


Data acquisition hardware and software solutions for IBM PC/XT/AT PS/2 and Micro Channel computers and compatibles. 

N
obody puts together your PC­
based data acquisition systems 
like Keithley. And our new Data 

Acquisition Catalog and Reference 
Guide, with the broadest range of soft­
ware, PC boards, boxes, and appli­
cations support, is the only source 
you'll need in 1993. 

You'll find software solutions from 
our full-featured VIEWDAC® integrat­
ed package for non-programmers, to 
our highly acclaimed ASYSf® lan­
guage. Keithley also offers the most 
comprehensive driver support in the 
industry and the most popular third­
party software packages. 

You'll find the complete line of 
Keithley MetraByte hardware ranging 
from plug-in boards to complete data 
acquisition instruments and systems. 
The DAS-1600 high-speed analog and 
digital I/O board, our patented Trigger 
Master'" system trigger controller, and 
the DAS-58 1 Msps board with 1 
Megaword of on-board memory and 
optional simultaneous sample and hold 
are just a sample of the hundreds of 
products we offer. 

And to help you turn our products 
into data acquisition systems, we've 
included application information, 
guidelines for choosing the right solu-

KEITHLEY DATA ACQUISITION 

tion, technical tips, access to our 
world-class support engineers. 

Call for your -------
FREE Catalog. 
Make Keithley's 
Data Acquisition 
Catalog and 
Reference Guide your 
first data acquisition in 
1993. Circle the reader 
response number or, for "real-time 
delivery",call 

800-348-0033. 
KeithJeyDalaAcquisitioo,440MylesSlandishBMI .. T"'IOO,MA IJ27!I)ToI.5IBlIIJ.ml. 
Fn~I19. MetraBytt,ASmmdVlEWDACmregismdlr.ldemartsmd 
TriggerMmris,trademarl<oIKeithJeyl!lllrumeolS,!JIc. OtberIr.ldemarts",,1he 
JIlll'!IYoIlheirrespectil'e~ 
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WITHA VIEW! 
That's right! Our new RD-125T/135T Series dual speed 
DA T data recorders offer double the bandwidth of 
conventional, single 'speed DA T recorders - 4 channels 
at 20 kHz or 8 channels at 10 kHz. Plus, we've added a 
unique option, QuikVu"" , powerful new data acquisition 
software that lets you set triggers, preview infonnation 
and review data as you're recording. 

There's more. Each model is multi-channel switchable. 
We simplified the controls for easy set-up and opera­
tion. Put it into a compact, lightweight package. Then 
loaded it with useful features like a signal-to-noise ratio 
exceeding 70db and an analog filter with built-in anti­
aliasing and 64 fs oversampling of the digitized signal. 

And because our RD-125T/135T operate on either AC 
or DC power (or optional battery pack), they're ideal 
for gathering data ... in the lab or in the field. 

So, whether you need single or dual speed recording 
TEAC's RD125T/135T DAT data recorders give you 
the right combination. 

For high-resolution, versatility and quality in DA T 
recorder technology, zero in on TEAC. 

TEACe 
INFORMATION PRODUCTS DIVISION 
7733 Telegraph Road, MontebeUo, CA 90640 
West 213-726-0303 Ext. 461 East 508-683-8322 

For More Infonnatlon Circle No. 543 ' 



The Ultimate Combination Of Fbwer And Ease-Of-Use. 
Now Available For Both WmdowsAnd OS/2. 

---- Introducing the first pro- genius. And 
CASupelP""""'" '--,.- ject manager your entire since it runs 
~ ~ company can use. 1 .. 1 under 
J~,~..J For power iW Windows 

~f users, there are ~ and OS/2, 
dozens of new fea- _"'::'i.. you won't 

tures, functions and an internal develop- be burning 
ment language that makes creating ad- any bridges. 
vanced macros quick ; .••• 
and easy. ::::5 

For beginners, ::::5 
t~e e~siest, friend- E 
best m terface ~nd Buy one version, 
shortest learmng get the other FREE. 
curve in the industry. 

The new graphics and reporting 
options will make every user look like a 

FOR A FREE DEMO DISK CALL 
1-800 CALL CAl EXT. 240. 

call today to test-drive the award­
wining project management 

. software that can 54]Q' ..... PU'l'ER. 
help you manage 1ft. I 

the future. SSOCIATES 
Today. Softwore superior by design. 

New CA-SuperProject 3.0. 
CCom~uter Associates International, Inc. , One Computer Associates Plaza, Islandia NY 11788-7000. Ali product names [eferenced herein 
are traaemarks of thei r respective companies. 
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The Choice for Complete 
PC Data Acquisition systems 

National Instruments gives you more than the latest technology in plug-in boards. 

iraphical User Interface 
Ve pioneered the use of graphical user 
nterfaces for instrumentation software and 
emain a leader in this technology, with our 
.abVlEW~ and LabWindows~application 
oftware products. 

)river Software 
)ur I-DAQ~ driver for DOS, Microsoft 
Vindows, and the Macintosh, which is shipped 
vith al\ our data acquisition boards, is like a 
lata acquisition operating system with over 
00 basic va routines, data and buffer manager 
apabilities, and a resource manager. 

Plug-In Boards 
We continue to introduce new technolOgies on 
our boards for the POXT/AT, ElSA and PS/2. 
Innovations include an instrumentation 
amplifier that settles so fast that accuracy is 
maintained at all gains and sampling rates, 
antialiasing filters that cut off at the rate of 90 dB 
in one-sixth octave, and integrated multiboard 
synchronization with our RTSI- bus. 

Signal Conditioning 
The ationallnstruments SCXl system is a 
high-performance, multichannel Signal condi­
tioning and signal routing front-end system. 

Free Configuration Tool 
Our DAQ DesignerN system configuration 
software tool will help you design a complete 
data acquisition system. 
Call us for your FREE copy: 
(512) 794-0100 
(800) 433-3488 
(u.s. and Canada) 

,7. NATIONAL 
• ~!!!~~~~!!: 
~ 6504 Bridge Point Parkway 

Austin, TX 78730-5039 
Fax: (512) 794-8411 

Branch OffICes: Australia 03 879 9422 • Belgium 02 757 00 20 • Canada 519 622 9310 • Denmart< 45 76 73 22 • Finland 90 527 2321 • France I 48 65 33 70 • Germany 089 714 5093 
Italy 0248301892 • Japan 03 3788 1921 • Netherlands 01720 45761 • Norway 03846866 • Spain 91 8960675 ' Sweden 08 984970 • Switzerland 056 27 00 20 • U.K. 0635 523545 

o CopyngIlt 1992 National hstn.rnents CClIpOfaIion. '" "!11~ reserved. Product and company names listed are D'ademarks (If II'ade names of Ihe!r respecuve compar/es. 
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LABTECH® 

With ICONvim. you can s~t up your application by moving 
and connecting icons· no programming required 

Real-Time Software 
For over a decade, LABTECH has been providing high 
performance, low-cost solutions for real-time PC-based data 
acquisition and control. Now, LABTECH also offers real-time 
DDE data visualization. 

Toolbar OOIulliru 1001. 
lor crealillg rrnJ·Iinu! _ __ _ 

display sc,~t'U with 
(Utunated 8Nphirs 

Chon. olld Sruphs show 
~hollgin8 dolO ru ,~ 

chausts occur 

Knobs and b""OIlS 
0110 .. ""''''tor 

inttr!au and control 

Real time means you see 
changes as they occur. VISION 
provides you with thereal-time 
information needed for success 
in today's quickly changing 
business climate. 

VISION includes all software 
needed to immediatel y start 
monitoring PC performance, 
network performance, and 
changes in dBase files. 

Realtime 1' 10 
Vnclopcr' Edition 

M1CR~ 
WlNDOWS'" 
COMPA TIBl.£ 

VISION displays dynamic 
data from ODE-enabled 
Windows applications. 

Examples include: 

• Microsoft Excel 
• Lotus 1-2-3 
• Borland Quattro Pro 
• Visual BASIC 
• databases 

(fClr royah) fJ dJ (TtbutJOn f apphcattoru) 

Data Acquisition 
and Control 
Real-Time Data Acquisition & Control LABTECH 
software bas abuilt-in rea\-time scheduler that delivers "hard" real­
time performance. 

Widest 110 Hardware Support No one else supports more 
data acquisition boards! Over 500 data acquisition and control 
device from more than 50 different manufacturers are supponed. 
Call us to configure and purchase a complete bardware/software 
system. 

Real-Time DDE LABTECH has 
real-lime Dynamic Data Exchange 
(DOE) under Windows. Setting up a Ii ve 
DOE link is easy. Use the Copy 
command, Paste-Link and you're done! 

LABTECH NOTEBOOK 
Industry Standard for Data Acquisition 
After nine years on the market and over 25,000 systems installed, 
NOTEBOOK is the most widely used data acquisition oftware 
package. 

Features: • DOS and Windows versions bundled together 

• No hardware key 
• Icon-driven - no programming required 
• Display rates up to 1 kHz 
• On-the-fly calculations 
• Thermocouple and RID lineari.zation 
• Triggering and pre-triggering 
• Replay of stored data simultaneously with 

live data 

• User-developed DLL icons in C 
• Knobs, on/off butlons, switches and sliders 

for buiJding user-interfaces 

Options: • Driver Toolkit for adding your own I/O drivers 

• UNIXIX-Windows versions available 

• Japanese, German, French versions available 

• GPm and RS23214221485 support available 

LABTECH CONTROL 
Direct Digital Control From Your PC 

CONTROL is different from other process control software 
packages provide direct digital control oftbe process in real-time. 
With CONTROL, you can configure an automated system using 
standard, off-the-shelf I/O hardware and industry-standard PCs. 
CONTROL includes all NOTEBOOK features, as well as the 
following: 

Features: • On-line alarm logging and annunciation 

• Animated process graphics with multiple views 
• Logging by exception, with on-line notes 
• Hot backup, auto failover fault tolerance 
• SPC/SQC; PID auto-tuning options 
• Sensor voting 
• On-line setpoint cbanges and recipes 
• PID anti-reset windup and bumpless transfer 

1 800 TRY LABTECH LABTECHo400ResearchDrive o Wilmington MA o 01887 
- - - (508) 657-5400 0 FAX : (508) 658-9972 0 Email : sales @labtech.col11 
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You CAN DEVELOP ADA CODEWI1HOur ADAMAT: 
OF COURSE, You CAN SKYDIVE WI1HOUT TIns, Too. 

The fact is, when you write 
Ada code without using AdaMAl' 
you're really putting the quality of 

your code at great risk.To be frank, 
you're actually inviting poorly written, 

unclear and inconsistent code that guarantees 

errors during development. 
AdaMAT is quite simply, the most 

valuable and crucial software engineering tool 

that is available today to Ada program devel­
opers. It is the only tool for the prevention of 

errors during development. AdaMAT analyzes 

Ada code and evaluates it using key quality 
characteristics that are based on the most effec­

tive use of the language. 
. With the use of AdaMAT, potential 

errors are detected prior to testing. It lets 

programmers insure the quality of their code 

Dynamics Research Corporation, 60 Frontage Road, Andov", MA 

earlier in development when errors 
are much less time-consuming 

and costly to fix. So avoid the pitfalls. 
Get your project in on time and right 

on budget. Write clean, consistent, accurate, reliable 
Ada code. And do it whether you're developing 
in the Rational, VAX, SUN, or SCOIUNIX environ­
ments. Call us today at 1-800-522-7321 for com­
plete infonnation. We'd jump at the chance to tell 
you all about the immediate benefits you'll receive 
using AdaMAT for your 
Ada development. 

r~~ 

AdaMAT. The code word for quality Ada. 

For More Infonnatlon Circle No. 496 
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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" 
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 flexibility 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 
MicropulsingTM technology 
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. 

For More Infonnat lon Circle No. 481 

Electronics 

Set-up and display real-time signals with our new 
, high-resolution (1280 x 1024) external monitor. A 

hand-held remote control allows selection of speeds. 
grid modes, annotation , and synchronization of the 
monitor to the chart from up to 100 feet away. 

NTB 6/93 
Yesl 0 Have a Gould Representative call me to arrange 

a demonstration 
o Rush me a free TA5000 brochure 

(Please print, or affix buSiness card.) 
Name: ________ _ ____ _ 

Trtle: ___________ _ _ _ 

Company: ____________ _ 

Streel: _____________ _ 

City: _______ State: __ Zip: __ 

Telephone: ____________ _ 

Send to: Gould Inc., Test and Measurement Group, 8333 Rockside 
Road, Valley VifNI, Ohio 44125. Fax: (216) 328·7400. 
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Pictured above is the simulated interior of an inflatable habitat proposed by Johnson 
Space Center engineers for use during lunar or Mars exploration. Providing living 
and working space for twelve crewmembers, the structure is enclosed by a strong 
multiple-ply fabric with an impermeable bladder on the inside and a thermal coating 
on the outside. A fabric bulkhead divides the structure into four functional quadrants 
and separates active from quiet zones: crew quarters above mission operations and 
crew support above base operations. See the tech brief on page 95. 
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This Magellan image centers on a volcano straddling a narrow fracture system near Phoebe Regio, one of Venus' 
• _ highland tessera, or regions resembling mosaic tiles. It combines a synthetic aperture radar (SAR) backscatter image 

with a color radio-thermal emission image-red regions correspond to a high emissivity, blue to low. Emissivity, which 
• - is a measure of the electrical proPerties of surface materials, is an important clue to surface composition. Techniques 

recently developed at NASA for processing SAR images are discussed in the tech briefs on pages 28 and 89. 
Photo courtesy Jet Propulsion Laboratory 
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The leading players 
in R&D 

keep us on their bench. 

Superconductive materials are reaching 
new heights in critical temperature and field. 

And Keithley is there. 

Keithley is there as leading metrologists 
develop intrinsic standards using Josephson 
Junction, Quantum Hall Effect and Quantum 

Current Pump technologies. 

And the leading players in communications 
and computers use Keithley equipment 

to evaluate ozone-friendly 
manufacturing processes. 

Where'ver you find extreme measurements 
being made, you often find a 

Keithley instrument 

That's because Keithley offers the 
most sensitive voltmeters, ammeters and 

ohmmeters of any major instrument 
supplier. And a solid line of high­

performance, full-featured DMMs, 
switches and source-measure units. 

Another reason: prompt and total support 
for the R&D professional. Like free 

applications assistance (1-800-552-1115). 
On-site technical seminars. Our "Low Level 

Measurements Handbook. " And much more. 

We're always ready to support your research 
efforts. Just as we've been doing for 47 years. 

Call on us. Any time. 

Until then, we applaud all those researchers 
who've made a difference. 

And we thank you for sharing 
a bench with us. 

KEITHLEY 
For More Information Circle No. 519 



It's tomorrow in 
design automation. 
Welcome to tomorrow in ALTIUM. Where we are redefining the 
way you design, engineer and manufacture products of all kinds. 

Yesterday we were CADAM Inc. Today we offer you the first 
glimpse of a new company that is spearheading the mM 
commitment to desktop design automation. 

Productivity is the first order of the day. In coming 
generations of our MICRO CADAM, mM CAD and P-CAD 
product families we will be pushing the envelope to give 
engineers and designers unbounded capabilities within and 
across electronic and mechanical design automation. 

We'll do it while retaining superior price/performance. 
We'll do it where tomorrow is today. In ALTIUM. The new 
mM vision for design automation. See our video, "It's 
Tomorrow in Design Automation," 1-800-255-5710. 
ALTIUM, 1935 N. Buena Vista St., Burbank, CA 91504. 

~ALTIUM~ 
An IBM Company 
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for 31016191714: Aobert D'Alexander 

for 4081415191612091707: Aobert Hubbard 

NASA Tech Briefs, June 1993 



For half a century, Instrument 
Specialties has led the way in 
EMl/RFI shielding. Thday we are the 
supplier of choice for beryllium 
copper (BeCu) gasketing. BeCu 
offers formidable tensile strength, 
exceptional stability, superior 
thermal/electrical conductivity and 
ease of fabrication. 

ODe-stop shopping for aD your 
EM! sbieldiDg. 

But more than 250 BeCu configu­
rations were just the beginning. 
Instrument Specialties now offers 
wire mesh, conductive elastomers, 
vent panels and air filters. A com­
plete line of EMIIRFI shielding 
solutions is on our shelf and ready 
to ship. Plus specialized platings 
and custom capabilities. 

See us at AFCEA, Booth #1671 

We want to be up front about 
our design belp. 

Instrument Specialties engineers 
will work with yours right from the 
drawing board stage. Our Finite 
Element Analysis simulates real-life 
working conditions. With CAD/CAM, 
photoetching, wire EDM and other 
state-of-the-art technologies, we help 
you achieve a total shielding solution. 
And a lot fewer headaches. 

MiDiOD dollar apamdon of 
testing capability. 

A major capital investment has 
dramatically upgraded our ability to 
perform certified testing for all 
worldwide EMC specifications and 
standards in compliance with 
ISO-9000 requirements. At our facility 

or yours. For full facts ... 
for our nevv color 
brochure .. .for one-stop 
shielding, please write, 
call or fax today. 

• Instrwnent Specialties 
HMdqauten: Delaware Water Gap, PA 18327·0136 
TEL: 717-424-8510 FAX: 717-424·6213 
WMtenI ~: 505 Porter Way, Placentia, CA 92670 
TEL: 714·579·7100 FAX: 714-579·7105 

Where Sbjeldlng EIuopeau DhrIIIioa: Champ Tignee 34, 4671 Barchan, Belgium 
isaSc:ilmce TEL: +32-41·877170 FAX: +32-41-877175 

For More Information Circle No. 530 
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If a temperature 
sensor is essential 

for your current project, 
RdF is ready to make 
it easy. For a 11 I 
limited time only, I we'll waive our . I 
usual design charges I and custom design a I 
temperature sensor I for you ... FREE! I 

I For decades, industry I 
I leaders have been I 

relying on RdF's designing 
know-how and manufacturing I expertise to meet their exact I 
product design requirements. 

I You can discover what they I 
already know. Simply tear out 

I this ad and send it along with I 
your specifications and a 

I 
sketch. Don't delay. . . I 
an offer like thi?'S won't 
last forever. 

I I 
I For FASTER RESPONSE I 

Call 800-445-8367 

I _ Specialists In I 
_ Temperature 

NASA has a portfolio of 3000 patents and 
pending applications available now for li­
cense by businesses and individuals, includ­
ing these recently patented inventions: 

Doppler Shift Compensation System For 
Laser Transmitters And Receivers 
(US Patent No.5, 184,241) 
Inventor: Geary K. Schwemmer, 

Goddard Space Flight Center 
A new system permits simultaneous fre­
quency tuning of laser transmitters and opti­
cal receivers on a low-orbit satellite. It com­
pensates for doppler shifts caused by the 
relative motion between the system and a 
scattering object or between a laser trans­
mitter and optical receiver located on differ­
ent platforms. The invention comprises an 
absolute frequency standard stabilized laser 
source, a computer to calculate expected 
shifts, and a means to apply compensating 
frequency shifts to the stabilized source or to 
a tunable laser used as a transmitter. 
For More Informat ion Circle No. 550 

High-Temperature Polymer From Malei­
mide-Acetylene Terminated Monomers 
(US Patent No.5, 189, 129) 
Inventors: Margaret K. Gerber and 

Terry L. St. Clair, Langley 
Research Center 

The inventors have prepared thermally sta­
ble, glassy polymers by mixing maleimide­
acetyline terminated monomers with malei­
mide-containing monomers oroligomers and 
heating them to the temperature at which 
they react. The resulting polyimides are flex­
ible, easy to process, and have high or 
nondetectable glass transition temperatures 
and high thermooxidative stabilities. 
For More Information Circle No. 551 

Long Wavelength Infrared Detector 
(US Patent No.5, 185,647) 
Inventor: Richard P. Vasquez, 

Jet Propulsion Laboratory 
Mr. Vasquez has designed an infrared de­
tector for wavelengths in the 10 11m to 100 11m 
range using III-V compound semiconductors 
that exhibit quantum confinement effects. 
The instrument is based on the photon en­
ergy absorption between two energy levels 
of coupled quantum wells, formed by the 
conduction band discontinuity between ma­
terials such as gallium arsenide. The width, 
depth, and spacing of paired wells are se­
lected to split the energy level into two levels 
by interaction. Reducing the well spacing 
reduces the difference between the two lev­
els for longer wavelength detection. 
For More Information Circle No. 552 

Method Of Making A Single-Layer Multi­
Color Luminescent Display 
(US Patent No.5, 194,290) 
Inventor:' James B. Robertson, Langley 

Research Center 
I · Measurement I 

23 Elm Ave · Hudson, NH 03051 I TEL 603-882-5195 • FAX 603-882-6925 I Thin-film, multi-color electroluminescent dis­
... -.I plays offer flexibility , reliability, and reduced 

- - - - weight, space, and power consumption for 
14 For More Information Circle No. 498 

such applications as control panels for air, 
space, and ground vehicles. Mr. Robertson's 
display uses a single layer of a host material, 
which itself may be a phosphor, that serves 
as a host to impurities within the layer to form 
a pattern of different colored phosphors. 
Impurities are introduced into the host by 
thermal diffusion or ion implantation. 
For More Information Circle No. :;53 

Method and Apparatus For Determination 
Of Material Residual Stress 
(US Patent No. 5, 193,395) 
Inventors: Engmin Chern and Yury Flom, 

Goddard Space Flight Center 
A novel apparatus for determining residual 
stress is based on the discovery that sensor 
coil resistance and reactance monotonically 
increase and decrease with respect to exter­
nally applied stresses regardless of direc­
tion (tension or compression) . If plotted on a 
graph of resistance versus strain, the coil's 
minimum resistance level corresponds to 
the specimen's zero stress state. The inven­
tion comprises an impedance gain/phase 
analyzer connected via cables to a sensor 
coil and a data acquisition/control device­
in turn connected to a mechanical test ma­
chine-which processes data from the im­
pedance gain/phase analyzer. 
For More Information Circle No. 554 

Modified Fast Frequency Acquisition Via 
Adaptive Least Squares AlgOrithm 
(US Patent No.5, 195,051) 
Inventor: Rajendra Kumar, Jet Propulsion 

Laboratory 
The need to estimate the parameters of a 
sinusoidal signal arises in diverse engineer­
ing tasks such as carrier tracking forcommu­
nications systems and measurement of Dop­
pler in position location, navigation, and ra­
dar systems. Mr. Kumar has created a rapid 
and precise least squares scheme for the 
nonlinear estimation ofthe phase, frequency, 
and amplitude of a sinusoid. 
For More Information Circle No. 555 

System For Simultaneously Loading 
Program To Master Computer Memory 
Devices And Corresponding Slave 
Computer Memory Drives 
(US Patent No. 5, 187,794) 
Inventor: William A. Hall , Johnson Space 

Center 
A bus-programmable slave module or card 
is designed for a multi-microprocessor com­
puter system comprising a master computer 
and one or more slave modules interfacing 
via a standard data communications bus. 
Each slave module includes its own micro­
processor, volatile and nonvolatile memory, 
and control program enabling it to act as a 
stand-alone, single-loop controller. A one­
way electronic door between the master and 
slave computers is opened for programming 
mode, in which applications loaded onto the 
master are loaded in parallel onto the slaves, 
or closed for nonprogramming mode. 
For More Information Circle No. 556 
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Now all engineers can use advanced tools to make better ' 
designs because the two worlds of design and analysis are 
becoming the one world of predictive engineering, The 
power and scope of MSC's finite element analysis (FEA) 
capabilities now work hand-in-hand with the power of Aries 
Technology's solid modeling and automated meshing 
software, For the first time, both designers and analysts can 
work in the same solid-modeling-based environment, under 
one intuitive user interface, to rapidly create, analyze and 
optimize designs before expensive physical prototyping, 
Using predictive engineering for design optimization means 
higher quality, reduced development costs, and dramatically 
shortened time-to-market. 

Solid benefits of the Geometry BusT. and 
open systems philosophy. 
The common tie among all mechanical engineers is geometry, 
MSC and Aries have adopted an industry-standard, non­
proprietary modeling kernel. This standard Geometry Bus 
means you can easily exchange data with a variety of other 
CAD/CAM systems. You can choose best-in-class software 
solutions for drafting and manufacturing functions to com­
plement the MSC/Aries predictive engineering environment. 

integrated predictive engineering solutions, MSC is the 
world's leading developer of FEA software and Aries is the 
world leader in solid modeling and automatic meshing for 
predictive engineering, 

Two worlds become one world. 
Eliminate the gap between design and analysis with a 
predictive engineering solution that is scalable, From quick 
verification of straightforward designs on PCs and work­
stations to analysis of complex systems assemblies on 
supercomputers, we can meet your needs now and in the 
future, For more information on MSC's complete family of 
FEA software, call (800) 336-4858 or (213) 258-9111. To 
learn about the Aries software series, call (800) 642-7437, 

The 
MacNeal-Schwendler 
Corporation 

Joining forces to address an obvious need. 
The joint development and marketing partnership between .ARIES 
MSC and Aries Technology addresses a growing demand for TECHNOLOGY 

For More Information Circle No. 457 

Announcing a simply powerful partnership for predictive engineering. 
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Rolling uchnology for brittle mAteriAls, developed by T exJlS Instruments 
for the NASP program, has enabled AUHd Signal to produce light­
weight high-umperature aluminum foils and honeycomb structures for 
commercial aircraft applications. 

NASP SPINOFFS: 

Hi b Technology 
Come ow To rth 
Far-reaching technologies that 

one day will propel the National 
Aero-Space Plane (NASP) into 

orbit-including high-performance 
materials, computational fluid dynam­
ics software, and systems integration 
techniques-today are yielding 
advances for industry on Earth. 

NASP is a joint Department of De­
fense (DOD)/NASA effort to develop 
a vehicle capable of single-stage-to­
orbit operation . The hydrogen-pow­
ered aircraft would take off horizontal-

16 

Iy from a conventional runway and 
then reach the hypersonic speeds 
necessary to reach low-Earth orbit. 

"The program has provided the 
opportunity to assemble and exercise 
a premier design and technology 
team that is thrusting the US into the 
21 st century," said Air Force Major 
William West, chief of NASP Tech­
nology Transition. Approximately 300 
organizations in government, indus­
try, and academia are working toward 
the program's objectives. 

Successful NASP development is 
expected to produce tremendous cost 
and flexibility advantages over exist­
ing space launch systems as well as 
diverse civil and DOD spinoff applica­
tions. In just the last two years, the 
NASP program has generated more 
than $4 billion worth of technology 
transfers. 

Materials development has been a 
particularly fruitful area for spinoffs. 
Spending significant time in the 
atmosphere to utilize its air-breathing 
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propulsion system will impose severe 
thermal and acoustical loads on the 
craft , subjecting it to temperature 
extremes greater than the space 
shuttle experiences on re-entry from 
orbit. To enable the plane to 
withstand such temperature cy­
cling , NASP engi­
neers are devel­
oping lightweight, 
high-strength, oxi­
dati 0 n - res i stant 
materials for air­
frame and engine 
structures, includ­
ing metal matrix , 
organic, refractory, 
and highly-conduc­
tive composites. 

to fabricate engine nozzles, exhaust 
plugs, and engine cowlings on Boeing 
777s powered by Pratt & Whitney 
PW4000s and Rolls-Royce Trent 
engines-conserving about 360 Ibs. 
per aircraft. TIMETAL 21S has poten­
tial application in chemical processing 

One promising 
group of materials 
is titanium matrix 
composites (TMCs), 
which consist of a 
titanium metal or 
alloy reinforced 
with continuous sil­
icon carbide fibers. 
TMCs have the 

TIMETAL- 21S, a titanium alloy developed by Titanium Metal 
Corp., is und" study by the FDA and medical supply companies 
for use in medical implants. A hip implant, such as the one above, 
offers greater durability than currently employed materials and a 
stiffness that more closely matches natural bone. 

strength of steel at 
half the weight and perform reliably at 
temperatures up to 982 °C, whereas 
unreinforced metals such as conven­
tional steel can only withstand tem­
peratures up to 427 °C. By contrast, 
materials such as ceramics and car­
bon-carbon composites can survive 
higher temperatures (up to 2204 °C), 
but do not have the high strength of 
TMCs. The composites' combination 
of properties makes them ideal for 
NASP's gas turbine engines and 
other high-temperature structures. 

equipment, downhole equipment in oil 
and gas wells, biomedical implants, 
and electroplating fixtures. 

A recently established consortia of 
materials manufacturers , including 
Texas Instruments, Textron, Timet, 
Brush-Wellman, Allied Signal, and 

consortia is designing, building, and 
testing an automobile engine with 
operation features to greatly benefit 
both the environment and the wallet. 

"Imagine a V-8 engine that weighs 
less than half of a current V-8, oper­
ates at up to 20 percent increased 
efficiency, and reduces emissions," 
said West. The project is in its initial 
study stages, with the hope of obtain­
ing funding from the departments of 
Energy, Commerce, and Transporta­
tion sometime in 1994, according to 
West. Commitments to commercialize 
the engine and its parts are being 
garnered from automotive compa­
nies, engineering research facilities, 
and parts suppliers. 

Additionally, the individual materi­
als are attractive for use in existing 
engines. Replacing nickel-base alloy 
valves with titanium aluminide valves, 
for example, can result in a 50 per­
cent weight savings as well as 
increased efficiency, higher operating 
revolutions, and increased tempera­
ture capability. 

A key to application of TMCs and 
other metal-matrix composites is 
Isobaric™ cold rolling technology 
developed by Texas Instruments (TI) 
for the NASP program. The patented 
process offers a practical means to 
roll very brittle materials into high­
quality, thin-gauge foils. "Programs 
such as NASP that require a step­
function push of state-of-the-art 

materials technology 
are very rare, " said 
Richard Delagi, a fel­
low at Texas Instru­
ments. "NASP materi­
al needs challenged 
almost every facet of 
existing thermome­
chanical processing 
practice." 

Last year, Textron Specialty 
Materials received an $8.9 million Air 
Force contract to develop the first 
TMC production facility for NASP and 
other applications such as commer­
cial and military aircraft turbine 
engine components and commercial 
aircraft landing gear. The facility, 
located in Lowell , MA, is expected to 
be fully operational by July. 

TIMETALe 21S, a heat-resistant 
titanium alloy developed by Titanium 
Metals Corp. (Timet) for NASP appli­
cation , can compete with nickel-base 
alloys at service temperatures up to 
595 °C and is 100 times more corro­
sion-resistant than other aircraft tita­
nium alloys. The material will be used 

Brush Wellman has introduced a disk drive actuator arm made 
of ALBeMef"M, a NASP-derived beryllium alloy. The material's 
high elastic modulus and low density translate into better p"­
formancc, including a 15 p"cent reduction in access times. 

Isobaric rolling has 
enabled Allied Signal 
to produce foils and 
honeycomb 'struc­
tures from a recently­
developed high-tem­
perature aluminum 
that offers twice the 
thermal capability of 
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Martin Marietta, in conjunction with 
the NASP Joint Program Office, has 
focused on applying TMCs in the 
commercial automotive market. The 

aircraft-grade alumi­
num at two thirds the weight of titani­
um. Other foils rolled by TI have 
application in automotive piston rings 
and catalytic converters, artificial 
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materials include AIBeMet™, a berylli­
um alloy developed by Brush 
Wellman Inc., currently used in disk 
drive actuator arms. Its high elastic 
modulus (30 million Ibs/in2) and low 
density (0.076 Ib/ in3) translate into 
improved arm performance and ease 
of manufacturing. 

ADVANCED COMPUTER SIMULATION 

NASP engineers have created computational fluid dynamics (eED) software to simulate the 
high speeds and flight conditions anticipated for the single-stage-to-orbit plane. Spinoff 
applications of the software include evaluating combustion chambers for automotive and 
electric power generation and improving heart and eye surgical techniques. 

The remarkable range of NASP's 
intended performance severely limits 
pre-flight components testing. Wind 
tunnels capable of testing systems 
throughout the projected flight enve­
lope do not exist, while sub-scale 
models of the vehicle cannot test all 
areas deemed critical to success. 
Computational fluid dynamics (CFD), 
the numerical modeling of flows 
around an object, provides designers 
with tools necessary to analyze the 
vehicle's performance. Continued 
development promises multidiscipli­
nary CFD that will enable a designer 
to model the vehicle and its surround­
ing flow in sufficient detail to create, 
in effect, an electronic, numerical 
wind tunnel. 

heart valves, corrosion-resistant 
pacemakers , electronics heat ex­
changers, piping for water desalina-

18 

tion plants, speaker cones, and high­
performance camera shutters. 

Other promising NASP-related The CFD software created for 

A broad product line. The most experi­
ence. Expertise in customized and stan­

dard products. Elmwood is clearly a 
leader in touchscreen technology. 
Analog and matrix formats available. 
Hardware and software capability. 
High-resolution analog controller. Flat 
and curved screens. Different colors for 
contrast and antiglare screens. 
Extremely user-friendly. Easy to inte­

grate. Call I-800-ELMWOOD for more 

IIIiii!!! Elmwood 
II!!!!iiii Sensors 
Think of the possibilities. 

Elmwood Sensors, 500 Narragansett Park Drive, 
Pawtucket, RI 02861-4325, U.S.A., 

Tel: 401-727-1300, Fax: 401-728-5390 
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The CY-8500 can store up to 25 GB 
on a single tape, at speeds of up to 
90 MB per minute, completely unat­
tended. 

How7 With hardware data com­
pression that can boost capacity by 
up to five times. 

No other 8mm tape drive can 
match the capacity, speed , and price­
performance of this best-selhng drive. 

ADVANCED. You'll never be left in 
the dark. A bright, backlit status 
display gives you the command under 
execution, transfer rate, compression 
ratio, amount of tape remaining and 
more. 

Our data compression option is 
the fastest available. And it IS switch 
selectable, so you can still read and 
write standard tapes. Locate and re­
store fil es qUickly and easily with our 
accelerated file access option. Add data 
encryption to control backup and 
restore operations through the use of 
encoded card keys. 

FLEXIBLE. The CY-8500 is plug 
compatible with virtually every com­
puter system. Rack mounting options, 
dual drive configurations and a variety 
of cable lengths ensure a seamless fit 
into your computing environment. And 
as storage needs grow, you can upgrade 
to our ten tape library, capable of man­
aging between 25 GB and 250 GB-all 
without manual intervention. 

RELIABLE. A sophisticated Error 
Correction Code yields a bit error rate 
ofless than one in 1017- the best in the 
industry A MTBF rate of 60,000 hours 
ensures reliability. 

Each turnkey subsystem features a 
12-month warranty that includes 
technical support from ou r experienced 
in-house engineering group. 

Everything you want in a backup 
subsystem is available right now. 

Call today for information at 

(804) 873-9000 

TRUE PLUG COMPATIBIlITY 
Alliant 
Alpha Micro 
Altos 
Apollo 
Anx 
AT&T 
BaslC-4 
Concurrent 
Convergent 
DataGeneral 
DEC SCSI 
DEC BI-Bus 
DEC DSSI 
DECHSC 
DECO-Bus 
DEC TUfTA81 
DEC Unibus 
Gould'Encore 
HP 
IBM AS '400 
IBM Mainframe 
IBM RtSC '6000 
IBMRT 
IBM S/38 
ICl 
Intergraph 
Macintosh 
McDonnell 

Douglas 

Motorola 
NCR 
NeXT 
Novell 
OSI2 
PS/2 
Parallel 

Port 
PC 3861ix 
PC MS-DOS 
PC Xem'" 

Unix 
Penec 
PICK 
Plexus 
Pnme 
Pyramid 
Sequent 
SilICOn 

GraphICS 
STC 
Siratus 
Sun 
Texas 

Instruments 
Umsys 
Ultimate 
Wang 
and mare 

CON T E M P 0 R A R Y 

CYBERMETICS 
Rock Landing Corporate Center ' 11846 Rock Landing 

ewpon ev.s, Virginia 23606 · Fax (804)873-8 36 
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NASP has various industrial and 
medical applications. It has been 
applied to combustion chambers for 
automotive, aerospace, and electric 
power generation that have higher 
efficiencies and lower pollution rates. 
Recently, NASP officials brokered a 
strategic alliance between a premier 
eye surgeon and a Rockwell CFD 
scholar to develop and validate CFD 
software that will make eye surgery 
more effective. The program will take 
into account the complexity of eyeball 

flu id chemistry while maintaining ade­
quate temperature and pressure in 
the eye during surgery. "What's need­
ed is a complete CFD model similar 
to the NASP tip-to-tail simulation 
developed at Rockwell International 
Science Center," said West. 

CFD also could be applied to the 
simulation of blood flow through the 
heart and arteries. One of the major 
problems in any surgery is the risk of 
requiring a repeat operation. CFD will 
allow the surgeon to perform the 

From parallel 860s, to coprocessors and workstations· 

NDpTN Fortran Drives 
Them All! 
M icroway's industry­

leading 32-bit 
Fortran produces the 
highest quality numeric 
code and supports all x86 
operating systems, 
processors and numeric 
devices. NOP Fortran was 
used to port industry standards like 
SRAC's COSMOS/M to the 486 and 
is required to use AspenTech's 
ASPEN PLUS, IBM's OSL, and Fluid 
Dynamics' FlOAP. The compiler uses 
advanced numeric optimizations and 
instruction scheduling which favor 
fast numerics and RlSC devices. 

NDP Fortran, CIC++, Pascal 
and our new Fortran 90 for the 
386, 486, Pentium, and 860 run under 
either Extended DOS, OS/2, NT, 
UNIX V.3/4, SOLARlS, 
or COHERENT. _ ... 

--

If you plan to use a 386, 486, 860 or 
Pentium and require portability 

across operating systems, numeric 
speed, precision and superior 
technical support, then NOP Fortran, 
C I C++ or Pascal is the only solution. 

QuadPuter~.860 
(200 Megaflops) 

The 200 megaflops of Microway's 
QuadPuter-860 are optimaUy harnessed 
using NDP Fortran-860, libraries from 
IMSL, NAG and KUCK, and the PSR 
Vectorizer . 

GIGABOX™ 
Microway can 
buildacustomized 
one gigaflop NFS 
computational 
server using five 
QuadPuters ® 
running in one of 
our industrial 
grade Towers for 
under $50K. We 
also configure less 
expensive 486 
workstations . 

To learn why government research 
labs, universities and engineers 
worldwide specify ''Microway'' call 
our Technical Support Department 
at 508·746·7341 or any of the 
international representatives below. 

ReseafCh Park, Box 79, 508·746-4678 
U.K. 081·541·5466· Gennany 089·752023· Greece 01·291·5672 • India 11 681 0645 • Israel 3·751·2929 
Italy 2· 749·0749 • Japan 079822 5855 • Poland 22-414115 • PortugaVSpain 1·60 4049 • Russia 095 155 030 

operation repeatedly in computer sim­
ulation, thereby improving predictive 
abilities and refining technique. 

Spinoffs also are derived from 
NASP-related R&D in the fields of 
aerodynamics, propulsion, and sys­
tems integration. To achieve maxi­
mum efficiency, NASP will require 
exceedingly high levels of engine/air­
frame design integration. The intense 
study of vehicle-to-environment inter­
actions is prompting advances in 
remote sensing and instrumentation 
to analyze the physical and chemical 
effects that affect vehicle perfor­
mance. This work benefits configura­
tion analysis, aero-instrumentation , 
test instrumentation, and aerothermo­
dynamics. 

NASP will surpass all other aircraft 
in sheer speed, capable of long-range 
cruising at hypersonic speeds within 
the atmosphere and orbital speeds up 
to Mach 25. Hypersonic cruise capa­
bility requires new levels of systems 
integration and subsystem (eaction . 
Systems must not only sense the 
environment but detect incipient fail­
ures and make appropriate adjust­
ments. Both structural sensing and 
software diagnostic capability could 
be incorporated into a wide range of 
industrial applications. 

Further development and transfer 
of these technologies will depend on 
continued governmental support of 
the program. This spring , NASP 
faced a crossroads in program plan­
ning. "A recommended program op­
tion would insert a period of techno­
logical risk-reduction during the next 
five to six years," said Charles Morris, 
assistant director for NASP at NASA 
Headquarters. "Thi s would corre­
spond to several needs: maintaining 
technological momentum, responding 
to near-term pressures of the national 
budget, and providing a lower-risk 
design. The resulting plane would be 
not only lighter but cheaper as well." 

Risk reduction, Morris explained, 
would be accomplished with flight 
tests of rocket-boosted, subscale test 
vehicles combined with complemen­
tary ground-based technology de­
velopment, testing , and analysis. 
"Technology transfer," he said, ''would 
remain an important part of the 
program." 0 

For more information on the technolo­
gies described in this article, contact 
Terry Kasten or Major William West at 
ASCINAR, Wright Patterson Air Force 
Base, Ohio 45433, Tel. 513-255-3165. 
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. Too.~ e~erything 
m your life ISnt as accurate 

as our frame grabber. 
THE OT3851 

• No Compromtse ~ Analog Design 
for sharp images 

• Digual Oock Sync-yields low 
ptxel jitter for acrurate digihzation 

• PrecIsIon Input-maxImizes 
grayscale resolutIon in difficult 
low· lIght cond1ttons 

• Sync SenttOeI"for d,giriztOg 
from VCRs to pause mode 

• Fully programmable acquisition 
diginze<i video from standard, non· 
standard and hIgh resolution devIces 

• Single or dual mom tor operation 
up to 1024 x 768 resolution 

In this frustratingly imperfect world, it's comforting to have one thing 

that's always on the mark. Such as the DT3851 frame grabber, from Data 

Translation. The DT3851 digitizes images with unsurpassed accuracy, from 

almost any input device. And when you digitize with greater accuracy and 

precision, you11 get better data and more accurate measurements. 

Of course, we also designed this board to take full advantage of Windows:" 

So all of the DT3851 's sophisticated features are easy to use. 

To learn more about the amazingly accurate DT3851 , call us today. 

We'll send you a brochure and our free 3-Book Set full of product and appli­

cation information. And you'll see DAD TRANSLATION 
what you've been missing. 

FOR MORE PRODUCT I FORMATIO OR OUR FREE 3-BOOK SET CALL 800-525-8528, EXT. 345 

World Hdqtr~, (508) 481·3700. UK 73479·3838 (Hdqt~) Gwnany 7142·54025 (Hdqtrs) Franc, 5045·9583 (Hdqt~l. Italy 30242·5696 (Hdqtrs). Sal~ OffiCe! Au~raha 2699·8300, 
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New Product Ideas 
New Product Ideas are just a few 
of the many innovations 
described in this issue of NASA 
Tech Briefs and having pro­
mising commercial applications. 
Each is discussed further on the 
referenced page in the appropri-

ate section in this issue. If you 
are interested in developing a 
product from these or other 
NASA innovations, 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 24). NASA·s patent­
licensing program to encourage 
commercial development Is 
described on page 24. 

Feeder for Oxygen­
Sensitive Powders 

Digital Electronic 
Still Camera 

This feeder facilitates the transfer of 
powder in an inert atmosphere. The feed­
er is equipped with a sight gauge, a 
coupling to mate containers, an inter-

nal funnel to unload unused powder in 
a vacuum or inert atmosphere, and a 
pressure gauge. I 
(See page 7B.) 
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Elmo-the 

of Micro 
Picture Quality 

FRONT OF CONTROLLER 
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BACK OF CONTROLLER 

Any broadcast pro will tell you Elmo 
micro cameras deliver the best picture 
quality. That's why Elmo micro cameras 
are used in network television events . 

Now, we've made them 
even better! Elmo micros are 
also extensively used in 
medical equipment, aircraft, 
high tech surveillance, 
covert operations and 
many more applications. 
1. Model MN-401X (color) 

Features electronic shutter speed up to 1I50,000th second, over 
460 lines (H) resolution , 5 lux Illumination for excellent color 
rendition, the first micro with 3 video outputs (analog RGB, S-VHS, 
NTSC) and accepts macro lenses that can enlarge up to 178 times. 
2. ME-401E (8&W) 
A 570 lines (H) high resolution model, 1.8 lux, both electronic and 
manual shutter speed control and random trigger for machine 
vision, quality control and other applications. 
Elmo also offers another very special ingredient, the best 
customer service and support. You can Immediately 
reach a highly qualified person to quickly 
answer your technical or service 
questions. 
For more information, 
call Vince Giovinco 
toll free at 
1-800-947-ELMO 
or write: 

~ ... ,.IWD Mfg. 
~ ........ _ Corp. 

70 New Hyde Park Road, New Hyde Park, NY 11040 Phone: 1-800-947-ELMO 
44 West Drive. Brampton, Ontario. Canada L6T 3T6 Phone: 416-453-7880 

For More Infonnation Circle No. 466 

A prototype still camera takes images 
of nearly photographic quality and stores 
them in digital form. Designed especially 
for scientific use, the camera has a re­
movable hard-disk drive that serves as 
electronic equivalent of photographic film. 
(See page 30.) 

Infrared Imaging of 
Flows Seeded With SFS 

A new technique for aerodynamic test­
ing of airplane wings and other lifting sur­
faces uses infrared emissions from SFs 
gas to make vortical and other offsurface 
flows visible, continuously and nonin­
trusively throughout a research flight test. 
(See page 34.) 

Vertical-Bloch-Line Memory 
A developmental very-large-scale in­

tegrated-circuit block-access magnet­
ic memory features resistance to ioniz­
ing radiation, potential storage density 
up to 1 Gb/cm2, data rates up to 1 Gb/s, 
and average access times of the order 
of milliseconds. 
(See page 42.) 

Piezoelectrically 
Bendable Mirrors for 
Spatial Modulation 
of Light 

Multiple piezoelectric actuators at­
tached to the back of these mirrors 
apply controlled local bends to alter the 
shapes of the reflecting surfaces. Po­
tential applications are in spatial light 
modulation in optical computers, com­
pensation for atmospheric distortions 
in telescopes, and other uses requiring 
controllable changes in wave fronts. 
(See page 52.) 

Silicon-Etalon Fiber­
Optic Temperature Sensor 

A developmental sensor consists of a 
silicon Fabry-Perot etalon attached to 
the end of an optical fiber. Because sen­
sor output is encoded in the ratio of in­
tensities at two different wavelengths, 
temperature readings are not degraded 
much by changes in the transmittance 
of the fiber-optic link. 
(See page 54.) 
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HOW YOU CAN BENEFIT If you're a regular reader of TECH BRIEFS, then you're already making use of 
one of the tow-and no-cost services prolllded by NASA's Technotogy Transfer 
Program. But a TECH BRIEFS subscrlpllOn represents only a fraction of the 
technical Informabon and applicationS/engineering servICeS offered by this Pro­
gram. In fact, when all of the components of NASA s T echoolOgy Transfer Networ1< 
are considered , TECH BRIEFS represents the proverbial tiP of the iceberg 

FROM NASA's 
TECIWOLOGY 
UTlJZATlON 
SERVICES 

We've Outlined below NASA's Techoology Transfer Networ1<-<1amed the 
partlClpants, descnbed their servtees, and listed the Individuals you can contact 
for more infonmauon relating to your specifIC needs We encourage you to make 
use of the Informabon, access. and applICations serYlCeS offered. 

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 (TSP). If a TSP is not 
available. you can contact the Technology Utilization O fficer at the NASA Field Center that sponsored the research. He can arrange for assistance in 
applying the technology by putting you in touch w ith 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 Langtey Research Ctr. Jet Propulsion Lab. George C. Marshall Houston. TX 77058 
Technology Utilization Space Center Technology 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 180·8010 Code ATOI Mail Code AL3 
(415) 604-4044 Code HA-30 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) 864-2484 (818) 354-4862 AL 35812 NASA Headquarters 
Mail Code 200-11 (SOl) 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 Patent Counsel: Officer: Leonard A. Ault 
(415) 604·5104 Space Center Mail Stop 143 Mail Code 180-801 G Robert l. Broad, Jr. CodeCU 
Lewis Research Center Technology Utilization Hampton, VA 23681 -0001 4800 Oak Grove Drive Mail Code CCOI Washington, DC 20546 
Technology Utilization Officer: James A. (804) 864-3221 Pasadena, CA 91109 Marshall Space Flight (202) 358-0721 
Officer: Anthony F. Aliberti Goddard Space Flight (818) 354-5179 Center, Associate General 

AL 35812 
Rataiczak Mail Stop PT·PAT-A Center Technology Utilization Counsel for Intellectual 
Mail Stop 7-3 Kennedy Space Technology Utilization Mgr. for JPL: Dr. Nor-

(205) 544-0021 Property: Jack Mannix 
21000 Brookpar1< Road Center, FL 32899 Officer: Dr. George Alcorn man l. Chalfin Lyndon B. Johnson CodeGP 
Cleveland, OH 44135 (407) 867-3017 Mail Code 702 Mail Stop 156-211 Space Center Washington, DC 20546 
(216) 433·5568 Patent Counsel: Greenbelt, MD 20771 4800 Oak Grove Drive Technology Utilization (202) 453-2424 
Patent Counsel : Bill Sheehan (301) 286-5810 Pasadena, CA 91109 Officer: Richard B. 
Gene E. Shook Mail Code PT-PAT Patent Counset : (818) 354·2240 Ramsell 
Mail Code LE·LAW Kennedy Space R. Dennis Marchant Mail Code IC·4 
21000 Brookpark Rpad Center, FL 32899 Mail Code 204 Building 4 South 
Cleveland, OH 44135 (407) 867-2544 Greenbelt, 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. 

y ou can contact NASA's network of RTICs for assistance in so lving a specific technical problem or locating technology or markets that match your 
interests. The RTICs are experienced in working with industry to define technology needs and acquire and commercialize applicable technology. 

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

region (or you may call or write d irectly to the RTIC in your region). 

REGIONAL TECHNOLOGY TRANSFER CENTERS (RITCs) 

RITC Directors 

NORTHEAST 
Dr. William Gasko 
Center tor Technology 

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

MID·ATLANTIC 
Ms. Lan! 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 
409-845·8762 

MID·WEST 
Dr. Joseph W. Ray 
Great Lakes Industrial Technology Center 
25000 Great Northern Corporate Center 
Suite 450 
Cleveland, OH 44070-5310 
(216) 734-0084 

FAR·WEST 
Mr. Robert Star1< 
Technology Transfer Center 
University of Southern California 
3716 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 NASA'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 d isciplines. the Application Team works with public sector organizations to identify 
and so lve critical problems with existing NASA technology. Technology Application Team, Research Triangle Institute, P.O. Box 12194, Research 
Triangle Park, NC 27709 ; Dr. Doris Rouse, Director, (919) 541·6980 

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

If You Have a Question .. N A S A Center For A eroSpace Infor· 
mation can answer questions about NASA's Technology Transfer Networ1< and 
its services and documents. The CASI staff supplies documents and provides 
referrals. Call. wnte or use the feedback card in this issue to contact: NASA Center 
For AeroSpace Information, Technology Transfer Office, P.O. Box 8757, BaHi­
more, MD 21240-0757. WafterM. Heiland, Manager, (410) 859-5300, Ext, 24f .. 
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Faster design cycles with MATRIXx 
Leadership through innovation. There's no fasler, belter 

way lO de ign conu'ol 
systems than with lhe 

MATRlXx• design auto­
mation family. Whatever 
your applicalion or 
industry - automotive, 
aero pace, proce 
control, eryo design or 
olher - MATRlXx pulls 

Integraled y tem continue to 
be the innovator. Xmalh~ is the 
first objecl-oriented analy is and 
visualization package with a user­
programmable GUI. Since its 
introduction in 1985, 
SySlemJ3uild,~ our graphical Xmath provid.s powerful analysis and 

visualization with a programmable GUt. dynamic simulation package, 
has been consi tently upgraded. AuloCo{ur i 
the firsl and only aUlomatic code generalor. 
And only Integrated ySlem gives you th 
power lO take your design from concept to 
implementation - with the high-p rfoflnance 
AC-JOO" YSlem, now based on the super­
charged Inlel i 60. Vernon 3.0, oITering 

your leam togelher, accelerating the design 
cycle from concepl to prototype. 

One integrated line. 

inleractive graphical 
debugging, lvaS introduced 
in eptember 1992 to rave 
review. 

On-going quality. 

beginning. You can coum on us lO meel 
and exceed your expectations, today and 
tomorrow. 

Driven worldwide. 

Leading automotive manufaclurers in the 
U .. ,Japan and Europe routinely use 
MATRlXx. Both in the lab and on the test 
track. We're a standard for computer 
peripheral and process control appli­
cations. And pace Station Freedom is 
currently being designed with our 
imegraled approach. 

Take us for a spin. 

Call 800-932-6284 and we' ll end you our 
informative hand-

ee how MATRlXx 

design needs. 

With our imegrated suile of lools, you 
design ; we manage the detail . You 
prototype the same model you simulale. 0 

accuracy and integrity are assured. There's 
no time wasled or information losl, 
translating your design from one tool to the 
next. ow, design tradeoff sLUdies take 
minule in lead of weeks, giving you more 
time to optimize design. \<\-'hal' more, our 
in-house expert applications engineering 
group i landing by lO work with you on 
your loughesl problems. 

Over the last twelve momh 
we've dramatically 
improved the quality of our 
producLS. But thOll's j ust the AC· 1OO reduc.s testing from months to days. 

~~~~~rated 
~em5 

CORPORATE HEADQUARrERS 
3260 JAY TRHT, SANTA CLARA, CA 95054 
TEL:(408) 9 0-1500 FAX: (408) 980-0400 
email: info@isi.com 

ITEO KJ CDOM H EADQ ARTE~ 
FIRST FLOOR, cATEIIOU5E, FRETI-IERNE ROAD, WELW' CARDEN CITY 
HFRT~ AL8 6 , ENGLAND 
T EL: 0707 331199 FAX: 0707 391108 

iliA TRl Xx " a rtgtilmd Iradnoarlt and X malh, S.vsl""Bur/d, II uJaCodr and II C. I 00 a>? Iradnnarits oJ Ir"tgra'rd SI,'n"-,. Inr. Dw:.',,, 0 rrgislmd lratinrwrlt oJ Gogiva llillia n MOlotryr/t,. Inc. 
e 1992InlL(!f,,'rd .')SInn.<, Inr. 

For More Information Circle No. 494 



Special Focus: Imaging Technology 

Advanced Computed-Tomography Inspection System 
Three x-ray sources and adjustable scan geometry give this system unprecedented versatility. 
Marshall Space Flight Center, Alabama 

The Advanced Computed Tomogra­
phy Inspection System (ACTIS) is a com­
puted-tomography x-ray apparatus that 
reveals the internal structures of ob­
jects in a wide range of sizes and mate­
rials. The system can be used in such di­
verse applications as development of 
new materials, refinement of manufac­
turing processes, and inspection of 
components. 

The density and spatial and tempo­
ral resolution of the x-ray scanner in the 
ACTIS can be optimized to suit the ap­
plication . The ACTIS includes three x­
ray sources, with maximum ~tential pho­
ton energies of 150 keV, 420 keV, and 2 
MeV, respectively. By selection of one 
of these sources for a particular appli­
cation, one can scan a small, low-den­
sity object as effectively as one can 
scan a large, dense one. 

An object to be inspected is mount­
ed in a gantry, which contains mecha­
nisms that rotate the object and trans­
late it horizontally past the x-ray sources 
and solid-state detectors. The sources 
and detectors are mounted on oppo­
site towers of the gantry (see figure). 
Sources and detectors are translated 
vertically in synchronism during vertical 
scans. 

An operator loads the part to be 
scanned and exerts overall control over 
the sources, detectors, and scanning 
motions via a console, which seNes as 
an interface with a host computer. The 
host computer, in turn, manages the de­
tails of operation of the resources of the 
system for the operator, adjusting trans­
lation and rotation speeds and x-ray­
source voltages and collecting data, 
among other functions. 

For scanning such dense and high­
atomic-number materials as glass-rein­
forced plastics, or for scanning large 
objects, the preferred x-ray source is a 
linear accelerator. The maximum photon 
energy produced by this device can be 
set at either 1 or 2 MeV. For smaller, less­
dense objects, the 150- or the 420-keV 
x-ray tube is selected . The 150-keV x­
ray tube produces a narrower beam 
and therefore resolves finer details; 
wires separated by less than 0.5 mm 
can be distinguished. The 150-keV tube 
is especially effective for thin-walled 
objects. The 420-keV tube can be set 
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r-------------------------------------------------------~ 

Vertical Drive t 
for X-Ray Sources 

Horizontal Drive 
for X·Ray Sources 

150-keV X·Ray Tube 

Drive for Horizontal 
Translation of Object 

The Gantry Contains Translation and Rotation Mechanisms that scan the x-ray 
beam through the object to be inspected. The distance between source and detector 
towers can be varied to suit the object. 

to a continuous range of voltages and 
either of two beam diameters. 

The detectors are placed in a semi­
circular array of 1,024 pixels. The outputs 
of the detectors are collected by a da­
ta-acquisition subsystem, which feeds 
the raw image data to an image proc­
essor that operates at a maximum rate 
of 200 million instructions per second. 
The image processor computes the to­
mographic images, which are then stored 
on a magnetic disk for immediate dis­
play and on an optical disk or magnetic 
tape for later retrieval. 

The image is displayed on a high-res­
olution monochrome video monitor. The 
upper area of the video display (com­
posed of 1,024 by 1.024 pixels) shows 
the computed tomographic image at a 
level of detail selected by the operator; 
for example, the operator can zoom in 
on a region of special interest. The lower 
right part of the display presents alpha­
numeric information about the system 
and statistics on the region of interest. 

The lower left part of the display retains 
the original image for reference when 
the operator commands a zoom view. 

The ACTIS can scan objects up to 
127 cm wide and 230 cm high, weigh­
ing up to 1,000 kg. Its spatial resolution 
ranges from 5.1 to 16.2 line-pairs per 
centimeter, the exact value depending 
on the selection of the source and the 
distance from the source to the detec­
tor. Scanning an object and reconstruc­
tion of the image takes from 2 to 11 
minutes, depending on the resolution. 

This work was done by Lowell D. 
Harris, Nand K. Gupta, Charles R. 
Smith, Richard T. Bernardi, John F. 
Moore, and Lisa Hediger for Marshall 
Space Flight Center. For further infor­
mation, Circle 13 on the TSP Request 
Card. 

Inquiries concerning rights for the 
commercial use of this invention should 
be addressed to the Patent Counsel, 
Marshall Space Flight Center [see page 
24]. Refer to MFS-27278. 
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~Algorithms for Segmentation of Complex-Amplitude SAR Data 
The physical basis of speckle is taken into account. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

Several algorithms implement an improved 
method of segmenting highly speckled, 
high-resolution, complex-amplitude syn­
thetic-aperture-radar (SAR) digitized im­
ages into regions, within each of which 
backscattering characteristics are similar 
or homogeneous from place to place. Typi­
cally, each region represents a different 
type of terrain, terrain cover, or other sur­
face; e.g., forest, agricultural land, sea ice, 
or water. The principal difference between 
this method and older methods of segmen­
tation is that it is based on two mathe­
matical models: one for the speckled com­
plex amplitudes, the other for labeling the 
regions. 

Speckle is a form of noise that manifests 
itself in a granular appearance of an SAR 
image, and it degrades radiometric resolu­
tion. It is caused by interferences among 
coherent radar returns from multiple scat­
terers within each affected resolution ele­
ment. Previous methods of coping with 
speckle have not taken account of the full 
complexity of the physical processes of 
coherent imaging, but experience has 
shown that the statistics of speckle are 
highly dependent on the characteristics of 
the SAR equipment and on the SAR proc­
essing parameters. Accordingly, in this 
method, speclde is mathematically modeled 
on the basis of the physics of the SAR im­
aging and image-processing subsystems. 
The model accounts for the impUlse-re­
sponse function of the SAR equipment, the 
backscattering characteristics of various 
targets, effects of uncontrolled changes 
(caused by pitching, rolling, and yawing of 
the airplane carrying the SAR) in aim of the 
radar antenna, and the use of side-Iobe­
weighting filters in the SAR processor. 

To complete the representation of the 
complex-amplitude SAR image data, the 
model of speckle is combined with a 
Markov-random-field probabilistic model of 
the distribution of region labels across the 
imaged scene. On the basis of the result­
ing composite model and by use of Bayes' 
theorem, an optimal labeling of regions in 
the image can then be defined by maxi­
mizing the posterior density of the labels. 

To obtain an exact global solution of this 
optimization problem, one would have to 
use a computationally demanding algo­
rithm; for example, one based on the simu­
lated-annealing technique. Instead, this 
method provides for approximate, deter­
ministic solution by two alternative algo­
rithms that almost always converge to 
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SEGMENTATION MAP PRODUCED BY MPM ALGORITHM 

An SAR Image of Ice on the surface of the Beaufort Sea was segmented by the leM and 
MPM algorithms. The accuracy of segmentation by the leM algorithm was found to be bet­
ter than that of prior segmentation algorithms. The MPM map is similar to the leM map ex­
cept in some details. 
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We never lose sight of the details. 
.. When it comes to electronic image capture, 

nothing escapes the notice of the KODAK 

MEGAPLUS Camera. Incorporating our ad­

vanced CCD sensor technology, our MEGAPLUS Cameras feature 

ultra-sharp resolutions of up to 2029 x 2044, along with square pixels 

for greater light sensitivity and sub-pixel accuracy. Best of all, they 

deliver pictures in a digital format that's readily com­

patible with your display and analysis hardware. Call to 

learn more about our line of digital imaging products. 

In Uvlng Colorl 
With 24-bit precision color and 2.6 mil­
lion pixels, the KODAK MEGAPLU 
XRC Camera is ideal for use in film 
animation, electronic publishing and 
other color-critical applications. The 
XRC camera also fearures four different 
high-definition display modes, a high­
speed SCSI port and RGB connections 
for analog display. 

A ResoluUon Revolutionl 
With 4.2 million pixels per image, 
the KODAKMEGAPLUS Camera, 
Model 4.2 is ideal for use in metrol­
ogy, microscopy, machine vision, 
document digitization, semiconduc­
tor inspection and other applications 
requiring the highest resolution. The 
camera fearures 8-bit pixel depth, 
frame rates of 2.1 images/second, 
analog and digital video outputs. 

Eye-Catching Images! 
The KODAK MEGAPLUS Cam­
era, Model 1.4 is a proven performer 
in applications such as medical 
imaging, document digitization and 
quality assurance inspection. With 
a 1320 x 1035 pixel array, this cam­
era's resolution is four times better 
than competitive cameras- at a price 
that's more affordable than ever. 

For more informa­
tion about KODAK 
MEGAPL US Cameras 
or any of our other 
professional imaging 
products, call us at 
1-800-462-4307, 
ext. 1004. 

For More Information Circle No. 472 



local minimums: one is the Iterative Con­
ditional Modes (ICM) algorithm, which 
locally maximizes the posterior probabili­
ty density of the region labels; the other 
is the Maximum Posterior Marginal (MPM) 
algorithm, which maximizes the posterior 
marginal density of the region labels at 

each pixel location_ The ICM algorithm 0p­
timizes the reconstruction of the underlying 
scene_ The MPM algorithm minimizes the 
expected number of misclassified pixels -
possibly better in remote senSing of natural 
scenes. The method has been tested with 
simulated and real SAR imagery (see fig-

= Oigital Electronic Still Camera 
Images can be viewed, analyzed, or transmitted quickly. 

Lyndon B. Johnson Space Center, Houston, Texas 
The prototype digital electronic still cam­

era takes images of nearly photographic 
quality and stores them in digital form. The 
camera is a portable, hand-held, battery­
powered unit that is designed especially 
for scientific use. Unlike in film photog-

raphy, the images produced by this cam­
era can be viewed and/or transmitted to 
a remote station immediately. In compar­
ison with analog video cameras, this cam­
era produces images of higher quality. Un­
like in both film photography and analog 
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The Digital Electronic Still Camera is part of an electronic recording, processing, transmit­
ting, and displaying system. The removable hard-disk drive in the camera serves as the digital 
electronic equivalent of photographic film. 
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ure) and found to be practical. 
This work was done by Eric J. M. Rignot 

and Ramaiingam Chel/appa of Caltech for 
NASA's Jet Propulsion Laboratory. For 
further information, Circle 3 on the TSP Re­
quest Card. 
NPO-18524 

video, the images produced by this cam­
era can be analyzed digitally with relative 
ease because there is no need for inter­
mediate processing to convert the output 
of the camera to digital form. 

The camera is used in conjuction with 
a playback unit that also serves as a trans­
mitting unit if the images are to be sent to 
the remote station. The remote station 
is equipped to store, process, and display 
the images (see figure). The digital image 
data could be encoded with an error-cor­
recting code at the playback/transmitting 
unit for error-free trasmission to the remote 
station. 

The prototype digital electronic still cam­
era is a modified commercial film camera, 
in which the film cartridge is replaced by 
an imaging charge-coupled device and the 
associated electronics. The electronic cam­
era is operated in the manner of the film 
camera and accepts all the lenses, flash 
attachments, and other film-camera ac­
cessories. The images are stored in a re­
movable hard-disk drive, which thus serves 
as the digital electronic equivalent of the 
film. The hard-disk drive is removed from 
the camera and plugged into the play­
back/transmitting unit for viewing, local 
processing, or transmission of the image. 

The camera can be programmed to pro­
duce an image in any of three resolution/ 
color formats: 1 K x 1 K monochrome, 2K x 
2K monochrome, or 1 K X 1 K color. There 
is no compromise of resolution in any of 
the three color planes, and there are plans 
to upgrade to a 4K x4K format. The dy­
namic range of the camera is about 60 dB. 
The image is digitized to 8 bits. The im­
age can be focused manually or auto­
matically. The exposure can be adjusted 
manually or automatically, with spot or 
center-weighted metering. The date and 
time are recorded automatically on each 
image. There is even a provision for record­
ing of latitude and longitude (supplied by 
ancillary equipment) or of data supplied 
by the operator. 

This work was done by Samuel D. 
Holland and Herbert D. Yeates for Johnson 
Space Center. For further information, 
Circle 9 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 
24). Refer to MSC-21797. 
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WfMapping Wildfires in Nearly Real Time 
An airborne infrared-sensing system yields timely information. 

NASA 's Jet Propulsion Laboratory, Pasadena, California 

An airborne infrared-sensing system (see 
figure) supplies information to firefighters 
about wild-land fires in nearly real time. The 
system, called Firefly, reveals the position 
of fires and approximate thermal inten· 
sities of regions within fires. The firefighters 
can use the information to manage and 
suppress the fires. 

Heretofore, current infrared systems 
have captured fire data on an image re­
corder, which entails the usual time-con· 
suming processing of film. Photographs 
are not available until an airplane returns 
to the ground. Furthermore, the photo­
graphs must be interpreted. The informa· 
tion has typically been as much as 6 hold 
before firefighters could respond to it. 

In the Firefly system, an infrared line· 
scanning detector on an airplane views the 
fire scene. The pilot flies the airplane over 
and/or around the fire so that the detector 
can scan the entire area. A crewmember 
observes the raw data from the instrumen­
tation and relays information to the pilot, 
enabling the pilot to optimize the flightpath. 
The crewmember can annotate the raw 
data if desired. 

An onboard computer processes the in­
frared image data, position data is obtained 
from satellites in the Global POSitioning 
System (GPS), and terrain-elevation data 
from the U.S. Geological Survey. From all 
these data, the computer prepares a de­
tailed map that is transmitted digitally to 
firefighters ' camps, where the map is 
printed, either in color or black and white. 
Unlike in aerial photography, interpretation 
is unnecessary: the relevant information 
is automatically printed on the map. The 
entire process, from air survey to printout, 
takes less than 30 min. Each pixel in the 
map represents an area about 25 ft (about 
8 m) square. Locations of features on the 
map are accurate within 500 ft (about 150 
m) of their true positions. 

The Firefly system can detect a fire as 
small as that in a small portable stove from 
an altitude of 10,000 ft (about 3,000 m). It 
can map fires that cover areas larger than 
10,000 acres (about 4,000 hectares) in as 
little as 10 minutes. 

The components of the system are 
mostly commercially available products. 
The system has a modular design, which 
facilitates upgrading as more-advanced 
components become available. The infra­
red detector gathers data in two wave­
length bands. The data are first processed 
separately, then combined to create the 
map. Dual-wavelength sensing is used to 
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meet the small-fire sensitivity requirement. 
Hotspots are identified by infrared spec­
tral characteristics, specifically by the dif­
ference between intensities of the same 
pixel in the two wavelength bands. If the 
difference in a given pixel is characteristic 
of a high temperature, then a fire is iden­
tified at the corresponding location on the 
ground. 

The Firefly system could also be used 
for other purposes with minor modifica-

Infrared Line 
Scanner AbOard 

Airplane 

tions. For example, it can be used to spot 
losses of heat in urban areas and to map 
disease and pest infestation in vegetation. 

This work was done by Joseph D. 
Nichols, Gary S. Parks, Richard F. Denning, 
Anthony C. Ibbott, Kenneth C. Scott, William 
J. Sleigh, and Jeffrey M. Voss of Caltech 
for NASA's Jet Propulsion Laboratory. 
For further information, Circle 57 on the 
TSP Request Card. 
NPO-18666 
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The Airborne Infrared-Sensing System flies over a wildfire as an infrared detector in the system 
and a navigation subsystem generate data to be transmitted to a firefighters' camp. There, 
data are plotted in the form of a map of the fire, including approximate variations of 
temperature. 
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. Infrared Imaging of Flows Seeded With SFs 
A novel technique enables repeated measurements of flow patterns during flight. 

Langley Research Center, Hampton, Virginia 

Qualitative off-surface flow-visualization 
measurements play an important role in 
flight and wind-tunnel aerodynamic testing 
of airplane wings and other lifting surfaces. 
Flow visualization can help provide a com­
plete understanding of the formation , loca­
tions, sizes, and intensities of vortices. The 
technique used heretofore to study vortici­
ty in flight is smoke-flow visualization, in 
which either a smoke bomb of short dura­
tion or a large kerosene-fired smoke gen­
erator is used. A new technique that has 
been developed at NASA Langley Re­
search Center overcomes the limitations 
of these techniques, providing the capabili­
ty to make vortical and other offsurface 
flows visible, continuously and nonintru­
sively, throughout a research flight test. 

In the new technique, the vortex or other 
off-surface flow phenomenon is made visi­
ble by seeding the flow with a substance 
that is visible in the infrared and observ­
ing the flow through an infrared imaging 
system. Wing-tip vorticity was selected as 
the off-surface aerodynamic phenomenon 
to be made visible in a demonstration of 
this technique. Wing-tip vorticity is a well­
known, strong, induced drag effect that oc­
curs when the difference between the 
pressures on the upper and lower surfaces 
of the wing gives rise to a flow around the 
tip of the wing . 

In this demonstration, the wing-tip vortex 
on a NASA research airplane in flight was 
seeded with sulfur hexafluoride (see fig­
ure), a gas that emits and absorbs radia­
tion strongly at wavelengths from 8 to 12 
j.tm. The infrared imager used in the test 
operated in this wavelength range. It in­
cluded a single mercury cadmium telluride 
detector, which was cooled by liquid nitro­
gen to improve its thermal sensitivity. The 

~-----------------------------------------------, 

Vortical Flow 

Infrared 
Camera 

Wing-Tip Vorticity was studied in flight by observing infrared emissions from SFs gas 
entrained in the wing-tip flow. 

field of view of the infrared-imaging optics 
was focused on the detector, and galva­
nometers provided the horizontal qnd ver­
tical scanning of the field of view across 
the detector. The output of the system was 
a raster-scan video signal that was recorded 
on a video cassette recorder. The record­
ed video data were then processed by use 
of standard image-processing equipment. 

The system can make vortical flows vis­
ible throughout all altitude and speed 
ranges of all subsonic aircraft. It may also 
be useful for transonic and supersonic 
speeds. Although its primary application 
is in the testing of aircraft in flight, it might 
also prove useful in testing fast land ve-

hicles and structures or devices subject 
to strong winds. 

This work was done by Gregory S. 
Manuel, Kamran Daryabeigi, and David W 
Alderfer of Langley Research Center and 
Clifford J. Obara of Lockheed Engineering 
and Science Co., Inc. For further informa­
tion, Circle 84 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 24]. Refer to LAR-14568. 

tjConstructing an Image From Nonuniform-Scan Data 
An iterative algorithm constructs a maximally likely image by a maximum-correlation method. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

An algorithm performs the maximum­
likelihood construction of the image of a 
scene scanned nonuniformly by a linear 
array of photodetectors, the responses of 
which are unequal. The algorithm was de­
veloped to postprocess data acquired by 
the scanning telescope aboard the Infra­
red Astronomical Satellite (IRAS) in the 
year 1983, but is also adaptable to the gen­
eration of high-resolution imagery from 
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data acquired in other nonuniform-scan­
ning applications (see figure). The achiev­
able resolution is not limited by the finite 
size of the detectors, and it increases with 
the density of the scans. In principle, with 
sufficiently dense scans, one could even 
obtain resolution beyond the diffraction 
limit of the imaging optics. 

The algorithm constructs an image that 
is maximally likely in a statistical sense. 

It takes account of the spatial response 
(blurring) functions of the detectors; the 
partial overlapping of scan lines; and the 
temporal correlation, caused by low-pass 
filtering in the detector circuitry, between 
measurements by the same detector at 
successive sampling times. The spatial 
and temporal correlations can be charac­
terized, respectively, by (1) a mean mini­
mum correlation length related to the re-
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sponse functions of the detectors and (2) 
the inverse exponential of the ratio be­
tween the low-pass cutoff and sampling 
frequencies. The algorithm is said to im­
plement a maximum-correlation method 
because it constructs the image in a way 
that maintains the maximum correlation 
among picture elements consistent with 
the measurements and the response func­
tions of the detectors. 

One of the main differences between 
this and other linear and nonlinear resolu­
tion-enhancing algorithms is that there is 
no initial input low-resolution image. How­
ever, inasmuch as this algorithm constructs 
the image recursively, there are succes­
sively sharper intermediate images; that 
is, images in which picture elements sep­
arated by more than the minimum correla­
tion length become increasingly decorre­
lated on subsequent iterations. 

In essence, the algorithm estimates 
values of brightness in the scanned pic­
ture elements through the spatial and tem­
poral response functions and compares the 
resulting computed detector outputs with 
the real ones. Correction factors weighted 
by the appropriate detector-response func­
tions are computed and used to create a 
correction-factor image and a correction­
factor-variance image. The improved esti­
mate of the image is obtained by point-by­
point multiplication of the current image 
by the correction-factor image. The mean 
correction factor for each picture element 
converges to unity. The rate of convergence 
depends on the mean correlation length, 
the signal-to-noise ratio, and the size of a 
picture element. This iterative process 
starts with an initial featureless image of 
uniform brightness and is terminated when 
a x2 statistical test indicates that the real 
photodetector responses and the responses 
computed by use of the estimated image 
have converged within some small ran­
dom errors. 

Figure 2 shows the result of processing 
the data from Figure 1. The effective reso­
lution of the final image is about 36 arc­
sec, which is almost a factor of 10 smaller 
than the size of the detectors. 

This work was done by Hartmut H. 
Aumann, John W Fowler, and Michael 
Melnyk of Galtech for NASA's Jet Propul· 
slon Laboratory. For further information, 
Circle 80 on the TSP Request Gard. 
NPO-18234 
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Figure 1. Nonunlformly Distributed Scan Lines are superimposed on a contour image 
of the galaxy M101 (NGC 5457) in infrared light at a wavelength of 60 p.m. The sizes 
of the detectors are comparable to the distance between the 5-arc-minute fiducial marks 
on the image plane. 
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Figure 2. Final Image of IRAS survey data of the M101 region at 60 p.m, after 60 iterations 
with the MCM algorithm. A dozen peaks can be identified with the location of H II regions 
previously identified from Ha emission. Based on the brightes HII regions, identified 
in the map, the effective resolution of the image is 36 arcsec. 
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-II] Photographic System Makes Path of Vortex Visible 
- A stroboscope is synchronized with the generation of the vortex. 

Langley Research Center, Hampton, Virginia 
A system that makes rapid flows visi­

ble was developed to record the track 
followed by a ring vortex when it en­
counters an object near its path. This 
system is being used at NASA Langley 
Research Center to record the path after 
a vortex is " fired " from a vortex generator 
at speeds of up to 150 ft/s (45.7 m/s). 

Mirror 1 
Stroboscope 
(1 a·kHz Xenon 
Flashlamp) 

Mirror 2 

Optical 
Bench 

Vortex 

Generator~{ 
The optical setup (see Figure 1) is a 

Schlieren setup of 30 in. (76.2 cm) focal 
length, 6 in. (15.2 cm) diameter, and a stand­
ard Z-configuration mirror arrangement. 
The source of light is a low-pressure xenon 

Figure 1. This Schlieren Optical Setup includes a standard Z-configuration mirror 
arrangement and a pulsed, synchronized source of light. 
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short-arc lamp capable of flashing at rates 
up to 10 kHz with a flash duration of ap­
proximately 0.5 fJ-s. A cylinder 1 in. (2.54 
cm) in diameter is placed at any of a num­
ber of different locations near the expected 
path of the vortex. 

Sound pressure waves, produced when 
the vortex generator is triggered, are 
detect8d by a microphone, signaling the 
presence of a vortex. Inasmuch as the 
vortex travels more slowly than the sound 
pressure wave does, the triggering of the 
flash lamp must be delayed. By triggering 
the flash lamp at the proper time, the path 
of the vortex can be made visible just as 
it passes over the cyl inder. 

A 70-mm camera, without lens, is used 
to record up to 20 multiple exposures on 
the same frame to show the path of the 
vortex. From this sequence, its velocity 
can be determined. From the differences 
between the velocities determined in se­
quential pairs of exposures, the accelera­
tion can be determined. 

Figure 2 is a photograph from a typical 
test. This system has proven to be valu­
able in determining the position, velocity, 
and acceleration of the vortex as it passes 
over and interacts with an object in its path. 
The Schlieren photographs were used to 
verify proper operation of the vortex gen­
erator as well as the path of the vortex. 

This work was done by Stephen B. 
Jones of Langley Research Center and 
Greg Szczepkowsky of George Washing­
ton University No further documentation 
is available. LAR-14563 

Figure 2. The Vertical Lines are side views 
of a ring vortex (at different positions) 
made visible by the Schlieren apparatus. 
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Electronic Components and Circuits 

Gaussian-Beam/Physical-Optics Design of Beam Waveguide 
The Gaussian-beam and physical-optics techniques are applied iteratively. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
In an iterative method of designing a 

wideband beam-waveguide feed for a pa­
raboloidal-reflector antenna, the Gaussian­
beam approximation is alternated with a 
more nearly exact physical-optics analysiS 
of diffraction. The method is particularly 
useful for designing beam-waveguide re­
flectors or mirrors that are required to have 
diameters 530 wavelengths at one or 
more intended operating frequencies. 

The geometrical-optics approximation 
can be used to design reflectors that have 
diameters ::: 50 wavelengths and edge 
tapers of -20 dB or less (edge taper is 
the ratio between the magnitude of the 
Poynting vector at the edge of a reflector 
and the magnitude of the Poynting vector 
on the nominal axis of the radiation beam 
at the reflector surface). The Gaussian 
beam mode is an approximate solution of 
the wave equation; it describes a beam of 
radiation that is unguided but effectively 
confined near an optical axis. The major 
advantage of the Gaussian approximation 
is its simplicity and ease of implementa­
tion with negligible computing time. How­
ever, the Gaussian approximation can 
become unacceptably inaccurate at dia­
meters 530 wavelengths: this gives rise 
to the need for the present iterative method. 

The beam waveguide of a typical large 
paraboloidal-reflector antenna consists of 
a sub reflector, a microwave feed horn, and 
a set of intermediate small flat and curved 
mirrors that guide the radiation from the 
feed horn to the subreflector (see figure). 
The basic design goal is to make the ra­
dius of curvature (R) of the wave front at 
the subreflector and the diameter (0) of 
the subreflector constant over the design 
frequency range, while maintaining accep­
tably low spillover loss at all mirrors (in­
cluding the subreflector). 

The input parameters are the operating 
frequencies, the diameters of the curved 
mirrors (the flat mirrors are all assumed 
to be sufficiently large), and tl1e maximum 
allowable spillover loss or edge taper at 
each mirror. The other parameters shown 
in the figure are determined during the 
iterative design procedure, which consists 
of the following steps: 

1. By use of the geometrical optical approx­
imation, design a beam waveguide that 
roughly fits the antenna structure and 
satisfies other basic design requirements. 
The parameters of this design serve as 
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t 1 
Subreflector 

Main 
Reflector M1 

Feed Horn 
Basement Room 

BEAM WAVEGUIDE AND MAIN REFLECTOR 

Subreflector 

MATHEMATICAL MODEL OF BEAM WAVEGUIDE 

The Beam Waveguide Includes curved and straight reflectors that guide radiation from 
the feed horn to the subreflector. For the iterative design calculations, the curved mir­
rors can be mathematically modeled as thin lenses. Each distance Lj is the combined 
length of two straight-line segments that intersect at one of the flat mirrors. 

the initial values for the iteration. 
2. Using the zero-order Gaussian mode 

starting from the feed horn and pro­
ceeding through the intermediate mirrors 

to the subreflector, calculate 0 and R. 
The unknown deSign parameters are 
iterated until the values of Rand 0 at 
all intended operating frequencies lie 
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cubic inches in volume, occupies less than 
0.200 square inches of board space and 
weighs less than 0.12 ounces. The thin-film 
matched attenuator pad is integrated into 
the unit's mechanical switching circuit. 

The AlSO Attenuator Relay is 
housed in Teledyne Relays' extended 
Centigfidll! hermetically sealed package. 
The two rows of connecting leads are 
0.200" apart and the leads are spaced 0.150" 
center-to-center. It also features internal 
welded consnuction and uni-frame design 

for high motor magnetic efficiency and 
exceptional mechanical ruggedness. 
Its gold-plated precious metal contacts 
assure low contact circuit losses and 
reliable switching. 

The AlSO is the only RF Atten­
uator of its kind. For price, delivery and 
technical information, call 1-800-284-7007 
or FAX us at 1-213-779-9161. 

Ac1UlI size 

~TELEDYNE RELAYS 
Innovations In Switching Technology 

HOME OFFICE, 12525 Daphne Avenue. Hawthorne. CA 90250 • Telephone 213-m.0077 • FAX 213-779-9161 
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Klixon~ It's the oldest name in nap-action precision thermo tats. TI's 
depth of experience, coupled with the quality and reliability of our 
product·, make Klixon the preferred choice when performance and price 
count most. 

Applications range from commercial 
to aero ·pace. Engineering a' istance is 
readily available from Texas Instruments. 
To receive a copy of our Precision 
Thermostat Guide, call (508) 699-3286. 
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MTl's New DSP-2000 Processor 
The Ultimate in Low Cost Digital Image Processing 
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within acceptably narrow ranges. In 
some cases, the iteration may not con­
verge in this way, and one might have to 
accept a larger R at the lowest frequency. 

3. Compute more-accurate values of R and 
D at the intended operating frequencies 
by applying a physical-optics analysis to 
the beam waveguide that has the param­
eters found in step 2. 

4. To offset the discrepancy between the 
Gaussian and physical-optics results, re­
peat step 1, iterating the unknown param­
eters until the differences between the 
Gaussian values of R at the design fre­
quencies are approximately equal in 
magnitude but opposite in sign to those 
found in step 3. Perform a similar adjust­
ment for the values of D. 

5. Repeat steps 3 and 4 until an acceptable 
result is achieved. 

The procedure described was developed 
and applied to a very-high-performance 
and wideband (dual-shaped reflector) 34-m 
antenna fed with a three-curved-mirror beam 
waveguide subsystem. Excellent perform­
ance of both the antenna and beam wave­
guide was obtained at three frequency 
bands near 2, 8, and 32 GHz, a span of 
four octaves. 

This work was done by Watt Veruttipong, 
Jacqueline C. Chen, and Dan A. Bathker 
of Caltech 'for NASA's Jet Propulsion 
Laboratory. For further information, Cir­
cle 11 on the TSP Request Card. 
NPO-18S12 

Vertical·Bloch·Line 
Memory 
Storage density may 
reach 1 Gb/cm2. 

NASA 's Jet Propulsion 

Laboratory, Pasadena, 

California 
The vertical-Bloch-line memory is a de­

velopmental very-large-scale integrated­
circuit block-access magnetic memory. It 
offers the advantages of resistance to ion­
izing radiation, potential areal storage den­
sity ::: 1 Gb/cm2, data rates::: 1 Gb/s, and 
average access times of the order of milli­
seconds. Furthermore, its mass, volume, 
and demand for power are expected to be 
less than those of other magnetic and elec­
tronic memories. Preliminary designs have 
been formulated, and the functionality of 
some parts has been verified. 

The storage medium is a film of a mag­
netic garnet or other suitable ferromagnet­
ic material. Blocks of data are stored in 
stripes, the locations of which are stabi­
lized and demarcated by grooves in the 
medium. The magnetic anisotropy of the 
medium is such that the magnetization lies 
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perpendicular to the plane of the film, the 
bulk of the film being magnetized in one 
direction and the stripe constituting a fer­
romagnetic domain magnetized in the op­
posite direction. 

A vertical Bloch line (VBL) is a twist of 
magnetization in the Bloch wall (the bound­
ary of the domain) in the plane of the film. 
Two such twists constitute a VBL pair. If 
both VBL's in a pair have the same chirali­
ty, then the pair is stable, and its size is 
much less than 1 p.m. Data are stored by 
use of VBL pairs: the presence or absence 
of a VBL pair at a bit-cell location repre­
sents a binary 1 or 0, respectively. 

The figure illustrates the main functional 
areas of the VBL memory. The VBL storage 
area confines and stabilizes the stripe do­
mains. An array of CoPt bars (which are 
magnetically hard) imposes a periodic 
magnetic field and, thereby, a periodic 
potential well that stabilizes the position 
of each VBL pair along each stripe. Dur­
ing reading, a reading/writing head con­
verts VBL pairs at the end of a stripe into 
magnetic bubbles; during writing, it con­
verts magnetic bubbles into VBL pairs. 

Each major line includes (1) a bubble 
nucleator (essentially, a conductor with a 
hairpin loop) that converts input electrical 
signals into magnetic bubbles, (2) an out­
put detector that converts the magnetic 
bubbles into output voltages via the mag­
netoresistive effect, (3) a track along which 
bubbles propagate from the nucleator to 
the reading/writing gates (during writing) 
or from the reading/writing gates to the 
output detector (during reading), and (4) 
an expander, which stretches each bub­
ble to a desired length to provide a satis­
factory signal-to-noise ratio at the output. 

This work was done by Romney R. Katti, 
Jiin-Chuan Wu, and Henry L. Stadler of 
Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Cir­
cle 1 on the TSP Request Card. 
NPO-18467 
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Bubble 
Nucleator 

The Vertical-Bloch-Line memory 
stores data in the form of localized pairs 
of twists (VBl pairs) in the magnetic 
field at the edge of the ferromagnetic 
domain in each stripe. The presence or 
absence of a VBl pair at a bit position 
denotes a one or a zero, respectively. 

ELECTRONIC FILTER MODULES 

Digitally Programmable 
• Anti-Alias 

• Noise Elimination 
• Signal Reconstruction 

• 256 digitally programmable steps 
allow selecting cutoff frequencies 
specific to each application. 

• 6 available tuning ranges up to 
100 kHz mean precision perfor­
mance with maximum design 
flexibility. 

• Fullyfinished, plug-in filters reduce 
project design cycles while pro­
viding cost-effective filter solu­
tions. 

• 4-pole models are also available. 
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Electronic Systems 

Suppressing Transients in Digital Phase-Locked Loops 
In principle, a loop of arbitrary order can start in steady-state lock. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
A method for initializing the variables of 

a digital phase-locked loop (see figure) 
reduces or eliminates the transients in 
phase and frequency that typically occur 
(1) during acquisition of lock on a signal 
or (2) when changes are made in the 
values of the loop-filter parameters called 
" loop constants" (which are ordinarily held 
constant but are sometimes changed sud­
denly to new values). Notably, the method 
enables direct acquisition by a third-order 
loop without prior acquisition by a second­
order loop of greater bandwidth, and can 
eliminate even those perturbationS in phase 
and frequency lock that would otherwise 
occur when loop constants are changed 
by arbitrarily large amounts. 

Feedback to the numerically controlled 
oscillator in the loop consists of the esti­
mated phase and the estimated rate of 
change of phase. The part of the method 
that applies to the acquisition of lock de-

pends on the availability of sufficiently ac­
curate initial estimates of the phase of the 
signal and, for a third-order loop, its first, 
second, and third derivatives with respect 
to time at the instant of initialization. These 
estimates can be used to calculate a priori 
values for the two loop sums and the 
steady-state phase error that would have 
been generated by the loop up to that in­
stant if the loop had reached steady-state 
lock. When operation is started with the 
sums at these a priori values and the nu­
merically controlled oscillator is started at 
the estimate of phase (projected to the 
next sampling instant) and at a frequency 
equal to the initial estimate of the rate of 
change of phase, then the loop as a whole 
starts in steady-state lock in phase and fre­
quency. Indeed, software simulations have 
shown that if the signal-ta-noise ratio is 
great enough and the initial estimates ac­
curate enough, then the transients are 

COUNTER-ROTAn ON PROCESSOR 
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negligibly small. 
The part of the method that applies to 

resetting the loop when the loop constants 
are changed during tracking is similar to 
the part that applies to acquisition, except 
that the a priori values are synthesized 
from values computed by the loop during 
tracking up to the instant of change. For 
either acquistion or change in loop con­
stants, the method can be adapted to 
orders higher and lower than third, byad­
justment of the appropriate sums for each 
order. In a variation of the acquisition part 
of the method, one initializes the sums but 
not the estimated phase. For a third-order 
loop, for example, initialization of both sums 
can improve acquisition even if phase is 
not initialized. If only the rate of change 
(first derivative with respect to time) of 
phase is initialized, the loop must "pull in" 
(acquire) both the phase and the second 
derivative of phase with respect to time. 

TRACKING PROCESSOR 
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This High-level Block Diagram illustrates the overall functions performed in a digital phase-locked loop. 
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Power 

In the "real world," com­
municating your analysis 
requires more than a pretty 
picture. Consider Stanford 
Graphics for Wmdows for 
your serious presentations. 
It delivers the best of both 
worlds: presentation and 
analysis. Now you can have 
everything you need to 
create high-impact presen­

rap into p<rwerful auto-processing grap4s to tranifatm raw data 
into stunning presentations. 

tations without sacrificing number-crunching muscle. And, 
you won't need a Master's degree to use it either! Stanford 
Graphics' Quick Start options will have you up and running 
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If both the first and second derivatives are 
initialized, then the loop has to pull in 
phase only. Of course, for best acquisition, 
especially at a low signal-tcrnoise ratio, one 
should initialize the phase also. 

This V'rOrk was done by J. B. Thomas of 
Caltech for NASA's Jet Propulsion lab­
oratory. For further information, Circle 92 

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 Ucensing 

Mail Stop 305-6 
California Institute of Technology 
1201 East California Boulevard 
Pasadena, CA 91125 

Refer to NP0-18539, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 

Shaft-Motion-Analyzing System 
Signals from two optical sensors provide real-time indications of axial, radial , and rotational motions. 

Lewis Research Center, Cleveland, Ohio 

An optoelectronic system to monitor 
the motions of a turbopump shaft is 
being developed. It is necessary to mon­
itor the incidental axial and the radial 
(orbital) displacement of the shaft as well 
as its desired rotation to obtain indica­
tions of progressive deterioration or 
impending failure. At least one monitor­
ing system now in use depends on the 
use of eddy-current sensors, which 
sense the passage of notches in the 
shaft. The developmental system relies 
on optical sensors, so that it is no longer 
necessary to carve notches in the shaft. 

The developmental system includes 
two optical sensors: one facing the shaft 
vertically from the top, the other facing 
the shaft horizontally from the side (see 
figure). These sensors are positioned to 
detect changes in the light reflected from 
a pattem of light and dark (or reflective 
and non-reflective) triangles on the shaft. 
The axial position of each sensor relative 
to the midaxial height of the triangles is 
indicated by the ratio between the peri­
ods of light and dark detected during the 
rotation of the shaft. The speed of rota­
tion of the shaft is measured as the rate 
of passage of the pattern. The relative 
radial position of the shaft at each sen­
sor location can be determined from 
measurement of the changes in the 
intensity of light reflected from the pat­
tern. These measurements and compu­
tations are performed in real time to pro­
vide simultaneous indications of the 
speed of rotation and the axial and 
orbital motions of the shaft. 

The pattern includes eight idehtical 
isosceles triangles placed with their 
bases end to end along a circumference 
of the shaft. The diameter of the shaft is 
1 in. (2.54 cm). The height of the trian­
gles in the direction parallel to the axis of 
the shaft is nominally 0.125 in. (3.175 
mm). The initial focal point of each opti­
cal sensor lies at the nominal axial mid­
height of the triangles. A signal-condi­
tioning unit proposed for use in this sys­
tem would compute the deviation from 
this axial midheight from the ratio 
between bright and dark periods men­
tioned previously. The range of axial 
measurement is nominally ± 30 mils (± 
0.76 mm). the resolution is nominally 
0.30 mil (0.008 mm) at speeds up to 
200,000 rpm. 

Each sensor is directly coupled to the 
input amplifier in another signal-condi­
tioning unit. The gain and input offset are 
set by the operator for maximum sensi­
tivity with no indication of gain or offset 

46 

errors . When the 
amplifier is adjusted 
properly, its output 
fluctuates approxi ­
mately symmetrically 
about 2.5 volts, and a 
dc reference in the 
signal-conditioning 
unit is automatically 
set , relative to the 
intensity of reflected 
light, when a sensor 
encounters the 
bright or reflecting 
portion of the rec­
tangular pattern. 

Measurements of 
radial position are 
updated 16 times per 
revolution. The ana­
log signal from each 
optical sensor is con-
verted to digital form 
by a flash encoder 
that has a range of 0 
to 5 volts. If the signal 
goes negative or 
exceeds the range of 
the flash encoder, 
light-emitting-diode 
indicators on the front 
panel warn the oper­
ator of offset or 
gain error. One dig­
ital peak detector 
searches for the 
max imum signal 
level. An arithmetic 
unit computes a 
value midway bet­
ween the minimum 
and maximum and 
puts out this value 
in analog form as a 
reference for a 
comparator that 
detects the transi­
tions between the 
bright and dark 
regions of the pat­
tern. 

The output of the 
comparator for each 
signal channel and 
the digital values 
from the flash en-
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Optical Sensors detect the passage of reflective triangles on the 
shaft. The optical measurements are processed in real time into 
indications of the speed of rotation and of the axial and lateral dis­
placements of the shaft. 

coder for each signal channel are 
processed with pipeline parallel arith­
metic circuits to obtain the required 
measurements of speed, axial position, 
and the two radial coordinates . The 
arithmetic results are converted to ana-

log form for use by the operator. 
This work was done by Richard L. 

Randall, John J. Collins, Paul T. 
Coleman, and Edmund J. Roschak of 
Rockwell International Corp. for Lewis 
Research Center_ No further documen­
tation is available. LEW-15065 
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Low·J itter Digital 
Rate Multiplier 

~\}'J'J\1U CASES FOR 
ENSITIVE ELECTRONICS 

Two minor clock periods differ by 
one master-oscillator period. 

Goddard Space Flight Center, 

Greenbelt, Maryland 
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Lightweight, compact design 
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The jitter in a digital rate multiplier can 
be reduced by an improved method that 
involves the use of two slightly different 
minor clock periods (which are defined 
below). In the original application for which 
the method was conceived, the problem 
is to divide the measured period of spin of 
a spacecraft (e.g., 5 seconds) into a large 
number (e.g., 16,384) of equal subintervals, 
by counting cycles of a master oscillator 
that runs at a high frequency (e.g. , 10 
MHz). The method can also be used to 
reduce jitter in other situations in which it 
is necessary to generate equal subinter· 
vals from a synchronizing clock signal of 
arbitrary period (or equivalently, to multiply 
the clock rate by a specified integer). The 
method is particularly valuable in situations 
in which synchronizing signals can be lost 
temporarily and where drift in an analog 
circuit would be unacceptable (e.g., at 
least 30 minutes). 

Lightweight, MIl-SPEC, shock-mounted 19" rack 
cases for sensitive electronic systems. 

#, HARD/OO"O 
HA_D CASES 

A Division 01 Hardigg Industries, Inc. 
393 No. Main Street, P.O. Box 201, South Deerfield, MA 01373 (413) 665-2163 FAX: (413) 665-8061 

Heretofore, the standard practice in digi­
tal rate multiplication has been to generate 
equal (though slightly erroneous) minor 
clock periods by repeatedly counting out 
the same number, t, of master-oscillator 
cycles. Of course, this number can be ad­
justed upon receipt of the next synchroniz­
ing clock pulse, but until then, each minor 
clock period can be in error by as much 
as half a master-oscillator period. The total 
error that can be accumulated during one 
period of the synchronizing clock is thus 
nTosJ2 , where n is the chosen number of 
minor clock periods and Tosc is the period 
of the master oscillator. 

For More Information Circle No. 478 

In the improved method, the set of n 
minor clock periods is divided into two sub­
sets. Each of minor clock periods 1 through 
i contains t master-oscillator cycles. Each 
of minor clock periods i +1 through n con­
tains u master-oscillator cycles, where u 
and t differ by exactly 1 (see figure). Byap­
propriate choice of t (or, equivalently, of 
u) and i, the maximum error accumulated 
during a synchronizing-clock period can be 
reduced to Tosd2 . Thus, in the improved 
method, the accuracy of the synthesized 
version of the synchronizing-clock period 
is limited only by the frequency stability of 

t 
Synchronizing-Clock Period 

t~l--t-·I·-t-1 • • • 
1 2 3 Minor Clock Periods ~J n 

• • • 
PREVIOUS METHOD 

.. "Y:'"'''":I~'OC: ~:':~"~ . . . ~J 
3 I 1+1 1+2 n 

Minor Clock Periods 
IMPROVED METHOD 

Minor Clock Periods are made slightly unequal in the improved method. This makes it possi· 
ble to reduce the total error accumulated during the synchronizing·clock period by cancel· 
ing errors of minor clock periods that are slightly too long with opposing errors of minor 
clock periods that are slightly too short_ 
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the master oscillator. 
This work was done by Richard 8. Katz 

and Glenn P. Rakow of Goddard Space 
Flight Center. For further information, Cir­
cle 43 on the TSP Request Card. 
GSC-13545 

Repeater for a 
Digital­
Communication Bus 
Crosstalk and instability 
are eliminated. 
Lewis Research Center, 
Cleveland, Ohio 

A digital repeater circuit is designed to 
extend the range of communication on a 
MIL·STD-1553 bus beyond the original max· 
imum allowable length of 300 ft (about 90 
m). The circuit provides two-way communi­
cation, one way at a time, and otherwise 
conforms to the specifications of MIL-STD· 
1553. 

The major component of the repeater 
is a commercial UTM63M125 bus trans· 
ceiver, which consists of two transmitter! 
receiver pairs that conform to MIL-STD· 
1553A and MIL ·STD-1553B. The operation 
of the transmitters and receivers is coor-
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of 1.5 J.ts after completion of a message before allowing transmission In the reverse direction. 

FINAllY, A BETTER WAY 
TO MEASURE TEMPERATURE 

ACROSS YOUR PRODUCT 
Here's a cost-effective way to get all the edge­
to-edge temperature data you need to control 
product uniformity. 

The new Thermalert MP-4 scans across 
your product or web, providing temperature data at 
256 points per scan, ten scans per 

second, in a 90' field of view. And ~'s smart. For closed loop 
control, divide your scan into three sectors and the MP-4 
computes temperature data for each - and 
provides individual analog control outputs. 

When used with your computer, the 
MP-4 becomes a powerful tool for mon~or­

The scan can 
be dIVided into three 
sectors. They can be any width, 
run edge-ta-edge, or even overlap. 

ing and analysis. It translates data into a 256 point on-screen temperature 
profile - or into real-time full-color thermograms of your product's surface 
temperatures. 

Best of all, the MP-4 costs no more than two or three single-point 
sensors. For a product brochure and detailed Technical Bulletin, 
call Raytek at (800)227-8074. 

© 1992 Raytek,lnc., 1201 Shaffer Road, Box 1620, Santa Cruz, CA 95061-1620 
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dinated by two data-detector/receiver-se­
lector circuits, also called "state machines," 
that are deSigned specifically for the pur­
pose (see figure). Each state machine con­
tains the functional equivalent of a NOR 
gate and a "watchdog" timer. When the 
output of each state machine is high or low, 
the receiver that it controls is turned on 
or off, respectively. 

When no signal is coming in on either 
bus, the repeater eventually goes into a 
"default" state, in which both receivers are 
turned on. In this state, the outputs of both 
receivers on both lines are low, and the 
output of each state machine is high. Con­
sequently, both receivers remain on and 
nothing else happens. 

When a signal comes in on, say, the left 
bus, the voltage on one of the output lines 
of receiver 2 goes high, causing the out­
put of state machine 1 to go low. This ac­
tion turns off receiver 1, so that signals can 
pass through the repeater in only one di­
rection: from the left bus through receiver 
2 and transmitter 2 to the right bus. The 
repeater operates similarly when a signal 
comes in on the right bus, except that the 
roles of the transmitters, receivers, and 
state machines are interchanged to effect 
transmission from right to left. In case of 
an erroneous condition in which signals 
come in on both buses simultaneously, the 
state machines turn both receivers off. 

The repeater does not revert to tne ae­
fault state immediately when at the end of 
a message received on, say, the left bus. 
Instead, the "watchdog" timer in state 
machine 1 keeps receiver 1 turned off for 
an additional interval of 1 .5 iLS. This delay 
is necessary to give the recently operating 
transmitter 2 time to switch back to the 
quiet state. If this delay were not imposed, 
then feedback from transmitter 2 to re­
ceiver 1 could cause instability. 

This work was done by Esteban Torres­
Guzman, Stephen Olson, and Tim Heaps 
of Rockwell International Corp. for Lewis 
Research Center. For further information, 
Circle 72 on the TSP Request Card. 
LEW-1S177 
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• Physical Sciences 

Three·Rod Linear Ion Traps 
Ions could be trapped outside the electrode structures. 

NASA's Jet Propulsion Laboratory, Pasadena, California' 
Three·parallel-rod electrode structures 

have been proposed for use in linear ion 
traps and possibly for electrostatic levita­
tion of macroscopic particles. Linear ion 
traps are important components of atomic 
frequency standards. The trapping poten­
tial field in a linear ion trap is created by 
applying (1) a common dc electrostatic p0-

tential to cap electrodes placed near both 
ends of the rod electrodes and (2) radio­
frequency alternating potentials to the rod 
electrodes. 

The trapping potential well is centered 
at a point near the mid length of the rods, 
and the electrostatic field and trapping po­
tential in the well can be computed, to a 
close approximation, from the two-dimen­
sional electrostatic field generated by rod 
electrodes that are infinitely long. The trap­
ping potential"t, at a point in space is given 

by "t = e2~ 
4m02 

where e is the electric charge of an ion, 
m is the mass of an ion, E is the root-mean­
square magnitude of the alternating elec­
trostatic field at that point, and {} is the fre­
quency of alternation of the applied voltage. 

A typical linear ion trap in current use 
is a four-rod, quadrupole-field device, 
which traps ions in a narrow region along 
the axis of symmetry that is surrounded 
by the rods. A two-rod device with both 
rods driven at the same voltage with re­
spect to a distant boundary can also trap 
ions on the axis of symmetry between the 
rods. A two-rod trap allows access to the 
trapping region from a wider range of view­
ing directions than does a four-rod trap. 

The proposed three-rod traps could pro­
vide an even wider viewing angle, because 

3.0 

CIl 2.0 
(.) 
c: 
01 
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is 

0.0 
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The Electrostatic Field of a three-rod ion trap 
is shown here in cross section viewed along 
the rods. The numbers and contours indicate 
relative potentials in the altemating elec­
trostatic field. The trapping point is the in­
tersection of the trapping line with the cross­
sectional plane. 

they could confine ions in regions outside 
the r~lectrode structures. To simplify the 
calculation of the trapping field, the electro­
static field generated by each rod electrode 
can be approximated as the electrostatic 
field generated by charges concentrated 
on the axis of the rod. The figure shows the 
electrostatic field and trapping point of a 
three-rod trap with zero net line charge, 
as calculated by use of this approximation. 

This work was done by Gary R. Janik, 
John D. Prestage, and Lutfol/ah Maleki of 
Caltech for NASA's Jet PropulSion Lab­
oratory. For further information, Circle 4 
on the TSP Request Card. 
NPO-18103 

Piezoelectrically Bendable Mirrors 
for Spatial Modulation of Light 
Potential applications include optical computing and astronomy. 
NASA's Jet Propulsion Laboratory, Pasadena, California 

Flexible mirrors that include multiple 
small piezoelectric actuators (bimorphs) at­
tached to their back (nonreflecting) sur­
faces are being developed. Mirrors of this 
type could be used as spatial light modula­
tors in optical computers, to compensate 

for atmospheric distortions in astronomical 
telescopes, and in other applications in 
which wave fronts are required to be altered 
controllably. In comparison with piezoelec­
trically and otherwise actuated mirrors de­
veloped previously for adaptive optics, the 
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munipie-birT't()t'J:tl mirrors weigh less, resp:ll1d 
faster, can be actuated by lower voltages, 
and can include larger numbers of bend­
ing actuators for finer control of surface 
contours. 

A typical mirror of this type (see figure) 
is made from a thin single-crystal silicon 
wafer (or from a metal or another semicon­
ductor) that has been polished to optical 
quality on both sides. If the mirror is made . 
of a semiconductor, then the back side is 
covered with either a continuous metal film 
or a pattern of many metal-film electrodes. 
The front surface is covered optionally with 
a similar electrode pattern, covered with 
a continuous reflective metal film, or left 
untreated, depending on the specific design. 

A large number of small, thin piezoelec­
tric actuators are attached (e.g., by glue­
ing or soldering) to the metalized back sur­
face, forming a multiple piezoelectric 
bimorph. The piezoelectric actuators can 
include electrodes on the attachment side. 
One electrode or several subelectrodes 
can be included on the free side of each 

SIlicon Wafer 
Polished on 
Both Sides 

Metal-Film 
Electrode(s) 

-----------.-----------Wires to Electrodes 

Multiple Piezoelectric Actuators attached to the back of the mirror apply controlled local 
bends. Thus, the reflecting surface can be altered to modulate the reflected light. 

actuator. Voltages are applied to the vari­
ous electrodes, causing the multiple pi­
ezoelectric bimorphs to apply correspond­
ing local bending distortions to the mirror. 
These distortions can be controlled to alter 
the reflected wave front(s) according to the 
desired spatial-modulation scheme. 

In a proposed, more advanced version, 
bending voltages would not be applied 
directly. Instead, bending would be con­
trolled by illuminating (1) the sil icon wafer 

(if one is used) with a pattern of visible or 
near-infrared light or (2) the piezoelectric 
actuators with visible or infrared light. In 
ejther case, the illumination would cause 
the local accumulation of electric charges, 
which would influence the local bending. 

This work was done by Erez N. Ribak 
of Ca/tech for NASA's Jet Propulsion 
Laboratory. For further information, Cir­
cle 79 on the TSP Request Card. 
NPO-18639 

Silicon-Etalon Fiber-Optic Temperature Sensor 
The output is highly immune to extraneous effects. 

Lewis Research Center, Cleveland, Ohio 

A developmental temperature sensor 
consists of a silicon Fabry-Perot etalon at-

tached to the end of an optical fiber. Like 
other fiber-optic temperature sensors, this 

one features immunity to electrical inter­
ference, small size, light weight, safety, and 
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Figure 1. The Temperature Sensor is made 
by sputtering Si, Si02, and FeCrAI films 
directly onto the end of the optical fiber. 

chemical inertness. In addition, its output 
is encoded in the ratio of intensities at two 
different wavelengths, rather than in overall 
intensity, with the result that the tempera­
ture readings are not degraded much by 
changes in the transmittance of the fiber­
optic link (e.g., transmissivity changes due 
to remating of connectors or bending of 
fibers). 

The reflectance of a Fabry-Perot eta Ion 
is a minimum at each of its resonant wave­
lengths, >m, which are given by >m = 
2nd/m, where n is its index of refraction, 

d is the thickness, and m is an integer. If 
the etaion reflectance is measured at wave­
lengths on either side of a resonance, then, 
if the resonant wavelength changes, due 
for instance to a change in refractive in­
dex, then one of the monitored light inten­
sities will increase while the other will de­
crease. The ratio of these two intensities 
will then vary as a monotonic function of 
the refractive index. Because the refrac­
tive index of silicon depends strongly on 
temperature, this two-wavelength scheme 
can be used together with a silicon etalon 
to measure temperature. 

For the sake of small size, ruggedness, 
and ease of manufacturing, the silicon film 
that is to become the temperature-sensing 
eta Ion is sputtered directly onto the end 
of a multi mode optical fiber, to a thickness 
of 1.4 jtm (see Figure 1). 

Next, without breaking vacuum, a two­
layer reflective and protective structure is 
deposited: 8i02 of thickness 0.14 jtm, and 
an FeCrAI alloy (77.5:10.6:11.9 by weight) 
with a thickness of about 1 p.m. The opaque 
FeCrAI film blocks out stray light and pre­
vents dirt and other contaminants from in­
terfering with the guided light. 8ince this 
alloy, like stainless steel, forms a protec­
tive scale when exposed to an oxidizing 
environment, it is also expected to protect 
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Figure 2. The Ratio Between the Signals in 
two spectrometer channels in an experimen­
tal version of the fiber-optic temperature sen­
sor is a function of the temperature. 

the underlying silicon from oxidation. The 
8i02 serves to prevent the diffusion of the 
constituents of the metal film into the sili­
con film, which would irreversibly alter 
its refractive index. The 8i02 thickness is 
chosen to maximize the intensity of the 
light reflected back through the silicon film. 

The sensed temperature is determined 
by illuminating the etalon with broadband 
light from a light-emitting diode (LED), and 
then measuring the intensity of the reflect­
ed light at two appropriate wavelengths 
using a miniature optical spectrometer. 
Figure 2 shows how the ratio of these 
signals varies as a function of temperature. 
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A more-sophisticated approach might 
monitor the intensity of the reflected light 
at more wavelengths to permit compen­
sation of shifts in the spectrum of the light­
emitting diode (e.g., because of aging or 

changes in ambient temperature). 
This work was done by Glenn Beheim 

of lewis Research Center. Klaus Fritsch 
of John Carroll University, and Joseph M. 
Flatico and Massood Tabib Azar of Case 

Scanning for Hotspots in Lamp Filaments 

Western Reserve University. For further in­
formation, Circle 101 on the TSP Request 
Card. 
LEW-15117 

This apparatus also measures diffraction patterns and outputs of light-emitting diodes. 

Goddard Space Flight Center, Greenbelt, Maryland 

A scanning photometer has been de­
signed for use in an investigation of failures 
of incandescent lamp filaments. The basic 
idea is to map the brightness as a func­
tion of position along each filament to iden­
tify bright (hot) spots, which occur at notch­
es and thus signify incipient breaks or 
rewelds. The scanning photometer has 
also been used to measure the nonuni­
formity in the outputs of such linear (in the 
spatial sense) devices as light-emitting 
diodes, and to measure diffraction patterns 
of lenses. 

The scanning photometer (see Figure 

Baseplate 

Focusing 
Mechanism 

Threaded 
Shaft -----. 

MultimeterJ4- .-i 

Solar 
Cell 

Instrument 
Controller 

1) includes a lens that projects an image 
of the filament onto a solar cell. A mask 
with a narrow slit perpendicular to the axis 
of the filament allows only a short slice of 
the filament image to illuminate the solar 

Figure 1. This Scanning Photometer measures the local brightness of the filament as a 
function of position along the filament 
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cell. The solar-cell assembly is connected 
to a precise threaded shaft, which is ro­
tated slowly by a constant-speed motor to 
scan the solar cell along the image of the 
filament. The output of the solar cell is 
measured at prescribed intervals along the 
scan, yielding data on brightness as a 
function of position along the filament. 

Figure 2 shows three scans of a fila­
ment, taken at 2-day intervals. The first and 
second scans show the development of 
a hotspot that eventually results in a re­
weld. The third scan, taken after the re­
weld, shows a darker, less peaked distribu­
tion of light, indicating that the hotspot has 
disappeared. 

This work was done by Charles E. 
Powers, Tim Van Sant, and Henning 
L.eidecker of Goddard Space Flight Cen· 
ter. Further information may be found in 
NASA RP-1273 [N92-20063], "Long-Term 
Life Testing of Geostationary Operational 
Environmental Satellite (GOES) Encoder 
Lamps." 

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. 
GSC-13531 
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Figure 2. These Scans Taken on Different 
Days show a hotspot developing, then disap­
pearing in a reweld. 

Spectral-Content 
Readout of 
Birefringent Sensor 
Stresses and strains can be 

measured optically at 

temperatures up to 2,000 0 F 

(::=:: 1,100 0G). 

Ames Research Center, 

Moffett Field, California 
Optical stress-and-strain sensors that 

function at ambient and high temperatures 
are being developed along with the asso­
ciated readout equipment and data-proc­
essing techniques. These sensing systems 
are based on the well-known relationships 
between stress (or, equivalently, strain) and 
birefringence. 

The figure is a schematic diagram of 
a conceptual system in which the sensor 
would be a photoelastic material - a ma-

NASA Tech Briefs , June 1993 

terial in which birefringence is induced by 
applied stresses. An optical fiber would 
carry white light from a lamp or other source 
to a polarizer. The polarized light would 
pass through the birefringent sensor and 
an analyzer. The polarizer, analyzer, and 
sensor would be configured as a circular 
polariscope. The output of the analyzer, 
bearing the effects of the stress-induced 
birefringence, would be sent through a sec­
ond optical fiber to a spectrometer. In the 
spectrometer, a diffraction grating would 
disperse the light into a number of beams, 
each containing a different narrow band 
of wavelengths. The beams would be fo­
cused onto an array of photodiodes, the 

outputs of which would be recorded. 
The spectral intensities, as embodied 

in the outputs of the photodiodes, would 
then be processed to extract the informa­
tion on stress-induced birefringence and 
the causative stresses and strains. The 
principle of spectral-content readout is 
based on the equation 

T. _ i()...,) 
M(O, A) - S()... .) 

I 

where A, = the middle wavelength of the 
wavelength band of the jth photodetector, 
and S(A,) is the spectral-response factor 
of the overall system, established by cali­
bration. 1M(o, Aj) represents the spectral­
transmittance factor attributable to bire-

For More Information Circle No. 500 
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fringence; namely, 

{ 

2 ( ... 6) In the dark·field 
sin >:j optical configuration 

1M(0, hi) = 
rxx:;2 ( ... 6) In the bright·field 

)..1 optical configuration 

where 0 is the length of retardation intro­
duced by the birefringence. 

The quantity to be determined is 0, in­
asmuch as it embodies the information on 
birefringence. The measurement data i(}..i) 
and the calibration data S(A/) are first used 
to compute the actual TM (0, hI); then a 
computer search is performed to find the 
value of 0 for which the applicable sin2(~ 
or cos2(~) best fits the actual TM(o, ~)~ 

This method of measuring stresses and 
strains offers the same advantages as 
those of electrical strain sensors, including 
acquisition of data from multiple locations 
and under dynamiC conditions. It offers the 
additional advantage of the immunity of 
fiber-optic transmission to interference by 
electromagnetic interference at radio and 
lower frequencies. The feasibility of opera· 
tion at high temperatures was demonstrat­
ed in a prototype system in which a sen· 
sor made of fused silica was calibrated 
and tested at temperatures up to 2,000 ° F 
("'" 1 ,100 0c). 

This work was done by Alex S. Redner 
of Strainoptic Technologies, Inc., for Ames 
Research Center. Further information may 
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The Spectrum of Light processed through the polarizer, sensor, analyzer, and associated 
optical components would be measured and processed to extract the amount of retarda­
tion and, equivalently, the stress·lnduced birefringence In the sensor. 

be found in NASA CR-179444 [N90-14905], 
"Spectral Contents Readout of Birefringent 
Sensor." 

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-12969 
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No other optic on the market even approaches the magnification, resolution, and distortion-free 

images of a Questar Long Distance microscope. For small scale measurement, positioning, control 
and dynamic event capture, give your camera the advantage of some of the world's finest optics. 
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Questar microscopes are avai/able in several configurations, including our most 
recent development, the Step Zoom series which feature five parfocalized power 
changes, microprocessor control and computer access via an RS 422 port. From 15 
centimeters to infinity, there is no better way to see. 

In an application requiring the 
positioning of a fiberoptic core. the 
variable magnification of the SZMIOO 
Microscope allows coarse and fine 
adjustment. Videographs taken from 
20cm. fields of view of 1.5mm and 
OAmm. 

Give us a caB or fax for a brochure and specifications on our Long-Distance Microscopes and Remote 
Measurement Systems. 

Questar Corporation 
Dept.N693 P.O. Box 59. New Hope, PA 18938· 215-862-5277· FAX 215-862"{)512 
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SPECIFY INCO SPECIALTY POWDERS 
FOR WIDE RANGE OF 

ELECTRONIC APPLICATIONS 

Inco Type T 287 Filamentary Powder, particle size (FSSS) 
2.6-3.3 microns, apparent density 0.75-0.95 g/cc, relative 
surface resistivity 0.30 ohms per square (0). 

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

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

EXTENSIVE PRODUCT RANGE 
The development of computer processed control 

coupled with the continuous powder production 
improvements enables us to meet your most stringent 
powder specifications for electronic applications. 

In addition to the products pictured above, INCO SPP 
has available the following high performance powder 
products. Novamet Conductive Nickel Spheres, particle 
size (FSSS) 8-9 microns, apparent density 3.2-3.5 g/cc, 
surface resistivity 1.0 ohms per square. Novamet 525 
Conductive Nickel Pigment, screen mesh 100% minus 
400, particle size 3.2 microns, 0.65 BET surface area 
m2/g, surface reSistivity 0.35 ohms per square. Silver 
Coated Nickel Flake, 15% Ag, 2.6 glce apparent den­
sity, particle size (FSSS) 15 microns, screen mesh 99% 
minus 200, surface resistivity 0.04 ohms per square. 

Magnetic femtes and surge arrestor applications also 

Novamet Silver Coated Nickel Spheres, 15% Ag, 
2.5 g/cc apparent density, particle size 10 microns, 
screen mesh 99%-250, surface resistivity 0.03 0/0. 

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

use our specialized range of nickel oxides. High Purity 
Black Nickel Oxide, 77.2% Ni, BET 75 (m2/g) particle 
size (FSSS) 5.2 microns, minus 325 mesh 99% plus. 
Green Nickel Oxide, 78.5% Ni, BET 3 (m2/g) particle 
size 1.6 microns, - 325 mesh 100%. 

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

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

INCO Spp 
Park 80 West-Plaza Two, Saddle Brook. NJ 07662 
Shm-Muromachi Building, 4-3 Nihonbashi-Muromachi 2-Chome, 

Chuo-ku Tokyo 103 Japan 
1-3 Grosvenor Place, London SW1X7EA England 
15/FI Wilson House, 19-27 Wyndham Street Central , Hong Kong 

For More Information Circle No. 535 



Materials 

Chemical Dosimeter Tube With Coaxial Sensing Rod 
The length of rod along which color has changed indicates the total dose. 

John F. Kennedy Space Center, Florida 

All improved length-of-stain (LOS) chem-
ical dosimeter indicates the total dose (in­
tegral of concentration over exposure time) 
of a chemical vapor in air. The dosimeter 
(see figure) includes an inner rod of glass 
or other smooth, nonporous, or hydropho­
bic material coated with a dye, the color 
of which changes in the presence of the 
chemical to be detected. This sensing rod 
is mounted coaxially in an outer tube, 
which serves as a diffusion barrier and 
shield against weather for the inner tube. 
The air to be monitored for the chemical 
vapor of interest is allowed to diffuse in 
from the open end of the tube. The length 
of rod along which the color changes in­
creases with the total dose. Reproducible 
results in varying wind conditions are ob­
tained by use of a diffusion barrier accross 
the open end of the outer tube. 

The use of the rod as a smooth, con­
tinuous substrate to support the dye yields 
a fine-grained stain interface, which enables 
the dosimeter to indicate small changes 
in total dose. This contrasts with the 
coarse-grained stain interfaces of older 
LOS tubes, in which, typically, indicating 
dyes were coated on relatively-Iarge­
grained supporting granules. In compari­
son with older dosimeters, the improved 
coaxial-rod-and-tube dosimeter offers great­
er resistance to changing of the color of 
the exposed dye back to the color of the 
unexposed condition, greater sensitivity, 
and a higher degree of repeatability. De­
veloped specifically to measure doses of 
gaseous HCI, the dosimeter can be modi­
fied by use of other dyes to indicate doses 
of other chemical vapors. 

The dynamic range and sensitivity of the 
dosimeter can be field-adjusted by varying 
the ratio between the inner diameter of the 
tube and the diameter of the rod. When 
this ratio is larger, the dosimeter is more 
sensitive. For example, by choosing a suit­
ably w:de tube and narrow rod, one can 
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DOSIMETER WITH STANDARD 
OR BASELINE DIMENSIONS 
AND SENSITIVITY RANGE 

DOSIMETERS WITH HIGH 
SENSITIVITIES AND 

SMALL DOSE RANGES 

DOSIMETER WITH 
LOW SENSITIVITY 

Length-of-Stain Chemical Dosimeter Tubes can be made with rods and tubes of various 
diameters to obtain various sensitivities and dynamic ranges. The sensitivity is larger and 
the dose range smaller when there is more room for diffusion in the gap between the tube 
and the rod. 

make the dosimeter responsive to a dose 
as small as 2 ppm-min and to saturate at 
a relatively low maximum dose. Converse­
ly, if the tube fits closely over the rod (if 
the ratio approaches its lower limit of 1), 
the diffusion volume becomes very small 
in comparison with the dye-covered area, 
and the dosimeter therefore becomes rela­
tively insensitive and has a relatively large 
dose range. 

Alternative versions of the dosimeter 
could include tubes and/or rods of con­
ical shapes that would yield more nearly 
linear color-change-Iength-vs.-dose cali­
bration curves. Other modifications could 

include supports to help center rods in 
tubes, outer tubes made of opaque or 
ultraviolet-absorbing materials to reduce 
the effects of sunlight on the dyes, and/or 
calibration marks on the tubes to assist 
in reading doses. The use of nonporous 
materials to support dyes reduces fading 
of exposed dyes back to "unexposed" col­
ors and could be extended to flat-badge 
dosimeters. 

This work was done by Dale E. Lueck 
of Kennedy Space Center. For further in­
formation, Circle 86 on the TSP Request 
Card. 
KSC-11574 

Indium Foil Serves as Thermally Conductive Gasket 
The foil deforms to fill imperfections on mating surfaces. 
Lyndon B. Johnson Space Center, Houston, Texas 

helium foil has been found to be useful 
as a gasket to increase the thermal con­
ductance between bodies clamped toge-

60 

ther. Imprecise mating of the surfaces of 
the bodies, with consequent low thermal 
conductance, can be caused by machin-

ing errors, thermal expansion, and me­
chanical stress. Furthermore, large jOints 
are more vulnerable to these effects than 
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small joints are. 
The indium foil is placed between the 

bodies, which are then clamped. The ION 
tensile strength of the foil allows it to flow, 
when clamped, into the remaining gaps 
between the clamped bodies, assuring in­
timate thermal contact everywhere on the 
interface. When an indium foil 0.0019 in. 
(0.048 mm) thick was clamped in a cylin­
drical joint of area 239 cm2(see figure) at a 
pressure of 350 psi (2.4 MPa), the drop in 
temperature across it was less than 1 °C at 
a heat-flux density of 7 W/cm 2. 

Cool ing 
Water In 

Electrical 
Heat Input 

I 

The indium-foil gasket can be used 
where the maximum temperature in the 
joint is less than the melting temperatu re of 
indium. Because of the ION melting tem­
perature of indium (156.61°C), it would 
probably be most useful in cryogenic appli­
cations. 

This Test Apparatus was used to verify the performance of indium foil as a thermally con­
ductive gasket. 

This work was done by G. Yale Eastman 
and Peter M. Dussinger of Thermacore, 
Inc., for Johnson Space Center. No fur-

ther documentation is available. 
MSC-21493 

Powder-Metallurgical Bearings for Turbopumps 
Improved bearing materials are needed to withstand 
extreme temperatures, cyclic stresses, and corrosion_ 

Marshall Space Flight Center, Alabama 
Bearings fabricated by powder metal­

lurgy are being developed for use in ma­
chines in which they would be subjected 
to extremes of temperature [from near ab-

solUte zero to CNer 1,000 ° F (about 540 0C)), 
rolling-contact cyclic stresses, and oxidiz­
ing or otherwise corrosive fluids. In the 
original intended application, the powder-

FIBER INSULATED 

HEATERS 
Standard or 
Customized 
A 20 year leader in custom­

izing high 'temperature fiber 
insulated heaters, Aerospex 
now offers a useful range of 
standard, and custom heaters 
to meet your needs. You 'll get: 
• Low mass efficiency 
• Rapid heat up 
• Standards to 1100°C 
• Custom to 1300°C 
• Furnace Accessories 

Call us today. We'd like to 
help you put heat exactly 
where you need it. 

AEROSPEX 
-{~}-------­
Z!r.,£!=.r. PUTIING THE HEAT 

WHERE YOU NEED IT 

For More Information Circle No. 533 

metallurgical bearings would serve as 
longer-lived replacements for the 440C 
stainless-steel bearings now used in the 
high-pressure oxygen turbopump of the 
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440C Stainless Steel MRC-2001 

Note: Magnification = 500 

Powder.Metallurglcal Alloy MRC·2OO1 has a finer microstructure than 440C stainless steel does. MRC-2001 has superior mechanical and 
chemical properties that are expected to yield longer service lives for highly stressed bearings in turbopumps and possibly other machines. 

main engine of the Space Shuttle. Power­
metallurgical bearings may also extend the 
operating lives of other machines in which 
bearings are required to resist extreme 
thermal, mechanical, and chemical stresses. 

form those alloys into components of near­
ly net size and shape, with consequent 
reduction of waste and cost. Typically, the 
microstructures of alloys made by advanced 
powder metallurgy are finer and more ho­
mogeneous than those of other alloys are 
(see figure). These microstructures feature 
small, uniformly distributed grains of pri­
mary carbides and uniform distributions 
of secondary phases and alloy elements. 

The powder-metallurgical approach of­
fers the opportunity to formulate new alloys 
that have the needed resistance to oxida­
tion, wear, and rolling-contact fatigue. Fur­
thermore, in powder metallurgy, one can 

Scopeman -on innovative 
odvancement in video 
microscopy. The Moritex line 
of Scopeman remote-heod video 
microscope imaging systems 
odds a new dimension to visual 
inspection by combining new 
CCD camero and fiber optic 
technologies into one small 
probe. Simply attach the 
desired magnification optic to 
the end of the probe, place it on 
or close to the subject, and a 
high resolution image with 
incredible depth of field will be 
displayed on the monitor. From 

aviation to machine vision, 
forensic science to electronics, 
Scapeman improves your 
inspection capability -whatever 
the application. Moritex's full 
range of control units, probes, 
optics and peripherals gives you 
the flexibility to build a custom 
system suited to your needs and 
budget. Call 1-800-548-7039 
today for more information. 

@ ;'ORITEX 
USA INCo"o,,,,rCD 

Tel: 1-8ro548·7039 ' Tel: (619) 453-7905 ' Fax: (619) 453-7907 

For More Information Circle No. 411 

62 

When a powder-metallurgy alloy IS proper­
ly consolidated, the uniform grain structure 
is preserved in the alloy product, which is 
fully dense and suitable for use as a bear­
ing material. 

Some candidate alloys have been eval­
uated in comparison with each other and 
with 440C stainless steel via tests of rolling­
contact fatigue, short-rod fracture tough­
ness, cross-cylinder wear, and stress cor­
rosion cracking. One alloy that exhibited 
outstanding properties was MRC-2001 
(composition in weight percentages 75.2 
Fe, 15.0 Cr, 6.0 Mo, 2.0 V, 0.5 Mn, 1.2 C, 
0.1 Nb). The resistance of this alloy to 
fatigue, stress corrosion cracking, and 
wear was found to be superior to that of 
440C stainless steel. This alloy has been 
selected for incorporation into bearings for 
full-scale tests. 

This work was done by B. N. Bhat, T 
S. Humphries, R. L. Thom, \I. Moxson, G. 
I. Friedman, and F. J. Dolan of Marshall 
Space Flight Center and R. J. Shipley of 
Materials & Manufacturing Technology 
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 24]. Refer 
to MFS-28672. 

Get your own copy by 
filling in the 

qualification form 
bound into this issue. 
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Computer Programs 
COSMIC: Transferring NASA Software 

COSMIC, NASA'S Computer Software Management and Infonnatlon Center, distributes software developed with 
NASA fundIng to Industry. other govemment agencies and academia. 

COSMIC's Inventory is updated regularly; new programs are reported In Tech Briefs. For addrtlonal lnfonnation on 

any of the programs described here. circle the appropriate TSP number. 
If you don't find a program in this Issue that meets your needs, call COSMIC directly for a free review of programs 

in your area of Interest. You can also purchase the annual COSMIC Software Catalog, containing descriptions and 
ordenng infonnation for avaIlable software. 

COSMIC is pari of NASA's Technology Transfer Network. 

COSMIC®---John A. Gibson, Diractor, 
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 spon­
sored by NASA to make computer programs 
available to the public. For information on 
program price, size, and availability, circle the 
reference number on the TSP and COSMIC 
Request Card in this issue. 

Program Diagnoses 
Nickel/Cadmium Batteries 
NICBES2 assists in monitor­
ing and managing the 
health of the batteries , 

The Nickel Cadmium Battery Expert 
System-2 (NICBES2) computer program 
is a prototype expert-system program 
for the diagnosis and management of 
the health of nickel/cadmium batteries. 
NICBES2 is intended to support evalu­
ation of the performance of batteries in 
the Hubble Space Telescope spacecraft 
and to alert personnel to possible mal­
functions. To achieve this, NICBES2 pro­
vides a reasoning system supported by 
appropriate battery-domain knowledge. 

NICBES2 oversees the status of the 
batteries by evaluating data gathered in 
orbit packets, and when the status so 
merits, raises an alarm and provides di­
agnosis of faults as well as advice on 
the actions to be taken to remedy the 
condition that gave rise to the alarm. In 
addition to diagnosis and advice, it pro­
vides a history of the statuses of the 
batteries pertaining to the health of the 
batteries. It also provides a graphical dis­
play to help the operator assimilate the 
information that it generates. 

Easy! Learn to cut chips 
the first day. SURFCAM 
supports mills, lathes, 
EDMs and lasers. 

Fast! 32-bit Windows and 
OOS versions. Guaranteed 
CAD/CAM data translation. 

Powerful 2, 3, 4 and 5 
axis stand-alone systems. 

Trimmed NURBS and 
multi-surface machining. 

cal reduction of data to generate a set 
of reduced data files per orbit. An ex­
pert-system process starts the Quintus 
Prolog interpreter and the expert sys­
tem and then uses the reduced data 
files for the generation of status and 
advice information. 

The expert system presents the user 
with an interface window composed of 
six subwindows: Battery Status, Advice 
Selection, Support, Battery Selection, 
Graphics, and Actions. The Battery Sta­
tus subwindow can provide a display of 
the current status of a battery. Similarly, 
advice on reconditioning, charging, and 
workload of a battery can be obtained 

Free-form Surfaces 
SURFCAM was developed 
in a manufacturing 
company with 30 years 
experience in aerospace 
components. 

Seal mold courtesy 0/ Alan 
Mold and Engineering, Inc. 

NICBES2 effects a composition of 
three cooperating processes driven by 
a program written in SunOS C. A serial­
port process gathers incoming data 
from an RS-232 connection and places 
it into a raw-data pipe. Data-handler 
processes read this information from 
the raw-data pipe and perform statisti­
NASA Tech Briefs, June 1993 

Call 800-488-3615 SURFWARE INCORPORATED 
for demo disks 

$15 VISA 
421 Park Ave . • San Fernando. CA 91340 
(818) 361 -5605 Fax (818) 361 -1919 

For More Information Circle No. 505 
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from the Advice Selection subwindow. 
A display of trends for the last orbit and 
over a sequence of the last 12 orbits is 
available in the Graph subwindow. A 
WHY button is available to give the user 
an explanation of the rules that the ex­
pert system used in determining the 
current information. The Support sub­
window contains an editor for altering 
the knowledge base. 

graphics. A DEC LSI-11 is required to 
send telemetry via an RS-232 connec­
tion. The program is available on a 0.25-
in. (6.35-mm) streaming-magnetic-tape 
cartridge in UNIX tar format. NICBES2 
was developed in 1989. 

Sun and SunOS are trademarks of 
Sun Microsystems, Inc. PostScript is a 
registered trademark of Adobe Systems 
Inc. UNIX is a registered trademark of 
AT&T Bell Laboratories. DEC LSI-11 is a 
trademark of Digital Equipment Corp. 

NICBES2 is written in C language and 
Quintus Prolog for Sun-series comput­
ers running SunOS. It requires 8 Mb of 
random-access memory for execution. 
The Quintus ProWindows graphics sys­
tem is required for graphical display, and 
a PostScript printer is required to print 

This program was written by Yvette 
B. Johnson and Alex Bykat of Marshall 
Space Flight Center. For further infor­
mation, Circle 60 on the TSP Request 
Card. 

ARE YOU SPENDING 
TOO MUCH TIME 

DRAWING FLOWCHARTS? 
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YOU NEED FLOW CHARTING™3. 

E very day, professionals worldwide save time 
and money using Flow Charting 3. It's fast, 
efficient, easy to use, and always produces 
presentation-perfect charts and diagrams. 

With Flow Charting 3's built-in flexibility, 
you can create customized charts using a 
variety of shapes, lines, and text­
placed where you want them. 

Plus, Flow Charting 3 is now available in a 
LAN version. Making it easy to share files and set 
up work groups for specific projects. 

And it's backed with free technical support 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 
[nternational: 408-778-6557, ext. 282 

PAl ION I PAl lilt 
Software Corporation 

O\"f:1I is. rtgistt.m1 tradt.mark or No\-dt, IDC-
Excellence in charting fhe flow oj ideas! 

Patton & Patton Software Corp. 485 Cochrane Circle, Morgan Hill, CA 95037 

For More Information Circle No. 499 

Inquiries concerning rights for the 
commercial use of this invention should 
be addressed to the Patent Counsel, 
Marshall Space Flight Center {see page 
24}. Refer to MFS-28683. 

" Bectronic Systems 

Neu ral-Network­
Development Program 
NETS aids in the synthesis 
of back-propagation ­
learn ing neural networks . 

NETS, a software tool for the devel­
opment and evaluation of neural net­
works, provides a simulation of neural­
network algorithms plus a computing 
environment for development of such 
algorithms. "Neural networks" denotes a 
class of systems modeled after the hu­
man brain. Artificial neural networks are 
formed from hundreds or thousands of 
simulated neurons, connected to each 
other in a manner similar to that of brain 
neurons. Problems that involve match­
ing of patterns readily fit the class of 
problems that NETS is designed to 
solve. 

NETS uses the back-propagation 
learning method for all of the networks 
that it creates. The nodes of a network 
are usually grouped together into clumps 
called layers. Generally, a network has 
an input layer through which the vari­
ous environmental stimuli are present­
ed to the network, and an output layer 
for determining the response of the net­
work. The number of nodes in these two 
layers is usually tied to some features 
of the problem to be solved. Other lay­
ers, which form intermediate stops be­
tween the input and output layers, are 
called hidden layers. NETS enables the 
user to customize the patterns of con­
nections between layers of a network. 
NETS also provides features for saving, 
during the learning process, the values of 
the weights (the strengths of the con­
nections between neurons); these fea­
tures provide for more-precise control 
over the learning process. 

NETS is an interpreter. Its method 
of execution is the familiar "read-evalu­
ate-print" loop found in such interpreted 
languages as BASIC and LISP. The 
user is presented with a prompt, which 
asks for input. After a command is is­
sued, NETS attempts to evaluate the 
command, which may produce more 
prompts that request specific informa­
tion or that signal an error if the com­
mand is not understood. The typical 
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process involved in the use of NETS 
consists of translating the problem into 
a format that provides for input/output 
pairs, designing a network configura­
tion for the problem, and finally training 
the network with input/output pairs 
until an acceptable error is reached. 

NETS enables the user to generate 
C code to implement the network load­
ed into the system. This enables the 
placement of networks as components, 
or subroutines, in other systems. In short, 
once a network performs satisfactorily, 
the "Generate C Code" option provides 
the means for creating a program sep­
arate from NETS to simulate the net­
work. Other features include the fol-

lowing: files can be stored in binary or 
ASCII format, propagation from mUlti­
ple inputs is permitted, bias values can 
be included, data can be scaled with­
out writing scaling code, the network 
can be tested quickly and interactively 
from the main menu, and there are sev­
eral options that enable the user to ma­
nipulate learning efficiency. 

NETS is written in ANSI standard C 
language to be machine-independent. 
The Macintosh version (MSC-221 08) in­
cludes code for both a graphical-user­
interface version and a command-line­
interface version. The machine-indepen­
dent version (MSC-21588) includes only 
code for the command-line-interface 

TRUE COLOR 

Dc·rcx 
FRAME GRABBER 

EXCELLE CE IN 
MACHINES THAT SEE 

6969 Trans-Canada Hwy., 
Suite 113, 
St. Laurent, Quebec 
Canada H4T 1VB 

Tel. : (514) 333-1301 
Fax: (514) 333-1388 
U.S.: 1-800-361-4914 

version of NETS 3.0. 
The Macintosh version requires a 

Macintosh II-series computer and has 
been successfully implemented under 
System 7. Four executable codes are 
included on diskettes: two for floating­
pOint operations and two for integer 
arithmetic. It requires Think C 5.0 to 
compile. A minimum of 1 Mb of ran­
dom-access memory is required for 
execution . Sample input files and exe­
cutable codes for both the command­
line version and the Macintosh user­
interface version are provided on the 
distribution medium. The Macintosh ver­
sion is available on a set of three 3.5-in. 
(8.89-cm), 800K diskettes in Macin­
tosh format 

The machine-independent version 
has been successfully implemented on 
an IBM PC-series-compatible comput­
er running MS-DOS, a DEC VAX com­
puter running VMS, a SunlPC comput­
er running SunOS, and a CRAY Y-MP 
computer running UNICOS. Two exe­
cutable codes for the IBM PC version 
are included on the MS-DOS distribu­
tion medium: one compiled for floating­
point operations and one for integer 
arithmetic. The machine-independent 
version is available on a set of three 
5.25-in. (13.34-cm), 360K diskettes in 
MS-DOS format (standard distribution 
medium) or a 0.25-in. (6.35-mm) stream­
ing-magnetic-tape cartridge in UNIX tar 
format. NETS was developed in 1989 
and updated in 1992. 

IBM PC is a registered trademark of 
International Business Machines Corp. 
MS-DOS is a registered trademark of 
Microsoft Corp. DEC, VAX, and VMS are 
trademarks of Digital Equipment Corp. 
SunlPC and SunOS are trademarks of 
Sun Microsystems, Inc. CRAYY-MPand 
UNICOS are trademarks of Cray Re­
search, Inc. 

This program was written by Todd 
A. Phillips of Johnson Space Center. 
For further information, Circle 31 on the 
TSP Request Card. 
MSC-2210B 

~ Mathematics and 
~ InfOrmalion SCiences 

Program Helps in 
Analysis of Failures 
Failures and propagation 
thereof are represented 
graphically. 

The Failure Environment Analysis Tool 
(FEAT) computer program has been devel­
oped to enable people to see and better 
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understand the effects of failures in a sys­
tem. The user can select failures from either 
engineering schematic diagrams or digraph­
model graphics (as defined below), and the 
effects or potential causes of the failures 
are highlighted in color on the same sche­
matic-diagram or digraph representation. 

FEAT uses digraph models to answer 
two questions: (1) What will happen to a 
system if a set of failure events occurs? 
and (2) What are the possible causes of 
a set of selected failures? FEAT helps 
design reviewers understand exactly what 
redundancies have been built into a sys­
tem and where there is a need to protect 
weak parts of the system or remove them 
by redesign. The program is also useful 
in operations, where it can help identify 
causes of failure after they occur. Finally, 
FEAT is valuable in conceptual develop­
ment and as a training aid, inasmuch as 
digraphs can identify weaknesses in sce­
narios as well as in hardware. A properly 
developed digraph reflects how the func­
tions of a system deteriorate as failures ac­
cumulate. In cases of very-large-scale proj­
eGts of the system-engineering type, FEAT 
may substantially reduce the costs of eval­
uation of designs, training, and learning 
how failures propagate through the system. 

The first step in using FEAT is building 
(1) a digraph model and schematic dia­
gram of the system to be analyzed and (2) 
any data-base files to be displayed. The 
digraph model, drawn in MacDraw II, con­
sists of circles with associated text, ar­
rows, and logic gates that represent the 
flow of failure through a system. These are 
grouped into components that a digraph 
interpreter can analyze. 

The digraph engine processor is a multi­
step algorithm that performs transitive 
closure. It begins by building a series of 
phantom bridges or gates that allow ac­
curate bidirectional processing of di­
graphs. The digraph is reduced to a pair 
of matrices: an AND matrix and an OR 
matrix. These matrices are built in the 
computer memory such that each row! 
column intersection in the matrix occupies 
only 1 bit. After the AND and OR matrices 
are constructed, there are three "math" 
phases: one to find "hidden Singletons," 
one to "compress" the OR matrix, and one 
to find "hidden doubletons." In each 
phase, forward path traCing is used to 
determine how far a source of failure can 
travel downstream through the digraph. 

The Failure Environment Analysis Tool 
is written using Macintosh Programmers 
Workshop C v3.1. Compilation with MPW 
C v3.2 or higher is required if using System 
7. FEAT can be linked with CLIPS 5.0 
(M8C-21927, available from COSMIC). The 
program can be run on any Macintosh 
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computer that has enough random-access 
memory to handle the mathematical 
models; 2Mb or more is highly recom­
mended. A color monitor is necessary to 
display the model results but not neces­
sary for the preliminary development of the 
model and schematic diagram. A drawing 
package such as CLARIS MacDraw II 
1.1v2, which can save in PICT format, is 
required to build the models. The standard 
distribution medium for FEAT is a set of 
two 3.5-in (8.89-cm) Macintosh-format 
diskettes. An electronic copy of the docu-

mentation is included on the program 
medium along with example digraph files. 
The program was developed in 1990. 

Apple, Macintosh, and Macintosh Pro­
grammers Workshop C are registered 
trademarks of Apple Computer, Inc. Mac­
Draw II is a trademark of CLARIS Corp. 

This program was written by R. W 
Stevenson, M. E. Austin, and J. G. Miller of 
lJJckheed Engineering & Sciences Co. for 
Johnson Space Center. For further infor­
mation, Qrc/e 102 on the TSP Request Carci. 
MSC-21873 

All New:Solid 
From 

Models Automatically 
Wireframe CAD! 

A 

B 

c 

D 

E 

F 

Design the part using Algor or any major CAD system'. 
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standard way to interchange surface and solid models 
among major CAD systems and machine tools. 

Press another button and you make a complete surface 
mesh from the parametric geometry and optional mesh 
parameters. This process is fully automatic. At this stage 
you can apply your loads and boundary conditions for finite 
element analysis. 

Press a third button and you have the solid FEA model 
ready for processing. For your information, a portion of the 
model has been cut away using Algor's Hide option. In 
reality, there is no need to bother viewing the interior mesh. 
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Copyright C 1993 Algor, Inc. 

Now every company can 
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engineering built in. 
Algor is a world leader in engineer­
ing design and analysis software. 
More than 10,000 engineers in 50 
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prefer Algor software's modeling 
and engineering power. 
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finite element analysis 

• ASME piping analysis with code 
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Available for DOS 
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Mechanics 

Improved Nonequilibrium Algebraic Model of Turbulence 
A blend of previous models predicts pressure distributions more accurately. 

Ames Research Center, Moffett Field, California 

An improved algebraic model represents 
some of the time-averaged effects of turbu­
lence in the transonic flow of air over an 
airfoil. The improved model is a modified 
version of the Johnson and King nonequilib­
rium model. 

The Johnson and King model has been 
shown to perform better than the equilib­
rium Cebeci and Smith mixing· length model 
and the equilibrium Baldwin and Lomax 
model for separated transonic flows about 
airfoils. However, in some experiments in 
which the shock waves on the upper sur­
face of an airfoil were too weak to cause 
the flows to separate, the locations of the 
shocks were predicted better by the equilib­
rium models. In these cases, most of the 
differences between the predicted and ob­
served locations of the shocks were at­
tributed to a deficiency in the eddy-viscosi­
ty formulation of the Johnson and King 
model. 

The improved model overcomes this 
deficiency. It satisfies the law of the wall 
(which expresses the average velocity as 
a function of distance from a wall) in the 
presence of adverse gradients of pressure 
better than either the original Johnson and 
King model or mixing-length theory does. 
It incorporates effects of compressibility 
and yields better predictions of skin fric­
tion in the presence of zero and favorable 
gradients of pressure. 

The improved model is based partly on 
comparisons among various eddy-viscosity 
formulations for turbulence and partly on 
the premise that the law of the wall is more 
universally valid in the immediate region 
of the surface in the presence of an ad­
verse gradient of pressure than the mixing­
length theory and the original Johnson and 
King model are. The improved model es­
sentially reduces to the original Johnson 
and King model when separation occurs. 

Introducing "OTTO'! 
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The First True AulOsync Scan Converter. 
When you need to convert 
your high-resolution 
images to broadcast 
quality video, you need it 
done right the ftrst time, 
without adjustments and 
configuration "guesswork". 

Meet "OTTO", the first 
true Autosync Scan 
Converter from the leaders 
in scan conversion 
technology. 
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Coefficients of Pressure in a mach-O.73 flow 
of air over an airfoil were measured and 
predicted by use of three different mathe­
matical models of turbulence. 

It involves the prescription of an algebraic 
velocity scale that, in effect, blends the 
eddy-viscosity relationships of the Clauser 
model (which uses the friction velocity as 
the velocity scale) with the eddy-viscosity 
relationships of the original Johnson and 
King model. To improve predictions of skin 
friction at zero and favorable gradients, the 
Johnson and King model is modified fur­
ther by (1) use of a hyperbolic tangent (in 
place of an exponential) to blend the in­
ner and outer distributions of eddy viscosi­
ty and (2) the use, in the Van Driest damp­
ing term, of a velocity scale modified to 
include the effect of compressibility. 

The predictions of the improved model, 
of the original Johnson and King model, 
and of the Cebeci-Smith model were com­
pared with experimental data for a mach-
0.73 flow of air over an RAE 2822 airfoil 
at an angle of attack of 2.8°. As the figure 
shows, the distribution of pressure predict­
ed by the improved model lies closest to 
the experimental data points. 

This work was done by D. A. Johnson 
and T J. Coakley of Ames Research Cen· 
ter. For further information, Circle 23 on 
the TSP Request Card. 
ARC-12613 

_ ....... ..,., 
Get your own copy by filling in 

the qualification form bound 
into this issue. 
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There are megabytes of reasons 
you need a powerful data-analysis tool. 
Or maybe gigabytes. Or maybe more. 
Which is why you need BBN/probeM 

software. 

Do you have time for time-series data? 

Let' face it. No one wants to spend weeks 
or months formatting complex time-series data. 
But the graphical analysis tools you're using now 
probably aren't robust enough to handle the data 
generated by high-end telemetry, avionics, simula­
tion, process monitoring, or other high-volume 
data-generating applications. 

And who gets stuck with the job? You. When 
all you really wanted to do was reduce and analyze 
your data, you're writing tons of code to reformat 
it for that flashy analysis software you bought. 
Doing its work to the tune of thou ands of your 
precious hours. 

l:Jffil 
BBN SYSTEMS AND TECHNOLOGIES 
A Division of Bolt Beranek and Newman Inc., 10 Moullon treel, 
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We do the work, you have the fun. 

BBN/Probe changes all that. It 
handles the tedious, painful 

formatting automati­
cally. It slashes 

through the biggest, most difficult jobs you have. 
No matter what your data looks like. 

Only BBN/Probe acces es your data directly, 
so you can focus on your analysis, not your analysis 
software. Which is all you really wanted to do in the 
first place, remember? 

Data analysis software that's visibly better. 

BBN/ Probe offers the most powerful graphics 
and analysis environment you can get for accessing 
and analyzing raw, time-sampled data from multiple 
sources, even in real time. 

Not only is it powerful enough to handle all 
the grunt work on the front end, BBN/ Probe also 
shows you, in graphic terms, what all that data 
means. Plus it automates your analysis tasks and 
crank out tandard reports in a jiffy. 

Act now to get this special low price! 

Until June 15th, we're offering users of 
SunnYSolaris® 2.1, Hp®-UX and 
Silicon Graphics®/IRIX"M 38% off 
our regular price. We've always 
made powerful data analysis easy, 
and now we're making it more affordable. 
So let's cut to the chase. Call about BBN/ Probe 
today. You'll be glad you did. 

Act now and save 38%! 
Call1-800-84-PROBE today. 
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Improved Algorithm Computes Incompressible Flow 
Only two arbitrary parameters are specified by the user. 

Ames Research Center, Moffett Field, California 
An algorithm numerically integrates the 

Navier-Stokes equations of time-depen­
dent or steady flow of an incompressible, 
viscous fluid. The algorithm can simulate 
realistic three-dimensional flows bounded 
by stationary or moving surface(s) of com­
plicated shape(s). The algorithm was de­
scribed to some extent in "Numerical Simu­
lation of Flow Through an Artificial Heart" 

(ARC-12478), NASA Tech Briefs, Vol. 15, 
No. 12 (December 1991), page 66. 

The derivation of the algorithm begins 
with the Navier-Stokes equations in primi­
tive-variable form, using the pressuie and 
velocity as the dependent variables. The 
equations are transformed into generalized 
curvilinear coordinates, which can be made 
to conform to complicated shapes. The 

936 

*Rexham is clearly a leader in pilot 
coating services. This is a state-of­
the-art facility, staffed with some of 
the best technical people I've met. " 

Dr. Chi W. Chiu 
Research Associate 
Du Pont Imaging Systems 

B ing your next project to the industry's most 
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o In-line corona treatment 
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more competitive and profitable. Call toll free or fax for 
detailed information. 

Pilot Coating At Its Best 

REXHAM 
~~ ..... ------.. --, 
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P.O. Box 36B. Matthews. North Carolif18 28106 
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transformed equations are reformulated 
according to the artificial-compressibility 
method, in which the derivative of pressure 
with respect to time is added to the equa­
tion of continuity. This couples the pres­
sure and velocity fields, forming a hyperbol­
ic system of equations that can be marched 
in pseudotime to a steady-state solution 
or subiterated in pseudotime at each step 
of physically realistic time to obtain a time­
dependent solution. 

The convective-flux terms of the hyper­
bolic system of equations are treated by 
an upwind-differencing scheme, which 
makes the system of equations more near­
ly diagonally dominant than it would be if 
a central-differencing scheme were used, 
and unlike a central differencing scheme, 
the upwind scheme does not require the 
specification of artificial-dissipation param­
eters to assure numerical stability. The 
convective-flux terms are split, according to 
a higooder flux-difference-splitting scheme, 
into terms that are biased by the signs of 
the local flux Jacobians: this is done by 
casting the equations in characteristic 
form, then forming the differencing sten­
cil in such a way that it accounts for the 
directions of propagation of waves. 

The resulting system of equations is 
solved by use of an unfactored-line-relaxa­
tion implicit numerical-integration scheme. 
This scheme allows the use of very large 
pseudotime steps, thereby leading to rapid 
convergence for steady flows and for the 
subiterations of time-dependent flows. The 
user specifies the number of line-relaxation 
sweeps. The only other parameter that the 
user has to specify is the artificial com-

The Motion of Fluid Entering an Artificial 
Heart in a plane through the center of the 
inflow valve was computed by the algorithm 
described in the text and is shown here as 
a plot of velocity vectors. 
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pressibility constant. For the most part, 
each of these two parameters can be spe­
cified independently; changing one does 
not usually force a large change in the op­
timum value of the other. 

The algorithm has been tested by ap­
plying it to a number of steady and un­
steady flows, including the flow in an ar­
tificial heart (see figure), which was 
discussed in the noted prior article. In all 
cases, the flows computed by this algo­
rithm agreed well with analytical solutions 
and with experimental data where such 
data were available. 

This work was done by Stuart E. Rogers 
of Ames Research Center. Further infor­
mation may be found in NASA TM-102199 
[N91-158051 "Numerical Solution of the In­
compressible Navier-Stokes Equations." 

Copies may be purchased [prepayment 
required] from the National Technical In­
formation Service, Springfield, Virginia 
22161, Telephone No. (703)487-4650. Rush 
orders may be placed for an extra fee by 
calling (800) 336-4700. ARC-13078 

Synthesizing Friction 
in a Force-Reflecting 
Hand Controller 
The controller resists motion 
with a limited force and holds 
its position when released. 

Lyndon B. Johnson Space 
Center, Houston, Texas 

An algorithm synthesizes a frictionlike 
limited reaction force in a force-reflecting 
hand controller. The synthetic friction en­
hances the operator's feel and improves 
control characteristics in two ways: (1) the 
handle of the controller retains its setting 
when the operator releases it, and (2) in 
the case of a multiple-axis controller, the 
synthetic frictional force helps to hold the 
control setting on one axis when the han­
dle is being pushed to command move­
ment along another axis. 

No additional equipment is needed to 
generate the synthetic frictional force. In­
stead, the synthetic-friction algorithm is in-

Technology 2002 
Conference Audiotapes 

Discover the latest inventions 
develo~ed under the government's 

multi-billion dollar research budget. 
Choose from sessions on manufacturing, 

materials, biotech, computing, and 
other critical technologies. 

For complete ordering information, 
cill (212) 490-3999 

or write to: 
Associated Business Publications 

41 East 42nd St. #921 
New York, NY 10017 
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corporated into the hand-controller soft­
ware, and the synthetic frictional force is 
applied to the handle by the same com­
puter-controlled motors that generate the 
other reaction forces. The synthetic fric­
tional force is simply added to the other 
reaction forces. 

is specified in three zones: a static-friction 
middle zone with a springlike centering 
force, and two outlying dynamic-friction 
zones in which the centering force is con­
stant, with a magnitude equal to or slight­
ly less than that of the force at the outer 
limit of the static-friction zone. 

The synthetic frictional force is a func­
tion of the difference between the present 
position of the handle and a reference po­
sition that represents the most recent con­
trol setting. The synthetic frictional force 
is a centering force in that it always pushes 
the handle toward the reference position. 
As shown in the figure, the frictional force 

When the operator applies a force less 
than the static-friction limit, the reference 
position does not change; the handle 
springs back to the reference position and 
remains there when the operator releases 
it. When the operator pushes the handle 
beyond the static-friction zone, the reac­
tion force applied to the operator's hand 
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via the handle is the constant outer-zone 
dynamic frictional force. and the alQorithm 

makes the reference position move along 
with the handle in such a way that the cur-

Force 
_ Left Dynamic· ----= 

Friction Zone : 

--k 
l\ 

· · ... : ,>---Statlc·Frlction Zone 

· · ... : ._----- Right Statlc- ______ • 
• Friction Zone 

· i'J~! __________________ R_e_la_tl_ve_ p_O_S_lt_lo_n_ 

· 
The Synthetic Frictional Force along one axis is a simplified version of a typical real 
frictional force, with a wlder-than-natural static-friction zone In the middle. 
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rent, moving position of the handle lies at 
one of the outer boundaries of the static­
friction zone. When the operator stops 
moving the handle, it springs back a short 
distance (through the relocated static­
friction zone) to the relocated reference 
position and stays there until and unless 
pushed to a new position. 

This work was done by James Kauffman 
of Hone'f'Nell, Inc., for Johnson Space 
Center. For further information, Circle 88 
on the TSP Request card. 
MSC-21932 

Computing 
Vibration-Mode 
Matrices From 
Finite-Element 
Output 
Postprocessing yields inertia 
matrices and elastic!rigid­
coupling matrices. 

NASA's Jet Propulsion 
Laboratory, Pasadena, 
California 

Postprocessing algorithms have been 
devised to facilitate vibrational-mode anal­
yses of the dynamics of complicated 
structures. Such analyses are impor­
tant in simulation and control -- for ex­
ample, in active suppression of vibra­
tions in a large building or in precise 
aiming of a large antenna. 

Effective modal masses and mo­
ments of inertia, and their components 
associated with particular coordinate 
axes, provide insight into the charac­
teristics of particular vibratory modes. 
Simplifications of procedures for the a­
nalysis of the transient dynamics of the 
structure can be facilitated by the con­
venience of identifying modes that in­
volve relatively insignificant masses or 
inertias associated with the coordinate 
axis of interest. Such modes are candi­
dates for elimination from the mathe­
matical model of the dynamics of the 
structure and replacement by contribu­
tions to residual masses or inertias. 

One of the postprocessing algorithms 
uses the eigenvalue-analysis output of a 
finite-element computation of the dyna­
mic behavior of a structure to compute 
a matrix that represents the coupling be­
tween the rigid-body and elastic-body 
modes of the structure. Another of the 
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NOTHING ESCAPES ThE NIGHT HAWK. 
An ominous blip appears on the radar screen 

of a fighter during patrol. The temperature begins to 
rise within the core of a nuclear power generator. A 
hacker bent on espionage leans over his keyboard, 
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Whether they're real-world situations or training 
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critical computer performance. The most vital data 
can be lost in an instant, if your system gives you a 
delayed reaction instead of real-time response. But 
when microseconds count, Night Hawk flies. 
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the Night Hawk 
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Or 1-407-727-9207, ext. 4009, from outside 

the U.S. FAX 407-724-3334. 

m HARRIS 
UNIX Is a registered trademark of AT&T. e 
880pen Is a trademark of the 880pen Consortium. 

For More Information Circle No. 461 



postprocessing algorithms uses this elas­
tic/rigid-coupling matrix to compute the 
modal contributions to the rigid-body 
mass matrix (which contains masses 
and moments of inertia) and to the ef­
fective modal masses and moments of 
inertia. These algorithms are adapted to 

use the eigenvalue-analysis output JPL­
IDEAS and NASTRAN finite-element pro­
grams, without need to modify those 
programs. A third algorithm recomputes 
the elastic/rigid-coupling matrix in re­
sponse to a change in the origin of the 

Versatile Lightweight Ladder 
This device could also be used as stretcher or escape chute. 

Langley Research Center, Hampton, Virginia 
A proposed multipurpose escape-and­

rescue device would be primarily a lad­
der but could also be used as an escape 
chute, stretcher, or float. The ladder would 

be fabricated as a single composite piece, 
with staggerP.d openings for the feet and 
an integral handrail (see figure). In com­
parison with the rungs of a conventional 

Optical disillusion. 
If you're disillusioned by CCD camera performance, 

consider a different perspective -
CID, the alternative solid-state camera technology from CIDTEC. 

Ask yourself the following questions: 
TIl NO 

o 0 

o 0 

00 

o 0 

o 0 

o 0 

Does your CCD camera prevent 
blooming or streaking under 
extreme lighting conditions? 
Does your CCD camera maintain 
accurate dimensional detail and 
give you the edge detection 
precision you need? 
Does your CCD camera capture 
full frame asynchronous images 
of high speed or short duration 
events? 
Does your CCD camera allow you 
to read out multiple areas of in­
terest within a given frame at 
higher rates for faster capture 
and processing? 
Does your CCD camera give you 
UV response down to 185 nm 
and near-IR response without 
blooming, fringing or loss of 
data resolution? 
Does your CCD camera tolerate 
high radiation environments? 

If you answered "NO" to even one of these 
questions, Charge Injection Device (ClD) 

technolOgy, invented in 1972 at G.E.'s 
Research and Development Center, could 
be your imaging solution . 

CIDTEC offers a complete line of CID 
cameras and accessories. Backed by our 
18-year history of product quality, re­
sponsive service and sound techni­
cal knowledge, CIDTEC will assist you 
with your most demanding imaging 
applications. 

CID cameras may offer your best - or 
only - imaging solution. Call us at 315-
451-9410, fax us at 315-451-9421, or write 
to CID Technologies, Inc., 101 Commerce 
Blvd ., Liverpool, Y 13088. 

/~IDTE( 
CID Technology - We'll show you the difference. 
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coordinate system. 
This work was done by Roy Levy of 

Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Cir­
cle 52 on the TSP Request Card. 
NPO-18775 

ladder, the foot openings in this ladder 
would be designed to be less likely to 
cause injuries by jamming one's hands, 
arms, and legs between the ladder and the 
structure on which it was mounted. Quick­
release fasteners would be used for 
mounting. 

The ladder would be concave toward 
the user, with a radius of curvature of 20 
in. (51 cm), as viewed along its major axis 
from an end. This curvature would give 
headroom when the ladder is stored over­
head in the cabin of an airplane or heli­
copter, for example. Mounted this way, the 
ladder would also provide handholds for 
passengers and crewmembers to move 
about the cabin. The concavity of the lad­
der would also help prevent users from fa/l-

FRONT VIEW 

END VIEW 

Note: Dimensions are 
In Inches. 

Staggered 
Foot 
Openings 

Radius of 
Curvature 

100 

Quick-Release 
Standoff 
(One of Four) 

The Ladder Would Contain Openings for 
Feet instead of rungs and would include 
inteoral handrails. 
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ing off when it is used as a stretcher or 
as a slide for emergency egress. 

The ladder could be made of a tem­
pered aluminum core encapsulated in light­
weight fireproof foam, with an exterior cover 
of three-ply bidirectional graphite/epoxy 
composite material. Of course, its dimen­
sions and materials could be varied to suit 
specific applications. For example, titani­
um or balsa wood could be substituted for 

aluminum in the core. Small, flush·mount­
ed lights could be embedded between the 
footsteps to guide users. 

This work was done by Clarence F. 
Breen and John W Fogle of Langley Re­
search Center and Ian 0. MacConochie 
of Lockheed Engineering and Sciences 
Co. For further information, Circle 58 on 
the TSP Request Card. 
LAR-14631 

Saddle up with 
SEKAI ruggedized 
ca s 

Soft Sleeve Between Glove Box 
and Instrument 
The sleeve protects the instrument from low frequency vibrations 
and helps maintain clean atmosphere for semiconductor analysis For high resolution event recording 

in harsh environments! 
NASA's Jet Propulsion Laboratory, Pasadena, California • Flight qualified on L-59, F-18, 

Space Shuttle and .. . airborne 
cowboys A soft, flexible sleeve (see figure) con­

nects the interior of a glove box with the 
specimen-introduction port of an x-ray-pho­
toelectron spectrometer. The sleeve, a soft, 
clean flexible rubber-backed Nylon, O.01(}in. 
(O.25-mm) thick, is made of the same ma­
terial as that used in weather balloons. Its 
purpose is twofold: to isolate low-frequency 
vibrations of the glove box from the spec­
trometer and to protect the connection from 
the outside atmosphere and particulates. 

The glove box enables a technician to 
load semiconductor samples into the spec-

Approximate Position 
of Spectrometer 

--~-----I samPle' lntrodUCtlonl 
I Port of 
I X-Ray Photoelectron 

I Spectrometer I 

I 

L__ _ ___ J 

Gate 
Valve 

Glove Box 

Glove Openings 

Sleeve 

Window on Sloping Glove.Box 
Front of Glove Box Table 

VIEW FROM TOP - NOT TO SCALE 

A Flexible Sleeve joins a glove box to the 
specimen·introduction port of an instrument 
chamber. The coupling is made of brown 
nylon with an inner layer of white rubber, at­
tached to both areas with specially designed 
clamps. The thickness of the sleeve material 
is 0.01 in. (0.25 mm). 
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trometer withovt contaminating them or the 
spectrometer. A continuous flow of nitro­
gen, maintained at low positive pressure 
inside the glove box, keeps the outside at­
mosphere from entering. 

• Resistant to extreme temperatures, 
altitude, shock and vibration 

• Output 768 x 493 pixels 
• Low light 4.5 LUX, FI.2 

The sleeve presents a simple, inexpen­
sive means to connect the glove box to 
the spectrometer, which in turn is mounted 
on an air suspension system to prevent 
low frequency vibrations of affecting data 
analysis from semiconductor samples. 

• NTSC or VIC, selectable 4.7"H x .9S"W 
Less than 6 oz. 

• Only $2,200 - Delivered in 
30 days (RSC-90 or 100) 

• Right angle head, remote head or straight 
head versions 

• SEKAI quality 

This work was done by Frank Lombardi 
of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Cir­
cle 51 on the TSP Request Card. 
NPO-17782 

Tel: 310-921-7775· Fax: 310-921-7875 
.. SEKAIINTERNATIONAL 

14535·H Valley View Avenue, Santa Fe Springs, CA 90670 

For More Information Circle No. 436 

UNPARALLELED 
JMPJlCT ABSORPTION 

Up to 940/0. 
Sorbothane® the patented visco-elastic polymer that 
absorbs and dissipates unwanted energy over a broad 
temperature range provides: 

• Impact absorption 
• Vibration isolation 
• Sound damping 
• Unique tackiness for high friction 
• limitless design applications 
• Quick and cost-effective custom molding 
• Energy dissipation 

Sorbothane, the solution for all your energy dissipation 
needs. Call today for a free brochure and prototype 
sample. 

~oibothane Inc. 
2144 State Route 59 • P.O. Box 178· Kent, Ohio 44240 

Call 216/678-9444 • Fax 216/678-1303 

For More Information Circle No. 403 75 



Machinery 

Lightweight Boom for Rescue Helicopter 
The rescue harness is delivered within the pilot's view. 

Ames Research Center, Moffett Field, California 
A telescoping boom and associated 

mechanisms attached to a helicopter aid 
rescue operations by extending a lifeline 
beyond the sweep of the main rotor (see 
figure). The pilot can thus observe the res­
cuee and control the position of the heli­
copter more effectively than if the rescuee 
were directly below and hidden from the 
pilot's view. In addition, the rescuee is out­
side the downdraft of the rotor, which is 
often powerful enough to blow away or 
submerge someone in the water. The 
boom can be used for marine or land op­
erations - for example, pulling people 
from the roof of a burning building. 

DETAil OF 100M MECHANISMS AND 'MHCH 

The boom is thin and lightweight be­
cause it need not support the weight of 
the rescuee. Instead, the lifeline pulls away 
from the boom after it has been secured 
around the rescuee, who ·js then lifted di­
rectly into the cabin by a winch. 

The boom is made of fiber-reinforced The Tip of the Extended Boom projects beyond the radius of the main rotor. 

76 

Some people might wear a 
seat belt if they could only fmd it. 

lnexpen ive heal­
shrinkable tubing stiffens 
the cable harness assembly so 
buckle stays within reach. 

A seat belt doesn't do anybody any 
good when it's stuck below the seat. 

3M helped solve this problem by 
adapting heat-shrinkable tubing to seat 
belt assemblies. In a few seconds a hot 

air blower shrinks the tubing to half its 
diameter, producing a snug and 

rigid fit around the seat belt 
cable. This stiffens the flexible 

cable and keeps the buckle within 
easy reach.The heat-shrinkable tubing 
is available in a wide variety of colors . 
that can be matched to virtually any 
automotive interior. 

For more information on beat­
shrinkable tubing, call 1-800-322-7711 
or write 3M Electrical Specialties 
Division, 6801 River Place Blvd., 
Austin, Texas 78726-9000. 

Innovation working for you' 

3NI 
For More Information Circle No. 527 

composite material. Its telescoping sec­
tions are extended and retracted by a wire 
rope in a tube formed by the curling of a 
springy metal tape around the rope. The 
tube gives the rope sufficient rigidity to 
push the sections outward during exten­
sion of the boom. On retraction, the rope 
is pulled out of the tube, which is flattened 
back into a tape. The tape and the rope 
are wound on separate reels. The poten­
tial light-weight extension and retraction 
mechanism also appears to have many 
spin-off applications, including the in situ 
erection of telescopiC space structures. 

Clips on the telescoping sections of the 
boom hold the lifeline. When the rescuee's 
weight pulls on the line, the clips release 
it from the boom. Later, when the rescuee 
has been lifted to the helicopter and the 
boom has been retracted, the crew can 
reload the line on the Clips. 

This oork was done by Leonard A. Haslim 
of Ames Research Center: For further infor­
mation, Circle 24 on the TSP Request Card. 

This invention has been patented by 
NASA (U.S. Patent No. 5,020,742). Inquiries 
concerning nonexclusive or exclusive 
license for its commercial development 
should be addressed to the Patent 
Counsel, Ames Research Center [see 
page 24]. Refer to ARC-11909. 
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In 1he World Of HyQrid 
Microelectronics, Bigger Is Better. 

When you're wrestling to find space for a hybrid on 
a packed board, you want the smallest, lightest product 
you can find. 

But when you're looking for small, lightweight 
hybrids in large quantities, 
you need the capabilities of 
a big, powerful company. 
A company that can handle 
Raytheon currently produces over 
400,000 hlgh-rellabllJty hybrid 
assemblies a year, including MCMs, 
as well as MlBs (Multilayer inter­
connect Boards, SEM.-A through E). 

high-reliability and high-volume at the same time. 
Raytheon is the largest manufacturer of high­

reliability hybrids in the world. Our fully-integrated, 
MIL-STD-1772 certified facility is dedicated to the design, 
production and testing of hybrid microelectronics, and 
includes more than 130,000 square feet devoted to fully 
automated manufacturing, with more than 75% better 
than Class 100,000. 

For More Information Circle No. 541 

We use high-precision robotic assembly; automated 
100% wire bond pull testing, automatic parametric test­
ing, and automatic vision systems for 100% inspection. 
As a result, we can handle high-volume production of 
hybrids that meets virtually any system requirements. 
We could even double our hybrid production, without 
sacrificing quality or reliability. 

When it comes to hybrids themselves, small is beau­
tiful. But when you're selecting a company you can rely 
on to supply you with those miniature hybrids and still 
maintain high-reliability at high-volume, bigger is defi­
nitely better. 
To learn how to integrate our power supplies into your 
systems, call or write for technical assistance: Raytheon 
Company, Quincy Operations, 465 Centre Street, Quincy 
MA (617) 984-8508. FAX: (617) 984-4104. 

Raytheon 
WE THRIVE ON CHALLENGES 



HEAD HUNTE RTM 
HEAD & EYE 

SLAVEn 
POINTING SYSTEM 

COMPLETE, NON-INVASIVE, REAL-TIME 
HARDWARE AND SOFTWARE INSTRUMEN­
TATION TO COMPUTE AND ANALYZE 
COMBINED HEAD AND EYE VECTORS FOR 
ADVANCED WEAPONS POINTING, SIMULATION 
!TRAINING & HUMAN FACTORS ASSESSMENT. 

125 CAMBRIDGEPARK DR_ 
CAMBRIDGE, MA 02140 

TEL: 617·868-5353 FAX: 617-868-9231 

For More Information Circle No. 506 

For More Information Circle No. 444 
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Fabrication 
Technology 

Adjustable-Pressure Mandrel 
for Making Composite Tubes 
Both pressure and temperature can be set 
at desired levels for curing. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
An inflatable inner mandrel enables the 

application of any desired pressure (within 
reasonable limits) during the curing stage 
in the fabrication of a fiber/matrix com­
posite tube. Until now, most hand layups 
of composite tubes have been made by 
laying resin-impregnated fibers on rigid in­
ner mandrels and placing them in outer 
mandrels. This technique requires that the 
layup be well debulked so that there is a 
very close tolerance between the inner 
and outer mandrels when the pieces are 
placed together. When the composite in 
such an assembly was heated to its cur­
ing temperature, the pressure applied by 
squeezing between the inner and outer 
mandrels was not directly controllable. This 
pressure depended on the curing tempera­
ture and the thermal expansions of the 
various materials in the assembly. As a 
result, the pressures generated during 
cure are not necessarily optimum or uni­
form throughout the interior of the tube, 
and the tube could therefore be weakened 
by voids and porosity. 

The inflatable inner mandrel consists 
mainly of a sheath of silicone rubber sealed 
on an aluminum tube (see figure). The com­
posite material is laid up on the mandrel 
and enclosed in a rigid outer die. The 
sheath on the inner mandrel is inflated to 

Seal 

',II",bI,'"" ":" ~ 
Composite Material 
Wrapped on Sheath 

Pressure Is Applied to a composite tube by 
an inflatable inner mandrel and a rigid outer 
mandrel. 

the requisite pressure and regulated dur­
ing curing. The assembly is then placed 
in an oven and cured at the specified 
temperature. 

This work was done by Paul J. Jacoy 
and Wesley P Schmitigal of Caltech for 
NASA's Jet Propulsion Laboratory. For 
further information, Circle 77 on the TSP 
Request Card. NPO-t8587 

Feeder for Oxygen-Sensitive Powders 
This feeder facilitates monitoring and transfer 
in an inert atmosphere_ 

Marshall Space Flight Center, Alabama 
The figure shows a vessel designed to 

feed powders that must be protected 
against contamination by oxygen. The ves­
sel has the following novel and advanta­
geous features: 
• A sight gauge enables the continuous 

monitoring of the level to which the feed­
er is filled with powder, as well as for 
visual monitoring of the quality (including 
the degree of oxidation) of the powder. 

• A coupling mates with specially designed 
containers, in which powders are pack­
aged under vacuum or inert gas. This elilT} 
inates the need for unnecessary handling 
of powders and the attendant risk of con­
tamination byoxygen. 

• An internal funnel enables the unloading 
of unused powder from the feeder in a 
vacuum or inert-gas atmosphere. 

• A pressure gauge enables monitoring of 
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the pressure of the inert backfill gas. 
The new feeder is made of stainless steel, 

606H6 aluminum, and glass (for the sight 
gauge). It is equipped with a purge valve, 
filter, and pressure-relief valve. All internal 
surfaces have a finish of 16 JAin . (0.41 JLm), 
arithmetic average, and the feeder holds 
a vacuum of 10-4 torr (about 10-2 Pa). 

This wrk was done by William H. 
Woodford, Timothy N. McKechnie, 

Christopher A Pov.er, and David H. Burns 
of Rockv-.ell International Corp. for Mar· 
shall Space Flight Center. For further 
information, Circle 18 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 24]. Refer 
to MFS-298S7. 

This Powder Feeder for oxygen-sensitive powders facilitates the transfer of powder while 
protecting it against oxidation. 

Truss Slip Joint 
Features include strength and relative simplicity 
of design and operation. 

Marshall Space Flight Center, Alabama 
The figure illustrates the two subassem­

blies of a slip joint for connecting truss 
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members temporarily or permanently. It is 
designed to carry axial loads as large as 

Grumman 
Aerospace & Electronics 

CALIBRATION 
SERVICE 

o DIRECT NIST TRACEABILITY 

o CONFORMANCE TO MIL-STO-
45662A 

o PROMPT TURNAROUND 

o ELECTRICAU 
PHYSICAL CAPABILITIES 

o COMPREHENSIVE 
CALIBRATION 

o COMPUTERIZED 
CALIBRATION SYSTEMS 

GRUMMAN 
MEASUREMENT STANDARDS 

M/SA07-012 
BETHPAGE, NEW YORK, 11714 

PHONE (516) 575-5742 
FAX (516) 346-6255 

GRUMMAN-, 
For More Information Circle No. 443 

Solve EMI Problems 
with Magnetic 

Shielding Lab Kit -
o Eliminate Interference- FAST! 
o CO-NETIC & NETIC Alloys 
o MagnetiC Field Probe 
o Design Guide Included 
o Thousands in use 
o Economical 

Part LK-120 $129.00 

Send for Brochure LK-2 
or Call 708-766-7800 

MAGNETIC SHIELD CORP. 
Perfection Mica Co. 
740 North Thomas Dr. 
Bensenville, IL 60106 
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Stereo Viewing 

Affordable 
3D Stereo Visualization 
for Computer Graphics 

o Scientific Visualization 
o Molecular Modeling 
o Mapping 
o CAD/CAM/CAE 
o Computer Generated Images 
o Video Imoges 

• Increase Design Productivity 

• Enhance Wireframes/Solids 

• Reduce Time to Market 

• Improve Design Presentations 

• Understand Complex Images 

.. . On All Workstations 

Ask about our 
3D Virtual Reality 

products 

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 

For More Information Circle No. 458 
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100,000 Ib (450 kN) and to accommodate 
slight initial axial-displacement and angular 
misalignments. The joint can be assem· 
bled or disassembled by an astronaut in 
a space suit or, on Earth, by a technician 
in heavy protective clothing; it is even sim­
ple enough to be operable by a robot. 

The end of the lower subassembly (see 
figure) has a conical outer surface that fits 
in a conical hole in the upper subassembly. 
A bolt is held in the upper subassembly 
by a snapring and is free to turn about the 
conical axis. A retaining plug on the bot­
tom of the lower cone holds a nut, which 
is not free to turn, inside the lower 
subassembly. 

At the beginning of an assembly se­
quence, the mating conical surfaces of the 
upper and lower subassemblies are 
brought into proximity, and the bolt is 
turned to engage the nut. As the bolt is 
tightened, the two conical ... Irfaces are 
forced together into load-bearing contact 
and alignment. 

In comparison with most prior truss joints 

Retaining 
Ring on Bolt 

Captive Nut 
Inside Cone 

designed for the same applications, this 
one has fewer parts and is stronger. In ad­
dition, it can be modified to accommodate 
welding: a structure could be bolted to­
gether initially, then welded in the bolted 
configuration for extra strength and rigidity. 

This work was done by Frank Thomas 
of Marshall Space Aight Center: For fur­
ther information, Circle 34 on the TSP Re­
quest Card. Further information may also 
be found in NASA TM-10039S [N90-22043]. 
"Definition of Large Components Assem­
bled On-Orbit and Robot Compatible 
Mechanical Joints." 

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

Inquiries concerning rights for the com­
mercial use of this invention should be ad­
dressed to the Patent Counsel, Marshall 
Space Flight Center[see page 24}. Refer 
to MFS-28659 

Note: Not to scale. 

The Truss Slip Joint has few parts, is strong, and can be assembled and disassembled 
easily. 
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Mathematics and 
Information Sciences 

System for Retrieving Reusable Software 
The system facilitates access to software components for rapid construction of prototype software. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

The Encyclopedia of Software Compo-
nents (ESC) is an information· retrieval sys­
tem of computer hardware and software 
that provides access to generic reusable 
software tools and parts. The ESC enables 
the rapid development of new software 
systems and is expected to reduce the cost 
of major software projects significantly. 

Central 
Tool 

Users' 
Submissions 

Authorized 
Updates 

Maintenance 
Subsystem 

Retrievals ----I~ 

.... --Querles ----I 

Submisslons 

Local 
Browser 

Subsystem 

Productivity 
Measures 

Software­
Engineering· 

Analysis 
Subsystem 

With the ESC, a user can conveniently 
find and retrieve software through a hyper­
text interface (one that employs animation, 
audio, text, and graphics). Using the ESC 
is made to seem like going to a library; in 
fact, selections appear on a video display 
as a row of books. The user software de­
veloper first locates the general book 
category of interest, then selects a book 
and scans it, as though it were a standard 
reference work, to find previously written 
software that might satiSfy some of the re­
quirements upon the software to be de­
veloped. On finding the right software, the 

The Core of the ESC is its central tool base, which is a repository of reusable software. 
It receives queries and submissions from the user through the local browser subsystem 
and receives authorized updates from the maintenance subsystem. It sends retrievals 
to the local browser subsystem and the user's submissions tothe maintenance subsystem. 

~ ;!; ~~ 
FORTRAN 90 ~~ ~~ O~ IS'~ 

~,., Q'~. ~(9 ~ ... 
Ordinarily you might have waited years before you were actually able to O'? \$\ &'~ 
implement a new language standard - but not this time. You can discover +. ~ 4"1 ~ ~ 
all the rich new features of Fortran 90 using a fully tested, commercially \T -YA ~ \S' 
available compiler. A compiler developed specifically to meet the new • )' "'.-~ 
ANSI/ISO standard - the NAG Fortran 90 Compiler. NAG's twenty plus years \;:II"'~ V 
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 ~~ 
the same day the standard was fonnally adopted. \9 

~ 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~ 
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litdesk@nag.com 

Numerical Algorithms Group 
1400 Opus Place, Suite 200 
Downers Grove, IL 60515 
(708) 971-2337 
FAX: (708) 971-2706 
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user can copy it into the new program. 
The ESC can hold many software ref­

erence books, just as a library can con­
tain a large collection. Users can create 
new reference books and place them in 
the ESC collection. 

In its present version, the ESC supports 
the development of prototype application 
programs. The ESC is coupled with an ex­
perimental program that evaluates its ef­
fect on the productivity of the program­
mers who use it. It contains two groups 
of software components: 
• Group 1 includes subroutines, functions, 

procedures, and objects that feature a 
minimum of entanglements and external 
dependencies. Components in this group 
are small , well-abstracted modules of 
functionality that can be incorporated 
easily into larger programs. They reside 

at the language-call level of use. 
• Group 2 includes large stand-alone appli­

cation programs that reside at the execu­
tive or shell level of use. Examples are 
screen-editor and system-utility programs. 
A key feature is a local browser sub-

system (see figure), which, as it is used, 
generates queries and submissions for the 
central tool base (which is the repository 
of reusable software). The local browser 
subsystem also generates measures of 
productivity and other evaluation data and 
sends them to a software-engineering-a­
nalysis subsystem for processing. 

Future versions of the ESC will provide 
for advanced media, including voice and 
video, and will link the system to a data­
base-management system. The new media 
will enable programmers to communicate 
information about software nontextually; 

for example, by computer animation and 
recorded verbal descriptions. With the help 
of the data-base-management system, the 
ESC will handle very large collections of 
reusable software and will facil itate the 
transfer of information about software and 
the development of software. In the ESC, 
graphical hypertext techniques will be in­
tegrated into the software-development 
environment. Programmers will be able not 
only to retrieve software, but also to modify 
it, execute it, and cross-link it with other 
software. 

This work was done by Lloyd Van 
Warren and Brian C. Beckman of Caltech 
for NASA's Jet Propulsion Laboratory. 
For further information, Circle 7 on the 
TSP Request Card. 
NPO-18435 

Vector Quantization With Emergent Code book Structure 
A neural-network coding system would adapt 
the codebook to changing signal characteristics. 
Lewis Research Center, Cleveland, Ohio 

In a proposed scheme currently un­
der development for the transmission 
of vector-quantized digital video images, 

the vector quantizer code book would be 
updated to adapt the quantizer to chang­
ing signal statistics. The scheme is in-

ELCOM® BRUSHLESS SERVO MOTORS IMPROVE 

tended to be realized with an electronic 
neural network. It is intended that the 
code book, which consists of patterns 

YOUR DESIGN WITH 

OPTIMUM RESISTANCE TO DEMAGNETIZATION, EXCELLENT TORQUE-TO-

INERTIA RATIOS, HIGHEST OUTPUT DENSIlY. PATENTED LO-COG ® 

FOUR FRAME SIZES 

FROM 30MM TO 65MM SQUARE. CONTINUOUS DUTY 

MOTOR TORQUES TO 240 OZ.-IN. o\LL (215) 256-6601 OR FAX (215) 256-1338. 

67-C 
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PllTMAN® 
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that constitute video images, will under­
go training during operation and that the 
scheme should develop codebooks that 
are ordered during training . 

As in prior vector-quantization schemes, 
(1) each codeword would represent all of 
the data values within a suitably small 
cluster of data and would be represent­
ed by an index; and (2) the vector that 
corresponds to each signal datum would 
be compared to all of the codewords 
and then the signal datum would be rep­
resented by the index of the codeword 
vector that is least distant according to 
a prescribed measure of distance in the 
vector space. 

As in some prior vector quantization 
schemes, the codewords would be dis­
tributed in the abstract vector space in 
such a way that the statistics of the code­
word distribution mimics the statistics of 
the video signal. When such a distribu­
tion is realized, it is likely that each suc­
ceeding codeword is in the neighbor­
hood of the preceding codeword. If the 
indices are arranged so that codewords 
close in the distance measure are also 
close in Hamming distance, the locality 
between successive codewords can be 
exploited for three possible advantages. 
First, as in prior coding schemes, the 
locality can be used to realize a path­
coding scheme. Path coding reduces 
the number of bits required to encode 
each vector by transmitting the change 
in the index rather than the full index. 
Second, the locality can be used in er­
ror-prone transmission channels to real­
ize coders with increased noise immu­
nity since bit errors that occur in the 
transmitted indices have limited distor­
tion effects. And third, the locality can be 
exploited to realize variable-rate coders 
since index bits of less significance can 
be truncated at the transmitter and re­
placed at random at the receiver. 

The proposed emergent scheme would 
implement the codeword ordering in a 
novel Wei'} derived from previous schemes. 
Each node of the neural network would 
represent a codeword. Each node would 
be topologically associated with n other 
codewords contained in the region that 
surrounds the node in the abstract da­
ta space. The region could be altered by 

Is your subscription 
about to expire? 

Check the .xplre date. If h 
Ie .... than 8 rnontha now 
Ie the time to fill out • new 
qualification form before 
your ubacrlptlon .xpl ..... 
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changing the association threshold as 
the video signal characteristics changed. 
When it is determined that a training 
vector lies within the region of a partic­
ular node, called the winner, a portion 
of the n nodes associated with the win­
ner node will be moved closer to the 
winner node while the remainder of the 
nodes in the region are moved farther 
from the winner. The winner will be se­
lected based on both its proximity to 
the training vector and a measure of its 
utilization. By forcing the utilization of 
each codeword to be roughly equal, ad­
ditional Huffman coding can be avoided. 

The resulting codebook can be viewed 
as residing on a hypercube where edges 
of the hypercube are related by distor­
tion; i.e., codewords that share edges 
would be close together in the abstract 
Euclidean space. The proposed system 
should enable coding to be more com­
pact and more immune to noise, and 
should support variable rate compression. 

This work was done by Stanley C. 
Aha/t and Ashok Krishnamurthy of Ohio 
State University for Lewis Research 
Center. For further information, Circle 
2 on the TSP Request Card. 
LEW-15130 

CAN THE MOST 
POWERFUL AND RELIABLE 

MATH SOFTWARE 
REALLY BE THE EASIEST TO USE? 

Engineers and scientists who use 
Macsyma consistently describe it as 
more powerful and more reliable 
than any other mathematics 
software. Reviewers agree that 
Mac yma's on-line help system is 
the be t in the field . IEEE Spectrum 
calls Macsyma "a national treasure" 
and says: 

"Users with heavy mathematics 
needs should insist on Macsyma." 

And, tbe most recent PC Macsyma 
runs fully three times a fast a 
earlier ones on PC Magazine' 1992 
benchmark te ts . 

Call 1-800-macsyma for a free demo disk today. 

Macsyma® 
A quarter century of software development is hard to beat. 

$349* 

• For PC version m U.S.A. and Canada. Academic and quantifY discounts are available. 
Mncsyma i a registered trademark ofMacsyma Inc. 

Macsyma Inc. 
20 Academy Street 

tel: 617-646-4550 
fax: 617-646-31 61 

Arlington MA 021 74-6436 1 U. .A. 

For More Information Circle No. 485 

1-8oo-macsyma 
1-800-622-7962 



Life Sciences 

Biochemical and Genetic Modification of Polysaccharides 
Phage enzymes assist in the isolation, purification, and 
genetic modification of bacterial capsular polysaccharides. 
NASA's Jet Propulsion Laboratory, Pasadena, California 

Bacteriophages that produce endo­
polysaccharase-type enzymes can be 
used to produce, isolate, and purify high 
yields of modified polysaccharides from 
the polysaccharides that are produced 
by, and incorporated into the capsules 
of, certain bacteria. More specifically, 
the bacteriophages can be used in the 
conversion of the native polysaccharide 
materials into polymers of nearly uniform 
high molecular weight or, alternatively, 
into highly pure oligosaccharides. The 
bacteriophages can also be used in the 
genetic selection of families of polysac­
charides that are structurally related to 
native polysaccharide materials, but that 
have altered properties. The resulting new 
polysaccharides and oligosaccharides 
may prove useful in a variety of products, 
including pharmaceutical chemicals, coat­
ing materials, biologically active carbo­
hydrates, and drag-reducing additives 
for fluids. 

Heretofore, the synthesis of polysac­
charides has been inhibited by (1) the 
high cost of separation of the polysac­
charides from the bacteria and byprod­
ucts and (2) the limited ability to modify 
the molecular structures of native poly­
saccharides to enhance the properties 
of these polymers for specific uses. The 
method that involves the use of bacte­
riophages shows promise to overcome 
both inhibiting factors . 

The method was demonstrated in ex­
periments on the isolation of a drag-re­
ducing polysaccharide from the K63 strain 
of the enteric bacterial species Klebsiella 
pneumoniae. The native (capsular) poly­
saccharide in these bacteria is approxi­
mately twice as effective in reduCing drag 
as is xanthan gum, which is recognized 
as one of t.he most effective drag-reduc­
ing polymers. Without bacteriophage­
enzyme treatment, it was found to be 
impossible to separate the capsular poly-

saccharide effectively, even in centrifu­
gation at accelerations of 50,000 9 (where 
9 = standard gravitational acceleration 
at the surface of the Earth) for 4 h. How­
ever, a brief bacteriophage/enzyme treat­
ment enabled separation of high-mole­
cular-weight (about 3.5 x 106 daltons) 
polysaccharide material in 20 minutes 
of centrifugation at 6,000 g . Further­
more, the treatment led to an 80-per­
cent increase in the amount of polysac­
charide recovered. 

As shown in the figure, further bac­
teriophage/enzymatic processing of the 
purified native polysaccharide under pre­
cisely controlled conditions leads to re­
producible partial digestion into a homo­
geneous monodisperse polysaccharide 
that has an average molecular weight 
of 900,000 daltons. This material has 
been found to be suitable for the for­
mation of films 25 nm thick. Alterna­
tively, complete digestion of the native 
polysaccharide leads to a 64-percent 
yield of the basic repeating trimer (oligo­
saccharide). Gram quantities of the oligo­
saccharide sufficiently pure to crystallize 



have been produced. 

Enzyme-bearing bacteriophages that 
specifically infect K. pneumoniae K63 
have been isolated and produced in 
large quantity. The ability of the endo­
polysaccharase of these bacteriophages 
to degrade the capsular polysaccharide 
of K. pneumoniae K63 specifically has 
been used as a selection tool to gener­
ate a family of polysaccharides with re­
lated structures. Among the bacteria that 
have been found to survive exposure to 
these bacteriophages are mutants, pol­
ysaccharides of which have altered mo­
lecular structures and, concomitantly, al­
tered rheological properties. The altered 
polysaccharides have been found to be 
enzymatically convertible to oligosac­
charides; thus, a new family of closely re­
lated structural oligomers has also been 
generated . 

This work was done by Roger G. 
Kern, Gene R. Petersen, and Gil F. 
Richards of Caltech for NASA's Jet 
Propulsion Laboratory. For further 
information, Circle 78 on the TSP Re­
quest Card. 

In accordance with Public Law 96-
517, the contractor has elected to re­
tain title to this invention. Inquiries con­
cerning rights for its commercial use 
should be addressed to 

William T. Callaghan, Manager 
Technology Commercialization 
Jet Propulsion Laboratory 

(MIs 301-350) 
4800 Oak Grove Drive 
Pasadena, CA 91109 

Endopolysaccharase 
(Enzyme Produced 
by Bacteriophage) 

Capsular 
Polysaccharide 

(CPS) 

Refer to NPO-18707, volume and num­
ber of this NASA Tech Briefs issue, and 
the page number. 
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Further 
Processing 

Oligosaccharides 
Suitable for 
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Modification 

The Enzyme Produced by a Bacteriophage is used to digest bacterial capsular poly­
saccharide . Digestion can be partial or complete, depending on the process conditions . 



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

C Electronic Syslems 

gain explicit force control. It presents theo­
retical and experimental findings to the 
effect that the two concepts are essentially 
equivalent. 

Equivalence of Two 
Control Concepts 

This 'NOrk was done by Richard A. Volpe 
of Caltech for NASA's Jet Propulsion 
Laboratory. To obtain a COfY"l of the report, 
"The Equivalence of Second Order Im­
pedance Control and Proportional Gain Ex­
plicit Force Control: Theory and Ex­
periments," Circle 100 on the TSP Reauest 
Card. NPO-18619 

A paper discusses the relationship be­
tween two alternative concepts for force 
control of a robotic manipulator: second­
order impedance control and proportional-

88 

Thrbine Temperature Monitoring-
3 Times Increased Accuracy, 
5 Times Lower Installation Costs. 

The TruTempTM Thrbine Temper­
ature Monitoring System delivers 
state-of-the-art measurement 
technology with these benefits: 

Bitbus 
to Host 

Rugged test-rig mounted design eliminates long wire runs from the test 
article. No need for thousands of feet of thermocouple and in trumenta­
tion wire required by conventional monitoring .. .lowering installation costs 
by 5 times. Simple twisted pair takes care of communications to the bost. 

Highly stable, fa t response Uniform Temperature References, in situ 
voltage/temperature calibration and improved thermal isolation provide 
3 times better accuracy than any other turbine monitoring system. 

For details, call: 800343-4624. Or, write to us at: rv7 ~ 
Kaye Instruments, Inc. , 15 DeAngelo Dr., Bedford, MA 01730 ~ 

Circle 476 For Literature Only 
Circle 477 For Demo & Literature 

Eddy·Current Inspection of 
Graphite·Fiber Composites 

A NASA technical memorandum de­
scribes initial research on, and the pro­
posed development of, an automated sys­
tem for the nondestructive eddy-current 
inspection of parts made of graphite-fiber! 
epoxy-matrix composite materials. The sen­
sors in this system would be E-shaped or 
U-shaped eddy-current probes like those 
described in " Eddy-Current Probes for In­
specting Graphite-Fiber Composites" 
(MF&26129), NASA Tech Briefs, Vol. 16, No. 
5 (May 1992), page 20. According to the 
concept described briefly in that article, 
a robot would scan and rotate a probe over 
each part to be inspected while the probe 
is excited at suitable frequencies and the 
resulting impedance readings (as affected 
by the eddy currents in the parts) are proc­
essed into indications of flaws in the parts. 

This work was done by G. L. Workman 
and C. C. Bryson of Marshall Space 
Flight Center. Further information may be 
found in NASA TM-103S14 [N91-10294], 
"Eddy Current Inspection of Graphite Fi­
ber 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. 

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 24]. Refer 
to MFS-272S8. 

AnalYSis of Delays in 
Simulation of Flight 

A report presents an analysis of delays 
in the transport of signals through the vari­
ous subsystems and COIl1fXlI18I1!s of a flight­
simulation system. The analysis addresses 
all parts of the simulation process and sys­
tem, from the analog-to-digital conversion 
and sampling of the pilot's command in­
put, through multiple sampling rate digital 
processing via transfer-function mathemat­
ical models of the responses of the sim­
ulated aircraft and of the simulation system 
itself, to system output (e.g., the simulated 
motion of the aircraft and the simulated 
view of overflown terrain) sampled at the 
same rate as that of the pilot's command 
input. 

This work was done by R. E. McFarland 
of Ames Research Center and J. W 
Bunnell of Syre, Inc. Further information 
may be found in AIM paper A91-16719, 
"Analyzing Time Delays in a Flight Simula­
tion Environment." 

Copies may be purchased (prepayment 

NASA Tech Briefs, June 1993 



required] from AIM Technical Information 
Service Ubrary, 555 West 57th Street, New 
York, New York 10019, Telephone No. (212) 
247-6500. ARC-13111 

o PhYSical SClem:8S 
.~ 

Comparison of Two 
Methods of Calibrating 
Polarimetric SAR 

A report presents a comparative analy­
sis of two approaches to the calibration of 
synthetic-aperture radar (SAR). The analysis 
is performed in the context of the NASAl 
JPL SAR system mounted in a DC-8 air­
plane but should also be applicable to any 
polarimetric SAR system of similar design. 
The analysis demonstrates the function­
al equivalence of the two approaches to 
calibration. 

In one approach, known as Klein's ap­
proach, the SAR data to be calibrated are 
supplied in scattering-matrix format, and 
the algorithm that processes the data is 
based partly on two assumptions regard­
ing the radar backscatter from natural 
targets; namely, (1) reciprocity between 
the cross-polarized components and (2) 
lack of correlation between like- and cross­
polarized components. In the other ap­
proach, named after van Zyl, the SAR data 
to be calibrated are supplied in Stokes­
matrix (compressed) format, and the al­
gorithm that processes the data is based 
partly on the assumption of reciprocity be­
tween the Rand T matrices, which repre­
sent the polarimetric characteristics of the 
receiving and transmitting subsystems, re­
spectively, of the radar system. Both ap­
proaches require one or more trihedral 
corner reflectors (as targets that have 
known radar-backscatter characteristics) 
within the scene from which the SAR data 
are taken. 

This work was done by Anthony 
Freeman, Jakob J. van Zyl, Jeffrey Klein, 
Howard A. Zebker, and Yuhsyen Shen of 
Caltech for NASA's Jet Propulsion Lab­
oratory. To obtain a copy of the report, 
"Calibration of Stokes and Scattering Ma­
trix Format Polarimetric SAR Data, " Cir­
cle 104 on the TSP Request Card. 
NPO-18496 

Electrostatic Propulsion 
Using C60 Molecules 

A report proposes the use of C60 as the 
propellant material in the electrostatic pro­
pulsion system of a spacecraft. C60, C70, 

and similar molecules, known as fullere­
nes because their isosahedral structures 
are reminiscent of the geodesic domes in­
vented by R. Buckminster Fuller, have re­
cently been found to have characteristics 
that could prove advantageous in elec­
trostatic propulsion. The report discusses 

NASA Tech Briefs, June 1993 

these characteristics and proposes experi­
ments to determine the feasibility of the 
concept. 

This work was done by Stephanie D. 
Leifer and Winston A. Saunders of Caltech 
for NASA's Jet Propulsion Laboratory. 
To obtain a copy of the report, "Electric 
Propulsion Using C60 Molecules," Circle 
22 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 Ucensing 
Mail Stop 305-6 

California Institute of Technology 
1201 East California Boulevard 
Pasadena, GA 91125 

Refer to NPQ-18526, volume and number 
of this NASA Tech Briefs, and the page 
number. 

Experiments on Flow 
in a Coronary Artery 

A report describes experiments on the 
simulated flow of blood in an atherosclerotic 
human coronary artery. The experiments 
were performed on a polyurethane cast 
made from the S-shaped coronary artery 
of a cadaver. A sucrose solution with the 
viscosity of blood was pumped through the 
cast at physiologically realistic rates, and 

For More Information Circle No. 447 89 
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the flow was made pulsatile by a mecha­
nism that alternately compressed and 
released an elastic tube just upstream of 
the cast. 

• Malartals 
This work was done by Uoyd H. Back 

and Eug-Yon Kwack of Caltech and 
Timothy K. Liem and Donald W Crawford 
of the University of Southern California 
School of Medicine for NASA's Jet Pro­
pulsion Laboratory. To obtain a copy of 
the report, "Flow Measurements in a High­
ly Curved Atherosclerotic Artery Cast of 
Man," Circle 70 on the TSP Request Card. 
NPO-18426 

Protecting Spacecraft­
Insulating Tiles 
Against Meteoroids 

Three reports discuss the problem of re­
ducing the damage caused by impacts of 
meteoroids and orbiting debris on the 
lightweight ceramic outer insulating tiles 
of spacecraft destined to reenter the at­
mosphere. The first report , " Impact Hard­
ened Thermal Protection System (TPS) 
Tile," proposes to reinforce the tiles by 

Power. 
When you 
need it. 
Whenever 
you need it. 

EYfANS 
P.O. Box 4158, East Providence RI 02914 
(401) 434-5600. Fax (401) 434-6908. 

The Evans 
Capattery. 
Very small, 
very powerful, 
very reliable. 

"!!!ICATltOOE ~ (CCHNECTED TO CASE) 
• PATENTED 

This incredible double-layer capacitor is 
a unique carbon-based device that is 
housed in a welded tantalum package. 

Its patented Permselective valve allows 
it to release CO

2 
generated during 

normal operation while inhibiting the 
escape of electrolyte vapors and 
preventing contaminants from entering 
the container. 

A 5.5-volt, 1 F Capattery has a volume 
of 0.5 in.3, an 11-volt, 0.5 F Capattery 
has a volume of less than 1 in.3. 

The Capattery has a temperature range 
of -55°C to 85°C. It withstands unlimited 
charge/discharge cycles. 

92 For More Information Circle No. 409 

embedding multiple spaced layers of 
ceramic cloth in them. 

The second report , "Hypervelocity Im­
pact Testing of Shuttle Orbiter Thermal Pro­
tection System Tiles," describes experi­
ments designed to simulate impacts of 
meteoroids on insulating tiles. 

The third report, also called "Hyperve­
locity Impact Testing of Shuttle Orbiter 
Thermal Protection System Tiles," is in the 
format of lecture'presentation images. It 
includes excerpts and summaries of infor­
mation from the two above-mentioned re­
ports and from a prior report on multishock 
shielding. It also includes some x-ray en­
ergy-dispersive spectra obtained in scan­
ning electron microscopy of impact debris 
described in the second report. 

This work was done by Eric L. 
Christiansen, Burton G. Cour-Palais, and 
Jeanne L. Crews of Johnson Space Cen­
ter. To obtain copies of the first and third 
reports, "Impact Hardened Thermal Pro­
tection System (TPS) Tile" and the lecture­
image version of "Hypervelocity Impact 
Testing of Shuttle Orbiter Thermal Protec­
tion System Tiles," Circle 55 on the TSP 
Request Card. 

Further information may be found in the 
second report, AIM paper A91-10082, "Hy­
per velocity Impact Testing of Shuttle Or­
biter Thermal Protection System Tiles." 

Copies may be purchased [prepayment 
required] from AIM Technical Information 
Service Library, 555 West 57th Street, New 
York, New York 10019, Telephone No. (212) 
247-6500. MSC-21846 

Perfluorocarbons as Fire­
Suppression Agents 

A report describes research to evaluate 
perfluoroethane (C2F6), perfluoropropane 
(C3Fa), and perfluoro-n-butane (C4F1o) as re­
placements for Halon 1301 (bromotrifluoro­
methane, CBrF3) as the working fluids in 
fire extinguishers. Because Halon 1301 
has the potential to deplete the Earth 's 
ozone layer, its production is scheduled to 
be ended by the year 2000. 

This work was done by Philip J. DiNenno 
and Eric Forssell of Hughes ASSOCiates, 
Inc. , for Kennedy Space Center. To ob­
tain a copy of the report, "Investigation of 
the Use of Perfluorocarbons as Fire Sup­
pression Agents, " Circle 19 on the TSP Re­
quest Card. KSC-1 1573 

Styrene-Terminated 
Polysulfone Oligomers 
as Matrix Materials 

A report summarizes a preliminary ex­
perimental study and evaluation of styrene­
terminated polysulfo[le oligomers as the 
matrix materials in graphite-fiber/matrix 
composites. The composites are evaluat­
ed in terms of methods of fabrication and 
of mechanical properties. 
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This work was done by Kenneth J. 
Bowles and Raymond D. Vannucci of 
Lewis Research Center and Dana Garcia 
of BF Goodrich Co. Further information 
may be found in NASA TM-89846 [N87-
21043), "Styrene-Terminated Polysulfone 
Oligomers as Matrix Material for Graphite 
Reinforced Composites - An Initial Study. " 

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-15338 

Oxidation and Hot 
Corrosion of 0 DS Alloys 

A report reviews the oxidation and hot 
corrosion of oxide-dispersion-strengthened 
(ODS) alloys, which are intended for use 
at high temperatures. The report concludes 
that these alloys, as a class, have better 
environmental resistance than do similar 
alloys without dispersion strengthening. 
The report classifies the environmental re­
sistances of such alloys by rates of growth 
of oxides, volatilities of oxides, spalling of 
oxides, and limitations imposed by hot cor­
rosion. Also discussed are enVironmentally 
resistant coatings for ODS materials. The 
report also concludes that ODS NiCrAI and 
FeCrAI alloys are highly resistant to oxida­
tion and corrosion and can probably be 
used uncoated. 

This work was done by Carl E. Lowell 
and Charles A. Barrett of Lewis Research 
Center. Further information may be found 
in NASA TM-102555 [N9025211], "The ox­
idation and corrosion of ODS alloys. " 

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-15385 

Applications of Graphite 
Fluoride Fibers in 
Outer Space 

A report characterizes graphite fluoride 
fibers made from commercially available 
graphitized carbon fibers and discusses 
some potential applications of graphite 
fluoride fibers in outer space. These ap­
plications could include heat-sinking print­
ed-circuit boards, solar concentrators, and 
absorption of radar waves. Other applica­
tions could be based on exploitation of its 
increased resistance (over that of graphite) 
to degradation by atomic oxygen, which 
is present in low orbits around the Earth. 

This work was done by Ching-cheng 
Hung of Lewis Research Center and 
Martin Long and Therese Dever of Cleve­
land State University. Further information 
may be found in NASA TM-103265 [N91-
11062], "Graphite Fluoride Fibers and 
Their Applications in the Space Industry. " 

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-15300 

o MeChanics 

Development of a Navier­
Stokes Computer Code 

A report discusses aspects of the 
development of the CENS3D computer 
code, which solves the three-dimensional 
Navier- Stokes equations of compressible, 
viscous, unsteady flow. CENS3D imple­
ments an impliCit finite-difference or finite­
volume numerical-integration scheme, 
called "lower-upper symmetric-Gauss­
Seidel" (LU-SGS), which offers the poten-

tial for very low computer time per itera­
tion and for fast convergence. 

This work was done by Seokkwan Yoon 
and Dochan Kwak of Ames Research 
Center. Further information may be found 
in AIM paper 91-1555, ' :411 Implicit Three­
Dimensional Navier-Stokes Solver for 
Compressible Flow." 

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-13161 

More About Bridge 
Feedback and Active 
Damping of Vibrations 

Two reports present additional details of 
a method of active suppression of vibra­
tions in a truss structure. The method, 
which involves feedback to active truss 
members from collocated force and ve­
locity sensors, was described in "lWo Tech­
niques for Suppressing Vibrations in Struc­
tures" (NPO-17889), NASA Tech Briefs, 
Vol. 15, No. 12 (December 1991), paQe 60. 

This work was done by Gun-Shing Chen 
and Boris J. Lurie of Caltech for NASA's 
Jet Propulsion Laboratory. To obtain 
copies of the reports, 'i<\ Frequency Do­
main Analysis for Active Damping Aug­
mentation" and 'i<\ctive Member Bridge 
Feedback Control for Damping Augmen­
tation," Circle 62 on the TSP Request Card. 
NPO-18356 

Structures of Turbulent 
Boundary Layers 

A report presents the second part of a 
two-part comprehensive study of coherent 
motions in, and structures of, turbulent 
boundary-layer flows. The study critically 
reviews the current fragmented knowledge 
with a view toward eventual unification and 
understanding of the phYSical causes and 
statistical properties of turbulence phe-



nomena. The first part of the study focuses 
on the definition of the state of knowledge 
of turbulence structures and the clarifica­
tion of major unresolved issues. The sec­
ond part, detailed in the report, is an ef­
fort to develop a conceptual model of the 
physics of boundary-layer turbulence that 
accounts for the known structural features 
and describes the kinematics of the pro· 
duction .and dissipation of turbulence. 

This INOrk was done by Stephen K. 
Robinson of Langley Research Center 
while at Ames Research Center. Further 
information may be found in NASA TM-
103859 [N91-26465]. " The Kinematics of 
Boundary Layer Structure." 

Copies may be purchased [prepayment 
required] from the National Technical In­
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487-4650. Rush 
orders may be placed for an extra fee by 
calling (800) 336-4700. 
ARC-13160 

Active Members 
Excite and Measure 
Vibrations in Trusses 

A rep:>rt describes an experimental study 
of the use of active structural members 
to excite and measure vibrations as small 
as microns in a truss structure. These ex­
periments are part of a continuing effort 
to develop an active vibration-suppressing 
control system that would adapt itself to 
changing and/or partly unknown dynami­
cal characteristics of a truss structure in 
outer space. Some aspects of the control 
concept and potential terrestrial applica­
tions were described in "Two Techniques 
for Suppressing Vibrations in Structures" 
(NPO-17889) NASA Tech Briefs, Vol. 15, 
No. 12 (December 1991), page 60. 

This INOrk was done by Chin-Po Kuo, 
Gun-Shing Chen, and Ben K. Wada of 
Caltech for NASA's Jet Propulsion Lab· 
oratory. To obtain a copy of the report, 
"On-Orbit System Identification Using Ac-

tive Members," Circle 98 on the TSP Re­
quest Card. 
NPQ-18353 

Computed Flows in 
a Transonic Turbine 

A report presents a computational study 
of the flow in the first stage of three alter­
native versions of a proposed transonic 
turbine. Much better performance (lower 
weight, greater efficiency, greater power 
per stage, and the like) will be required of 
future turbines, necessitating increasing 
departures from established designs and 
design methods. To predict the perform­
ance and analyze the effects of changes 
in the designs of these advanced ma­
chines, it will be necessary to compute tur­
bine flows by means that capture the 
essential features of their space- and time­
varying complexity. This study demonstrates 
an application of computational fluid dy­
namics to such an analysis. 

This INOrk was done by A. A. Rangwalla 
and N. K. Madavan of Sterling Software 
and P. D. Johnson of Pratt and Whitney for 
Ames Research Center. Further informa­
tion may be found in AIAA paper 
A91-44254, "Application of an Unsteady 
Navier-Stokes Solver to Transonic Turbine 
Design." 

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-13158 

Robustness in Suppressing 
Vi brations With 
Adaptive Control 

A report describes a theoretical and ex­
perimental study of the robustness of an 
adaptive model-reference control scheme 
designed to suppress vibrations in a large, 
flexible structure. The model in question 
can be a mathematical model or collec-

tion of models that approximate(s) the dy­
namics of the structure, vibration sensors, 
and vibration-suppressing actuators. As in 
prior studies performed by the same re­
search group, the flexible structure used 
in the experiments resembles both a spi­
der web and an antenna; it includes 12 flex­
ible radial ribs connected to a hub along 
with 12 rib-root actuators and connected 
to each other by circumferential wires at 
2 different radi i. 

This INOI k was done by Che-Hang C. Ih, 
David S. Bayard, Asif Ahmed, and Shyh J. 
Wang of Caltech for NASA's Jet Propul· 
sion Laboratory. To obtain a copy of the 
report, "Experimental Study of Robustness 
in Adaptive Control for Large Flexible Struc­
tures," Circle 97 on the TSP Request Card. 
NPO-18339 

Free·Stream· 
Capturing Metrics 

A report summarizes techniques for the 
preservation of free-stream flows in finite­
volume and finite-difference flow computa­
tions that involve transformations between 
moving and stationary coordinates. These 
techniques are necessary for accurate 
computations of complicated flows; for ex­
ample, to compute the flow about a heli­
copter rotor by use of a grid that conforms 
to and moves with the rotor blades. 

This work was done by Shigeru Obayashi 
of MCAT Institute for Ames Research 
Center. To obtain a copy of the report, 
"Free-Stream Capturing for Moving Coor­
dinates in Three Dimensions," Circle 107 
OfJ the TSP Request Card. 
ARC-13122 

I I fabrication TeChnOlOgy 

Inflatable Habitat Structure 
A report describes a proposed inflatable 

habitat structure to be used during explora-



tion of the Moon or Mars. The structure 
would provide living and working space for 
12 crewmembers and would include a hor­
izontal cylindrical skin 8 m in diameter and 
45 m long. The skin would enclose floors 
and an arch frame, which would be sup­
ported by an exostructure on foundations. 

This work was done by Kriss J. Kennedy 
of Johnson Space Center. To obtain a 
copy of the report, "Horizontal Inflatable 
Habitat for Lunar Surface Systems, " Cir­
cle 94 on the TSP Request Card. 
MSC-22029 

G Mathematics and 
~ Information Sciences 

Less is more. Less parts, less assembly 
steps, less assembly time- all yield 
more productivity and more cost 
reductions. To achieve this, designing 
for assembly (DFA) is critical. 

PEM® products address this require­
ment. Just punch or drill a hole and 
press a PEM fastener into place. PEM 
self-clinching fasteners install per­
manently into thin sheets. There are 
fewer parts and fewer total pieces to 
handle during assembly. We offer 
threadless and multi-function fasteners 
to further meet your D F A needs. 
These include SNAP-TOP® (shown in 
photo above) and KEYHOLE® stand­
offs which eliminate the need for quick 
alignment of mating parts, P.C. 
board fasteners and many others. 

Errors in Graphical Analysis 
of Computed Flows 

A report discusses sources of error in 
the graphical display and analysis of flow 
fields simulated numerically by computers. 
Computer-graphical techniques are used 
widely to make selected aspects of sim­
ulated flow fields visible. The errors inher­
ent in these techniques can result in im· 
precise depictions. An understanding of 
these errors is important for proper inter­
pretation of computed flow-field data and 
for comparison of simulated with meas­
ured flow fields. 

The sources of error are explored by 
way of examples of graphical techniques 
and the errors that they can introduce in 

Here's the clincher 
for anyone who 

designs for assembly. 

For automated installation, our 
PEMSERTER® press quickly installs 
PEM fasteners to gain lower total 
assembly time. 

If you want less to give you more, 
contact us. We can show you how 
PEM fasteners and presses can help 
you meet your DFA needs. 

For your FREE condensed catalog, 
circle the number below. However, for 
a complete fastener specifications & 
design data catalog, 
call our toll-free 
number below. Or 
FAX us at 
215-766-0143. 

1-800-237-4736 
Penn Engineering & Manufacturing Corp .• Box 1000. Danboro, PA 18916 

'----___ c Ii nch it with ii..iiiiiiiiie ____ ------J 

FASTENERS & PRESSES 
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the depiction of flow fields computed from 
the Reynolds-averaged Navier-Stokes 
equations. The specific graphical tech­
niques examined are contouring, plotting 
arrows on pictures to represent three­
dimensional vectors, and particle tracing 
(simulation of a stream of smoke or dye 
or tracing the path of a fictitious particle 
entrained in the simulated flow). 

This work was done by Pieter Buning 
of Ames Research Center. To obtain a 
copy of the report, "Sources of Error in 
the Graphical Analysis of CFD Results," 
Circle 68 on the TSP Request Card. 
ARC-13152 

Life SCiences 

Effect of Leg Exercise 
on Vascular Volumes 
During Bed Rest. 

A report describes experiments on the 
effects of a ncrexercise regimen and of two. 
leg-exercise regimens on the volumes of 
plasma, the volumes of red blood celis, the 
densities of the bodies, and the water bal­
ances of 19 men (32 to 42 years old) con­
fined to -6°-head-down bed rest for 30 
days. The purpose of the study was to 
determine whether either or both exercise 
regimens would maintain plasma volume 
and to relate the levels of hypovolemia (low 
blood volume) to body fluid balances. 

The men were divided into three groups: 
five on the no-exercise regimen, seven on 
a regimen of nearly maximal alternating 
isotonic exercise for 60 minutes each day, 
and seven on a regimen of nearly max­
imal intermittent isokinetic exercise for 60 
minutes each day. 

Analysis of the results showed that dur­
ing bed rest, plasma volume was main­
tained in the isotomic group but not in the 
other two groups, and there were no sig­
nificant differences in body densities, body 
weights, or water balances among the 
three groups. The authors conclude that 
the isotonic-exercise regimen is better than 
the isokinetic-exercise regimen for main­
taining plasma volume during prolonged 
exposure to bed rest. 

This work was done by J. E. Greenleaf 
and J. Vernikos of Ames Research Cen. 
ter; C. E. Wade of Letterman Army Institute 
of Research, and P. R. Barnes of San Fan­
cisco State University. To obtain a copy of 
the report, "Effects of Leg Exercise Train­
ing on Vascular Volumes During 30 Days 
of _6° Head-Down Bed Rest," Circle 5 
on the TSP Request Card. 
ARC-12971 
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NI\S/\ TecH E3riefs 
LITERATURE SPOTLIGHT 

Free catalogs and literature for NASA Tech Briefs' readers. 
To order, circle the corresponding number 

on the Reader Action Request Form (page 81). 
LABfTEST 
OVENS 
BULLETIN 
A 20-page catalog (Bulletin 
3G I 0) describes labltest ovens 
by Applied Test Systems. 
Ovens available in box and 
split-box types, and Standards 
plus custom ovens. Features 
include: stainless Steel shell, 
uniform temperaturc , fast 
heat-up. low power con­
sumpcion, low shdl tempera-
tu rc, rigid consrruction, and 

temperarures from -300 ·F to + 1150 ·F. 

Applied Test Systems, Inc. 
For More Information Circle No. 300 

OPTICAL 
REFERENCE 
CATALOG 
Edmund Scientific's free 
204-page, full -color annual 
reference catalog features one 
of the largest selections of 
precision optics and optical 
instruments. plus a complete 
line of components and 
accessories for both large vol­
ume OEM users as well as 
smaller research faalicies and 
optical laboratories. h con­

tains over 8,000 hard-ro-find items inclucling a large selec­
tion of magnifiers, magnets. microscopes, telescopes and 
accessories. 

For More Information Circle No. 303 

ELECTROMAG­
NETIC DESIGN 
SOFTWARE 
The legendary Vector Fields 
suite of SOfrw3U, including 
the TaSCA, ELEKTRA, 
and OPERA packages, com­
bines classical finite dement 
rechniques with user friendly 
interactive graphics for high 
accuracy 20 and 30 simula­

IF VECTOR FIELDS tion and design of all types of 
e1cctromagnetic equipmcn!. 

Vector Fields, Inc. 

For More Information Circle No. 306 
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Quatech's 
new 1993 
handbook fealUres over 

a hundred pages of the laresr 
information on our complete 

line of communication, data 
acquisition and industrial 
lIO. Most products avai lable 
for PC XT/AT, Micro 

Channel and compacible sys­
tems. Software available. Call 
1-800-553-1170. Quarech Inc., 
662 Wolf Ledges Parkway, 
Akron, OH 44311. 

Quatech Inc. 
For More Information Circle No. 301 

POLYMERS & 
ACRYLIC 
MONOMERS 
A new, 12-page four-color 
brochure tided "Engineering 
Polymers and Acrylic 
Monomers ." Included arc 
poIyrn= and monomers f.unily 
of products, inclucling Rilsanlll 

II and 12 poIyimides; Rilsanlll 

powder coacings; Pebox® ther­
moplastic elastomer rcsi ns; 
Plaramidlll and Plamermlll hot 
melt adhesives; Plarilon® hot 

mdt film; and acrylic monomers. Product description, back­
ground, and a sampling of applications are also provided. 

Elf Atochem North America, Inc. 
For More Information Circle No. 304 

CATALOG 
DESCRIBES 
DATA 
ACQUISITION 
SYSTEMS 
General and specialized data 
acquis icion systems arc 
described in this new catalog 
from Hi-Techniques. 
Modular in design , these 
products cootain all the soft­
ware for acquisition of signal 
data, calcu lation of data 

parameters, and OUtput of finisbed documentation for 
research and routine test applicacions. Tel: 608-221 -7500. 

Hi-Techniques, Inc. 
For More Information Circle No. 307 

GPS nMING 
FOIl PC .... 

GPSTIMING 
FOR PC AND 
VMEbus 
This informarion folder 
from Bancomm describes 
new PCbus and VMEbus 
board-level Global Position­
ing System (GPS) Satell ite 
Receivers . These producrs 
provide world-wide: precision 
time (100 nanosecond) and 
frequency (1 Parr in IOE7) 
references inside: the hoS[ 
computer. 

Bancomm 

For More Information Circle No. 302 

DATA ACQ. 
HARDWARE 
AND SOFTWARE 
Free catalog showcases our 
line of turnkey PC-based 
data acquisition systems and 
new 01-200 Series plug-in 
cards. Our sYStems offer real­
rime display and disk 
streaming with playback and 
analysis . 01-200 produc tS 
for DOS and Windows fca-
ture dual channel 16-bit 
OMA, with complere pro­

grammability including sample rate per channel. Prices Stan 

at $795. Call 800-533-9006. 

Dataq Instruments 
For More Information Circle No. 305 

PRECISION 
POSITIONING 
AND MOTION 
CONTROLS 
NEAl's 1993 ca!2log includes 
me Iatcst adclicions to irs family 
of precision positioning com­
ponents and systems. Fcarured 
arc single-axis , multi-axis , 
rorary, high-vacuum, and air 
bearing srages; plus a comple­
mcncary line of srepping. servo, 
and linear motor drives and 
controls. Sragc travels range to 

30+ in. wim repeatability of I micron, speeds to 80 in.lscc. , and 
resolutions to 5 om. Our engin<C1S use CAD/CAM machining 
facility to provide custOm turnkey solutions for a wide spectrum 
of applications. Td: 800-227-1066. 

For More Information Circle No. 308 
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FREE ISSUE­
SCfTECH JOURNAL 
Call for a fr« issue of [he 
bimonthly journal of [he 
MacSciTecb Users Associarion. 
Other benefits: free consultations 
with Expert Panel , software 

_ archives, technical conferences, 
solution guides, and discounts 
on CD-ROMs, books, courses, 

products, and more. Macin<osh Scien[ific and Technical 
Users Associacion, 49 Midgcly Lane, WorceS[er, MA 
01604. Tel: 508-755-5242; Fax: 508-795-1636. 

Macintosh Scientific and 
Technical Users Association 

Fo.r More Information Circle No. 309 

MIL-STD-
1553/1773 PC 
INTERFACE 
Ponsor Corpor.>rion's FIBER 
OPTIC in[erface board is 
used for [es[ing and develop-
ing «rminals for the MIL­
STD-155311773 daca bus. 
The boards arc capable of 
simulating any one of the 
chree modes of oper.>rion and 
offering comple« daca 
recording capabili[y. Ex-

<ended temperarure operation is scandard (-40"C <0 +85 "C). 
Menu sofrware and a · C" driver library package are includ­
ed. T d : 619-597-0095. 

Ponsor Corporation 
For More Information Circle No. 312 

OPTICS FOR 
METROLOGY 
This 106-page catalog 
gives information , includ­
ing prices , on X-V tables , 
microfinishing equip­
ment, toolmakers ' micro­
scopes, alignment and 
monocular zoom micro­
scopes, borescopes and 
miniho rescopes , and fiber 
opdc and miniature illu-
mination systems. Also 
described are centering 

microscopes, opdcal cuning (001 geomeny anaJyzers, 
and more. 

Titan Tool 

For More Information Circle No. 315 

AID CONVERTERS 
AND VOLTAGE 
REFERENCES 
The new 152- page caulog 
from Thaler Corporation fea­
tures (he industry's mOSt accu­
rate Analog <0 Digital Con""rt ... 
and Yollage References. New 
products include a 24-bil AID 
converter (ADC I 50) and her­
medc surface moum precision 
references (YRE 200 Series). 
T d: 800-827-6006; Fax: 602-

742·9826. Call for free cacalog. 

Thaler Corporation 

For More Information Circle No. 318 
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NOISE 
CONTROL 
PRODUCTS 
New color brochure describes 
SONEX and SO EX I 
sound-absorbing mueria.ls 
wi[h patented shapes thac 
conuol noise hencr than 
$landacd acoustical treat ­
ments . Brochure explain s 
basic noise connal techniques 
and prcscn[S many forms, 
sizes, and colors of SONEX 
produCts for indusrrial, office, 

and OEM noise connol. Brochure shows applica[ions and 
includes informadon on acoustical performance. 

SONEX 
For More Information Circle No. 310 

PROGRAMMABLE 
POSITION 
CONTROL 
A compl«e 416-page tngi­
neer's guide with specifica­

. tions , dimensions, and per-
formance data presents 
brushless servos, microstep­
ping motorsystems, indexers, 
linear motors and absolute 
encoders. 

Compumotor Div., 
Parker Hannifin Corp. 

For More Information Circle No. 313 

MODEL PC20 AC 
WATT/POWER 
FACTOR/ 
VOLT-AMPERE 
TRANSDUCERS 
Model PC20 provides three 
scpatate isolated ou<PU[ signals 
proportional [0 Warts, Power 
Facror, and Volt-Amperes, 
from the same: current trans­
formers. Power Factor is 
derived from me ratio of [rue 

power to apparent power. Accur.>cy of;t 0.25% WansiYol[­
Ampere and ;t 0.005 Power Faceor is mainClined even wim di.. 
[Orted or chopped waveforms. Call 614-486-9561 or fax 614-
486-0743. 

Ohio Semitronics, Inc. 
For More Information Circle No. 316 

EXPANDED 
MECHANICAL 
COMPONENTS 
CATALOG 
PIC Design, manuFaC[urer of 
precision gears, pulleys, and 
many orner mechanical com­
ponencs, has issued their 
biggest ca .. log yel. A[ 240 
pages , Cacalog 42 now 
includes a new secrion of 
Linear Motion productS cov­
ering a range of precision 

lead screws, and precision ground shafting with associated 
suppo" rails, hangers, and linear bearings. Tel: 203-758· 
8272; Fax: 203-758-8271. 

PIC Design 
For More Information Circle No. 319 

.-......-----, NEW SEAL 
...... SELECTION 

GUIDE 
American Variseal announces 
their new guide for high-per­
formance spring-energized 
seals. This unique eigh[-page, 
color manual, which describes 
Yariscal 's wide range of prod­
uc[s for static.. reciprocating 
and rotary service. utilizes 
highly func<ional chans and ....-----==----' illus<racions . Engin«ring 

charts include seal pe.rformance ratings at various pressures, 
lemperarures, and speeds. Also included are da .. on seal 
materials, gland design and s~ finish. Call 1-800-466-1727. 

American Variseal 
For More Information Circle No. 311 

STANDARD 
REFERENCE . 
DATA CATALOG 
The Nacional Insci[ute of 
S .. ndards and Technology's 
Sundard Reference Dau 
Program has been providing 
evaluaced, high-quali[y dara 
compilations to rne world's sci­
entists and engineers for thirty 
years. Our databases are 
designed to meet your needs. 

Conrac< us a< 301-975-2208 <0 receive a free cacalog. 

National Institute of Standards 
and Technology 

For More Information Circle No. 314 

LOW COST 
CURRENT 
TRANSDUCER 
Designed for use in applica­
dons requiring inexpensive 
current measurements. The 
Modd CTD is inscnsirive [0 

polarity, accurate, and reli­
able from 50 [Q 400 Hz and 
easy <0 ins call. Choose from 
sel f-powered 0 [Q I rnA, or 
loop-powered 4 [0 20 rnA 
models. For a caralog wi[h 

more information on this and OUI complete line of uans­
duccrs and re/a<ed equipmem. Call 614-486-9561 or fax 
614-486-0743. 

Ohio Semitronics, Inc. 
For More Information Circle No. 317 

ATMOSPHERIC 
TESTING 
Gain answers to maintain­
abili[y and durabili[y of 
alloys, coatings , oon ­
metallics, components, actual 
productS. Atmospheric test­
ing provides assistance for 
validating in-house (est 
resuits, completion of real­
time expcrimena, analysis of 
weaknesses or failures. LaQue 
Center for Corrosion 
Technology, Inc., P.O. Box 
656, WrightsVille Beach, NC 

28480; Tel: 919-256-2271 ; Fax: 919-256-9816. 

LaQue Center for Corrosion 
Technology, Inc. 

For More Information Circle No. 320 
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FREE DATA 
ACQUISITION 
SOFTWARE 
TOOL 
DAQ Designer helps deter­
mine which hardware and 
sofrware combinations arc 
best for your PC-based dara 
acquisition system. DAQ 
Designer will (1) ask ques-
tions about your applicarion. 
(2) analyze your answers to 
dctermine your system needs, 
and (3) describe what hard-

ware and software you need. Tel: 1-800-433-3488 (US and 
Canada) or 512-794-0100; Fax: 512-794-8411. 

National Instruments 
For More Information Circle No. 321 

.. AUTOMATIC 
OPTICAL 
TESTING 
OPTOMATIC is the first 
fully-automated test instru­
meor bruring F..st, ultra-accu­
ratc, objective performance 
characterization of opdcal 
components and lens systems. 
Focal lengrh . flange focal 
length, radius of curvature, 
angles and power of wedges 
and prisms. MTF and center­
ing error> can be precisely mea-

sured. Typical accuracy is 0.05% for fOcaIlengrh, 0.002 diopter 
for power of prisms and less than I arc sec. fOr angles. 

Mildex Inc. 
For More Information Circle No. 324 

REAL-TIME 
SYSTEMS FOR 
TODAY'S 
MEASURE­
MENTAND 
CONTROL 
CHALLENGES 
To r=ive a brochure describing 
the ""rId's Jl105[ powerful, scal­
able. standards-based dynamic 
solutions, call 1-800-631-2154 
(US and Canada only) or 1-
908-870-5888. Special bonus: 

respond now and r=ive a stimulating white paper, "Balancing 
Rtspon.<e, Throughput, and Computation in Standards-based 
Real-Tun< Sysrcms. • All We Do Is Real Tune. All The Tun<. 

Concurrent Computer Corporation 
For More Information Circle No. 327 

P1IHUII 

REQUEST 
INFORMATION 
ON THE 
PROTECTOR 
CONTROLLED 
ATMOSPHERE 
GLOVE BOX 
The 32-page. full-color 
Protector Glove Boxes 
Catalog describes Labconco's 
line of controlled atmo­
sphere and multi-hazard 

glove boxes featuring one-piece or stainless stcclliners. 

Labconco Corp. 

For More Information Circle No. 330 
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TOOLING 
COMPONENTS 
& EQUIPMENT 
New 4oo-page reference cat­
alog offers a full range of 
tooling com ponen ts and 
equipment. hems include 
handwheels. handles. knobs. 
spring & ball plungers. level­
ing pads. clamps . set-u p 
accessories. locating devices, 
cuning tools. rivcu, thread 
inserts. hard 10 find tools. 
and metric itcms. Contains 
complete specifications and 

pricing. All irems are stocked for sarne day shipment. Tel: 
1-800-253-0421 ; Fax: 1-800-438- 1145. 

Reid Tool Supply Company 
For More Information Circle No. 322 

.. WORLD'S 
BEST 
SPHEROMETERS 
Super-Sphcrouonic features 
NBS traceable. calibration 
level accuracy combined with 
automated. operation and the 
ease of use needed for pro­
ducrion and QC. The Ultra­
Precise probe is accurate to 
± O.2~, radius of curvature 
is accurate to 0.01%. 
Spherocompact is a digital , 
hand-held unit fearuring a 

Micron resolution. linear encoder. Ie measures in mm or 
inches. RS-232 interface is standard. 

Mildex Inc. 
For More Information Circle No. 325 

LINEAR 
MOTORS 
Technical dara . complete 
dimensions, application notes, 
and assistance in selecting linear 
motors arc provided in a cata­
log from Anorad. Long life 
(over 100,000.000 in.). high 
resolution (to I microinch) , 
high servo stiffness and high 
acceleration (to 4g's) are typical 
of Anorad's bru hless linear 
mOlors . Address: I lOOser 
Ave., Hauppauge. NY 11788. 

Tel: 516-231-1995; Fax: 516-435-1612. 

Anorad Corp. 

For More Information Circle No. 328 

NEW PACIFIC 
SCIENTIFIC 
MOTION 
CONTROL 
CATALOG 
All-new 216-page specifying 
guide describes Pacific 

cientific' s broad line of 
brush less servo and stepper 
produclS. New format sim­
plifies selection. from eco-
nomical OEM motors and 
drives to plug-and-play sys­

tems for mulriaxis usc. Two year warranty. Pacific 
~cientific, Rockford.lL. Tel: 815-226-3 100. 

Pacific Scientific 
For More Information Circle No. 331 

BATTERY 
HOLDERS 
New expanded caralog of bat­
tcry holders and accessories 
shows photographs, specs. and 
schematics as well as installa­
tion and design applications. 
Over 50 new products have 
been added such as large coin 
cell holders, terminal lugs, 
springs, and 9-volt battery 
snaps. For more: information 
conraC[: MC'mory Protection 
Devices, 320 Broad Hollow 
Road . Farmingdale, NY 

11735. Tel: 516-293-5891; Fax: 516-752-1971. 

Memory Protection Devices 
For More Information Circle No. 323 

AMCO'SNEW 
MONITORING 
SYSTEMS 
Consoles come in single or 
multiple bay configurations 
and arc: for monitoring typc: 
applicarions. Engineered to 
accept the company's stan­
dard accessories. Models 
include those with low sil­
hooene bases, sloped front 
frames & vertical frames. 
wedge sections & mcrers. 

AMCO Engineering Company 

:.. 

For More Information Circle No. 326 

MONITOR, 
PRINT,AND 
CAPTURE DATA 
TO DISK 
4-52 channel dara manage­
men{ syS[cm provides simulta­
neous waveform moniroring 
on color VGA display. user­
programmable 15" wide chart 
paper, and a variery of SCSI 
hard. floppy, and DAT drives. 
Includes control and analysis 
software. Conract: Grant M. 
Smith, 1-800-854-8385. 

Western Graphtec, Inc. 

For More Information Circle No. 329 

HIGH PERFORM­
ANCE DATA 
ACQUISITION 
AND CONTROL 
I MHz ND . Simultaneous 
StH • Low Pass Anti-Aliasing 
Filter . Arbitrary Waveform 
Generator . Programmable 
Gain Amplifier • Pulse 
Generator • Tracking Filter . 
Frequency Synthesizer . DSP 
Software . Windows or DOS­
Based Dara Acquisition 
ysrems. R.C. Electronics 

Inc .• 6464 Hollister Ave .• Santa Barbara. CA 93117; Tel: 
805-685-mO; Fax: 805-685-5853. 

R.C. Electronics Inc. 
For More Information Circle No. 332 
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IMPROVE RELIABILITY OF YOUR 
PMENT 

Prevent this with our Contract R&D, Consulting, Software 
Development. and Stress Screen Testing Services. 
FOR ALL YOUR ELECTRONICS PACKAGING 
AND CONCURRENT ENGINEERING NEEDS. 

Fax: 301-698-0624. 

CETAR, 
a North American Philips Company 
For More Information Circle No. 333 

Galil. 
On Target! o 

'r' 

Calil 'lotion f ontrol 
Product (atalo, 

HIGH­
PERFORMANCE 
MOTION 
CONTROLLERS 
NEW catalog decails con­
[follefs that make equipment 
move faster. smarter, and 
more coSt-effectively. PC, 
VME, STD cards and pack­
aged. industrial controllers. 
1,2,3. or 4 axes per card; 
manages srcppus, servos, or 

hydraulics: 8 MHz encoder feedback; programmable lIO: 
program memory; coordinated mooon, gearing and morC'. 
Phone: 1-800-377-6329; Fax: 1-408-746-2315. Galil 
Motion Conrrollnc., Sunnyvale. CA. 

Galil Motion Control 
For More Information Circle No. 336 

HiQ-integrated 
software for 
solving real world 
scientific and engi­
neering 
problems. 
Technical professionals can 
pose, ana1yze. visualize and 
document projttu in an intu­
itive environmem including 
over 600 buil(~in funcrions , 
interaCtive 2D and 3D graph­

ics and a powerful, easy-to-use programming language. 

Bimillennium Corporation 

For More Information Circle No. 339 

:iA'-' 

NEW SPACE 
AND DEFENSE 
CAPABILITIES 
BROCHURE 

.. _,,OJ;,..... kJIl::' 
.. -I -y~ :.,......--. .., 

New. fully illuSlTated brochure 
describes Me's capab il ities 
in the design and manufac­
ture of cus[Qm and standard. 
space and defense qualified 
AC and DC current sensi ng 
transducers. Applications on 
the Space Shuttle, Gamma 
Ray Observatory , Hub b le 

Space Telescope, Bradley Vehicle and EA6B Aircraft are 
reviewed as wel l as conformance to MIL Standards, TQM 
and customer design-support services. Tel: 516-694-5100; 
Fax: 516-694-6739. 
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American Aerospace Controls 
For More informatioD Circle No. 342 

INSTANT AMCO 
ENCLOSURES 
AMCO Catalog 5008 fearures 
the five work day program 
that permits selection from 
three styles of consoles. 
Frames are black and panels 
are light blue. The ten work 
day program guarantees 24· 
panel width selections of three 
sryles of vertical consoles in 
any of 19 color choices with 
black frames. Accessories also 

available. AMCO Engineering Co. , 380 I North Rose 
Street, Schiller Park, IL 60176. Tel: 708-671-6670, Fax: 
708-671-9469 or call 1-800-833-3156. 

AMCO Engineering Company 
For More information Circle No. 334 

REAL-TIME 
NETWORK 
The SCRAMNet Nerwotk™ 
combines the real-time speed 
of replicated shared memory 
with the flexibiliry of a fiber 
opric LAN to ger microsecond 
response from mulri-vendor 
computers. It allows you to 

connect dissimilar compmers 
at 150/Mbits/,ec over fiber 
optics, with zero software 
overhead. This replicated 

shared memory network offers data filtering, programmable 
byte swapping, and a sophisticat~d interrupt Structure. 
Syman Corp .• 4126 Linden Avenue, Dayton, OH 45432-
3068. Phone: 513-252-5601 or 1-800-252-5601. 

Systran Corp. 
For More InformatioD Circle No. 337 

100 kHz FFT 
SPECTRUM 
ANALYZERS 
SRS spectrum analyzers offer 
90 dB dynami c range, fre­
quency spans from 19 1 MHz 
to 100 kHz and a fast 100 
kHz real-time bandwid th . 
The SR770's low diStorrion (-
80 dBc) source generates sine 
W3vtS, rwo-rone signals. white 
and pink noise, and frequency 

chirps for accurate frequency response measun~mentS (to 
100 kHz) with 0.05 dB precision. Standard features on 
both analyzers include THD, 1/3 octave, band and side­
band analysis, GOINO GO testing, selectable window 
functions and POSt acquisition math. Tel: 408-744-9040. 

Stanford Research Systems 
For More Information Cirde No, 340 

IMPULSE 
MAGNETIZERS 
This line of magnetizers offers 
outstanding performance that 
will process permanent mag­
nen of Alnico, Ferrite, and 
Rare Earth Alloys. Several 
models provide demagnetiz­
ing features and full computer 
control through th e IEEE-
488 bus. Call F.W. Bdl, Inc. 
at 1-800-775-2550. 

F.W. Bell 

For Mor. information Circle No. 343 

NEW 1993-94 
TEMPERATURE 
MEASUREMENT 
AND CONTROL 
CATALOG 
Col~-Parmer's new catalog 
features thousand, of prod­
ucts. M~asur~ment instru­
ments include: bimetal, glass, 
and infrarcd thermomctcrs; 
cryogcnic monimrsi tcmpera-
ture-indicating labels and 

paint; and RID, thermistor, and thennocoupk mtters, probes, 
and accessories. Da .. acquisition produCtS include computer 
interfua:s, daraloggers. and =orders. Call: 800-323-4340. 

Cole-Parmer Instrument Company 
For More Wormation Circle No. 335 

GPS­
SYNCHRONIZED 
TIMING 
PRODUCTS 
TrueTimc's Precision Timing 
Products catalog features 
GPS- ynchronized Clocks in 
rackmo unt , ponable , and 
board- level co nfigurations. 
Includes i llu strati o ns and 
product specifications for our 
compl«. line of Synch­

ronized Clocks, Time Code produCtS, and remote displays 
to fit a variety of time and frequency applications. 

TrueTime, Inc. 

For More information Circle No. 338 

EMCOR'S 
GUIDE TO 
ENCLOSURES 
This free catalog provides an 
overview of the Emcor prod­
UCt lines: ESQ, 10 Series , 
Emcor I, EMI-RFI . an d 
CompuDesk. It also provides 
information o n Insrant 
Emcor and custom design . 
S .. Emcor at AFCEA. Emcor 
Products, 1600 4th Avenue 

NW, Rochester, MN 5590 1. Tel: 507-289-3371. 

Emcor Products 

For More Information Circle No. 341 

CALIBRATES 
THERMOCOUPLES 
AND RTD'S 
The T hermaCal Model 18 is 
the first temperature se nsor 
calib rator that has both a 
COOL Source and a HEAT 
Source in one package. This is 
a significant adva ntage 
because temperature sensors 
arc most ofte.n treated at 0 ·C 

'--_______ --' (32 'F) and at an elevated 
temperature. Range: -25 ·C (-

13 ' F) to 650'C (1202 ·F). Address: 5495 Parkside Trail, 
P.O. Box 39 1095. Cleveland, OH 44139. Tel: 2 16-498-
1005: Fax: 216-349-2040. 

ThermaCal Inc. 
For Mor. Information Circle No. 344 
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NESLAB 
RECIRCULATING 
CHILLERS 
72-page caralog featur<s a 

8 comple[~ line of recirculating 
chillers for cooling water­
cooled equipmenl. These 
chillers offer steady cooling 
wilh heal load removal up to 
75 kW, spanning temperarure 
ranges of -5 ·C to +35 'Co 
Chillers fealure LED display, 
operating seatus gauges, and 

'-______ '9-,-9.,-,_3-' easy access to imernaJ compo-
nents . Also available a rc: Constant Temperature 
Balh/Circulators and Benchlop Personal Freezers. Call toll­
free al 1-800-258-0830. 

NESLAB Instruments, Inc. 
For More Information Circle No. 345 

WORKSTATIONS, 
LAB FURNITURE 
20-page illustrared guide cov­
ers rhe Techlab line of lechni­
cal work stations and labora­
tory systems furniture. 
Included are stalions of differ­
ent lenglhs, combined wilh a 
choice of cabinets, shelves, 
pans drawers, partitions, and 
other accessories. Catalog has 
dimensions . shows ar range­
mentS , describes work sur­

faces, and has color selection guide. Tel: 800-832-5227; 
Fax: 616-372-6116. Techlab, 6450 Valley Industrial Drive, 
Kalamazoo, MI 49009. 

Techlab 
For More Information Circle No. 348 

MERLIN DIGITAL 
FLlR-TO-VIDEO 
CONVERSION 
Mcrfin Digital Scan Converters 
arc used in critical applica­
tions ranging from medical 
imaging to on-board aircraft. 
A free brochure is avai lable 
along wilh a technical paper 
describing the benefi" of con­
vening high line rate imaging 
to s tandard video prior to 
recording. 

Merlin Engineering Works 

For More Information Circle No. 351 

WORKSTATIONS 
THAT WORK 
FOR YOU 
Production Industries has 
been a manufacturer of work· 
starions for over 17 years. 
From cleanrooms [0 laborato· 
ries, packing <abies ro techni­
cian benche"s. Producdon 
Indusuies can provide a 
workstation that will fit your 
needs. For more information 

call us al (909) 272-0555. let Production InduStries ' ·com­
mitmc.nt to qua li [f" work for you! 

Production Industries Inc. 

For More Information Circle No. 354 
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WALL-SIZED 
DISPLAY 
FOR 
COMMAND & 
CONTROL 

MediaWall f" transforms an array of monitors or 
projectors into a giant computer screen for "wall­
sized" displays oftexl. graphics. animation and scanned 
photographs. A direct digital interface to a computer 
produces images of startling clarity. making Media 
Wall the ideal system for command and control appli­
cations and photo analysis. 

RGB Spectrum® 
For More Information Circle No. 346 

DESIGN 
OPTIMIZATION 
SOFTWARE 
WITH FEA 
ENGINEERING 
BUILT-IN 
Free catalog. Sec why Algor is 
a world leader in engineering 
design optimization in which 
FEA ana lysis is tightly inte­
grated. Includes solid and sur­

face modding. Enables engineers to finalize designs before 
the CAD documentation phase. All popular FEA analyses, 
including nonlinear. For DOS and UNIX. Adds value to all 
CAD, CAM. and CAE setups. Tel: 412-967-2700; Fax: 
4 12-967-2781. 

Algor, Inc. 
For More lnformation Circle No. 349 

PRECISION 
MASS FLOW 
CONTROLLERS 
SIDE-TRAK monitors and 
controls the mass flow of air 
and process gases in ranges from 
0-10 CCM to 0-200 CFM. 
The instTumem delivers 1% 
FS accuracy. 0.15% repeala­
bility and one second time 
response: [Q set point changes. 
Patented access portS at both 

ends of me sensor rube: reduce mainrenance downtime. 

Sierra Instruments, Inc. 

For More lnformation Circle No. 352 

VERSATILE 
.- BORON NITRIDE 

Combat- boron nitride: is 

• , .. ,'ra,11 
l~ 

available in machinable solids. 
powders, coarings. and 
aerosol. Solids used as electri­
cal in uiacors. high. tempera. 
cure, non~we ttjng crucibles 
and fixtures. breakrings. and 
nozzles for moheo - metal 
applications. Powders used as 
addilives in plastics and cos· 
merlcs. Coadngs used in 

metal , glass. and plastic industries for mold rdease and 
antioxidant. 

The Carborundum Co. 

For More Information Circle No. 355 

6O-PAGE 
CATALOG OF 
INNOVATIVE 
DSPSYSTEMS 

ew 1993 catalog describes 
products for VMEbus and 
Mulribus. Included are 15 
models of single, dual and 
quad 'C40 processors, and 
triple DSP32C processors, 20 
models of NO and D/A con-
verters; several models of digi­

tal 110, TIICEPT transceiver products, bus adaprers, and 
many more. Sofrware products include SwiflTools DSP 
development tools and SwiflNer n .. work sofrware. Tel: 
201-767-7100; Fax: 201-767-3994. 

Pentek, Inc. 
For More Information Circle No. 347 

The KM160 Microfocus 
X-ray System fealures an 
e nd window x·ray tube , a 
compact rack-moun<able high­
voltage generatOr and imercon· 
neering cables. Four focal spor 
sizes ranging from 250 microns 
to less than 10 microns are" 
front panc:l selectable. Power 
levels up to 160 wans arc 
artainable with the air-cooled 
design . The KM 160 can b~ 
used in cabinet systems or for 
field use where both fracrional 

focus and microfocus imaging are required. 

Kevex X-Ray, Inc. 

For More Information Circle No. 350 

CFD FOR 
YOUR PC! 
PC-PHOENICS, a full capa­
bility Compurational Fl uid 
Dynamics (CFD) code for 
PCS, provides accurate insight 
inw fluid flow phenomena. 
Usc your 386 or 486 ro do 
everything a workstation or 
supercomputer will do. in 
cuS[omizc:d. affordable ver· 
siom to meet your needs. Free. 
brochure. 

Phoenics North America 

For More Information Circle No. 353 

FastCAD­
POWERPACKED 
WORKHORSE 
FOR CAD 
FaslCAD works for you! Save 
rime and money with Fast· 
CAD's blazing speed and 
dynamic user interface. If you 
are serious about generating 
fast, derailed CAD drawings, 
call 1-800-874-4028 for a free 
hands-on demo disk. 

Evolution Computing 

For More Information Cirde No. 356 
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MULTI-
'-------'~., CHANNEL 

TRANSIENT 
ANALYZERS 
The, icokt MuitiPro T ransicnl 
Analyzer gives you all Ihe 
inputS you need 10 handle 
twO or 200 channd applica­
tions. Th ... compl"e turnk.y 
sysrcms, which arc up and 
running in minuccs. an pow­
erful and Aaible, and US< an 

oasy-Io-foUow Microsofte Windows™ environment. 

Nicolet Measurement 
Instruments 

For Mor< Information Circle No. 357 

LOW-COST 
VIBRATION 
TEST SYSTEMS 

".jii.~ Vibralion syst<ms from 25 10 
• 600 pounds fore< for: 

_ ...... -. «search and dev.!opment ; 
produclS qualificalion; vibra­
rion stress screening; modal 
excitation; vibration dcmon­
marions. Also availabl<: mul­
tiple shaker syst<ms; rable 
expanders; cube fixtures; cus-
rom fixlur.,; slip <abl.,. 

Vibration Test Systems 

For More Information Circle No. 360 

OXYGEN 
ANALYZERS 
A full-color brochure inlro­
duces a complele line of oxy­
gen analyzers for rhe laboralo­
ry or process line. They are 
ideally suited for moniroring 
,he oxygen levds in all rypes 
of gas streams. T I"2CC oxygen 
levds from ppb 10 100% are 
accuralely determined by 
Ihese ruggedly consrrucled 
ins[fumcnu. No periodic 

maintenance or special operator skills arc required. 
Inrrinsica1ly-safe and banery-operared modds are also avail­
able. 

Illinois Instruments Inc. 
For More Information Circle No. 364 

HOLLOW SHAFT 
INCREMENTAL 
ENCODER 
BEl's new RI H22 hoUow shalt 
encoder employs Ihe lal.,1 in 
ASIC lechnology and fearures a 
srainless Sled hollow shaft thaI 
acceplS Slandard sizes 10 112". 
The 2.2" dia. oplical encoder 
provides resolutions to 5000 
CPI, indusrrial-grade bearings, 
and a [ether mounting plate. 
OutpUI is in quadrature square 

wave with indO<. Differenlial and high voIragc line drivelS are 
available. Tel: 818-341-6161; Fax: 818-882-4553. 
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BEl Motion Systems Co., 
Chatsworth Encoder Division 

For More Information Circle No. 367 

INVESTMENT 
CASTINGS 
Your quality needs arc our 
challenge. PMI brochure 
describes ferrous & non-fer­
rous inveStment casrings to 
10#. Many commercial & 
aerospace applications. 200 
airme1rable alloys, wilh 
expanded capadry for ductile 
iron & aluminum. Near nc[­
shape, internal complexity, 
close tolerances, excellent suc­
face finish designed in . 

Engineering & prororype servic., complemem your engi­
ncering tcam. 

Precision Metalsmiths, Inc. 
For More Information Circle No. 358 

CCTV CAMERAS 
& SYSTEMS 
A New Shorr Form Caralog 
features color and mono­
chrome ceo cameras, in­
cluding high performance , 
low lighl level and digilal OUI­
pUI models. Cohu cameras are 
designed and manufacrured in 
Ihe USA for securiry/survei l­
lance and electronic imaging 
applicalions. 

Cohu, Inc., Electronics Division 

Security/swveillance applications: Circle No. 361 
Electronic Imaging applications: Circle No. 362 

During 1993, 
CONTEC has added 
over 20 new 
products for 
PC-based Data 
Acquisition & Control. 
The, NEW Product Guide cov­
... CONTEC s rang<: of boards, 
relared software and accessories, 
offering innovative solutions 
fOr f..aory and lab aUlomation. 
CALL FOR YOUR FREE 
COPY! Tel: 800-888-8884 or 

408-434-6767 (8 !O 5 Pacific Time); Fax: 408-434-6884. 
Address: 2188 Bering Drive, San Jose, CA 95131 . 

CONTEC 
Microelectronics USA Inc. 

For More Information Circle No. 365 

ASTM 04541 requirernems. 

COATING ADHE­
SION TESTER 
PATTI measures adhesion 
(ensile Slfcngth using com­
pressed air 10 apply a continu­
ous load 10 a 112" 00 pull­
stub bonded !O rbe lesl coar­
ing. The maximum pressure is 
measured and converted [0 

psi. Subsrrales may be Aexible 
or rigid, flat or curved. Six 
pinon ranges [Q choose from , 
up 10 10,000 psi. Satisfies 

SEMicro Corporation 

For More Information Circle No. 359 

B92CATALOG 
RELEASE 
The lar.,1 catalog from W.M. 
Berg Inc. coincides with 
Berg's silver 2nnivcrsary. 
Founded in 1967, Berg has 
grown (0 become a recog­
nized indusrrial leader of 
miniature precision mechani­
cal componenlS. A significanl 
number of new items a re 
added as well as expanding 
previous product lines . 

Fearuring 50,000 srandard componenlS, 80% of which we 
are able to ship from srock within 24 hour.. Available in 
metric version too: M92. 

W.M. Berg, Inc. 
For More Information Circle No_ 363 

THE LINK 
BETWEEN 
COMPUTER 
GRAPHICS 
AND VIDEO 
RGBlVideolinkil> video scan 
conveners transform images 
from a compute r. radar or 
FUR sensor 10 broadcasl Slan­
dard video (NTSC or PAL) 
for taping, projection or tele­
conferencing. Video can be 

overlayed wilh com pUler generared graphics. Applicalions 
include training, simuJacion, archiving and signal uansmis­
sion. GSA Contract IGS03F2032A. 

RGB Spectrum 
For More Information Circle No. 366 

HIGH SPEED 
DATA 
ACQUISITION 
CARD 
T ransEra announces its pow­
erful 430 dara acquisition 
card. The 430 card boas" a 
125K sampling rare, 14 bit 
resolution, programmable 
gains and analog rriggering. 

TransEra Corporation 

For More Information Circle No. 369 
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...... ,. ENGINEERING 
ANALYSIS 
SOFTWARE 
Xmath is a mathematical analy­
sis and graphics environment 
for X Window workstations. 
Engineering applications 
include conuol systems design, 
resl data analysis, and signal 
processing. Xmath combines 
nume.rical algorithms. iOleTac-

L.. _____ ~~_ .... tive 2-D & 3-D graphics, and 

a programmable Graphical User Interface (GUI) designed by 
Prof. Stephen Boyd and Dr. Craig Barratr. Tel: 800-932-
MATH; Fax: 408-980-0400, or demo Xmath on SunSoft's 
CDWare Vol. 4. 

Integrated Systems, Inc. 
For More Information Circle No. 370 

COMPACT 
CONTROLLERS 
FOR MACHINE! 
PROCESS 
CONTROL 
ANAFAZE CLSTM are versa­
tile., inexpensive, 4, 8, and 16 
multi-loop PID controllers to 
run small processes, experi­
ments, machines. Key fea ­
tures: Autotune (Instant Set­
up); accepts moS[ sensor 

input types (even Infrared); 50 Digi[al 1/0 for alarms, 
even£s, triggers; computer 1I0/Network features. New 
brochure free! Tel: 408-479-0415; Fax: 408-479-0526. 

Anafaze 
For More Information Circle No. 373 

COMPACT MeV 
MATERIALS 
ANALYSIS 
This brochure describes the 
MAS I 000 analysis instrument. 
which performs demental 
analysis, depth profiling and 
channeling in crystals. In most 
cases the analysis is non­
desCTuctive and quantiralive. 
The brochure describes the 
capabiliries of s[andard RBS 
analysis as well as omer analyt­

ical [<chniques capable with the MAS 1 000. 

National Electrostatics Corp. 

For More Information Circle Nn. 376 

WE'RE THE FIRST ... 
WE'RE THE BEST 
AND HAVE 
THE 

TO PROVE IT! 
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FIBER OPTIC 
INTERCONNECTS 
New 6-page brochure details 
complete Packard Hughes high 
performance fiber optic imer~ 
connect line. all featuring 
patented self-aligning low-loss 
termini for superior optical 
performance. Includes solu­
rions for mulri-channel, rugged 
environmental and high-vibl'2-
cion environments, active opti-
cal inrcrconnccn, board­
mounted connectors and more:. 

For more: informadon contact: Packard Hughes 
Interconnect, 17 150 Von Karman Ave., Irvine, CA 92714. 
Tel: 714-660-5772. 

Packard Hughes Interconnect 
For More Information Circle Nn. 371 

ZERO GUARDIAN 
EXTRA DUTY 
CABINET 
BROCHURE 
Here is the only custom dec­
tronic cabinct without custom 
fees and no extra tooling 
charges. Tell us what size: and 
fearur<S you need. Will design 
and ship within 6 weeks! Ther< 
are no fixed width, b ... or ver-
tical wall dimensions if you 

stay in OUf min-max guidelines! Need EMI shielding or 
ruggediu:d capability? or protection from shock, vibration, 
wa[U, fungus and temperatuc< extremes? Brochure highlights 
design features and suggc:sted applications. 

Zero Corporation 
For More [nfnrmation Circle No. 374 

~----:----:---, ABRASIVE 
.---- BLAST SYSTEM 

-- - =_=_-==s==-= ._--------=------

The Micro-Jet 200 is a minia­
turc, low-cos( system for the 
shockJess machining, cutting, 
and etching of the hardest 
matcrials such as glass. ceram­
ics, gem stones, carbides. 
Employing a pressure feed 
system for producing the 
air/abrasive jet, ics operational 
performance is the equal of 

L.. _______ ~.J more expensive comperitive 

systems. Applicarions include: 
cutting, drilling and shaping; etching and marking; micro­
deburring and ddlashjng; cleaning; sumce finishing. 

Hunter Products, Inc. 
For More Information Circle No. 377 

NEW CASES 
CATALOG 
Zero Plastics' new catalog 
features their complete offer· 
ing of standard and cuStom 
plasric thermoformed and 
rotationally molded cases for 
commercial and miliury 
applications. Full illustrations 
and color photographs high­
light design features, benefits, 
suggested applications, and 
available accessories and 

options as well as technical data, specifications, and order­
ing informarion. Zero Plastics, A Unit of Zero Corp .• 288 
Main St., Monson, MA 01057. 

Zero Plastics 
For More Infnrmation Circle No. 380 

THERMOCOU­
PLES,MAKE 
YOUR OWN 
The HOTSPOT allows ther­
mocouple wire to be formed 
into freestanding junaions, or 
welded [0 metal surfaces. It 
.provides a simple means of 
fabricating thermocouples 
"when needed and where 
needed." Brochure and speri-

'-________ ..J ficarion sheet available. 

Addr",,: 7300 North Crescmt BM!., Pennsaukm, NJ 081 10. 
Td: 609-662-7272; Fax: 609-662-7862. 

DCC Corp. 

For More Information Circle No. 372 

PCB DESIGN & 
FABRICATION 
Pentaplex's Printed Circuit 
Board design and fabrication 
capabilities are explained in 
this brochure and information 
insert: 24 hour service avail­
able. Prototypes. Surface 
Mount Technology. Flex 
Circuits. Double Sided or 
Mul[ilayer boards. Teflon, 
Kapton and other materials. 
Fast turnaround specialistS. 

Call 708-741-1120 or fax 708-741-1470 for information 
or qUOtes. 

Pentaplex 

For More Information Circle No. 375 

ADVANCED 
COMPOSITE 
WORKSHOPS 
The brochure describes nine 
different " hands-on " work­
shops in advanced composite 
materials technology. They 
cover fabrication. repair. tool ­
ing, blueprint reading, adhe­
sive bonding, engineering 
dc:sign fo r specialized repairs, 
and ulcrasonic inspection of 

composites. Emphasis is on prepreg carbon and aramid 
fiber material and processc:s, utilizing vacuum bagging and 
high-temperature curing methods. T d: 800-638-8441; Fax: 
702-827-6599. 

Abaris Training Resources 
For More Information Circle No. 378 

iIIIi 
BRANSON 

TOTAL 
SOLUTIONS 

FOR PLASTICS 
ASSEMBLY 

Equipment for 
ultrasonic welding, 

vibration welding 
(linear & orbital), 

hot plate welding, 
focused infrared. 

(203) 796-0400 
Fax (203) 796-9813 

For More Information Circle No. 381 
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Laser Film Digitizer ••• 
To the person, or organization that 
submits the most innovative new 
application for this product. 

LUMISYS ••• best known for providing high 
resolution, high performance laser based film digitizers for 
medical applications .•. is looking for new applications for its 
latest innovation ... a laser film digitizer in a desktop package 
with a compact price. .. THE LUMISCAN 50. 

The LUMlSCAN 50 converts monochrome films 
(from 5" to 14" in width) into 12 bit digital images. Each bit 
represents .001 optical density. All LUMISCAN products share 
a technology that measures true diffuse optical density. The 
spatial resolution and optical density resolution provide 
digitized images of superior quality. 

To win a free Lumiscan 50, complete 

Fax entries 
accepted 

408/ 
733-6567 

with interface board, software and a sample 
application to plug into your pc. .. 

• Send us a brief but detailed written 
summary of your new application to: 

Digitizer Contestant 
LUMISYS 

138 Santa Ana Court 
Sunnyvale, CA 94086 

For further Information about the LUMISCAN SO or other 
Lumisys products, contact Jo PorteUo at 4081733·6565 

A reputation for dependable quality and service has 
made Sigmund Cohn the trusted name for more 
than 90 years. 
We offer Platinum and Platinum Alloys with high or 
low Temperature Coefficient of Resistance and high 
or low electrical resistance. They have outstanding 
corrosion resistance, high tensile strength, excellent 
ductility and precision controlled diameters. 
We offer Platinum 99.999%. Or choose from our line 
of Platinum Alloys which includes: 

• Tungsten Platinum • Iridium Platinum 
• Rhodium Platinum • Nickel Platinum 

We also offer Platinum Alloys to meet your diverse 
requirements. Let us help determine which are best 
for you. Write or call for a brochure. 

S'qmuncJ Cohn Cor[J. 

~ SIGMUND 
&COHNw", 

121 South C()IIImhus Aventlf: 
~J1nunt Vprnon. Nev: York 10SCi3 
1'11·1) fifi·I-5300 
F<lx 19111 fifi·~-5377 
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New on the Market 

Algor Inc., Pittsburgh, PA, has an­
nounced Hypergen, the first me­
chanical design software that auto­
matically generates solid meshes 
from a CAD representation of a sur­
face mesh. The program shortens 
the time required to divide design 
models into finite elements, improv­
ing modeling efficiency and accu­
racy. Hypergen can import and ex­
port to a broad range of CAD/CAM 
systems, including those from Para­
metric Technologies, Computer­
vision, Autodesk, Aries Technology, 
IBM, SDRe, and Intergraph. 
For More Information Circle No. 567 

Flow sensors manufactured by 
TURCK Inc., Minneapolis, MN, fea­
ture a unique omni-directional de­
sign to monitor gases and liquids 
flowing in anydirection and respond 
rapidly to flow changes. Operating 
on the ca lorimetric principle, the 
highly re i iable sensors have no mov­
ing parts and automatically com­
pensate for changes in operating 
temperature. They are suitable for 
monitoring refrigeration systems, run­
dry protection for conveyor pumps, 
and coolant in motors and drives. 
For More Information Circle No. 568 

Magnavox Electronic Systems Co., 
Torrance, CA, has introduced a 12-
channel differential GPS reference 
station designed to provide high­
precision, real-time submeter navi­
gation and positioning. The MX 9112 
tracks the navigation message and 
carrier frequency simu Itaneously for 
all satellites in view. As a reference 
station, it measures GPS signal er­
rors, calcu lates correction factors, 
and broadcasts them to mobile GPS 
navigation receivers. 
For More Information Circle No.5 71 

The Design Advisor eural Ana­
lyzer (DANNM), a DOS-based soft­
ware program from NeuralWare Inc., 
Pittsburgh, PA, provides the process 
engineer with a pocket calculator to 
support continuous chemical pro­
cessing plant operations. DANA 
solves problems in composition 
inferencing, process-modeling, lo­
cal set-point optimization, product 
formulation, and operator training. 
For More Information Circle No.5 72 

Pictured above are compact ther­
moelectric cooling devices for ap­
plications where packaging space is 
limited and low-current operation is 
needed. Introduced by Melcor, Tren­
ton, NJ, the Frigichip®FCO.65 series 
modules are rated at 2 amps maxi­
mum and are available with 4 to 66 
couples. The series comprises 17 
modules with heat pump ratings from 
0.54 to B.B9 watts. 
For More Information Circle No. 573 

f-------- -----j The CCD-1000, a high-resolution 
Type 4-130 vibration transducers 
from CEC Instruments Division, San 
Dimas, CA, employ a unique bear­
ing system to extend typical service 
life to 12,000 hours. They operate 
from -54 °C to 371 °C, with a dy­
namic operating range of 30 to 1500 
Hz, and acceleration from 0.35g to 
50g peak. Sensitivities from 60 to 
145 MV/in/sec are avai lable. 
For More Information Circle No. 569 

OMEGA Engineering Inc., Stamford, 
CT, has unveiled the OMD-550B 
series of plug-in data acquisition 
cards for thermocouples, RTDs, and 
strain gauges. Made to simplify sig­
nal connection and eliminate ca­
bling costs, each I/O module has a 
removable screw panel that mates 
with a PC's board connector. 
For More Information Circle No. 570 

video CCO camera from Saguaro 
Scientific Corp., Tuscon, AZ, oper­
ates at video frame rates and fea­
tures a 1260 x 1152 pixel imaging 
area covering 13.9 x 7.B mm. It 
provides a signal-to-noise ratio of 40 
dB at 1.5 lux and up to 10 bits of 
dynamic range. Video gain, shutter 
speed, and image integration can be 
controlled via an RS-232 interface. 
For More Information Circle No. 574 
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Exercise Your Right to Discover 
the Latest Sensing Solutions 

§E[1l§lDJ~§ E~Hl~lDJTM 
THE CONFERENCE AND EXPOSITION 

OF SENSORS AND SYSTEMS 

THE NEW PENNSYLVANIA CONVENTION CENTER 
PHILADELPHIA, PA· OCTOBER 26-28,1993 

Every industry has the right to 
improve productivity and 
efficiency using state-of­
the-art sensors and sensor­
based systems. Now, you 
can exercise that right at 
SENSORS EXPO '93 - the 
international sensing 
technology event 
with a convenient 
East Coast location. 

Whether you're 
involved in discrete 
manufacturing, process­
ing, environmental 
monitoring, product 
design - any industry 
that uses sensors -
SENSORS EXPO '93 offers 
you the full range of 
sensing solutions you 
need to increase produc­
tivity and control costs. 

YES! I want to attend SENSORS EXPO '93-
the East Coast's first international sensing event! 

Please send me: 
o FREE Conference Brochure as soon as it is 

available. 
DApplication for FREE admission to the 

Exhibit Hall. 
Dlnformation on how I can exhibit at SENSORS 

EXPO '93. 

At SENSORS EXPO '93, you'll be able to evaluate and 
compare thousands of sensing products hands-on, as 
well as discover innovative, cost-effective solutions to 
your most complex application requirements with 
over 300 leading suppliers. 

Plus, SENSORS EXPO '93 will feature an improved 
Technical Conference covering the newest sensing 
technologies, advanced applications, and research and 

development. Devel­
oped by the editors of 
Sensors Magazine, the 
expanded program 
will offer a series of 
seminars, tutorials 
and full-day "short 
courses" presented by 
a distinguished roster 
of master teachers. 

So exercise your right 
to discover the latest 
sensing solutions. 
Explore the the full range 
of state-of-the-art sensors 
and sensor-based systems 
at SENSORS EXPO '93 -
the first international 
sensing event on the 
East Coast! ...... ~~ 

Mail coupon today for 
FREE Exhibit Hall 
Admission! 

Name ____________________________ _ 

Title ____________________________ _ 

Company Name ______________________ _ 

Address ---------------------------

City -------------- State __ Zip _ _ _ 

Phone Number ( __ ) ----____________ _ 

Mail to: SENSORS EXPO, Expocon Management Assoc.,7 Seven Cambridge Drive, 
P.O. Box 1019, Trumbull, CT 06611. FAX: 203/374-9667. Phone: 203/374-1411, Ext. 127 
Sponsored by Sensors MagaZine and produced by Expocon Management Associates, Inc. 

For More Information Circle No. 417 



With COMET /BEA, you can reduce your current FEA 
modeling time by up to 90%. Thanks to advanced 
Boundary Element Analysis, COMET/BEA lets you 
concentrate on design, not on modeling. 
COMET/BEA is an efficient, easy-ta-use analysis 
program that interfaces with popular CAD/CAE 
packages. 
In addition, COMET/BEA's thin section analysis 
capability virtually eliminates the constraints 
associated with other BEA codes. 

Automated Analysis Corporation 
2805 S.lndustriol Hwy., Suite 100 

'trl Ann Arbor, MI48104-6767 
... 313/973-1CXXJ Fox 313/973- /190 

NEW FOR OEMs! FLEXIBLE 
NONCONTACT POSITION SENSORS 

Let us customize our SMU-9()()() inductive position 
sensors to your requirements. We can adapt sensor 
size (we offer the world's smallest), packaging, and 
more. We combine this flexibility with outstanding 
performance: superior resolution, thermal stability, 
submersibility, etc. Call for assistance and a quote. 

800-552-6267 
Kaman Instrumentation, 1500 Garden of the Gods Rd. 
Colorado Springs, Colorado 80907 
Phone 719-599-1132, Fax 719-599-1823 

KAMAN 
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New on the Market 

Viewgraphics Inc., Mountain View, 
CA, has introduced the Viewstore 
5000 frame buffer to enable real­
time capture, storage, and display of 
large amounts of image data and 
video sequences. The system fea­
tures an aggregate memory capacity 
of up to 9 gigabytes-enough stor­
age for 2 minutes of high-resolution 
video, more than 8 minutes of tradi­
tional digital video, or 50K x 50K 

Sharp Eledronics Corporation, Ca- pixel RGB true-color images. 
mas, WA, has produced a 64K For More Information Circle No. 563 
by 18-bit static random access 1.;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;:===::;;;;;-1 
memory (SRAM) designed to reduce 
noise, lower chip counts, and sim­
plify circuitry in complex systems. 
The LH521028 suppresses ground 
bounce and other noise problems 
associated with fast, wide-word 
memory parts via six ground pins 
and six power pins distributed around 
its 52-pin PLCC package. It incorpo­
rates transparent address latches to The EasyCopyTM line of imaging ap­
reduce the number of support IC plication printers from JRL Systems, 
components, enabling a 20-35 nano- Austin, TX, incorporates sophisti­
second access time. cated controller technology to ac­
For More Information Circle No. 560 ceptcompressed raster data in cCln 

Group 3 and Group 4. Data is de­
Entropic Research Laboratory, Inc., compressed on board, freeing the 
Washington, DC, has released HTK, workstation or host. The printers 
the Hidden Markov Model (HMM) accept a wide range of Group 4 
Toolkit, a speech recognition soft- headers including TIFF, TRIF, CALS, 
ware kit that permits users to build IOCA, MODCA, ACCESS, ACRIS, 
HMM pattern recognition classifi- and FORMTEK. 
cation and continuous speech rec- For More Information Circle No. 564 
ognition systems. It can beapplied to j--------------..., 
speech processing appl ications such 
as speaker verification, automatic 
speech transcription, and key work 
spotting, as well as bioacoustic re­
search, target identification, and fi­
nancial time series analysis. 
For More Information Circle No. 561 

The Spectrum line of industrial ultra­
sonic NDT transducers introduced 
by Staveley Sensors, Inc., East Hart­
ford, CT, offers improved perfor­
mance, repeatability, and durability 
compared to conventional transduc­
ers; A 5 MHz, 0.5" diameter trans­
ducer provides a +21 dB gain im­
provement and equivalent flaw reso­
lution. The transducers are available 
in all common US and international 
frequencies from 1 MHz to 10 MHz 
and diameters from 5 mm to 1 inch, 
and with high-penetration or high­
resolution contact and replaceable 
face designs. 
For More Information Circle No. 562 

The first emulative tester that can 
test digital circuit boards running at 
speeds of 50 MHz and higher has 
been announced by Innovage Tech­
nologies, Inc., Mukiteo, WA. Appli­
cable to 16-bit and 32-bit micropro­
cessor-based digital boards, the 
Innovage 2000 eliminates signal 
propagation delays to reduce test 
development times by half or more. 
For More Information Circle No. 565 

Visual Solutions Inc., Westford, MA, 
has released an update of VisSim™, 
its continuous and discrete multi­
rate systems design and simulation 
software. VisSim features a visually 
programmed design environment 
running under Windows and UNIX! 
X. Version 2.1 offers Fast Fourier 
Transform plots of simu lation results 
for analysis in the frequency do­
main, the ability to import results 
directly from MATLAB®, and a stiff 
equation solver to speed simulations 
dom i nated by high-frequency terms. 
For More I nformation Circle No. 566 

D---"f 

.J , ..... . . ~ --

NASA Tech Briefs, June 1993 



New on the Market 

Parametric Technology Corp., Wal­
tham, MA, has released a video dem­

EES, an equation-solving program 
from F-Chart Software, Middleton, 
WI, incorporates thermodynamic 
and transport property functions for 
many substances including water, 
all common refrigerants, nitrogen, 
methane, propane, helium, and moist 
and dry air. Thermophysical prop­
erty functions are integrated with the 
nonlinear equation solving capabil­
ity and a parametric table permits 
automation of multiple solutions. 
For More Information Circle No. 579 

onstration of its Pro/ENGINEER me- f----------------j 
chanical design automation tool, 
which integrates the entire design­
through-manufacturing process. The 
parametric, feature-based solid mod­
eling system offers a singledata struc­
ture to enable all members of a prod­
uct development team to work on 
a design concurrently. Models are 
created as combinations of design­
specific features such as ribs, slots, 
chamfers, and shell~liminatingthe 
need to design with complete geom­
etry. Pro!ENGINEER runs on more 
than 50 UNIX workstations from such 
vendors as Digital Equipment Corp., 
Hewlett-Packard, IBM, Sun Micro­
systems, and Silicon Graphics. 
For More Information Circle No. 575 

Spiral Software, Brookline, MA, has 

The T9000, the fastest available 
single chip computer, has been an­
nounced by the INMOS division of 
SGS-Thomson Microelectronics, 
London, UK. It provides 200 MIPS, 
25 MFLOPS peak performance, a 
32-bit superscalar integer proces­
sor, a 64-bit floating point unit, a 
virtual channel processor, and 100 
MB/sec communications links-all 
on a lOx 20 mm chip. 
For More Information Circle No. 580 

-'~' ··~-~".7'I--· . . .'. . t ~I I ::] rt R:~{ ~~·t· . ~f ~ 
I __ .. J i -""".: ,. '"~~ j 

-"~Il 
•••• <-•• '\.n~..... . ....... . .. _ 

released a Windows version of F========'---'--------j 
EasyPlot, technical plotting and data 
analysis software offering the speed 
and simplicity of interactive graph­
ics. Compatible with DOS-based 
EasyPlot, EPWin features a new 
spreadsheet-like data editor, a text 
toolbar for mathematical text edit­
ing, user-definable function-key 
macros, and "clipboard-plotting" 
that lets users graph data directly 
from the cI ipboard without first past­
ing into a data table. 
For More Information Circle No.5 76 

GPIBLab, software that allows in­
strument setup and data collec­
tion from IEEE-based instruments 
without programming, is availa­
ble from DSP Development Corp., 
Cambridge, MA. When integrated 
with the DADiSP graphical data 
analysis software package, GPIBLab 
collects, analyzes, and displays sci­
entific and technical data. Priced at 
$495, the software supports National 
Instruments, 10tech, and Hewlett­
Packard boards. 
For More Information Circle No.5 77 
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The FASTCache-PLUS accelerator 
board from Microway, Kingston, MA, 
speeds up 286 systems by a factor of 
seven or more and has sockets for 16 
MB of RAM. It enables a 286 system 
to run Windows, AutoCAD, UNIX, 
OS/2, and 'other products requiring 
access to the 386's protected mode 
or to Windows 386 enhanced mode. 
FASTCache runs on over 100 286 
platforms, including systems from 
IBM,Compaq,Zenith, Epson,AT&T, 
Olivetti, and Dell. For more infor­
mation, call 508-746-7341. 

An update of weCan, a general­
purpose, integrated design, model­
ing, and finite element analysis pro­
gram, has been released by Aegis 
Software Corp., Pittsburgh, PA. Ver­
sion 5.0 has a flexible interface 
and a choice of operation mode: 
commands, mouse, keyboard-driven 
menus, or digitized tablet. The pack­
age runs on a variety of computers, 
including IBM 386/486 PCs, UNIX 
workstations, DEC VAXs, and CRA Y 
supercomputers. 
For More Information Circle No. 581 

ACCURATE 
ADVANCED 
AFFORDABLE 
ALL OF THE ABOVE 
• • 

.' 1]: 
• • • • • • • • 

INTEGRATED 
ENGINEERING SOFTWARE 

EUCTING YOUR EM DESIGN and analy is software 

pa kag should not be a game of multiple choice. With 

IES you get accurate, advanced and affordable CAE 
softwar ... "all of the above" and more! We have the 

ea~iest a use programs in the industry for both 2D and 3D 
applica ions. Each package uses the Boundary Element 

Method, meaning no finite element mesh is required. 

IEM 

Compl x training essions are not needed. You are ready 

to go as soon as you load our single diskette onto your PC 
or wor tation. 

For a p fessional team committed to solving your EM 
ptoblem , make your choice IES. All of our software is 
design~ with you in mind, to make your job easier, faster 

anJ more cost-effective. 

MAGNETO (tDIRS) and AMPERES (3D) calculatel 
• Field • Inductance 
• Potentia ls • Forces 
• Torques 

OERS'IID (tDIRS) calculates: 
• FielJ Parameters • Induced Currents 
• kin Proximity (Eddy Currents) 

Effec • Potentials 

• Forc • Torques 
• Ohmic Loss • Stored Energy 
• Resistance • Inductance 

ELIC'IIO (tDIRS) and COULOMB (3D) calculate: 

• Field or Device 
Para eters 

• InJuctance 
• Particle Trajectories 
• Capa itances 

• • • 

• Voltages 
• Impedance & 

Propagation Constants 
(Electro) 

• Force (Coulomb) 

• • • • • 
Tak the CAE test...call us for your 
FREE 30-day evaluation today! 
Phone: (204) 632·5636 Fax: (204) 633.7780 

For More Information Circle No. 539 107 



Precision Flying Requires 
Precision Materials. Eigiloy® 

• Resists Stress & Cracking 
• Corrosion Resistant 

• Non-Magnetic • Long Fatigue Life 
• Performs Consistently 

Over 40 
Alloys in 

in Temperatures Ranging 
From - 3000 to 8500 F 

Eigiloy® Limited Partnership 
.......... _~_,.... 1565 Fleetwood Drive 

Strip 
AND 
Wire ~ #lM::J" Elgin, IL60123 

.. Tel: (708) 695-1900 
Fax: (708) 695-0169 

Pratt & Whitney and GE Approved 

For More Information Circle No. 416 

Visible Laser Diode 
Modules 

108 

Complete system includes: 
SM Laser Diode 
Power Supply 
Optics 

S200/slngle piece 

Features: 
112 x 2 inches 
Circuit Protection 
Fine Focus (60 tpi) 
Adjustable Optical Output Power 

Power Technalagy Incarparet:ad 
7925 Mabelvale Cutoff, Mabelvale. AR 721 03 

(501) 568-1 995 Fax (501) 568·1 994 

For More Information Circle No. 532 

New Literature 

ew hardware and software for 
data acquisition and IEEE 488 con­
trol are described in Ihe 1993 cala­
log from IOlech Inc., Cleveland, OH. 
II showcases the DaqBook/1 00, Ihe 
firsl high-speed, parallel-porl-based 
dala acquisition produci for bOlh 
nOlebook and desklop PCs. The 144-
page guide includes inslrumenl con­
trollers, bus analyzers, extenders, and 
serial-Io-IEEE converters. 
For More Information Circle No. 582 

ewport Eleclronics Inc., SanlaAna, 
CA, has announced ils 1993 tem­
perature measurement buyers' gu ide. 
Producls shown in the full-colorcata­
log include lemperalure and humid­
ity in Irumentation, handheld Iher­
momelers, digilal mullimelers, cali­
brators, selector switches, panel 
meters, surface probes, and thermo­
couple assemblies. 
For More Information Circle No. 585 

A brochure released by Intermec f-------------J 
Corp., Everett, WA, highlighls Ihe Quiel Islands™ vibration-isolation 
J~NUS 201 0 handh~ld data collec- platform systems, designed for mi­
tlOn computer featUring 1 MB RAM, croeleclronics cleanroom applica-
2 MB ROM, 512 K Flash, and two lions, are described in a data sheel 
PCMClAdrivesfore~pandab le, flex- I released by Technica l Manufaclur­
Ible memory conflgural lons. The ing Corp., Peabody, MA. The sys-
2010 uses Microsoft ROM DOS 5.0 tem inlerspace quiel pedesla ls in a 
and a 386S.LX microprocessor ~ilh raised floor system for proper sup­
PC-ATarchlteclureforcompallbdlly port of sensilive wafer produclion 
with application d~ve lopmenlloo l s. equipment. 
For More Information Circle No. 583 For More Information Circle No. 586 

A 125-page step motor design gu ide I 
from Ihe Conlrols Division of Ameri­
can Precision Industries, Buffalo, NY, I 
provides an il luslraled glossary, walk­
Ihroughs of step molor lechnology, 
formulas for syslem ca lculalions, a 
command summary, programming 
examples, and delailed descriptions 
and drawings of Iypical appl icalions. 
Indexers, step mOlors, modular 
drives, packages systems, and ac­
cessories are highlighled. 
For More Information Circle No. 584 

The Analylical Inspection Division 
of Sonoscan Inc., Bensenville, IL, 
has published a six-page brochure 
illuSlraling itscuslom inspection and 
screening services. This division, 
known as SONOLAB" " specia lizes 
in nondeslruclive conlracltesli ng of 
microelectronics components and 
advanced materials. Featured appli­
calions include screening programs 
for multilayer ceramic capacitors, 
and quanl ilal ive d ie atlach ana lysis. 
For More Information Circle No. 587 
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New Literature 

Daedal, a division of Parker Hannifin 
Corp., Harrison City, PA, is offering 
a brochure on its new line of preci­
sion ground leadscrews for position­
ing applications that require highly 
accurate linear motion. The eight­
page selection gu ide features Daeda­
Flex™ leadscrews, which provide 
accuracytoO.OOOO25", travel lengths 
up to 14", and are available in both 
precision and super-precision grades 
with laser certification. 
for More Information Circle No. 588 

A technical guide released by NTE 
Electronics Inc., Bloomfield, Nj, fea­
tures more than 250,000 US, japa­
nese, and European devices cross­
referenced to NTE's 3500 replace­
ment semiconductors. Also avail­
able is a catalog cross-referencing 
NTE's UL- and CSA-recognized re­
lays, sockets, VO modules, and ac­
cessories to over 1 0,000 industry part 
numbers from 110 manufacturers. 
for More Information Circle No. 589 

Matra Datavision Inc., Tewksbury, 
MA, has published a brochure de­
scribing Prelude/Solids, a sophisti­
cated solids modeling system for 
any industrial and mechanical de­
sign application. Priced at $3995, 
the system contains many features 
found in high-end systems, such as 
generation from profile commands­
including extrude, revolve, and 
sweep-and three feature-creating 
commands (pocket, solid fillet, and 
solid chamfers). 
For More Information Circle No. 590 

PLASMAClZE® composite coatings, 
comprising layers of ultra-fine ce­
ram ic particles infused with poly­
mers to enhance structural integrity, 
are described in a brochure from 
General Magnaplate, Linden, Nj. 
True composites of super-hard ce­
ramics, lower modules matrix mate­
rials, and dry lubricants, the coatings 
offer high corrosion, wear, and 
chemical resistance and can be used 
on most metals, including aluminum. 
for More Information Circle No. 591 
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A 128-page temperature measure­
ment and control catalog has been 
published by Cole-Parmer Instru­
ment Co., Niles, IL. Featured mea­
surement products include indus­
trial, wall-mount, and pocket bimetal 
thermometers; cryogenic monitors 
and probes; glass thermometers in­
cluding enclosed, NIST-certified, 
ASTM, and pocket models; infrared 
thermometers; and RTD, thermistor, 
and thermocouple meters, probes, 
and accessories. 
For More Information Circle No. 592 

Temperature sensors and probes for 
measurement, control, and compen­
sation are showcased in a catalog 
from YSllnc., Yellow Springs, OH.lt 
introduces the company's off-the­
shelf probes and provides an easy­
to-use chart listing such options as 
thermistor, lead style, lead length, 
and material. YSI thermistors pro­
vide high sensitivity and interchange­
abilities as tight as ±0.05 0c. 
For More Information Circle No. 593 

A catalog of precision motion con­
trollers from Galil Motion Control 
Inc., Sunnyvale, CA, includes PC, 
VME, and STD bus cards and indus­
trial packaged controls. Highlighted 
products include the DMC-100, an 
advanced PC bus motion controller 
featuring multiaxis linear and circu­
lar interpolation, electronic gearing, 
8 MHz encoder inputs, program 
memory, and programmable I/O. 
For More Information Circle No. 594 

Flexible ThermofoirM 

Heaters 

Aerospace • Medical instrumentation 
Commercial appliances • ProceSSing equipment 

FUNCTIO 

Put heat where you need it. Etched-foil heaters offer more power for 
faster warmup, greater uniformity, and unlimited design options. 
• Kapton, silicone rubber, polyester, • Power ratings to 110 W/in', 

and mica insulation for use as uniform or proftled 
high as 1100°F C593°C) • UL, ASA approvals 

• Integral sensors; complete assemblies 

7300 Commerce Ln. 
Minneapolis, M N 
55432·3177 USA MINCO 

PRODUCTS, INC. 

Phn: 6121571·3121 
Telex: 687·9025 
FAX: 612/571-0927 

Spring Loaded Teflon® Seals 

C 
Low Friction 

C 
Wiper 

HI-Pressure 

Q -320 - SSO'F 
Q Chemically Inert 
Q Uhra Low Friction 
Cl 10.10 torr -lOOk psi 
Q Sizes from 0.020 to n" 
Q Free Design Assistance 

Call or send for 
Free Samples and catalogs: 

Tel: 800-366-1006 or 714-557-5192 
Fax: 714-241-0185 

~ BAL SEAL ~ 
~ EHGIHEERIHGCOMPAHY,IHC. ~ 

620 WEST WARNER AVENUE, SANTA ANA, CALIFORNIA 92707·3398 

For More Information Circle No. 429 100 



MARKET_P_LftA~C~E~ __ ~~~ __ ~ 

• Connects to your PC printer port 
• Get up and runn ing in 10 minutes! 
• Only $460 for a complete dual axis sys. 
• Includes motors,driver,software ,cables 
• Includes Basic & C language libraries 
• Larger systems available, size 23 & 34 
• Integrate with data acquisition products 
• 30 Day money back guarantee 
• Positioning tables from $350 X,XY,XYZ 

l~~.':!.IE~J 
Free Information - Call Now 

Ph: (817) 571-~528 Fax: (817) 571-2317 
P.O. Box 1574 Hurst, TX 76053 USA 

NEW IBM®-compatible, 
high-performance analog 
and digital I/O boards! 

The RTI®-834IRTI-835 .. . 
they open data acquisition 
doors! 

Il ~~~~ 1-800-426-2564 

For More Information Circle No. 394 

New from 3M 
The Engineering Kit for Foil Shielding 
Tapes contains 3M's full line of foil 
shielding tapes in a compact dispenser 
box, making specifying and prototyping 
faster and easier. It is economically 
priced at $67.00, plus tax, shipping 
and handling. 

To order the kit, call your authorized 
distributor or call 1-800-328-1368. 

For More Information Circle No. 413 
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SM-4I20 STANDA RD FEATURES INCLUDE: 

• RUGGED RACK MOUNT CHASSIS WITH 
SLIDE GUIDES 

• 19" SONY TRINITRON TUBE WITH .JMM 
APERATURE GRILL PITCH 

' ANALOG RGBO.714V P-PVIDEO IN 
• HORIZONTAL SYNC: 30 TO 72 KHZ 
· VERTICAL SY C: 50 TO 120 HZ 
• AC INPUT 90 -230 V AC. 50 - 400 HZ 
' WEIGHT: 85 LBS. 19.25"' RACK HEIGHT 

FOR MORE INFORMATION CALL: 
IBI SYSTEMS I C" 

6842 NW 20 AVE. FT. LAUDERDALE . FL 33309 

Flexible Imaging Board 
for the PC/AT 

• 8 - 8000 Pixels per Line 
. 2 - 40 MHz Sampling & 

Display Rate 
. 4 or1 MB Image Memory 
• 6 Input Multiplexer 
• RS-170, CCIR, & Non­

Standard Video 
• Medical Video Capture 

,~g!lI~B · Hi-Res Camera Intertace R • Extensive Software 

3005 MacArthur Blvd 
Northbrook, IL 60062 
Tel 1708 4984002 
Faxi708 498 4321 

C I993 - EPIX. lnc .. U.SA 

Infnrlft;otin,n Circle No. 401 

Record,Playback,and 
Analyze at 500 MS/s 

With ESL's VP5000 
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 I/O 
• Embedded i860 processing and analysis 
• Flexible acquisition and playback modes 
High Throughput Solutions 
ESL A SubSidiary 01 TRW 
495 Java Drive, P.O. Box 3510 
Sunnyvale, CA 94088-3510 

For More Information Circle No. 433 

FREE! 
130 

Page 
Catalog 

"Optics 
for 

-... ___ ..-, .. Industry" 
Free 130 page product catalog from Rolyn, 
world's largest supplier of "Off-the-Shelf" optics. 
24-hour delivery of simple or compound lenses, 
filters, prisms, mirrors, beamsplitters, reticles, 
objectives, eyepieces plus thousands of other 
stock items. Rolyn also supplies custom prod­
ucts and coatings in prototype or production 
quantities, ROL YN OPTICS Co., 706 Arrowgrand 
Circle, Covina, CA 91722-2199, (81 8)915- 5707, 
FAX (818)915-1379 

For More Information Circle No. 491 

An Innovative Approach to Attaining 
"World Class Manufacturing 

Business Performance" 

Author Gunn puts for­
ward a new nine-step 
approach to develop­
ing and implementin9 
a future oriented 
manufacturing strat­
egy. From the com­
puter-inte9rated en­
terprise to the open­
ended quest for qual­
ity , Gunn's program 
reflects a breadth of 
vision his experience 
has brought him. 

Only $28.00 plus $5.00 for shipping and 

handling . NY residents add sales tax to total. 

Mail your order to: 
NASA Tech Briefs, Dept. F, 

41 East 42nd St., #921 

New York, NY 10017 

For credit card orders call (212) 490-3999 
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MAR K ETP LA C E To Advertise-Call (212) 490-3999 

Battery-Operated 
DAS for Field Tests 

than 3 pounds and AA-battery oper­
the DataFielder .... 200 is an extremely 

multi-channel system for the most 
IU CUIO'IIUIIIl: test and measurement needs. 

For More Information Circle No. 452 

High-Temp Ceramic 
Adhesives/Putties 
to 3200 Degrees F 

Aremco's high temperature ceramic 
adhesives/putties are unique asbestos­
free, inorganic based materials used to 
bond, patch, seal and fill ceramics, 
metals, glass, graphites and composites 
at temperatures to 3200 degrees F. 

ASK FOR FREE 
MATERIALS 
CATALOG FOR 
INFORMATION 
ON AREMCO'S 
HI-TEMP 
CERAMIC 
MATERIALS 

8E:lf Aremco Products, Inc . 
P.O. Box 429, Ossining, NY 10562 

Tel: (914) 762-06B5, Fax: (914) 762-1663 

For More Information Circle No. 386 

R&M Prediction 
and FMECA 

PSI software is packed with powerful fea­
tures such as user-friendly interface, a visi­
ble indentured assembly tree, pull-down 
and pop-up windows and superior report 
outputs. Optional enhancements are also 
available to increase software capability 
and expedite analyses. 

o Reliabilffy Predidion * MIl-HOBK-ZIlf/EI/F1 
o Ports Count Reliablily * MIL-HOBK·ZI1/E1 
OFMECH MIL-STD-/6Z9H MIl·HOBK·33H FMO·91 * MIl-STD-ZI65 * AMC.p 15()'Z 
o System Reliablily* MIl·STD-156H MIl-HOBK-338 
o Industrial Reliablily • * Bellcare TR·NWT-00033Z . 
o Mechanical Reliability * DTRC-90/0 10 '. 
o Maintainability * M/~HDBK-472 ' . 

PUI us 10 ilia last CallI .. a FREl DEMOI 

Cryogenic 
Microcooler 

Inframetrics' revolutionary microcooler is 
now available as a stand-alone component 
for advanced cryogenic aerospace, industrial 
and defense system applications. The 3 1/2 
x 3 1/4-in. microcooler weighs <O.66lb, 
including integral vacuum dewar. With its 
150-mW net cooling capacity, it will cool 
a 90-J mass to 77 K from arrbient in <4 
minutes, requir-
ing a 12 VDC 
input and con­
suming only 
3.0 W. It fea­
tures a docu­
mented 2000-hr 
MTIF. 

JJ, 
d~ 
-~ ... -""' 

~ - " 

.... "'" 
infralTletrics 
The IIfj, a,..,d Specialists 

16 Esquire Road 
N. Billerica , MA 01862 
Tel : 508-670-5555 
Fax: 508/667-2702 

For More Information Circle No. 402 

Sdt~'UJit 
The oil that 

creeps, 
... Plus silicone. 
SiliKroil creeps into 
millionth inch spaces, 
dissolves rust, lubricates 
and repels moisture. 

LOOSENS FROZEN METAL PARTS 

:-\ ~ ~ If you're not convinced 
~~L<l:-0~~ SiliKroil is superior, we will 
~ ~ refund your money. Send 

q'VO.;s $5.00 for 1 aerosol can (SiliKroil) 
~ to Kano Laboratories. 
,. Order Direct-not available in stores 

lAND LABORAT ORIES 
1 058F Thompson lane, Nashville, TN 37211 
Phone 615-833-4101· Fax 615-833-5790 

For More Information Circle No. 451 

SCSI 
10MB/sec & High Speed 

Differential Bus Extenders 
Converters il:e/bp'1!!!o,. -c::dx) 

For More Information Circle No. 415 

KVH C-100 Compass Engine 

Whethe.r your application involves pointing, aiming, or 
navigation, KVH offers a family of rate, tilt, and direcHonaJ 
sensors to meet your needs. The C-l00 is a versatile, minia­
turized, 0.5° accurate heading sensor which comes with 
menu driven configuration software and a variety of analog 
and digital outputs making it an economical solution for 
your demanding applications. 

KVH Industries, Inc. 
110 Enterprise Center, Middletown, RI 02840. 

Tel:(401)847-3327 

For More Information Circle No. 431 

C-PLC TM 
82891 
• New C Programmable miniature controller 
• Seven 10-bit analog inputs 
• Seven digital inputs 
• 1 O-bit DAC: voltage or current output 
• Twelve digital/relay driver outputs 
• RS-232/RS-485 serial ports 
• Enclosure with LCD/Keypad available 
• Expansion bus for additional, low cost I/O 
• Easy to use Dynamic e .... development 

software only $1951 

~TransparentOperation ~Nolossofdatathruput Z-World Engineering 
~ Plug-and-Go Installation 1724 Picasso Ave., Davis, CA 95616 

~ CompatiblewithSCSlstandard (916) 757-3737 Fax: (916) 753-5141 
!5!: :-~ PDWERTRDNIC 13700 o.elllotl1e .. Highway lIlI I!rmsonRd. PARALAN (6/91560-7266 24 hr. Information Service: (916) 753-0618 
::=---- New O,I .. ,.., l.uis~na 70129 SanIAego, CA <1<1 Fax 619-560-8929 (Call from your fax and request data sheet #24) 
iii -~ SYSTEMS, INC. 504·254·0383 fAX 504·25H193 92111 ----rr--

For More Information Circ le No. 438 For More Information Circle No. 435 For More Information Circle No. 454 L-____________________________ ~_______________ _ ____________ ~ ______________________________ ~ 
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MAHI\~ I t'LAlIt: 

200 Megaflops! 

QuadPute~·860 
The idelll ",Ilt/itlll for your DSP alld 
f(ellerlll Kiell tijic cOlllputillf( Ileetil... 
Fm m (Ille 10 eight Quae/Pit/en call be 
rull ill EISA B US lIlachille.l. willg our 

lIIulri-la.lJ..illg .IIJjtl1'lIre . prtll'ie/illg WI 

upper Jim it Oil PC ThmuglllJIIT of 1.6 

GigafloPI! Call 51i/i-746-734 I for 
Tedlll;cul illforlllatioll. 

Mlcroway' 
Research Pork, Box 79, Kingslon, Moss. 02364 

Phone: 50B·746-734 I Fox: 508-746·4678 

-
Ful/·ftOwrr. low-cosl Atomic Forn.o M1CroscOpt. hplorcr· .... oHm 
multipk probe- t«hmquG including rorcr modulatIOn. non-contact 
and 10ltroi forer. Ponoblt scan hwd (lin Dr ploud on large sampln. 
Includes f>O'\ocrful image display/dolo analysis SOrl\\-orc, Jnttgrol 
optical microscope. 486 \\OrkslOOon, X- Y translation stag<' For 

dOlO shul with dtswpuoo r----------:--, I 

ond sp,{I[IColions, coli !lopOtletrix! 
1·800-765·5067. . . 

For More Information Circle No. 479 

Ir fJll fJDDS liP! 
+0 llGKT RIPPLE 
+.25% IIEAL·TIME LIGHT FEEDBACK 
+ 114% I'R£CISIOH REGULATION 
+3%·100% VARIABILITY RANCE 

fOR MORE PLllSES ON 
LAMP CONTROllERS fROM 

(214) 690-6565, Fax: 690-USO. 

For More Information Circle No. 460 
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POSITIONS WANTED 
PhD candidate in materialsengineering, 
graduate summer '93. Synthes is, pro­
cessing, and manufacturing of ceramics, 
intcrmetalli cs, and composites. Experi­
ence: manufacturing environment; works 
meta II urgist/qua I it y assurance/techn ica I 
manager. Commercial/government pro­
gram management. Seek position in R&D, 
teaching, or technica l management. An­
drew Grebe, New Mex ico Tech. Tel. 
505-835-5595; Fax. 505-835-5630. 
Box number 53A 

M5 in chemica l engineering, MS in com­
puter science with strong scientific and 
instrumentation background. Experience 
with IEEE 488, RS 232, IEEE 802.x inter­
faces between Mac intosh, MS-DOS, and 
MS Windows computing systems. Work 
experience includes 13 years at SRI Inter­
national , three patents in diverse fi elds of 
chemistry, sensor technology, and elec­
trica l interfaces. Strengths inciudeC, C++, 
BASIC, FORTRAN, scientific visualiza­
tion and analysis, A OVA, ARIMA, least 
squares, and rea l-time filtering. 
Box number 54A 

Manufacturing engineer and manager. 
Broad experience in design, deve lop­
ment, and manufacture of highly engi­
neered products. Offer hands-on, cost­
effective, sophisticated manufacturing 
proces es including high-vacuum, high­
temperature ovens, system automation 
of manufacturing processes', and image 
process ing. Former manager of an ad­
vanced manufacturing department. Ex­
peri ence transcends many industri es 
(food , pharmaceutica l, commercial). 
Box number 55A 

Seeking position in lightwave communi­
cation s/systems engineering. BS, MS in 
physics. 1 0+ years experience in electro­
optic device/system research. Familiar 
with high speed (> 1 Gb/s) digital tran s­
mission and switching, optical fiber de­
vices (remote sensing), and RF instru­
mentation. Working knowledge of PC 
hardware/software and UNIX. Willing to 
reloca te. Tel. 908-949-8726. 
Box number 56A 

Senior ElM des igner w ith a degree in 
mechanica l engineering. One year of 
AutoCAD 10 drafting. DeS igner of elec­
troni c and machined mechanica l prec i­
sion parts. Hands-on experience using 
electroni c test equipment and operating 
machine shop machines, and precision 
measuring tool s. Designed castings, 
forgings, weldments, sheet metal enclo­
sures, vacuum and pressure vessels. In­
ventor with several engine patents. 
Box number 57A 

BSME graduate seeking position in ro­
botics or computer programming. Strong 
interest in autonomous robotics. Experi­
enced in applica tion programming, cir­
cuit des ign, and hardware/software inte­
gration. Versatil e, quick learner. UNIX, 
C, Objective-C, Pasca l, DOS, assembler. 
Excellent writing skills. Tel. 609-258-8930. 
Box number 58A 

Project engineer, BS, MS, PhD in electri ­
ca l engineering. 12 years in optoe lec­
tronics component development: diode 
lasers, LEOs, photodetectors. Ability to 
move between research and manufac­
tu ring, and to move products from con­
cept to market. Organizationa l, analyti ­
ca l, problem solving experience. Proven 
record as team leader/ budget manager. 
80x number 59A 

Young, energeti c mechan ica l engineer­
ing PhD seeks entry- level opportunities 
in experimental fluid dynamics research. 
Industri al and university research experi ­
ence wi th laser-based diagnostic tools 
(lDV, PIV, etc.) in high-speed flows . 
Strong general background in thermal 
sc iences. Excellentcommunication skill s. 
Looking for exciting work in stimulating 
environment . 
Box number 60A 

Highly experienced, mot iva ted profes­
sional engineer w ith PhD in metallurgi­
ca l engineering. Seeking staff augmenta­
tion/contract work with companies need­
ing assistance in the documentation, 
analysis, and preparation of reports for 
R&D programs, in-service inspections, 
proposa ls, or other technica l projects. 
Has consistently demonstrated abilities 
to so lve a wide range of technica l prob­
lems, analyze voluminous and complex 
data using statistica l methods, and to 
communica te result s. 
Box number 61 A 

M S honors graduate in materials engi­
neering looking for an entry leve l posi­
tion in materials research lab. Experi­
ence in intermeta ll ics, combustion syn­
thes is of materi als, and shock loading. 
Use and ca re of SEM, DTA and fami liar 
with ES&H issues in lab. 
Box number 62A 

PhysiCist/engineer with 11 yea rs in sen­
sor and measurement appli ca tion and 
R&D. Project director/ principle investi ­
ga tor responsible for physics, electroni c, 
mechanica l and software aspects from 
concept to market. Applied acousti c, 
opti c, electromagneti c and nuclear prin­
cip les to diverse prob lems. BS EET, math , 
phy ics, seven US patents, two patents 
pending, publi cations, Engineering In­
novation Award , 1988. 
Box number 63A 

Ph.D in biomedica l engineering. Six years 
of experience in research. Interested in a 
position related to model simu lati on of 
oculometer system, vision computation, 
biomedical signal processing, and bio­
medical instrumentation. Experience in 
electronics ckt, computer languages (For­
tran, Basic, 8086-based Assembly, and 
MATLAB) and hardware, U IX, PC-DOS, 
and statistics. Tel. 908-463-3883. 
Box number 64A 

Graduate profess ional architect with reg­
istration in two states and NCARB mem­
ber. Have 20+ years of experience in all 
phases of des ign: administration, client-

To submit an ad for inclusion in this co lumn, send a copy of your 
resume and a 50-word summary to : NASA Tech Briefs, 41 East 
42nd St. , New York, NY 10017, AnN : Gregg McQueen . 
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architect relationships, codes, construc­
tion , speC ifi cation writing, costestimates, 
production drawings and market ing. 
Worked extensively in industrial projects. 
Oil, plasti c, paper and pulp, research 
labs and project management. Des ire 
growth position, will relocate. 
Box number 65A 

Senior manager with 25 years hands-on 
development of m icroprocessor electron­
ics and software for magnetic peripheral, 
imaging, printing, and medica l products. 
Experienced oncurrent engineering with 
emphasis on marketing and manufactur­
ing implementation. Strong technica l 
skill s, excellent moti vator, and demon­
strated capac ity to manage diverse de­
ve lopment programs. 
Box number 66A 

Seeking a marketing or manufacturing 
position in the electro-optiCS industry. 
Over 20 years experience in both sa les 
and manufacturing of high reliability 
components. l S years in worldwide sa les, 
five yea rs as sa les manager, two years as 
product manager. Strong skills in appli­
ca tion , technica l writing, customerrela­
tions, and defining and locating new 
business opportunities. Willing to trave l 
but not relocate from the Boston area. 
lames M . Melnyk, 26 Harri son Ci rcl e, 
Rowley, MA 01969. Tel. 508-948-7278. 
Box number 67A 

Material /metallurgical engineer. Ph.D 
in metallurgy. Experience in materials 
election, te ting, product development 

and specifying manufacturing processes. 
Experti se in fai lure analysis, corrosion 
control , quality control hea t treatment, 
we lding, structure/propertiescorrelation, 
ferrous and non-ferrous alloys. Several 
publica tions. Seeks senior level position 
in R&D or manufacturing. 
Box number 68A 

Lead mechanica l design engineer on both 
large and small production systems. 12 
years experience in des ign, manufac-

ture, and test of mechanica l/electri ca l 
systems. Des ign experi ence includes 
hydraulic systems, sophisti cated mecha­
nisms, and electronic packaging. Ski lled 
in structural analysis and des ign incorpo­
ratingTolal Qua lit y principlesand manu­
facture capability concepts. Proficient 
on IBM PC operating systems (DOS, 
U IX) and software packages, FOR­
TRA ,C, and BASIC programming. 
Box number 69A 

Graduate engineer wi th MS. 35 years of 
experience in structural ana lysis and 
test-stress, dynamics, material design. 
Very successful. I reli sh the di fficult prob­
lems. Highly innova ti ve, team-oriented, 
resourceful, se lf-moti vated. Good com­
munication ski ll s. Much published. eek­
ing small manufacturing company doi ng 
high tech R&D. Independent of govern­
ment business. Willing to reloca te. 
Box number 70A 

High honors BSME graduate. Experience: 
mechan ica l design and thermal design. 
Currently deSign, spec ify, order, and in­
ventory mechanical and electri ca l com­
ponents. Strong sk ill s in stress ana lysis, 
thermal analysis, and computer app lica­
tions including AutoCAD, SD RC (so lid 
modeling), Lotus, and Exce l. Five yea rs 
experience as an auto mechanic prior to 
graduation. Registered EIT (State of Illi­
nois). Willing to relocate. Day tel. 708-
938-0039; Eve. tel. 708-360-8590. 
Box number 71 A 

Po lymer chemist w ith extensive experi ­
ence in appl ica tions developmen t, for­
mu lation, compounding and proces ing 
of rubber and plasti c materials. Materials 
include: natural rubber, polyisopropene, 
EPDM, nitrile, fluorocarbon , sili cone, 
epichlorohydrin, TPE and engineeri ng 
thermoplastics. Process equipment ex­
per ience: intern al mixers, extrusion, 
ca lendaring. Rh eo logy test instruments: 
rheometers and viscometers. Willing to 
travel/relocate. Ava ilable immediately. 
Box number 72A 

To Request Resumes: 

• • • • • • • • • • • • • • 

To obtain resumes corresponding to the above 
Positions Wanted Ads, f ill out this form and mai l 
to : NASA Tech Briefs, 41 East 42nd St. , New York, 
NY 10017. ATTN: Gregg M cQueen, or ca ll 1-800-
944-NASA and ask for Gregg M cQueen. 

Send resumes for the fo llowing box numbers {limit 5): 

Box ___ _ Box ___ _ Box ___ _ 

Box ___ _ Box ___ _ 

Name: _________________ ___ 

Company Name: _____________ ___ 

Street Address: 

• • • • • • • • • • • • • • 
• City/State/Zip: • 
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STEVENS 
URETHANE 
TUBING 
TAKES YOUR 
DESIGNS 
TO GREATER 
LENGTHS 
Specify Stevens urethane 
tubing for flexibility, kink­
chemical- and tempera­
ture- resistance, a range of 
durometers, colors and 
unique configurations. Let 
us show you how you can 
design for high pertor­
mance applications with 
Stevens urethane tubing. 
Cali today for our free 
brochure. 

JPS Elastomerics Corp., 
Urethane Products Division 
395 Pleasant Street, Northampton, MA 01060 
Tel: (413) 586-8750 FAX: (413) 584-6348 

For More Information Circle No. 495 

POWER UP, 
or Down! 

Ace/DLYse Powe,C,Pfindel'S 

• The ideal substitutes for hydraulic 
actuator systems. 

• Clean efficient electric linear motion. 

• Broad range of speeds. 

• Load capacities from 1/4 to 20 tons. 

• Self contained integral limit switches 
and overload safety devices. 

For our new FREE DESIGN GUIDE, 
engineering counsel, or for a prompt 
quotation, caIi1-S00-321-7S00, 
fax (216) 461-4669 or write to: 

Nook Industries, Inc. 
23200 Commerce Park Road 
Cleveland, Ohio 44122 

NOOK . ..THELINEARMOTIONPEOPLE 
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For More Information Circle No. 463 

THE TECHNOLOGY CONNECTION 

To Advertise Call (800) 944-NASA 

NASA's 1993 
SPACE STATION 

FREEDOM 
UTILIZATION 
CONFERENCE 

June 21-24.1993 

San Francisco Hilton 
San Francisco, California 

Learn about past accomplish­
ments, present activities, and 
future plans in space-based 

science and technology 
development. 

For more infrmnntion 
Call 800-933-2089 

or FAX 202-863-8407 

TechlWlog TNu .. /er 
Publieatl ... 

Are You Serious About 
Technology Transfer? 

If so, you'll profit from Technology Access 
Report, the leading Independent, practical 
newsletter in the field. Technology Access 
Report will help you master the process 
and increase yourretums from technology 
transfer. You will find licensing and spinoff 
opportunities from universities and federal 
labs, for all industries and technologies. 

Special Offer:-order 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 $50 towards 
your subscription (regularly $447 for 
12 monthly issues) 

• All for just $9.95 (AmexlMCNisa, 
cash or check) . 

call HIOOI959-1059, fax 51 (lI549-4342 or 
write to TechnologyAccess Subscriber Ser­
vices, P.O. Box 2189, Ber1<eley, CA 94702 

NASA Tech Briefs, ISSN 0145-319X, USPS 
7f1J{)70, copyrigltC 1993 in U.S., is published 
monthly by Associated Business PubflCations 
Co., Ltd., 41 E. 42nd St., NewYcx1<, NY 10017-
5391 . The copyriglted information does not 
include the (U. S. rights to) individual tech briefs 
which are supplied by NASA. Editorial, sales, 
produdion and circulation dfioes at 41 East 
42nd Street, NewYcx1<, NY 10017-5391 . SIb­
scr1>tion for I1OfHlI.JaIiIie subscribers in the 
U.S., Panama canal Zone, and Puerto Rioo, 
$75.oofor 1 year, $l25.oofor 2 years; $200.00 
for 3 years. Single copies $10.00. Foreign sub­
scriptions one-year U.S. Funds$l50.OO. Rem~ 
by check, draft, postal, express 0Iders or VISA, 
MasterCard, and American Express. Other re­
mittances at sendel's risk. Address all oornmu­
nica1ionsfor~orcircuiationtoNASA 
Tech Briefs, 41 East 42nd Street, New Y cx1<, NY 
10017-5391. 8ec:xJncH:Iass postage paid at 
New Ycx1<, NY and adcitionaI mailing dfioes. 

Technology 2002 
Conference Audiotapes 

Discover the latest inventions 
developed under the governmen~s 

multi-billion dollar researcb budget. 
Choose from se sions on 

manufacturing, materials, biotecb, 
computing, and other critical 

technologies. 

For complete ordering information, 
call (212) 490-3999 

or write to: 
Associated Business Publications, 

41 East 42nd St. #921, 
New York, NY 10017 

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 

US Dept. of Agriculture 
Alternative Agricultural Research 

lie Commercializ.ation (AARC) Center 

SEEKS 
PROPOSALS 
using animal byproduas, crop, 

and forestry material to manuf..cru~ 
industrial (non-foodInon-fe<d) productS. 

For mort informatum ronlllCt: 
USDA - AARC Center 

Cotton Anna 
2nd Aoor Mez:z.anin. 

14th lie Independence Ave., SW 
Washington, D.C. 20250.0400 

Fax (202) 401-6068 

POSTMASTER: please send address changes to NASA Tech 
Briefs, 41 E. 42nd Street, Suite 921 , New York, NY 10017-5391. 
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Which sealing problem is 
most like yours? 

lbe ti -est seal far a 
mlcromi labare application - Apple 
Rubber MicrOrings;M are available in over 
1,000 sizes, including .008" 1.0., the world 's 
smallest O-ring. 

prototypes needed yesterday -
Apple Rubber custom-engineers prototype 
seals and shapes, drastically reducing 
development time which allows for 
delivery in days. 

A custom seal willi a most unusual 
shape - Apple Rubber can provide any 
custom molded shape specifically for your 
application, from the most exotic seal to 
microminiature shapes. 

Hard-to-lind oversized 0-rin15 -
Apple Rubber MacrOrings'~ are 
manufactured up to 800" 1.0. and larger, to 
hold 1.0. tolerances equal to or superior to 
traditional , molded large O-rings. 

A composite seal desil ed lor 
your specifications - Apple Rubber 
custom-designs composite seals, including 
the most complex parts such as rubber­
bonded-to-metal. 

Standard or metric O-rinl sizes 
delivered rilht away - Apple Rubber 
stocks the largest inventory of O-rings in 
the industry, delivered fast, direct from the 
manufacturer. 

Apple Rubber solved them all. 
Apple Rubber can solve your sealing problems, from 

the most complex to the more conventional. From 
design and prototyping, through manufacturing to 
certification, we've got the expertise, products and 

services to deliver virtually any seal for any application. 
For more information, including a free copy of our 
capabilities brochure, call us at (716) 684-6560, 
fax (716) 684-8302, or write Apple Rubber Products, 
310 Erie Street, Lancaster N Y 14086. 

APPLE RUIIER PRODU[TS In[. 
TN The Sealing Solutions Company 

1-800-828-7745 
For More Information Circle No. 526 



Hyper signaJ for Windows Block Diagram Application Version 2.0 

.Mode Qisplays .External 110 .Qptions 

.Edit .search 

QPSK . C 
Auto-Generated wIth Hyperslgnal-Wlndows C-Code Gener 
Author : C-CODEGEN U1.91 

Hypersignal® for Windows Block Diagram V2.0 
Advanced Object-Oriented Simulation Software under the 

Microsoft. Windows'" Operating System 

• Visually Programmed Simulation Environment for 
algorithm simulation and development 

• Optional C Code Generator available for outputting 
'C' source code 

• Open Software Architecture with Presentation 
Quality Graphics 

• Real-Time support of DSP/Acquisition Boards 

• New Blocks may be created using standard C 
compilers 

For More Information Circle No. 512 

- - -- -- ------------- ------ ------------- ------- ---- -- - - ---- -- ---- ---- --- - -- -- -- ---- ---- --- - --- --- -- -- -- ------- ---------- - ----- ---- ------- -

• New Block Generator utility for automating the 
creation of user-defined blocks 

• Software architecture allows for many digital signal 
processing (DSP) applications including multi­
dimensional algorithms 

• Hierarchical Capability simplifies project design 

• Improved conditional programming blocks 

• Flexible interface to allow virtually every algorithm 
application from classical telecom applications to 
Digital Image Processing 

For more in/ormation, including Free Catalog 
and Demo, contact: Hyperception, Inc. 

- - - 9550 Skillman LB 125 • Dallas, Texas 75243 
Inter-national Distr'ibutors: phone (214) 343-8525 • fax (214) 343-2457 

AUSTRALIA - ElectnJ Optics PTY, LTD.; phone +61-2-654-1873; FAX +61-2-654-1539, • BENEWX - lnelco Components; phone +32-2-
244-2924; FAX +32-2-21S4606, • DENMARK · Assentaft E1ectnJnics; phone +4&8S-16-29-26; FAX +4&8S-16-20-1 2 , • FINLAND ­
m ; phone +358-90-739100; FAX +358-90-701 -5683, • ISRAEL IES, LTD.; phone +972-3-7526333, FAX +972-3-7510927, • 
KOREA - Semi Enterprise Co.; phone +82-2-237'{)872; FAX +82-2-237'{)874, • SINGAPORE - Bliss Services PTE LTD.; phone +65-
3381300; FAX +65-3381900, • TAIWAN, ROC - Exartech Intemational Corporation; phone +886-2-977-6828; FAX +886-2-977-6829, 
• UK, IRELAND - Loughborough Sound Images, LTD.; phone (OS09) 231843, n.x 341409 WFBRA G. FAX (0508) 262433. 

© 1993 Hyperception, Inc· Printed In USA4'£.-
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