVECTIVE CULTURE 

Fluid Containing 
MicrO-Organisms 

Micro·Organisms Are Concentrated Into Concentric Rings by the combined dynamic 
effects of upward and horizontal components of swimming, rotation of the dish, gravi­
tation, and viscosity. 
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The apparatus includes a dish that is 
rotated in a horizontal plane and is filled 
with a fluid containing the micro-organisms, 
which could be algae or protozoa, for ex­
ample. Typically, the dish is rotated at a 
speed of the order of a few hertz, and the 
initial concentration of organisms in the 
fluid is > 5 x 1Q5/mL. The combined ef­
fects of bioconvection, the Cariolis force 
(caused by the horizontal component of 
the swimming motion in the rotating ref-

erence frame), and viscosity focus the or­
ganisms into concentric rings in the fluid. 
Typically, the rings form in 5 to 30 seconds. 
The desired micro-organisms are then 
scooped out from the appropriate ring . If 
further separation and concentration are 
to be performed, the rotation is stopped 
and the dish is refilled; alternatively, the 
rotation can be continued and fluid add­
ed to the dish via an inlet. 

This IM)rk was done by David A. Naever 

of Universities Space Research Associa­
tion for Marshall Space Flight Center. 
For further information, Circle 10 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 30]. Refer 
to MFS-26124. 

Secure Container for Discarded Hypodermic Needles 
Needles are inserted through a self-closing lid and retained magnetically. 

Lyndon B. Johnson Space Center, Houston, Texas 
A container is designed for safe reten­

tion of discarded blood-collecting hypoder­
mic needles and similar sharp objects that 
have been used in life-science experi­
ments aboard a spacecraft. It could also 
be used on Earth to provide unusually 
secure containment of sharp objects. 

Such containers - called " sharps con­
tainers" in the industry - are commer­
cially available but are not suitable for use 
in the enclosed atmosphere and micro­
gravity of the spacecraft environment. 
Being made largely of plastics, commer­
cial sharps containers can outgas signi­
ficantly, and in most cases, their designs 

are such that function and safety (including 
the ability to retain needles once inserted) 
depend on gravitation. 

Several alternative designs were con­
sidered in the development of the micro­
gravity sharps container. The design con­
siderations were governed by the following 
goals: (a) to develop a design that address­
es the special requirements imposed by 
the spacecraft environment (modifications 
of commercial units were eventually dis­
carded) and (b) to respond to requests by 
astronauts that the use of the container 
require only one hand. To prevent outgas­
sing, the container (see figure) is made 

Where are today's 
most advanced composHe 

engine sbuctures 
laking off? 

At Brunswick. Now. 
From acoustic plenums to blade contain­

ment stuctures ... many of the most advanced 
compOSite engine structures in use today were 
designed and built at Brunswick. 

In fact, we helped pioneer many of those 
applications, with our unsurpassed expertise in 
automated filament-winding, RTM, autoclave 
lamination . .. and the latest high-temperature 
materials. 

Whether for new or modified aircraft, 
military or commercial , fixed-wing or helicopters, 
we've built it before and can build it for you ... 
affordably and reliably. 

For more Information, 
call or writa: 
Gene GI/necki, Manager 
Business Development 
Brunswick CompOSites 
150 Johnston Road 
Marion, VA24354 
(703)783-9661 or 
FAX (703)783-9667 

For More Information Circle No. 420 
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almost entirely of metal. The main body 
of the container is a conically tapered 
anodized 606H6 aluminum cup that re­
sembles a long drinking glass. An anod­
ized 606H6 aluminum lid includes a rim 
with threads on its inner surface that mate 
with threads on the outer surface of the 
lip of the cup, in the manner of an ordinary 
threadable cap on a wide-mouthed jar. 

Needles are inserted, sharp end first, 
through a small circular opening in the cen­
ter of the lid. Most of the time, the open­
ing is covered by a hinged, stainless-steel 
flap that is slightly larger than the open­
ing and that is spring-loaded against the 

Leadership In technology. rehab/l1ty and valUe 

BRUNSWIC 
COMPOSITES 

A UNIT OF THE BRUNSWICK TECHNICAL GROUP 

C 1992 Brunswick Corporation 
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Unmatched performance 
in noncontact measurement. 
Our fiber-optic and capacitive 
noncontact measurement systems 
offer submicroinch resolution and 
high frequency response for a 
range of demanding applications: 

• Vibration and modal analysis 
• Runout and bearing analysis 
• Gap and positioning control 
• Thickness measurement 

Accumeasure S)stem II • Surface finish inspection 

Our experienced engineers are ready to help you solve your measure­
ment problems. CaU us with your application: 1-800-342-2203. 

MTI Instruments 
968 Albany-Shaker Road .. Latham, New York 12110 
518n85-2464 FAX: 518n85-2806 OMSION OF M£OWIC.'L TEQflOlOGY NC. 

For More Information Circle No. 337 

Tecplot™ New Version 5 
Powerful Plotting for Engineers 
Other plotting programs must flfst interpolate your data into a 
rectangular mesh. This can smooth and distort your data, and destroy 

boundary information. With TECPLOT interpolation is not 
required. You can visualize your data in its original mesh 
structure: rectangular, curvilinear, 
quadrilateral, triangular, and 
even ungridded data. 

FEATURES: integrated XY, 
2D, and 3D plotting· contour 
lines · color-flooded contours 

• vector field s • streamlines 
• light-source shading · wire frames· interactive and menu 
driven • text/drawing tools • very large data sets • over 
2000 variables per data point· multiple data sets· overlay 
plots· up to 16 plots per page· fast and easy to use· data 

.AlNFAll . .......... NT .".O. manipulation· interpolation· triangularization • macros 
..... ~ • stylesheets • batch mode· greek/math symbols ' output Post-

• .... Script, EPS, HPGL, and raster formats· very 
i un flexjble • educational discounts 
i·... • for 386 PCs and UnixNMS 

.... works tations • 60-day 

.... , • , ••• , • , ".... money-back guarantee 
...... • call for FREE demo 

Call 1-800-676-7568 
Amtec Engineering, Inc. 
p.o. Box 3633, Bellevue WA 98009 
206-827-3304 • Fax 206-827-3989 
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LID VIEWED FROM TOP 

Hook·and·Pile 
Fastening 

Material 

Hinge 

@. S~~~g 
Magnet 

Inside 

Flap 

LID VIEWED FROM BOTTOM ....... _--.l~ 

This Container Holds Used Hypodermic 
Needles safely. Needles are Inserted, sharp 
end first , through the spring·loaded flap. 
Long needles and needles on syringes 
cannot turn around in the container. 

opening from the inside. 10 insert the needle 
into the container, one pushes the sharp 
end of the needle inward against the flap. 
Once the needle is all the way in, the flap 
snaps back to cover the opening. A mag· 
net at the bottom of the cup attracts and 
retains needles, preventing them from float· 
ing around inside the container. As an add· 
ed safety measure, the container is nar· 
row enough that even if a large needle 
floats loose from the magnet, it cannot turn 
around so that its sharp end faces the 
opening. Thus, a previously inserted needle 
is unlikely to injure a person who subse· 
quently inserts another needle. 

The tapered shape of the container fa· 
cilitates the stacking of several containers 
In storage. A patch of hook'and-pile fasten· 
ing material (Velcro or equivalent) on the 
outside of the cup facilitates the mounting 
of the cup on a wall or workbench. The 
overall dimensions of the container are 
2.S5·in. (S.73·cm) diameter at the lid, 2.00-
in. (5.0a·cm) diameter at the bottom, and 
1O·in. (25.4·cm) length. The container 
weighs only 0.2431 kg. It can be emptied, 
cleaned, and reused. 

This work was done by Angelene M. Lee 
of Johnson Space Center. To obtain a 
copy of the report, "Sharps Container for 
the Inflight Blood Collection System," Cir· 
cle 1 on the TSP Request Card. 

This invention is owned by NASA, and 
a patent application has been filed. In· 
quiries concerning nonexclusive or ex· 
elusive license for its commercial develop­
ment should be addressed to the Patent 
Counsel, Johnson Space Center [see page 
30]. Refer to MSC·21776. 
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Whatever your need in thousan.ds of heating and 
cooling applications, Tranter heat exchangers can 
satisfy your exacting requirements, whether in liquid-to­
liquid, steam-to-liquid or vapor-to-liquid. 

Tranter's PLATECOIL ® prime surface heat exchangers 
have been the standard of the industry for many years, 

Prime Surface 
PLATECOIL exchangers are factory­
fabricated in over 300 standard sizes and 

styles, many in stock for immediate 
delivery. Standard units are available in 
carlx>n steel and 316 ss. Stainless steel 
units can be annealed or stress 

relieved to extend life under certain 
operating conditions. Units can also be built to exact 

application requirements, whether tanks, cones, mixing 
kettles, reservoirs, shrouds, jackets, troughs, open tank 
heaters, drum warmers, etc. For more information, 
request a copy of new PLATECOIL Brochure No. PCC-1. 

To request literature, write Tranter, inc., 1054 Claussen Road - Suite 314, 
Augusta, Georgia 30907, or FAX your request to 17061738·6619. If 
you have questions concerning an immediate heat transfer application, call 
our technical specialists at 18171723·7125, or FAX your questions 
to 18171723·5131 . 

while its SUPERCHANGER ® units are the best of plate and 
frame, providing a more efficient and cost effective means 
of heattransferthan traditional shell and tube exchangers. 

With more than 50 years of success in solving heat 
transfer problems in all industries, Tranter has the 
answer to your heat transfer questions. 

Plate and Frame 
SUPERCHANGER exchangers are 
compact, lightweight, plate and frame 
units which give you "U" values three to 
five times greater than shell and tube 
units; a unique turbulent flow design 
resulting in lower fouling; closer 
temperature approach capability (less than 
2°F vs. typically 10°F or higher for shell and tube designs); 
and up to 90% space savings. They're expandable and 
easy to clean. Better still , they are made in the 
U.S.A. For more information, request a copy of 
SUPERCHANGER Brochure No. SC-5. 

ranter 
PLATecou • • SUPERCHANOER • FL.&XQPL.ATE • KOLa· HOLD 

Cl l992 TIMler. Inc. 6Ii01:ll 
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YEM ... 
INDUSTRY LEADER IN 

SCAN CONVERSION 

& 
COMPUTER 

PRESENTATIONS 

'remr rr I 
Yamashita Engineering Manufacture, Inc. 

Your Source For Experienced 
Professional Systems Integration, 

Scan Conversion and 
Presentation Problems. 

For Visualization, Simulation, 
CAD/CAM, Animation, 

Aerospace, Medical Imaging 
& Training Applications. 

CVS-980 
Converts Computer Images To 
NTSC Video; All Mac II's, 
PCs, Workstations and 
Mainframes; 15-80kiIz 

CVS-970 
Down Converts Workstations to 
HDTV or 31.5kiIz (manageable 
30mHz bandwidth); Enhances 
resolution and brightness in 
large screen projection system 
presentations. 

CVS-910 
Converts Computer Images To 
NTSC Video; All Mac II's and 
PCs; 15-40kHz 

Exclusive U.S. Distributor: 

James Grunder & Assoc. 
5925 Beverly· Mission, KS 66202 
(913)831-0188· Fax(913)831-3427 

Books and Reports 
These reports, studies, handbooks are avail­
able from NASA as Technical Support Pack­
ages (TSP's) when a Request Card number 
is cited; otherwise they are available from the 
National Technical Information Service. 

How Effective Is 
Communication Training 
for Aircraft Crews 
Two training methods 
are studied. 

A report surveys communication train­
ing for aircraft crews. Such training is in­
tended to alleviate the problems caused or 
worsened by poor communication and co­
ordination among crewmembers - prob­
lems that cause a high percentage of avia­
tion accidents. 

The report focuses on two training 
methods: 
• Assertiveness training, which is under 

consideration by both the National Trans­
portation Safety Board and the National 
Aeronautics and Space Administration for 
further development. In assertiveness 
training, the aim is to teach individuals to 
accept responsibility by expressing their 
concerns clearly and professionally, there­
by improving communication and avoid­
ing misunderstandings. 

• Grid-management training, which is now 
in use by United Airlines. The grid-man­
agement concept places the highest 
value on a "team management" style -
one that is based on high concern for both 
people and production, and in which work 
is accomplished by committed people. 
Their interdependence through a com­
mon stake in the purposes of the organiza­
tion is supposed to lead to relationships of 
trust and respect. 
The report examines the theoretical 

background of the methods and the at­
tempts that have been made to validate 
their effectiveness. It presents criteria for 
evaluating their applicability to the aviation 
environment. 

Communication training may be appro­
priate for aircraft crews, the report con­
cludes, but there are many open questions 
about effectiveness and about transferring 
techniques from business, where they are 
widely used, to aviation. Nevertheless, fur­
ther research is warranted. It is likely to 
produce reliable results, cost-effectively, 
for several reasons: 
• Aviation presents a specific problem, and 

results can be quantified. 
• Flight simulators are widely available to 

provide realistic settings. 
• Aircraft crews present a homogeneous 

population, in terms of the tasks they per­
form and the training they have received. 

• Crews in both military and commercial 
aviation are used to training and evalua­
tion as part of their professional lives. 

120 For More Information Circle No. 307 

This work was done by Charlotte Unde, 
Joseph Goguen, and Unda Devenish of 
Structural Semantics for Ames Research 
Center. Further information may be found 
in NASA CR-177459 [N88-26349), "Com­
munication Training for Aircrews: A Re­
view of Theoretical and Pragmatic Aspects 
of Training Program Design." 

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 (BOO) 3364700. 
ARC-12329 

Laboratory Simulation 
of Upper-Body Work 
A proposed exercise method 
would be more realistic 
than running or cycling_ 

A paper describes a proposed exercise 
method that would evoke muscular, cardio­
vascular, respiratory, and thermoregulatory 
responses typical of activity that involves 
the upper body, to simulate the effects of 
working in zero gravity in a space suit. The 
method would be used in research on the 
thermoregulatory subsystem of an advanced 
portable life-support system for a space suit. 

The paper points out that such tradition­
allaboratory exercises as walking and run­
ning on a treadmill and stationary cycling 
involve primarily the leg muscles, with little 
or no upper body work. In typical work in 
outer space, however, the lower-body mus­
cles are used mainly to stabilize position; 
most of the astronaut's work is done with 
the upper body. 

The report discusses the requirements 
for simulation of zero-gravity 'M)(\< in a space 
suit and describes the evolution of the pro­
posed method through three versions. In 
the latest and preferred version, one would 
perform arm-crank ergometry with a gim­
baled body-support mechanism that would 
react forces at the feet. 

The report suggests activities to develop 
the method. These include experiments to 
refine the exercise concept, design and 
construction of an improved liquid-cooled 
garment, and formulation of an adaptive 
algorithm for feedback control of the liquid­
cooled garment. 

This work was done IYt R. Lantz of Sterling 
Software and H. Vykukal and B. Webbon 
of Ames Research Center. To obtain a 
copy of the paper, ':An Innovative Exercise 
Method to Simulate Orbital EVA Work: Arr 
plications to PLSS Automatic Controls," 
Circle 108 on the TSP Request Card. 
ARC-12966 
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New on the Market 

The compact Scroller-Scope from 
Modular Instruments Inc., Malvern, 
PA, shows wavefonns on any VGA 
monitor without the complications 
of a computer. Waveforms are cap­
tured in real time withoutthe fadeout 
associated with conventional osci l­
loscopes. It also can function as a 
digital storage oscilloscope and pro­
vides negative-time triggering. 
For More Information Circle No. 790 

Transtech Parallel Systems, Ithaca, 
NY, has announced the PARAstation 
series of desktop parallel supercom­
puters. The first in the series uses an 
MIMD architecture on Intel i860 64-
bit microprocessors. Each machine 
has four processors with a peak per­
formance of 320 MFlOPs, while 
more powerful networks can be 
formed by connecting the PARA­
stations. They have been designed 
to connect to Sun desktop A high-performance InGaAs PIN 
SPARCstations via an Sbus interface photodiode with a 5 mm diameter 
board out can be linked to other host active area has been introduced by 
computers including VME-based Sun Epitaxx Inc., WestTrenton, NJ. Shunt 
and Silicon Graphics workstations, resistance is 400 KO, with respon­
and IBM PCs and PS/ 2s. sivity greater than 0.8 A/W at 1300 
For More Information Circle No. 798 nm and capacitance less than 700 
f---------------l pF at -1 .0 volt. Applications include 

fiber optic test and measurements, 
near-infrared laser detection, radi­
ometry, and spectroscopy. 

Cleveland Mach i ne Controls, 
Billerica, MA, has introduced a line 
of brush-type DC servo motors avai 1-
able in five motor diameters and 21 
motor lengths. Each motor has eight 
winding options to provide effective 
motion control solutions for such 
applications as machine tools, ro­
botics, factory automation, and medi­
cal instrumentation. Further custom­
ization is achieved through o(3tions 
such as encoders, resolvers, tachom­
eters, gearheads, and brakes, as well 
as various mounting configurations. 
For More Information Circle No. 800 

For More Information Circle No. 794 

The model 84300 disk mf'mory sys· 
tem from Raymond Engineering Inc., 
Middletown, CT, is a 300 MB design 
fully qualified to Mll-E·5400 Class II 
requirements without waivers. The 
system features a hermetically sealed 
and removable data cartridge and is 
suited for applications requiring ex­
tremely high reliably in demanding 
environments. 
For More Infonnation Circle No. 796 

SigmaStat™, highly-automated sta­
tistical software for scientists, has 
been released by Jandel Scientific, 
San Rafael, CA. The package effi­
ciently computes I-tests, analysis of 
variance, correlation, rates and pro­
portions, nonparametric methods, 
linear and nonlinear regressions, 

r-------~------.I power, and sample size. 
For More Information Circle No. 792 The Watchdog™ 300 manufactured 

by RGB Spectrum, Alameda, CA, 
moniton, records, and transmits 
multiple video signals. Exceptional 
clarity is achieved using a single 
monitor with more than four times 
the resolution of a video monitor. 
Each video signal is displayed in a 
window on the screen; a buill-in 
switcher offers front-panel manual 
operation, remote sensor contacts, 
and computer control options. 
For More Infonnatlon Circle No. 788 
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AN INTELLIGENT SOLUTION To 
MOTION CONTROL PROBLEMS. 
If something you're designing won't stop wiggling, 

wo?blmg, shaking, banging, vibrating, fluttering or 
falimg, we may have the solution for you. 

An Airpot air dashpot. 
Unlike conventional dashpots, it has no seals to 

cause friction or wear out. And no hydraulic fluid to leak 
out. So it's infinitely more reliable and responsive. 
Without being vulnerable to temperature extremes, age, 
cycle rate, or deterioration. 

To select the free Airpot model that will work best 
for you, just call 1-800-848-7681 and ask for our bulletin. 
Or write to us at Airpot Corporation, 27 Lois Street, 
Norwalk, Connecticut 06851. 

There's absolutely no obligatiOn. 

Airpof® 
The intelligent solution to motion control problems. 

Small quantities 
fast 

Metals Polymers 
Ceramics 

from the ordinary to the 
extraordinary 

For product information, 
quotations, or a 

copy of our 
comprehensive catalog, 

Call: 1·800·821·2870 
Fax: 1·800·283·2020 

GoodfelloUi 

For More Information Circle No. 627 121 



We build a 
better 

Pump System! 

lalltlll!lrfllaJlt~ pumps are designed to solve your 
fluid transfer applications. Select a pump 
to fit your application. Over 10,000 pump 

tubing, and drive combinations possible. 

OPEN & SHUT 

is a tubing for every 

Wide range of tubing materials, 
some with life up to 5000 hours. 

Select from fixed speed to digital. 

the benefits of Masterflex today! 

w __ ~_. __ _ 

FREE! 
Le¥-I 

Parmer 

Cole·Parmer® Instrument Co. 
7425 N. Oak Park Avenue· Niles, IL 60714 

DIAL: 1-800-323-4340 or 1-708-647-7600 
FAX: 1-708-647-9660 

For More Informatin Circle No. 416 

New on the Market 

A programmable motion controller 
for the PC bus from Galil Motion 
Control Inc., Sunnyvale, CA, em­
ploys a 32-bit specialized micropro­
cessor and a custom sub-micron gate 
array. Available with 1-4 axes per 
card, it can be used with step motors, 
servo motors, and hydraulics. The 
controller features a 14-bit motor­
command output OAC for precision 
and a novel PIO fj lterwith Kp, Ki, Kd, 
velocity, and acceleration feed-for­
ward and integration units. 
For More Information Circle No. 782 

SA WA Component USA Inc., 
Marlboro, MA, has introduced the 
LSI series ot high-speed, noncontact 

The industry'S first monolithic CMOS 
analog switches with on-resistance 
below Ion have been released by 
Siliconix Inc., Santa Clara, CA. The 
new switches allow designers of pro­
fessional videoequipmentand high­
precision test instruments to replace 
electromechanical relays with more 
durable, reliable, and energy-effi­
cient semiconductor devices. The 
OG641 and OG642, which offer 
typical r J)S."". of 8n and sn respec­
tively, provide minimum signal 
crosstalk, low insertion loss, and 
negligible nonlinearity distortion. 
For More Information Circle No. 786 

memory card . The LSI is about the 
same ~ize as a credit card and con- L-.--------~ __ ~...J 
tain, C-MOS-SRAM 11132, 128, 236, 
and 512 KB, or EEPROM memory in 
8, 16, or 32 h.B , with access speed as 
high as 500 KB/sec. 
For More Information Circle No. 784 

Superconductor rings fabricated by 
Fluoramics Inc., Mahway, NJ. are 
now commercially avai lable to uni­
versities and industry for research 
purposes. Recent advances have en­
abled the company to produce rings 
of uniform quality. Made of yttrium, 
barium, and copper, they have a 
current of] amps and a high Meisner 
effect. The projected half life of the 
persistent current is 1021 years. 
For More Information Circle No. 778 

M icrostar Labor.1torie , Bellevue, 
WA, has released version 4.0 of 
OAPL, a multitasking, real-time soft­
ware environment that runs on the 
company' s data acquisition proces­
sors. The update offers performance 
improvements of up to 600'Yn com­
pared to version 3.0. On-board data 
acquisition software can resolve 
problems associated with increas­
Ingly complex and resource-hungry 
PC platforms; for example, an intel­
IJgent board can mOllltorthe critical 
real-time part of an applicalJon while 
Windows or OS/2 is redrawing the 
screen. 
For More Information Circle No. 780 

A family of power line signaling 
products developed by Echelon 
Corp ., Palo Alto, CA, enables elec­
trica l devices in homes, buildings, 
and factories to communicate with 
one another through existing power 
lines. The innovative technology can 
be appl ied to automation of heating, 
air conditioning, and fire alarms, 
building-wide dimmerswitches, so­
phisticated security systems, and 
train controls. The easy-to-install 

I-------------~ networks also provide a cost-effec-
TheGraphicModelierfromMitcheil tive means of supervisi ng factory 
Gauthier AssocIates, Concord, MA, machine tools and robots wi thout 
provides a graphical interface to modifying plant w iring. 
AC L. the company's poweriul simu- For More Information Circle No. 776 
lation language, for true .isual pro­
gramming. The advance weds the 
po\\er, ilexibilit\ , .1nel rapid execu­
tion of ACSL .... ith the ease and clar­
ity of bloc\.; diagrams. The Graphic 
.\;Iodeller can support simulations of 
large, multi-rate, hybrid systems with 
a digital controller and significant 
discontinuities. 
For More Information Circle No. 774 
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New Literature 

The Concurrent Engineering Hand­
bookfrom Algor Inc., Pittsburgh, PA, 
is designed for users of the company's 
EAGLE (Engineering Application 
Generator, language, and Environ­
ment) and other design and analysis 
tools to build, modify, and maintain 
a concurrent engineering model 
(CEM). The handbook provides real­
world examples of EAGLE and CEM 
applications and serves as a refer­
ence guide to concurrent engineer­
ing principles, offering tips on such 
su bjects as programm i ng tech n iques 
and user interface design. 
For More Information Circle No. 706 

Golden Anniversary Edition 

Cam/oc 
Fasteners 
sor..-.,. .. prn.h$itot 
--.. .. -w.-..I.._._ 

A 288-page catalog from Camloc 
Products, Hasbrouck Heights, NJ, 
features sections on 1f4-turn and quick 
operating fasteners, Wedge-Tie™ 
PCB fasteners, and CoilThread® " 
tangless inserts. A wide selection of 
latches includes light- to heavy-duty 
tension latches and new one-piece 
elastomeric versions. 
For More Information Circle No. 708 

Rogers Corp., Rogers, CT, is offering 
a guide for economical machining 
of ENVEX polyimide materials into 
complex shapes--to tight tolerances 
with good surface finish-and for 
accurate and consistent part mea­
su rement. The materials offer excel­
lent longevity, strength, and dimen­
sional stability during continuous use 
at elevated temperatures. The bro­
chure provides instructions for tool­
ing, parts support, surface speed and 
feed rate, and coolant use. 
For More Information Circle No. 714 

A brochure from Boride Products, a 
subsidiary of Dow Chemical Co., 
Midland, M I, provides performance 
and application data on ROCTEC® 
composite carbides. These ad­
vanced ceramics combine the cor­
rosion-resistance and other proper­
ties of monol ithic ceramics with wear 
behavior superior to existing ceram- 1--------------1 

ics and tungsten carbide/cobalt. 
They are suitable for use in cutting 
tools, blasting nozzles, wear plates, 
bearings, and similar applications 
where components are exposed to 
highly erosive, abrasive, and corro-
sive environments. 
For More Information Circle No. 712 

Grumman Measurement Standards 
Division, Bethpage, NY, has released 
a directory of available calibration 
and repair facilities . Grumman can 
provide the equipment, controlled 
environments, and expertise to cali­
brate and repair electronic, micro­
wave, optical , and physical mea­
surement devices. 
For More Information Circle No. 704 

• Adju,'ablc Speed Drive, ~ 
for AC a,1(I OC MOlar Conlml DIiIiiliiII 

• 

Danfoss Electronics Inc ., Rockford, 
Il, has introduced a 20-page bro-

1-___________ --1 chure detailing its adjustable speed 

A selection gu ide publ ished by Elas­
tomericTechnologies, Hatboro, PA, 
helps design engineers specify elas­
tomeric connections. It provides 
specification ranges for the physica I 
and electrical properties of various 
connection elements, chip sockets, 
and board-to-board and right-angle 
board connectors. 
For More Information Circle No. 702 
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drives for AC and DC motor control. 
It features the VL T 3000 series of AC 
drives (spanning 1-100 hpj, t.he 
Cycletrol series of DC controls, and 
the VariSpeed DC adjustable speed 
controls. The four-color publication 
illustrates applications in such auto­
mation-dependent industries as ma­
terial handling and packaging. 
For More Information Circle No. 710 

NOW 
AMETEK 
TEMPERATU 
CALIBRATO 
GO TO 
EXTREMES 
From -58°F to +1202°F, and every­
thing in between. AMETEK now 
brings you three new portable preci­
sion field calibrators for use with 
instruments such as thermo­
switches, RTDs, thermocouples, 
and others-at virtually any 
temperature. 

Model D55 SE calibrates in 
the range from - 580f to + 253"F 
• Microprocessor-controlled 
multipurpose heating/cooling 
functions accurate to ± OSF 
• Optional RS 232C interface 
lets you configure your own 
calibration programs and produce 
documentation for full traceability. 
• Features: programmable memories/ 
slope rates, switch-hold, mA input, 
24 VDC output, analog output, built-in 
storage space, fast heat-up/cool­
down, and connections for 12 VDC 
battery and optional extemal 
thermowell (shown). 

Model 650 SE is designed for 
calibration from 2120f to 1202"F 
• Optional RS 232C interface allows 
direct comparison of input signals 
with actual temperatures-simul­
taneously. • Microprocessor­
controlled multipurpose calibration 
accurate to ± 1.5°F • Features: pro­
grammable memories/slope rates, 
switchhold, mA input, 24 VDC output, 
analog output, fast heat-up/cool-down. 

Models 201/601 are rugged, 
general-purpose units: • Model 201 
calibrates from ambient temperature 
up to 500"F • Model 601 calibrates 
from 212°F to 1112"F Accuracy: Model 
201 ± 1 "F Model 601 ± 2°F 

For more information, contact 
AMETEK, Mansfield & Green Division, 
8600 Somerset Drive, Largo, FL 
34643. Tel: 813-536-7831. 
Fax: 813-539-6882. 

ETEK 
MANSFiElD & GREEN DIVISION 

For More Information Circle No. 417 123 



For the tightest installations, Kaman's O.OBO-inch 
diameter sensor lets you resolve microscopic 
displacements down to 4 microinches at 50 kHz, 
without contact. Ideal for both magnetic and non­
magnetic materials , this sensor is only one of 
Kaman's 24 standard sensors that let you see 
small changes in position. Call us for details. 

Kaman Instrumentation, 1500 Garden of the Gods 
Road, Colorado Springs, Colorado 80907 
Phone 719-599-1825, Fax 719-599-1823 

800-552-6267 

KAMA 
For More Information Circle No. 644 

• LOW AND HIGH volume J.I.T. 
deliveries/S.P.C. controlled 

• HIGH INTEGRITY Aerospace, Automotive, 
Commercial and Government castings 

• ADVANCE QUALITY SYSTEM Compliance 
with ISO-900 International Aerospace, and all 
leading commercial and government specs. 

• CAD/CAM DESIGN thru completed assemblies 
• FULL IN·HOUSE laboratory & testing facilities 

L C THOMPSON 4860Chaincratt Rd. 
Cleveland. Ohio 44125 

AI CASTING CO INC Phone: (216) 581 ·9200 ~ ., • FAX : (216) 475·6611 

124 For More Information Circle No. 356 
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THE TECHNOLOGY CONNECIJON 
To Advertise Call (800) 944-NASA 

Technology Transfer 
Publications 

Are You Serious About 
Technology Transfer? 

If so, you'll profit from Technology Access 
Report, the leading independent, praclical 
newsletter in the lield. Technology Access 
Report will help you master the process 
and increase your retums Irom technology 
transfer. You will find licensing and spinoff 
opportun~ies from universities and lederal 
labs, for all industries and technologies. 

Special Offer:-<lrder your valuable, 
exclusive Technology Access Re­
source Kit: 

• Concise, durable annotated directory 
of the key tech transfer resources 

• Current issue of Technology Access 
Report 

• Comprehensive, five-year guide to 
Technology Access Report articles 

• Discount coupon worth $SO towards 
your subscription (regularly $447 for 
12 monthly issues) 

• All for just $9.95 (AmexlMCNisa, 
cash or check). 

Call 1-8001959-1059, fax 5101549-4342 or 
write to Technology Access Subscriber Ser­
vices, P.O. Box 21 89, Berkeley, CA 94702 

TechnolOgy Transfer 
Business 

"The Magazine for Profitable Partnerships· 

A new quarterly publica­
tion from the publishers of 
Washington Technology 
to excite industry leaders 
about successful imple­
mentation of advanced 
technologies for enhanced 
competitiveness. 

Yearly subscription: $25 
Advertising Space 

Available 
Contact: 

John Sanders, Publisher 
1953 Gallows Rd., #130, Vienna, VA 22182 

703-848-2800, ext. 151 

MUTATIONS No.8 
available now, offering 27 
new transferable space 
technologies. What about 
your technology being 
No. 28? Call NOVESPACE 
now for your free issue: 
Ph: 33 1 42 33 41 41 
Fax: 331 40260860 

or meet us at 
Technology 2002, 

Booth 926 

NASA Tech Briefs, November 1992 

Professional 
Services 

Patent Attorney 
Robert E. Maim, PhD . (M. I.T.) 

Attorney At Law 
Post Office Box 522 

Pacific Palisades, CA 90272 
Tel : (310) 459-8728 
Fax: (310) 573-1781 

Desk Top Publishing. 
Term Paper, Thesis, Disserta­
tion , Report, Proposal , Position 
Paper, Book, Manual , Journal , 
Magazine, Spec., Require­
ment. Color. P.E. Veteran. 
Ph.D. NAFTA+ 408 436-8696 

COI'ferencea/ 
Workshops 

Stop Reinventing! 
Are you wasting time and money 
tackling engineering problems 
that have already been solved? 
Reinventing things that already 
exist? The Technology 2002 
conference and exposition 
(Dec. 1-3, Baltimore con­
vention center) will show you 
a wealth of practical, ready-made 
innovations developed under 
the government's multi-billion 
dollar R& D budget. 

See page 27 for details. 

Techllologies forTransfer 

AIRCRAFT Software Ucense A vailable 

ELECTRIC • Totally Satisfies Analysis & Reporting 
Requirements of U.S. MIL-E-7016F 

LOAD 

ANALYSIS 

PROGRAM 

• Fully Supported with Complete 
Documentation and Training 

• Demonstrations Available @ 
Our Facilities to Qualified Users 

Version 3.0 

Contact: 
GRUMMAN­

GRUMMAN CORPORATION 
CORPORATE LICENSING OFFICE A19B-GHQ ~ 
Bethpage New York 11714-3580 
FAX: 516 - 575 - 0738 

NEW! MathViews™forWindows 

Databases/lnforma­
lion Searches 

This is what the Federal 
Laboratories Database 
can put at your fingertips: 

• 2,000 Federal Labo­
ratories, Facilities 
and Centers 

• $70 billion in R&D 
• expertise in 170 

Critical Technologies 
• specialized laboratory 

equipment 
For information on the PC 
($495) and Macintosh ($695) 
versions of the FLO contact 
the : 

Mid-Atlantic 
Technology 

Applications Center 
800-257-2725 

Patent View 
Full text & image U.S. Patent s 
weekly on CD-ROM. Chemical , 
electrical , mechanical subsets 
available. Call Rapid Patent @ 

1-800-336-5010 ext. 900. 

MA TlAB compatible interpreter for WIndows 
• Matrix and Array Algebra 

High Impact. Low Cost. 
• Complex Numbers and Signal Processing 
• 20 and 3D Graphk:s with Clipboard Support 
• Wnnen in C ++ 
• Available for licensing 

The MathWizards 
(619) 457-2971 FAX (619) 458-5849 
Trademarks are the properties d 1heir """"""'" owne ... 

Reach over 201 ,000 design engineers, scientists, and technology 
managers throughout industry and government...for less than 1/2 
cent per contact...with an advertisement in the Technology Con­
nection, NASA Tech Briefs' new monthly ad section designed to 
speed the transfer of technologies to market and enable our 
readers to find people and services that can help them in their 
work. 

Choose from these categories and more: 

* Patants For Licanse 

* Strategic Partnerships 

* Technologies Wanted 

* Contracting & SBIR 

Announcements 

* Financing Opportunities 

* Catebasesllnformation 

Searches 

* Technology Transfer 

Publications 

* Professional Services 
Cinco Patent Attorneys & 
Consultants) 

* LabelTest Facilities 

* Associations/Socletlee 

* ConferencesIWorkshops 

Call Evelyn Mars today at [SOO) 944·NASA 
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MARKETPLACE To Advertise-Call 490-3999 

DIODE - TRANSISTOR 
TRR,TT,TL,TR,TF,Ts TESTS 

IMech oilers over 15 dillerent fast high-power pulse 
generalonlldeal lor performing switching time tests 
specilled by diode and transistor manufacturers and 
by MIL-STD-75OC and MIL-S-19500. See our free 80 
page general catalog and Application NoIe No. 2 lor: 

• Transition times from 60 psec to 10 nsec 
• Pulse widths from 1 nsec to 20 usee 
• Voltages from 5 to 100 volts 
• Currents from 100 rnA to 10 Amps 
• Source Impedance from 1 to 50 ohms 
• 150 oIhef nanosecond pulse generators, 

amplifier .. samplen, translormers and last 
pulse accessories 

PO eox 265 Ogdensburg' 
New York 13669 A\ITECH 13151472-5270 

KVI ~ 
ELECTROSYSTEMS ~~~2~~~m K2C 3H4 

Fax 16131226-2802 

INDUS1RIAL COM PUlERS 

Ruggedized fiber optic equipped INDUS­
TRIAL computers for harsh environments, 
process control and industrial plants . Supe­
rior EMIIRFI immunity. 8028e, 80386SX, OX 
or 80486 ISA Bus systems available . ADMAX 
Sf861R systems include 2MB RAM, 1.2MB and 
t .44MB FDD, 2 serial/1 parallel port, Super 
VGA, 1 01 enhanced keyboard, fiber optic cables, 
RS-232 fiber optic modem and 40MB HOD (80, 
120, 200MB optional). Low prices.Call now to 
order your system, (603) 881 -4909; Ext. 23 
(Industrial Systems Div.), ADMAX Computer 
Inc.,One Chestnut St., Nashua, NH 03060 

For More Information Circle No. 435 For More Information Circle No. 651 

REAL-TIME NETWORK 

The SCRAM Net Network'" combines the real­
time speed of replica led shared memory with the 

flexibility of a fiber optic LA to gel microsecond 

response from multi-vendor computers. It allows 

you to connect dissimilar computers at 150/Mbits/ 
sec over fiber optics, with zero software overhead. 

This replicated shared memory network offers 

data filtering, programmable byte swapping, and a 

sophisticated interrupt strudure. 

Systran Corp" 4126 Linden Avenue, 

Dayton, OH 45432-3068 USA. 
Phone (513) 252-5601 or 1-800-252-5601. 

For More Information Circle No. 432 
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Program It In C 
OUr new Lillie PLC'" measures only 4.33 x 2.85 Inches 
and can mounl on standard DIN rail. This miniature 
controller costs only $195, Including 8 optically isolated 
Inputs and 8 relay driver outputs. Low cost expansion 
cards allow you to add more Inputs and outputs: digital 
and analog. It has dual RS-485 serial 110, battery 
backed memory and time/date clock, programmable 
timers and a watchdog. Our easy to use and affordable 
Dynamic C.". integrated development system also costs 
$195. You can wnte simple programs in an hour, or you 
can develop major applications with 20,000 lines of C 
language. 

Z-World Engineering 
1724 Picasso Ave., DaviS, CA 95616 

(916) 757-3737 Fax: (916) 753-5141 
24 hr. Automatic Fax: (916) 753-0618 

(Call from your fax , request catalog #1 8) 

Flexible Frame Grabber 
For The PCI AT 

• 8 to 8000 pixels per line 
• 2 to 40 MHz sampling/display rate 
• 2 to 1020 lines per field 
• 1 or 4 Mbytes of Reoonflgurable Image 

Memory 
• StandardlNonstandard VIdeo Acqulsldon 
• 6 Input VIdeo Muldplex8f' 
• CT, MR video capture 
• Interface to hlgh-resoludon CCO cameras 
• Extensivs libraries and menu driven software 

@EPIX· 
3005 MacArthur Blvd., Northbrook, IL 60062 

708-498-4002 FAX: 708-498-4321 
For More Information Circle No. 675 

INlELUGENT DATA ACQUISITION 

Now you can run high speed data acquisition 
under W indows"". A Data Acquisition 
Processor™ with on-boC!rd intelligence 
handles the critical part of an application : the 
tasks that run in real time, The DAP can be 
controlled from any Windows language or 
application that can make DLL calls. The one 
shown here is written In Visual Basic ™ and 
uses only seven DLL functions. 

MICROSTAR !iiiiiiiiii _____ .,Phone 2061453-2345, 

LABORATORIESI' or fax 2061453-3199, 
For More Information Circle No. 450 

Fuzzy Logic 
• ~ MS Windows-based tool 

CublCalc for non-programmers 

Simulate system response using 
built-in expression interpreter or 

apply fuzzy rules to file data 
Plot results or log numerically 

CubiCalc RTC for programmers includes 
run-time compiler and deployable modules 

Also available ... 
The OWL Neural Network Library 

HyperLoglc Corporation 
1855 East Valley Parkway, Suite 21 0 

Escondido, Camomia 92027 
TeI6191746-2765 Fax6191746-4089 

FREE! 
130 

Page 
Catalog 

"Optics 
for 

Industry" 
Fre~ 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, ROL YN OPTICS Co., 706 Arrowgrand 
Circle, Covina, CA 91722-2199, (818)915- 5707, 
FAX (818)915-1379 

For More Information Circle No_ 458 

The tastest real time data acquisition analysis 
systems lor your PC can be found in our FREE catalog. 
We feature 50,000 Hz throughput to disk and display 
simultaneously, but seeing is believing. Order an 
Evaluation Kit , or call lor complete information today. 

1-800-553-9006 
DA TAQ INSTRUMENTS, INC. 

150 Springside Drive, Suite 6220 
Akron, OH 44333 

Tel (216) 668-1444 Fax (216) 666-5434 
For More Information Circle No. 414 
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MARKETPLACE To Advertise-Call 2) 490-3999 

Imagine it with 
superior EMURFUESD 
shielding, electrical 
and heat transfer 
properties. 

Record 2.2 Mbits/Second 
Data on Videocassette 

Designed for airborne 
and harsh environ­
ments, the Merlin 
ME-981 Data Encoder 
formats PCM or 
1553 data for up to continuous re­
cording ( > 15 Gbits) on standard VCR formats. 

Merlin 
1888 Embarcadero Road 
Palo Alto, California 94303 
(415) 856-0900 • FAX 415/858-2302 

For More Information Circle No. 452 

R&l\1 Prediction 
and fl\1ECA Software 

Powertronic Systems offers software to pre­
dict reliability, maintainability and FMECA. 
Since 1982, hundreds of users have selected 
from our larQe, versati le, integrated software 
family for military and industrial equipment, 
electronic, electrical, electro-mechanical and 
mechanical. Program highlights include: visible 
assembly hierarchy, defaults and library data, 
extensive report sorting, user defined reports, 
what-if and derating analysis, and concurrent 

,"",,,.;,, d,\, II". ,~!! I 
MIL-HDBK-217 DTRC-9OI010 .-~ 
MIL-HDBK-472 MIL-STD-1629 IIiImlP'IWm 

MIL-HDBK-338 MIL-STD-7568 I 
NPRD-91 BeleOfe 

- gg.. .... --= PDWERTRDNIC 
__ _ iii SYSTEMS, INC. 

13700 Chef Menteur Hwy. 
New Orleans, LA 70129 USA 

504-254-0383 FAX:S04-254-0393 

For More Information Circle No. 572 

NASA Tech Briefs, November 1992 

INTRODUCING RACK MOUNT AND RUGGED 
SUN SPARC WORK STATION 

Standard Features Include: 
• Spar\< Engine 2 CPU with 16MB RAM 
• 207 MB Hard Disk, 150MB Tape Drive 
• 644 MB CDR OM, Removable Hard Disk 
• 1.44 MB Floppy, 2 RS-232 and S Bus Ports 
• SCSI-2 and Ethernet Interface 
• 16-inch Rack Mount Color Monitor 
• Keyboard, Mouse and SunOS 4.1 
For further details contact: 
IBI Systems Inc., 6842 NW 20M Ave., Ft. Lauderdale, 
FL 33309, 305-978-9225, Fax: 305-978-9226 

For More Information Circle No. 480 

FREE 
OPTICS 

CATALOG 
50 Pages 

QUANTUM OPTICS new 50-page catalog offers the best 
combination of quality, price and delivery on precision 
optics of all types for imaging and other applications. 
Catalog stock and custom-coated optics: mirrors, lenses, 

prisms, wave plates, and others. OEM capability. 

~O QUANTUM 
-., OPTICS COMPANY 

PO BOX 237, POMFRET, CONNECTICUT, 06258 
(203) 974-6000 FAX (203) 974-6002 

For More Information Circle No. 310 

Precision Step Motors 
• High Resolution 

(0.45',0.9', 1.8,) 
• 800 full spr motor 
• Alisizes 

(17, 23,34, and larger) 
All torque ranges 
(5-5000 oz-in) 

• National Brands 
• Speciality Motors 

Custom and Prototype 
• Competitive Pricing 

FREE ENGINEERING SUPPORT 
AND SERVICE 

United Motion 
2954 Scott Blvd. 

Santa Clara, Ca. 95054 
Tel: (408) 970-9742 
Fax: (408) 986-8009 

For More Information Circle No. 319 

ARE YOU STILL TRYING 
TO MEASURE VERY THIN 
GAPS THE HARD WAY? 

Capacitec HPS Series of thin (back to 
back) sensors can measure gaps as 
small as O.010"(.254mm) inboard 84" 
(2133.6mm) with accuracies of 0.0003" 
(7.6/Lm), without scratching delicate 
surfaces. 

;:Capacitec 
P.O. Box 819, 87 Fitchburg Rd., Ayer, MA 01432 U.S.A. 
Tel. (508) 772-6033 • Fax (508) 772-6036 

For More Information Circle No. 386 

SIGLAB Signal Lab 

Digital Filter Design 

DSP J.l P Code Generators 

DSP Software 
(800) 741-7440 

The Athena Group, Inc. 
3424 N. W. 31st Street, Gainesville, FL 32605 USA 

Tel: (904) 371-2567 FAX: (904) 373-5182 
higher 

For More Information Circle No. 551 

Record, Playback, and 
Analyze at 500MS/s 

With ESL's ViewPoint 
signal analysis system! 

·32 to 256 MBytes real-time storage 
·200 MHz analog bandwidth 
• Single and dual channel systems 
• 10 KS/s to 500 MS/s digital 110 
• Embedded i860 processing and analysis 
• Flexible acquisition and playback modes 

ESt, A Subsidiary or TRW 
High Throughput Products 
495 Java Driva. P.O. 80. 3510 
Sunnyvala. CA 94088-3510 
408.743.6213 

For More Information Circle No. 519 
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MAR KETPLACE To Advertise-Call (212) 490-3999 

INTELLIGENT DATA 
'. ACQUISITION 

SR 
PRESSURE 
SENSOR 
FROM 
DATA 
INSTRU­
MENTS 

P.O. Box 2480 
21.5 S. Second Ave. 
Frisco, CO 80443 

Microstar Laboratories new e Series 
Acquisition Processors™ have on-board in­
telligence: a real-time software environment 
for quick development and fast operation. 
They run under DOS, Windows, or OS/2. 
Learn about this new hardware and software 
solution from a leader in the field . Free color 
catalog includes an easy-to-use approach to 
DSP. Call now-206-453-2345. 

Priced at less than $50 each in 1 ,000 pc order, 
the new pressure sensor intended for OEM's 
needing small physical size and media com­
patibility is available at Data Instruments. 
Unlike other low cost sensors, the SR is fully 
temperature compensated to within ±2% of 
F.S.O. over 0° to 75° C. Available in 15 ranges 
from 0-15 to 0-2000 psi. 

(303) 668-1255 (303) 668-1242 FAX 

WE SPECIALIZE IN 
lllGHENERGY 

MAGNETIC MATERIALS, 
ASSEMBLIES AND 
HEAVY GAUGE 

PRECISION WOUND 
CUSTOM COILS 

MICRO TAR 

LABORATORIES J 
Tel (206) 453-2345 
Fax (206) 453-3199 

Send for full detailed specifications today, or 
call us toll-free at 1-800-333-DAT A. 

Data Instruments Inc. 
100 Discovery Way, Acton, MA 

01720 USA 
(800) 333·3282 FAX (508) 263·0630 

For More Information Circle No. 339 For More Information Circle No. 411 For More Information Circle No. 382 
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SYNCHRONIZE VIOEO RECORDING WITH GPS TIME 
RECORD VIDEO WITH GPS TIME AND LOCATION 

The Fp·501GPS1 generales ,nduslry slandard SMPTE lime-code synchrOnized to GPS time! 
date Information from your receiver. providing a dlfect link between recorded Video ,mages and 
GPS lime and locallon stored ,n your GPS data logger. GPS2 adds continuous muhiplexlng 
of GPS POS,tlon data Into the user-b,ts of the SMPTE tlme-code. Priced at $968 and $1367, 
complete system also reads and Video d,splays SMPTE tlme-code, plus RS·232 2-way comm 
with PC, lIme'code Videotape logging and TC-TooIKitT" programs. Contact HORITA Co., P.O, 
Box 3993. Mission V,eJo, CA 92690 (71 4) 489-0240 

NASA Tech Briefs, November 1992 



POSITIONS WANTED 
Mechanical engineering Ph.D. in applied mechan­
ics, specialized in computational fluid dynamics/ 
heattransferwith three years experience in a research 
institution and a state university. Seeking a niche 
position in industry/academe. Experience includes 
but not limited to FEM, FDM, fluid flowlheat transfer, 
free surface flow, turbulence modelling, and pre-and 
post-processing. 
Box Number 54 

BS, mechanical engineer with more than 20 years 
experience in food, beverage, and chemical plant 
engineering. Seeks employment in manufacturing 
plant design, construction, or maintenance. 
Box Number 55 

ME, PE & Ph.D seeks position requiring analysis, 
development in thermal systems (heat transfer, fluids 
and energy) with background in environmental con­
trol/I ife support systems (analysis and test), compu ter­
ized modeling, and environmental control (HVAC&R) 
including teaching, research and consulting. Last six 
years in aerospace position. Flexible as to area of 
work and location. 
Box number 56 

Entry level engineer seeking employment. University 
of Arizona graduate. BSME with concentration in 
energy and power. Taking graduate coursework with 
emphasis on design and materials. Working knowl­
edge of AutoCAD 11 , Fortran 4.7 and Quick Basic. 
Highly motivated. Good organization and communi­
cation skills. Willing to relocate. Full or part time. 
Box number 57 

Rotating equipment engineer with 10 years of hands­
on experience with industrial hydrocarbon equip­
ment. ME, technical publications, awards, knowl­
edge of related standards, vibration diagnostic engi­
neering, computerized condition monitoring and 
maintenance management, professional development 
training related to engineering, management and 
industrial safety. I. Haq, (714) 837-8548. 
Box number 58 

Software engineer. Data communications develop­
ment planning including OSI architecture/protocol 
suites and TCP/IP. Familiar with national/interna­
tional standards. Supervised innovative real-time 
operating systems development. Reviewed usagel 
logic of entire NASA space shuttle data communica­
tions network. Investigated commercial Ada target 
kernel processes. Conducted extensive communica­
tions seminars. Interests in ISDN, interactive multi­
media, and virtual reality. 
Box number 59 

Mechanical/aerospace position wanted. BSAE with 
Fortran 77, C, C++, Algor, QuattroPro, and CAD. 
Taught and developed aerodynamics courses. A & P 
license, private pilot license. Member SAE, ASME, 

and AIAA. Will relocate to all fifty states or Canada, 
travel also. Experienced mechanic (aircraft) and CNC 
lathe machinist (set-ups, runs, inspedions). Call/Fax 
(407) 461-2325, 24 hours. 
Box number 60 

Plan and design mechanical hardware to meet cus­
tomer specifications and dollar target. Have per­
formed thermal/stress/failure analysis, reviewed/re­
vised specifications, supervised testing, analyzed test 
data, and wrote test reports . Also, utilized SPC and 
TQM concepts to identify "out of control" processes. 
Can redesign product or process to achieve manufac­
turing dollar target. 
Box number 61 

Professional engineer, MBA (1990) proficient in finite 
element analysis (I-DEAS, Model Solution, Nastran), 
as well as stress "hand calculations" and product 
design (CADAM, CATIA, ANSI 14.5Y), seeks a posi­
tion in the South, i.e., FL, TX, GA. 
Box number 62 

Mechanical engineer with experience in mechanical 
design and production support of jet engines and 
some aircraft components. Reviewed precision parts, 
machine elements, and metals. Calculated stress for 
rotating and stationary parts by hand and computer 
methods. Wrote repair procedures. Solved shop prob­
lems. Familiar with manufacturing processes. 
Box number 63 

Chief Operating Officer/General Manager/VP Engi­
neering or Quality. BME, MSE, PE and 25 years 
experience in engineering, marketing, operations, 
and general management. Contemporary knowledge 
of manufaduring systems including liT, SPC. and 
TQM. Extensive experience in metal forming and 
automotive produds. Operations include multi-plant, 
union and non-union, and turnarounds. 
Box number 64 

Ph.D. expected in early 1993. Strong background in 
instrumentation and controls. Knowledge of different 
control techniques. Hands-on experience of addc 
motor drives, optica I sensors, digita I/analog electron­
ics, data acquisition, microprocessor application, 
and control systems. Teaching experience. Working 
on several NASA contracts. Seeking an R&D position 
in private industry. 
Box number 65 

To Request Resumes: 

Fill out thiS form and mail to: NASA Tech Brtefs, 41 East 42nd St., 
New York, NY 10017. Attn: Jim Westbrook, or ca ll 1-800-944-NASA 
and ask for Jim Westbrook. • • • • Send resumes for the following box numbers (limit 5): 

• • Box. ___ __ Box ____ __ Box ___ __ Box. ___ __ Box, ___ __ 

• Name: __________________________________________ __ 

• Company Name: ______________________________________ ___ • • Street Address: ________________________________________ _ 

• • • • • • • • • • 
• City/State/Zip: • •....................... ~ 

Stereo Viewing 

Mfordable 
3D Stereo Visualization 
for Computer Graphics 

o Scientific Visualization 
o Molecular Modeling 
o Mapping 
o CAD/CAM/CAE 
o Computer Generated Images 
o Video Images 

• Increase Design Productivity 

• Enhance Wireframes/Solids 

• Reduce Time to Market 

• I mprove Design Presentations 

• Understand Complex Images 

... On All Workstations 

NeW 3D stereo 
view/record/P\ayback 

video system 

Call Toll Free 
for Complete Information on 

Stereo Viewing Products 
& To Order 

800-783-2660 
2171 East Francisco Blvd. 

San Rafael, CA 94901 
Fax 415-459-3020 
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~~~~~~~~~Zi~b·;onia 
Fibel\oBased Materials 

offer limitless possibilities 
When you need exceptionally high tempera­
tures, low thennal conductivity or resistance 
to chemical attack, choose one of Zircar's 
Zirconia fiber-based materials. Bulk fibers, 
flexible textiles, rigid boards or cylinders: 
nobody knows how to take Zirconia to the 
limit like Zircar! 

(~\) 
2.fr,!2!:r. 
P.O. Box 458, Florida, NY 10921 

Tel: (914) 651-4481 Fax: (914) 651-3192 
For More Information Circle No. 621 
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Data 3£gUisition boards 
are liKe cable Tv. 

The more channeIs~ou have, 
the ryour chances 

of fin some~ you've 
never seen before. 

Data Translation's new 
DT2839 is getting high ratings 
from data acquisition profes­
sionals everywhere. 

That's because its unprece­
dented number of channels 
and high-speed sampling 
deliver the data you need to 
get a clearer, more complete picture 
of your test subject. 

The DT2839 is one of the fastest 
data acquisition boards available. And 
a great productivity tool for mechani­
cal test, biomedical, or high channel 
count applications required for the 

T echn.icaJ Highlights 
• I MHz for one channel and up to 

416kHz for 32 SE or 16 01 channels 
• Up to 224 channels 

• Variable channel scan 
• Full software configuration and calibration 

• Analog threshold triggering 
• Dynamic Oigi tal'"ci rcuitry fo r 

clocked digital outputs 
~--. MEMB IE It O F 

!!. ~ DT-Connect~ 

Care To Check Out A 
Few More Channels? 

The DT2839 keeps on growing. 
With our DT2896 Channel Expander, 

among others. And since it 
conforms to DT- Open Layers; 
the accepted standard for 
data acquisition software, 
you know your investment 
is protected. 

Our Quality Is A Big Hit 
With Customers. 

you can continue to add channels in Data Translation's meticulously 
96 SE or 48 DI input increments. designed analog front end assures 

And, of course, it's compatible that the DT2839's 12-bit accuracy is 
with DT-Connect;" for direct connec- never impaired by harmonic distor-
tion to high speed processor boards. tion. That's an advantage you rarely 

The DT2839 features find. And a good exam-
variable channel scan, ~-Open 1 pie of the quality you'll 
which allows sampling ~~yers find in all our data acqui-
rates to vary significantly'·' ." ...... - ., ••••• - sition solutions. 

from channel to channel to meet the Call us today, and we'll rush you 
exact needs of your application. For more details on the remarkable 
example, you could configure 28 DT2839, and our 3-Book Set, chock 
channels to sample at 10kHz each full of the latest product and applica-
while 4 channels sample at 100Hz. tion information . 

Some Of The Best Programs Because when it comes to data 
You've Ever Seen. acquisition, Data Translation is defi-

Data Translation is also a leader nitely the one to watch. 
in data acquisition software. 

The DT2839 is supported by 
GLOBAL LA~ Data Acquisition 
Ubrary for Microsoftlll Windows;" 

DArA TRANSLA710N® 

For More Information Circle No. 549 

FOR MORE PRODUCT I FORMATION OR OUR FREE 3-BOOK SET CALL 800-525-8528. 
100 LOCKE DRIVE, MARLBORO, MA 01752-1192. FAX 508-481-8620. I CANADA CALL 800-268-0427. 

World Hdqt,,· (508) 481·3700. UK Hdqt" 0734 793838 Gennany Hdql" 7141·54015. Franc, Hdql" 5045·9583 Italy Hdql" (30) 2415696 Sa)" Ol~e" Auslralia (1) 699-8300, 
Austna (ll)1l6·7660, Belgium (1) 466·8199; Brazil 11564·6024; Canada (416) 625· 1907; China 544·8963, D.nmark 42 27451 1, F,nland (0) 3511800; Franc, (I) 69077801, Cr..c, (I) 361·4300; Hong Kong 5448963; Ind" Ill) 23-1040; 
Is",152-545685; Japan (33) 5379-1971 or (33) 502-5550; KO!ta 2 718-9521; Malaysia 3·2486786; M.Jt~0 (52) 575·6091; Ntlhalands 70 399-6360; NN Zealand (9) 415·8362; No",ay (2) 434150; Pak,stan (44)081968 1541; Poland (22) 580701; 
Portugal (I) 7934834; Singapo" 336-7315; Soulh Africa (12) 803-7680; Spain (I) 555-8112; Sw.,j,n (8) 8938 90, Swil"rland (I) 386·8686, Taiwan (2)3039836 All lradrmarks and "g"lmd tradrmarks a"l~ proP'flY 01 l~ir "'p<clive holdm. 
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