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• # 1 Instrumentation software 
for PC-based acquisition 
- Sensors and Personal Engineering 
and Instrumentation News 

• Customizable data acquisition 
environment for rapid 
applkation development 

• DAQ example navigator to 

• 

easily create your applications ~,.... ..... ~~ ........................ ~ .... __ ... '"I 

Designed for Data Acquisition 
Introducing LabVIEW 4.0 - our most innovative data 
acquisition (DAQ) software package ever. It's easy to use, 
yet versatile enough to handle your most demanding data 
acquisition and analysis applications. 

Designed to Simplify DAQ System Development 
LabVIEW 4.0 features a complete graphical DAQ 
development environment, integrating all of your 
acquisition, analysis, and presentation needs into a single, 
easy-to-use package. To meet your diverse application 
requirements, LabVIEW is available on Windows NT, 
Windows 95, Windows 3.1, Macintosh Power PC/68K, 
Sun Solaris, and HP-UX. 

Designed for Productivity 
Now, with LabVIEW 4.0, you can be even more productive. 

that you have all the performance you need when you're 
displaying, analyzing, and logging data to disk. 

Designed for Industry-Standard Connectivity 
Using LabVIEW 4.0, you can acquire data from the 
industry's widest selection of plug-in and external data 
acquisition and signal conditioning devices, taking 
advantage of technologies like PCMCIA for portable 
applications and PCI for high-speed benchtop systems. 
You can rapidly develop distributed DAQ systems through­
out your organization using built-in OLE automation, DOE, 
TCP/IP, and SQL database calls. 

If you want to learn more about the leading DAQ software 
package, give us a call. LabVIEW 4.0 - it's not just 
designed for data acquisition - it's Designed for You. 

Time-saving editing and debugging tools 
make developing DAQ applications even 
easier than ever before. And, the opti­
mized 3Z-bit graphical compiler ensures 

NATIONAL 
INSTRUMENTS~ 

Call (800) 433-3488 today 
for a FREE LabVIEW 
demonstration package. 

The Software is the Instrument" 
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Actually, you do have to be a rocket scientist to appreciate it. 
Introducing the Fujitsu;" HALstation '" 300 Series. 
A system that can do in hours what others would be 

lucky to accomplish in days. 
We're not suggesting that using the HALstation 300 

will get you the Nobel Prize - but it will get you in the 
running that much faster. 

After all. we're talking about the world's first 64-bit 
SPARC'"/Solaris - compatible workstation. An environ­
ment that can blow right past 32-bit workstations as if 
they were standing still. 

our very own SPARC 64/0S'" 2.4. An OS capable of mak­
ing your existing applications fly. 

One that's so compatible, we guarantee it'll run 
your favorite Solaris programs, or your money back. 

Here's something else to consider. Responsive ser­
vice and support. We've got it where the other SPARC 
environments don't even come close. 

The HALstation 300 Series. It may not be the normal 
way to work, but it's probably the ideal way for some­

body with a sizable I.Q. like yours. 
Don't be normal. Call today for 

more information, 1-800-425-0329. 
At the heart of the system is the first 

64-bit implementation of Solaris 2.4, 
Not yOuR .~; Mal WOrk sTatiO N. Or http://www.hal.com/ 
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Now TestEquity is line 
with a brand new cyb clog 
filled with today's latest arrivals 

& sale priced specials. 

• New Tektronix & Fluke equipment in stock. ready to ship today 

• ReNewed - the highest grade of used test equipment. now 
with a One Year Warranty on most items 

• We also buy test equipment; FAX your list to 1-800-272-4329 

• For a free catalog, to sell your equipment. or to find out 
more about TestEquity call 1-800-455-3457 

TeSTEQUITY 
TestEquity Inc. 2450 Turquoise Circle, Thousand Oaks, CA 91320 . 805-498-9933 . Fax: 805-498-3733 
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PC CAD 
limited funclionolily- will /urn )-OU 

green and make )-OU crook. 

1975 
Primitive drafting 
on mainframes. 

Old. big. skMt and headed for exlinclion, 

· .. 

Parametric 
PCYoNerfuI modeling for the specialized U5e/: 

Infeffoce ron drive )-OU bananas, 1996 

SoIidWorks 96 
PCYoNerfuI modeling for the mains~eom U5e/: 

Native Windows, Loves Ia.N cosI hardware, 

Meet SolicIWorks'" 96. 
the highly-aclvanced 3D production solid modeling software. 
SolidWorks 96 is excepfionalfy easy to use and affordable, yet powerful 

enough to compete with specialized high-end systems, In fad, we've already 
earned six of the industry's most coveted awards, Which suggests that selecfing 

SolidWorks 96 far your organization is a most inlelligent decision. 

SolidWorks 96 is available on fast, affordable workstations including 
Digital\; Pentium, Pentium Pro and Alpha systems. All providing unprecedented 

price/performance on the Microsofl!' Windowsl® pla~orm . 

"We are canvinced that SoIidWorks will have the most significant 
impad on the mechanical design market in nearfy a decade." 

- David E. Weisberg, Engineering Automation Report 

For More Information Write In No. 575 
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Two FIA-18 Homets collided during an April 22, 1996 training 
mission about 35 miles from the North Carolina coast, damaging 
the nose-cone, right engine, and canopy of one of the planes. In 
this case, both pilots were able to control their aircraft and land 
safely; the results of many such crashes are not as favorable. 
Neural net software being developed by NASA's Ames Research 
Center may help pilots cope with this kind of damage. For more 
on the software, see NASA NewsBriefs on page 24. 

Photo courtesy of Ames Research Center 
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BUSY TAPE STATUS -. . . ----

The CY-8000 is available in a single 
or multi-drive desktop, rack mount, 
or tape library configuration. Capacity 
extends from the 25 G8 single drive 
to up to 15 T8 with our fully loaded 
120-tape library. 

Plug Compatibility With: 
AIliant 
Alpha Micro 
Altos 
Apollo 
Arix 
AT&T 
Basi04 
ConCUlT8llt 
Convergent 
Data General 
DEC 
GouI~core 
HP 
IBM 
ICl 
Intwgraph 
Macintosh 
McDonnell 

Dougill' 
Motorola 
NCR 
NeXT 
Novell 

OS/2 
PS/2 
Parallel Port 
PC 
Pertec 
PICK 
Plexus 
Prime 
Pyramid 
Sequent 
Siflc:on 

Graphics 
STC 
Stratus 
SIBt 
Tex8$ 

Instruments 
Unisys 
Ultimata 
Wang 
Windows NT 
-and more 

Save 25 GB to a single tape at 3 MBS. 
Boost capacity to up to 125 GB and speed to 9 MBS with optional Data Compression. 

With the CY-SOOO Smm tape subsystem, you'll not only get tremendous capacity 
in a compact, 3.5" form factor, but you'll also be able to use AME Smm tapes, the 
strongest, hardest tape media available - suitable for 20,000 uses. What's more, 
the CY-SOOO features a self-cleaning mechanism that virtually eliminates the need for 
head cleaning cartridges. 

With breakthrough developments in form factor, capacity, media reliability, and 
convenience, the CY-SOOO is fast becoming the solution of choice for demanding 
backup and storage applications. 

Multi-drive configurations can take advantage of the Advanced SCSI Processor, 
providing maximum flexibility with five recording modes: 

Striping Mirroring Cascade Independent Offline 
Write data to Write the same Automatically Write data to CopyNerify 
multiple tape data to multiple write to the next one drive and Make duplicate 
drives at once, tapes to add fault tape when the restore with tapes for off-site 
to maximize tolerance and previous tape another. storage or data 
throughput. make duplicate is full. exchange without 

tapes. tying up the host. 

Other options include Data Encryption to protect confidential data, Accelerated File 
Access to speed file restore, the Digital Data Recorder interface which allows you to 
write directly to tape from instrument recorders, and our Robotic Control Software which 
gives you hands-free control over any of our tape libraries. 

Plug compatible with virtually every type of computer system, the CY-SOOO features 
a two year warranty and free telephone technical support. Small in size but massive in 
performance, the CY-SOOO is the Smm tape subsystem you've been waiting for. 

(804) 833-9000 
111 CybernetICS w~ • Yorktown, Virginia 23693 • Fax (804) 833-9300 

For More Information Write In No_ 636 
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Repairing Welds With Friction­
Bonded Plugs 

Measurements of light intensity, color spectra, and other 
variables provide objective indicators for judging the perfor­
mance of video displays. George Jones, a physicist with the 
National Institute of Standards and Technology (NIST) in 
Gaithersburg, MD, positions a flat-panel television set with­
in a two-meter-wide hemisphere used in making such mea­
surements. NIST will be displaying this and other technolo­
gies at Technology 2006, October 29-31, 1996 in Anaheim, 
CA. A preview of exhibitors begins on page 28. 

Photo courtesy of NIST 
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For Information on Finite Element Design and Analysis 

Stop by Our Place 

Algor's Internet Home is the fastest way to find out about: 

Houdini: CAD/FEA Integration with 8-node "Bricks" 

Finite Element Design and Analysis Software 

Plant and Piping System Design and Analysis Software 

Multimedia Products for Engineers (books, videos, etc.) 

Speed-Mesh: CAD to 8-node "Brick" Modeling Service 

Algor Education Seminars 

For More Information Write In No, 525 

When you visit you can ... 
• Learn more about FEA, whether you're 

a novice, or a "guru' 

• Download free software - real software, 
not just demos 

• Find the information you need fast with 
Algor's Magellan Search Commander 

• Compare notes with other engineers 
through Algor's application illustrations 

• Try your hand at a variety of verification 
problems 

• Get the latest update and new product 
information for Algor customers 

• Communicate directly with Algor sales, 
engineering and development people 

• Do something new every time you 
return 

E iI 'n o@ 9 r.col1' 
Phone: +1 (412) 967-2700 

Fax: +1 (412) 967-2781 





The new HP VISUALIZE 

workstation with 

PA-8000 performance. 

The longer you have to wait 

JO'r your 11Xn~tation, the longer 

it takes to get your product to 

market. But witlL ow' new line 

oJHP VISUALIZE workstations, 

you can have blind:ingly fast 

access to information as you 

visually navigate through 

data, no matter where it resides 

in your organization. These 

wO'rkstations let you and your 

colleagues work simultaneously 

in real time from different 

locations. In fact, seamlessly 

and quickly connecting people, 

processes and information 

across your virtual enter­

prise is the hallma1'k of our 

HP V I UALIZE woricstation 

line. So why wait? Visit us at 

www.hp.cmn/golwO'rkstatiO'ns. 
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GRAPHICS 
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RGB/Videolink-
VIDEO SCAN CONVERTERS 

Up to 1600 x 1280 pixel input 

Analog output / NTSC, PAL S-Video, CAV 
Digital output / CCiR 601 Flicker filter 

Autosync Video overlay Pan & Zoom 

Simple external connections 

~. 
~L§Jm • SPECTRUM-

A visual communications company~ 

950 Marina Village Parkway Alameda, CA 94501 
Tel : (510) 814-7000 Fax: (510) 814-7026 

12 For More Infonnatfon Write In No. 400 

NI\SI\ Tech Briefs WI!e8 MP 

Published by ................ ......................................... Associated Business Publications 
PresidenVChief Executive Officer ........................................................... BiII Schnirring 
Publisher ................................................................................... Joseph T. Pramberger 
Chief Ed~or ................................................................................................ Unda L Bell 
Ed~or, Federal Lab Tech Briefs ................................................................ Robert Clark 
Production Manager ............................................................................... Donna Pituras 
Advertising Coordinator .......................................................................... Margery Koen 
Art Director ............................................................................................... Lois Erlachsr 
ProducUon Arnst ....................... .................................................................. Brian Edgar 
Circulation Director ....... ........................................................................ Marlin J . Horan 
Assistant Circulation Director ............................................................... ...... Lori Coppin 
TelemaJ1<eting Specialist ............................................................................ Evelyn Mars 
Assistant to Reader Service Manager .............. .................................. Oamiana Garcia 

BRIEFS & SUPPORnNG UTERAnJRE: Written and produced for NASA by 
Advanced Testing Technologies, Inc., Hauppauge, NY 11788 
TechnicaVManaging Editor ........................................................................ Ted Selinsky 
Sr. Technical Analyst ................................................................... Or. Larry Grunberger 
Art Manager ........................................................................................... Eric Starstrom 
Administrator/Chief Copy Editor .............. ............................................... Greg Galitzine 
Staff Writers/Editors .............................................. Dr. Theron Cole, George Watson, 

Howard Falk, Gail Pyke 
Graphics .......................................... ...................... .................... ..... ....... Robert Simons 
Editorial & Production .......... ............................. Joan Schmiemann, Caroline Weaver 

Becky O. Bentley 

NASA: 
NASA Tech Briefs are provided by the National Aeronautics and Space 
Administration, Technology Transfer Division, Washington, DC: 
Administrator ......................... ... ............ ...................... ........... .............. Daniel S. Goldin 
Director, Commercial Technology ...................................................... Robert Norwood 
PublicaUons Director ......................... ....................................... ........................ Carl Ray 

ASSOCIATED BUSINESS PUBLICATIONS 
317 Madison Avenue, Suite 921, New York, NY 10017-5391 
(212) 490-3999 FAX (212) 986-7864 
PresidenVChief Executive Officer ........... ................................................ BiII Schnirring 
Executive Vice PresldenVChief OperaUng Officer .................... Oomenic A. Mucchetti 
Treasurer ...... ...................... ................... ............ .. ...................... Joseph T. Pramberger 
CredWColiection ............................ .............. ................... .......... .. ........ .. ... Felecla Lahey 
Staff Accountant ................ .... ....................................................................... Larry Ouze 
Director of Marketing/New Business Development .......................... George L OeFeis 
Trade Show Director ........... ... ............................................................... Wendy S. Corvi 
ExhibiUon Sales Manager ........................................................................ Wayne Pierce 
Exhibition Sales RepresentaUve ............................................................ Joanna Upton 
Trade Show Coordinator ........................................................................ Tracy A. Wenz 
Human Resources Manager ............................................................. Lourdes Del Valle 
MIS Manager ............................................................................. .. ........... Ted Morawski 
Assistant MIS Manager ................................................................................... Pak Tong 
MIS Data Entry .................. ..................... .. .... .......... .......... .......... ....... Roxanne Portella 
Office Manager ........ ................................... ............................. ...... ......... Sytvia Valentin 
Mailroom Operations ............................................. Alfredo Vasquez, Rose O'Addozio 
Adminislrative Assistant ...................................... ...................... ......... Christine Saluzzi 

NASA TECH BRIEFS ADVERTISING ACCOUNT EXECUTIVES 
Headquarters ....................................................................................... . (212) 490-3999 
NY, NJ (Area Code 201), Eastern Canada .............................................. John Waddell 

at (212) 490-3999 
PA, DE, NJ (Area Code 908, 609), VA, DC, MD, WV ........................... ....... Tara Morie 

at (610) 640-3118 
Eastem MA, NH, ME, RI .... ... .................................... Paul Gillespie at (508) 429-8907 

Bill Doucette at (508) 429-9861 
Westem MA, CT, VT ............................. .................................................. George Watts 

at (802) 875-3310 
Southeast, South Central ............. ....................................................... Robert Hubbard 

at (910) 299-7754 
OH, MI, IN, KY ............................................................................... ..... Louise Clemens 

at (216) 397-7477 
II.. WI, MO, lA, MN, ND, SD, NE, KS, Central Canada ......................... Melinda Mead 

at (312) 296-2040 
N. Calif., CO ............ ................. .. ............ ...................... ... ....................... ....... BiII Hague 

at (408) 730-6800 
WA, OR, ID, Mr, WY, UT, Westem Canada .......................... BiII Madden; Bill Hague 

at (206) 858-7575 
S. Calil., AZ., NM, NV (For NASA Tech Briefs) ............ ... ................ ...... Blake Dahlgren 

at (310) 288-0391 
S. Calij., AZ., NM, NV (For Federal Lab Tech Briefs) ..... Richard Ayer; Jane Hayward 

at (714) 366-9089 
Japan .................................................................................... ........................ .Aklo Saijo 

at 03 (5691) 3335 

How To Reach Us On Line 
NASA Tech Briefs home page: http://www.nasatech.com 
Letters to the editor: ntb_edit@interramp.com 
To find out about advertising opportunities: 
ntb_advertise@interramp.com 

NASA Tech Briefs, September 1996 



GET RESULTS QmCKER 
Immediately gain insight from your 

data with IDL, the pioneering software for 
interactive analysis and application develop­
ment. If you analyze data from tests experi­
ments, imulations or images - or write 
applications for others to use - IDL will give 
you clear results faster. 

IMPROVE YOUR PROD CI1VITY 
Dramatically improve your productivity 

using IDL for visual data analysis rapid 
prototyping, or application development. 

othing else provides the speed, flexibility, 
and breadth of built-in functions for access, 

manipulation, and di play of scientific and 
engineering data. 

See results "on the fly" with integrated 
graphics, image proce sing, mathematics, 
and statistics. Quickly turn your ideas into 
powerful applications using IDL's high-level, 
array-oriented programming language and 
cro s-platform GUI tools. 

RED CE DEVELOP ffiNTTIME 
Only a few lines of ID L code can do the 

job of several hundred lines of C or Fortran. 
Plus, you can call function in other lan­
guages or link IDL to your existing C or 
Fortran applications. 

IDL programs are portable. You can 
deliver complete solutions on U IX, VMS", 
Windows, Windows NI, Macintosh, and 
Power Macintosh, while writing programs 
only once. 

So why waste time starting from cratch? 
Exploit IDL and find the answer - in less 
time, with less programming, and less hassle. 
For a free demo CD call 
303-402-4641 
info@rsinc.com 
http://www.rsinc.com 
Research Systems 
Software ., Vision.. 

Research Systems, Inc. 2995W11deroossPlace BooIderC080301 ~.786.9900 fAX303.786.9009 EllIaHlfo@rsloc.com • 8lWI. ~ 55513373891 • CHINA 3-I.BSjslemsPteltl. 86102610161 
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NASA 
Commercial 
Technology 
Team 

NASA's R&D efforts produce a robust supply of promising technologies with applications in many 
industries. A key mechanism in identifying commercial applications for this technology is NASA's 
national network of commercial technology organizations. The network includes ten NASA field cen­
ters, six Regional Technology Transfer Centers (RTTCs), the National Technology Transfer Center 
(NTTC), business support organizations, and a fu/f tie-in with the Federal Laboratory Consortium 
(FLC) for Technology Transfer. Call (206) 683-1005 for the FLC coordinator in your area. 

NASA's Technology Sources 
If you need further information about new technologies presented in NASA Tech Briefs, 
request the Technical Support Package (TSP) indicated at the end of the brief. If a TSP is 
not available, the Commercial Technology Office at the NASA field center that sponsored 
the research can provide you with additional information and, if applicable, refer you to the 
innovator(s). These centers are the source of all NASA-developed technology. 

Ames Research Goddard Space Johnson Space Langley Research Marshall Space 
Center Flight Center Center Center Flight Center 
Selected techno- Selected techno- Selected techno- Selected techno- Selected techno-
logical strengths: logical strengths: logical strengths: logical strengths: logical strengths: 
Fluid Dynamics; Earth and Artificial Aerodynamics; Materials; 
Life Sciences; Planetary Intelligence Flight Systems; Manufacturing; 
Earth and Science and Human Materials; Nondestructive 
Atmospheric Missions; LlDAR; Computer Structures; Evaluation; 
Sciences; Cryogenic Interface; Sensors; Biotechnology; 

Information, Systems; Life Sciences; Measurements; Space 

Communications, Tracking; Human Space Information Propulsion; 

and Intelligent Telemetry; Flight Operations; Sciences. Controls and 

Systems; Command. Avionics; Dr. Joseph S. Dynamics; 

Human Factors. George Alcorn Sensors; Heyman Structures; 

Syed Shariq (301) 286-5810 Communications. (804) 864-6005 Microgravity 

(415) 604-1919 ga/com@gsfc. Hank Davis j.s.heyman Processing. 

syed_shariq@qm nasa.gov (713) 483-0474 @/arc.nasa.gov Harry Craft 

gate.arc.nasa.gov hdaviS@gp101..jsc. (202) 544-5419 

Jet Propulsion nasagov harry.craft@msfc. 

Dryden Flight Laboratory nasa.gov 

Research Center Selected techno- Lewis Research 
Selected techno- logical strengths: Kennedy Space Center Stennis Space 
logical strengths: Near/Deep- Center Selected techno- Center 

Aerodynamics; Space Mission Selected techno- logical strengths: Selected techno-

Aeronautics Engineering; logical strengths: Aeropropulsion; logical strengths: 

Flight Testing; Microspacecraft; Emissions and Communications; Propulsion 

Aeropropulsion; Space Contamination Energy Systems; 

Flight Systems; Communications; Monitoring; Technology; Test/Monitoring; 

Thermal Testing; Information Sensors; High Remote Sensing; 

Integrated Systems; Corrosion Temperature Nonintrusive 

Systems Test Remote Sensing; Protection; Materials Instrumentation. 

and Validation. Robotics. Bio-Sciences. Research. Anne Johnson 

Lee Duke James Rooney BiJlSheehan Ann Heyward (601) 688-3757 

(805) 258-3802 (818) 354-2240 (407) 867-2544 (216) 433-3484 ajohnson@ 

duke@iouie.dfrf. james.a.rooney billsheehan-1@ ann.o.heyward@ wpogate.ssc. 

nasa.gov @jpl.nasa.gov ksc. nasa. gov lerc.nasa.gov nasa.gov 

NASA-Sponsored Commercial Technology Organizations 
These organizations were established to provide rapid access to NASA and other federal R&D and 
foster collaboration between public and private sector organizations. They also can direct you to the 
appropriate point of contact within the Federal Laboratory Consortium. To reach the Regional technol­
ogy Transfer Center nearest you, call (800) 472-6785. 

Ismail Akbay 
National Technology 
Transfer Center 
(800) 678-6882 

Robert Stark 
Far-West Technology 
Transfer Center 
University of Southern 
California 
(213) 743-2353 

Dr. William Gasko 
Center for Technology 
Commercialization 
Massachusetts 
Technology Park 
(508) 870-0042 

J. Ronald Thornton 
Southern Technology 
Applications Center 
University of Florida 
(904) 462-3913 

Gary Sera 
Mid-Continent 
Technology Transfer 
Center 
Texas A&M University 
(409) 845-8762 

Lani S. Hummel 
Mid-Atlantic Technology 
App lications Center 
University of Pittsburgh 
(412) 648-7000 

Chris Coburn 
Great Lakes Industri al 
Technology Transfer 
Center 
Battelle Memorial 
Institute 
(216) 734-0094 

NASA ON-LINE: Go to NASA's Commercial Technology Network (CTN) on the World Wide Web at 
http://nctn.hq.nasa.gov to search NASA technology resources, find commercialization opportunities, 
and learn about NASA's national network of programs. organizations, and services dedicated to tech­
nology transfer and commercialization. 

NASA Program Offices 
At NASA Headquarters th ere are 
seven major program offi ces that 
develop and oversee technology pro­
jects of potential interest to industry. 
The street address for these strategic 
business units is: NASA Headquarters, 
300 ESt. SW, Washington, DC 20546. 

Gene Pawlik 
Small Business 
Innovation Research 
Program (SBIR) 
(202) 358-4661 
gpawlik@oact.hq. 
nasa.gov 

Robert Norwood 
Office 01 Space Access 
and Technology (Code Xl 
(202) 358-2320 
rnorwood@oact.hq. 
nasa.gov 

Philip Hodge 
Office of Space Flight 
(Code M) 
(202) 358-1417 
phodge@osfms1.hq. 
nasa.gov 

Gerald Johnson 
Office of Aeronautics 
(Code R) 
(202) 358-4711 
g.Johnson@aeromaH. 
hq.nasa.gov 

Bill Smith 
Office 01 Space Sciences 
(Code S) 
(202) 358-2473 
wsmith@sm.ms.ossa. 
hq.nasa.gov 

Bert Hansen 
Office 01 Microgravity 
Science Applications 
(Code Ul 
(202) 358-1958 
bhansen@gm.olmsa. 
hq.nasa.gov 

Granville Paules 
Office of Mission to 
Planet Earth 
(Code Y) 
(202) 358-0706 
gpaules@mtpe.hq. 
nasagov 

NASAls Business Facilitators 
NASA has established several organi­
zations whose objectives are to estab­
lish joint sponsored research agree­
ments and incubate small start-up 
companies with significant business 
promise. 

Karen Robbins 
American Technology 
Initiative 
Menlo Park, CA 
(415) 325-5353 

Dr. Jill Fabricant 
Johnson Technology 
Commercialization 
Center 
Houston, TX 
(713) 335-1250 

John Gee 
Ames Technology 
Commercialization 
Center 
Sunnyvale, CA 
(408) 734-4700 

Dan Morrison 
Mississippi 
Enterprise for 
Technology 
Stennis Space 
Center, MS . 
(800) 746-4699 

If you are interested in information. applications. and services relating to sate"~e and aerial data for Earth resources, contact: Dr. Stan Morain, Ear1h Analysis Center, (505) 277-3622. 
For software developed with NASA funding, contact NASA,'s Computer Software Management and Infonnation Center (COSMIC) at phone: (706) 542-3265; Fax: (706) 
542-4807; E-mail: http://www.cosmic.uga.edu or service@cosmic.uga.edu. 
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PCI ·EZ's speed and precision meet your data acquisition needs head OD. 
2112 TImes the Speed Puts You Ahead 
Unlike ISA-based boards, the PCI-EZ boards are not 
limited by the bandwidth of the bus. They are designed 
to maximize the data transfer between the board and 
the PC. With the ability to transfer data at 1000 KS/sec 
(KiloSamples per second), all the functions of the PCI-EZ 
board can run full-out without any loss of data or impact 
on other applications. 

In contrast, ISA-based boards are limited by the band­
width of the ISA bus, supporting a bidirectional transfer 
rate of only 400 KS/sec, thus limiting your analog to 
digital and digital to analog conversion, as well as any 
digital input/output and counter/timers. With PCI-EZf 

there's no limit to what you can do. 

Product Price Resotution 
OT3001 $995 12-bits 
OT3002 $1095 12-blts 
0T3003 $1395 12-bits 
OT3004 $1450 16-bits 

,~r ~~~ 

Data Translation Offers Better Value, 
Head-to-Head 
Our family ofPCI-based products are the lowest priced 
products on the market. For the same price as an 
ISA-based board, you can achieve 2112 times the 
performance with PCI-EZ. 

DTOI., for Whatever Direction You're Headed 
DT-Open layers are a set of open standards for develop­
ing integrated modular software under Wmdows® 3.1 
and Windows® 95. DTOL provides: 

• Portability • Modularity 
• Windows Ease • Expandability 

Channels Throughput OAC's (12-bit) 
16SE/BDI 330 kHz 2x2OO kHz 
32SE/16DI 330kHz 
64SEfJ2DI 330 kHz 2x2OO kHz 
16SE/BDI 100 kHz 2x2OO kHz 

DA7J1 TRANSLATION 

ENOB, Head and ShouJders Above the Rest 
Each board is designed, manufactured, and tested to the 
ENOB criteria, the industry-accepted method for charac­
terizing the dynamic accuracy of a converter-based system. 
As a result, you are assured of receiving the most effective 
dynamic range of any board on the market, at all levels 
of performance including: throughput, the number of 
charmels, and charmel gain. You know with confidence 
how the board will perform in all cases. So call us 
today. and discover for yourself why PCI-EZ is turning 
a lot of heads! 

1-800-525-8528 
1NfERNET: http:/ {IVww.datx.com 

B MAIL: info@datx.com 

~ I - --. f ' , ' , . 

I .... ... '" ._ 

I = .... 
~--. <-

Remember, only DTVEE Software 
give you completelyadnptabl data 

acqui lion for any application. 

World H.adqtar1m: (508) 481-3700, UK Headquarters: (01734) 193838, GermallY Hndqulllm: (07142) 95 $1-0. 
Sales Officw. Argenbna322-3791 , AusIrW (02) 9979 5643; Austria 13697660; Belgium 02-5 695647; 8r.ui (011)564.r024 Canada (508) 481-3700. (416) 625-1907; ChN6387806;ClJlna8428Z76, 108331145, DemnaJlt481414 88. 

Finland (!KJ)3511BOO; France (1) 69079212; Greece (301)3846200; Hong Kong 2515-0018; India (22) 2831040; fsrael 9-581860; I13Iy 39 6 5221XXl28; Japan (03) 5489-3871 . KoIea (02) 718-9521 : Malaysia (03) 2616788; Mexico (5) 57H091: 
The Netherlands 01G-4795 700; Hew Zealand 94158382; Norway 22434150; PoItugaI01/193 4834: Smgaporem 4300 South Afri:a 12803 7680: Spam91-556.8112; SW1!den 08-765 02 BO, Swrtzenand 01/9081313; 

TaJWoIII (02) 561-2211; Thailand (02) 663-5080; Turkey (21) 288 6213 CM2I96 

For More Information Write In No. 617 



Reader Forum 
Reader Forum is devoted to the thoughts, concerns, questions, and 
comments of our readers. This month, we feature letters .from read­
ers seeking help with specific problems or requesting answers to 

technical questions. If you have an answer for one of your fellow 
readers, or if you have a question for a future issue, send your letter 
to the address below. 

I hope the Technical Support Package 
requested from the brief, 'Thirst, 

Drinking Behavior and Dehydration," 
(June 1996, page 84) will help in a per­
sonal pursuit of mine: cycling. Summer 
riding/racing differs from winter riding 
only in the amount of dehydration to 
which one is subjected. I enjoy reading 
anything that might help me avoid the 
effects of dehydration. 

Walter C. Walge 
Senior Electrical Engr. 
ITT Research Institute 
Annapolis, MD 

(Editor's Note: Walter, you may be interested in 
two briefs that appeared in the August issue: 
"Improved Hyperhydration Beverage" on page 
96, and "Vascular Uptake of Six Rehydration 
Drinks at Rest and Exercise" on page 116.) 

Send your letters to the Editor at: 

The Reader Forum is great. I think in 
time you will find that it will become almost 
as important as the entire NASA Tech 
Briefs. As to my present needs/requests: 
1} Where would I find a simple math for­
mula or software to tell me the effect of 
three magnetic fields acting on a rotating 
aluminum plate or on a rotating, pulsed 
electrostatic field; 2} the thrust needed to 
land a 20-ton ship on the Moon and then 
take off after landing cargo; and 3} where 
would I find more information on ballutes 
and the work being done in that field? 

James Oates 
National Weather SeNice 
Miami, FL 

For over a year now, I have been seeking 
a true zero shrinkage (or as close as possi­
ble) polymeric compound. The goal is to 

cast front surface optics (applying the mirror 
coat at a later time) - thus, shrinkage upon 
cure will warp the proper surface figure the 
liquid possesses. I need a polymeric com­
pound (epoxy, urethane, etc.) that exhibits 
zero shrinkage upon room-temperature set 
and cure. The polymeric liquid needs to 
possess a relatively low viscosity, prefer­
ably is unfilled, and should be mechanical­
ly rigid upon cure. A two-component sys­
tem with a relatively long pot life is desired, 
with specified shrinkage characteristics. 

As my field of research is rather 
diverse, I have always found NASA Tech 
Briefs to be extremely useful in keeping 
abreast of current research. 

Bob Richardson 
Chemistry Dept., 
University of Idaho 
Moscow, 10 

Fax: 212-986-7864; E-mail: ntb_edit@interramp.com 
Reader Forum, NASA Tech Briefi, 317 Madison Ave., Ste. 921, 
New York, NY 10017. 

Please include your name, company (if applicable), address, and 
phone number or E-mail address. 
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\.VELCOlV1E T 'O THE EXACTIlV1E™ ZONE 

4~ Datum Inc 
MASTER OF TIME 

SAN JOSE, CA 95119 TEL~ 578 4161 FAX 408 574 4950 

The ExacTime GPS Time & Frequency Processor 
breaks performance and price barriersT 
ExacTime combines a new low-cost rubidium oscillator with 

Datum's proven GPS technology to deliver incredibly accurate 

time and frequency references. Compared to slow "learning" 

algorithms used in quartz systems, the Rb-based ExacTime 

rapidly locks to GPS and maintains accuracy over a wide range 

of temperature and aging. Stop sacrificing accuracy for price! 

ExacTime is priced below our competitors' less accurate 

quartz products. 

Take your next project into the ExacTime ZoneT 
Contact 1-800-348-0648, e-mail usatsales@datum.com. or 

visit us on the Web at www.datum.com/exactime.html 
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Serving the Research & 
Technical communities worldwide 

,. 
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(ater to your original equipment manufacturer (OEM) requirements by offering 
design and private label on many of our products. Call (800) 323-4340, 

'vtft •• r.ftn 9-6092 for more information on our OEM services. 
--------------------------------- -- ------------------, 
Fax this coupon to us at (847) 549-7676 to receive : 

your FR E 1997-1998 Cole-Parmer Catalog! : 
I 
I 

I 
Name: l 

I 
I 
I 
I 

Title/Mail Stop: : 

Company: ______________________________ __ 

Address: ________________________________ _ 

Ci~:-----------------------------------

State: _______________ Zip: ______________ _ 

Phone: Fax: ---------------- ----------------

NASA 9/96 

I , 
I 

When you order from Cole-Parmer 
you re<eive quahty products along 
with complete Sales, Applications, 

Customer Satisfaction 
service •••• and much morel 
We now oHer extended hours, a 
NEW Web site, and enhanced 
Applications Service. 

The Cole-Parmer catalog gives you 
a selection of more than 32,000 
products for Research, Industry, 
and Education ••• 

• • 

The Cole-Parmer catalog also 
serves as a convenient resource-­
it includes technical information, 
conversion tables, and chemical 
resistance charts. 

Here's how to receive your FREE 
1997 -1998 Cole-Parmer catalog: 

Fax back the coupon 
at left 
Or call. Uteratwe hotIne 
at (800) 443-3434 
Or fHIGiI us at 
(atalog@coleparmer.(om 
Or visit our 
NEW Web site at 
http://www.coleparmer.c. 

For IIore InfOl'llNltlon WrIt. In No. 604 

c~L:J~ 

L7-er 
Cole-Parmer aD 

Instrument Company 
625 East Bunker Court 



Vespel® parts can 
handle some of 

the to est jobs. 
epayingfor 

themselves. 

Everyone knows that Ve pelt» polyiroide parts 
improve performance in severe service applica­
tion by withstanding extreme heat, friction 
pressure and contamination - with minimal 
or no lubrication. But now manufacturer 
who use Ve pel parts in general applica­
tions are beginning to notice improvement 

somewhere el e: the bottom line. That's becau e 
the reliability and long life of Vespel parts can 
make them the most cost-effective choice for 
general applications in the long term. 

If your applications require part that can 
withstand extreme temperature (-350°F to 550°F), 
Ve pel should be your first choice. Vespel should 



Insulator.;. in plasma-arc 
cutting torches. Vespel 
insulators provide 

superior strength and durability 
at high temperatures up to 
550"F. lasting up to six 
times longer than 
fragile ceramic 
insulators. 

Bearings. 
In photocopiers. 
Vespel composite 

idler gear hub bushillgs are 
a cost-effective alternative 
to metal. The Vespel pans 
provide ultra-high 
temperature resistance alld 
dimensional stability while 
offerillg a low coefficient of 
friction, as well as 10llg life 
withautlubrication. 

Bushings. 
In aircraft 
ellgine 

VOIJeS. Vespel 
bushings withstand 
high-frequency 
vibratioll dithering 
and offer excellellt 
stability and lubricity 
at high temperalllres. T7zey also reduce assembly time. 

al 0 be considered if you have parts that 
rub together, if metal parts are too noi y, 
or if fluid flow need to be controlled. 

Superior strength and reliability 
aren't the only way Vespel can save you 
money. Often, you can con olidate two 
or more existing parts in one Vespel piece. 

~ 
Seal Rings. in the assembly 
ofaU1omobile transmissions. Vespel 
seal rings reduce costs by replacing 

expensive metal rings. which canfracture or 
defonn during assembly. They also reduce 
warranty COSTS by producing a bener seal 

Thrust 
Washer.;. 
Infarm 

tractor transmissiolls. 
VespeJ thrust washers 

reduce costs and 
manufacturing 
time by eliminating 
theneedfor 
secolldary 

machilling. 
Vespel washers 

also exhibit high 
perfonnance and 
low wear with limited 
or 110 lubrication. 

~ 
Wear Strips. 
/11 texlile equipment. 
Vespeltenter frame 

clip wear strips reduce costs by 
eliminating the need for lubrication. T7zey 
also improve textile maruifactllring quality 
by eliminating oil contaminatioT4 and 
provide good wear and temperature resistance. 

IF YOU WANT TO 
GET TECHNICAL 

For Information. 
call '-800-426-7246. 

Or wnte' DuPont Vesper 
Product Information 

Center PO Box 1138. 
Bloomfteld Hills, MI 

48303-1'38 

Vesper 
Only by DuPont 

And Ve pel part can be direct-fonned, 
which eliminates machining costs. 

When you consider how co t-effective 
Vespel parts can be in the long term, it' 
clear that we don 't ju t make better 
bu rung , bearings, wa hers and eals. 
We make better sense. 



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

in the appropriate 
section in this issue. If you 
are interested in developing a 
product from these or other 
NASA innovations, you can 
receive further technical 
information by requesting 

the TSP referenced at the 
end of the full-length article 
or by writing the Commercial 
Technology Office of the 
sponsoring NASA center 
(see page 14). 

Real-Time Flush Air-Data 
Sensing System 

Using 11 small pressure ports, this 
system measures airflow about an air­
craft and processes the sensor outputs 

in real time for use in research and flight 
control. There are no intrusive booms and 
pitot tubes that are vulnerable to damage, 
misalignment, and false readings. 

Miniature Quadrupole 
Mass Spectrometers 

Large numbers of these instruments 
can be used on manned and unmanned 
space missions. They also could be more 
easily distributed to chemical waste 
dumps, chemical processing plants, and 
other sites where there is a need to mon­
itor exhaust fumes. 

(See page 70.) 
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(See page 74.) 

Durable High-Emissivity 
Coatings for Solar-Energy 
Systems 

Mixtures of alumina and titania can be 
used to form surface layers on solar ther­
mal energy receivers and heat radiators. 
The envisioned benefits are redistribution 
of heat away from local hot spots and/or 
reduction in the size of a surface neces­
sary to radiate a given thermal power. 
(See page 76.) 

Apparatus Aids Evaluation 
of Threaded Fasteners 

This apparatus can be used for testing 
nuts, bolts, and threaded inserts in a vari­
ety of sizes and materials. It is relatively 
inexpensive, and because it is portable, it 
can be used to test fasteners in the field . 
(See page 81 .) 

Automatic Stand-Off 
Control for Arc Welding 

The stand-off distance is controlled 
more directly, without regard for arc volt­
age or current. This method requires very 
little new equipment and maintains better 
control of true arc length. 
(See page 90.) 

Floor-Mounted Tool for 
Friction Stir Welding 

The weight of a workpiece itself is 
used to advantage to press against a 
friction-stir welding tool. This scheme 
eliminates expensive tooling that has 
been used to create the strong forces 
necessary for this type of welding. 
Tooling cost in welding a large-diameter 
tank is about one-tenth the original. 
(See page 90.) 
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~erience Grace Under 
Pressure Measurements. 

When the stress of dynamic pres­
sure mea urements seems too 
great to bear, call Endevco to 
relieve the strain. 

We offer a wide range of 
piezoresistive pressure transducers. 
And our unique, silicon ensing­
diapirragm is at the heart of each one. 

Thaf why Endevco pres­
sure transducers can take 

such extreme vibration hock, over­
pressure, hea~ cold, and humidity. 
And why they're un urpa ed 
for sensitivity, dynamic response, 
and miniature size-whether 
you're measuring inches of water 
or 20,000 psi. 

If you test in a wind tunnel, an 
engine test cell, or in flight-we 

have the right transducer for you. 
The same goes for automotive mea­

surements such as ABS, air bags, 
transmission fluid, hydraulic systems, 
and epgine manifolds. We also handle 
petrochemical, marine, and 
medical application. ·~IiiiIiIi"'--; 

Plus Endevco offers an extensive 

To request your free EtUIevco 
Dynamic Measumne1ll Poster, 
with key fonntdtu, amvmUm 

tables, and collSta"ts, call 
1-800-982-6732 or e-mail us 

at /reebie@endevco.com. 

line of electronics and accessorie . So 
you're a ured of a complete 
pressure measurement solution. 
With great price and delivery 
schedules to calm your nerve . 
To avoid a major blow-out, call 

Endevco now at 1-800-982-6732. E DEVCO£ 

"'MEGGITT 30700 RANCHO VIEJO ROAD, SAN JUAN CAPISTRANO, CA 92675 USA, TEL (800) 982·6732 FAX (714) 661·7231 
I.W.AEROSPACE 

For 01'8 In'Qnnation Write In Nl'L GA.!io 



MORE MULTIPROCESSING POWER. 

" Engineering Automation Report 
has been recommending to its 

readers for some time nol<' that 
they take a serious look at 

Pentium Pro [processor·based] 
workstations. along with 

Windows NT*, as fundamelltally 
being the wave of the future. " 

David Weisberg, Editor, 
Engineering Automation Report 

On-board L2 cache brings 
loads of extra performance 

to your processor. 

5.5 Million Tran. i tors. 
(Go ahead. count ·em.) 

Runs your business 
and technical software 

on one system. www.intel.com/pentiumpro 

01996 _ Corpontioo. Compan.... are 
_ .... __ Pm proca;JOr and die 

Pta:iam procr.8X. -1adic:aIed DEICIIR u.It­
lIIIrbof_CXIIIlpIIIie& 

For even more 
information, 

visit our Web site. 

PROUD PARTNf::R 

I~O .......... 
S ·th . un soruan 

" ThL impact we'~ 80111g tolwM 
wilh lhe [Windows J NP/PDIIbItti' 
Pro [processor/-based rySlem is 
lower COSl, bener peifol7flf1llCtl 

and more productivity. " 

Gary leDuc, 
De ign Engineer, 
ASS Vectogray 

SUPPORTS FASTER 
MULTITASKING. 

" I think that there is no 
question that with 

AutoCAD' software and 
Mechanical Desktop' appli-

cations the speed of 
Pentium Pro [processor· 

based/ systems is superior 
to anything we have seen in 

the past few years. " 

Ed Russell, 
President, 
Devtron Russell, Inc. 

v 
Have a nice Web experience. 

Among the Pentium® Pro processor 



Shift productivity into high 
gear when you run Autodesk' 

Mechanical De ktop' or 
AutoCAD' on a Pentium Pro 
proces or-based workstation. 

eatures, one has your name on it. 

int:el. 
The Computer Inside.'" 



NASA 
Brain surgeons may have better control 

of surgical instruments during delicate 
operations thanks to a robot that can learn 
the physical characteristics of the brain. 
NASA Ames Research Center's Neu­
roEngineering Group is developing a new 
procedure in which a robotic probe will 
learn the brain's characteristics using neu­
ral net software similar to that used to focus 
video recorders. The probe, equipped with 

puter program that continues to leam as 
it gains more experience. If it hits an 
artery, the probe will stop before it pene­
trates. If the computer stops the probe, 
the surgeon can decide how to proceed. 

The software learns to distinguish 
tumors from normal brain tissue by 
remembering the pressure signatures or 
profiles for each kind of tissue, and then 
making a model. The probes are much 
smaller than standard probes, and should 

Dr. Robert W. Mah (right) of NASA Ames and Dr. Russell J. Andrews of the Veterans 
Administration Palo Alto Health Care System demonstrate the robotic probe that may help 
neurosurgeons during delicate brain operations. (Photo courtesy of NASA Ames) 

a tiny pressure sensor, will enter the brain, 
gently locating the edges of tumors while 
preventing damage to critical arteries. 
According to principal investigator Dr. 
Robert W. Mah of the NeuroEngineering 
Group at Ames, the robot will be able to 
"feel brain structures better than any 
human surgeon, making slow, very pre­
cise movements during an operation." 

During standard brain surgery, the sur­
geon uses a magnetic resonance image 
to guide placement of the probe in the 
brain. The surgeon samples the tumor by 
inserting a biopsy probe through an 
opening in the skull. Since brain tumors 
have a different density than normal brain 
tissue, neurosurgeons, with experience, 
can find the tumor's edge. With the new 
procedure, the speed and maximum 
pressure are controlled by a smart com-

24 

reduce potential brain damage. A modi­
fied form of the brain surgery probe could 
be used for other types of surgery. 

For more information, contact John 
Bluck, Ames Research Center; at 415-
604-5026. 

A low-cost aircraft navigation system 
developed at NASA Goddard Space Right 
Center's Wallops Right Facility at Wallops 
Island, VA, is allowing scientists to make 
precise maps of ice sheets that should pro­
duce data on the potential effects of global 
climate changes. 

The system uses an IBM-compatible 
486 PC to provide navigational data to the 
cockpit, allowing pilots to fly flight paths to 
an accuracy of one foot. The system also 

WW'N.nasatech.com 

IEFS 
can be installed in an aircraft using a laptop 
computer. This enables scientists on the 
aircraft to map the icy terrain below to with­
in four inches. In May, NASA and university 
researchers began their sixth mission since 
1991 to map the ice sheets of Greenland, 
providing a baseline set of measurements 
to help scientists understand glacial 
changes due to global climate changes. 

A receiver in the aircraft tuned to the 
Global Positioning System (GPS) of satel­
lites acquires position information and 
compares the readings to a predetermined 
flight path. The navigation system gener­
ates steering signals that are sent to the 
autopilot to direct the aircraft towards its 
optimal path. The total cost of the system 
is less than $3000. 

For more information, contact Wayne 
Wright, system developer; Wallops Right 
Facility, at 804-824-1698. 

NASA and Montana State University­
Bozeman have signed a cooperative 
agreement establishing a technology 
transfer center at the university to serve 
Montana, Idaho, North and South Dakota, 
and Wyoming. The MSU-NASA TechUnk 
Center is the first technology transfer 
operation in the NASA system designed 
to serve the needs of rural states. 

The center will concentrate primarily on 
identifying NASA-supported technologies 
useful to businesses in the five states 
served by the facility. Prior to the center's 
opening, Montana residents had to con­
tact the Mid-Continent Technology 
Transfer Center (MCTIC) in College 
Station, TX to find technologies supported 
by NASA. While the new center will con­
tinue to work with the MCTIC, it also will 
develop its own plan for linking business­
es in the area with NASA technology. 

For more information, contact Peter 
Pema, executive director of TechUnk 
Center; at 406-994-6687. 

Airplanes that suffer major equipment 
failures or explosions will be able to land 
safely using new software developed by 
NASA's Ames Research Center's Neural 
Net Group and McDonnell Douglas Corp. 
(St. Louis, MO). The neural net software 
will allow the plane's computer, in less 
than one second, to "relearn" to fly the 
plane. Serious problems such as partially 
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GETTING FROM CONCEPT TO 
APPLICATION JUST GOT EASIER. 

VISUAL SCIENCFM ENABLES YOU TO 

INTERACTIVELY DESIGN, SIMULATE AND ANALYZE 

COMPLEX MATHEMATICAL SYSTEMS. 

V isual Science's unique interactive computational 

model enables you to focus on the results you want 

to see rather than an the calculations which need to 

be run. Unlike text-based mathematical software, 

Visual Science lets you quickly and easily: 

• Create a visual model of a mathematical system 

Windows 95 & W indows NT • Bring out the important hierarchical structure of 
the system, hiding unwonted detail 

• Gain complete control over executing your 

mathematical system 

• Analyze the system with interactive tools 

• Scole from simple problems to complex 

dynamic systems 

• Model systems involving feedback 

• Simulate parallel execution 

• Navigate through and manage large 

scale projects 

You've got to ~ it to believe it. 

http://www.acroScience.com 
Dow nload the fully-functional trial version! 

acroSoence. VrwoI Science, and MotnCoIc. Of_ fl'CIdentorb of auox.lICe CatpcMallion M.ctosoft. Window, 95. cod Wmdowt NT or_ 
'''9_od ,...-....rual Micn>ook~. ID<. 0 _to<od.....-...n 0I~ s,.-.. Inc MATtAa~ 0 _od ~ 
01 n.. MoIh _. I~ AI_ pn>d.d and a>n>f>O"Y .......... "odooooob . .. ....-_ b. 01' ..... mpedMo ."...,....... 

For Nore lnformaUon WrIte In No_ 692 

V isual Science features: 

• Full interactive control over designing, simulating, 

analyzing and applying mathematical systems 

• A hierarchical block diagram interface together 

with a traditional command prompt interface 

• MathCalc,'Ma familiar matrix calculation language 

• More than 100 double precision real and 

complex mathematicol functions 

• Both numerical and graphical data inspectors 

• OLE based publication and annotation 

capabilities 

• Sequential and parallel execution with feedback 

• A fully customizable and extensible environment 

· Seamless support for 
MATLAB® and IDL® 

For more informotion: 
ocroScience Corporation 

1966 13th Street, Suite 250 
Boulder, CO 80302 USA 

E-/vIoil: info@ocroScience.com 
303.541.0089 

Fox: 303.541.9056 

1.800.600.MATH 



The NeuroEngineering Lab Virtual Reality Simulator at Ames Research Center provides a virtual 
environment point of view that allows researchers to position themselves around a simulated air­
craft while it is flying to study the performance of adaptive systems in compensating for in-flight fail­
ures. (Photo courtesy of Ames Research Center) 

destroyed wings, fuselage holes, and sen­
sor failures affect how an airplane handles 
and how, or if, the pilot's controls respond. 

Char1es Jorgensen, the principal investi­
gator for the four-year Intelligent Right 
Control Program at Ames, believes that the 
software also can be used in "power 
plants, automobiles, and other less compli­
cated systems to avoid disasters after 
equipment failure." Flight tests are under­
way at NASA's Dryden Right Research 
Center using early versions of the software 
on a modified F-15 jet fighter. 

The airplane sensors can send speed, 
direction, and force data to the computer 
program. The plane's computer compares 
the pattern of what is happening to the 
plane with a pattern showing how the 
plane should be flying. If there is a mis­
match, the software makes the system 
work with a new pattem based on a dozen 
basic aeronautical equations or rules that 
define how airplanes fly. Said Jorgensen: "If 
sensor data show that a rule is being vio­
lated, and the airplane is turning too 
abruptly, the airplane's neural network can 
rapidly learn to assist the pilot in use of the 
stick, engines, flaps, rudders, and other 
control surfaces in ways that may be very 
unconventional, but possibly successful." 

For more informaaon, contact Charles 
Jorgensen of Ames at 415-604-6725 or 
John Bluck of Ames at 415-604-5026. 
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Kennedy Space Center engineers have 
developed a new supersonic cleaning 
system that will not damage surfaces -
and which may be used soon to clean 
space shuttle hardware and other sensi­
tive structures. The Supersonic Gas­
Uquid Cleaning System works by mixing 
air and water from separate pressurized 
tanks and ejecting the mixture at super­
sonic speed from a series of nozzles at 
the end of a handheld wand. At super­
sonic speeds, the water droplets have the 
kinetic energy to remove contaminants. 

The system was designed as an envi­
ronmentally friendly alternative to chloro­
fluorocarbon (CFC)-based solvents.The 
low volume of water used means less fluid 
left after cleaning that must be handled as 
contaminated waste. The system can be 
used for cleaning anything from small 
electronic circuit boards to large buildings. 

For more information, contact Bill 
Sheehan, chief of Kennedy Space Cen­
ter's Technology Programs and Commer­
cialization Office, at 407-867-2544. 

A NASA Lewis team - physicist Kenwyn 
Long of the Electron Beam Technology 
Branch, and technicians Ken Jensen and 
Robert Roman of the Test Installations 

www.nasatech.com 

Division - have developed a microtexturing 
technique that may improve the body's 
ability to accept biomedical implants. The 
technique is a spinoff of an ion bombard­
ment technique developed for the Cassini 
Mission to Satum. 

The technique creates a deeply ridged 
microtexture which helps bone cells and 
connective tissue cells take hold of bio­
medical implants. Long's team built upon 
the biomedical research conducted for 
the Cassini mission and successfully tex­
tured titanium disks, small-diameter titani­
um cylinders, and titanium implant screw 
surfaces using the ion bombardment 
technique. Dentists Thomas Cowper, 
D.D.S. and Chris Whitmeyer, D.D.S. of 
the Department of Dentistry and 
Maxillofacial Surgery at the Cleveland 
Clinic Foundation's (CCF) Department of 
Biomedical Engineering worked with 
Long to test various microtexturing tech­
niques on screws used for dental 
implants. Dr. George Muschler, an ortho­
pedic oncologist at CCF, is testing sam­
ples of the titanium disks textured with 
the new technique in conjunction with 
bone cells and connective tissue growth. 

The joint effort is part of a Space Act 
Agreement signed earlier this year 
between Lewis and CCF, establishing a 
three-year relationship for cooperative 
research. 

For more information, contact Kenwyn 
Long of Lewis Research Center at 216-
433-3451. 

The top photo shows the surface of an untex­
tured titanium implant screw magnified 3,000 
times; the surface of a microtextured imp/ant 
screw magnified 3,000 times is shown above. 
Bone cells and connective tissues may be able 
to grow more easily in the deeply ridged texture. 
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EXHIBITS PREVIEW 
From October 29-31 in the Anaheim, CA Convention Center, government 
laboratories and agencies, universities, and industry will display hundreds 
of new inventions and products availoble for licensing, joint development, 
or sale. Following are this year's exhibitors (as of July 31). 

Aerospatiale 818 
les Mureaux Center, France 

The company will describe its role in various Euro­
pean space projects and will exhibit new products 
and technologies in areas such as thermal protec­
tion, magnetic bearings, and HP filament winding. 

AGE 122 
Kansas City, MO 

Air Force Phillips 
Laboratory 233 
Kirtland Air Force Bose, NM 
The Phillips Laboratory is the Air Force's premier 
space and missiles R&D center. It has a wide range 
of technologies available for dual-use applications. 

APD Cryogenics 633 
Allentown, PA 
CRYOTIGERiI> is a revolutionary closed-cycle refrig­
eration system for cooling and maintaining tem­
peratures to -203° C, eliminating the need for liq­
uid nitrogen use. 

Argonne National laboratory 635 
Brooks Air Force Bose, TX 
The Lab focuses on human-centered technologies, 
including ergonomics, computer-based training, 
simulation/synthetic environments, directed energy 
bioeffects, medical assistive devices, man-machine 
interfaces, and environmental remediation/pollu­
tion prevention. 

Austrian Trade Commission 931 
los Angeles, CA 
The Austrian Trade Commission presents a large 
variety of technologies from Austrian companies, 
research institutes, and universities. 

BF Goodrich Aerospace 418 
Vergennes, VT 
The company specializes in signal processing for 
assessing aircraft health, utility subsystem integra­
tion, remote interrogation sensor electronics for 
composite health monitoring, and light-energized 
sensing for fluid measurement. 

BHK 828 
Pomona, CA 
BHK will present UV and IR light sources and power 
supplies; electro-optical and opto-mechanical 
assemblies; low-pressure mercury, zinc, and cad­
mium lamps; wavelength calibration lamps; and 
IR filament lamps. 

?8 

Brookhaven National 
laboratory 
Upton, NY 

519 

Brookhaven will feature their new planar optic dis­
play using laser light, as well as examples of basic 
and applied research in the physical, biomedical, 
and environmental sciences - and in selected 
energy technologies - for commercialization. 

Centro Estero Camere 
Commercio Piemontes 
Torino, Italy 

529 

The main goal of the Technology Transfer Center is 
to promote and develop international business rela­
tions and high-technology transfers. 

College, Industry, Government 
Technology Transfer IASEE) 1 028 
Kennedy Space Center, FL 
The College, Industry, Government Technology 
Transfer Constituent Committee is a newly formed 
organization which led to a new division of the 
American Society for Engineering Education (ASEE). 

Commercial News USA 1117 
New York, NY 
The magazine publicizes products and services 
offered by U.S. firms seeking agents, distributor~ , 
joint venture partners, or purchasers abroad. It IS 

distributed by U.S. embassies and consulates in 
more than 150 countries to buyers of U.S. products. 

Crystal Mark 1 32 
Glendale, CA 
The company will display ESD-safe Micro Sand­
blasters for confonmal coating removal. The point 
ionizer (patent pending) neutralizes ESD and spe­
cial abrasives remove all types of coatings Without 
PCB damage. 

C ybernet Systems 219 
Ann Arbor, MI 
The PER-Force hand controller used for telerobot­
ics, virtual reality, and simulation will be displayed. 
Cybernet 's device produces force-reflection along 
six degrees of freedom to "virtual" force feed-back. 

DECO - Document 
Engineering Co. California Pavilion 
Van Nuys, CA 
Since 1 958 DECO has been supplying government 
and industry standards from issuing agencies 
worldwide. DECO offers same-day shipment on 
most items, various methods of updating, and 
competitive rates . 

vvww.nasatech.com 

Derwent 800 
Mclean, VA 
Derwent's international patent products are 
designed for those involved in the engineering 
process, from identifying new research areas and 
monitoring competition through improving manu­
facturing processes. 

Dexter Magnetic Materials 333 
Fremont, CA 
The company perfonms engineered magnetic com­
ponent design, fabrication and testing for particle 
beam control, MHD, Zeeman effect, spectroscopy, 
plasma control, torque coupling, MR processing, 
bearings, dampening and clamping. 

Federal Aviation 
Administration Technology 
Transfer Office 532 
A~antic City, NJ 
Information will be available on technologies 
presently under development/deployment in the 
FAA, including GPS, aircraft safety, ATC, airport 
capacity and runways, human factors, surveillance, 
and radar technology. 

FARO Technologies 923 
Lake Mary, FL 
The FaroAnm is a six-axis portable coordinate mea­
suring machine or digitizer, with a three-dimension­
al articulated arm, and comes bundled With 
AnthroCAM, an all-in-one reverse engineering and 
inspection software package. 

Federal Highway 
Administration 
Washington, DC 

417 

The technology applications mission of the FHWA 
is to ensure the timely identification, assessment, 
and promotion of innovative research results and 
technology detenmined to be of potential benefit to 
the highway community. 

Federal laboratory 
Consortium 733 
Sequim, WA 

The FLC offers access to federal laboratory exper­
tise and capabilities. Seekers of new federal tech­
nology, unique facilities, or assistance with techni­
cal problems can contact the FLC Regional 
Coordinator in their area. 
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Analog Digital 

The easiest mixed-signal testing for $4,995.* 

The BP 54645D Mixed Signal 
Oscilloscope (MSO): Finally, seam­
less integration of real scope and 
real timing analysis on the same 
scope screen. 
Here's a perfect example of why the whole 
is greater than the sum of its parts. 

The HP 54645D MSO integrates two 100 MHz, 
200 MSals analog channels with 16 digital 
channels for easier mixed-signal measure­
ments. So much easier, in fact, you can 
measure up to 18 channels simultaneously, 
and trigger on complex timing conditions. 
Try doing that with a 4-channel scope. 

It's still the scope you know and love. 
The HP 54645D looks, feels, and runs like 
a scope. So, just because we've added new 
logic analysis capability doesn't mean you 
have to acquire new skills. 

It's also the first scope to offer our new 

'U.s. list price 
"In Canada, call 1·800-27~1. DepL 277. 

C l996 Hewlett·Paclcard Co. '1MEMD6HYNASATB 

HP MegaZoom technology. If you think 
the name sounds impressive, wait'll you 
see lIP's 54645D MSO pan through its 
Meg of captured data and zoom in on 
points of interest. 

On second thought, why wait? 

Call for your free demo. 
Check out this new breed of Mixed Signal 
Oscilloscope for yourself. For a free demo 
on CD-ROM or floppy disk, call lIP DIRECT 
at 1-800-452-4844~ Ext. 2078. Or ask for 
Ext. 2079 to speak to an on-line engineer. 

And discover the most integral part of 
your mixed-signal testing solution. 

Download the demo from our web site at 
http://www.hp.comlinfolmixsig1 

Faxback: 1-800-800-5281, Document 10105 

There is a better way. 

For More Information Writa In ...... Ull 

FliQW HEWLETT8 
a:~ PACKARD 



GCATI (Gulf Coast Alliance 
for Technology Transfer) 832 
Shalima r, Fl 
GCATT's federal laboratones and universities offer 
their unique technology and test facility assets rep­
resenting numerous categories such as environ­
mental, electronics, optics, magnetics, sensors, 
materials, and human performance. 

IMI-Tech Corp. 907 
Piano, TX 
IMI-Tech's SOLIMIDE1D polyimide foams provide 
excellent thermal and acoustical insulating proper­
ties in combination with fire resistance, light weight, 
and thermal stability from -300°F to +600°F. 

-----

; .. OIl · ..... 
lOT .. 

Integrated Sensors 228 
Utica, NY 
State-of-the-art motion analysis workstations for 
use in medical, automotive, manufacturing, and 
motion picture Industries will be exhibited. 

Invention Machine Corp 134 
Cambridge, MA 
Invention Machine is a suite of software packages 
designed to meet the complex requirements of 
engineers, scientists, and inventors who seek cre­
ative solutions for developing new technologies. 

Technology 2006 Exhibit Floor Plan 

Idaho National 
Engineering Laboratory 428 
Idaho Falls, 10 
On display will be advanced manufacturing technolo­
gies, transportation technologies, remote inspection 
technologies, and environmental technologies. 

Infolytica Corp. 
Montreal, Quebec, Canada 

914 

Infolytica produces software tools for electrical and 
mechanical engineers. The company will demon­
strate a range of applications in electromagnetic 
deSign, simulated using magnet gemini. 

Ingenieurschule Biel 120 
Siel, Switzerland 
The company will feature Microspace PC for 
embedded industrial controlling, CAN-Reid bus 
controlled va nodules, and technical applications of 
nanotechnology. 

Innovative Insulation Inc. 806 
Arlington, TX 
Super R Radiant Barriers reduce heating and cool­
ing costs by reflecting radiating heat. They may be 
used independently or to increase the performance 
of conventional insulations. 

Integrated Engineering Software 835 
Winnipeg, Manitoba, Canada 

The company specializes in 20/30 computer-aided 
engineering (CAE) software for electromagnetic 
design and analysis. Programs are based on the 
Boundary Element Method; no Finite Element Mesh 
is required. 
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InVironmentallntegrity 420 
Minneapolis, MN 
The company produces environmental conditioning 
systems that enhance the comfort and healthiness 
of buildings and vehicles using patented liquid 
vaporization systems that release aromas and disin­
fectants into the HVAC system. 

Knowledge Express 
Data Systems 432 
Berwyn, PA 
Knowledge Express Data Systems is an online 
technology commercialization and business devel­
opment service. 

Kollmorgen Motion 
Technologies Group 535 
Radford, VA 
Kollmorgen designs and manufactures custom 
motion control components and systems for the 
aerospace, defense, industrial, and commercial 
markets. Products include dc torque motors, 
brushless motors, electronics, and electromechani­
cal actuators. 

Language 
Systems 
Woodland Hills, CA 

California Pavilion 

Exhibits are two voice-to-voice translation systems; 
a research prototype which translates English to 
Spanish, Arabic or Russian to English, and a prod­
uct prototype which translates English to Spanish 
to English. 

www.nasatech.com 

Lawrence Berkeley 
Laboratory 912 
Berkeley, CA 
LBL wants to form R&D partnerships with industry. 
The lab has expertise in biotechnology and life sci­
ences, advanced materials, environment, energy, 
computing, and engineering. 

927 
Orangeburg, NY 
Machida is a manufacturer of fiber-optic bora­
scopes and related accessories. Machida's product 
line includes custom instruments as well as a stan­
dard line of borescopes, video equipment, light 
sources, and other accessories. 

MicroPatent 
East Haven, a 

804 

MicroPatent offers various patent information on 
CD-ROM, hard drives, and Internet. Products 
include abstract-searching, full text searching, 
drawings and more. 

Moscow Space Club 
(Russian Space Agency) 
Moscow, Russia 

229 

New technologies produced by leading Russian 
aerospace companies will be exhibited. 

NASA 512 
Washington, DC 
NASA's R&D mission programs will be highlighted 
together with a "theater island" describing key tech­
nologies resulting from the nation's space program. 
Spinoffs from aeronautics and space research will 
be displayed along with new technological 
advances. 

NASA Tech Briefs 1113 
New York, NY 
NASA Tech Briefs magazine has first publishing 
rights to new inventions and innovations by NASA 
and its contractors in electronics, materials science, 
computer software, mechanics, and other high­
tech fields. 

NASA Technology Today 111 9 
New York, NY 
Targeted to computer-using technology, science, 
and math teachers of grades 7-12, NASA 
Technology Today magazine spotlights NASA's 
major missions, science and technology projects, 
and discoveries, enabling teachers to share the 
excitement, adventure, and knowledge of NASA 
activities with parents and students. 

National Institute of 
Standards and Technology 115 
Gaithersburg, MD 
National Institute of Standards and Technology has 
been working with industry for more than 90 years. 

National Security Agency 920 
Ft. Meade, MD 
The agency will highlight advanced technologies 
invoMng computing, signal processing, communi­
cations and networking, microelectronics, and 
advanced microelectronics. 

Novespace 820 
Pari s, France 
Novespace will describe European technology 
transfer networks established around Novespace, 
and will feature various technology catalogs. 
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We've Been Making 
Good Ideas Fly For Years. 

Dramatic changes in the world's defense environment now 
allow the US Air force the opportunity to offer business and 

industry unprecedented access to 

Many soluttcns for 
business and Industry don '/ 

require starting witba 
"blank sheet of paper" ... tbe 

tecbnology may a/rendy exist 

a treasure chest of 21st century 
technology and scientific 
expertise used to develop the 

most technologically advanred 
Air Force in the world. The process is 
called Technology Transfer. Simply 
stated, it offers advanred technology 
developed for Air Force requirements 
to commercial businesses through 

cooperative research and development agreements. 
Technology Transfer offers business and industry a 

partnering environment with the Air Force, featuring a 
winning combination of scientific expertise, unique facilities 
and highly sophisticated equipment. Now your business 
can take advantage of this R&D treasure chest by creating 
new products, solving technical problems and becoming 
more competitive in the global marketplace. 

SBlR .. .A PARTNERSfllP WITH 
SMALL BUSINESS AND INDUSTRY 

A key partner with Technol­
ogy Transfer is the Small 
Business Innovation 
Research program or SBlR. 

This program allows qualified small businesses a chance to 
compete for government R&D contracts. The SBIR program 
supports "high risk" research while encouraging small 
business to commercialize their work. 

PRODUceS, SOLlITIO S ... PARTNERING 

Already, companies in automo­
tive design, medical research, 
environmental SCiences, and 
electroniCS, to name just a few, 
are taking advantage of the numerous 
capabilities that the Air Force Laboratories 
have to offer. 

To enhance your company's position 
in the competitive marketplace give 
us a call at our ''Tech Connect" Hotline 
and discover Air Force technolOgies that 
can help make your good ideas fly. 

State-ofthe·art 
facllilies can provide 

businesses witb 
cost-effective 

solutions .. .jrom 
research to final 

testing 

AIR FORCE SCIENCE AND TECHNOLOGY -
OFFERING BUSINESS NEW PossmlLITIES. 

Talk to us today. Call Air Force 
"Tech Connect" at 800-203-6451, 

8 a.m. to 5 p.m., EST. 

Air Force 
SCIENCE & TECHNOLOGY 

Proven tecbnologle in military applicatifms 
are increasingly providing solutions in lbe fields of 

environmental safety, bealth care, 
communicattcns and a hosl of other industries. 

Visit Us at Technology 2006 
Booth 212 

For More Information Write In No. 602 



Oak Ridge Centers for 
Manufacturing Technology 321 
Oak Ridge, TN 
The ORCMT is a national industrial resource for 
applied research demonstration, fabrication, devel­
opment, prototyping, and education. 

Olympus America - IPG 
Melville, NY 

421 

Olympus America's Industrial Products Group 
manufactures systems and equipment - rigid bore­
scopes, flexible fiberscopes, and video image­
scopes with video accessories - used in remote 
visual inspection inside tubing and piping for weld 
defects, corrosion, and surface finish. 

Orbital Sciences Corp. 
Dulles, VA 

Parametric Technology Corp. 
Waltham, MA 

434 

735 

Patriot Advanced Technologies 830 
Citrus Heights, CA 
Porrazzo Rat loudspeakers are patented products 
that allow audio deSigners and engineers to place 
a lightweight quality speaker in a minimum of space 
and to deliver audio performance not currently 
achievable with cone speakers. The loudspeakers 
can function simultaneously as a configurable 
antenna for a variety of applications. 

Physical Optics Corporation, 
Applied Technology Div. 833 
Torrance, CA 
The company will exhibit a real-time three-dimen­
sional display. 

Princeton University plasma 
Physics laboratory 521 
Princeton, NJ 
PPPL will focus on fusion energy research and 
plasma science technologies relative to commer­
cialization. 

Proto Manufacturing 826 
Oldcas~e, Ontario, Canada 
Proto will display automated nondestructive test 
systems. 

Ragan Technologies 913 
Carlsbad, CA 
RTI will introduce Zero Shrink Tolerance™ Ceramic 
and High Shear Compaction™ rare forming tech­
nology. Applications include multi-layer substrates 
used in CRTIF&D flat panel displays, computer disk 
drives, jet engine turbine blades, solid-state fuel 
cells, and advanced batteries for electric vehicles. 

Sandia National laboratories 935 
Albuquerque, NM 
Sandia is announcing two new innovative technolo­
gies that have great market potential. Stop by to 
learn about licensing opportunities for these tech­
nologies. 

Savannah River 
Technology Center 1 1 07 
Aiken, SC 
Savannah River Technology Center is the applied 
research and development laboratory at DOE's 
Savannah River Site, with expertise in environmen­
tal remediation, waste management, sensors, 
hydrogen, and robotics. 
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Soma Research 
Carte Madera, CA 

California Pavilion 

A biomedical consulting firm specializing in techni­
cal and market research, technology transfer and 
commercialization partnerships for medical devices. 

Sonos Models 234 
Hun~ngtan Beach, CA 
The company is a product design and prototyping 
service group that provides concept development, 
ergonomics, product renderings, visual models, 
engineered prototypes, soft tooling, casting, and 
short run injection molding. 

SRI International 335 
Arlington, VA 
SRI's Center for Medical Technology will display 
remote telesurgery as well as innovative technology 
development for NASA's Space Station (corrosion 
resistant coatings) and energetic materials. 

Storage Concepts California Pavilion 
Irvine, CA 

Technology Transfer 
Business Magazine 915 
Marietta, GA 
"The Magazine for Profitable Partnerships· is pub­
lished quarterly for senior-level decision-makers 
who are responsible for commercializing, develop­
ing, or securing innovative technologies for their 
organizations. 

Technology Transfer Society 523 
Franldin, IN 
The Society is a membership organization commit­
ted to the professional development of its mem­
bers. Some services are a monthly newsletter, jour­
nal, and technical meetings. 

Thlokol Corporation 632 
Carimme, UT 
Thiokol is displaying technology spinolls from 
NASA/DOD programs resulting in commercial prod­
ucts which expand the marketing base of Thiokol 
and its small business partners. 

The Federal Highway Administration will highlight its Sign Management and Retroreflectivity 
Tracking System (SMARTS) Mobile Sign Retroreflectometer, which is a mobile system used to 
measure the nighttime brightness of traffic signs. 

Sybase 
Bethesda, MD 

816 

Sybase innovations include the first clienVserver 
relational database management system 
(RDBMS); the first open interface that allows sys­
tems to include virtually any development tool, 
application, and data source; the first high-perfor­
mance transparent gateway; and the first replica­
tion technology to distribute data throughout the 
enterprise. 

Technology Access Report 422 
Novato, CA 
This concise, independent, practical newsletter of 
analysis and opportunities in technology transfer, 
commercialization, defense conversion, and policy 
includes inventions for all industries, contacts, and 
free information hotline. 

www.nasatech.com 

Tiodize Co. 320 
Huntington Beach, CA 
Anodizing of titanium and aluminum, fiberliite com­
posite fastener products, trobe/comp composite 
bearing material, and various coatings for prevention 
of friction, wear, and corrosion will be displayed. 

Tokue Rubber 
Industrial Co. 
(MitSUI USA) 
Nagoya, Japan 

732 

The company will exhibit Sisuner, an adhesive less 
joint system with a rubber design and special 
springs to ensure a tight joint. Its durability, flexibil­
ity, and excellent sealing performance allows it to 
be used for unlimited applications. 
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VISUALIZE THE POWER 

OF YOUR PROGRAMS 

Powerful object -oriented 
graphics offer interactive 
analysis and dynamic 
modeling. The extensive 
visualization functions 
include 2-D, 3-D, and 4-0 
plotting, as well as surface 
lighting and shading. 

DEVELOP MATLAB PROGRAMS 

AND STANDALONE APPLICATIONS 

This surface plot ,hows impact damage to a rectangular section of helicopter laminat. materiaL 
Algorithms developed with the MATLAB Neural Network Toolbax classify «hots from ultrasonic 
signals to automat. non-destrudive inspection. Data courtesy of McDonnell Douglas under an 
AATD contract. 

A complete set of GUI devel­
opment tools lets you tailor 
the look and feel of your inter­
active MATLAB applications. 

THE LANGUAGE FOR ENGINEERS 

MATLAB is the best connection 
between engineering concepts 
and implementation. 

By integrating numeric 
computation, visualization, 
and a technical language, 
MATLAB gives you an envi­
ronment for data analysis, 
algorithm design and appli­
cation development. 

POWER TO EXPLORE 

POWER TO PROTOTYPE 

In MATLAB, you create algo­
rithms the way you think, 
mathematically-without 
writing a single line of C or 
FORTRA . 

Hundreds of powerful 
built-in functions-tuned for 
efficiency and reliability-are 
coupled with a powerful, intu­
itive, and matrix-optimized 
programming language. 

Using MATLAB® to 
develop algorithms is easy. 

For producing 
C code, however, . , . 
Its automatIC. 

BUILT-IN EXPERTISE 

THROUGH MATLAB TOOLBOXES 

Toolboxes offer a wide choice 
of optimized functions for 
data reduction, analysis, 
modeling, and system design. 

Written by recognized 
experts, MATLAB Toolboxes 
let you learn proven and 
leading-edge mathematical 
techniques, and apply them 
to real world applications, 
from helicopters to pagers. 

MA1IAB lI'",or/t11boibor algonJhms 
perform • 5-le>or/ dtromposiIlOn if Q .."ia 
signaL Daw courtesy U. S. Robotics Mobile 
Communications Uirp. 

MimAB 
for Engineering i 

MAnAB 
MATLAB (ompiler 

MATlAB ( Math Library 

MATtAB (++ Moth Ubrary 

Appn(atio Toolboxes for: 

Signal Processing 
Control System Design 

Finoncial Engineering 

Image Processing 

Data Analysis & Modeling 
1 

Link MATLAB with your 
C and FORTRAN programs, 
incorporate MATLAB Toolboxes, 
exchange data with other soft­
ware, and embed MATLAB as an 
analysis and visualization 
engine. 

With the. new 
MATLAB " : 
Compiler ..' 
and CMath " 
Library you .... 

can automatically convert 
your MATLAB algorithms to 
standalone programs. 

FIND OUT WHAT'S 

DEVELOPING WITH MATLAB 

Call today for a free technical 
kit about the MATLAB 
Compiler, C Math Library, 
and Wavelet Toolbox: 

(508) 647-7000 

Or fax your request: 

(508) 647-7101 

Also, don't forget to visit our 
award-winning web site: 

http://matlab.mathworks.com 

The llathwotis, Inc... . 24 frime PuR Wvy, Na1id, MAOI760 ' 1!I: (508) 647-7000 ' fax; (508) 647-7101 • t-d. o@matfmrb.com · IrttpJ/ ...... .mathworh.com 

The IIaI1I'b1cs all!pl!Setlad 1\ hi ~CIU1Ines: __ .61·2-S922-o31I · AustrII: • 49-241-4J0750 · _ .0141-14-67-14 ' Germany: • 49-24HJ0750 · IndIa:. 91~933Ijo\ .... 1: + 972-3-561-5151 
Italy: +39-11·24-85-332 . Japon: .81-~5410 · Korea:. 82-2-517-1257 · 1Ialaysla:. ~--4Z12 ' Poland, + 48-12·17-3348 . PonugaJ: ~1!;.49<)4 . SaIndinriIa: .~I5-3l-22 · SIngapoIe: + filI.l!42--4222 . SpaIn:+34-93-<ll~ 

SwiUaIIand:. 4i-3H!82~ ' Taiwan: + 886-2-501-8787 ' Unfted Klngdom:. 44-1223-423-200 ' In 8eneIux, cal Cambridge CcnIroI, lid:. 44-1223--423-200 0/ Sdentillc Software Group: + 33-0141-14-67·14 

For More Information Write In No. 606 



The Portable Radar or Beacon Emulator (PROBE) circuit board is an air traffic control emula­
tor device that produces all of the normal output signals used in civilian air traffic control radar 
systems. The Federal Aviation Administration will describe how the system simulates real-time 
radar systems. 

Ultra Tec Mfg. California Pavilion 
Santa Ana, CA 
The company manufactures micropositioned saws 
and polishers for materials research, fiber optics, 
microsectioning, planar polishing, and polishing 
of controlled angles. They also are suppliers of 
diamond blades and microabrasives. 

Unisphere 917 
Washington, DC 
Unisphere is the NASA Commercialization Net­
work's international venture facilitation program 
for high-tech firms. 

OR VISIT US AT www.invention-machine.com 
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United States Air Force 
Science and Technology 212 
Wright-Patterson Air Force Bose, OH 
The latest Air Force technologies with applications 
in human systems, information management, 
space, aircraft, and structures, as well as informa­
tion on technology transition/technology transfer, 
will be exhibited. 

United States Army Domestic 
Technology Transfer 329 
Adelphi , MD 
Various technologies and capabilities available for 
transfer from U.S. Army laboratories will be high­
lighted. 

United States Army Test 
& Evaluation Command 
Aberdeen Proving Ground, MD 

United States Department 
of Agriculture 

921 

Agricultural Research Service 
Office of Tech Transfer 1013 
Beltsville, MD 
USDA's Agricultural Research Service, with 113 
laboratories nationwide, offers opportunities for 
small and large corporations. Information on tech­
nology transfer programs and research projects is 
exhibited by the Office of Technology Transfer. 

United States Department 
of Agriculture 
Forest Service 
Madison, WI 

United States Department 
of Agriculture 
Natural Resources 
Conservation Service 
Washington, DC 

1014 

1015 

The USDA Natural Resources Conservation Service 
will highlight cartographic, GPS, and remote sens­
ing tools used in natural resource management 
and conservation activities. 

United States Department 
of Agriculture 
Rural Business Service 
Washington, DC 

1012 

The USDA Rural Business Service's 'Get 
Connected" partnership initiative has created 
equal opportunity on-ramps to the Information 
Superhighway. USDA telecommunication facil­
ities serve 18 million Americans with programs 
such as the Distance Learning and Medical 
Link Grants to assist rural communities in 
medical servicing. The President's Empower­
ment Zone and Enterprise Communities 
(EZlEC) program is connecting the world with 
other rural communities via the Internet. 

United States Department 
of Energy 
Kansas City Plant 
(operated by Allied Signal) 113 
Kansas City, MO 
On display will be a wide spectrum of mechanical, 
electrical/electronics, rubber, and plastic manu­
facturing capabilities that support prototyping 
and product development for commercialization. 
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United States Department 
of Enerav - National 
Re e able Energy Lab 112 
Golden, co 
The display will feature an introduction to the 
laboratory and its research resources, includ­
ing information on R&D and partnership op­
portunities in industrial and utility energy tech­
nologies, buildings energy management. alter­
native fuels, wind systems, and basic energy 
sciences. 

United States Department 
of Energy - Office of 
Cle C I Tec nology 117 
Goithersburg, MD 
The us DOE Clean Coal Technology Demonstra­
tion Program is a $7.14 billion cost-shared Indus­
try/government technology development effort, 
demonstrating a new generation of advanced coaI­
based technologies, moving the most promising 
Into domestic and international marketplaces. 

United States Department 
of Energy - Office of 
Scienc and Technology 221 
Niles,ll 
To address the needs of the US DOE's Environ­
mental Management Program, the Technology 
Development program researches new and 
innovative technologies. The program works 
hand-in-hand with other programs within the 
DOE, other federal agencies, national laborato­
ries, universities, and the commercial sector to 
maximize research efforts and ensure safe and 
efficient cleanup of the nation's nuclear 
weapons complex. 

United States Department 
of the I.,te 'ior 412 
Reston, VA 
The US Department of the Interior seeks partners 
to develop technologies related to earth sciences, 
resource extraction, environmental remediation, 
image processing, geographic Information systems, 
and related fields. 

United States Navy 
Best Manl foe u . ng Practices 807 
College Park, MD 
The BMP Center operates under a cooperative 
agreement with the Department of Commerce's 
National Institute of Standards & Technology and 
the UniverSity of Maryland. It identifies the best 
practices in US industry and promotes technology 
transfer and information exchange. 

United States Navy 
C Ie c eo ch Lab 

Washington, DC 

706 

The Naval Research Lab will exhibit R&D programs 
available for licensing In the areas of advanced 
materials. biomolecular englneertng, chemical pro­
cessing, electronics. optics, sensors. and informa­
tion technology. 

United States Navy 
Off c 0 aval Research 600 
Fairfax, VA 
Laboratories from the follOWing Navy activities will 
be represented; Naval Air Warfare Center, Naval 
Civil Engineering Laboratory, Naval Command 
Control and Ocean Surveillance Center, Naval 
Medical Research and Development Command, 
Naval Surface Warfare Center, Naval Undersea 
Warfare Center, Navy Personnel Research and 
Development Center. and the Manne Corps 
Systems Command. 

NASA Tech Briefs, September 1996 

U ted States Navy SBIR Program 702 
Arlington, VA 

Vector Fields 926 
Aurora, ll 

Supporting 31 science and technology areas, the 
Navy SBIR progrem gives small businesses an 
opportunity to put their Ideas to work in Navy/DOD 
programs. 

The company will exhibit 20130 electromagnetic 
design software, finite-element-based software 
to optimize design of electrical equipment, and 
OPERA-3D (TOSCNELEKTRAISOPRANO and 
SCAlA), OPERA 20. and PC-OPERA. 

University of California, Irvine 
Office of University/Industry 
Re earch & Technology 934 

Daniel H. Wagner 
Associates Inc. 533 

Irvine, CA The company offers Melian II Underwater Search 
Software and technologies for container crane 
automation. 

USBI Comparf 812 
Kennedy Space Center, Fl 
Convergent Spray Technologies"" is a solventless 
spray process developed for applying thick, heavily 
loaded composrte coahngs through the conver­
gence of liquid binders and dry fillers. 

"The Case of Indium Intrigue" 

One doesn't need to be the world' greatest sleuth to uncover the reasons why 
indium products from Arconium are the answer to many of today' disparate R&D 
problems. 

This highly malleable, low melting point (1;6. oq metal provides numerous 
industries with the joining. coating, sealing, conducting, light filtering, plating and 
soldering solutions they've come to depend 00. 

Whether your application requires indium based alloy , chemicals, oxides or 
salts, Arconium has the resources to fit your unique manufucruring requirements. 

eed more infonnation? Then why not do a little detective work yourself and 
call us today! 

Your Indium Resource 

50 Sims Avenue · Providence, RI, USA 02909 · T: 800f343-D282· 401/45EHJ800 · F: 4011421 -2419 
Witmetaal Belgium N. V. • Molenberglei, 32 • 8-2627 Schelle • Belgium 

Tel: 32-3-880-8745 • F: 32-3-880-8759 
Alpha Metals Limited . 11F Block A· 21 Tung Yuen Street · Yau Tong Bay · Kowloon, Hong Kong 

T: 852-347-7112 · F: 852-347-5301 
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LITERATURE BOOTH 
The following companies will have literature avail­
able at the Uterature Booth. 

Abaris Training Resources 
Reno, NY 
Literature will be available on 14 different "hands­
on" workshops in advanced composite materials, 
technology such as fabrication & damage repair, 
tooling, adhesive bonding, manufacturing prac­
tices, four engineering courses, and much more. 

American Society for Laser 
Medicine & Surgery 
Wausau, WI 
Information about the society and upcoming meet­
ings will be available. 

Anorad Corp. 
Hauppauge, NY 

E-Tek Dynamics 
San Jose, CA 
E-Tek's color Product Profile describes products 
including optical isolators, couplers, splitters, 
WDM, combined optics, attenuators, laser source, 
active/ passive components, optical switches, 
laser amplifiers, controllers, production and test 
equipment. 

Exciton 
Dayton, OH 

Geophysical Survey 
Systems 
North Salem, NH 

GSSI's ground-penetrating radar systems are 
used to non-destructively examine the subsurface 
of the ground or other materials to locate targets 
like pipes, tanks, buried drums, reinforcing 
steel, and conduit in concrete, and geological 
features. 

Lawrence Berkeley Laboratory will exhibit its UV Waterworks disinfection system made of 
rugged stainless steel and aluminum. It requires maintenance only twice a year, and disinfects 
water for less than two cents per metric ton. 

CM Technologies Corp. 
Coraopalis, PA 
The company offers a catalog of PC-based test 
instruments and accessories, including a time­
domain reflectometer and an impedance analyzer -
all PC-based, plug-and-play instruments. 

Conoptics 
Danbury, CT 
On display will be information on laser modulators, 
modulation systems, broadband modulators, and 
drivers. Applications include mode-locked pulse 
selection, pulse shaping, regens, phase shifters, 
and fast shutters. 

Discover Magazine 
New York, NY 
ascover Magazine is the nation's leading science 
monthly, where over seven million readers tum and 
learn today about what will change their lives tomor­
row. 
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Goodfellow Corp. 
Berwyn, PA 
Goodfellow supplies small quantities of materials 
for research and development. Their catalog & Web 
site (http://www.goodfellow.com) detail in excess 
of 50,000 items, ready for immediate shipment. 

I-Cube 
Crafton, MD 
I-Cube is a reseller and integrator of products used 
in computer-based image analysis applications 
including cameras, frame grabbers, and software. 

Inframetrics 
North Billerica, MA 
Literature will be available on the SC1000 
ThermaCAMTM radiometer for the thermographic 
needs ofthe scientific, research, and development 
communities. 

www.nasatech.com 

Irvine Sensors Corp. 
Cosio Mesa, CA 
Irvine Sensors Corporation's family of stacked 
memory products Include DRAM, SRAM and Flash. 
Also in development are an image processing board 
and smart sensor module. 

Isomet Corp 
Springfield, VA 
The company is a manufacturer of standard and 
custom acousto-optic Bragg cells for UV, VIS and 
IR wavelengths. Products include modulators, 
deflectors, scanners, frequency translators, and 
related RF drive electronics. 

JML Optical Industries 
Rochester, NY 
JML Direct Optics' second edition catalog includes 
stock optical components, coatings, and multi-ele­
ment systems. Technical information and custom 
design specifications also are included. 

Lamptronix Co., Ltd. 
Crystal Lake, IL 
On display will be literature describing the compa­
ny's miniature and subminiature incandescent 
lighting for military and commercial aircraft appli­
cations. 

National Coalition for 
Advanced Manufacturing 
Woshingtan, DC 
NACFAM will provide literature on their member 
plan for federal laboratories, as well as the member 
plan for advanced manufacturing companies. 

NeuralWare 
Pittsburgh, PA 
The company will provide literature on NeuCOP, 
an adaptive, multivariable system for controlling, 
stabilizing, and optimizing complex industrial 
processes; and NeuralWorks Predict for applica­
tion engineers, system integrators, and value-ad­
ded resellers. 

Neutrik Cortex Instrumentation 
St. Laurent, Quebec, Canada 
Literature on the MK1 binaural recording head with 
built-in OAT recorder and remote control unit, and 
the RT-1 M Rapid Test rack-unit multitone audio 
analysis system for production tests will be avail­
able. 

New Technology Week 
Washington, DC 
New Technology Week covers advanced and 
emerging technologies In the U.S. and abroad. 
Reports reveal business opportunities/strategies, 
federal policy, technology transfer and competi­
tiveness. 

Presray Corp. 
Pawling, NY 
Brochure describes inflatable rubber seals and 
other special rubber seals for use in various indus­
trial applications including semiconductor and 
printed circuit board processing equipment, aero­
space, and defense. 

Research Systems 
Boulder, CO 
Research Systems distributes literature on IDL, 
the leading software for data analysiS, visualiza­
tion, and application development. 
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SEMlcro D' rision 
Rockville, MD 
SEMicro division manufactures the PAT.T.I. line 
of adhesion testers for measuring the pull·off 
strength of paints, films and adhesives. The 
instrument meets ASTM 04541 requirements and 
is available in three models. 

Superior Products 
Internationa I 
Kansas Cily, MO 
Superior Products creates industrial-grade coat­
Ings to address the toughest situations imagin­
able, while working to offer appearance and quali­
ty, as well as performance. 

SURFCAf.~ by Sur wore 
Wesrloke Village, CA 
SURFCAM's brochure describes a Wlndows­
based NC programming system with fast and 
accurate surface modeling and 2- to 5-axis 
machining. 

University College & Extension 
Services CA State 
Long Beoch, CA 
For quality training in the latest technologies, pick 
up UCES' free Science & Technology catalog, which 
is filled with a variety of programs and courses. 

Von Nostrand Reinhold 
New York, NY 
Van Nostrand Reinhold's 1996 BUSiness Technol­
ogy Catalog describes the latest offerings in the 
fields of communications and network manage­
ment, organizational leadership, project manage­
ment, and the Internet. 

SBIR PAVILION 
The following companies have received Small 
Business Innovation Research (SBIR) program 
grants from federal laboratories or government 
agencies to support the development of their tech­
nological innovations. These companies will be 
featured in a special area of the exhibit hall. 

Advanced Materials Corp 
Pittsburgh, PA 
The Acousto-Optic Tunable Filter Camera was 
developed for the U.S. Army's Night Vision 
Directorate. The camera provides target acquisi­
tion and identification using ·smart" optical pre­
processing. 

Advanced Modular Power 
Systems (ANPS) 
Ann Arbor, MI 
Alkali Metal Thermal to Electric Converter (AMTEC) 
technology provides efficient direct conversion 
of heat energy to DC electric power in compact, 
lightweight calls that operate silently and have no 
moving parts. Applications Include use on the 
Pluto Express mission scheduled early next cen­
tury, as well as self-powered home furnaces, elec­
tric generators for recreational vehicles and 
boats, and high-end outdoor power generation. 

Advanced Refractory 
Technologl 
Buffalo, NY 
The Dytyn" diamond-like nanocomposite coatings 
technology will be displayed. Dylyn technology 
provides a revolutionary family of thin film coat­
ings, engineered at the atomic scale, that can be 
tailored for a broad range of properties. 
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Aerotech Engineering & Research Corp. 
lawrence, KS 

Analatom 
Sunnyvole, CA 

Ultrasonic motors (USMs) based on smart mate­
rials provide large displacements and force out­
puts. Aerotech Is developing actuation systems 
based on USMs for both military and commercial 
applications such as valves, missile flight control 
surface actuators, autofocus camera lenses, 
robotics, toys, medical devices, aerospace, and 
automotive applications. 

The company seeks to optimize molecular re­
quirements for achieving conductive and nonlinear 
optical properties. The resulting software allows 
simulation of Industrially important materials prop­
erties and satisfies market demand for large mo­
lecular systems simulation software. 

Crystallume/EDI 
Sonto Claro, CA Amain Electronics 

West Hills, CA 
On display will be diamond heat pipes for efficient 
cooling of high-power-density devices. 

Davis Technologies International 
Dollos,1)( 

The company is introducing a digital focal plane 
readout device based on the patented Multiplexed 
OverSample Analog to Digital (MOSAD) converter 
technology. It supports detector arrays on 40 
micron or larger centers and the readout pro­
duces a digital output at each pixel. Applications 
include surveillance, aircraft landing, inclement 
weather vision for trucking, and automotive. 

The compressible fluid suspension system for vehi­
cles was developed for the Naval Surface Warfare 
Center. 

liE BEST REASON YOu EVER HAD 
TO CLEAN OUIIiE RAT'S NEST. 

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

Fbrget the hours and 
expense of hand patching. 

Precision 
Programmable 

Patch 

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

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

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

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

PRECISION FILTERS, INC. 
240 Cherry Street Ithaca, New York 14850 
607-'ZT/-3550 Fax: 607-'ZT/-4466 
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Echelon Industries 
Diamond Bor, CA 
The Fare Transaction and Vehicle Management 
System (Faretrans VMS) was developed to make 
transit operate more efficiently and effectively, make 
transit systems more responsive to users' needs, 
and generate more revenue using on-board 
speech, printing, and large-screen displays. The 
system incorporates Global Positioning System 
(GPS) satellites, spread-spectrum communication 
systems, smart fare cards, and other technologies 
into one system. 

Eltron Reseorch 
Boulder, CO 
Eltron has developed electrolytic technology for the 
purification of waste water based on the in situ 
generation of hydrogen peroxide. The technology 
is part of a class of water purification processes 
known as Advanced Oxidation Processes. Target 
industries include semiconductor processing, 
chemical and pharmaceutical production, and 
biotechnology proceSSing. 

General Reality Co 
San Jose, CA 
The company has developed the Virtual Computer 
Monitor (VCM) for visually impaired computer users. 
The VCM combines a head-mounted display, head 
tracker, and screen enlarger software to fix the 
enlarged virtual screen of data in space and scan 
the user's line of sight across the data, instead of 
scanning the data across the display device. 

InterVision Systems 
Raleigh, NC 
InterVision is developing a wearable. voice-activat­
ed video teleconferencing computer system capa­
ble of wireless communication of video, voice, and 
data. It consists of a wearable computer with a 
head-mounted VGA-resolution display; a head­
mounted video camera; a communications module, 
which supports a variety of video, voice, and data 
transmission systems; and voice recognition and 
audio response. 

A laser-based flat-panel display developed by Brookhaven National Laboratory can be used in 
televisions, computers, airplane cockpits, automobiles, and military map displays. Shown are 
Cyrus Biscardi (left) and Calvin Brewster, who helped James Ve/igdan develop the screen_ 

Emcore Corp. 
Somerset, NJ 
The company has commercialized epitaxy and 
innovative advances in organometallic vapor 
phase epitaxy (OMVPE) semiconductor growth 
technology, and has demonstrated the use of 
OMVPE for p-HEMT MMIC manufacturing, a com­
ponent for the rapidly expanding telecommunica­
tions market. Emcore will present MOCVD growth 
and characterization of psuedomorphic HEMTs in 
a high-speed rotating disk reactor. 

FEM Engineering 
Los Angeles, CA 
Metal Forming Tool Design (MFTD) is an intuitive, 
expandable, and full-function brake-forming , 
stretch-forming, and hydroforming tool design 
software for the sheet metal fabrication process­
es that produces accurate tooling, produces parts 
with minimum cost by eliminating handworking, 
makes parts without variability, uses a uniform 
tool design concept, and minimizes process time. 
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IRI Computer 
Communications Corp. 
Tarzana, CA 
PLANYST is a network spreadsheet tool to be used 
as a planner and analyst of telecommunications and 
computer communications networks. The program 
configures, sizes, analyzes, tests, and manages 
computer communications and telecommunica­
tions networks and runs complex inter-network 
configurations. 

Lynn ech 
College Station, 1)( 

The Bacteria Activity Monitor is an automated sys­
tem which electrochemically monitors the activity 
of microorganisms in a given sample. Microbially 
derived products such as organic acids, amino 
acids, enzymes, antibiotics, and vaccines can be 
produced more efficiently with on-line monitoring of 
the organisms which produce them. The monitor 
provides automated, continuous monitoring for 
biomass determination. 

www.nasatech.com 

Ocutech 
Chapel Hill, NC 
The company offers the VESTM AutoFocus specta­
cle-mounted telescope which automatically focuses 
many times per second, providing hands-free 
improved vision to visually impaired individuals. The 
unit features 4X magnification power and wide field 
of view. 

Physical Optics Corp. 
Torrance, CA 
Three different technologies will be exhibited: an 
autostereoscopic 3D visualization system that 
does not require eyewear; a compact phase fluo­
rimeter; and a multispectral optical sensor system 
for detection and identification of low-contrast and 
camouflaged objects. 

Point Reseorch Corp. 
Sonta Ana, CA 
The company will display the PointMan™ Dead­
Reckoning Module. 

Qualtech Systems 
Storrs, CT 
Developed for NASA Ames, Multi-Signal Flow 
Graphs is a technique for modeling complex hierar­
chical systems; enhancing their testability, reliabili­
ty, and maintainability; and formulating troubleshoot­
ing strategies in the presence of mu~iple failures. 
The methodology has been incorporated into the 
company's QSI Integrated Diagnostics Tool Set. 

Raya Systems 
Mountain View, CA 
The company has created Packy & Marlon TM, an 
interactive video game for the Super Nintendo 
Entertainment System~, that teaches children ages 
8 to 15 to manage diabetes and deal with social sit­
uations that confront young people with diabetes. It 
is an addition to the Health Herolll series of video 
games for pediatric patient education. In the new 
game, players help two elephant pals rescue dia­
betes summer camp and make sure the characters 
carefully manage their diabetes. 

Seidcon 
Oceanside, CA 
Seidcon is designing an adaptive optimal search 
technique to provide improved military route plan­
ning through complex, hazardous terrain. A route 
selection algorithm minimizes computational load 
and resource utilization . The genetic algorithm 
methodology can be used where optimal routes are 
desired in short fashion, such as with medical or 
police vehicles, forest fire fighting, and transporta­
tion components. 

Sentel Corp. 
Alexandria, VA 
The Quality Assurance Portable Data Collection 
(OAPDC) System was developed for NASA's 
Kennedy Space Center to help re-engineer the 
manual- and paper-intensive payload and shuttle 
checkout operations. The system is a handheld 
pen-based computer platform that inducts a variety 
of data collection forms, records data against those 
forms, imprints controlled signature authority, main­
tains the integrity of the collected data, and relays 
the data to a computer network for analysis or 
archMng. 

S Itcon Mountain Design 
Colorado Springs, CO 
In a two-phase SBIR program, the company devel­
oped a one-million-frames-per-second, high­
speed imaging camera capable of storing up to 16 
frames of 12-bit imagery with 256 x 256 resolution 
for military applications such as analysis of ballistics 
and high-energy kinetic weapons. Also highlighted 
will be the Phase II product, the SMD-1 MOO camera 
that is designed for automated cytology and radia­
tion oncology. The 1024 x 1024, 12-bit camera is 
used for various types of medical imaging. 
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Simuia Go emmen Products 
Phoenix, AI 
The Cockpit Air Bag System (CABS) supplements 
existing helicopter safety equipment and features to 
prevent a majority of the head and upper body 
injuries sustained in helicopter crashes. CABS con­
sists of two lateral air bags, one or two frontal bags. 
crash sensor. gas generators. gas generator inter­
faces. module housings and packaging, and mod­
ule attachments. The occupant acts as a guide that 
directs the inflation and shape of the air bags dur­
ing deployment. 

SRICO 
Powell, OH 
The IPES-2001 is a photonic electric field sensor 
that can be used for aircraft lightning protection. 
thunderstorm detection, medical and biological 
research, electromagnetic compatibility testing, and 
noncontact probing of high-speed integrated elr­
cuits. The product Is immersed in the electric field to 
be measured. and modulates an optical beam that 
is guided through the product. 

Starsys Re arch 
Boulder, CO 
Starsys is creating a thin plate heat switch. which Is 
a smart device for passively controlling the temper­
ature of electronics and instrumentation. Two 
designs ara being developed: a miniature heat 
switch that measures 1.5 cubic inches; and a thin 
plate heat switch with a surface area customizable 
to specific applications. Potential applications 
include reductions in satellite payloads and power 
requirements, supercomputer cooling, and temper­
ature control of sensitive instruments in harsh envi­
ronments. 

S 'e s Photonics 
Madison, WI 
The DeltaTherm 1000 is an array-based thermo­
graphic stress measurement system that uses an 
infrared Focal Plane Array (FPA) detector and high­
speed imaging electronics to determine the stress 
state in dynamically loaded structures and materi­
als. The system can be used for monitonng fatigue 
crack growth, interrogating prototype automobile 
parts, or correlating FEA model results from an air­
craft component. 

S \::ss Tee r.ology 
Rochester, NY 
Funded by the U.S. Air Force. the Engine Health 
Management (EHM) System was designed for jet 
engine lITe measurement and diagnostiC monitoring 
of critical engine components necessary to improve 
engine availability. minimize performance degra­
dation, and reduce life cycle costs. The system 
includes a modular architecture that measures 
component life. performance. and mechanical 
diagnostics; sensor validation; trending; and 
anomaly detection. 

The,'macore 
lancaster, PA 
A helium-cooled Porous Media Heat Exchanger 
(PMHX) was designed for cooling Faraday Shields in 
the International Thermonuclear Experimental 
Reactor. where it successfully dissipated a heat flux 
of 4000 W/cm2. Applications for PMHX products 
include a porous media radiator for commercial 
interest in heavy duty vehicle operation In challeng­
ing enVironments; a compact, laminated heat 
exchanger for mobile refrigeration; and a porous 
metal semiconductor chip cooler. 

UES 
Dublin, OH 
Kl Shell is an open, cross-platform, standards­
based wor1<f1ow package that can span and inte­
grate multiple applications into a cross-functional, 
heterogenous workflow system. Applications built 
using Kl Shen assist multiple users in collaborating 
on business functions, managing enterprise-level 
processes. and automatically capturing perfor­
mance metrics in real time. 

Irtual Computer Corp 
Reseda, CA 
A new networkable, high-performance computing 
system. the Distributed Virtual Computer Reconfig­
urahle Computing Network (DVCIRC Net). com­
putes on data as It was transmitted. The system 
allows data to be processed as It moves over the 
network. independent of the host CPU. It can be 
plugged into current computing systems. 

For inform ation 
o n registering fo r 

October 29-31 
Anaheim. CA 

See pages 96-97. 

Engineers 
& 

Scientists 
use 

DADiSP 4.0 
for free! 

The DADiSP Worksheet (pronounced "day­
disp") is a $1 .895.00 software package that's 
uper-powerful and very easy-to-use. Every day 

engineers, scientists and mathematicians at 
places like ASA, GM, Ford, GE, Los Alamos 
Labs, the CIA, FBI and NSA use DADiSP! 

A full working DADiSP is now available on a 
30 day trial basi! for a limited time. DADi P 
includes over 500 powerful data analysis and 
math function - signal and image processing, 
macrO; math; artificial data generation, peak 
fmding and fearure detection, statistics, fourier 
analysis, calculus, and crigonometry functions, 
tlnd astounding quality graphics output. 

\Y1e encourage you to download a free trial 
copy of DADi P from our World Wide \'{feb 
site today: hnp:l/www.dadisp.com 

Use DADiSP to import and analyze your data 
for free. 

One Kendall quare 
Cambridge. (A 02139 

617-577·1133, FAX: 617-577-8211 800-777-5151 

We hope you enjoy DSP's powerful software­
feel free to tell us what you think of DADiSP! 
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US 
"Streaming" Data Acquisition 

Fill huge host memory with lOMHz "gapless" AID data 

11 Models Starting at $2095 

Number Number Sampling 
of AlD of Rate 

Model Channels Resolution AID's (per Channel) 

PCI-416B 4 14 Bits 82kHz 

PCI-416D 12 Bits 5MHz 

PCI-416E 16SEJ80 12 Bits 1 125kHz 

PCI-416F 2Simul. 12 Bits 2 2M Hz 

PCI-416G 2Simul. 14 Bits 2 1 or 2MHz 

PCI-416H 12 Bits 1 10MHz 

PCI-416J 8 Simul. 12 Bits 8 250/380kHz 

PCI-416K 2Simul. 12 Bits 2 5MHz 

PCI·416L 16 Simul. 12 Bits 16 190kHz 

PCI·416M' 4 Simul. 16 Bits 4 100kHz 

PCI·416N' 2Simul. 14 Bits 2 5MHz 

• Preliminary 

DATEL, [nc., 11 Cabot Boulevard, Mansfield, MA 02048 Tel: (508) 339-3000 
FAX: (508) 339-6356. For immediate assistance 800-233-2765. 

ISO 9001 Registered 

• 12-16 bit AID's; Sampling rates to 10MHz 
• On-board, PCI bus mastering 
• Quick, 32-bit, PCI-burst DMA transfers 
• Banked FIFO's move 2 samples per transfer 
• 2-16 channel simultaneous sampling 
• Pre/post-trigger, gap-free, ring buffering 
• Low noise/harmonics; Great for DSPIFFT! 
• The ideal array-processor "front end" 

DATEL's new PCI-416 Data Acquisition Boards, 
with on-board bus mastering, "stream" high-

resolution AID data directly to 
host RAM "forever" with no lost 
samples. We also make board-
level products for EISA, ISA, 
VME and Multibus platforms . 

--- Send for our NEW catalog today! 

INNOVATION and EXCELLEN CE 

For More Information Write In No. 530 
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• Apparatus Acquires Data on Magnetic Hysteresis 
8-versus-H curves can be generated automatically. 
Goddard Space Flight Center, Greenbelt, Maryland 

An automated laboratory apparatus 
performs measurements from which 
the magnetic-hysteresis properties of 
rod specimens can be computed. 

Heretofore, it was necessary for a tech­
nician to acquire magnetic-hysteresis 
data by a time-consuming manual pro­
cedure. Once set up with a given rod 

Sensing Coil Extemal (Driven) Coil 

I. 

Extemal (Driven) Coil " 1 

\\ ... ~\\_ \~"'~\4~' 
, . 48 in. (Typical) , 

GEOMETRY OF MAGNETIC COMPONENTS 

Figure 1. Measurements of V and V. are made during excitation with triangular-waveform 
current I. These measurements are processed into 8-versus-H curves. 
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4.0 

I 2.0 
:>! 
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~.O 
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Figure 2. This Set of Hysteresis Curves was obtained from a typical rod specimen, using the 
apparatus described in the text. 
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specimen, the present apparatus oper­
ates unattended, acquiring data on the 
magnetic induction (B) in the rod as a 
function of an excitatory magnetic field 
(H) generated by a known electric cur­
rent in an external coil. 

In addition to the external coil, the 
apparatus includes a shorter sensing 
coil positioned centrally within the 
external coil , plus several commercially 
available electronic units (see Figure 1). 
The length of the rod specimen equals 
or exceeds the length of the sensing 
coil. The rod is placed centrally within 
the sensing coil. 

A waveform generator connected via 
an amplifier drives the external coil with 
a triangular current waveform at a fre­
quency of 0.005 Hz. A digital multimeter 
measures the potential drop (\I) across 
a precise resistor (R = 10 0 ) in series 
with the external coil. Another digital 
multimeter measures the voltage Vs 
induced in the sensing coil. An instru­
ment controller records the measure­
ments from both multimeters at inter­
vals of one second, giving 200 pairs of 
data points for each cycle of the trian­
gular waveform. 

The potential drop across the series 
resistor is directly proportional to the 
current in the external coil and thus to 
the eXCitatory magnetic field: this field 
as a function of time is calculated 
from H(t) = NV(t)/LR in the rationalized 
mks system of units, where t is time, 
N is the number of turns, and L is the 
length of the external coil. The voltage 
Vs induced in the sensing coil is mea­
sured by another digital mult i meter. 
The rate of change of magnetic 
induction in the rod is calculated from 
dB/dt = V.!(1ta2Ns) , where a is the 
radius of the rod, and Ns is the num­
ber of turns in the sensing coil. By use 
of commercial software, the dB/dt 
data are integrated in time to obtain 
B(t). Then cyclic B-versus-H curves 
showing hysteresis (see Figure 2) are 
plotted from the calculated values of 
B(t) and H(t) , and pertinent magnetic­
property parameters are extracted 
from these curves in the customary 
way. 

This work was done by Charles 
Powers and Henning Leidecker of 
Goddard Space Flight Center. For 
further information, write in 54 on the 
TSP Request Card. GSC-13725 
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Corel· Visual CADO" is a highly intuitive, fast and 
efficient professional design and drafting program 
that allows both new and experienced users to 
exploit the full power of Windows· 95 and Windows 
Nr. Corel Visual CADD will coexist with your 
current environment by providing seamless 
integration with AutoCAO's· DWG and DXF and 
Generic CADD file formats. Whether you are 
creating architectural drawings. technical 
schematics or engineering projects. Corel Visual 
CADD delivers all the tools you need to optimize your 
productivity at every stage of the design process. 
Corel Visual CADD provides a cost-effective. CAD 
solution for any new or existing office. 

• 200 + House Plans 
• 1,900 Architectural Symbols 
• 5,000 Mechanical Symbols 
• 650 Electrical Symbols 

• 120 Fonts 

lISt Aware Environment- IS able to keep 
track of where you are In II1e design process. 

~~~r-~~ __ ' ~.~~~~woo 
as nesI!d commands rT12Il:hing tools, speed 
bar IiaJogs and a context-5el1SlU'ie right 
mouse buttOl1. you can count OIl finishing 
your work In record time. 

C~p'utAbilinr 
Consumer Electronics 

1·800·554·1635 

Dynamic Rele","ce Frames give you 
absolute control over your printing 
layout by allowing you to reference 
multiple drawings and/or multiple views 
of the same drawing 011 your output 
sheet You can also seamlessly Integrale 
AutoCAO" xrefs and paper space. 

= Version! 

trorCcnOlAW- .~._c.\II)O. CGI!I_CAOO- ,_. ""'CAIlICfY< .US$""' ...... _""'~ 
For More Information Write In No. 535 



• Recovering Telemetry Data via Noncausal Processing 
Signals are processed, recorded, and reprocessed to recover data 
that would otherwise be lost. 
NASA's Jet Propulsion Laboratory, Pasadena, California 

Gap-closure processing (GCP) is a 
method of noncausal processing of 
telemetry signals in the radio-receiving 
system that was the subject of "Buf­
fered Telemetry Demodulator" (NPO-
19080), NASA Tech Briefs, Vol. 19, No. 
11 (November 1995), page 42. As 
described in that article, the buffered 
telemetry demodulator (BTD) is a digi­
tal signal-processing system designed 
mainly for recovery of low-rate binary 
data phase-modulated onto a square­
wave subcarrier on a sinusoidal or sup­
pressed sinusoidal carrier signal and 
received at a low signal-to-noise ratio 
(SNR). In the BTD, the received signal is 
not only processed in real time but is 
also recorded and subsequently re­
processed to recover data that might 
otherwise be lost. GCP is the non-real­
time, noncausal, reprocessing for 
extracting more information from the 
received noisy signal than can be 
extracted by real-time, causal pro­
cessing alone. 

The BTD is implemented in software 
on a general-purpose multiple-central­
processing-unit computer workstation. 
It acquires and tracks the carrier, sub­
carrier, and symbols, and performs 
such monitoring functions as indicating 
lock or lack of lock on the received sig­
nal and estimating symbol SNR. It 
takes advantage of the multiple cen­
tral-processing units to perform several 
processes on different segments of 
digitally sampled and recorded signals 
simultaneously. For example, it can 
process real-time digital-signal samples 
forward in time and can reprocess any 
other segment of samples from the 
past at the same time. 

It becomes necessary to reprocess 
a segment of samples from the past 
when (1) the out-of-Iock indication is 
detected in the carrier-, subcarrier- , 
and/or symbol-tracking loop in the BTD, 
and/or (2) the succeeding decoder fails 
to extract valid information from the 
BTD-output symbols; in either or both 
situations , demodulation has not been 
performed successfully on the affected 
segment of samples, and that segment 
is called a "gap." Typically, gaps are 
caused by acquiSition (or re-acqu isi­
t ion) or cycle slip in one of the three 
tracking loops. Gaps due to acquisition 
and reacquisition can be found in the 
beginning of each pass and may be 
found at the instants of changes in data 
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rates. Gaps due to cycle slips are usual­
ly accompanied by decreases in symbol 
SNR and can occur at random times. In 
rare cases, gaps occur when demodu­
lated symbols are mishandled in the 
flow of data from the BID to the suc­
ceeding decoder. GCP is the process­
ing of a gap to extract any valid infor­
mation not available when that segment 
of signal samples was first processed. 

During the real-time demodulation 
process, the BTD keeps a record of its 
internal states, including the lock-indi­
cator states, the state variables inside 
loop filters, as well as phases and fre­
quencies of numerically controlled 
oscillators (NCO) for all three loops. 
This information is recorded at fixed 
intervals and is stored as check points 
for subsequent use as references 
whenever GCP becomes necessary. 
For a gap situated inside a pass, it is 
possible to perform GCP by using the 
available check-point information from 
either before or after the gap. The for­
mer is denoted forward gap-closure 
processing (FGCP) because it involves 
loading the check-point information 
from before the gap, processing the 
gap from the beginning towards the 
end; the latter is denoted backward 
gap-closure processing (BGCP) be­
cause the gap is processed in the order 
of reversed time. Only FGCP can be 
performed when the gap is at the end 
of a pass, only BGCP can be per­
formed when the gap is at the begin­
ning of a pass. The only essential dif­
ference between FGCP and BGCP is 

Start of a Pass 

that the order of signal samples 
processed is reversed. Because every 
state variable of every check point is a 
random variable, it is necessary to use 
more than one check point to make a 
good estimate of states at the beginning 
of GCP. 

A segment of signal samples from 
which all the check points used for a 
GCP are derived is called a "pad ," To 
ensure reliable check-point information, 
each pad is chosen to be an interval 
throughout which the receiver remains 
in lock. The pad-to-gap size ratio is an 
important factor in determining the 
strategy of GCP. The figure schemati­
cally illustrates FGCP and BGCP with 
two gaps and two pads. 

GCP can be performed in either a 
closed-loop or an open-loop configura­
tion. In the closed-loop configuration, 
the receiving signal processor runs over 
the gap with some new a priori state 
information pertinent to the starting 
point. The a priori information is typical­
ly obtained from check points before 
the gap in FGCP or after the gap in 
BGCP. Then using this information, the 
loop-filter coefficients can be initial­
ized by a method developed previously 
to eliminate the transient response of a 
digital phase-locked loop. 

In the open-loop configuration, the 
gap is reprocessed without using a 
phase-locked loop to adaptively esti­
mate the signal phase; this is feasible, 
provided that the signal phase is rea­
sonably stable or slowly varying in that 
gap. In the open-loop configuration, 

BGCPl ....- FGCP2 BGCP2 --. ....-
Gap 1 Gap 2 

Pad 1 Pad 2 

Sample TIme 

Information Is Recovered From the Gaps by reprocessing, using information from the 
pads. Information is recovered in BGCP 1, using check-point information from pad 1. The 
same check-point information can also support FGCP 2 in reprocessing gap 2. BGCP 2, 
using check-point information from pad 2, is an alternative for reprocessing of gap 2. 
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Automotive Component Test. 

Application: Simulate a PLC-driven 
automotive part test system in an R&D 
environment. 

Solution: In one week, a $100,000 test 
system was emulated at a cost of just 
over $2,000. A single Keithley 
MetraByte DAS-lS02AO data acquisi­
tion board provides stimulus and mea­
sures resulting pressure and flow. Using 
VTX and Visual Basic, the designer got 
test results in Windows on 
the Hrst day. The compo­
nent's design was improved 
through graphing and ana­
lyzing the data. 
800-903-1294 
Write in No. 670 

Process Monitoring of Viscosity. 

Application: Develop an instrument 
capable of accurately determining the 
viscosity of polymers such as polyesters, 
nylon and synthetic rubbers. 

Solution: User is able to capture samples 
over a wide dynamic range from 1 RV to 
100 RV (relative viscosity) at a resolu­
tion and repeatability of 0.1 %. Key to 
this is Keithley MetraByte's DAS­
IS02HR-DA data acquisition board 
with 16-bit resolution and 
programmable gain . The 
same board also controls 
hydrauliCS during the 
acquisition for unattended 
operation. 800-903-1294 
Write in No. 671 

Data Acquisition Catalog. 
For a complete listing 
of solution driven 
products, call for 
Keithley MetraByte's 
free catalog. 
800-903-1294 
Write in No. 672 

SIGNAl CHANNEL 

«lNDIY1ONING EXPANSION 
ANAlOG 

'/0 
DISPlAY 

ARE SOLUTION 
Setting the data acquisition standard. 
For ten years Keithley MetraByte has 
been solving data acquisition needs 
WIth boards and software that have 
helped define the market. Building 
on years of quality processes, we 
were first m the mdustry to attain 
ISO 9001 certification. 
Fast lane to data acquisition. 
Choo from a complete range of 
ooanh, SIgnal conditioning modules, 
screw terminals, channel expansion 
units and cables. Our wide selection 
means you pay only for what you 
need. Data acquisition starts at $349. 

Accelerate to productivity. 
Choose our intui ive software that 
avoids lengthy learning cutV If you 
like to program, our VTX VJ.SUal 
Basic software tools are the fastest 
route to customized solutt n, or 
choose TestPoint which proVides a 
fully-integrated development envi­
ronment to acquire data witJi hoards 
or instruments. 

FOR APPUCATlO OLUTlO S TIIAT 
ARE TRIED AAU TESTED, CALL U AT 

SOO-903-1294. 
I; mit: IT. http://WW\Oo.metrabyte.com 

METRABYTE 
We set the standard 

Write In No. 673 ___ _ 

PC Board Production Test. 

Application: Develop a high-throughput, 
flexible functional test system for pro­
grammable thermostat boards. 

Solution: A fast, yet easy-to-use and 
maintain system. TestPoint software 
controls a two-bay system optimized for 
high throughput, where one board is 
tested while the next one is loaded. 

Maintenance is Simplified because all 
the I/O is done through a single 
Keithley MetraByte DAS-
1602 data acquisition 
board with an interface 
chassis and bed-of-nails 
fixture. 800-903-1294 
Write in No. 674 



the receiver uses an estimated-phase 
profile as the reference phase. The esti­
mated-phase profile can be obtained 
from observation of the phase over an 
adjoining segment of samples wherein 
the phase has been tracked successfully. 

The overall gap-closure strategy 
involves scheduling of open- and 
closed-loop GCP to optimize the out­
come. The strategy is derived from the 

observation that the open-lOOp config­
uration can outperform the closed­
loop configuration for some amount of 
time into a gap, and then the perfor­
mance of the open-loop configuration 
deteriorates rapidly farther into the 
gap. The optimum time for switching 
over from the open-loop to the closed­
loop configuration is a function of the 
interval between check points, the 

number of available check points, the 
duration of the gap, and the bandwidth 
of the loop. 

This work was done by Haiping Tsou, 
Robert Lee, Alexander Mileant, and 
Sami H. Hinedi of Ca/tech for NASA's 
Jet Propulsion Laboratory. For further 
information, write in 52 on the TSP 
Request Card. NPO-19683 

• System Measures Electrical Transients Induced 
by Lightning 
Waveforms and peak voltages are digitized and recorded for analysis. 
Lewis Research Center, Cleveland, Ohio 

The Lightning Transient Measure­
ment System (LTMS) is an electronic 
data-acquisition system that can oper­
ate unattended to provide continuous 
monitoring of electrical transients in­
duced by lightning in unused wires in a 
cable. The LTMS is installed at the 
launch pad at Launch Complex 36B at 
the Cape Canaveral Air Force Station 
(see figure); the monitored cable is the 
umbilical cable between the launch 
tower and the spacecraft on the launch 
pad. The LTMS was designed to pro­
duce measurement data for comparison 
with levels specified in the lightning-pro­
tection design of the spacecraft and 
launch pad and to verify that the light-

Blockhouse 

Cableway - 1,800 It 

ning-induced transients have not ex­
ceeded allowable levels. Modified ver­
sions of the LTMS might be useful in 
assessing the hazards posed by light­
ning-induced transients and verifying 
lightning-protection schemes in other 
installations that involve frequent and/or 
prolonged exposure of people and/or 
equipment to an outdoor environment. 

In the LTMS, lightning-induced tran­
sient voltages and currents on six 
unused wires are sensed by probes 
located in an LTMS/umbilical interface 
box (LUIB) at the launch-tower end of the 
umbilical cable. From the LUIB, the ana­
log probe signals are transmitted via 
fiber optics to a data-collection subsys-

LUIB 

The Lightning Transient Measurement System is used to record and analyze lightning­
induced transients, yielding data to verify lightning-protection schemes. 
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tem called the "Lightning Data Acqui­
sition System" (LDAS) , which is located 
in a room under the launch pad. The 
LDAS includes a modular computer 
automated measurement and control 
(CAMAC) mainframe, wherein high-fre­
quency digitizers and peak detectors 
capture the waveforms and maximum 
voltages. The LDAS is connected, via a 
fiber-optic cable ("data highway") to the 
Lightning System Control Unit (LSCU), 
which is a dedicated control, data-pro­
cessing, and data-storage subsystem 
located in a blockhouse near the launch 
pad. The use of fiber optics for trans­
mission of analog and digital signals, 
combined with the installation of shields 
to protect all power cables and with 
electromagnetic shielding of instru­
ments, makes the LTMS nearly immune 
to the effects of lightning. 

The probes are configured to mea­
sure common-mode voltages and cur­
rents and differential-mode voltages. 
The system can fully digitize two inputs 
and can sample four for peak values 
only. The system is capable of automat­
ic self-test and calibration, remote 
operation, and transfer of data via tele­
phone modem, and autonomous oper­
ation. The system is entirely indepen­
dent of other data systems at the site 
and in-cludes its own emergency 
power supply to enable continuation of 
monitoring in the event of a loss of ac 
power supplied via the site. 

Software running on the LSCU com­
puter in the blockhouse provides 
supervision and control of all system 
functions. Its three main tasks are to 
configure and arm the data-collection 
subsystem, receive and store data 
after the system is triggered by a light­
ning event, and perform preliminary 
analysis of each received set of data. 
A multitasking operating system and 
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To anyone 
In 20 or 

who is 
30,we 

choosing between designing 
offer the following advice. 

Don't. 

Introducing Autodesk Mechanical Desktop .'" 
Uniting 20 and 3D. 

Feature-based, parametric 
solid modeli ng 

You model with (amlliar (ea w res 

like wpped holes and cham(ers. 

Mix surfaces and solids to bUild 

complex shapes. 

[

Comprehensive assembly 
model ing 

Asse. mblles are assooa!lve. Make 

a change and see the entire 

design update. 

[

2D des ign and drafting 

.oWG format ensures compatibility 

with your eXisting data, vendors 

and dients. 

l
Associative drafting 

AutomatJcally generate detailed 

dfOWlngs. Full b,-direcfJonol OSSOCIQ!NIty 

updates models and drQWIngs. 

With new Autodesk Mechanical Desktop you 

and your design team can end the debate 

because everything about it has been 

designed around your needs. For projects 

that require 2D drafting, you can be sure 

the capabilities are there. After all , Mechanical 

Desktop is bui lt on AutoCAD - software, 

the unsurpassed 2D drafting standard . For 

projects that require 3D or a mixture of 

2D and 3D, you ' ll find enhanced fealure­

based solid modeling to speed design and 

make change effOltless. And users totally new 

to 3D will eaSily get up to speed because 

of their familiarity with AutoCAD. So what 

you 'll have is one tool for a variety of pro­

jects from straightforward components to 

complex assem blies. A tool that's versatile 

enough to enable you to work in 2D , 3D or 

a combination, You']] also have a network 

of training and support centers worldwide. 

And yes , it's affordable. Sound too good to 

be true? Call us on it. 

With Mechanical Desktop as a (oundation, you can toke your projects (rom 

deSign to manu(acture . Thanks to the Mechanical Applications Initiative 

(MAl). you can choose (rom the best-of-class design through manu(acturing 

Analys~ by ANSYS, Inc. applications and know that they'll be fully integrated Machined by NC Mk roproducts. 

......... CALL 1-800-964-6432 AND AsK FOR DEMOPAK S605. 
~~------------------~ ~Autodesk_ 
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graphical user interface support the 
LTMS application software. The soft­
ware provides limited fault tolerance 
with automatic reconfiguration in some 
failure situations. 

The LTMS is designed as a practical 
tool for use by payload engineers and 
launch directors in assessing potential 
damage to spacecraft by nearby light­
ning events. Data from the LTMS are 

also expected to improve understand­
ing of the adequacy of lightning-protec­
tion criteria currently imposed on ground 
support equipment interfaces. The use­
fulness of the LTMS will ultimately be 
measured in terms of its ability to assist 
in making informed go/no-go launch 
decisions, and by increased knowledge 
of lightning-induced transient phenom­
ena at the site. 

~ A Novel Method To Resolve Doppler 
and Range Ambiguities 

This work was done by Jeffrey C. 
Brown of Lewis Research Center. For 
further information, write in 66 on the 
TSP Request Card. 

Inquiries concerning rights for the 
commercial use of this invention should 
be addressed to the Patent Counsel, 
Lewis Research Center; (216) 433-2320. 
Refer to LEW-16095. 

Measurements can be unambiguous even at large ranges and speeds. 
Goddard Space Flight Center, Greenbelt, Maryland 

A pulsed radar system makes unam­
biguous measurements of both range 
(distance to a target) and Doppler fre­
quency shift (indicative of the speed of 
approach or recession of the target). 
The ambiguities are resolved by use of 
a variation of a two-frequency technique 
that has been used in interferometric 
systems to resolve integral-multiple-of-
21t phase ambiguities. This technique 
could also be applied in a pulsed laser 
ranging system. 

Range and Doppler measurements 
in a conventional pulsed radar system 
are susceptible to ambiguity when the 
range and/or speed become(s) large: 

Pulse 
Modulator 

• When the pUlse-repetition frequency 
is low enough for unambiguous mea­
surements of range, it could be too 
low for adequate sampling of a large 
Doppler shift. 

• The angular spread of the radar beam 
can cause the Doppler spectrum of 
the return signal to spread beyond the 
Doppler-ambiguity frequency differ­
ence, making the Doppler measure­
ment difficult or impossible. 
With the present approach (see fig­

ure), two carrier signals at frequencies 
of f, and f2' respectively, are generated 
by use of phase-locked oscillators or a 
double-sideband (suppressed-carrier) 

Nonlinear 
Detector 

Intermediate­
Frequency 
Amplifier 

Local 
Oscillator 
and Mixer 

Radio­
Frequencyl_~+' 
Amplifier 

This Concept Is Based partly on the use of a two-frequency technique to resolve range and 
Doppler ambiguities. 

NASA Tech Briefs, September 1996 \WIW.nasatech.COffi 

modulator to enforce coherence. One of 
these frequencies can be varied, and 
the frequencies differ by a suitable 
amount, e.g., f, = 10,000.5 MHz, f2 = 
10,000.0 MHz. The difference frequen­
cy, Mt = f, - f2' is measured and used as 
a reference in processing the return sig­
nals as explained below. The f, and f2 sig­
nals are combined and amplitude­
modulated to form pulses, typically with 
a duration of 1 ~s and a repetition fre­
quency between 100 and 10,000 Hz. 
The dual-frequency pulsed signal is 
amplified, typically to a peak power of 
several kilowatts, and transmitted from 
an antenna toward the target. 

The signal returned from the target 
is received by the same or a separate 
antenna and processed initially via the 
usual combination of amplification , 
mixing with a local-oscillator signal to 
obtain an intermediate-frequency sig­
nal, and detection in a nonlinear circuit. 
The output of the nonlinear detector is 
generated from the Doppler-shifted 
returns of the f, and f2 signals. There­
fore, the detector output includes a sig­
nal at a difference frequency Mr, which 
differs from M, by a small amount; Mr -

M, = Md = the differential Doppler shift 
of the two signals. The differential 
Doppler shift is given by Md = 2M,v/c, 
where v is the speed of approach or 
recession of the target and c is the 
speed of light. 

The Mr component of the output of the 
nonlinear detector is synchronously 
detected with reference to the original Mt 
signal. The coherence of " and f2 men­
tioned above is necessary for the extrac­
tion of the instantaneous value of Md; 

without coherence, the system would 
behave as though it made two indepen­
dent radar observations, for which Dop­
pler shifts must be determined and inde­
pendently averaged at each frequency. 
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The output of the synchronous detector 
is an in-phase (I) and a quadrature (0) 
signal that is low-pass filtered and fed 
to a signal processor and a target clas­
sifier, which extract speed and other 
information in a conventional way. 

The signal processing includes, 
among other things, measurement of 
the phase of the Mr signal and the dif­
ference between this phase and that of 
the Mt signal. By making Mt small 
enough, one can keep Md small enough 
so that it can be sampled adequately at 
the pulse-repetition frequency and so 
that the spectral width of the Md signal 

lies within the Doppler-ambiguity fre­
quency difference. Optionally, one 
could also choose Mt small enough to 
avoid the integral-multiple-of-21t phase 
ambiguity in the component of phase 
shift proportional to range. 

The version of the approach shown in 
the figure is suitable for cases in which 
Mt is small enough that the spectra of 
the pulse-modulated f, and f2 transmit­
ted signals overlap. In other cases, it is 
preferable to use another version of the 
system (not shown in the figure), which 
differs in that the output of the mixer is 
filtered to separate the returned f, and f2 

signals for amplification in separate in­
termediate-frequency channels. 

This work was done by Gerald 
Heymsfield of Goddard Space Flight 
Center and Lee Miller, consultant. For 
further information, write in 36 on the 
TSP Request Card. 

This invention is owned by NASA, 
and a patent application has been filed. 
Inquiries concerning nonexclusive or 
exclusive license for its commercial de­
velopment should be addressed to the 
Patent Counsel, Goddard Space Flight 
Center; (301) 286-7351 . Refer to GSC-
13542. 

• Ground Receivers for Measuring Flying-Radar 
Antenna Patterns 
Analog data in the form of time-varying audio tones are recorded on magnetic tape. 
NASA's Jet Propulsion Laboratory, Pasadena, California 

Two relatively inexpensive ground­
based receivers have been developed 
for measuring the directional patterns of 
signals from remote-sensing radar 
antennas in flight aboard aircraft and 

aboard spacecraft in orbit around the 
Earth. As a flying radar system passes 
by, one of these receivers records data 
from which one can compute the inten­
sity of the received radar signal as a 

IntroduCing a new line of Hi-Reliability Flexible Heaters 
from Elmwood Sensors. Designed in response to the 
aerospace industry, our precision heaters meet or exceed 
NASAlGSFC specification S-311 -P-79. 

Whether your requirements are a custom heater, a 
unique thermostat design or an integrated temperature 
control assembly, Elmwood is the only source you need. 

Get the quality and design reliability Elmwood's thermo­
stats are famous for, now in a Flexible Heater. 

For a design kit or more information, 
call 1-800-ELMWOOD. 

'ii!! Elmwood 
l5ii Sensors 

Thermal Sensing and 
Control Technology ... Worldwide 

Visit us on the Web at: http://www.elmwoodsensors .com 

function of time (see Figure 1). These 
data can later be correlated with data on 
the known positions, orientations, and 
polarizations of the radar system and 
receiver antenna as functions of time to 

Elmwood Sensors, 500 Narragansett Pork Drive, Pawtucket, RI 02861 , U.S.A., Tel : 401-727-1300, Fox: 401-728-5390 
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extract data on the directional pattern of 
the radar antenna. 

The two receivers are similar except 
that one operates in the L -band while the 
other operates in the C-band (see Rgure 
2). Both include low-noise input ampli­
fiers, followed by band-pass filters to 
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a sample-and-hold circuit with accompa­
nying triggering circuitry and a voltage­
to-frequency converter; the net effect of 
this video circuit is to generate an audio 
signal with a frequency that is a pre­
scribed function of the instantaneous 
strength of the received radar signal. This 
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Figure 1. The Strength of the Signal Received from an airborne synthetic-aperture radar 
was recorded as the system flew by. 

reduce noise bandwidths. In both 
receivers, detection takes place in detec­
tor logarithmic video amplifiers (DLVA) 
capable of handling the radar pulses, 
which typically range in duration from five 
to several hundred microseconds and 
typically range in repetition frequency 
from 100 Hz to 5 kHz. The DLVA pro­
vides 50 dB of input dynamic range, con­
verting this whole range to an output 
potential range of 0 to 2 volts. 

The output of the DLVA in each receiv­
er is fed to a video circuit that includes 

~ 
L::::J 

Detector Logarithmic 
Video Amplifier 

Video 
Circuit 

audio signal is recorded on magnetic 
tape by use of an inexpensive commer­
cial cassette recorder. Subsequently, the 
audio-frequency analog received-power 
data signal is played back and digitized 
for analysis. 

This work was done by David R. Haub, 
Gonzalo Romero, and Charles L. Werner 
of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, 
write in 64 on the TSP Request Card. 
NPO-19596 
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Amptlfiers 

r 
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Low· Noise 
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Figure 2. These Ground Radar Receivers produce analog audio outputs, the frequencies of 
which vary with the strengths of the signals they receive. 



I -$ Data Acquisition & Analysis 

ationallnstruments, Austin , IX, 
has announced a line of VXl­
based multifunction data acqui­
sition ins trument modules, 
which includes the VXl-MIO-
64E-1 and VXI-MIO-64E-1O 
multifunction analog, digital , and 
counter/timer modules; the VXl­
DlO-128 digital I/O module; the 
VXl-AO-48XDC analog output 

and digital I/O module; the VXl-SC-1000 signal conditioning carrier mod­
ule; the VXl-SC-ll02 amplifierllowpass nIter signal conditioning module; 
and the VXl-SC 1150 fLXed excitation signal conditioning module. 

All modules include the NI-DAQ"' driver software and all modules are 
compatible with LabVlEw"' and LabWindows®/CVl application software 
products for virtual instrumentation. All modules are compatible with VXI 
plug-and-play standards; the accompanying software can be used with any 
VXI plug-and-play-compatihle application software, as well as program­
ming environments such as Microsoft Visual C++, Visual Basic, and 
Borland C++. Module prices range from $995 to $3995. 

For More Information Write In No. 700 

The CY-8900 and CY-9000 tape drive data 
storage subsystems from CybernetiCS, 
Yorktown, VA, are available with an ESCON 
serial interface for connection to IBM high­
end computers. The CY-9000 half-inch dig­
ital tape drive stores 42 GB on a single tape 
at 12 MBisecond, uncompressed; with com­
pression, it can store 210 GB at 40 MB/sec­
ond. It is available in a single- or multi­
drive desktop or rack-mount configuration 
or as part of an automated tape library 
capable of storing 7.35 TB. 

The CY-8900 tape drive stores 20 GB on 
a single tape at 3 ME/second. With compression, it can store up to 100 GB 
at up to 9 MB/second. An optional digital data recorder interface allows 
users to write data to SCSI devices from analog/digital converters or other 
instrument recorders, and provides an additional 128 ME of variable rate 
buffer. An accelerated field access option for UNIX systems allows users to 
locate a single file on a data cartridge in seconds. 

For More Information Write In No. 703 

Vulcan Enterprises, Phoenix, AZ, 
offers the T-Corder Model 512 solid­
state data recorder , which analyzes 
analog, pulse. and state signals and 
stores the information to data files 
on a removable PCMCIA memory 
card. It recognizes signals such as 
voltage, temperature, pressure, 
strain , rotational speed, pulse 
counts, and switch positions, and 

records them to DOS files . Results can be read directly off the card using a 
PC, or can be downloaded using a serial cable. 

The unit operates from an external DC supply and provides an isolated, 
5 VDC source for signal conditioning equipment. It measures and records 
up to 64 12-bit analog channels, eight lO-bit analog channels, four 32-bit 
rotational or count channels, eight switch positions, and supports eight 
indicators. The system includes DOS software for real-time communication 
with the unit and post-processing via a Pc. The cost is $2495. 

For More Information Write In No. 711 

icolel Instrument TechnolOgies, 
Madison, WI , has announced the 
Odyssey data acquis ition sys­
tem, whi h records 32 analog and 
32 digital channels at lOOkS/sec­
ond for more than 30 minU!es 
continuously. It features a digital 
signal processor on each channel 
for real-time measurements, trig­

gering, and data reduction. The system also incorporates a full-function 
Pentium PC to run other applicatiotlS while recording. 

Other features include records of more than 200 megasamples per chan­
nel, VCR-like review, an Ethernet network interface, internal signal condi­
tioning, and the ability to review, freeze, and print waveforms while record­
ing. Windows software provides analysis and report generation with cus­
tom page layouts , automatic calculations, and data export in popular for­
mats. The system includes a high-speed SCSI disk drive directly connected 
to each group of eight acquisition channels. Pricing begins at $20,900. 

For More Information Write In No. 702 

Silicon Graphics, Mountain View, CA, 
has introduced MineSel'· data analy­
sis and visual data mining software, 
which allows users to extract informa­
tion from data warehouses, automati­
cally mining it using algOrithms and 
analyzing it through intuitive visual 
tools. The program integrates server­

based data mining algOrithms with a client-based visual data mining tool 
suite, allowing users to analyze and understand models produced by those 
algori.thms. Data can be accessed directly from any Oracle, Inforrnix, or 
Sybase database. as well as other data sources. 

The algOrithms and data mining tools include an Association Rule 
Generator, which automatically analyzes data; the Rule Visualizer, which 
graphically displays results from the Association Rule Generator; the Tree 
Visualizer, which displays a 3D landscape for visual analysis of structured 
data; the Map Visualizer, which enables users to explore data with geo­
graphical relationships; and the Scatter Visualizer for analyzing data behav­
ior in many dimensions simultaneously. The program is priced at $15,000 
for one client and one server license. 

For More Information Write In No. 708 

The SIGMA PC-based data acqui­
s ition system from Reliance 
Electric, Cleveland, OH , cotlSists 
of the Universal Operator 
Interface and the Universal 
Process Monitor System that inte­
grate data acquisition, supervisory 
control , and information manage­
ment into a single operator inter­
face. The real-time system pro­

vides sampling for up to 10,000 analog and digital values from the moni­
tored system. It provides pre-emptive multitasking capabilities, allowing 
more than one task to be executed Simultaneously withoU! losing or time­
skewing data. 

Pushbutton and metering functions are managed via operator screeDS; 
computer control and specialized screens provide control of the process. 
The system operates on IBM-compatible computers and modifications and 
expansion are incorporated by producing screetlS with Microsoft VISUal 
Basic. 

For More Information Write In No. 705 
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• 
Vertrel® cleaning agems replace HCFC-141 b, PFCs and CFCs 

so you can clean safely and easily with confidence. 
DuPont Vertrel® is specially designed to replace 
ozone-depleting solvents. You'll use this versatile 

family of cleaning agents with confidence, thanks 
to strong performance and ease of conversion in a 
variety of applications. 

Vertrel® cleaning agents deliver the broadest 
array of cleaning characteristics, facilitating the use 
of vapor degreaser technology in precision specialty 
cleaning applications. 

Vertrel' HFe Applications XF+ 

Compositions XF XM XE MCA SMT XP-I 0 Sunoclont 
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Advanced DuPont HFC-431 0 technology 
allows the versatile Vertrel® family of replacement 

cleaning solvents to offer exceptional cleaning 
performance in an environmentally acceptable 
formulation. Vertrel® is safe to use because of 
its low toxicity and nontlammability. 

Vertrel®- the effective and ea y-to-irnplement 

choice in replacement cleaning agents. To learn 
more about the DuPont Vertrel® cleaning agent that 
is right for your application, call 1-800-441-9281. 
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Vertrel· 
Only by DuPont 
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I $- Data Acquisition & Analysis 

Schenck Pegasus Corp., Troy, MI, 
has introduced the DA-CAT data 
acquisition computer-aided test­
ing system, which acquires and 
stores test data such as pressure, 
flow, motion, torque, and tem­
perature. It measures and moni­
tors up to 256 analog input sig­

nals at a rate of 4651 points per second, and a sum sampling rate of 100,000 
points per second. It is available in desktop or rack-mounted models. 

The unit accommodates a combination of ADIO boards and digital 110 
boards that process the analog input Signals and provide digital 1I0s. 
Features include ACJDC transducer conditioners, digital inputs and Out­
puts, limit error-checking with programmable action lists, and file storage 
for system parameters. A high-speed fiber-optic link provides real-time 
communication between the unit and a Pc. The Windows-based applica­
tions allow users to set up, stan, and stop data acqUisition; sample and 
store data; view, monitor, and control the unit controller remotely from the 
PC; plot and view real-time data in four formats ; and copy test files 
between the controller and the Pc. 

For More Information Write In No. 706 

The DAS-Scan rack-mounted data acquisition 
system (rom Keithley MetraByte, Taunton, MA, 
can multiplex up to 4096 channels from analog 
and thermocouple measurement devices into a 
single PC expansion slot. It is designed for qual­
ity testing and process monitoring applications 
on PC-based systems, and may be expanded in 
64-channel increments from hundreds to thou­
sands of channels. Software suppon is available 

for Wmdows 3.1, Windows 95, or Wmdows NT. 
The system accommodates up to 896 channels in each 19" rack configura­

tion and up to 448 channels in each half-rack configuration. It multiplexes 
analog signals into a single differential line that is measured by an analog/dig­
ital conversion card. The system scans channels at a rate o( 2000 channels 
per second and comes with Keithleys ASO-SCAN software and Visual Test 
Extensions, a set of custom controls for Visual Basic. Channel expansion 
boards are available for non-isolated voltage measurement, voltage with bank 
isolation, non-isolated TC measurement, and TC with bank isolation. The 
complete system is priced from $3350; large-channel configurations are 
priced (rom $25 per channel for voltage measurement. 

For More Information Write In No. 701 

The Data Brick data acquisition 
system from GMH Engineering, 
Orem, UT, is designed for portable 
use in demanding environments 
such as impact recording, machin­
ery monitoring, and aerospace 
testing. The system features eight 
self-calibrating differential analog 
input channels, one trigger input 
and four counter channels, and is 

programmed for use with most sensors. It does not require plug-in cards, 
external signal conditioners, or external excitation voltage supplies. 
Programmable sample rates are provided from once every 30 seconds to 
12,800 samples per second, Simultaneously on all channels. Other features 
include programmable anti-aliasing filters, nonvolatile internal data storage 
for 524,253 data points, shock tolerance to 100 g's, and a machined alu­
minum enclosure that weighs 2.86 pounds. 

For More Information Write In No. 709 

DSPower-Block Diagram v2.0 data 
acquisition software from Signalogic, 
Dallas, TX, offers data acquisition 
functions presented as a library of 
blocks in a graphical block diagram 
user interface. The blocks include con­
tinuous multichannel acquire to disk, 
strip-chart recorder, digital tape 
recorder, continuous multichannel 

playback from disk, and continuous function generation. Data acquisition 
blocks include spectrum analyzer, octave-band analyzer, digital oscillo­
scope, distortion measurement, 20 contour display with color-encoded or 
gray-level encoded amplitude, and 3D waterfall display. 

The software allows users to simulate, analyze , debug, and manufacture 
system and product designs which depend on data acquisition. DSP/math 
function blocks, display and visualization blocks, and interactive irtstru­
mem blocks also are available. The user interface offers both simulation and 
interactive diagram modes. The software operates in Windows 95 or 
Windows 3.1x with DOS 5.0 or higher, and requires a 33 MHz 80386 
machine with 4 MB of memory. It is priced at $795. 

For More Information Write In No. 707 

Amtec Engineering, Bellevue, 
WA, has released version 7.0 of 
Tecplot data visualization soft­
ware , which features a new 
graphical user interface, anima­
tion , and page layout. Data sets 
are generated by numerical simu­
lation such as computational 
fluid dynamics, statistical analy­
sis, data acquisition, and other 

sources. The program enables users to interactively explore and analyze 
multidimensional data sets and prepare plots for reports and presentations. 

Tecplot offers a variety o( viewing options to transform thousands or mil­
lions of data points into two- or three-dimensional images. It provides vec­
tor fields, light-source shaded plots, XV plots, wire-mesh plots, and contour 
lines, as well as curvilinear grids, finite-element grids, 3D surface and vol­
umetric modeling, animation, and data manipulation. The software runs on 
UNIX workstations and on PCS with Windows 3.x, 95, or NT. Pricing 
begins at $995. 

For More Information Write In No. 710 

OMEGA Engineering, 
Stamford, CT, offers the 
DAQBOARD series of 
PC/AT-compatible data 
acquisition and control 
boards. The boards fea­
ture NOs, D/As, digital 
110, and counter/timers. A 
range of input types are 
available with the compact 
signal conditioning expan­

sion boards, including thermocouples and strain gauges. 
The units may be expanded from 16 built-in channels to 256 inputs. The 

boards provide maximum sample rate of 100,000 samples per second, even 
when using expansion panels. Pricing for the basic DAQBOARD-1l2 is 
$795. 

For More Information Write In No. 704 

54 www.nasatech.com NASA Tech Briefs, September 1996 



An over the world, you'll discover Metrum recording 
system solutions at work. And even out of the world. 
Today, while the space shuttle floats across the cosmos, 
up to 24 channels of asynchronous analog and digital 
data is streamin~ and screamin~ the miles upon miles 
back to earth. At speeds of up to 1 Mbps/channel. 

Now, while assembling this complex array of data 
recorders, data multiplexers, demultiplexers, racks, 
cables, software, and automatic cassette handlers 
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might seem a bit daunting, for NASA it was really quite 
simple. All they had to do was pick up the telephone 
and call Metrum. We created and delivered a completely 
automated, integrated, turnkey system. 

So call1-800-Metrum-2 and find out precisely 
what kind of systems and solutions we can put 
together for you, too. And please keep in mind, 
when we say our recording solutions are out of 
this world, we mean it. 

For More Information Write In No. 620 
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Division of Bell Technologies Inc. • 4800 E. Dry Creek Rd., Littleton, Colorado 80122-3700 
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Electronic Components 
and Circuits 

Interface Circuits for Flight Telemetry 
These circuits provide bidirectional interfaces between digital data buses 
and IRIG telemetry circuits. 
Dryden Flight Research Center, Edwards, California 

Pulse-code-modulation interface (peMI) 
circuits have been designed and built to 
provide bidirectional interfaces between 
IRIG telemetry circuits and digital data 
buses in aircraft . These circuits satisfy 
a frequently occurring need to merge 
information from classical instrumenta­
tion systems with information carried on 
aircraft data buses. Usually, the two 
types of information are acquired asyn­
chronously; despite this, the peMI cir­
cuits make it possible to combine both 
types of information into a single data 
stream while maintaining the IRIG tele­
metry format. 

Inasmuch as each flight-research 
project has unique data requirements, 
the peMI circuits were designed to be 
flexible. Each peMI circuit can generate 
its own IRIG telemetry stream or can be 
slaved to another IRIG stream from virtu­
ally any instrumentation system. Several 
peMI circuits can be attached in series. 
Data can be extracted from, or inserted 
in, an incoming pulse-code-modulation 
(peM) stream; a processor attached to a 
16-bit data bus in the peMI circuit can 
exploit this capability to combine infor­
mation from flight-data-bus interface cir­
cuits and other circuits that provide data 
on an IRIG peM stream. The processor 
can perform computations, then insert 
results into other time slots in the same 
peM stream. 

Buffering is provided to ensure that 
the input/output functions of the pro­
cessor do not interfere with the integri­
ty of the peM stream. A special se­
quencing language was developed to 
enable programming of a sequencer 
(described below), which can support a 
peM map of 128 Kbits - or a larger 
map if the processor examines the peM 
stream on a frame-by-frame basis 
through an interrupt. 

Whole groups of data can be inserted 
in the stream, maintaining its group, or 
packet, integrity. Alternatively, data can 
be added on a "most recent value" basis 
when it is more imperative to minimize 
the number of words added to the peM 

integrity. In either case, bus data can be 
decommutated like any other parameter 
in the peM stream - without requiring 
special decoding techniques. 

The heart of a peMI circuit is a se­
quencer, which allows control over the 
peM map down to the bit level. The 
sequencer uses a static random-access 
memory (SRAM) with battery backup to 
ensure nonvolatility. It is programmed via 
the 16-bit data bus attached to the 
processor, and can hold as many as four 
complete sequence maps simultane­
ously. It can read from or write to the 
peM stream at any bit time in groups of 
10, 12, or 16 bits. It accepts NRZ-L or 
RNRZ-L data as input and produces 
NRZ-L, RNRZ-L, biphase, or DM-M out­
put codes. All input and output is 
buffered in differential mode to minimize 
common-mode interference and provide 
isolation. Single-ended input and output 
is also possible, but less desirable . 

A peMI circuit is completely con­
trolled via software, so that various tech­
niques can be used without having to 
remove the circuit from the system in 
which it is installed. All programmed 
memory and latches are of the read! 
write type, so that a complete self-test 
can be run while the circuit is installed in 
an operational system. 

Each peMI circuit also contains a fre-
quency synthesizer, so that when it is 
acting as the master peM system, its 
frequency can be programmed between 
approximately 10 Kb/s and 8 Mb/s. 
Synchronization bits can be included in 
the sequencer memory that provides 
interrupts to the processor or be used as 
trigger pulses when analyzing the system 
externally. A 4-KB dual-port random­
access memory (DPRAM) is used to 
pass data to and from the peM stream. 
The processor controls one port and the 
peMI sequencer controls the other. 

stream than it is to maintain packet An Entire PCMI Circuit fits on a circuit board the size of a credit card. 
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Out -of -the-Box'" 
Data Acquisition 

Acquire data from your PC-based acquisition system as 
soon as you take it out-of-the-bo~ with IOtech's easy-to­
use DaqView'" software - included FREE with our data 
acquisition products! 'v\ith DaqView you can effortlessly 

set Up your application, acquire data to disk in real-time, 
view real-time data in a variety of formats, graphically 
scroll through acquired data, and transfer data to other 
WindOlNS'"" applications such as Microsoft Excel"". 

Portable 
Parallel-Port 
Systems 
from $1,295 

WaveBook!5 7 2"" - digitizes at 7 MHz for 
multichannel, high-bandwidth applications 

Write in No. &93 

Temperature & Voltage 
Measurement Systems 
with IEEE 488 & serial interfaces 

Temp5can/7 100 .... - measures from 32 
to 992 temperature or voltage channels 

Write in No. 69' 
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iOTECH WORLDWIDE'DISI'I:RIBUTORS 

Plug-in 
Multi-Function Boards 
FromJ795 

DaqBoord/200A"" - combines 

Oaq/216B'" - 7 OO-kHz 
sampling at 76-bit resolution 

Write in No. 695 

Signal Conditioning 
& Expansion 
From $295 
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The compactness (see figure) and 
ruggedness of the PCMI and associat­
ed circuits enable placement in a variety 
of locations on a number of aircraft. 
PCMI circuits are now in use on several 
NASA research aircraft, including a B-

52, F-18, F-15, SR-71, and F-16XL. 
The PCMI system (including the proces­
sor, the PCMI circuit, and a power sup­
ply) fits in a volume 3.5 by 5 by 3.5 in. 
(8.9 by 12.7 by 8.9 cm) and draws less 
than 1 a W of power. 

This work was done by Glenn A. Bever 
of Dryden Flight Research Center. 
No further documentation is available. 
ORC-9S-14 

Eliminating a Control Glitch in an Isolated Cuk Converter 
The glitch cou ld be eliminated by suitable choice of capacitors 
and/or a damping network. 
NASA's Jet Propulsion Laboratory, Pasadena, California 

A theoretical study of the operation 
of an isolated Cuk converter has led to 
a proposed method for eliminating a 
glitch in its control-to-output transfer 
function. The method involves a suit­
able choice of capacitors plus the addi­
tion of a simple resistance-and-capaci­
tance damping network. 

Figure 1 illustrates an isolated Cuk 
converter. In this circuit, control is ef­
fected via pulse-width modulation: for 
a given switching frequency, the output 
or load voltage, VL, is controlled by con­
trolling the duty cycles, (0 and D) of the 
two switches. 

:, II 

Vg 

II 
Np 

~s 
• 

The glitch in the control-to-output 
transfer function is an undesired pair 
of zeros and poles that are closely 
spaced in complex frequency. Prior to 
the theoretical study reported here, it 
was known that the glitch is associat­
ed with the magnetizing inductance 
of the transformer. Moreover, limited 
analysis and experimentation had 
shown that the glitch can be reduced 
by a sufficiently large increase in the 
magnetizing inductance. However, the 
present method was developed from a 
different approach, in which increas­
ing the magnetizing inductance was 

+ 
D' Cos RL VL 

CUK CONVERTER 

~, II ~s 
• 

Vg 10 

R 

EQUIVALENT CIRCUIT WITH SECONDARY·SIDE COMPONENTS 
REFLECTED TO THE PRIMARY SIDE 

+ 
Va 

Figure 1 . An Isolated Cuk Converter is a switching dc-to-dc power-converter circuit. 
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considered not to be a design option. 
The mathematical model used in the 

theoretical study was a small-signal, 
equivalent-circuit approximation of the 
dynamics of the circuit. The dependence 
of the glitch on the various circuit para­
meters (inductances, capacitances, 
transformer turns ratio, etc.) were de­
termined analytically. It was found 
that the glitch could be eliminated at 

Figure 2 . Light Damping provided by rd and 
Cd could eliminate the glitch over a wide 
range of operation. 

a specific operating point (0, Vg , ~ by 
making its zeros and poles coincide in 
complex frequency, and that this con­
dition could be achieved by choosing 
the capacitances of the two energy­
storage capacitors in a specific ratio. 
This ratio is given by C2/C, = (0'IO){[1 
+ 0(1 - a)]I(O + aD)). where a = 
k(L2IL,)'12, k is the coefficient of 
coupling between the primary and sec­
ondary transformer windings, and L, 
and L2 are the primary and secondary 
inductances as reflected to the prima­
ry side and as indicated in the lower 
part of Rgure 1. With this condition 
satisfied, it was also found that the 
glitch can remain suppressed over a 
wide operating range, Omro < 0 < Ornax, 
by addition of the series combination 
of rd , Cd (see Figure 2) as a lightly 
damping network in parallel with C,. 

This work was done by VatcM 
Vorperian of Caltech for NASA's Jet 
Propulsion Laboratory. For further 
information, write in 90 on the TSP 
Request Card. NPO-19459 
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Digital Pulse-Width-Modulator Circuit for Motor Control 
The all-digital design reduces noise. 
Lewis Research Center, Cleveland, Ohio 

A digital pulse-generator circuit of the 
pulse-width-modulator (PWM) type has 
been designed to be part of a proces­
sor-controlled servo loop that controls 
the shaft angle of, and the torque 
applied by, a three-phase brushless dc 
motor. This circuit can be characterized 
as a bus-controlled, externally synchro­
nized, three-channel pulse generator of 
fixed period and programmable pulse 
width. The all-digital design of this circuit 
evolved from several requirements, 
including (1) the desirability of minimizing 
the number of digital-to-analog and ana­
log-to-digital conversions in order to 
minimize the noisy signal components 
that are generated in such conversions 
and (2) the requirement that this circuit 
interact with digital circuits connected to 
its input and output terminals. 

bers that represent the relative duty fac­
tors of the three motor control phases 
needed to produce a desired commuta­
tion angle. The commutation data are 
generated by a digital control processor 
in response to (1) torque and angle 
commands and (2) the instantaneous 
shaft angle as measured by a shaft­
angle encoder. 

Current 
Regulator 

t 
Control ,-- Digital PWM 

Processor r-----+- Circuit 

four registers are then clocked simul­
taneously to generate the control 
pulses. The fixed count in the fourth 
register governs the frequency of the 
control cycle. The control pulses are 
transmitted to the power amplifier via 
optocouplers. 

This work was done by Tomasz 
Kachelski of Rockwell International 

Phase A 

Power PhaseS ~ 
Amplifier 

PhaseC ~ 

Control of the motor torque and shaft 
angle requires the generation of three­
phase commutation signals and control 
of the motor current and is effected in 
terms of the starting times and durations 
of pulses of current applied to the three 
phase windings of the motor. The role of 
the digital PWM circuit in this control 
scheme (see figure) is that of an inter­
face between a digital control processor 
and power amplifier that applies the 
pulses to the motor windings. 

The Dig ital PWM Circu it is a programmable three-channel pulse generator that generates 
control pulses for a power amplifier that applies current pulses to a three-phase dc motor. The 
digital PWM circuit also generates a synchronizing signal for a current regulator. 

The solution of the servo equations 
for this control scheme results in com­
mutation data in the form of three num-

The digital PWM circuit receives the 
commutation data and processes them 
into control pulses with the required 
timing characteristics. More specifically, 
within the digital PWM circuit, the com­
mutation data are loaded in parallel 
from control processor into three binary 
counters, one for each phase. A fourth 
counter is always set for a full count. All 

Universal FPGA-Burn-In Boards 
A single design suffices for all FPGAs of the same type. 

Goddard Space Flight Center, Greenbelt, Maryland 

Circuit boards have been developed 
to provide enhanced capabilities for 
post-programming burn-in testing of 
field-programmable gate arrays (FPGAs). 
Like programmable read-only memories 
(PROMs), FPGAs are customized (pro­
grammed) for specific applications. 
Unlike PROMs, FPGAs feature program­
mable input and output. Also, in com­
parison with PROMs, FPGAs are more 
complex and have more contact pins. A 
single bum-in board suffices for testing 
all PROMs of a given type, but until now, 
no such board has been available for 
testing all FPGAs of a given type. The 
present bum-in boards accommodate 
the inherent complexity of FPGAs; a 
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type of bum-in board is designed for use 
with any unit of a corresponding type of 
FPGA regardless of its speCific program. 
Each bum-in board exercises an FPGA 
thoroughly and provides fail-safe con­
nections to all pins. 

Each burn-in board includes a set of 
35-bit, maximal-length pseudorandom­
bit-sequence (PRBS) shift registers for 
use in stimulating an FPGA via its pins. 
In the basic configuration of the board, 
one bit of one of the shift registers is 
matched with one and only one bit of the 
FPGA. The number of shift registers 
needed in a burn-in board of a given 
type thus depends on the number of 
input/output pins of the FPGA with 

www.nasatech.com 

Corp. for Lewis Research Center. For 
further information, write in 91 on the 
TSP Request Card. 

Inquiries concerning rights for the 
commercial use of this invention should 
be addressed to the Patent Counsel, 
Lewis Research Center; (216) 433-2320. 
Refer to LEW-15876. 

which it is designed to be used. For 
example, it is necessary to include four 
35-bit shift registers in a bum-in board 
for an FPGA that has 140 input/output 
pins. The connections between the 
shift-register bit pins and the corre­
sponding FPGA pins are made via cur­
rent-limiting resistors. 

Each PRBS shift register cycles 
through 235

_ 1 states (all states except 
0000 ... 000) before it repeats. For ade­
quate test exercise, the signals on the 
various pins of stimulating shift registers 
should be asynchronous; to prevent 
synchronism, oscillator frequencies for 
individual shift-register strings are cho­
sen to differ somewhat. 

NASA Tech Briefs. September 1996 



One problem in designing a bum-in 
board to ensure adequate exercise of an 
FPGA arises from a combination of prop­
erties of PRBSs and of FPGAs. The rele­
vant shift-register property is that half of 
the runs of consecutive 1 's have length 1 , 
one-fourth the runs have length 2, one­
eighth have length 3, and so forth. The 
relevant property of FPGAs and other 
application-specific integrated circuits 
(especially those designed for testability) 
is the inclusion of pins through which 
counters, registers, state machines, and 
the like are forced into known states. The 
combination of these properties would 
cause an FPGA to return frequently to 
the "home" state, preventing exercise of 
all its states. 

The solution to this problem is to make 
provision on each bum-in board for forc­
ing certain control inputs to the inactive 
states. For example, one might need to 
tie an asynchronous "clear" pin high to 
enable a high-speed counter to se­
quence through all of its states. Typically. 
there is also a requirement that the board 
be fail-safe in the sense that an FPGA 
would not be damaged by an incorrect 
configuration. These requirements are 
satisfied by use of a "T" connection in 
which the relevant shift-register output 
pin is connected to the corresponding 
FPGA input pin via two series half-value 
current-limiting resistors. and the tie 
point between the two resistors can be 
connected to either the "hot" side of the 
power supply or to ground. Ordinarily. 
only a few such ties are needed for each 
board configuration. A side benefit is 
that the tie points on a board can be con­
figured for a static bum-in. radiation. or 
environmental test. or external signal 
sources. such as pulse generators or 
pattern generators. can be safely con­
nected for special tests. 

These boards are made of materials 
designed to withstand extreme en­
vironmental conditions. including ioniz­
ing radiation and operating temperatures 
up to 150°C. The boards include sock­
ets. in which all active devices and cur­
rent-limiting resistors are mounted. The 
use of sockets facilitates both testing and 
replacement of components to refurbish 
the boards. Power and ground-plane 
conductors on the boards are laid out for 
low inductance and generous decoupling 
for good transient response with many 
simultaneous switching outputs. Mon­
itoring points are provided. Spare socket 
locations facilitate the incorporation of 
special drive Circuitry as needed. 

This work was done by Richard B. 
Katz and Kamal A. Soliman of Goddard 
Space Flight Center. For further infor­
mation, write in 17 on the TSP Request 
Card. GSC-13726 

NASA Tech Briefs. September 1996 

After more than 25 years manufacturing this remarkable family of 
products we continue to be amazed at how our customers utilize them to 
improve their deSigns. We thought you might be interested in just a few. 

Metal Belt & Drive Tape 

APPLICATIONS 
Plain & Perforated Belts 

Conveying. Casting. 
Imaging. Sealing. 

Timing, Positioning, Indexing, 
Vacuum Conveying. Drying 

Belts with Attachments 
Packaging. 

Timed Transfer Lines. 
Lead Frame Drives. 

Automated Assembly Indexing 

Combination Belts 
Timed Parts Nesting. 

Automated Inspection, 
Oriented Component Conveying, 

High Speed Packaging 

TECHNOLOGIES 

11 Bowles Road, P.D. Box 468 
Agawam, MA 01001-(J468 USA 
(413) 786-9922 Ext 14 
FAX(413) 789-2786 

Metal lefts That Drive Productivity 

For More Infonnation Write In 1lA-4lIQ 



Electronic Systems 

Multichannel Spatialization of Audio Signals 
Sounds are made to appear to come from multiple sources at various distances and directions. 
Ames Research Center, Moffett Field, California 

A concept of spatialization of audio 
signals combines digital electronic signal 
processing with an extended form of 
stereophonic and binaural presentation. 
The audio signals are synthesized and 
fed to the hearer via a pair of earphones. 
The nature of the synthesis is such that 
sounds can be made to appear to come 
from multiple nearby and/or distant 

on the difference between times of arrival 
of the sound at the two ears, this per­
ception also depends on differences in 
amplitude and on modifications of the 
sound by interactions with nearby sur­
faces of the head - especially the pinnae 
of the ears. From these effects, the brain 
derives additional directional cues. These 
effects can be quantified in terms of a 

o Apparent Source of Sound, 
. In Front. to the Right 

Source Signal 

Right Earphone 

to come from as many as four sources. 
Prior to the delay and FIR processing in 
each channel , the source audio signal is 
sent through a low-pass filter (LPF) with 
a typical cutoff frequency of 10kHz, 
then digitized at a typical sampling rate 
of 32 kHz. [This particular choice of cut­
off and sampling frequencies facilitates 
the design of practical low-pass and FIR 

left Subchannel Signal 

Right Subchannel Signal 

Figure 1. An Audio Signal is Processed in right- and left-ear subchannels to give the sensation of sound coming from a source at a specified 
apparent position. 

sources at various directions in front, 
behind, and/or to the side(s) of the lis­
tener's head. A system according to this 
concept includes multiple channels -
one for each source to be synthesized . 

The basic principle of operation of 
each channel is straightforward. Within 
each channel, the source audio signal is 
processed through a right and a left 
subchannel to the right and left ear­
phone, respectively (see Figure 1). In any 
case other than that of a synthetic 
source directly in front of or behind the 
listener, the signal in one subchannel is 
delayed more than in the other sub­
channel; the difference between the 
delays is set equal to the difference 
between the times it would take sound 
to travel to the two ears from a real 
source at the apparent position of the 
synthetic source. 

While the perception of direction of a 
sound entering the ears depends largely 
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direction-dependent impulse response 
that is convolved with the source audio 
signal on its way to each ear. 

Accordingly, to enhance the direction­
al percept, the processing in each sub­
channel includes convolution with an 
approximate version of the direction­
dependent impulse response. This con­
volution is effected by a finite-impulse­
response (FIR) filter for the direction in 
question. In practice, the FIR filter is 
designed to implement a synthetic 
head-related transfer function (HRTF) 
with amplitude and phase responses (as 
functions of frequency) that approximate 
those of the desired impulse response. 
The HRTF for each ear can be synthe­
sized or else derived from measure­
ments of the amplitude- and phase-vs.­
frequency responses in sound arriving at 
the ear from the direction in question. 

Figure 2 is a block diagram of a sys­
tem that can produce sounds appearing 

'MWJ.nasatech.com 

filters that, together, adequatelyapprox­
imate the desired overall frequency 
response.] The delay and FIR process­
ing in each channel and subchannel is 
performed by integrated-circuit digital 
signal processors in conjunction with 
programmable read-only memories that 
store information on the differential 
delays and FIR filter coefficients. These 
integrated circuits can be packaged in 
plug-in units that can easily be inserted 
and removed to change the apparent 
position of the source synthesized in 
each channel. 

After digital processing, the signals in 
the various subchannels are fed to digi­
tal-to-analog (D/A) converters. The D/A 
outputs are smoothed, then fed to left 
and right summing networks, which sum 
the Signals from all the left and right sub­
channels, respectively. The outputs of 
the summing networks are amplified and 
fed to the corresponding earphones. 

NASA Tech Briefs, September 1996 
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This work was done by Durand R. 
Begault of Ames Research Center. 
For further information, write in 88 on 
the TSP Request Card. 

This invention has been patented 
by NASA (U.S. Patent No. 5,438,623). 

Apparent Source 1 

o 

Inquiries concerning nonexclusive or 
exclusive license for its commercial 
development should be addressed to 
the Patent Counsel, Ames Research 
Center; (415) 604-5104. Refer to ARC-
13381. 

Apparent Source 4 

Figure 2. Synthetic Sounds From Four Apparent Sources are combined and presented to 
the listener via earphones. 

Adaptive Control for Active 
Noise-Cancellation System 
Marshall Space Flight Center, Alabama 

A control subsystem of an active noise­
cancellation system is based partly on a 
high-performance recursive least-squares 
adaptive-filter algorithm. The antinoise 
computed by the control subsystem is 
generated by loudspeakers at various 
locations in a room to be quieted. The 
loudspeakers can be rotated, taking 
advantage of their directional characteris­
tics to provide additional degrees of con­
trollability for more nearly complete can­
cellation of noise. The implementation of 
these concepts in conjunction with other 

noise-cancellation techniques provides 
cancellation of both quaSi-periodic and 
broadband random noise. 

This work was done by Jen-Yi Jong of 
AI Signal Research, Inc., for Marshall 
Space Right Center. For further informa­
tion, write in 31 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; (205) 544-
0021. Refer to MFS-26317. 
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• Physical Sciences 

Using Acoustic Waveguides To Probe 
Materials Ultrasonically 
Properties of surrounding material affect propagation of sound in a waveguide. 
Marshall Space Flight Center, Alabama 

Figure 1 schematically illustrates a 
method of ultrasonic measurement of 
some of the mechanical properties (princi­
pally, those related to shear and to atten­
uation of sound waves) of a material. The 
measurements are performed by the 
ultrasonic pulse/echo technique, using 
two acoustic waveguides: a sensor wave­
guide partly embedded in the material and 
a nonembedded reference waveguide. 
Both waveguides are connected to a 
piezoelectric transmittinglreceiving ultra­
sonic transducer at one end, while the 
other ends of both waveguides are free. 
This method offers two important advan­
tages over other ultrasonic methods: the 
pulse/echo technique makes it possible to 
probe the specimen with access to one 
side only, while the reference waveguide 
provides comparative measurements that 
make it possible to compute some prop­
erties of the probed material independent 
of the response of the instrumentation 
and independent of changes in the tem­
perature of the waveguides. 

The method was devised for monitoring 
changes in shear and loss moduli (also 
denoted as acoustic-attenuation moduli or 
shear viscosities) during aging of the rub­
bery materials that are used as propellants 
and liners in solid-fuel rocket motors; it 
should also be applicable to monitoring of 
such changes during aging of other mate­
rials. Embedded acoustic waveguides can 
be used to measure shear and acoustic­
attenuation properties; moreover, embed­
ding waveguides extends the capabilities 
of conventional ultrasonic techniques by 
providing in situ measurements for regions 
that are inaccessible to extemal sensors. 
Ultrasound propagating in an acoustic 
waveguide is attenuated by loss of energy 
to the surrounding material; the amount of 
loss is a function of the longitudinal and 
shear velocities of sound and the loss 
moduli of both the acoustic waveguide 
and material in which it is embedded. 
Because the shear and loss moduli 
change more than does the bulk modulus 
of a rubbery material of the type in question 
during curing and aging, the amplitudes of 
ultrasonic waves transmitted through an 

Pulser Preamplifier Receiver 

Piezoelectric 
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~ 
\ . 

Computer 

----------------
Reference Acoustic 

Waveguide 

Sensor Acoustic 
Waveguide 

'\ 

Oven (Optional. Depending on Whether 
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Figure 1. Ultrasonic Pulse/Echo Measurements in the two acoustic waveguides can be used to 
monitor changes in shear and acoustic-attenuation properties of the specimen material. 

embedded waveguide should change 
accordingly with time. 

The feasibility of the method was demon­
strated with a prototype apparatus in which 
a pair of stainless-steel wires of O.033-in. 
(O.84-mm) diameter served as the 
acoustic waveguides. These waveguides 
were attached at one end to a 3OO-kHz 
piezoelectric transducer by use of a ure­
thane adhesive. Part of the length of the 
sensor waveguide was embedded in a 
curing specimen of inert propellant that 
comprised polybutadiene acrylonitrile 
(PBAN) filled with aluminum, potaSSium 
chloride, and iron oxide powders. To pre­
vent over1ap of ultrasonic pulse echoes, 
the reference and sensor waveguides 
were made of different lengths; namely, 78 
and 100 cm, respectively. Comparison of 
the measurements of ultrasonic pulses in 
the reference and sensor waveguides 
yielded quantitative indications of both 
speed of propagation and attenuation of 
acoustic waves in the sensor waveguide 
as functions of time (see Rgure 2). 

This work was done by Timothy E Doyle 
of Thiokol Corp. for Marshall Space 
Flight Center. For further information, 

www.nasatech.com 
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Rgure 2. Amplitudes of Ultrasonic Pulse 
Echoes were measured while the specimen 
was cured for 15 h at a temperature of 200 OF 
(93 0G). The asymptotic exponential curve fit to 
the data corresponds to a linear attenuation 
response. The poor fit between the curve and 
the measurement data during the first hour is 
attributed to initial heating of the specimen from 
ambient temperature. 

write in 80 on the TSP Request Card. 
Inquiries conceming rights for the com­

mercial use of this invention should be 
addressed to the Patent Counsel, Marshall 
Space Right Center; (205) 544-0021. Refer 
to MFS-31071. 
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Apparatus Monitors Ammonia Content of Process Stream 
The ammonia content can be read continuously. 
Lyndon 8. Johnson Space Center; Houston, Texas 

The apparatus shown schematically in 
the figure is an ammonia monitor. It pro­
vides continuous, real-time determina­
tion of the concentration of ammonia in 
an aqueous process stream. The ammo­
nia monitor exhibits predictable response 
characteristics over a wide dynamic 
range of concentrations from less than 
10 IJg/L to 20 mg/L with a response time 
of eight minutes or less. 

Operation requires no reagents 
because pH is controlled by an in-line 
solid-phase base (SPB). During opera­
tion, ammonia is selectively transported 
across a membrane from the process 
stream to an analytical stream under pH 
control. The specific electrical conduc­
tance of the analytical stream is mea­
sured and used to determine the con­
centration of ammonia. 

The ammonia analyzer was designed 
primarily to monitor recycled water in a 
closed-loop environmental life-support 
system. Accurate and timely measure­
ment of ammonia in the recycled water is 
needed to ensure proper operation of the 
wastewater-reclamation equipment. The 
monitor can also be adapted to a flow­
injection configuration with two parallel 
distilled-water streams and a flow-injec­
tion valve resulting in similar sensitivities 
and very short response times. 

Unique to this instrument is the control 
of pH in the process stream by propri­
etary .solid-phase technology embodied 
in the SPB, and optimal ammonia trans­
port using an efficient, hollow fiber liq­
uid/liquid exchange module (LLEM). 
After passage through the SPB, the pH 
of the process stream rises to 10.00 ± 
0.25, and ammonium ions are converted 
to ammonia gas. The ammonia-laden 
alkaline stream then passes through the 
LLEM, where ammonia is selectively 
transported to the parallel analytical 
stream. Selectivity is gained because 
gaseous speciation of likely amine and 
acidic interferences is not favored at this 
pH. 

The LLEM contains a gas-permeable 
membrane composed of hollow fibers 
made from a hydrophobic, microporous 
polymer. When this membrane comes in 
contact with water, gas trapped in pores 
acts as a barrier to diffusion of non­
gaseous species and a channel for 
gaseous species. The hydrophobicity 
and small pore size of the polymer stabi­
lizes this gas barrier, which can be over­
come only at hydrostatic pressures in 
excess of 200 psi (1.38 MPa). Rapid 
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transport of gas along these channels is 
facilitated by the high porosity (40 per­
cent) and thinness of the walls of the hol­
low fibers. 

In the alkaline (high-pH) condition pro­
duced in the process stream, the chem­
ical potential of ammonia increases and 
ammonia is pumped across the mem­
brane into the analytical stream. The pH 
of the analytical stream rises due to the 
reaction of ammonia with water to form 
ammonium and hydroxyl ions. The pH 
continues to rise until the chemical 
potential of ammonia is equalized across 
the membrane. The number of conduc­
tive ions in the analytical stream depends 
on total ammonia concentration and the 
pH of the process stream, and on the 
equilibration time. As a result, the mea­
surement of specific conductance in the 
analytical stream provides a simple and 
reliable method for determining the total 
concentration of ammonia. 

With minor modification, the appara­
tus can be used to monitor such related 
chemical species as urea. An additional 
bed containing immobilized urease 
upstream of the SPB can catalyze the 
decomposition of urea to form ammoni­
um and carbonate ions in solution . 
Ammonia is produced downstream of 
the SPB and detected as before. Other 
chemical species that contain nitrogen 

www.nasatech.com 

and are amenable to chemical conver­
sion to ammonia can also be quantitated 
in this manner. 

The use of this apparatus offers obvi­
ous advantages over conventional tech­
nology, such as continuity and timeliness 
when compared to discontinuous sam­
pling with attendant time· consuming 
preparation and analysis of samples. The 
solid-phase pH control eliminates the 
need for mechanical injectors and mix­
ers, and for the preparation of pH 
buffers. Also, the levels of contaminants 
added by the SPB are low, remaining 
below the maximum levels allowed by 
NASA requirements for potable water. 
The segregation of the analyte from 
potential interferences also improves the 
reliability and reduces the complexity of 
the measurement. Conductivity is mea­
sured by use of a simple, robust, drift­
free sensor subsystem; this feature 
enhances the stability of the instrument, 
especially when the only fluid that makes 
contact with the sensor is pure water or 
water containing a minor amount of 
ammonia. 

This work was done by Richard Sauer 
of Johnson Space Center and James 
R. Akse, John 0. Thompson, and James 
E. Atwater of Umpqua Research Co. For 
further information, write in 78 on the 
TSP Request Card. MSC-22270 
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Real-Time Flush Air-Data Sensing System 
Relatively nonintrusive instrumentation performs measurements for flight control and research. 
Oryden Flight Research Center; Edwards, California 

The figure schematically illustrates an 
advanced prototype real-time flush air­
data sensing (RT-FADS) system installed 
in the F-18 Systems Research Aircraft 
based at NASA Dryden Flight Research 
Center. This system is the most recent in 
a series of prototype FADS systems that 
have been undergoing development 
since the early 1980s. The RT-FADS sys­
tem senses pressures at 11 locations in 
the airflow about the airplane and 
processes the sensor outputs into air­
mass reference data (commonly called 
"air data" in aeronautical disciplines) in 
real time for use in research and flight 
control. Unlike many older air-data instru­
mentation systems, the RT-FADS system 
does not include intrusive external 
booms and pitot tubes that extend 
beyond the local flow fields, are vulnera­
ble to damage, are sensitive to vibration 
and misalignment, and can perturb air­
flows substantially and even degrade air­
craft performance. Instead, the RT-FADS 
system includes an array of 11 small 
pressure ports molded flush with the 
outer surface of the aircraft nose cap. 

Miniature absolute-pressure transduc­
ers based on strain gauges are connect­
ed to the pressure ports. The outputs of 
the sensors are low-pass filtered with a 
limit frequency of 20 Hz, amplified, and 
digitized to 20 bits. The resulting data are 
multiplexed for asynchronous serial trans­
mission to the Airborne Research Test 
System (ARTS) computer, which is an 
advanced computer that has been made 
rugged for high-stress flight environ­
ments. 

The ARTS architecture links processor 
circuit boards with multiple functionalities 
through a backplane by use of a com­
mercially available real-time operating 
system and provides simultaneous multi­
processor, multifunction capability. Data 
are collected and processed by two com­
mercially available 68040-based single­
board computers in a master/slave rela­
tionship. The master processor acts as 
the system controller and manages the 
flow of data through the system; it ser­
vices the slave processor, which commu­
nicates with the transducers and calcu­
lates the air data from the transducer out­
put data. The master processor commu­
nicates with other aircraft instrumentation 
computers through a 1553 bus controller 
card and a dedicated 1553 bus. Other 
cards in the ARTS computer include a 
nonvolatile random-access memory for 
storage of programs and data, and a time 
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Pressure Sensors Connected to Ports Flush with the Surface of the nose cap provide sur­
face pressure data from which air data can be calculated. 

decoder for data time tags. With the 
exception of the interfaces to the real­
time operating system, all programs are in 
the C programming language. 

In processing the transducer output 
data, the ARTS uses an algorithm 
derived from an overdetermined set of 
equations for the 11 measured pressures 
in terms of four air-data parameters; 
namely, the dynamic pressure, static 
pressure, angle of attack, and angle of 
sideslip. (Most other air-data quantities of 
interest can be calculated from these 
four parameters.) Because the equations 

www.nasatech.com 

are nonlinear (and thus cannot be direct­
ly inverted to calculate the air data as 
functions of the measured pressures), 
the transducer output data must be used 
to infer the air data indirectly by use of a 
nonlinear least-squares regression. 

Within each computational cycle, the 
algorithm is linearized about a starting 
air-data value for each port. The resulting 
overdetermined system of perturbation 
equations is solved by use of a weighted­
least-squares technique. At the end of 
least-squares regression, the resulting 
perturbation is added to the starting 
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value and the system is relinearized about 
the resulting update. Typically 2 to 8 
cycles of iteration are needed to obtain 
convergence. The redundancy in the 
overdetermined system can be exploited 
to provide robustness in the presence of 
noise and to eliminate readings from mal­
functioning sensors without significant 
degradation of air-data calculations. 

In flight tests of the system, calibra­
tions were performed by use of reference 
air-data values generated from sources 
that included measurements from other 
onboard instrumentation, measurements 
from the inertial navigation system of the 

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 
requirement. Just punch or drill a 
hole and press a PEM fastener into 
place. PEM self-clinching fasteners 
install permanently into this sheets. 
There are fewer parts and fewer 
total pieces to handle during 
assembly. We offer threadless and 
multi-function fasteners to further 
meet your DFA needs. These 
include SNAP-TO~ (shown in 

airplane, radar-tracking velocity and 
position measurements, and rawinsonde 
weather-balloon sounding data. The cal­
ibration parameters were estimated by 
substituting the reference air data into 
the equations for the measured pres­
sures and using a nonlinear regression to 
identify the calibration parameters. 

The flight tests included mach num­
bers as high as 1.6 and angles of attack 
greater than 450

• The performance of the 
RT-FADS system was evaluated by com­
paring the air data computed by the RT­
FADS with those from the aircraft air-data 
computer (ADC) derived from other air-
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craft instrumentation. Although the ADC 
outputs are subject to measurement 
errors similar to those of the RT-FADS 
system, at least they constitute accepted 
standards for comparison. The compar­
isons indicated nominal agreements 
within approximately 0.003 in mach 
number and 0.20 in angles of attack and 
sideslip. 

This work was done by Stephen A. 
Whitmore, Roy J. Davis, and John 
Michael Fife of Dryden Flight 
Research Center. For further informa­
tion, write in 18 on the TSP Request 
Card. DRC-9S-33 

Generating a 
Stable, Rotating, 
Free-Floating 
Plasma 
The plasma is formed 
in an axisymmetric 
flow of gas through a 
microwave cavity. 
Lewis Research Center, 
Cleveland, Ohio 

The figure illustrates an apparatus for 
generating a controlled high-power plas­
ma that could be useful as a pulsating 
and/or rotating source of electromagnet­
ic radiation and/or ionization. A gas, in 
which the plasma is to be formed, flows 
through a cylindrical dielectric discharge 
tube that extends through a microwave 
cavity. The cavity is tuned to an electro­
magnetic-field mode in which the elec­
tric-field lines are concentrated along the 
axis of the cavity and discharge tube. 

The gas is injected into the tube in a 
swirling flow albout the cylindrical axis. 
The flow rate and pressure of the gas 
and the power of the microwave signal 

A Stable, Rotating Plasma is formed with­
in the discharge tube, away from the wall. 
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are adjusted to form a plasma discharge 
in the tube. This plasma forms at the 
location of the most intense standing­
wave electric field in the microwave cavi­
ty. As the flow rate, pressure, and 
microwave power are increased, the 
shape, location, and rotation of the plas­
ma change. First, the plasma coalesces 
into a nonaxisymmetric volume, at least 
one end of which is attached to the inner 
wall of the discharge tube. Next, the 
plasma begins to rotate around the cylin­
drical axis, the rate of rotation increasing 
with increasing vortical inflow of the gas. 
Finally, the plasma contracts inward from 
the inner wall of the discharge tube to a 
diameter substantially less than that of 
the tube, becoming a symmetric spike 
that spins around the cylindrical axis, or 
another axis close to it, and remains fixed 
in location. 

Once the plasma spike has been 
established, it can be maintained at any 
operating point within considerable 

ranges of absorbed power, flow rate, and 
pressure; these ranges extend both 
above and below the levels at which the 
plasma spikes initially. On increasing the 
power, the spike becomes elongated 
along the cylindrical axis and its diame­
ter increases someWhat, while its basic 
shape, rotation, and axial location 
remain unchanged. The described phe­
nomena have been observed at 
absorbed power levels up to 5 kW and 
pressures up to 1.2 atm in nitrogen, heli­
um, and hydrogen gas flows, and should 
be generic to other gases. 

This work was done by John L. Power 
of Lewis Research Center and Daniel 
J. Sullivan of the Ohio Aerospace 
Institute. For further information, write 
in 71 on the TSP Request Card. 

Inquiries concerning rights for the 
commercial use of this invention should 
be addressed to the Patent Counsel, 
Lewis Research Center; (216) 433-2320. 
Refer to LEW-15802. 

Miniature Quadrupole Mass 
Spectrometers 
The main advantages would be small size, low mass, and low 
power consumption, with no sacrifice in resolution or sensitivity. 
NASA's Jet Propulsion Laboratory, Pasadena, California 

Quadrupole mass spectrometers con­
taining arrays of micromachined cylindri­
cal electrodes are undergoing develop­
ment for use in detecting molecular 
species of interest in the atmosphere. 
These are miniature, refined versions of 
larger commercial quadrupole array 
mass spectrometers, and are meant to 

Emitter/Ionizer 

be powered by correspondingly miniatur­
ized dc and radio-frequency electronic 
circuits. The primary goal of the develop­
ment effort is to reduce power consump­
tion and to achieve masses and volumes 
a tenth or less of those of the commercial 
devices. By maintaining dimensional tol­
erances at the O.1-percent level, using 

Figure 1. A Quadrupole Mass Spectrometer Array could be constructed in this configura­
tion, with a mass < 100 g. 
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Figure 2. Planar Arrays of Micromachined 
Cylindrical Electrodes with alternating 
polarity would be stacked to obtain an array 
of quadrupoles. 

higher radio frequencies, and using an 
array of analyzers, there need be no sac­
rifice in mass resolution or instrument 
sensitivity. Large numbers of these 
devices could be used in NASA manned 
and unmanned flight missions. They 
could also be more easily distributed to 
chemical-waste dumps, chemical-pro­
cessing plants, and other sites where 
there is a need to monitor exhaust 
fumes. 

The basic quadrupole mass-spec­
trometer design calls for an electron 
emitterlionizer (or an array of electron 
emitterlionizers), an array of cylindrical 
electrodes in quadrupole configuration, 
and an array of ion detectors (see Figure 
1). A round cylindrical device array is 
shown in Figure 1. It is convenient for 
illustrating the basic design, and can be 
constructed using careful fabrication and 
alignment techniques. Each rod can be 
15 to 25 mm long. 

The geometry of another developmen­
tal quadrupole mass spectrometer array 
calls for stacked planar arrays of noncir­
cular cylindrical electrodes, as shown in 
Figure 2. Fabrication of each planar array 
of electrodes in the stack would involve 
micromachining a quartz or sapphire 
substrate to produce cylindrical ridges of 
semicircular cross section, followed by 
masking and vapor deposition to deposit 
metal along the ridges to form the elec­
trodes. Metal would also be deposited 
on the edges of the substrates at the 
ends of the ridges to provide electrode 
contact pads for connection to external 
circuits. The inteNai between successive 
ridges or valleys would be about 500 ~m. 
Such arrays can also be manufactured 
by lithographic and electroplating (UGA) 
methods. The micromachined arrays 
(Rgure 2) can be as small as 1/100 the 
length of present commercial models, or 
rod length of 1.5 mm. To provide a 
quadrupole electric field, electrodes in 
successive layers in the stack would be 
aligned facing each other directly across 
the gap between them, while successive 
ridge-end contact pads would be con-
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nected to power-supply terminals of 
alternating polarity. 

The array of ion detectors could be a 
microchannel plate or a charge-coupled­
device array, except that for operation at 
high pressure, a single detector in the 
form of a Faraday cup would be used. 
The design could provide for each 
quadrupole to be registered with its own 
field-emission electron emitter so that 
ionization would occur primarily within 
the field of view of each quadrupole. 

This work was done by Ara Chutjian, 
Michael H. Hecht, and Otto J. Orient of 
Caltech for NASA's Jet Propulsion 
Laboratory. For further information, 

write in 94 on the TSP Request Card. 
In accordance with Public Law 96-

517, the contractor has elected to retain 
tffle to this invention. Inquiries concerning 
rights for its commercial use should be 
addressed to: 

Larry Gilbert, Director 
Technology Transfer 
California Institute of Technology 
Mail Code 315 - 6 
Pasadena, CA 91125 
(818) 395-3288 
Refer to NPO-19533, volume and 

number of this NASA Tech Briefs issue, 
and the page number. 
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Materials 

Room-Temperature Synthesis 
of Copper Indium Diselenide 
This synthesis might be useful in the fabrication of solar cells on polymeric substrates. 
Lewis Research Center, Cleveland, Ohio 

A room-temperature process synthe­
sizes copper indium diselenide (Culn~ in 
microcrystalline form. CulnS&.1 has poten­
tial utility as a semiconductor material in 
radiation-resistant, relatively inexpensive 
thin-film solar photovoltaic arrays with high 
power-to-weight ratios. However, to 
achieve the desired high power-to-weight 
ratios, it will be necessary to deposit the 
semiconductor films on thin polymeric sub­
strates instead of on the molybdenum­
coated glass substrates that have been 
used until now. Heretofore, CulnS&.1 has 
been synthesized, variously, in bulk and 
thin-film forms, by processes that involve 
temperatures ~ 350 °C; polymeric sub­
strates cannot survive these temperatures. 
The present room-temperature process is 
a subject of continuing research in the 
effort to develop a method of depositing 
CulnS&.1 on substrates that cannot with­
stand higher processing temperatures. 

In an experimental room-temperature 
synthesis, 0.17 g (0.548 millimole) of tris 
(cyclopentadienyl)indium was mixed 
with 0.20 g (0.9706 millimole) of CU2Se 
in 15 mL of methylpyridine. The mixture 
was kept at a temperature of 25 °C and 
stirred for 5 days, during which time the 
color of the solution gradually changed 
from faint pink to dark purple. The mix­
ture was filtered and dried under vacu­
um for 14 hours, yielding 0.07 g of a 
black powder that consisted mostly of 
CulnSe2 crystallites with sizes of the 

order of 10 IJm (see figure). 
The basic concept of the room-temper­

ature process - conversion of a solid­
state reagent into another solid-state com­
pound by use of an organometallic 
reagent - is not limited to the synthesis of 
CulnS&.1. With suitable modifications, the 
process might be applicable to the low­
temperature synthesis of other solid-state 
compounds for electronic devices. 

This work was done by Aloysius F. 

Hepp, and Sheila G. Bailey of Lewis 
Research Center, Stan A. Ouraj of 
Cleveland State University, and Maria I 
Andras of the National Research Council. 
For further information, write in 72 on the 
TSP Request Card. 

Inquiries concerning rights for the com­
mercial use of this invention should be 
addressed to the Patent Counsel, Lewis 
Research Center; (216) 433-2320. Refer 
to LEW-15792. 

These Crystallites of CulnSe2 were synthesized by the method described in the text. They 
are shown at two different magnifications of a scanning electron microscope to illustrate the 
range of sizes and shapes. 

Durable High-Emissivity Coatings for Solar-Energy Systems 
These materials withstand high temperatures for long times. 

Lewis Research Center, Cleveland, Ohio 

Mixtures of alumina and titania can be 
used to form high-temperature-durable, 
emissivity-enhancing surface layers on 
components of solar thermal-energy 
receivers and heat radiators. Depending on 
the specific component and application, 
enhancement of emissivity can provide 
either or both of two benefits: redistribution 
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of heat away from local hot spots (with 
consequent increase in service life) and/or 
reduction in the size of a radiator surface 
necessary to radiate a given thermal power 
(with consequent reduction of weight). 

A1umina-and-titania surface layers have 
been applied to the interior of the solar­
heat-receiver, canisters made of Haynes 
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188 alloy, and to a stainless-steel parasitic­
heat -load radiator. The surfaces of these 
components were prepared by grit blast­
ing' then the surfaces were coated with 
the aluminaltitania mixtures in a detona­
tion-gun process. 

In testing conducted by NASA LeRC in 
a vacuum at a temperature of 827°C, 
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Product Designers ••. 
put absorption power in your hands 

with a new, super PVA. 

Use it to absorb, dry, coat or spread 
water, organic solvents, oDs, gasoline, bases and most acids. 

Introducing PVA-a synthetic, hydrophilic material of polyvinyl 
alcohol manufactured by a patented process. 

PVA has outstanding absorption properties and chemical 
compabbility and is extremely durable. Its open-celled structure 
(magnified image at right) delivers su­
perior absorption in liquid applications. 
Independent tests prove PVA greatly 
out-absorbs other nattual and synthetic 
materials in speed and volume. 

PVA versatility-<ustom-specified 
shapes; colors, porosities and hardness levels can be produced 
to your reqwrements. Powders can be impregnated into PVA or 
secondary operationS executed to alter or enhance perfor­
manc:e.lt's also chemically resIStant A wide range of sizes can 
be manufactured in sheet, block, tube/roller and custom forms. 

NUmerous application ideas-for cleaning. wiping, spread­
ingor drying in liquid enwonments. Many applications already 

FREE S81DJ)Ie 

exist. Example-In a ceramic capacitor line, the PVA roller 
applies a release agent solution onto a casting belt. Coating all 
irregular surfaces, the applicator roller spreads solution evenly 
and consistently. It's also proven to be durable and long lasting. 

Let your imagination roam! 
:-"''''~~ We'll tell you how PVA works in liquid 

environments to help you develop 
ideas ... using PVA in your products, 
devices, machines and systems. 

Ask for our ample kit and specifications. U e our Fax For 
Facts and get your information fast or call for personal attention. 

UNE80 'VA MATERIALS 
Sa es Ow's on of Shima American Coro. 
485 East L es Road Caro Stream. IIImois 60188 

Amencal Corp USA 

- 1""2 .• Fone For Facts 630-871-8900 

Kanebo 
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Precision Gas 
Metering Valves 
Available in Chrome Plated Brass & Stainless Steel 
Meters Helium and other gases from 1 x1 0.1 std, 
cc/sec, to one atmosphere at 25°c S.T.P. 
• Wide range of flow rates available other than outlined in curve 

supplied. Inquire from sales oHice. 
• Flow rates are reproducible to increment settings of a preci· 

sion micrometer actuator. 
• Bellows sealed non·rotating 

anti- backlash drive. 
· nl"lCM. l£N( ItAT[ vs. #lID.. 01 TIM HS • Stainless steel models are 

bake able to 200°c --and pressure to 
600 PSI. 

• HlLKM 

ttl 
_LV 

I V ",.,-

A v 
~A'i... • Leak tight in 

closed position 
to leak detec­
tor having 
sensitivity to 
6x10'lO ATM 
cc/sec. 

· II =::~...:= 

.U 

• Patent No. 
.. , . 

US #4283041 

VACUUM ACCESSORIES CORP. OF AMERICA 
10-7 Technology Drive~ East Satauket. NY 11733-4063 

Tel: (516) 751-7115. Fax: (516) 751-7154 

For More Infonnation Write In No. 440 

Bellows Assemblies ... 
A Performance Classic 

Servometer's craftsmanship and design capabilities 
can provide precision Bellows Assemblies for 
applications where weight, strength or flexibility are 
a priority. The exceptional life, extreme sensitivity 
and high flexibility of our bellows has greatly 
influenced their usage within the Instrumentation, 
Laser, Medical and Aerospace Industries . 

• ~an be soldered or welded to a leak .. ' .. ' ~~ 
tightness of less than 1 x 10-9 cc/sec. ,J, 

• Pressures of 5000 PSI or higher ..If(J,'01--

• Variable Wall Thicknesses Call for a . 
• Extremely low spring rates free sample 

and Brochure 

SBRVOMeTeRII 

Fax (USA): (800) 785-0756 
501 Little Falls Road Fax: (201) 785-0756 
Cedar Grove, NJ 07009 Tel: (201) 785-4630 

For More Information Write In No. 441 
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AI20 3-and-Ti02 Surface Layers on Haynes 188 alloy retained high 
emissivities for a long time when heated to a temperature of 827°C 
in a vacuum of residual pressure <10-6 torr (:510'" Pal. 

coatings with thicknesses of 0.001 in. (0.025 mm) and 0.002 in. 
(0.050 mm) on Haynes 188 alloy provided emissivity >0.8 for more 
than 2,600 hours (see figure). The test was conducted in a vacu­
um because the original application was expected to be in outer 
space, but these coatings may be suitable for terrestrial use. 

This work was done by Kim K. deGroh and Richard K. 
Shaltens of lewis Research Center and Dilipkumar R. Shah 
of Allied-Signal, Inc. For further information, write in 65 on the 
TSP Request Card. 

Inquiries conceming rights for the commercial use of this 
invention should be addressed to the Patent Counsel, Lewis 
Research Center; (216) 433-2320. Refer to LEW-15949. 

Foam Metal Painted Black 
Exhibits High Emissivity 
A thin layer can be applied to increase 
radiation of heat. 
Goddard Space Flight Center, 
Greenbelt, Maryland 

One way to increase the radiative transfer of heat from an object 
is by use of a surface layer of black metal foam. Objects that might 
be advantageously treated in this way include heat-radiating 
shrouds in vacuum chambers, parts of furnaces, and cooling fins 
on powerplants. 

Typically, the foam is 3-percent-dense copper with a reticulated 
cellular structure. A thin layer is bonded to the surface in question, 
then spray-painted black. The added mass and cost are small, 
and the surface layer is rugged. 

Typically, black paints have total hemispherical emissivities of 
about 0.88 at room temperature, decreasing to about 0.83 at 100 
K. The cavities of the foam structure decrease the reflectMty, 
thereby increaSing the emissivity, especially at the longer wave­
lengths that predominate at lower temperatures. In one experi­
ment, copper foam painted black exhibited an emissivity of 0.93 
at room temperature. 

This work was done by Chuck Rasbach and Jeff Hayden of 
Martin Marietta Corp. for Goddard Space Flight Center. No fur­
ther documentation is available. GSC-134B4 
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Computer Programs 

COSMIC: Transferring NASA Software 
COSMIC. NASA'S Computer Software M~',agement and Informalion Center, d.stnbutes software 

developed with NASA funding to Industry, other government agencies and academia. 
COSMIC's inventory Is updated regularly; new programs are reported In Tech Briefs. For additional 

I1lformatlOn on any of he programs described here. send In the InformatIOn Request Form or contact 
COSMIC directly. 

If you don't find a program JI) thIS Issue that meets your needs. visit the COSMIC World Wide Web 
pages to browse the catalog for programs In your area of interest. The COSMIC Software Catalog is 
available ,n pnnt and free of charge on diskette. on-I ne. by E-maol. or FTP-

COSMIC is part of NASA's Technology Transfer Network. 

Mathematics and 
Information Sciences 

Software for 
Automated Handling 
of Messages 

The Automated Message Handling 
System (AMHS) computer program 
was developed for government agen­
cies that use AUTODIN for transmitting 
messages. AMHS processes mes­
sages as they are received from 
AUTODIN and automatically dissemi­
nates them to the intended recipients 
via their desktop computers. It has 
been implemented on many comput­
ers and operating systems and uses a 
variety of data bases. It reduces the 
time and cost of distributing mes­
sages, relative to a manual message­
distribution system that it replaces. 
AMHS was developed to tie different 
previously available programs together 
and give the user access to them 
through a single screen. One of the 
programs incorporated into AMHS is 
the commercially available text-search 
engine Verify TOPIC. The tie between 
TOPIC and the rest of AMHS is estab­
lished by functional code that is not 
available commercially. In addition to 
standard distribution of messages to 
specific ad-dressees, AMHS can dis­
tribute a message to a nonspecific ad­
dressee at an office address by 
searching the text of the message to 
determine who should receive it. A 
user can enter the data bases to per­
form a search based on key words; for 
example, to look at all messages on a 
given subject. 

This program was written by Dawn 
Hartley, Edmund H. Johnson, and 
Maurice Roe of Caltech for NASA's 
Jet Propulsion Laboratory. For fur­
ther information, write in 5 on the TSP 
Request Card. NPO-19768 

Physical Sciences 

SIRC CEOSREADER 

SIR-C is an Earth-observing spacecraft 
mission that has collected scientific data 
as embodied in synthetic-aperture-radar 
(SAR) Signals. The SAR data are pro­
cessed into imagery of the Earth; the 
image data are distributed in two forms 
that are denoted "Survey data products" 
and "Standard data products." The Stan­
dard data products are recorded on 8-
mm tapes in a format that conforms to the 
tape-format guidelines set forth by the 
Committee on Earth Observing Systems 
(CEOS). The SIR-C CEOS ReaderlDe­
compression software has been created to 
assist scientists in analyzing these data. 

The CEOS Reader software is capable 
of reading a SIR-C CEOS tape, gaining 
access to its individual files, converting sci­
entific data associated with each data 
product into readable text format, and 
copying parameter and image files from 
tape to disk. Each SIR-C CEOS tape con­
tains five types of files. The Volume 
Directory File identifies and specifies the 
structure related to the tape data volume. 
The SAR Leader File contains auxiliary 
information corresponding to the SAR 
data in the image data file; for example, 
map-projection data, platform-position 
data, attitude data, radiometric data, data­
quality summary, digital elevation model, 
processing parameters, and calibration 
data. The Imagery Options File contains 
the SAR image data. The SAR Trailer File 
for SIR-C contains the null file descriptor 
record. The Null Volume Directory Rle con­
tains the null volume descriptor record to 
indicate the end of the tape data volume. 

SIR-C image data come in three differ­
ent formats: single-look complex, mul­
tilook complex, and multilook detected. 
Depending on the data-acquisition mode 
and the processing performed, SIR-C may 
be of single polarization, two polarizations, 
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COSMIC -
The University of Georgia 
Athens, GA 30602-4272 
n . Peacock, Director 
(706) 542-3265; 
FAX (706) 542-4807 
service@cosmic.uga.edu 
http://www.cosmlC.uga.edu 

or all four linear polarizations. The three dif­
ferent formats of data accommodate the 
different modes. The data-decompression 
software provides for (1) the decompres­
sion of data to floating-point numbers that 
give the radar-signal 0 0 and (2) averaging 
down the data and making byte images. 

SIRC CEOSREADER is written in FOR­
TRAN and C language. Two machine 
versions are available from COSMIC. The 
UNIX version (NPO-19463) has been 
successfully compiled on a Sun4-series 
computer running Solaris 2.3, an SGI 
Indig02 computer running IRIX 5.2, and a 
DEC ALPHA AXP 4000 computer running 
OSF/1. The VAX VMS version (NPO-
19543) has been successfully compiled 
on a DEC MicroVAX 3600 computer run­
ning VMS 5.5. Both an ANSI FORTRAN 
and an ANSI C compiler are required to 
build the executable codes. Makefiles 
and ".com" files for compiling and linking 
are included on the respective distribution 
media for each version. SIR-C data are 
provided free of charge from the Radar 
Outreach Program at the Jet Propulsion 
Laboratory (fax: 818-393-2640). The 
standard distribution medium for the 
UNIX version of SIRC CEOSREADER is a 
0.25-in. (6.35-mm) streaming-magnetic­
tape cartridge (Sun QIC-24) in UNIX tar 
format. The standard distribution medium 
for the VAX VMS version is a TK50 tape 
cartridge in DEC VAX BACKUP format. 
Alternate distribution media and formats 
are available upon request. SIRC 
CEOSREADER was released to COSMIC 
in 1995 and is a copyrighted work with all 
copyright vested in NASA. 

This program was written by Cynthia L. 
Wong, Patti Barrett, Christina Vuu, and 
Bruce Chapman of Caltech for NASA's 
Jet Propulsion Laboratory. 

For further information on NPO-19463, 
write in 6 on the TSP Request Card. 

For further information on NPO-19543, 
write in 7 on the TSP Request Card. 
NPO-194631543 

NASA Tech Briefs, September 1996 



Mechanics 

Apparatus Aids Evaluation of Threaded Fasteners 
Fasteners can be evaluated with respect to strength, friction, and ductility. 
Goddard Space Flight Center, Greenbelt, Maryland 

The figure illustrates an apparatus for 
testing nuts, botts, and threaded inserts 
in a variety of sizes and materials. In 
comparison with most other equipment 
designed for the same purpose, this 
apparatus is relatively inexpensive. 
Because it is portable, it can be used to 
test fasteners in the field. 

The apparatus can be configured for a 
variety of destructive and nondestructive 
tests; typically, the tests would be per­
formed on a representative few samples 
of a large lot of nuts and bolts to deter­
mine whether they have the rated 
strength and are therefore safe to install. 
It can be used to evaluate such phenom­
ena as ductility and the modification of 
frictional effects by lubricants and wash­
ers. It can also serve as a training tool to 
instruct engineers and technicians in 
proper techniques for tightening of 
threaded fasteners. 

As shown in the upper part of the fig­
ure, the apparatus includes a baseplate 
full of both tapped (that is, threaded) and 
clearance (unthreaded) through holes in 
various sizes. Some holes could contain 
threaded inserts, depending on what 
specific tests are required. The lower part 
of the figure shows a typical test configu­
ration in which a bolt is tested in engage­
ment with either a threaded hole in the 
baseplate or a nut underneath the base­
plate (not shown) that is restrained 
against rotation by use of a wrench 
against a simple mechanical stop. A 
torque wrench is used to apply and mea­
sure tightening torque on the bolt, while a 
load washer between the bolthead and 
the baseplate measures the clamping 
force. The output of the load washer is 
fed to an electronic measuring circuit, 
which can also perform simple calcula­
tions related to the measurements. 

A piece of paper with a hole to accom­
modate the bolt and load washer is 
taped to the baseplate. The hole is con­
centric with the bolt. A circle concentric 
with the hole and bolt is printed on the 
paper. As the bolt is tightened, the tech­
nician marks the circle at the angular 
positions of the torque wrench where the 
applied torque attains various preset per­
centages (e.g., increments of 20 percent) 
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APPARATUS CONFIGURED FOR A TYPICAL TEST 

The Nut and Bolt Evaluator is a simple, inexpensive, portable apparatus that can be config­
ured for a variety of tests of threaded fasteners. 

of the rated maximum torque on the bolt. 
One of the quantities that can be 

determined from this test is the coeffi­
cient of friction, K, which is automatically 
computed by the electronic bolt evalua­
tor. This evaluator can also compute 
torque, the compressive force, the diam­
eter of the bolt, and the tensile stress in 
the bolt. In most cases, the nominal 
diameter of the bolt is known as well as 
the allowed stress. By torquing up on a 
bolt with a known diameter and allow­
able stress, the rest of the unknowns 
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can be read on the bolt evaluator. 
Further, the bolt evaluator can calculate 
the variables in the equation T = KDF 
(where T is the measured torque, 0 is the 
diameter of the bolt, and F is the mea­
sured clamping force produced by that 
torque) and the equation, Stress = 
FI(Stress area). 

This work was done by James Kerley, 
Raymond Burkhardt, and Steven Whfte 
of Goddard Space Flight Center. For 
further information. write in 62 on the 
TSP Request Card. GSC-13468 
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Measuring Thickness of a Pipe Wall 
by Caliper and Ultrasound 
The speed of sound in the wall need not be known a priori. 
Goddard Space Flight Center, Greenbelt, Maryland 

A technique for determining the thick­
nesses of a pipe wall at two diametrical­
ly opposing locations involves straight­
forward exterior caliper and ultrasonic 
measurements followed by simple cal­
culations. There is no need for direct 
access to the interior of the pipe. It is 
not necessary to know what material the 
pipe wall is made of. Even the speed of 
sound in the pipe wall need not be 
known in advance; this technique gives 
the speed of sound in the wall as a by­
product. 

The outside diameter (D) of the pipe is 
measured by use of a caliper, microme­
ter, or other simple mechanical device. 
An ultrasonic probe is attached to the 
outside of the pipe for measurement of 
thickness by the conventional pulse/ 
echo method. Because ultrasound does 
not propagate well in air, the pipe is filled 
with water; ultrasound propagates well 
in water, at a known speed VW ' As 
shown schematically in the figure, the 
ultrasonic measurement yields the 
round-trip pUlse-travel times of t" tw , 

and t2: these correspond to propagation 
through the wall (of thickness L,) on the 
probe side, through the water (of thick­
ness Lw, equal to the inside diameter of 
the pipe), and the wall (of thickness L2) 

diametrically oppOSite the probe, 
respectively. 

It is then a simple matter to calculate 
L, and L2 • First, the inside diameter is 
calculated from Lw = vwtv/2. The sum of 
wall thicknesses is then obtained from 
the simple geometric relationship L, + L2 
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An Ultrasonic Pulse/Echo Measurement and an ordinary mechanical measurement of out­
side diameter provide enough data to determine L 1, L2, and the speed of sound in the wall. 
It is not necessary to know what the wall is made of. 

= 0 - Lw' Next, L, and L2 are calculated 
from L, + L2 and the proportion that 
each bears to the total as determined 
from t,l(t, + t2) and t2/(t, + t2), respec­
tively. Optionally, all of the foregoing cal­
culations can be combined into two 
equations that contain only known 
quantities; namely, L, = [t,/(t , + t2JJ[D -
(vwtw/2)] and L2 = [ti (t , + t2JJ[D - (vwtw/2)] . 

Finally, as the by-product, one can cal­
culate the speed of sound, Vm , in the 
wall material from Vm = 2(L , + L2)/(t , + t2J. 

This work was done by E. James 
Chern of Goddard Space Flight 
Center_ For further information, write in 
13 on the TSP Request Card. GSC-
13628 

Dual-Collet, Temperature-Insensitive Collimator Mounts 
Collimators would be kept within arc seconds of the required alignment. 
NASA's Jet Propulsion Laboratory, Pasadena, California 

Dual -collet, temperature-insensitive 
mounts have been proposed to secure 
collimators in their specified positions 
and orientations. The alignment of each 
mount would be defined and enforced 
by two holes bounded by precise conical 
surfaces bored into opposite faces of a 
rigid , boxlike aluminum structure. The 
axes of the two conical surfaces would 
coincide with the optical axis of the colli­
mator, and the apices of the two conical 
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surfaces coincide (see figure). 
The mount would include two tem­

pered three-finger steel collets with 
opposing threads joined via a threaded 
outer sleeve, which would be turned to 
pull the collets axially together or push 
them axially apart in turnbuckle fashion. 
The collets would have conical outer sur­
faces at their ends that would mate with 
the conical holes, and inner cylindrical sur­
faces that would fit the outer cylindrical 
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surface of the stainless-steel tube of the 
collimator. 

The collet assembly would be mounted 
loosely in the holes, the collimator would 
be inserted in the collet assembly, then the 
sleeve would be turned to draw the collets 
toward each other, thereby simultaneous­
ly tightening the collets in the holes and 
preSSing the collets tightly against the 
cylindrical outer surface of the collimator. 
This would ensure the aim of the collima-
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10 t technical prof~ionab face 
the same problem eve!) day: the need : 
to do (and re..<Jo) complex calculations. : 
Quickly. Armed \\ ith limiting graphing • 
calculators and typical, hard-to-Iearn ' 
math software, what's it (nonnally) 
mild-mannered engineer to do? 

The amwer is Mathcad PU; 6. 

\-:mate mne fitting, data smoothing 
and locking, and aninlation capabili­
ties. You can also build your own 
functional programs using procL-dUral 
operators, and create function libraries 
for analysis you perform frequendy. 

Ift/lb,'ad 6 soil'es Ibl! mosl complex 
problem' from sl(/r/ to filii b, u itb (III 

IIIluitil'e biRbl) usable IIIlerfan' The only calcuL1tion software that 
~------~-------------does math the same way 

you do. [n your iiguia~gie~;~;~!I;i;~;I~;l (math). At your 
peed (light). 

Madlcad turns 
your computer 
screen into a Ih-e 
worksheet. 
Allowing you to 
perform numeric 
and S}mbolic 
calculations, add 
graphic and 
annotate text 

ince tcmnical people are human 
1athcad has a Desk10p Reference 

and ampler filled wiili tandard for­
mulas and ph) ical constants - lest 
you forget one, And QuickSheets -
widl example worksheets you can drag 
and copy onto your O\\n worksheet. 
M. if all thL didn't promote enough 
office harmony ~1adlcad let~ you share 
and discuss data and results through 
profe sional-Iooking documents, 
e-mail, and the \X'orld Wide Web. 

To gel .\1ailicad, go to your 
favorite software retailer, call 1-800-
MATHCAD. or visit our website for 

more infonnation. [t can 
solve your toughest tech­
nical problems. And maybe 
eRl1 a rew personal ones. 

http://www.mathsoft.com 
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BOXLIKE STRUCTURE ONLY, 

SHOWING CONICAL SURFACES 
OF HOLES 

This Dual-Collet, Temperature-Insensit ive Mount would include two oppositely threaded col­
lets connected by a mating threaded sleeve. Rotation of the sleeve would pull the collets toward 
each other, producing a clamping force. The coincidence of the vertices of the cones would make 
differential thermal expansion occur along the conical interfaces. 
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tor within a few arc seconds of the 
required direction. 

Because of the coincidence of the 
apices of both cones, any differential ther­
mal expansion between the collets and 
the boxlike structure would manifest itself 
in slippage along the conical surfaces. 
Thus, the collets would be neither tight­
ened nor loosened in the holes, and so 
alignment would be maintained despite 
changes in temperature. 

This work was done by Lawrence J. 
Steimle of Caltech for NASA's Jet 
Propulsion Laboratory. For further 
information, write in 25 on the TSP 
Request Card. NPO-19391 

First-Order 
Reliability Method 
for Semistatic 
Structures 
Probabilistic and deterministic 
elements are combined. 
Marshall Space Flight Center, 
Alabama 

A universal first -order reliability method 
has been proposed for application to the 
design and the analysis of reliability of semi­
static structures. This method has evolved 
from the confluence of a statistical-based 
approach with the traditional "determinis­
tic" approach (which is somewhat mis­
named in that it involves an element of sub­
jectMty). In simplest terms, this method 
incorporates some elements of statistics to 
overccme some of the deficiencies of the 
deterministic approach without incurring 
the complexity of a fully probabilistic 
approach. In comparison with fully proba­
bilistic methods, this method is more com­
patible with widely accepted deterministic 
design practiCes. 

Previous stages in the evolution of this 
method were represented in two articles in 
NASA Tech Briefs; namely, "Study of 
Structural-Load Safety Factors" (MFS-
27285), Vol. 18, No. 1 (January, 1994), 
page 74, and "Improved Selection of 
Structural-Load Safety Factors" (MFS-
28825), Vol. 19, No. 3 (March, 1995), 
page 86. One of the principal concepts 
expressed in the second-mentioned arti­
cle is that of the relationship between the 
reliability of a structural component and a 
safety index, Z, that combines a general­
ized version of the traditional deterministic 
safety factor with statistical information 
pertinent to loading and failure of ccmpo­
nents. The measure of reliability, R, of a 
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Safety Index, Z 

The Reliability of a Structural Component is typically expressed as 
a cumulative normal distribution function of the safety index. 

structural component is defined as the probability that the stress 
applied to the component will not exceed the ultimate tensile 
stress that the component material can withstand. R is typical­
ly a cumulative normal distribution function of Z (see figure) . 

In general, Z is a function of (a) mean and standard deviation 
of resistive stress (typically, the applicable resistive stress is the 
ultimate tensile strength), (b) mean and standard deviations of 
applied stress, (c) a safety factor analogous to the conventional 
deterministic safety factor, and (d) other parameters that depend 
on the specific application. In the present first-order reliability 
method, one can choose from among several alternative equations 
for Z, each suited to a different purpose; e.g., calculating a maxi­
mum allowable applied stress, calculating the reliability of an exist­
ing structure, optimizing the design of a structure, designing a 
structure for a specified reliability, or verifying reliability through 
experiments. 

This work was done by Vincent Verderaime of Marshall Space 
Flight Center. For further information, write in 20 on the TSP 
Request Card. 

Inquiries conceming rights for the commercial use of this inven­
tion should be addressed to the Patent Counsel, Marshall Space 
Right Center; (205) 544-0021. Refer to MFS-31034. 

Portable 
Leak-Checking Device 
Lewis Research Center, Cleveland, Ohio 

An inexpensive, compact, portable device is designed for 
detecting leaks in pipes, pressure vessels, and plumbing systems 
in general. The device includes a valve, a pressure gauge, a hand 
pump, and a pipe or tubing adapter for connection to the system 
to be tested. The device is used to detect leaks by the intuitive 
pressure-decay technique: after connection to the system, the 
hand pump is operated to pressurize the system to a desired 
level, the valve is closed, and the gauge is monitored for any 
pressure drop that would indicate a leak. 

This work was done by Roger C. Forsgren of Lewis 
Research Center. For further information, write In 92 on the 
TSP Request Card. 

Inquiries concerning rights for the commercial use of this 
invention should be addressed to the Patent Counsel, Lewis 
Research Center; (216) 433-2320. Refer to LE'vV-15BB4. 
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Machineryl Automation 

Stirling-Cycle Refrigerator Would Reach 4 K 
Novel features include a counterflow regenerator and tailored compression and expansion 
volume waveforms. 
NASA's Jet Propulsion Laboratory, Pasadena, California 

A high-efficiency Stirling-cycle refrig­
erator has been designed to provide 200 
mW of net cooling at a temperature of 4 
K, rejecting heat at 20 K to a relatively 
conventional high-pressure cryogenic 
refrigerator. This cryogenic system could 
be used to provide the cold environment 
needed for proper functioning of a small 
experimental apparatus; for example, a 
superconducting device or a sensitive 
infrared detector. At the time of submis­
sion of the information for this article, the 
Stirling-cycle refrigerator had been par­
tially constructed. 

The Stirling-cycle refrigerator uses 
helium working fluid at 0.5 bar charge 
pressure to minimize the effects of non­
ideal gas behavior and employs a coun­
terflow regeneration scheme to reach 4 
K. Heretofore, refrigeration at tempera­
tures below about 10K has been 
beyond the capabilities of devices based 
on highly efficient regenerative thermo­
dynamic cycles because the heat 
capacities of regenerator matrices 
decline sharply with decreasing temper­
ature below approximately 20 K. The 
design of the present system incorpo­
rates three major features to overcome 
this limitation. 

The first feature is the counterflow 
regeneration scheme, which comprises 
three essential elements. The first ele­
ment of this scheme is the use of two 
identical and independent Stirling-cycle 
coolers of compressor and expander, or 
alpha, configuration. The second ele­
ment is that the two coolers are syn­
chronized to operate 1800 out of phase 
with each other. The third element is that 
instead of using a separate regenerator 
for each cooler, both coolers share a 
plate-type heat exchanger. The dis­
placement helium streams of the two 
coolers flow in opposite directions 
through alternating channels, providing 
counterflow heat exchange (see figure). 
Thus, regeneration by direct transfer of 
heat between the two gas streams is 
substituted for the more conventional 
regeneration by transfer of heat between 
the working gas and a solid matrix. The 
counterflow heat exchanger of the 
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experimental refrigerator features gas 
flow channels 0.03 millimeters thick 
defined by stainless-steel plates also 
0.03 millimeters thick. 

The second major feature of the 
design of this system is the deliberate 
use of nonsinusoidal waveforms for the 

gas-to-gas regeneration is achieved 
without reliance on matrix heat capacity. 

The third major feature of the design is 
the use of elastic metal diaphragms to 
form the positive displacement com­
pressor and expander volumes. The dia­
phragms define, seal, and displace the 

Programmable Drive Motors (4) 

Heat Out @ 20 K 
Diaphragm 

Compressors 
(2) 

(TDC) I 

/ / / 
Heat In @ 4 K 

Two Stirling-Cycle Coolers synchronized in opposition to each other would share a single 
regenerator in the form of a counterflow heat exchanger. 

expander and/or compressor volumes 
of the two Stirling-cycle coolers. 
Conventional sinusoidal volume wave­
forms produce a cycle of regenerator 
mass flow and heat flux which are non­
symmetric and would reduce the effec­
tiveness of the counterflow regeneration 
scheme. In the subject invention, the 
drive control circuitry is programmed to 
provide distorted volumetric waveforms 
tailored to symmetrize the mass flow 
and heat flux waveforms in the regener­
ator. The instantaneous flux of heat from 
(or to) one of the two gas streams in the 
regenerator is thus equal to the instanta­
neous flux of heat to (or from) the other 
gas stream in the regenerator so that the 
regenerator is thermally unloaded 
throughout the cycle. In this way, perfect 

www.nasatech.com 

working volumes. This feature is chosen 
primarily because it would provide 
expansion and compression processes 
very close to those of the ideal isother­
mal processes that would grace the 
Stirling cycle with efficiency approaching 
that of the Carnot cycle in the limit. 
Moreover, as a practical matter, 
diaphragms also serve as reciprocating 
bearings and seals, providing a non­
wearing mechanism with high reliability 
and potential for long life. 

This work was done by W Dodd 
Stacy and John A. McCormick of 
Creare, Inc., for NASA's Jet Propul­
sion Laboratory. For further informa­
tion, contact Dodd Stacy, Creare Inc., 
p.o. Box 71, Hanover, NH 03755, (603) 
643-3800. NPO-3oo 16 
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Manufacturing/Fabrication 

Floor-Mounted Tool for Friction Stir Welding 
The tool could be held rigidly without massive, expensive fixtures. 
Marshall Space Flight Center, Alabama 

A proposed method of mounting a 
friction-stir-welding tool would make it 
unnecessary to use massive, expensive 
tooling to press the tool against the 
workpiece with a large force. In the pro­
posed method, the tool would be posi­
tioned and oriented to utilize the weight 
of the workpiece. In a typical case in 
which the workpiece was a tank 32 ft 
(9.8 m) in diameter, the cost of tooling 
in the current method would lie 
between $15 million and $20 million, 
whereas in the proposed method, the 
tooling would cost between $2 million 
and $3 million. 

Currently, friction stir welding is done 
on a computer-numerical-control (CNC) 
vertical machining center with the tool 
held vertically, point downward. The 
tool and the spindle that holds the tool 
must exert a force of about 3,000 Ib (13 
kN) downward, as well as an indeter­
minable side force as the tool translates 
across the workpiece. Also, CNC hori­
zontal-machining centers are being 
used where the tool is held laterally and 
forced against the workpiece. The taller 
the part to be welded, the more mas­
sive the machine and tooling must be 
to eliminate separation of the machine 

tool to the part being welded. In the 
face of such large forces, tooling must 
be massive to be able to maintain the 
necessary rigidity. 

Angular Movement 

The Vertical Spindle Would Be Solidly 
Attached to the floor instead of being sus­
pended by overhead tooling. Means for lim­
ited vertical and angular movement of the 
spindle would be provided for flexible weld­
ing control. 

In the proposed method, the spindle 
that holds the tool would be mounted 
rigidly in the floor or in a table mounted 
on the floor, with the tool pointing verti­
cally upward (see figure). Most or all of 

the necessary force between the tool 
and the workpiece would be supplied 
by the weight of the workpiece and 
associated tooling and would be regu­
lated by small vertical movements of 
the spindle. The workpiece, no matter 
how large, would be accurately trans­
lated under CNC over the tool on 
slides. The same machine could be 
used for workpieces of widely different 
sizes and shapes; it would be unneces­
sary to build separate, expensive 
machines. 

A further benefit of the proposed 
method is that unlike in the current 
method, oil from an overhead spindle 
holding the tool would not drip on the 
workpiece. This is important because 
cleanliness is essential to success in 
welding. 

This work was done by Leo M. 
DeLangis of Rockwell International 
Corp. for Marshall Space Flight 
Center. For further information, write 
in 46 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; (205) 
544-0021. Refer to MFS-30120. 

Automatic Stand-Off Control for Arc Welding 
Stand-off distance is controlled more directly than in the automatic-voltage-control method. 
Marshall Space Flight Center, Alabama 

Automatic stand-off control (ASOC) is 
an improved method for controlling the 
stand-off distance in variable-polarity 
plasma arc welding and gas tungsten 
arc welding. The stand-off distance is 
the distance between the tip of the 
welding torch and the workpiece and 
thus, changes in standoff cause corre­
sponding changes in arc length. The 
stand-off distance must be controlled to 
truly control arc length, which signifi­
cantly affects the quality of the weld. 

Heretofore, it has been common 
practice to attempt to control the arc 
length by a method called "automatic 

voltage control" (AVC) , which is based 
on the assumption that the arc voltage 
is proportional to the arc length. In AVC, 
a motor drive is commanded to move 
the welding torch toward or away from 
the workpiece in response to a voltage 
that is measured at convenient points in 
the welding-current circuit and is 
assumed to equal the arc voltage. 
Unfortunately, the measured voltage 
can differ significantly from the arc volt­
age because it is affected by voltage 
drops across all inteNening resistances 
in the welding-current circuit; these 
voltage drops depend on several fac-

www.nasatech.com 

tors, including temperatures, contact 
resistances, the sizes and lengths of 
cables, positions of components, and 
the electrical characteristics of the 
welding power supply. Moreover, the 
arc voltage depends on other weld 
parameters such as the welding current 
(which often is varied during the weld­
ing process) and plasma gas flow rate. 
Thus, AVC undesirably varies the 
stand-off distance and thus the arc 
length in response to variations in other 
process parameters. 

In ASOC, the stand-off distance is 
controlled more directly, without regard 
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for arc voltage or current. Very little new 
equipment is necessary because the 
existing AVe circuitry can be used. The 
major difference between AVe and 
ASOe is that in ASOe, the approxi­
mate-arc-voltage feedback signal is 
replaced by a sensor output signal more 
closely related to the stand-off distance, 
thereby maintaining better control of the 
true arc length. 

Two versions of ASOe have been 
tested in experiments: In one version, 
the stand-off distance was measured 
directly by use of a linear variable-differ­
ential transformer (LVDT) , one end of 
which was attached to a welding torch 
and the other end of which was 
equipped with a metal wheel so that it 
could roll along the surface of the work­
piece. The LVDT provided measure­
ments of standoff as the torch moved 
along a weld; initially intended only to 
monitor standoff, it worked so well that 
part way through a second set of exper­
iments, the weld station was modified to 
provide closed-loop control of standoff 
based on the output of the LVDT, which 
improved weld quality and repeatability 
drastically. 

The other version of ASOe involved 
the use of a filler-wire guide mounted on 
a motor drive for adjustment of its height 
to a commanded level with respect to 
the welding torch. This height, in effect, 
established the stand-off distance. The 
wire guide was instrumented to mea­
sure the contact force between the filler 
wire and the workpiece. The output of 
the contact-force sensor was used as 
the feedback signal to the AVe con­
troller; that is, the entire welding-torch 
assembly (torch and motorized wire 
guide) was moved closer to or farther 
from the workpiece to increase or 
decrease the contact force, respectively, 
in the effort to maintain the contact force 
at a nominal value [8 oz. (2 N)). In this 
arrangement, the stand-off distance 
could be changed by commanding the 
motor drive to set the wire guide to a dif­
ferent height, in which case the contact­
force-feedback control subsystem 
would adjust the height of the welding­
torch assembly to maintain the nominal 
contact force at the new stand-off dis­
tance. 

This work was done by Stephen S. 
Gordon of Nichols Research Corp. for 
Marshall Space Flight Center. For 
further information, write in 34 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; (205) 
544-0021. Refer to MFS-26294. 
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, 
Anodizing Aluminum for Uniform 
Thermal-Radiation Properties 
Agitation of the anodizing solution is necessary for uniform coating. 
Marshall Space Flight Center, Alabama 

An improved anodizing process 
imparts fixed, spatially uniform solar 
absorptance (a.) and tailorable, spatial­
ly uniform thermal emittance (e) to the 
surfaces of panels of 6061-T6 alu­
minum alloy. These panels and their 
thermal-radiation properties are used in 
thermal-control applications that 
involve various degrees of solar heating 
and radiative cooling. 

Agitation of the anodizing solution is 
an essential feature of the improved 
anodizing process. Experiments in an 
anodizing facility that did not provide 
agitation revealed an unexpected 
dependence of a. and e on the size of 
the anodized panel. Further investiga­
tion revealed that agitation of the 
anodizing solution is critical for the pro­
duction of reproducible and uniform 
anodic thermal-control surfaces on alu­
minum. Agitation eliminates the varia­
tion of a. and e with the size of the 

anodized panel. The theory that has 
been advanced to explain this im­
provement is that (a) the rate of the 
anodizing reaction depends on the 
temperature, (b) without agitation, a 
gradient of temperature forms at the 
surface of the aluminum, and (c) agita­
tion eliminates the gradient of tempera­
ture so that the anodizing reaction at all 
exposed surface points occurs at the 
controlled temperature of the bulk of 
the anodizing solution. 

The improved anodizing process 
begins with inspection of the 6061 alu­
minum panels to ensure that they are 
free of visible scratches or other surface 
damage. The panels are degreased by 
use of a solvent or emulsion, then 
racked for anodizing, by grasping them 
at minimal contact areas, which are 
preferably noncritical areas. The racked 
panels are cleaned in an alkaline bath, 
then rinsed to obtain a surface free of 

contamination as indicated by a water­
break-free condition (meaning that 
water wets the entire surface evenly, 
without pulling back from greasy or oth­
erwise contaminated spots). The panels 
are then subjected to a deoxidation 
treatment for less than 5 minutes -
only long enough to remove surface 
oxides. (Excessive deoxidation would 
undesirably increase the solar absorp­
tance of the subsequently anodized sur­
faces.) 

The panels are then immersed in the 
anodizing solution, which contains 41.0 
to 107.5 giL total chromic acid (as 
cr03) and 41 .0 to 52.0 giL free chromic 
acid (as Cr03)' Such a solution is typical 
of chromic-acid anodizing in accor­
dance with MIL-A-8625 Type I, Anodic 
Coatings for Aluminum and Aluminum 
Alloys. During operation, the bath is agi­
tated vigorously and its temperature is 
maintained at 95±2 OF (=-35± 1 0G). 

YOU CAN GET THERE FROM HERE'! 
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Electric current is applied to the panels 
within two minutes of immersion. The 
anodizing voltage is ramped up, at 5 
volts per minute, to a constant level of 
15.0 volts. Anodizing is performed for 
the total time, including ramp time, nec­
essary to achieve the desired E (see fig­
ure). 

The panels are removed from the 
anodizing solution within two minutes of 
stopping the current and are then thor­
oughly rinsed. Next, the panels are 
sealed by immersing them in deionized 
water at 165±5 OF (=7 4±3 0c) for a time 
long enough to achieve between 14 and 
18 percent hydration. After sealing, the 
parts are dried. Air heating to no more 
than 160 OF (71 0c) for a maximum of 45 
minutes can be used to facilitate drying. 
The dried panels must be handled only 
with clean gloves and packaged to pre­
vent damage to the anodic films. 
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The Thermal Emittance of an anodized 
6061 aluminum panel increases with the 
time spent in the anodizing process. 

The a.. of the panels thus processed 
is 0.30±0.03; the E of the panels 
depends on the total anodizing time, as 
mentioned above. The variations of 
emittance (a) from place to place on the 
same panel, (b) among panels in the 
same batch, and (c) between batches 
produced on subsequent days under 
nominally the same process conditions, 
all lie in the range of ±0.05. It is neces­
sary to check the anodizing process 
daily to verify that the overall process is 
behaving as expected, prior to anodiz­
ing hardware: This preprocess testing is 
necessary because it is not possible to 
achieve the desired absorptance and 
emittance by stripping and reanodizing 
parts that were anodized incorrectly. 

This work was done by Richard D. 
Sudduth and Johnny L. Golden of the 
Boeing Co. for Marshall Space Flight 
Center. For further information, write 
in 23 on the TSP Request Card. 
MFS-28923 
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The new Hitachi HV-C20 provides a breakthrough in 3-chip 
color camera performance. Newly developed C-mount 
prism optics allow a much smaller and less expensive 
total package. Consider these features: 

• 3 - 1/2" IT CCDs • C-mount lenses 
• 700+ line resolution • Extremely small size 
• 60dB SIN ratio • Integration up to 60 fields 
• f8.0 at 2000 lux • Field on Demand (FD) 
• AGC • Computer control 

Call for a demonstration 

===Hitachi Denshi America, Ltd.~~~ 
.4 New York 516-921-7200 Atlanta 404-242-3636 Chicago 708-250-8050 

Los Angeles 310-328-6116 Oallas 817-488-4528 .4 Canada 416-299-5900 

For More Infonnation Write In No. 438 



Oxygen-Assisted Screen-Cage Ion Plating 
of Ag or Au on AI20 3 
The use of oxygen increases adhesion. 
Lewis Research Center, Cleveland, Ohio 
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Oxygen-assisted screen-cage ion 
plating (SCIP) has been found to be an 
effective technique for deposition of 
adherent films of silver or gold on both 
the sapphire and polycrystalline-alumina 
forms of aluminum oxide. SCIP with or 
without oxygen holds promise for apply­
ing lubricating soft metallic films to high­
temperature ceramic components of 
advanced combustion engines to reduce 
friction and wear. Other potential uses 
include coating ceramic components to 
provide thermally and/or electrically con­
ductive surface layers, to provide optical 
reflectivity, or for decoration. The effec­
tiveness of SCIP is attributed to its ability 
to provide a high-energy flux of ions and 
energetic neutral atoms that contribute 
to the adherence and desirable 
microstructure of the deposited film. 
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SCIP of silver on alumina without use 
of oxygen was described in "Screen­
Cage Ion Plating of Silver on Polycrys­
taIIine Alumina" (LEW-15858), NASA 

Adhesion Tests were performed on films of Ag and Au deposited on sapphire and polycrys­
talline alumina substrates. The adhesion strengths achieved by use of oxygen were often 
greater than the cohesive strengths of the substrates, so that when the specimens yielded in 
a tensile pUll -testing apparatus, pieces of substrate material were pulled out. 
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Tech Briefs, Vol. 19, No.2, (February 
1995), page 7B. To recapitulate: SCIP of 
silver without use of oxygen involves a 
vacuum chamber containing a plasma 
apparatus that has a diode configura­
tion. The alumina or other electrically 
nonconductive substrate to be coated is 
mounted inside a silver screen cage in 
the chamber. Prior to deposition, the 
chamber is evacuated, then backfilled 
with argon to a pressure of about 20 
mtorr (about 2.7 Pal, then a potential of 
few kilovolts is applied between the 
screen cage and an evaporative source 
of the silver to be deposited. The screen 
cage functions as both an electronic grid 
and as part of a cathode, while the 
evaporative source acts as an anode, 
and an argon plasma is created. The 
potential is then increased by a few kilo­
volts, and the evaporative source is acti-

vated, causing silver to be deposited on 
the substrate. An important advantage 
of SCIP is known in the industry as 
"throwing power" - the ability to 
deposit a substantial amount of the 
anode material all over the substrate, 
including places that are not on direct 
lines of sight from the anode. 

Oxygen-assisted SCIP of silver or gold 
is similar, except that the gas used to 
form the plasma is a mixture of equal 
parts of argon and oxygen, and in the 
case of gold, the screen cage is made of 
gold and the evaporative source con­
tains gold. In experiments, SCIP both 
with and without oxygen was used to 
deposit silver and gold on both polycrys­
talline alumina and sapphire substrates. 
In addition, the metals were vapor­
deposited on sapphire, and silver was 
deposited on sapphire by SCIP using 

pure oxygen. The resulting specimens 
were then tested for adhesion of the 
metal coats. The results of the adhesion 
tests (see figure) indicate that adhesion 
was greatly increased by use of oxygen­
assisted SCIP. In the case of silver on 
sapphire, an equal increase was 
observed in the specimen coated in the 
oxygen (only) plasma. 

This work was done by TaJivaldis 
Spalvins and Harold E. Sliney of Lewis 
Research Center. For further informa­
tion, write in 98 on the TSP Request 
Card. 

Inquiries concerning rights for the 
commercial use of this invention should 
be addressed to the Patent Counsel, 
Lewis Research Center; (216) 433-2320. 
Refer to LEW-16282. 

Repairing Welds With Friction-Bonded Plugs 
Marshall Space Flight Center; Alabama 

A technique for closing holes in welds 
involves the use of friction-bonded 
plugs, eliminating the need to reheat the 
welds to melting temperature. The tech­
nique can be used, for example, to close 
an inspection hole that has been drilled 
in a weld; heretofore, this would have 
been done by rewelding the hole. It is 
preferable to avoid rewelding because 
additional cycles of heating and cooling 
can weaken the weld. In the present 
technique, the hole to be repaired is first 
widened slightly and tapered by use of 
an end mill. Then a plug with one end 
tapered to fit snugly in the hole is 
pushed into the hole and turned to gen­
erate frictional heat. The force of inser­
tion, speed of rotation, and rotation time 
are selected to obtain the desired 
amount of frictional heating and defor­
mation (upset) of the material on and 
near the contact surfaces. Rotation is 
then stopped and the insertion force 
increased for a little while longer to fur­
ther upset the material at the contact 
surfaces. The repair is then complete, 
and the protruding part of the plug can 
be machined off, flush with the sur­
rounding weld surface. Beyond eliminat­
ing the need for rewelding, one of the 
advantages of this technique is that it 
can be used to repair dissimilar metals, 
whereas, in most cases, fusion welding 
can be done only on similar metals. 

This work was done by R. Jeffrey Ding 
and Arthur C. Nunes, Jr., of Marshall 
Space Flight Center and Peter A. 
Oelgoetz of Rockwellintemational Corp. 

NASA Tech Briefs, September 1996 

For further information, write in 58 on 
the TSP Request Card. 

Inquiries concerning rights for the 
commercial use of this invention should 

be addressed to the Patent Counsel, 
Marshall Space Right Center; (205) 544-
0021. Refer to MFS-30102. 



• Attend NASA'. telemedidne sympoIium, covering suda topics as Image compn!IIion, satellite communication, 
high-resolution visualization, and Intemet tools for teIemedidne and medical eduation. 

• VISit exhibits at TeIeCon XVl/TeIeMed II - the world's Iarpst telecollferellcing show - complimentary to 
Tec:hnoIogy 2006 attendees and conc:urrent with Tec:hnoIosY 2006 at the AnaheIIn Convention Center. 

• For the fint time, Tec:hnolOlY 2006 will award contlnuins profesIionaI development credits. 
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American Institute of Phpia, American Geophysical Union, American Astronomical Society, 

Federal Laboratory Consortium, International Technology Education AssocIation, National Association of 
Small Busineu Imestment Companies, Technology Utilization Foundation, NASA, NASA Tech IIrie6 

Tuesday' 29 October * 
exhibit hours: 9 am-4 pm 

9:00 am - 10:00 am 
Exhibit Hall Opening Breakfast 

9:00 am - 1 :00 pm 
Poster Presentation Showcase 

10:30 am - 12:00 noon 
Concurrent Sessions - T1 
Advanced Manufacturing 1 
Agriculture 1 
Computers & Communications 1 
Education 1 
Environmental Technology 1 
Materials 1 
Medical & Rehabilitative Technology 1 
Power & Energy 1 

1 :00 pm - 4:00 pm 
Keynote Plenary Session 
• Daniel Goldin, NASA Administrator 
• James Barksdale, Pres. & CEO, Netscape 

Communications 
• Glen Urban, Dean, Sloan School, MIT 
• Ace Allen, Director, U Kansas Med Cntr 
• Jay Sanders, Pres., Am. Telemed Assn 

Note: Monday evening( 28 October 
Reception at Richard I'Ilxon Library 

PROG RAM-AT-A-G LANCE 
Wednesday, 30 October 
exhibit hours: 10 am-4 pm* 

8:30 am-l0:00 am 
Plenary: Innovative Agricultural 
Technology 
Plenary: Growth Opportunities for 
Small Business/presented by the 
Small Business Administration 

10:30 am-12:00 noon 
Concurrent Sessions - W1 
Advanced Manufacturing 2 
Agriculture 2 
Computers & Communications 2 
Environmental Technology 2 
Materials 2 
Medical & Rehab. Technology 2 
Physics 1 
Power & Energy 2 
Small Business 1 

2:00 pm-3:30 pm 
Concurrent Sessions - W2 
Advanced Manufacturing 3 
Computers & Communications 3 
Environmental Technology 3 
Materials 3 
Medical & Rehab. Technology 3 
Physics 2 
Power & Energy 3 
Small Business 2 
Telemedicine 1 

4:00 pm-5:30 pm 
Concurrent Sessions - W3 
Advanced Manufacturing 4 
Environmental Technology 4 
Materials 4 
Physics 3 
Power & Energy 4 
Small Business 3 
Telemedicine 2 & 3 

7:00 pm - Seventh Annual 
Technology Transfer Awards Dinner 

• Lunch is available for purchase in the exhibit hall from 12:00 noon - 2:00 p.m. 
Short Courses A-G on Thursday require individual registration 

Thursday, 31 October * * 
exhibit Ilours: 10 am-3 pm 

8:30 am-12:00 noon 
(A) Russian Aerospace & 

Aviation Technology Partnerships 

(B) Tech. Commercialization Strategies/ 
Finding Niche Markets 

(C) Protecting Technology 
from Industrial Espionage/presented 
by the FBI and Dept. of Commerce 

(D) Financial Planning for Individuals 
and Small Business 

2:00 pm-5:30 pm 

(A) Russian Partnership (ct'd) 

(E) Introduction to Patents 
and Licensing 

(F) Setting up Your 
Company's INTRAnet 

(G) Intellectual Property - Defining, 
Valuing, and Protecting It 

Telemedicine 4 & 5 (2-3:30) 

Telemedicine 6 & 7 (4-5:30) 
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Dinner on Wed., Oct. 30 & entrance to the exhibits Oct. 29-31. 

Thursday's Post-Conference Sessions are not included. 

J 1-Day Conference 
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entrance to the exhibits Oct. 29-31 . 
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(Morning short courses Include continental breakfast.) 

Morning by 10/4 after 10/4 
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(full day, incl. refreshments, lunch) 
___ (B) Commercialization $100 
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'"J Exhibits Only FREE FREE $~ 
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Mathematics and 
Infonnation Sciences 

Construction of Tests of Information-Retrieval Systems 
The Internet is utilized in constructing test collections. 
Lyndon B. Johnson Space Center, Houston, Texas 

A method of measuring the perfor­
mances of computerized multimedia (text, 
images, and sound) information-retrieval 
systems involves utilization of the Intemet in 
constructing test collections with the help 
of experts in various domains of specialized 
knowledge. "Test collection" denotes a col­
lection of sets of questions and answers, 
devised by the domain experts, that are 
representative of (1) questions asked of 
information-retrieval systems within their 
domains and (2) the correct and/or relevant 
(in their expert opinions) answers that infor­
mation-retrieval systems should give to 
those questions. 

In measuring the performance of an 
information-retrieval system by this meth­
od, one seeks to determine to what 
degrees the system approaches optimality 
according to the following three criteria: 

• Retrieval of the minimum number of 
items considered by the experts to be irrel­
evant (this is the traditional precision criteri­
on); 

• Retrieval of the maximum number of 
items considered by the experts to be rele­
vant to greater or lesser degrees (this is the 
traditional recall criterion); and 

• Correlation between the ordering ofthe 
retrieved items and the ordering preferred 
by the experts. 

An essential component of the method 
is a theory for constructing a test collection 
that is truly representative in the sense that 
it is robust in the face of variability of judg­
ments among experts. The theory is based 
partly on techniques of psychometric scal­
ing and stochastic transitivity as applied to 
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The General Procedures for Construction of Test Collections are implemented in modules. 
The test collections are constructed from the judgments of experts with whom the test-col­
lection constructor communicates through the Internet. 

the judgments of the experts. 
Heretofore, the acquisition of test collec­

tions from the experts has been impeded 
by the geographic dispersion of the 
experts. The Internet now makes it possi­
ble to largely overcome this impediment. In 
particular, its Mosaic presentation feature 
accommodates pairwise multimedia pre-

sentations of question and answer data to 
the experts and enables the experts to 
send their judgments back by electronic 
mail (see figure). 

This work was done by Mark E. Rorvig of 
Johnson Space Center. For further infor­
mation, write in 96 on the TSP Request 
Card. MSC-22542 

Spreadsheet Fourier Analysis 
of Repetitive Data Signals 
The technique can be used to determine spectral contents of complex data signals. 
John F. Kennedy Space Center, Florida 

A technique for frequency- and 
time-domain analysis of repetitive data 
signals involves the insertion of the 
signal representation into a commer­
cial spreadsheet computer program, 

98 

computing the Fourier series of the sig­
nal. By use of a macro in the spread­
sheet, any number of harmonics of the 
fundamental frequency of the stream 
can be determined (see Figure 1). The 

www.nasatech.com 

technique can be used to determine the 
spectral contents of complex data sig­
nals, such as modulated unbalanced 
synchronous quaternary or binary 
phase-shift keying (see Figure 2). 
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Figure 1. This Computed Frequency Spectrum of binary phase shift 
keyed 32-bit pattern, hexidecimal 59CDB300, modulated at 8.5 MHz 
and data rate of 2Mbps was derived via a rnacro in a commercial 
spreadsheet computer program. 
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Figure 2. The Actual Spectral Plot of the data stream demonstrated 
good correlation between the computed approach in Rgure 1 and the 
actual shown here. 

baseband biphase or non-return-to-zero, level. A principal 
ad-vantage of this technique over techniques based on fast 
Fourier transforms (FFTs) is that the Fourier series repre­
sents the exact spectral contents as precisely as desired, 
whereas FFTs are only approximate. One use of this tech­
nique is to determine exact filters for a given code and to 
use the magnitude of those filters in an error-correction 
algorithm. By extension of this concept, the technique can 
be used to design coding algorithms coupled with filtering 
aimed at achieving transmission at higher data rates, less 
bandwidth. and/or lower error rates in an operating envi­
ronment. The technique can also be used to aid instruction 
in frequency analysis and/or the scientific use of spread­
sheets. 

This work was done by Lewis Uneberger of Kennedy 
Space Center. For further information, write in 12 on the 
TSP Request Card. 

Inquiries conceming rights for the commercial use of this 
invention should be addressed to the Patent Counsel, Kennedy 
Space Center; (407) 867-2544. Refer to KSC-11812. 
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Books & Reports 
These reports, studies, and handbooks are available from NASA as Technical 
Support Packages (TSPs) when a Request Card number is Cited. 

(8 Physical Sciences 

External Cluster 
Combustion of 
Binary-Fuel Drops 

A report presents a theoretical study of 
the sheet flame combustion of clusters of 
binary-fuel drops. This is one in a series 
of related studies by the author. "Binary 
fuel" as used here denotes a liquid fuel 
that comprises a solvent (a larger-mass­
fraction , more viscous, less volatile con­
stituent) and a solute (a smaller-mass­
fraction, less viscous, more volatile con­
stituent). The binary-fuel concept pro­
vides a simplified model for predicting 
trends in the behavior of practical liquid 
fuels, which typically contain tens of con­
stituents. In this study, the timing of igni­
tion and the location of the flame relative 
to a cluster of drops are calculated by 

t/ Programmable Control 
plugs into any PC with 
RS-232C Interface 

t/ Compact & Simple Design 
t/ Scanning and Feeding 
t/ Testing and Manufacturing 
t/ 747 different Models 
t/ Send for free catalog 

VELMEX,NC. 
P.o. BOX 38 • E. BLOOMFIELD, NY 14443 

TOLL FREE 800/642-6446 
IN N.Y. : 716/657-6151 
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use of criteria derived in previous studies. 
This work was done by Josette Bellan 

of Ca/tech for NASA's Jet Propulsion 
Laboratory. To obtain a copy of the 
report, "External Cluster Combustion of 
Binary-Fuel Drops," write in 70 on the 
TSP Request Card. NPO-19920 

Cause of Irregularity in 
Combustion in Hybrid 
Rocket Motors 

Two reports discuss physical and 
chemical mechanisms involved in com­
bustion in hybrid rocket motors. Included 
in the reports are descriptions of experi­
ments that were conducted in an effort to 
identify the cause of subacoustic pres­
sure irregularities that have been 
observed in such combustion. The 
researchers hypothesize that it might be 
possible to eliminate the irregularities in 
combustion by adding a slight amount of 
solid oxidizer to the hybrid fuel. 

This work was done by Leon D. 
Strand, Robert L. Ray, and Norman S. 
Cohen of Caltech for NASA's Jet 
Propulsion Laboratory. To obtain 
copies of the reports, "Characterization of 
Hybrid Rocket Internal Heat Rux and 
HTPB Fuel Pyrolysis" and "Hybrid Pro­
pulsion Based on Ruid-Controlled Solid 
Gas Generators, n write in 11 on the TSP 
Request Card. NPO-19794 

Analysis of the Orbit of the 
TOPEXlPoseidon Satellite 

A report reviews the history of the orbit 
of the TOPEXIPoseidon satellite around 
the Earth during its three-year primary 
mission. The TOPEXIPoseidon mission is 
a joint project of NASA and the French 
space agency Centre National d'Etudes 
Spatiales (CNES). Following launch on 
August 10, 1992, the TOPEXIPoseidon 
satellite began a global study of ocean cir­
culation. In a precise-orbit-determination 
(POD) process that involved the use of a 
combination of dual-frequency radar 
altimetry with laser ranging and with 
Doppler orbitography integrated by satel­
lite (DORIS), radial positions were defined, 
relative to the geocenter, to a root-mean­
square accuracy of about 4 cm. The 
results from the POD process were used 
to compute a representation of the orbit in 

www.nasatech.com 

terms of precise classical mean elements. 
This work was done by Raymond B. 

Frauenho/Z, Ramachand Bhat, and Bruce 
Shapiro of Caltech and Robert Lequitt of 
Sterling Software, Inc., for NASA's Jet 
Propulsion Laboratory. To obtain a 
copy of the report, "An Analysis of the 
TOPEXIPoseidon Operational Orbit: 
Observed Variations and Why," write in 
56 on the TSP Request Card. NPO-
19853 

Mathematics and 
Information Sciences 

Calibrating a Star Tracker 
Using a Neural Network 

A report discusses a method for adap­
tive in-flight calibration of a star tracker. A 
star tracker is an optoelectronic instru­
ment that includes a charge-coupled­
device (CCD) camera mounted in a 
spacecraft and is used to determine the 
attitude of the spacecraft from the appar­
ent positions of known stars. In this cali­
bration method, a general regression 
neural network integrates in-flight mea­
surements and star-catalog data to 
"learn" a nonlinear mapping that quantifies 
the distortions introduced into CCD star 
images. 

This work was done by David S. 
Bayard of Caltech for NASA's Jet 
Propulsion Laboratory. To obtain a 
copy of the report, "Neural Net 
Application to In-Flight Star Tracker 
Calibration, n write in 21 on the TSP 
Request Card. NPO-19900 

Materials 

HAN as Oxidizer 
in Hybrid Rockets 

A report proposes the use of hydrox­
yl amine nitrate (HAN) as an oxidizer 
instead of liquid oxygen in hybrid rock­
et engines. A hybrid rocket engine is one 
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As analysis complexity 
increases and design cycles shrink, engineers need 

a quick, comprehensive, easy-to-use method of comparing, evaluatingl and 
analying materials alternatives. The industry standard for materials information storage and exchange, 

MSC/MVlSION provides far more power and functionality than ordinary materials libraries - especially when 
it runs on IBM's RISe System/6000. The MSC/MVISION Materials Information System integrates the broadest 
range of up-to-date materials data directly into MSC/NASTRAN, MSC/PATRAN, Pro/ENGINEER, and other 
popular CAD and CAE environments. 

~~~~ tIu The IBM RISe System/6000 family of products delivers the power and performance that make it the key 
solution for business. IBM is the fastest growing provider of UNIX systems with superior technology, scalability, 
application leadership, robust productivity tools, and world-renowned service and support. 

For more information about MSC/MVISIO or for a copy of the MSC White Paper "Why Materials Are No 
Longer a Simple Assumption/' contact MSC today at 1-800-642-7437, ext. 2500 or http://www.macsch.com. 

For more information about 
IBM's RISe System/6000, 
call 1-80042~2255, or visit 
the IBM website at 
http://www.Austin.IBM.com 

The 
MacNeal-Schwendler 
Corporation 
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HEADHUNTER TM 

HEAD & EYE SLAVED 
POINTING SYSTEM 

Real-time head & eye movement 
monitoring systems for advanced 
man/machine interface. Applica­
tions include workstation control, 
simulation/training, human 
factors & target designation. 

ISCAN 
P.O. Box 382076 

Cambridge, MA 02238-2076 USA 
Tel: 617-273-4455 
Fax: 61 7-273-0076 
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LOW COST LASER 

DISTANCE 
SENSOR 

6 inches to 200 feet 

The NOVA~ANGER 
puts you in charge to continuously 
MONtTOR ANO CONTROL distances 
to objects and liquid levels, fixed 
orin motiOn. 

The class lila laser beam measures 
distances fast, updating the output 
every 10 milliseconds, The sensor 
requires NO PHYSICAL CONTACT 
with the target. 

INNOVA LABORATORIES, INC. 
11199-L Sorrento Valley Road 
San Diego, CA 92121-1334 

Tel: 619/452-8760, Fax: 619/452-0478 

e-mail: innova@connectnet.com 
Check our Web site for information at 

http://www2.connectnet.com/-innovalindex.html 
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in which a solid fuel is burned by use of 
liquid or gaseous oxidizer. The flow of 
oxidizer can be started or stopped to 
start or stop the engine. HAN and its 
derivatives have been used as compo­
nents of liquid propellants in military 
guns. Unlike liquid oxygen, HAN can be 
stored at room temperature and can be 
handled with relative safety. It gener­
ates benign exhaust products. It has 
been extensively characterized with 
respect to thermodynamic properties 
and compatibility with various materi­
als. Issues to be addressed in future 
development include combustion effi­
ciencies, burning rates, and scaling 
rules. 

This work was done by Kumar N. 
Ramohalli and Warren Dowler of 
Caltech for NASA's Jet Propulsion 
Laboratory. To obtain a copy of the 
report, "HAN Hybrids for Safe and Low 
Cost Propulsion, II write in 19 on the 
TSP Request Card. NPO-19854 

• Electronic Systems 

Autonomous Optical 
Navigation for Pluto 
Fast Flyby Mission 

A paper describes an autonomous 
optical-navigation system to be added 
to the spacecraft of the Pluto Fast Flyby 
Mission, which is intended to make sci­
entific observations from a trajectory 
passing near the planet Pluto and 
involving approach velocities of 15 to 
20 km/s. The optical-navigation system 
would include a camera that would 
acquire still images of Pluto against the 
star background, at designated times 
during the last few days before the ini­
tially predicted time of closest approach 
to Pluto. The system would process the 
image data into information on the loca­
tion of the spacecraft relative to Pluto, 
then use this information along with 
previous estimates of the spacecraft 
trajectory to obtain increasingly accu­
rate estimates of the trajectory and, in 
particular, of the time of closest 
approach. 

This work was done by Robin M. 
Vaughan and Stephen P. Synnott of 
Caltech for NASA's Jet Propulsion 
Laboratory. To obtain a copy of the 
report, "Autonomous Optical Navigation 
for the Pluto Fast Flyby Mission, • write 
in 1 on the TSP Request Card. NPO-
19743 

www.nasatech.com 

o Mechanics 

Protective Gas Bags 
for the Mars Lander 

A report describes preliminary design 
studies and experiments for developing 
a system of gas bags that could be 
inflated on command to surround the 
main body of the lander portion of the 
Mars Pathfinder spacecraft. The gas 
bags are needed to cushion the lander 
against the impact of landing on the 
Martian surface. The lander would have 
a tetrahedral body, each face of which 
would be covered by a gas bag com­
prising six approximately spherical lobes 
of 0.9-m radius pressed together on 
1.0-m centers. When inflated, the gas 
bags would be held in place and in 
shape by ropes. The objective of the 
efforts described in the report was to 
minimize the total mass while maximiz­
ing the performance of the gas bags. 

This work was done by Tommaso P. 
Rivellini of Caltech for NASA's Jet 
Propulsion Laboratory. To obtain a 
copy of the report, "Development and 
Testing of the Mars Pathfinder Inflatable 
Landing System," write in 24 on the TSP 
Request Card. NPO-19925 

-0 Machinery/Automation 

Computer-Controlled 
Two-Axis Pointing System 

A brief report describes a small, light­
weight, computer-controlled pOinting 
system for the Mars Pathfinder lander 
and possibly other spacecraft and plane­
tary landers. The system includes a two­
axis, motor-driven gimbal and electronic 
control circuitry, with motor current and 
voltage feedback. The system imple­
ments control techniques described in 
U.S. Patent 4,692,674, which accompa­
nies the report. 

This work was done by Douglas 
Packard and Michael R. Johnson of 
Caltech for NASA's Jet Propulsion 
LaboratorY. To obtain a copy of the 
report, "Small Two Axis Gimbal With 
Direct Computer Control" and of the 
patent, "Brushless DC Motor Control 
System Responsive To Control Signals 
Generated By A Computer Or The Like, " 
write in 14 on the TSP Request Card. 
NPO-19800 
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WE BHIEVE TH AT [VERY APPliCATION 

HAS ONE fEEDBACK SOlUTION. 

It's H fl O f N H A IN. Every Industry has one company that defines it. In position feedback that 

company is HEIDENHAIN. We lead the industry. And, more importantly, we will continue to lead 

it with Innovative linear and rotary encoders that have no equal. Currently, we offer you 100,000 

variants of encoders. This unique flexibility and capability enables us to do what no other company can -

offer a system that exactly fits your application needs. And that, in turn, gives your machinery the edge 

in the marketplace It's more efficient. More accurate. Easier to use. Additionally, we offer you 

OEM salesmen who are so experienced they usually function as part of our customers' design team. 

A service we're happy to provide free because linear and 

"designed in" at the earliest possible conceptual stages. 

one feedback solution. It's HEIDENHAIN. 

rotary encoders are most effective when 

Every application, your application, has 

HEIDENHAIN 
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North American Sales & Service Offices 
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JUST SPRAY 
ITONAND 

WIPE IT OUT. 

Static electricity can wipe out 
your profits in an instant. 

Staticide is a long-term topical 
anti-stat that prevents costly damage 
caused by static charge build-up. 

Ideal for use in electronic production 
areas, just spray or wipe Staticide on any surface 
where static is generated. Completely non-toxic, 
biodegradable and humidity independent, Staticide 
is a cleaner as well as an anti-stat. 

Don't let static electricity threaten your business. 
Order Staticide today. 

ACL !tatll:Tde ~ 
Specialists in Static Control I}L 

1960 E. Devon Ave., Elk Grove Village, IL 60007 ISO 9002 
1-800-782-8420 Fax: (847) 981 -9278 Reg. to: ACL Inc. Cert. No. A3656 

e-mail: info@aclstaticide.com Web address: httpJtwww.aclstaticide.com 
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Merlin ME-98l/991 systems use low-cost video tape recorders to 
capture over 2 hours of continuous data at rates 
up to 2.2 Mbits/sec. Open design permits use of 
interchangable interface modules for a flexible 
data recording system. The ME-98l is qualified 
to Mil-Std-81 DE and is available in both ruggedized '--====!.I 
and ra:k-mount oonfigurations. 

Merlin 
MERLIN ENGINEERING WORKS 

c 
:: 

1888 Embarcadero Rd. , Palo Alto, CA 94303 Phone (415) 856-0900 
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Software Partnersl32, Topsfield, MA, has introduced 
SafetyPosit, a software-based data backup service 
that backs up irreplaceable data to a secure, remote 
storage site over an Internet connection. The storage 
vautt can support up to 9 terabytes of data and 
includes a security firewall, a RAID S9IVef' to receive 
backups, and a robotic tape library for storage. A 128-
bit data encryption system encrypts data before leav­
ing the desktop, and it is stored in encrypted format. 
Only the user with the origInal key can read the data. 
Pricing ranges from $49.95 per month for 100 MB of 
data to $395 per month for up to 1 gigabyte of monthly 
new data. 

For More Infonnation Write In No. 720 

ImageNation, Beaverton, OR, offers a 
PC-based machine vision system, 
which includes a Costar CV-M 1 0 pro­
gressive scan video camera, two 
ImageNation PX500 frame grabber 
boards, and software that integrates 
the components. The system pro­
vides 500 x 485 1V lines of resolution 
in standard RS-170 format at a video 
rate of 60 frames per second. 
For More Information Write In No. 715 

Columbia Research Laboratories, 
Woodlyn, PA, has announced the 
2684 Series of integral, full bridge, 
encapsulated, temperature-compen­
sated strain sensors, which are 
bonded directly to the surface being 
tested. The direct strain measurement 
sensors can be installed by field tech­
nicians or manufacturing personnel 
and are available to match a variety of 
materials. 

The SERVOSTAR digital servo 
amplifier from Kollmorgen Motion 
Technologies Group, Radford, VA, is 
used in machine tool, packaging, 
electronic assembly, and defense 
applications, and operates brushless 
motors in single- or multi-axis motion 
control systems. Current ratings from 
3 to 35 amps are available. 

For More Information Write In No. 721 

The PCI XPG-1ooo power grabber 
from DIPIX Technologies, Ottawa, 
ON, Canada, utilizes a PCI local bus 
master/slave controller that allows the 

For More Information Write In No. 719 unit to function as a PCI bus master, 

Phytron, Waltham, MA, has introduced 
the ZSS 25.500 stepper motor, which 
features 500 full steps per revolution 
and a 25 mm diameter. The motor is 
available in two lengths with three dif­
ferent windings per length. Holding 
torques are 10 or 20 mNm, depending 
on the motor length. Speeds to 4500 
RPM can be reached. 
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The BENGAL abrasive waterjet 
machining center from Flow 
International Corp., Kent, WA, features 
the FiowMaster™ PC-based control 
system, an abrasive waterjet, an X-Y 
motion system, and a 39.3 x 19.6" 
work table. Designed for machining 
prototypes of most materials, the sys­
tem provides linear accuracy of 
±O.OO6 and repeatability of ±0.004. 

For More Information Write In No. 716 

taking control of the PCI bus in burst 
mode and allowing the host proces­
sor to continue processing while data 
is transferred to/from the unit. The 
system features up to 256 MB of flex­
ible image memory, and frame grab­
bing from most sensors at data rates 
to 48 MBlsecond. 

For More Information Write In No. 718 

Transicoil, Valley Forge, PA, offers the 
Size 5 brushless DC motor for 
motion control. The 0.5" 00 motor is 
available in two high-speed models: 0 
to 50,000 RPM and 0 to 100,000 
RPM. Features include long and short 
configurations, harsh environment 
designs, various coil winding vott­
ages, and custom drive electronics. 

For More Information Write In No. 722 
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in the world. 
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SPECIFY TYGON .. .YOUR RESULTS DEPEND ON IT! 

UNEQUALED CHEMICAL 
RESISTANCE IN A CLEAR 
AND FLEXIBLE TUBING. 
Tygone 2075 Tubing. Virtually unaffected 
by acids, bases, ketones and alcohols. 

• Resistant to MEK and other 
highly aggressive chemicals 

• Plasticizer free 
• Safer disposal through 

incineration 
• Smoother inner surface 

inhibits particulate build-up 
• Reduced absorption of 

aqueous fluids 
For details, call 216-798-9240, or write 
P.O. Box 3660, Akron, OH 44309-3660. 
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Norton Performance Plastics 
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T~. Nonon Co. Reg TM 

For More Information Write In No. 432 

I Shock & Vibration 
Damping. 

S orbothane® patented 
visco-elastic mater ial 
absorbs and dissipates 
unwanted energy and out­
performs rubber and other 
mater ials by providing : 

• Impact Absorption 
Vibration Isolation 

• Sound Damping 

• Excellent Memory 
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~oibothane Inc. 
2144 State Route 59, Kent, Ohio 44240 

330.678.9444 Fax: 330.678.1303 
:lIwww.sorbothane.com 
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AutoCAD LT for Windows 95 2D 
design and drafting software from 
Autodesk, San Rafael, CA, is data­
compatible with AutoCAD R13 and 
runs on MS-Windows NT 3.51. Users 
can exchange files with AutoCAD 13 
users without translation. It also reads 
and writes AutoCAD releases 11 and 
12 drawing files, as well as drawings 
from previous versions of AutoCAD LT. 
An OLE 2.0 server and container sup­
port allows users to link spreadsheets 
or other objects into drawings and/or 
embed drawings into reports. The 
program costs $489 and ships with 
both CD-ROM and 1.44 MB diskette. 

For More Information Write In No. 725 

TableCurve 20 Version 4.0 from Jandel 
Scientific Software, San Rafael, CA, is 
a 20 automated curve-fitting soft­
ware package for Windows 95, NT, 
and 3.1 that locates best-fit candidate 
equations from a bui~-in set of more 
than 3,600 functions, enabling users to 
find the equation best describing their 
data. Users also can enter their own 
functions, which can be fitted and 
ranked with the bui~-in equations. A 
new custom formatting option allows 
users to customize graphs using one 
of five residuals graph formats. The 32-
bit program is priced at $495. 

For More Information Write In No. 729 

MicroSim Corp., Irvine, CA, has 
announced its 6.3 release of elec­
tronic design automation software, 
which includes a graphical part 
browser, error traceback feature, a 
symbol creation wizard for schematic 
entry, goal functions wizard, and 
expanded simulation libraries. A 
Message Viewer helps to identify and 
correct hardware language syntax 
errors in synthesizing Complex 
Programmable Logic Devices 
(CPLDs) or Programmable Logic 
Devices (PLDs).The program is avail­
able for Windows 3.1, Windows NT, 
Windows 95, and Sun Microsystems 
platforms and is priced from $479. 

For More Information Write In No. 732 

Milestones, Etc. Version 4.5 project 
management software from Kidasa 
Software, Austin, 1)(, creates Gantt 
charts, timelines, machine cycles and 
other project schedules. Schedules 
are created using an on-screen tool­
box from which users select standard 
commercial or govemment symbolo­
gy. It supports yearly, quarterly, week­
ly, daily, hourty, minute, and user­
defined timescales. The cost is $199 
and the program runs with Windows 
3.1, Windows 95, Windows NT, and 
Windows/Workgroups. 

For More Infoonation Write In No. 727 

Analytical Graphics, King of Prussia, 
PA, has released Satellite Tool Kit 
(STK)- graphical and numerical 
analysis software, which enables 
visualization and analysis of relation­
ships invoMng satellites, aircraft, ships, 
ground vehicles, ground stations, and 
targets. A new user interface, a data­
base of thousands of space vehicles, 
and a data reporting tool for customiz­
ing data are included. The program 
runs on UNIX systems and on PCs 
with Windows 95 or Windows NT. 

For More Information Write In No. 737 

Cadkey, Windsor, CT, has announced 
SiteSculptor~ virtual reality model 
language (VRML) software for build­
ing VRML worlds for horne pages on 
the World Wide Web. The authOring 
software operates on Windows 95, 
NT, 3.1, and Windows for Work­
groups. It provides 3D modeling tools 
such as CAD solid modeling, NURBS 
surface creation, and boolean opera­
tors for building 3D mu~imedia web 
sites. Users can create, animate, and 
walk through a virtual world, and can 
create and edit various 3D shapes. 
The software costs $49.95. 

For More Information Write In No. 730 

Success 3.0 for Windows from U.S. 
COST. Atlanta, GA, is estimating and 
cost management software that 
allows users to organize projects and 
prepare budgetary estimates. It pro­
vides access to labor crafts, equip­
ment, crews, and materials, and con­
nects with CAE/CAD, scheduling, 
accounting, and bidding software 
using OLE 2.0 automation. The soft­
ware automatically launches, passes 
data to, and controls Windows-based 
programs such as Microsoft Project, 
Excel, Word, and @Risk. 
For More Information Write In No. 735 
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ICEMetrix for AutoCAD Release 13 is 
parametric editing software for 
AutoCAD from leEM Technologies, a 
divisiOn of Control Data Systems, 
Arden Hills, MN. It operates within any 
existing AutoCAD drawing file and 
enables users to redesign, edit, or 
adjust drawings and view multiple 
variations of a design. When a dimen­
sion Is changed, the user can preview 
how the drawing will be affected, and 
can reject or accept the change or 
modify the dimension again. It Is avail­
able for DOS, Windows 3.1, 95, and 
NT and costs $487. 
For More Infonnation Write In No. 731 

Evolution Computing, Tempe. AZ., 
has released EasyCAD for Windows 
version 4.5 CAD software, which 
interfaces with AutoCADe via .DXF 
file exchange, named layers, and 
compatible entities. New features 
include bitmap fill editing, scaled 
print preview, autosave, chained off­
sets, and a macro language of more 
than 30 new commands. AutoCAD 
characters are transferable, and 
drawing files from AutoCAD become 
half the size in EasyCAD. The soft­
ware operates in Windows 95, NT, 
3.1, and Windows for Workgroups, 
as well as OS/2 Warp. 

For Mom Infonnation Write In No. 734 

Advanced Visual Systems, Waltham, 
MA, has released AVS/Express 3.0 
3D data visualization and imaging 
software in two editions: a Visualiza­
tion Edition for end-users, and a 
Developer Edition for technical and 
commercial developers. The multi­
platform software is used fOf data 
visualization, Image processing, 
graphics display, and database con­
nectMty and generates 2D plots and 
graphs. PrIcing of the Visualization 
Edition starts at $6000 for UNIX sys­
tems and $2995 for Windows 95 and 
NT; the Developer Ecfition starts at 
$25,000 fOf UNIX and $18,000 fOf 
Windows. 

For More Infonnation Write In No. 728 
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SoIidWOIks Corp., Concord. MA, has 
announced SoIidWorks 96 mechani­
cal design software for Microsoft 
Windows NT and Windows 95. 
Enhancements to the previous II6I'Sion 
include advanced assembly modeling, 
new part modeling features, and draft­
ing enhancements that include auto­
matic creation of an embedded Excel 
spreadsheet. Models can be designed 
in the context of an assembly; the 
motion of an assembly and its c0m­

ponents can be viewed in real-time 
using Dynamic Assembly VISUaliza­
tion. The program costs $3995. 

For Mom Infonnstion Write In No. 726 

The MacNeal-Schwendler Corp., Los 
Angeles, CA, has introduced VersJon 
2 of MicroWaveLab 3D electromag­
netic fields simulation software for 
designing high-frequency devices 
such as antennas, microstrip and 
waveguide components, and res­
onators, It determines the electro­
magnetic behavior of new designs 
before prototyping, and verifies exist­
ing designs, Results are displayed in 
Smith charts, omega-beta diagrams, 
polar plots, X-Y graphs, and tabular 
matrices. It operates on UNIX work­
stations, multi-processing supercom­
puters, and Windows NT. 
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UneSim tor Windows signal-integri­
ty analysis software tool from 
Hyper-Lynx, Redmond. WA, is an 
interactive, pre-route tool that 
enables designers to investigate and 
plan fOf signal integrity issues before 
PCB layout at the pre-schematic 
design stage. The program can 
model virtually any type of electronic 
system. Modeling screens are 
included for PCB cross-section. 
whole PCB stackups. connectors, 
cables, and wires. It operates on 
Windows 3.1. NT. and 95 and costs 
$1495. 
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\\'hat ibout con .. 'oIuIIOO), filtea. IIld contold" utn«.1toru., you know lbe heavy Sluff No probltm We: added 1 ISO MOP 
TM5l2OC40 DSP. NOI ooIy thai bu. 1011'4 or""" PO"'''S II )'O<ll' d."""" ~"'" we II .. mel""'" • TMS·3402() JllPhK3 """or 
sor to manage ICQUIguom., dispbya:. aod host communicanons, so lhar the DSP .... orb on unaging. Softwan:. you say' ~o pr0b­
lem. The Oculus F'64 ofT .... 'lnet)' of doYtlopment toolkus ,,,,llIIlinl! COOL 1"..., ...... _ 00)«\ an""'" hbRry. You taD 

even C\ISIOnUlr tIUr sohJ.re by .'J1l1nl your 0\10'T! 0 P code' 

So, 81\'t up 011 compnMnl5lng! We ha~e yow MUUOQ swung IS toow u sms For untompmmllUll tmlgmg IOluttOnS, ClII the 
.. peru lOday II. 1_3614914 

6969 Tmw.-Candada HYo'Y .. Sl.lde III 
Sl LauI't:n1.QC 
CanadlH4T Iva 
Td (514) )))·1301 
fax: (SI4pll·1l88 

EXCELLENCE IN MACHINES THAT SEE 

For More Infonnatlon Write In No. 434 

Simultaneous 
torque & angle 
measurement 
OR 

torque & R.P.M. 

• Spedalizing in QJStom & 
standard force/lOfque 
sensors 

• Data acquisition systems 
and associated software 

• Excellent repair/calibration 
services for all strain gage 
based sensors 

• Celebrating its 20th year 

"Innovative products that 
make sense. " 

Rotating Torque Sensors 
Non-Contact 
• Infrared or FM coupling 
e Standard/custom torque capacities 
• oise/maintenance free 
• High frequency response 
e High accuracy 

Slip Ring Versions 
• Low cost 
• Angular encoders 
• Magnetic speed pickups 
• Shaft to shaft 
• Male/female sockets 
• Morse taper/Jacobs taper 

Call about the PMAC 2000 
companion 'Plug & Play" instrument 

P.O. Box 290 
lake Orion, MI 48361'{)290 
URL http://www.sendev.com 



THE ULTIMATE 
SOLUTION FOR GLOB 
TOP APPUCATIONS! 

Fast Cure • One 'art 
MASTER BOND SUPREME 3HTND SYSTEM 
• One component, 100% reactive-no volatiles 

• Thixotropic flow properties engineered for glob 
topping . Exceptionally fast cure in minutes at 
+250°F and above . Outstanding mechanical 

strength, resistant to thermal and/or mechanical 
shock . Superior adhesion and chemical resistance 
• High dimensional stability & durability . Service 

temperature range from -60°F to +400°F • Six month 
shelf life at ambient temperatures, needs no 

refrigeration . Convenient packaging . Available 
in a range of colors 

Master Bond Inc. 
Adhesives, Sealants & Coatings 

For information, call or write: Master Bond Inc. 154 Hobart St. / 
Hackensack, NJ 07601 TEL: 201 -343-8983 FAX: 201 -343-2132 

For More Information Write In No. 436 

V .... I082•5 
SPECIAL DE 
UPGItA I 
PRICING. 

Scientific 
WorlcPlace 

VERSION 2 . 5 

Scientific Work­
Place is a wo rd 

processing system 
deSigned with your 

needs in mind. Text and 
mathematics arecom:: 
pletely integrated. Docu­

ments look more profes-
sional because Scientific Work· 

Plaa actually typesets your doc· 
uments using U.TEX , the stan­

dard in high-quality scientific pUblisliing. Perform 
a wide varie of com mations and lot ex ressions 
directly in your document using Sdenti ic Work­
Place's unique interface to Maple' or the Mathe­
matica' link. Enter mathematical expressIons ID a 
narural, [ree-fonn environment. Try Sdentific Work­
Piau fOT 60 days. If you are not impressed, return 
it for full pulthase price, no quesuons asked. 
Sclentffic WorkPlace V2.5 for Windows 
ORDER YOUR COPY TODAY! 

In Canaela Call 800.268·2222 

http://www.tcisoft.com 
P 1190 Fost .. Rood 
Los Cruce., NM 88001 USA 

fAX: (505) 522-0116 
Email: pontb99641tcbon.com SOFTW_RESEARCH 

108 For More Information Write In No. 437 

Gootest, Irvine, CA, has released a 
64-page catalog of PC-based test 
equipment, including test platforms, 
software, interfaces. and instrumenta­
tion for ATE, data acquisition, and test 
and measurement applications. New 
products described include digital 
instrumentation, Switching/relay in­
struments, platforms and interfaces, 
and avionics support instruments . 

For More Information Write In No. 740 

Switches are described in a 180-
page catalog from Cherry Bectrical 
Products division of The Cherry Corp., 
Waukegan, IL Snap-action, selector 
and key switches are included in a 
nine-page selection guide. A technical 
reference section features switch ter­
mino�ogy' electrical Ine charts, a glos­
sary, and international standards. 

For More Information Write In No. 741 

Hilliard Corp., Elmira, NY, offers a 
brochure describing MT overrunning 
clutches and clutch couplings. 
They are available in a range of sizes, 
with bores ranging from 1/4" to 5", in 
torque ratings from 60 lb.-ft. to 
21,800 lb.-ft. The brochure includes 
specifications, performance data, and 
applications. 

For More Infonnation Write In No. 742 

R 
E 

Entran Devices, Fairfield, NJ, has 
released a 112-page catalog of sen­
sors and electronics for pressure 
measurement. Included are new 
models for static and dynamic mea­
surement with associated power sup­
plies, meters, and amplifiers. Sensors 
from sub-miniature to heavy-duty 
designs are described, with pressure 
ranges from 2 psi to 25,000 psi in low 
and high temperature ranges. 

For More Infonnation Write In No. 747 

A 40-page catalog of linear bearing 
components and automation 
accessories from Tusk Direct, Bethel, 
CT, features ball slides, crossed roller 
slides, recirculating slide guides, and 
ball bushing and shafting systems. 
The products are used by design 
engineers in industrial design of 
motion control equipment and 
machinery. 
For More Information Write In No. 744 

...... - . 
• I; . 

PEMSERTER~ Plus and Series 
2000T.. fastener-installation sys­
tems from Penn Engineering & 
Manufacturing Corp., Danboro, PA, 
are detailed in a 12-page brochure. 
Included are the Series 4 manual 
press, the Series 849 pneumatic 
press, the TNT 618T .. turret nut tool 
system, the Series P3 hand press, 
and the MICRO-MATBt hand tool. 
The presses can handle high-volume 
applications or perform prototype 
work 

For More Infonnation Write In No. 743 

Metal and polymer seals specifically 
designed for harsh environments are 
described in a design manual from 
Advanced Products, North Haven, 
CT. Step-by-step instructions for 
determining the type, size, and mate­
rial of seals for each application are 
provided; flow charts, applications, 
and features are included for each 
seal type. The 167-page manual is 
available in three-ring binder format. 

Lundahl Instruments, Logan, UT, 
offers a 32-page catalog of ultrason­
ic sensors and sensor systems for 
environmental monitoring. industrial 
automation, and collision-avoidance 
applications. Selection guides for 
controllers and sensors and self-con­
tained sensors are provided, as well 
as an accessories selection chart. 

For More Infonnation Write In No. 745 
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Rdd Cutting Edge Technologq to Your 
Manufacturing Processes I 

R T TEN 0 

~® 96 
Rdvancing Product and Process Design Engineering in Manufacturing 

November 12-14,1996 • Cobo Center · Detroit, Michigan 

AUTOFACT '96 is the industry's premier conference and 
exposition for advancing product and process design engineering 

in manufacturing. Learn how to integrate cutting edge technology to 
upgrade your manufacturing processes. . 

Investigate the latest computer . 
tecbnoJogq applicaHuns for: -~ .. : .~. ~;.~~: '.-~~ i . :~:: .:':.:~ .. ; .: .. ~:-:-':- :. :- --­

See ariif emi1.1®booJogqJil!velopments 
for manufacturing-pmcesSis:.-De ign Engin ering 

Process Engineering 
Manufacturing Management 
Manufacturing Systems Engineering 
Infonnation Systems Management 

Product Design 
Rapid Prototyping ".....,.0;..;)., _ 
Computer-Aided Design 
Computer-Aided EngiI}eering 
Computer-Aided Manufacturing Simplifq qour technologq search at 

this qear's pavilions: Workstations 

Process Design 
Manufacturing Requirements Planning 
Manufacturing Execution ystems 
Factory Automation 
Machine Vision 
EDMlPDM Tools 

Yes. tell me mOfe a"bour l1le ]996 ~~ries 
of 6t1TOFRCT Events 

ameITItle ___________ ----'=--:...:.-._ 

CompanylDivision ____________ _ Please check all that apply: 

D AUTOFACT West '96 
March 25-28,1996 
Los Angeles, California 
With WESTEC '96 

D AUTOFACT Asia '96 
July 9-12, 1996 
Singapore 
A High Growth Region 

D AUTOFACT '96 
November 12-14, 1996 
Detroit, Michlgan 
171£ Premier Event 

Ad~~ _______________ _ 

CitylStatelZip/Country 

PhoneJFax 

@ 
Mail or Fax this page to: Irene Tsatsanis 
Society of Manufacturing Engineers 9v1E3 One SME Drive . PO Box 930 . Dearborn, MI48121 

• Fax: 313/271-2861 
or 

(7l'J Call our customer service department to receive more 
~./ information. Phone: 1-800-733-4763 On the USA) 

313/271-1500 (outside USA) 



Ma rketp/ace To Advertise - Call (212) 490-3999 

Visualize matrix and 
image data in seconds ... 

Request a FREE catalog! 

WWVtI.fortner.com 
800-252-8479 

FORTNER 
RESEARCH LLC 

100 Carpenter Drive, Sterling. VA 20164 
fax (703) 689-9593 • info@fortner.com 

For More Information Write In No. 580 

Jrom""er offers MIL-STDI5538 
Databus Patching. 

Trompelef's J74 Series of twinaxAriax dual patch jacks is 
a complete system of patch jacks, patch plugs, looping plugs, 
monitor plugs, panels, palch cords and cable assemblies buiH 
to meet or exceed MIL-STD-15538 ground support/checkout 
requirements. The J-74 series of dual twinaxAriax se~ normal­
ing jacks is used in miVaero and commercial 78- to 124-ohm 
applications where signals must be completely protected from 
extraneous noise along the transmission path through noo-sig· 
nal-carrying shielding. 

~
Quality doesn', cost ... it pays! 

I /so MtJ/ emiliNi 7 TROMPETER 
ELI'CTFlON,Eii . !NC 

31186 LaBaya Dr .• Wesilake Village, CA, U.S.A. 91362' (BOO) 9i2-cOAX 
(818) 707'20211' fax (818) 706-11MO· hIIp:Ilwww.trompe\Br.eledronics.ildSlJy.nel 

Z-World provides a complete software 
and hardware solution for embedded systems and 
control applications. Our low cost miniature con­
trollers provide a variety of digital I/O, ADC, DAC, 
and RS2321RS485 communications. For only $195, 

our Dynamic C11I integrated C development system 
allows you to create real-time multi-tasking pro­
grams up to 512K (approx. 20,000 lines of C code) . 
Controller pricing from $79_ Quantity discounts 
start at 5 units. 

1724 Picasso Ave. 
Davis, CA 95616 
916.757.3737 
916.753.5141 FAX 
http://www.zworld.com 

;nf."m.tlr,n use our 24-Hour AutoFAX. 
'~':~"':::.:-:~-~ your FAX. Request catalog 118. 

Int'onmalticln Write In No. 586 

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 OPTlCS Co., 706 Arrowgrand 
Circle, Covina, CA 91722-2199, (818)915- 5707, 
FAX (818)915-1379 

For More Information Write In No. 581 

otion 
Control 

Solutions 

Englne.rlng SDI/war. Dlre'l Is your 
'1 source lor engineering softwarel 
The more Ihan 1.000 produ,ls IIsled 
In Ihls ,"I.log were developed by 
sOUware companies and practicing 
engineers and represent a vast 

.. resource at tools that can help 
you get your lob done belter. more 
accurately. and more quickly. 

For More Information Write In No. 582 

100 MFLOP 
OEM-DSP 

$ 8890TY 100 

BLACKTIP 
• Analog lJe\'iccs A1JSP·2 1 06., 

SIIARC ftoa.ing-poln. DSP 
• Up 10 5I2KX48 "".mal SRAM 
• flexible high·speed VO si •• 
- Two eKlcmallink portS 

• lIalf-length ISA card 
• Free eval uation packages from 

lI)'perceplion, LWlOS, and 
Wideband CompUlers with 
purchase of dL"elopmem SW 

[2Jlfu' •• JA.~E RLS'M~ 
The SHARe lamers. 

800·848·0436 
33 Nonh M:Iln Slreel ' Concord, Nil 03301 

fAX: 603-2264567 • E-Mail: biuware@blnware.com 

For More Information Write In No. 585 

Data acq and signal conditioning 
IN ONE PACKAGE! 

• Replaces chart recorders & scopes 

• Accepts plug·in amplifiers 
• Connects to your PC's printer porI 

• Fast 250,000 Hz sample rates 

• Ready-Io-run recording software 
Forget mUltiple boxes. Set aside 
your old. traditional instruments. 
OUf products take you from sensor to final results with computer­
precision. Our DI-500 portable. rack mounted. or desktop hardware 
measure TCs. nds. vac. vdc, rpm, and strain-vinually any sensor 
used in industry-with . afe, 1000 V isolation per channel. Our ready­
to-run WinDaq software allow you to acquire. di play. record, play­
back, and analyze your roughest waveforms with more peed and 
flexibility than you've ever seen on a Pc. 

IIDATAQ 
II INSTRUMENTS 800-553-9006 

For More Information Write In No. 587 

CAll FOR 
FREE 
INFORMATION 
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Market lace 
FULLY INTEGRATED, RACK MOUNT AND 

RUGGED SUN SPARC WORKSTATION 

STANDARD 
FEATURES INCLUDE: 
• CHOICE OF SPARC­
ENGINE 5, 20 OR ULTRA lE 
• SCSI-2. ETHERNET. 
2 SERIAL. PARALLEL 
AND AUDIO PORTS 

• SHOCK ISOLATED DRIVE CAGE TO MOUNT SIX 525' 
HALF HEIGHT DRIVES 
• CHOICE OF GX. GX+. TURBO GX+ AND SX. CREATER 
GRAPHICS FRAME BUFFERS 
• RACK MOUNT COLOR MONITORS. lr OR 19' 
• RACK MOUNT KEYBOARD WITH TRACK BALL 

• SOLAR IS 2.X 

CUSTOM OPTIONS, FOR FULL DETAILS CONTACT: 

181 SYSTEMS, INC., 6842 NW 20 AVE. 
FT. LAUDERDALE, FL 33309 

TEL: 954-978-9225, FAX: 954-978-9226 
For More Information Write In No. S88 

Your Best 
Guide To 
Engineering 
Tools Online 
The Internet For 
Scientists And 
Engineers will show 
you how to navigate 

the net and find important online 
resources in aerospace, electronics, 
energy, computing, bio/medicine. 
physics, and many other fields. A 
great time- and cost-saver for both 
beginners and seasoned surfers. 450 
pages. Only $34.95 
(NY residents add sales tax.) 

Mall with payment 
($34.95 each plus $5.00 postage.) to: 
Associated Business Publications. 
317 Madison Avenue. Ste 921 . New York. NY 10017. 
For credit card orders call (212) 490-3999 

Official 
NASA 
CAPS 
Black cap with 
gold leaves and 

L--______ --' official NASA 
insignia. Only U.S. $9.95 each! 

Please send (insert quantity) __ NASA caps. 

Add shipping & handling charges: 
S6 per item surface mail. 
$8 per item air mail. 
Total enclosed: U.S. $, _____ _ 

Name ____ _______ _ 

Address __________ _ 

Mail payment (checkldraftlpostaVexpress order, US.S 
payable to: Associated Business Publications Inti .) to 
Associated Business Publications. Dept. f, 317 Madison 
Ave .• Suite 921 . New York. NY 10017. U.S.A. for credit 
card o rders call 1·212-490-3999. NTB91!16 
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Now you can subscribe to 

NASA- Technology Today 
the eXCltmg new teaching tool for 
educators and parents 

NASA Technology Taday's mission is to share the excitement, 
adventure, and knowledge of NASA's work with teachers and 
parents for use in the classroom and home. Each full-color, 
illustrated edition will be your guide inside NASA, spotlighting 
the agency's major missions, launches, science projects, dis­
coveries, and technology breakthroughs - with suggested 
activities for students. Plus, you'll learn where and how to take 
advantage of NASA educational resources, including special 
Internet sites, software, videos, and more. 

If you enjoyed the sample copy of NASA Technology Today 
mailed with the April issue of NASA Tech Briefs , we invite you to 
subscribe for a full year - six EXPANDED issues - for the 
charter rate of $17.95. Additional copies (addressed to same 
sul:\SCriber) are only $1 .00 each ($6.00 additional per year). 

Don't miss a single issue .. . subscribe today! 

Published in cooperation with NASA and the International Technology 
Education Association. 

o Please enter my SUbscription to NASA Technology Today for one 
year (six issues) at $17.95. 

o I also want to receive _ additional copies of each issue, at $1 .00 
per copy x 6 for the subscription year (eg. - $12.00 for 2 extra 
copies of each issue) 

Total: $. __ _ 

o check enclosed (payable to Associated Business Publications Inti.) 

o charge my: 0 VISA 0 MasterCard 0 

Card No.lExp. Date 

Signature __________________ _ 

Nrone ___________________________________ _ 

Organization 

Address __________________ _ 

City/St/Zip ________________ __ 

~No. _________________ _ 

Fax No. 

Mail to: Associated Business Publications IntI., 317 Madison Avenue, 
New York, NY 10017, or fax credit card orders to: (212) 986-7864. 
Questions? Call (212) 490-3999. 

The Technology 
Connection 

To Advertise Call (800) 944-NASA 

Avionics Software Design 
Complaity Measure (ASDCM) 
Contact: Richard Weeks, VP 
Symvionics, Inc. 
(818) 585-0115 FAX (818) 585-0427 
Web Site: httpllwww.symvionics.com 

Background Noise Rejection Using 
Patented Microphone & 
Processing-See Tech Brief This Issue. 
Contact: David Franklin, President 
Audiological Engineering 
Corporation 
(800) 283-4601 FAX (617) 666-522B 

DC SQUID Array Amplifier 
System, Voltage Standard Chips 
& Systems, NF- IOO Magnetic 
Shield D egausser, High-Gain 
Wide-Band Amplifier Module, 
Foundry Service. 
Contact: John Coughlin, Manager 
Products & Foundry 
HYPRES, £nco 
(914) 592-1190, ext. 7811 
FAX (914) 347-2239 
Web Site: hap:/Iwww.hypres.com 
E-mail: sales@hypres.com 

High Performance Syntactic Foam, 
Conductive Composites, Adhesives, 
Coa.tings, Silicone Potting 
Compounds for Electronic 
Applications. 
Comact: Ms. Radha Agarwal, Ph .D., 
Research Director 
Uciury Development Corporation 
(201) 994-4334 FAX (201) 994-3341 

Patented R&D 100 Award­
Wmning Ceramic. Cost-Effective 
Solutions for Dimensionally Stable, 
Machinable Ceramic Components. 
Concact: Christy L. Smjth, 
Marketing Duector 
LoTEC, £nco 
(B01) 483-3100 FAX (B01) 483-3101 

3D Ray Tracing for Forward and 
Inverse Geophysical Prospecting, 
Non-Destructive Testing, and 
Medical lmaging. 
Contact: Victor Pereyra 
Weidlinger Associates, £nco 
(415) 949-3010 FAX (415) 949-5735 
E-mail: victor@wa;.com 

Robert P. Bell 
Robert Platt Bell & Associates, POC. 
917 Duke Street 
A1aandrja, VA 22314 

(703) 683-8822 FAX (703) 683-8823 
E-mail: RobcnBell@BELLPAT.COM 

Specializing in patem, uademark and 
copyrighting matters. 

Invention For Sale. II 

We have helped hundreds of inventors 
and showed them how to offer their inven' 
tions for sale to business all over the 
world. No cost. 

(01l1 ·S00-537·1133. Kessler Sales 
Corp., ( ·67·5, Fremont, Ohio 43420. 

Apollo 11 
Commemorative 

Sweatshirt 
Striking full-color iIlusrration on 
qualicy white shin recaprures the 

spirit and excitement of the Apollo 
moon landing. Available in adult 
sizes- S,M,L,XL $19.95 each plus 

$5.00 shipping/handling. 
(NY residenrs add sales rax.) 

Mail with payment to: 
Associated Business Publications 

317 Madison Avenue, Ste 921, 
New York, NY 100 17 

For credit card orden call (212) 490-3999 
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• • • 
• • 
• Plasma Torch Using a plasma torch 

technology developed by Ames Re earch 
Center, Plasma Technology CorporatIOn 
(PTC) has revived interest in a decade-old 
system for industrial heating. The plasma 
torch line developed by PTC far surpasses 
conventional methods. It offers greater 
temperature and processing control, faster 
reaction time lower capital costs and a 
more efficient use of energy. 

S curitv Systems S Dware CLIPS, 
a Johnson Space Center expert system 
program, enabled Software House to 
develop the C. CURESystem 1 Plus. This 
system allows users to manage large 
amounts of information, solve unique 
security problems and gain power over 
access control with time schedules, 
authorization levels and door entry with 
card validation. • • 

• • • 
• 
• • 

• 
• 
• 
• 
• 
• 

EnVir nmental Seal Magnetizing fuel 
by dispersing fi nely ground particles of iron 
oxide through it - an idea developed by a 
Lewis Research Center scientist is the 
concept behind Ferrofluidic Corporation's 
ferrofluids seal. The initial use was in a 
zero leakage non-wearing eal for making 
emiconductor chips. The corporation now 

manufactures rotary feedthrough seal for 
the erniconductor industry. 

N ASA technology po itioned the U.S. in the forefront of space exploration. Whether it is sensor , 
microelectronic , infonnation system or another area, NASA technologie can help your busine s 

position itself in front of your competition. 

TechTracS - the newest search engine for fInding the NASA technologies with the greatest commercial 
potential - can be accessed over the Internet through the NASA Commercial Technology Home Page: 
http://nctn.hq.na a.gov. 

To match your companies needs with NASA solutions contact the NITC by 

--i~- • Internet: http://www.ntlc.edu. 
- '::..;: 

~ 

• Phone: 1-800-678-6882. 
For More Information Write In No. 572 
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Gould's new COBRA16 combines a real-time recording system with the power of 
real-time mathematical calculations to provide real-time results. Its Windows 95® 
control system allows real-time color monitoring of raw or computed data. With 
its extensive post-acquisition analysis program, the COBRA16 delivers unparalleled 
performance in a portable package. 

Real-Time Results 
If every test problem were the same, the answers would be 

simple. 
NCMI, Gould's new Real-Time Math Module lets you create a 

unique mathematical solution to your special test problem. This 
new module converts real-time raw data to useful information at 
the time and place of acquisition. Instantaneous answers make the 
most effective use of your valuable test cell resources, providing 
savings which go directly to your bottom line. 

Add Gould's powerful Real-Time Math Module, the heart of 
our new COBRA16 System, to any existing TAll or TA6000 product 
to provide powerful, enhanced functionality. Perform real-time 
calculations at 50,000 samples per second. Use resultant math 
outputs as inputs to additional math functions, providing for 
complex equations. Trigger acquisition using derived results, raw 
data or combinations. To ensure easily interpreted results, define 
your input units to provide real-world values; such as PSIG or Watts. 

If you have uncommon 
problems, call your Gould 
representative for 
some surprisingly ( ) 
uncommon solutions. J sin (~) dt x e input2 

( 
8.214 x input3) I (. tS 61) 

(. ) x 09 InpU + . 
tan-1 Input4 

. , 

OOULO 
Instrument Systems 

• Up to 64 channels . Continuously record to Hard 
Disk at 1 MS/sec • External high resolution color 
monitor . Compatible with Real -Time Math Module 

• Up to 16 channels . Record transient signals to 8 
Msample memory. Compatible with Real-Time Math 
Module 

• Wide selection allows instrumentation to be used 
with strain gage, temperature, and frequency 
conversion transducers . The perfect complement 
to Gould's Real-Time Math Module 

Fast Action FAX: (216) 328-7404 
attention Inquires Manager, 
or CALL: (800) 468-5365 
o Have a Gould Sales Representative call me to 

arrange a demonstration 

o Rush me free information on Gould 's new 
Real-Time Math 

NT8 9196 
(Please print) 
Name: ______________________________ _ 

Title: ______________________________ __ 

Company: __________________________ ___ 

Street: ____________________________ ___ 

City: ___________ State: ________ Zip: __ __ 

Telephone: ( 

FAX or mail coupon/photocopy (you may affix business 
card) to: Gould Instrument Systems, Inc. 8333 Rockside 
Road, Valley View, OH 44125 

For More Infprmation Write In No. 539 
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