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Acquire 

Present 
From Across the Room or Across the Globe 
Easily acquire, analyze, and present data anywhere in the world 

by distributing measurement applications and data across the 

Internet. Use the latest Internet technologies to increase your 

productivity and share information throughout the enterprise. 

With the power of National Instruments LabVIEW'· and 

measurement products, the possibilities are endless. 

Discover for Yourself the Power of LabVIEW 6i. 

'7 NATIONAL 
,.INSTRUMENTS'M 

ni.comlinfollabview (888) 280·5761 
Tel: (512) 794-0100 • Fax: (512) 683-9300 • info@ni.com 
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Where do I find 
Data Acquisition Products Online? 
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Basic Unit 
PowerDAQ Processor 
Based Data Acquisition 
Boards for PCI Bus 

Easy to Order 

D5000 
52000 

Fast Delivery! 
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• Large color display for 
rea/-time data viewing 

• Intuitive touch-screen interface 
simplifies setup and operation 

• Look-back while recording 
in real time 

• Up to 32 analog or digital 
input channels 

• Virtual Chart 1M efficiently stores 
data while saving paper 

• Ethernet interface for command 
and control 

• High-resolution chart printing for 
clear, crisp traces 
www.astro-med.com/ev 11 
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Vesper 
Forward Engineering™ 

Your design decisions may not necessarily be 

influenced by the glamour of making headlines. 

Still, if a little blurb about you surfaced in a trade • • • 

magazine, chances are, you wouldn't think twice before 

prominently displaying it on your refrigerator. Well, it just so happens Vespel® Parts & Shapes serve 

as the perfect complement to the mindset of an engineer focused on not only meeting customer 

requirements, but breaking new ground as well. In fact, our expanded new lineup consists of 

superior washers, thrust devices, and seal rings that withstand wear beyond warranty. 

Bushings, vanes, and wear strips that endure high temperatures and provide low 

friction. And exceptionally 

clean retainer rings, chamber 

liners, and in-process , , 
to resist chemical attacks. 

components durable enough 

With a total of five families in all, Vespel® Parts & Shapes provide a unique combination of physical properties, while offering you 

the ultimate in design flexibility. Starting as the Vespel® S line, the family has grown significantly to include the introduction of 

Vespel® TP for maximum geometric flexibility, Vespel® CP for superior heat resistance and strength, Vespel® CR for maximum chemical 

resistance, and Vespel® ASB which combines materials for specific applications. With all these families in place, now more than ever, 

we have the resources necessary to help you set the design world on its edge. After all, making things stronger, faster, lighter, and subsequently more 

efficient, is what Vespel'" Forward Engineering is all about. All things considered, start thinking Vespel® early on in the design process and one day that little 

blurb could become an entire column. And who knows, they might even ask for a headshot. For more information on what our expanded 

line of material solutions can do for you, go to www.dupont.com/vespel or call 1-800-972-7252. If you can dream it, we can make it. 

c@lffiNb 
The miracles J science~ 
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ALGOR's Web Courses give you quality software 

education at your desktop through webcasting. 

ALGOR provides a true virtual classroom by pro­

ducing TV quality sound and picture on the 

Internet. In fact, the images shown here were 

extracted from actual Web Course footage. There's 

no need for teleconferencing; all you need is a 
computer with a TI , DSL or cable modem Internet 

connection. Even if you don't have Internet access, 

you can still learn at your desktop by viewing the 

VHS video or CD-ROM version of each Web Course 

broadcast that is included with your registration. 

Inll· om 

LEARN ABOUT IMPORTANT FEA TOPICS IN A VIRTUAL CLASSROOM AT YOUR DESKTOP. 
GET MORE SOFTWARE EDUCATION FOR THE MONEY 
Web Courses start at just $350 for four hours of instruction, and you save 
travel expenses and don't sacrifice productivity. Registering for a Web 
Course entitles you to the live Internet training session, on-demand 
Internet replays available after the live session and a CD-ROM or VHS 
video of the course for later reference. 

LEARN FEA FASTER WITH STEP-By-STEP INSTRUCTION 
Web Courses give you in-depth instruction , not an overview, on a variety 
of topics such as finite element modeling , CAD/CAE interoperability, FEA 
and Mechanical Event Simulation software. Full screen graphics, utilizing 
the latest in broadcast technology, show point-and-click detail as instruc­
tors "walk" through the process of FEA. Viewers clearly see ALGOR's 
software interfaces, menus, visualization and reporting options. 

INTERACT WITH THE INSTRUCTORS liVE AS THEY TEACH 
E-mail your questions or talk with the instructors directly during the live 
session to get immediate answers. Calls are broadcasted as they occur. 

LEARN WHEN AND WHERE IT Is CONVENIENT FOR You 
View the Web Course or replay it on the Internet at your convenience. 
You can register for courses even after the live broadcast to access the 
Internet replay and watch the accompanying CD-ROM or video as often 
as needed. 

EARN CREDITS TOWARD P.E. LICENSE RENEWAL 
Web Courses have qualified for Professional Development Hours within 
states that have Continuing Professional Competency requirements for 
P.E. license renewal. Participants receive a certificate upon purchase. 

LEARN HOW TO SUCCESSFULLY COMPLETE YOUR ENGINEERING JOB OVER THE INTERNET. 
CUSTOMIZE A WEB COURSE TO ACHIEVE YOUR ENGINEERING GOALS 
Develop a customized curriculum that meets your individual engineering 
needs. ALGOR instructors can work directly with your CAD geometry or 

FEA models to focus on specific interoperability, modeling or analysis 
questions you may have. You can work as you learn! Contact an ALGOR 
account representative for scheduling and pricing information. 

START YOUR e DUCATION TODAY. HERE'S HOW: 

• Visit www.eTechlearning.com. 
• Select the Web Course of interest. 
• Contact your Account Representative for a password. 
• Download Microsoft Media Player for viewing the 

Web Course. 
• Enter the password and watch the Web Course live. 

Or, view Internet replays or your VHS video or CO-ROM. 
• Call your Account Representative to schedule a 

customized Web Course for one or many participants 
at your company to learn Algor software while working 
through your engineering problems. 

U Autodesk. , sOLiomcEE 
Reg Is te r ed Oe v e lo p t r 

PARAhHTRI C 
T E C HN O L OC Y 
CO RP O RA TION 

«>or.:~ !,~,A.!!~.~.~.~o .. 
All lrademarks may be Irademarks or registered Irademarks of their respeclive owners. 

® 
When Engineering Has to be Right 

150 Beta Drive, Pi"sburgh, PA 15238-2932 USA ' US Phone: +1 (412) 967-2700 • California: +1 (714) 564-0844 
Europe (UK): +44 (1784) 442 246 • Fax: +1 (412) 967-2781 E-mail: info@ algor.com 

www.eTechLearning .com • www.algor.com • www.feaincad.com • www.pipepak.com 
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PRODUCT OF THE MONTH 

The MathWorks. Natick. MA. 
releases version 6 of MATLAB 

technical computing software. 
with a new desktop front-end 
and integrated math. analysis. 

and visualization tools. 
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ON THE COVER 

Developed for Walter Meano Engineer­
ing. this pump motor can be driven by 
pneumatic. hydraulic. electric. or gasoline 
motors. All elements of the pump were 
created in Solid Edge mechanical CAD 
software from Unigraphics Solutions. 
St. Louis. MO. The latest release of the 
software. Solid Edge Version 9. is one 
of the featured products in our Special 
Coverage on Design & Analysis Software. 
which begins on page 30. 

(Image courtesy of Unigraphics Solutions. 
Image design by John Malan of John Malan 
Design. Johannesburg. South Africa) 
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Other Deep Memory models available 

8 bit 

16 bit 

500 MSj s Scope 

10 MSjs Scope 

2 GB Memory 

1 Gig Memory 

32 bit 100 MHz Digital Input 2 GB Memory 

GageScope Software 

CompuScope 12100 
11 11. 12 Bit, 100 MS/s A/D and Scope card 

for PCI bus 

:/11" 1 Gigasample 

On-board Acquisition Memory 

.",. 60 dB Dynamic Range 

II". View entire record and zoom in 

''''. Analysis Capabilities 

"". Incredible Price 

'II. SDKs for C/C++, MATLAB, 

LabVIEW under Win 95/98/NT/2000 

III. Easy to use Windows Software 

World's Most Powerful Oscilloscope Software 
Supports 2 GB Acquisition Memory 

Plug-Ins for: '. FFT Analysis 

'. Waveform Parameters 
,. Averaging 

'. AutoSave 

'. Extended Math 

GaGa 
A Tektronix Technology Company 

From outside the United States contact: Gage Applied, Inc. , Tel: +1-514-633-7447 Fax: +1-514-633-0770, e-mail: prodinfo @gage-applied.com 
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CONVERT 
COMPUTER 
GRAPHICS 
TO VICEO 

RGB SPECTRUM 
GIVES VOU 
MORE REASONS 
TO CHOOSE 
RGBNIDEOLINK® 
SCAN CONVERTERS 

Up to 1600 x 1 200 
pixel input 

Analog NTSC and PAL, 
S-Video, RGB, 
Y, p., P

R 
output 

CCIR 601/SMPTE 259M 
digital video output 

Autosync to all 
computers 

Video overlay 

Pan & zoom 

Full 24-bit color 

Visit our web site 
http://www.rgb.com 

Transform computer graphics and other signals 
to broadc ast quality video. RGB Spectrum has 
a solution for every scan c onversion applic ation. 
We even o ffer a model with a zoom control so 
sm ooth you can cont inuously pan and zoom 
while videotaping. With a unique combinat ion 
of quality and features, the RGB/Videalink line 
of scan converters is the industry leader in 
professional video sc an conversion. 

RGB SPECTRUM· 
a visual communications company'· 

950 Morino Village Parkway 
Alameda, CA 94501 
Tel : 1510) 814·7000 
Fox: 1510) 814.7026 
E.moil :sales@rgb.com 
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High Performance API 

Do the math. 
API offers a range of scalable high-performance 

Alpha solutions for compute-intensive or I/O 

bound applications. High-performance API 

platforms and Alpha technology simultaneously 

deliver top scores in both dimensions. Contact 

API to discuss your high-performance needs. 

We work with the most knowledgeable 

names in the HPC game. 

Stan your research at 

www.alpha-processor.com/ntb 
Then give us a call at 

978-318-1117 
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in 48 hours or less 



introducing MSC.visualNastran 

Keeping up with the demands 

of consumers may sometimes 

seem impossible. How do 

you make products light 

and durable? Strong and 

inexpensive? MSC simulation 

shows you the way 

That's MSC. visualNastran. 

Affordable, breakthrough simulation 

on the PC platform. FEA, motion, 

and animation at your fingertips. 

Now you can ensure that your 

designs work for developing better 

products-and better profits. 

www.mscsoftware.com/vn 

For More Information Circle No. 546 

Which product is right for you? 
Motion, FEA, animation, . . . ? 
Find out-and get a free CD in 48 
hours: www.mscsoftware.com/vn. 

MSC.visualNastran 
Desktop 

MSC. visualNastran 
for Windows 

MSC' SOFTWARE 



NASA 
Commerdal 
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 full tie-in with the Federal Laboratory Consortium 
(FLC) for Technology Transfer. Call (609) 667-7737 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 Artificiallntelli- Aerodynamics; Materials; 
Ufe Sciences; Planetary Science gence and Flight Systems; Manufacturing; 
Earth and Missions; LlDAR; Human Computer Materials; Nondestructive 
Atmospheric Cryogenic Interface; Structures; Evaluation; 
Sciences; Systems; Life Sciences; Sensors; Biotechnology; 
Information, Tracking; Human Space Measurements; Space Propulsion; 
Communications, Telemetry; Flight Operations; Information Controls and 
and Intelligent Remote Sensing; Avionics; Sciences. Dynamics; 
Systems; Command. Sensors; Sam Morel/o Structures; 
Human Factors. George Alcom Communications. (757) 864-6005 Microgravity 
Carolina Blake (301) 286-5810 Hank Davis s.a.morello@ Processing. 
(650) 604-1754 galcom@gsfc. (281) 483-0474 larc.nasa.gov Sal/yUttle 
cblake@mail. nasa.gov henry.l.davis l @isc. (256) 544-4266 
arc.nasa.gov nasa.gov John H. Glenn sally.litt/e@msfc. 

Jet Propulsion Research Center nasa.gov 
Oryden Flight Laboratory Kennedy Space at Lewis Field 
Research Center Selected techno- Center Selected techno- Stennis Space 
Selected techno- logical strengths: Selected techno- logical strengths: Center 
logical strengths: Near/Deep-Space logical strengths: Aeropropulsion; Selected techno-
Aerodynamics; Mission Fluids and Fluid Communications; logical strengths: 
Aeronautics Flight Engineering; Systems; Mate- Energy Propulsion 
Testing; Microspacecraft; rials Evaluation; Technology; Systems; 
Aeropropulsion; Space Process Engi- High Temperature TesVMonitoring; 
Flight Systems; Communications; neering; Com- Materials Remote Sensing; 
Thermal Testing; Information mand, Control Research. Nonintrusive 
Integrated Systems; and Monitor Larry Vitema Instrumentation. 
Systems Test and Remote Sensing; Systems; Range (216) 433-3484 Kirk Sharp 
Validation. RobotiCS. Systems; Environ- cto@grc. (228) 688-1929 
Jenny Baer- Merle McKenzie mental Engi- nasa. go v kirk.sharp@ 
Riedhart (818) 354-2577 neering and ssc.nasa.gov 
(661) 276-3689 merle.mckenzie@ Management. 
ienny.baer- jpl.nasa.gov Jim Aliberti 
riedhar1@dfrc. (321) 867-6224 
nasa.gov Jim.Aliberti-l @ 

ksc.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 Technology Transfer Center nearest you, call (800) 472-6785. 

Joseph Allen 
National Technology 
Transfer Center 
(800) 678-6882 

Ken Dozier 
Far-West Technology 
Transfer Cenler 
University of Southern 
California 
(213) 743-2353 

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

J. Ronald Thomton 
Southern Technology 
Applications Cenler 
University of Florida 
(352) 294-7822 

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

Lani S. Hummel 
Mid-Atlantic Technology 
Applications Center 
University of Pitlsburgh 
(412) 383-2500 

Chris Coburn 
Great Lakes Industrial 
Technology Transfer 
Center 
Battelle Memorial 
Institute 
(440) 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 there are seven major 
program offices that develop and oversee 
technology projects of potential interest to 
industry. The street address for these strategic 
business units is: NASA Headquarters, 300 E 
St. SW, Washington , DC 20546. 

Carl Ray 
Small Business Innovation 
Research Program (SBIR) 
& Small Business 
Technology Transfer 
Program (STIR) 
(202) 358-4652 
cray@mail.hq.nasa.gov 

Dr. Robert Norwood 
Onice of Commercial 
Technology (Code RWl 
(202) 358-2320 
morwood@mail.hq. 
nasa. go v 

John Mankins 
OHice of Space Flight 
(Code MP) 
(202) 358-4659 
imankins@mail. 
hq.nasa.gov 

Terry Hertz 
Onice of Aero-Space 
Technology (Code RS) 
(202) 358-4636 
thertz@mail.hq.nasa.gov 

Glen Mucklow 
Onice of Space Sciences 
(Code SM) 
(202) 358-2235 
gmuckloW@mail. 
hq.nasa.gov 

Roger Crouch 
Onice of Microgravily 
Science Applications 
(Code U) 
(202) 358-0689 
rcrouch@hq.nasa.gov 

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

NASA's Business Facilitators 
NASA has established several organizations 
whose objectives are to establish joint spon­
sored research agreements and incubate 
sma ll start-up companies wi th significant 
business promise. 

Wayne P. Zeman 
Lewis Incubalor for 
Technology 
Cleveland, OH 
(216) 586-3888 

B. Greg Hinkebein 
Mississippi Enterprise for 
Technology 
Stennis Space 
Center, MS 
(800) 746-4699 

Julie Holland 
NASA CommerCialization 
Center 
Pomona, CA 
(909) 869-4477 

Bridgette Smalley 
UH·NASA Technology 
Commercialization 
Incubator 
Houston, TX 
(713) 743-9155 

John Fini 
Goddard Space Flight 
Center Incubator 
Baltimore, MD 
(410) 327-9150 x 1034 

Thomas G. Rainey 
NASA KSC Business 
Incubation Center 
Titusville, FL 
(407) 383-5200 

Joanne W. Randolph 
BizTech 
Huntsville, AL 
(256) 704-6000 

Joe Boeddeker 
Ames Technology 
Commercialization Center 
San Jose, CA 
(408) 557-6700 

Marty Kaszubowski 
Hampton Roads 
Technology Incubator 
(Langley Research Center) 
Hampton, VA 
(757) 865-2140 

If you are interested in information, applications , and services relating to satellite and aerial data for Earth resources, contact: Dr. Stan Morain, Earth Analysis 
Center, (505) 277-3622. 
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CE 

PACK 'EM, RACK 'EM 
AND POWER 'EM UP 

JUST ADD DRIVES, AND INFOSTATION ': the new intelligent 
storage enclosure from StorCase~, i.s ready to be implemented 
into a RAlD or ]BOD configurati on. From integration to 
implementation, count on the plalform-independent 
InfoStation to perform Uawlessly. Some of InfoStation's 
fea tures include: 

• Con figurable backplane; SUPPOl1S up LO (4) host il1lerfaces 

• (1), (2) and (4) channel configurations 

• l/O repeater module for multiple hosts and cascading 

• (9) removable , Wide Ultra2 CA drive carriers 

• Self-monitoring with alarm 

• User 111lerface (UI) module for monitoring , 
reporting &: set-up 

• Software utility for UI fLlnctions via PC (lnfoMon'") 

• Redundant, hot swappable, self-monitoring blower 
and power supply modules 

• On-board SCSl RAlD control1er option 

• SA -support and Fibre to SCSI RAlD 
(with CMD's Titan~) 

• Upgrade slots for future SES, NAS and AF-TE modules 

• 100% tested , 7-year warranty and FREE support 

StorCase is so confident that yo u'll be happy with 
Info tation that they are offering a 60 day trial period . 
Purchase InfoStation , and if you're nOl completely salis fied 
with its performance, just return i.t, no questions asked' 
To find out more about this trial o rfer, or this pack , rack 
and play enclosure, call a StorCase representative today at 
(800) 337-8421. 

Stor~ase'· 
TEe H N 0 LO G Y 

A Ki11gston Technology Compony 

S OLARI S-

Q 2000 StorCase Technology, Inc. A KingSton Technology Company. t7600 Newhope Street, FOllntam Vallcy, CA 92708 USA (714) 438·1850 Fax (714) ·08·1847 All flghes reserved All regls{cred 
trademarks and trademarks are: the propeny of their respeclIve owners 

For More Information Circle No. 526 
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er ForulTJ 
Reader Forum is dedicated to the thoughts, concerns,. questions, and comments of our readers. If you have a comment, a question 
regarding a techn ical problem, or an answer to a previously published question, post your letter to Reader Forum on-line 
at www.nasatech.com, or send to: Editor, NASA Tech Briefs, 317 Madison Ave., New York, NY 10017; Fax: 212-986-7864. 
Please include your name, company (if applicable), address, and e-mail address or phone number. 

I am loo kin g for any informatio n ava il­
able o n inflatable antenna. Can yo u 

provide any background o n any NA A 
proj ect in this area? 

Mohammed Ha eeb 
m haseeb@red iffmail.com 

(Editor's Note: Mohammed, the JiTS! 
place you can lookJor inJoTmation on NASA 
developments in inflatable antennas is 
the NA A Tech Bri efs web site at www. 
nasatech.com. Clicli on the Technical up­
POTt Packages heading; and go to the Elec­
tronic omponents & S)Jste17ls category. 
There, you '[[ find additional inJonnation 
you can download Tegarding ASA's Jet 
Propulsion LaboTatory '5 reseaTch on "Injlat­
able RejlectaTray Antennas, .. which we cov­
e;red 'in our Dctoba 1999 issue.) 

I need to measure th e speed of li ght 
over a total distance of about 18" to 30" 
(fix ed). I am looking to de tect hanges 

or "deltas" in that sp ed o r time o f 
travel o rresponding to a distance of 
about 0.1" or 2.5 mm , but anything that 
approaches thi ( ven 1 ") is not po sible 
today, to my kn owledge. The ignal i 
the initial edge of two imilar ligh t 
fl a hes, so optical fi bel' or optical! elec­
troni c methods may appl y. I be li eve 
some fo rm of heterodyne y te rn or 
phase mea urin g approa h may hold 
the key. 

J o hn K. GI-ady, P.E. 
978-772-3303 

Our company, a lo ng with the Re new­
able Energy Deve lopment Institute, has 
deve loped method fo r converting Fire 
Ri k Materia ls (FRM ) into sa leabl e 
produ cts. On e product conve rt wood 
into hyd rogen and ca rbon monoxide; 
a nothe r re moves parti cula te a nd 
ae rosols from th e ga es, and reduces 

Ox' We need to cool the ga es be-

tween the products from 700° to 
about 150°C. T h ASA Patents page 
in your u gust is u e featured th e 
"Thermally Rege nera ti ve Battery with 
In tercalatable Electrode a nd e1ecLive 
H eating I[eans» from th e J e t Pmpul­
sio n Laboratory. Th i in ve n tio n appea rs 
to be ab l to generate and sto re elec tri c 
power when expo ed to lI ch te mpera­
ture. We wou ld like to know 
if th ere are o th ers ava il ab le as we ll. 
T hank )'Oll. 

R. Edward Burro n 
EBC Compan ' 
707-459-6219 

(Editor'S Note: EdwaTd, visit the A A 
J et Propulsion Laborato1")' web site at 
www.jJ)l.nasa.gov Jor additional inJorma­
tion on reseaTch in thermal battery technol­
ogy. NA A's Clenn Resea'reh Center in Cleve­
land also conducts -reseaTCh on thermal 
batteries. You can visit theiT site at www. 
gTe. nasa.gov.) 

Business Incubators Partnering with NASA 
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Providing assistance to the emerging business that is 
commercializing NASA technology. 

Ames Technology 
Commercialization Center 
Joe Boeddker 
San Jose, CA 
(408) 557-6789 
joeboe@ten-net.org 

BizTech 
Joanne Randolph 
Huntsville, AL 
(256) 704-6000 
joanner@biztech.org 

Goddard Space Flight 
Center Incubator 
John Fini 
Baltimore, MD 
(410) 327-9150 Ext 1034 
jfini@etcbaltimore.com 

Hampton Roads 
Technology Incubator 
Martin Kaszubowski 
Hampton,VA 
(757) 865-2141 
martinka@hrtc.org 

For More Information Circle No. 403 

lewis Incubator for Technology 
Wayne Zeman 
Warrensville.OH 
(216) 586-3873 
wzeman@edinc.org 

Mississippi Enterprise for 
Technology 
Greg Hinkebein 
SSC MS 
(228) 688-3144 
greg.hinkebein@ssc.nasa.gov 

NASA Commercialization Center 
Julie Holland 
Pomona, CA 
(909) 869-4477 
jaholland@csupomona.edu 

Florida I NASA Business 
Incubation Center 
Tom Rainey 
Titusville, FL 
(321) 267-5601 
Trainey@Trda.org 
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For More Intelligent 3G Wireless Amplifier and Digital Radio Testing 

The CS2010 Wireless Test Set delivers an entirely new 
level of power, speed and flexibility for power amplifier 
and digital radio design . Essentially three products in 
one, the modular CS2010W is an off-the-shelf "virtual" 
test instrument that offers multi-carrier signal capability 
at three levels of functionality: 

CS2010 Vector Signal Generator RF, IF, baseband, 
digital output. Performance exceeds any instrument on 
today's market - 50 times more memory (4,000MB), 5 
times better resolution via 14 bit D/A's, and 9 dB 
improvement in dynamic range. 

CS2010 Vector Signal Analyzer RF, IF, baseband and 
digital input. Delivers the deepest acquisition memory 
available - 4,000MB of seamless 14 bit capture. 

CS2010 Vector Signal Generator/Analyzer All the 
capability of the CS2010 VSA and the CS2010 VSG in 
one package. By simply adding hardware and softwa re 

modules, the VSA or VSG can be upgraded to provide 
multi -path fading, smart antenna testing, bit error rate 
testing and protocol testing . 

Utilizing a unique architecture, the CS2010W offers a 
complete ly open test environment with selection of 
functions (spectrum analysis, osc illoscope, digital pattern 
generation/analysis), along with a series of digita l and RF 
mu lti -carrier waveform generation capabilities. 

The CS2010W allows you to replace an assembly of 
stand-alone test instruments with one box that does 
everything, faster and better. At a price that makes you 
market-competitive today and grows with your needs in 
the future. 

Whatever level you ' re involved at, your test capabilities 
should be match your technology. Let us show you how 
we can help. Check out the details at www.csidaq .com 
or cal l 888-274-5604 for more information . 

CELERITY TEST INSTRUMENTS TAKE You THERE. 

Cli.:E'iiin 
DIGITAL BROADBAND TEST 

j!) communications 

10411 Bubb Road Cupertino , CA 95014 ' Phone (408) 873-1001 . Fax (408) 873 -1397 
For More Information Circle No. 542 



NEW! 
Measurement Studio~ for 

Visual C++, Visual Basic, 
and the Internet 

A re you looking for c++ 

classes, ActiveX controls, or 

COM objects for measurement 

applications? National Instruments 

Measurement Studio builds on 

12 years of measurement 

programming expertise with 

LabWindowsN I CVI and 

ComponentWorksN to deliver 

measurement tools that are 

tightly integrated into the 

Microsoft Visual C++ and Visual 

Basic programming environments. 

Measurement Studio delivers the 

measurement tools you need to 

acquire, analyze, and present 

your data faster than ever before! 

Improve your 

programming 

productivfty today! Visit 

ni.com/info/ msfudio 

'7 NATIONAL 
" INSTRUMENTS

N 

Tel: (512) 7940100 • Fax: (512) 683-9300 
info@ni.com 

O~2OOD _____ ~M~_~_ 
-,-_ ................ or __ ot_~_ 

~ _ _ •• _ __ , _.t ____ 4- : __ "": __ 1_ .1_ Anc 

Over Ihe pasI Ihree decades, NASA has gran/ed more Ihan 1000 palenl licenses in virtually every arca of 
lechnology. The agenC)' has a pm·tfolio oj 3000 Imlellts and pending ap/Jlicaliolls available now 

Jorlicense by busi1,esses a"d individuals, including Ihese recently palen led inven/ions: 

Process and Equipment 
for Nitrogen Oxide Waste 
Conversion to Fertilizer 
(US. Patent No. 6,039,783) 

Dal e E. Lueck and Clyde F. Pa rrish, 
Kennedy Space Center 

The paten t describes a new emis io ns 
control system for fluid Lreams contain­
ing nitrogen and oxygen, parti cularly 
co mpounds selected from nitrogen 
oxide generati ng proce se , systems, and 
compositions, including oxidizer scrub­
bers that are used to eliminate curren t 
ox id ize r liq uor waste from hypergol­
energized propellant sy lems. Since fuel­
ing an d deservicing spacecraft constitute 
the primary opera ti ons in which environ­
me llla l em iss ions of nitrogen oxides 
OCC lll' in the U.S. pace program, the 
process and apparatus described wi ll 
e liminate th e second la rgest waste 
stream at th e Kennedy Space Center 
(K C). Th i in vention provide th e 
equipment and procedure u ed to mon­
itor and con trol the conversio n of the 
scrubber liquor to fe rtilizer, whi le reduc­
ing the scrubber emission. 

Micromachined 
Thermoelectric Sensors 
and Arrays and Process 
for Producing 
(us. Patent No. 6,046,398) 

Marc C. Foote, Eric W. Jones, 
and Thierry Ca illat, 
Jet Propuls ion Laboratory 

The inventors report Ulat they have 
produced array with up to 63 microma­
chi ned thel-mopile infrared detectors on 
silicon substrates. Each de tector con ists 
of a suspended silicon nio'ide membrane 
"'~th 11 thermocouples of sputtered BiTe 
a nd BiSbTe th e rm oe lectr ic f ilm . In 
re ponse time, specific detectivity (D*), 
and responsivity, these represent the best 
performance reported to date for an 
array of thenTJop il e de tectors. These 
detectors are ideal for some app lication 
due to th eir simple ystem requirements. 
They operate over a broad temperature 
range and are insensitive to drifts in sub-

so-ate temperature. They ar e pa sive 
device , generating a voltage output with­
out electrical bias or chopping. For some 
applications thermopil e detector can be 
supported by impler, more re liable sys­
tems consuming less power than bolome­
ters, pyroelectric or ferroe lecoic detec­
tors. Th e array in cludes means for 
enhancing I.hennal isolation of the hoI. 
junction of each detectol' from lhose of 
lhe o ther detectors, an d a microma­
chined sub trate for supporting the ulin 
dielecnic membrane uch that the sub­
strate is oppo ite the cold junction and 
there i an opening or window opposite 
the hot juncti on. 

Manipulation of Liquids 
Using Phased Array 
Generation of Acoustic 
Radiation Pressure 
(US. Patent No. 6,029,518) 

Richard C. Oeftering, 
Glenn Research Center 

The purpose of this invention i to con­
trol or manipula te liquid by using an 
acoustic phased array that produce high­
energy acoustic wave , ul ereby creaLing a 
force cal led acoustic rad iation pressure 
and a non linear effect called acoustic 
streaming. A plural ity of acoustic trans­
ducer e lements i arranged in a li near 
one-dimensional array, a t\vo-dimen ional 
array, or in an annular array of concenn-i 
tran ducer rin gs. The individual o-ansduc­
er elements are electrically driven as indi­
vidual channels. Each channel is under a 
common con u·o Ll er. The timing of the 
acoustic wave emi sion is controlled by 
delaying or advancing th e e l1lis ion 's time 
event based on a set of reference points. 
By adjusting the time shift or phase shift, 
the elements emil a wave patte rn such 
that con tructive or destr uctive intel-fe r­
ence waves cau e a single wave pattern to 
emel·ge. Thu a shifted an-ay can yntbe­
size a wave or wave patte rn that can be 
steered at angles re la tive to Lhe axis of the 
aI-ray or can be cau ed to diverge or con­
verge to a predetermined focal point. The 
convergence of acou tic waves on a singu­
la r focal point creates high intensity. 

For more information on the inventions desrribed here, contact the appropriate NASA Field 
Cenler's Commercial Technology Office. See page 14 for a list of office contacts. 

AS ~ g ' 
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How do you make your ideas stand out when they're expected 
to fit in? Autodesk's integrated design environment now makes 
it possible for even the smallest ideas to make their mark on the 
largest organizations. Built around Autodesk's powerful new 
concept of iDesign, this innovative, Internet ready approach is 
actually changing the way projects are designed and built. See 
what iDesign can do for you: www.autodesk.com/standout. 

For More Information Circle No. 540 

autodeske 

------------------~ 
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The Emhart Fastening 

Teknologies Weldfast 

assembly system combines 

fixturing with drawn arc 

welding to allow complex 

metal clips and brackets of 
varying sizes and shapes to 

be welded directly onto sheet 
metal. Weldfast simpl ifies 

bracket design, increases 

strength, reduces weight and 

lowers your overall assembly 

costs. For more information 
call us at 81 0-949-0440 or 

visit us on the web at 

www.emhart.com 

A ~BIACJ(&DECK.ER. COMPANY 

CERTIFIED 
ISO 9001 • OS 9000 

For More Information Circle No. 404 

Margaret Amy Ryan, Principal Investigator, 
Electronic Nose Project, 
Jet Propulsion Laboratory 

Margaret 
Amy Ryan 

is the Principal In­
vestigator on the 

ASA Life Sci­
ences Electronic 
Nose Technology 
Development 
Ta k and Flight 
Experim e nt at 

ASA's J et Propu lsion Laboratory 
(JPL), Pasadena, CA. 

NASA Tech Briefs: What is an "elec­
tronic nose" and how long has this type 
of device been in existence? 

Margaret Amy Ryan: An elecu'onic 
nose is an array of weakly pecific chem­
ical sensors, conu'olled and analyzed 
e lectronically, which mimic the action 
of the mammalian nose by recognizing 
patterns of respo nse to vapors. Unlike 
most existing chemical sensors, which 
are designed to detect specific chemical 
compounds, the sensors in an electronic 
nose are not specific to anyone vapor. 
By using an array of differen t sensors 
that respond to several compounds, 
gases and gas mixtures can be identified 
by the pattern of response of the array. A 
baseline of clean air is established, and 
deviations from that baseline are 
recorded as changes in resistance of the 
sensors. The concept of an "electronic 
nose" has been di cussed since the mid-
1980s, and several such devices have 
been built and tested . 

NTB: Why is this technology impor­
tant to NASA? 

Ryan: The abili ty to monitor the con­
stituents of recycled breathing air in a 
closed chamber i important for use in 
enviro nments such as the Space Shut­
tle , the Space Station, and planned 
human habitats on Mars or the Moon. 
The best real-time , broadband air-qual­
ity monitor now available in space habi­
tats is the human nose, wh ich is limited 
by factors uch as fatigue, exposure to 
toxins, and inabili ty to detect some 
compoun ds. 

NTB: How does JPL's ENose differ 
fl'om earlier versions of the device? 

www.nasatech.com 

Ryan: There are two primary differ­
ences. First, the ensing films are made 
from insulating polymers that have been 
loaded with fine particles of carbon to 
make them electrically conducting. 
Each sensor is made of a thin film de­
po ited over a pair of electrodes. The re­
sistance of the film is measured, and 
changes in resistance a re recorded. 
Those changes result in a pattern acros 
the sensor array; the pattern and magni­
tude of the pattern are used to identify 
and quantify the com pound respon ible 
for the change. Second, the E ose was 
designed to quantify certain compounds 
at the Spacecraft Maximum Allowable 
Concentration (SMAC) level. 

NTB: What contaminants was the 
ENose trained to detect aboard the 
Space Shuttle? 

Ryan: The following compounds were 
chosen because they had been detected 
or reported in Space Shuttle aunos­
phere before: alco h o ls (methano l, 
ethanol, 2-propanol) , ammonia, ben­
zene, formaldehyde, Freon 113, indole, 
methane, toluene, and water (% relative 
humidi ty). It is important to remember 
that the ENose is not an analytical in­
trument - it cannot be used to walk 

into a room or spacecraft and de termine 
all the constituen ts of the air. It is used 
to monitor changes in the air, such as 
from spills, leak , a ir filters tl1at need to 
be changed, or incipient fires. 

NTB: What are some potential com­
mercial applications for the ENose? 

Ryan: Electronic nose already have 
been used in the food industry to moni­
tor the production of coffee, beer, wine, 
and bread. An electronic nose can be 
used to monitor the air in any enclosed 
space, such as a submarine, an aircraft, 
o r closed working spaces such as run­
nels. The e lectronic nose also could be 
used in medical diagnoses: It could de­
tect compounds distinctive of particular 
diseases and differentiate bacteria. An­
other potential appli cation is the detec­
tion of a fire before the blaze erupts. 

A full t:ranscript of this interview appears 
online at www.nasatech.com. Dr. Ryan can 
be reached at mryan@jpl.nasa.gov. 
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- PRODUCT OF THE MONTH 

T
he Math Works, atick, MA, 
has released version 6 of 
MATLAB technical comput­
ing software as part of 

Release 12 of its product family. 
MATLAB 6 includes a new desktop 
fronc-end and integrated tools that 
provide acce s to the software ' 
math, analy i , vi ualization, and 
programming capabiljtie. ew 
tools simpluy common tasks uch a 
importing data, performing analy­
se , and creating informative graph­
ic . Al 0 featured ar optimizations 
to the product' core matrix com-

60 1:Il 

puting and ignal processing engines, and acces to hardware devices and J ava directly 
from MATLAB. Desktop components include a cross-product, earchab le, HTML-ba ed 
help reader, and a Workspace Browser for loading, viewing, and editing data . ew Data 

tatistic and Ba ic Fitting tools allow u er to superimpose statistical calculations and 
curve fits - both text and graphics - directly on MATLAB plots. lew functions 
enable vie\\~ng of 2D images, surfaces, and volumes as uGll1sparent objects; and \~sual 
tool for controlling point of view. 

For More Information Circle No, 756 

Tennis, Anyone? 
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NASA ae rodynamics technology may 
help create more competitive ten­

nis matches, much like new racket tech­
nologies have led to more powerful 
er\'es. To low the game down , the 

International Tennis Federation (ITF) 
recently approved testing ora new ball 
tllat is 6.5 percell( larger in diameter 
than the current ball. They lIsed data 
collected by Dr. Rabi Mehta and the 
wind tunnels at NASA' Ames Research 
Center in Moffett Field , CA, 

The concern i that the top players 
can serve a t abollt 150 miles per hour, 
reducing the number of rallies. Mehta 
explained that "a larger ball \~1l low 
tllings down; tlle trick is 
to figure Ollt how much." 
That was the objective of 
experimental te Ling con­
ducted at [TF facilities in 
England, and at Alnes. 

Mehta 's team mea­
sured the drag on regu­
lar and larger balls over 
a range of flow speeds in 
Ames' 15 x 15" wind tun­
nel. "Initially, we could 
not determine why the 

drag on tennis balls is 0 much higher 
than that on other sports balls," Mehta 
said. "Then we realized that the fuzz on 
the ball plays a mllch larger role in the 
aerodynamics than had been anticipat­
ed in the pasl. '· 

According to Mehta's tests, "if you 
have a smooth ball, uch as a ping-pong 
ball , it produces a large air wake, like 
that of a motor boat. The ball 's large 
wake creates drag that slows the ball's 
night. If you add roughness, like the 
dimple on a golf ball, air disturbance 
ncar the ball's surface actually helps 
produce a mailer air wake that creates 
Ie s air drag, and the ball can go fal'­

ther." Mehta explained 
that a smooth golf ball 
might only go 100 yards, 
compared to the 300 yards 
covered by today's dim­
pled balls. 

For more in/ormation, visit 
A mes Research Cen ter :~ Office 
of Communications at 
http://amRsnpws.ol'c.nasa.gav. 

Dr. Rabi Mehta compares a 
regulation-size tennis ball with 
the proposed larger ball. 

w\\~". nasalech.com 

Young at Heart 

T he mo~e " pace Cowboy " uaces 
the fictitious voyage of retired 

asu-onauts called upon to reruDl to 

duty for a Space huttle mis ion. 
Well, in the real world, re tired NASA 
pace veterans from me Jet 

Propulsion Laboratory (Pasadena, 
CA) are helping doctors and patients 
\~tll medical experti e forged in their 
years of ASA service. The Volunteer 
Profe sional for Medical 
Advancement, a group founded by 
Herman Bank, is compri ed of 65- to 
85-yeaF-old retired ASA colleagues 
who brain tonn, research, and 
develop new medical technologies. 

Among the medical advancements 
for wh ich the group has been respon­
sible are: 
• Design of an automated oxygen­

enrichment ystem for premature 
babies, developed Witll Los 
AllgeJes County and USC Medical 
Center, tllat removes the inaccura­
cie of manually controlled 
oxygen sy tern . 

• Creating, with me Children' 
Hospital of Lo Angeles, an 
adva.nced-database, plivate comput­
er network for pediauicians that 
will pro~de a depository for hi tOli­
cal data of diagnose, research, 
treatments, and results, helping 
doctol con'espond about 
children 's illne ses. 

• olving a blood-clot problem found 
with a tent that could cau e heart 
attacks. The group inu'oduced an 
electropolish ing proces , developed 
for the pace program, that pro­
vides a super- mooth stent urface. 
FOT mOTe infoTmation, contact 

GabTielle BiTchak-Bi'17lman of JPL at 
818-393-4359. 

We need our readers to make 
one more voting decision in this 
election year - choosing the 
Readers Choice Product of the 
Year. Look for the ballot in next 
month's issue and cast your vote 
for the most innovative product 
of 2000. You could win some 
valuable prizes, too! 
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<®testmart 

Just Tell Me 
When I'll Get It 

..... ................... .. ................. ........................................ ........................ [ No excuses. Give me 
a definite delivery time.] 

....... .. . : 

Tight deadlines for test and measurement equipment? When a drop 
dead delivery schedule is critical, TestMati-the precision instrumentation 
industry's new standard for credibility and reliability-bring you what 
you need when you need it. 

First, make an informed decision. Examine unbiased, detailed specs on over 
16,000 products in more than 130 categories on our website. Buy, lease or 
rent. It's your choice. 

Next, take immediate advantage of our secure, easy-to-use online commerce 
features to get accurate delivelY information. TestMart will tell you when you 
will get your equipment, confirm that it's on its way, and then get it to you 
on time. You can also call toll-free or fax us to make TestMart your first 
choice for everything test and measurement. 

Now, go try it. We're rea.dy when you are. 

www.testmart.c m 
toll free 1-888-665-2765 

For More Information Circle No. 566 



NASA Announces 
Top Software Awards 
for 2000 

Each year, NASA's Inventions and 
Contrib utions Board and th e ASA 
Chief Information Officer elect the 

ASA Software of the Year. The award, 
which i the la rgest of its kind in the S, 
honors the top software program sub­
mitted from a field of government agen­
cies, corporations, and universities. 

The 2000 winner is Internet-Based 
Global Differential GPS (IGDG), devel­
oped at ASA's J e t Propulsion Labora­
tory in Pa adena, CA. IGDG is a C-lal1-
guage package that provides an 
end-to-end system capabili ty fo r GPS­
based real-time positioning and orbit de­
termina tion. For more information on 
IGDG, th e o ther winne rs, and the 
awards ponsors, visit: www.hq.nasa.gov/ 
office/ codei/ swy2000wi n. html. 

Positioned for Success 
According to Stephen M. Lichten , 

one of the inventors of ICDG, the soft­
ware began as a small task associated 
with the development of a "micro GPS" 
insu-ument in the Telecommunications 
and Mission Operations Directorate a t 
JPL. The group developed a small piece 
of software to do real-time onboard 

IGDG is being 11 ed to operate and 
control real-time GPS data treaming 
from NASA' Global GPS etwork 
(GG ), which consi ts of about 60 sites 
- a sub e t of which is equipped with 
computer and Intern e t connection. 
IGDG return GPS data in real time 
from remo te rece ivers, 
th en collects, edit , and 
compre ses the raw GPS 
data at the remote site, It 
then transmits the packe­
tized data over the Internet 
to the processing center at 
JPL. The data is encoded, 
and provided over the Inte r­
net to authorized user . 

IGDG's use of the public In­
ternet helps make data collec­
tion from the upgraded GG ites 
affordable, as telephone-ba ed sys tem 
continue to p rove expensive for this 
type of application . The software al 0 

wa used for precise orbit dete rmination 
of the Space Shutde, and to assess the 
performance of onboard GPS l-eceiver . 

The Federal Aviation Admini u-ation 
(FAA) and several contractors saw the 
significance of IGDG, and adopted it 

into its Wide 

Automated data retrieval with IGDC ~ 
Area Augmen­
tat ion Sys te m 
(WAAS ) pro­
g ra m as th e 
co re software 
fo r de termina­
tion of GPS cor­
recti ons. WAAS 
improve th e 

Workstation at J PL 

Automatically edit, compute 
models, filter, and propagate 
CPS orbits. Runs every day 
(weekends, holidays, etc.). 

CPS ground terminals fun 
continuously and unattended 
in worldwide network. 

acc uracy, in­

• Perform integrity monitoring ==::::I"~ Product Delivery 
t eg rit y, a nd 
ava il a bi li ty of 
ba ic GPS sig­
n als . Th e sys­

• Automatic electronic delivery 
• Automatic electronic notification 

spacecraft positioning, and furth er en­
hanced the software to provide ground 
and near-Earth user positioning as well 
as orbit detennination . 

Widl IGDG, the JPL team ha proven 
tha t ultra-preci e (10 cm) real-time posi­
tioning is possible globally with GPS. 
LocaJ or regional systems are available 
commercially, but none provide global 
or pace coverage, and none can come 
close to IGDG's positioning accuracy of 
widlin a mete r. 
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tem aUows GPS to be used as a plimary 
mean of navigation fo r en-route travel 
and non-precision approaches in the 
U.S. WAAS will provide pilo ts in U.S. air­
space with meter-level accurate knowl­
edge of their positions in real time 
through use of th ese GPS correcti on . 
IGDG, and its use a the WAAS co re soft­
ware, will enable afer avia tion, and is ex­
pected to save more than $10 billion in 
the fir t decade of its operation in re­
duced fuel costs and airport expenses. 

"~"w. nasatech.com 

Smooth Flying 
The second-place winner in th e 2000 

ASA Software of the Year Awards is the 
Surface Movement Advi or (SMA) fro m 
NASA' Arne Research Center in Mof­
fe tt Fie ld, CA. SMA is a joint NASA and 
FAA proj ect designed to improve the co­

o rdina ti on of a irport su rface 

SMA system 

traffi c fl ow. 
SMA i ba ed on a 

c1i en t-server archi tec­
ture. A fiber backbone 
am ong the ai rline, ai r­

pon manage ment, 
ramp rowe rs, and 
the FAA contro l 
tower links the SMA 
y tem rogether. Var­

ious traffi c data is 
collected in real time 
by the SMA serve r. 
Th e sys te m inte­

grate airline schedul es, gate infonna ti on, 
flight plans, radar feeds, and runway con­
figurations. This integrated information is 
then re-transmitted over the network sy -
tem and shared among the key playel- at 
the airport. 

Future SMA proj ects include a low-vi i­
bili ty tower support system d1at will pro­
vide vision aid for air traffic controlle rs ro 
better see dle airport in low-vi ibility con­
ditions such as fog, mog, smoke, or snow. 

More NASA Winners 
The following software programs were 

named runners-up in this year's contest: 
• Orbiter Interface Unit/Early Communica­

tion System Flight Software from Johnson 
Space Center in Houston, TX. 

• Chandra Flight Software from Marshall 
Space Flight Center in Huntsville, AL. 

, GPS Enhanced Orbit Determination 
(GEODE) Software from Goddard Space 
Flight Center, Greenbelt , MD. 
NASA awa rded Honorable Mentions to 

these projects: 
• Embedded Operation of Fourier Transform 

Infrared Spectrometer from Kennedy Space 
Center, Florida. 

, Coupled Structural, Thermal, Electronmag­
netic, Acoustic Analysis/Tailoring of Graded 
Composite Structures (CSTEM) from John 
H. Glenn Research Center, Cleveland, OH. 

• Aviation Safety AnalysiS and Functionality 
Evaluation (ASAFE) from Langley Research 
Cen ter, Hampton, VA. 
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Free 
Software! 
Our New Omni CO ... all the 
software you need to use OT 

PCI frame grabbers and develop 
appl ications. Includes development 

tools such as a full SDK with complete OLLs 
and executable example programs with 
source code; also includes the OT-Acquire'" 
application for easy board set-up and image 
capture. Drivers and documentation for all 
OT PCI frame grabbers included. 

DIVision 
FoundryT" 

Software for 
Machine Vision 
Applications. 
Put your industrial 

, inspection appli-
cation on the fast 

track with the machine vision software 
package that takes you from concept 
to solution. 

Your application is unique. 
Get the performance you desire. 
Our frame grabbers have software for every 
level: free SDKs, drivers, ready-to-run applications, 
including full application software. 

For Machine Vision 
• Up to 3 frame grabbers on 1 PCI board to conserve slots 
• Lowest per camera cost for simultaneous & multiplexed inputs 
• OT-Active Open Layersarchitecture - easily migrate from one board to another 
• High speed scan rates for demanding applications 

For Imaging 
• Specially designed front end circuitry ensures high accuracy data sampling 
• Compatible with wide range of analog & digital cameras 
• Supports standard and non-standard video formats in monochrome or color 
• High accuracy, low noise, low jitter with our patented Fidelitt front end 

GLOBALLAB® 
Image/2 

Software for 
Scientific and 
General Purpose 
Imaging Applications. 
A Windows-based 

image processing 
application that provides powerful 
tools and an easy-to-use programming 
environment. 

Sci_Pak™ 
A low-cost bundled 
measurement solution 
for scientific imaging 
applications-Sci-Pak 
features GLi/2 

Streamline'" plus our new 
OT3120 frame gra bber. 

Product Handbook 2000 Vol. 2 
Free 2gS-page updated product catalog 
featuring new hardware and software, 
tutorials, and application examples. 



Widest line of data acquisition products ... 
No compromise selection. 
Our free 29B-page Product Handbook 2000 features new 

Free 
softwareL 

fast results! 
Our new Data Acquisition Omni CDTM 
is free with every PCI and USB board 
Featuring all the software you 

need to use our data acquis ition 
boards and develop applications, 
including: the latest 32-bit WDM 

." ililif' drivers for Windows 98, 2000, and NT; 
Quick DataAcqTM a TestPoint™ evalua­

tion with ready-to-run applications, 
and other software prog rams to get 
you up and running quickly; our full 
DataAcq SDKTM including a complete 
function library and executable exam­
ple programs with source code. 

DATAXun 

hardware and software: 

The best of PCI offerings 
• Analog inputs: 16-64 channels up to 1.25 Mhz throughput 

for all data acquisition needs 
• High-speed analog outputs for waveform generation 
• Support gap-free A/D, D/A, and digital I/O 
• Extensive Windows® 98, NT, 2000 support...all free 
• Simultaneous, full -speed, analog input and output 
• Custom-designed PCI Bus master interface for high-speed data transfers 

The leader in the USB revolution 
• Hot-swappable external connections, no power down, 

no reboot. all power and data via simple USB _----~~ 
connection ... also ideal for laptops 

• Plug & Play signal conditioning ... directly connects 
with numerous sensors 

• 12-,16-, 24-bit versions .. .widest selection available 
. 500 V isolation provides low-noise measurements, 

prevents ground loops, and protects your PC 
• Autoranging for accurate measurements 
• Thermocouple support-temperature sensor provides 

cold-junction compensation 

DT2040 Series 
Highly Noise Resistant Signal Conditioning System High-accuracy 6 1/2 Digit PCI Multimeters 

Full function software provides all benchtop features Easily connect sensors to your PC via USB - including ther­
mocouples, RTD s, strain gauges, accelerometers, etc. 
Features intuitive software application control and an 

via an easy-to­
use interface. 
Extensive 
measurement 
features 
include: voltage, 

_ CJ ~ 

enclosed protective 
case for optimal per­
formance even under 
the harshest industrial 
conditions. 

flo 
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current, res istance, inductance, 
capacitance, as well as sourcing 
capabi li ty and much more. 
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Inspect 
Anything. 
With Measurement Ready'" tools from 
National Instruments, you can quickly and 
accurately create a custom solution that 
completes any inspection and measurement: 

V Machine vision 
V Image acquisition 
V Data acquisition 
V Signal conditioning 
V Sound and vibration 

V Distributed I/O 
V Servo motion control 
V Stepper motion control 
V Thermocouple 
V RTD sensors 

Automat 
Everythi 
From ready-to-run systems to enterprise-wide 
solutions, use LabVIEW'" and our other 
industry-leading measurement and automation 
software to: 

V Increase measurement performance 
V Automate your measurements 
V Simplify hardware integration 
V Reduce development time 
V Lower costs 

Choose National Instruments - get the 
flexibility to creat e any automated inspection 
and measurement solution. 

'7 NATIONAL 
,.INSTRUMENTS'M 

ni.com/vision (800) 327·9894 
Tel: (512) 794-0100 • Fax: (512) 683-9300 • info@ni.com 

For More Information Circle No. 493 
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YOUR SFARGI IS OVER! 
Available for the FirstTime ... 

Extended Contact Bearing Linear Stages 

When nothing but the best will do, these stages are the ones you need. Our patented precision extended 
contact ball bearing ways provide the highest possible load capacity and resist damage due to impact or 

wear. The linear bearing ways are machined directly into the steel plates and honed to provide the highest 
possible precision. The ball bearings are contacted by an extended curved surface providing greater load 

capacity and precision. This family of products is offered in steel stages, stainless steel stages and as a slide 
for OEM positioning applications. 
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Stainless Steel Stages Steel Stages OEM Slides 

• Patented extended contact bearings ' Thin design using only two plates • High load capacity • 
Straightness of travel <2 microns · Low thermal expansion for lillparalleled stability 

• Industry standard 1/4-20 (M6) holes on inch C25mm) centers 
• Vacuum compatible option • Micrometer driven · Lockable 

For a copy of our new 1999/2000 catalog call (949) 851-5881. 
Today! not Tomorrow! 



A Revolution in Resolutiolil 
The ultimate in motorized nanometric positioning . . . 

Nanomotion IrM 

Nanomover'· Actuator 
• 25-mm travel with 10-nm resolution 

• Up to 20-kg load capacity 

• Flat or spherical contact tip 

• Includes calibration graph 

Nanomotion II '· Controller 
• Expa nds to control up to 16 actuators 

• IEEE-488, RS-232(, or IBM-ISA interface 

• Joystick option for computer-free control 

Nanomotion'· Software 
• Works with MS DOS or Windows 

• LabVIEW' drivers 

• 16-bi t DLL and C libra ries 

• Sample programs 

The Pr~ctic~1 Rpplic~tion of Light 

1-800-835-2626 

mELLES CitlOT 
Photonics Components 
16542 M il likan Avenue ' Irvine, CA 92606 • 1-800-835-2626 
(949) 261-5600 • FAX (949) 261 -7790 • E-mail: sales@irvine.mellesgriot.com 

Asia +81 (03) 3407-3614 Europe +31 (0316) 333041 www.mellesgriot.com 
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BEYOND IMAGING 

Be selective. 

Roper Scientific's family of Princeton Instruments 

PI·MAX ICCD cameras features the 

broadest range of photocathodes available 

today. High-performonce PI ·MAX systems can 

be configured with intensifiers that have been 

optimized for high-resolution UV 

measurements, high-repetition-rate kinetics, 

nanosecond gating requirements, CW laser 

applications, or work in the deep UV 

Furthermore, our new integrated 
Programmable Timing Generator (PTG TM ) and 

exclusive MCP Bracket Pulsing ™ ensure 

complete and reliable control for any gated 

experiment.. . no matter how difficult. It's yet 

another way Roper Scientific makes it easier for 

you to get the results you need. 

Contact us today for a demonstration. 



LASERS THRIVE 
IN MICROMACHINING 

All-solid-state lasers spur rapid applications growth, particularly in the UV. 

Products as diverse as biomedi cal 
devi ce and cellular phone are 
characterized by a common trend 

of increasing ITIImaturizatio n . This has 
created a demand for new microma­
chining meth ods, to p rodu ce ho les, 
g rooves, cuts or o ther physica l features 
with dimensions a mall as a few 
microns. A laser beam i an ideal tool fo r 
mo t of these micromachining tasks; the 
beam can be focused to produce diffe r­
ent shapes and spo t sizes fo r process 
fl exibili ty, th ere is no tool wea r so prod­
uct con i tency is always high, 
and la e r processing i very 
compatibl e with cleanroom 
o pera tio n and au to mate d 
robo ti c proces ing. Al l-solid-
ta te laser maximi ze th e e 

adva ntages, and result in lower overa ll 
process costs. This ar ticl e briefl y reviews 
pre ent and developing all- olid- ta te 
laser technology and discus es ome rep­
re entative applications fo r infrared , vis­
ible and ultravio le t lasers. 

All- o lid- ta te la e rs consi t of one o r 
more a rrays of emiconductor lase r , 
wh ose o utput is coupled into a o lid­
state laser crys tal mounted in a compac t 
laser cavity. Fibe r coupling of th e emi­
conductor lase r a rray a llows them to be 
located exte rn a l to th e sealed lase r cavi­
ty, whi ch in turn allows imp le fi eld 
re placement (afte r 10,000 ho ur o r 
more) , with no optical realignment. (At 
Spectra-Physics, we refer to thi unique 
design fea ture a FCbar™ technology.) 

The lase r cry tal is usual ly neodymium 
yttli um aluminum garnet (Nd:YAG) o r 
neodymium vanada te ( d :YV04), with 
vanada te preferred fo r hig h power and 
high repe titi on ra tes. The maj o ri ty of 
models operate in a Q- witched (pulsed) 
mode, with pu l e ene rgies up to 2 milli­
j oul e and repetition rates up to 200 
kHz. The e a ll-so lid-state laser fea tu re 
simple turnkey opera ti on , excell ent Out­
put beam characte l-istic, long mainte­
nan e-free life times with high reli abili ty, 
consistent pulse energies, a mall foo t­
print, and no requirement for exte rnal 
coo ling wa te r. 

4a 

In term of o utput wavelength , all­
solid-sta te lasers genera te nea r-in fra red 
ou tput (at 1.05 o r 1.06 microns) , which 
can be frequency-doubled or uipl ed to 
produce green o r ultravio le t light using 
non li nea r optical cry tal . In the pas t 
year, the utili ty of th e e lasers was ignif­
icantly increased with the adve nt of pre­
aligned doubling and u-ipling modules, 
which a ll ow users to ra pidly switch 
be tween the diffe rent wavelengths, witJ1 
no need to rea li gn th e lase r. All tJ1ree 

\\~"'''. n asa Lec h .com 

wavele ngth domain 
are used in microma­
chi ning, 0 this mod­
ularity can be pa rti c­
ula rly useful fo r opti­
mi zing micromachin­
ing conditi o n fo r 
new matelials. 

Infrared 
Applications 

Tear-infrared la e r 
operation offers the 
lowest cost of owner­
ship because no fre­
quency doubling o r 
tripling modu le i 
required. One impor­
tant infrared appl ica­
tio n is co mpute r 

hard-disk texturing. H ere, a ring- haped 
landing zo ne is crea ted around the disk 
cente r to preve nt th e parked read/ WTite 
head from ticking to th e polished disk 
surface. This zone typically consi ts of 
500,000 se parate surface bumps, each 
measuring around 5 microns in diame­
ter, but only 20 nm in he ight. Eac h cir­
cular, " o mbrero"-shaped bump is pro­
duced by a n individual lase r pulse from 
a Q- witched Nd:\'V0 4 lase r at 1064 nm . 

An all-solid-state laser offe rs several 
unique adva n tages in 
this appli ca ti on. High 
pul e-ene rgy ta bil ity 
and a low, consistent M 
value ensure th at every 
bump will have th e 
same hape and he ight 
(± 1 nm ). Beam point­
ing is ju t as criti ca l, 
because the beam de li v­
e l-y sy tem may include 
mo re than 20 opti cal 
e lements in o rd e r to 
produce a d iffraction­

limited spot a t 
th e disk sur­
face; beam shift 
would lead to 
wavefro n t dis­
tortion and im-
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What color of laser light 
do you want? 

That's right, pick your laser light color. 

With our nitrogen pumped dye laser 

system, you can tune from 360 nm 
to 950 nm to get the color of laser light 
you want. 

LSI 
Laser Science, Inc. 
A Subsidiary of Thermo Vision 

0, no, no! 0 flowing nitrogen, no 
running water, no pumping dyes. 

With our system, you just plug in and 
turn on. Then select the wavelength for 

your research and start taking data. 
It is that simple. 

For UV light, add our doubling module. 

If you could see UV, you could watch 

it tune from 220 to 320 nm. Talk to 
us about the color of laser tight you 

want and what you want to do with it. 
We would love to help! 

provider of low cost laser light from UV through IR 

8E Forge Parkway, Franklin, MA 02038 508-553-2353 800-447-1020 
fax: 508-553-2355 www.laserscience.com 

For More Information Circle No. 484 
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properly formed bumps. Also , the small 
footprint of these air-cooled lasers is an 
advantage in this cleanroom application. 

Another near-infrared application is 
processing of industrial and gem-grade 
diamonds (e.g., cutting, drilling, engrav­
ing, bruting) . In principle, true dia­
mond does not absorb at the 1.06-
micron wavelength. However, even a 
high-grade diamond contains enough 
graphite characteristics to ensure 
absorption of the 1.06-micron laser 
beam. Traditionally this application 
relied on lamp-pumped solid-state 
lasers. But the ability to focus an all­
solid-state laser to a smaller spot, togeth­
er with superior pulse-to-pulse stability, 
enables it to process a diamond at simi­
lar speeds to those of a higher-power 
lamp-pumped laser - but with notice­
ably less material loss and heat-related 
stress damage (see Figure 1). 

Near-infrared lasers are also used for 
trimming of thick-film resistors and 
capacitors. Here the laser is used to 
make small cuts in one or more elec­
tronic components in order to fine-tune 
the electrical values. 

Visible Applications 
Some materials are processed more 

effectively with visible laser light because 
of their spectral absorption characteris­

digital camera 
i with camera 
controls from $995. 

• Win 95198JNTI2000 
& DDS image analysis 
software with camera 

ROPERMASD 
PULNIX 
SENSORS 
UNUMlTED 

controls for exposure, SMD 
triggering, async reset, TAKENAKA 
and video recording to UNIQ 
memory and disk. 

• Twain & ImagePro Drivers Available. 

• Complete imaging systems: Computers, 
Cameras, Power Supplies, l enses, Software, 
Lighting. 
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UV (355 nm) 
all-solid-state 
laser beam 

Direction of part travel 

Infrared CO2 
laser beam 

Figure 2. In some commercial systems for microvia drilling, an ultraviolet solid­
state laser is used to drill the copper followed by a CO2 laser to drill the organ­
ic material in multilayer printed-circuit boards. Artwork courtesy of Exitech. 

tics. This includes some plastics, thin­
film dielectrics, and certain metals, most 
notably copper. In fact, high-power 
green (532-nm) lasers are now starting 
to appear in systems for machining cop­
per on printed-circuit boards (PCBs) . 

A major copper micromachin ing 
application involves voltage-controlled 
oscillators or VCOs. This is an oscillator 
circuit that contains a varactor diode. 
The frequency of the oscillator is deter­
mined by the magnitude of an applied 
voltage across this diode. The explosive 
growth of telecom and datacom technol­
ogy, particularly cell phones, has created 
a huge demand for VCOs. After VCO 
fabrication , the device is powered up 
and copper is u;mrned ·in order to fine­
tune the actual relationship between 
voltage and frequency in a closed-loop 
adjustment process. 

Ultraviolet Applications 
Ultraviolet micromachining offers sev­

eral advantages that have made it the 
fastest-growi.ng segment of this market. 
Ultraviolet laser ligh t ablates material by 
directly breaking mo lecular bonds, 
whereas longer-wavelength lasers re­
move material by heating, boiling, and 
vaporizing. This cold atomization pro­
cess produce virtually no heat-affected 
zone (HAZ) and no recast material . This 
allows very fine detai ls and microscopic 
structures to be mach ined even in deli­
cate and/ or thin materials. Moreover, 
diffraction decreases with wavelength , so 
that ultraviolet light can be focused to 

www.nasatech.com 

smaller spot sizes than visible or 
infrared. In addition , most materials 
have a higher absorption coefficient in 
the u ltraviolet than at other wave­
lengths, so that lower pul e energie are 
often acceptable. 

All-sol id-state UV lasers (355 nm) are 
now widely used in the electron ic pack­
aging industry to produce microvias. 
These tiny through and blind holes 
allow selective electrical connections 
between multiple planes within a multi­
layer board or packaging substrate. This 
technology underpins most of the 
recen t electronics miniaturization meth­
ods, such as ball grid arrays (BGAs) , for 
example. For microvia production, some 
commercial systems incorporate both a 
CO2 laser and a UV laser. The latter is 
used to dri ll through the copper lami­
nate, followed by the CO2 laser to rapid­
ly drill the organic layers (see Figure 2) . 

MEMS (microelectromechanical sys­
tem) construction is another high­
growth application for UV laser micro­
machining. As their name suggests, 
MEMS devices contain small mechanical 
parts whose position, function , and/ or 
operation is electively switched on and 
off by electrical activation . Dense fiber 
optic networks are now emerging as an 
important market for MEMS devices. 
For example, multichannel switches and 
routers which contain an array of indi­
vidually movable micromirrors on a sin­
gle chip are now clearing Bell core certi­
fication processes and undergoing fie ld 
tests. Although an excimer laser and 
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mask have been used in some of these 
applications, the all- olid-state laser is 
preferred because its focusable beam 
permits fine adjustment during the actu­
al MEMS fabrication process. With a 
mask process, any improperly produced 
MEMS elements have to be corrected 
and adjusted in a separate process fol­
lowing extensive QC testing. 

UV la ers are also being used to drill 
holes and grooves in medical devices 
such as microcatheters, as well as to pro­
duce microchannel plates and arrays to 
faci li tate pharmaceutical development 
and genetic research. 

Future Trends 
Two newly emerging laser technolo­

gies promise to have an impact on laser 
micromachining and therefore merit 
some discussion. The first is quasi-CW 
lasers based on saturable Bragg reflector 
(SBR) devices. (The SBR was originally 
developed and patented by Lucent 
Technologies.) It is a multilayer cavity 
mirror which naturally forces a laser to 
operate in a mode-locked manner; the 
output consists of a stream of ultrafast 
(femtosecond or picosecond) pulses at a 
repetition rate as high as hundreds of 
MHz. The first commercial products 
based on this technology, including 
the Spectra-Physics Vanguard'·, were 
launched earlier this year. 

The advent of rugged, mode-locked 
lasers wi lI enable cold processing in all 
three wavelength regimes: infrared, visi­
ble, and ultraviolet. Simply stated, the 
pulse duration is so short that thermal 
dissipation is very effective and periph­
eral damage is almost nonexistent, even 
in the near-infrared. In addition, the 
high peak power of these lasers enables 
very efficient harmonic generation of 
quasi-CW ultraviolet light, finally provid­
ing an alternative to high-power gas 
la ers in CW applications. 

The other important recent develop­
ment i the use of a resonant build-up 
cavity for efficient harmonic generation 
with u'ue CW lasers. This has led to the 
first commercial CW lasers with 266-nm 
fourth-harmon ic output. These laser 
provide an all-solid-state alternative for 
deep UV applications currently relying 
on power-hungry water-cooled ion 
lasers, including semiconductor wafer 
testing and writing fiber Bragg gratings 
(FBGs). 

For more information, contact the authm' of 
this article, Mark Keirstead, marketing man­
ager, OEM Business Unit, Spectra-Physics 
Lasers Inc., Mountain View, CA; e-mail: 
mkeirstead@splasers.com; www.splasers.com. 
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~ Cambridge 
~ Technology 

You choose Cambridge Technology, Inc, the world's 
leading manufacturer of closed-loop galvanometer based 
op~cal scanning components. Cambridge Technology focuses 
on your scanning opplica~ons with con~nued developments 
and innovations that olways offer you the highest system 
pertormance levels. 

You optimize your application for any combination of 
speed, accuracy, cost or size by selemng hom Cambridge 
Technology's brood range of sconner options! We have 
solutions that offer frequencies of over 1 KHz, step response 
times of under 200 microseconds, posi~oning repeotability 
to the single micro-radian level and system operation into 
the billions of cycles. 

We provide the highest levels of customer commitment, 
technology and technical support which makes Cambridge 
Technology the obvious choice and portner for your beam 
positioning system requirements. Contact our Sales Engineers 
and Field Representatives today for the very latest details on 
how our team can help you gain the competitive edge with 
superior scanning solu~ons! 

109 Smith Place • Cambridge, MA 02138 
Tel: (617) 441-0600 • Fax: (617) 497-8800 
http://www.camtech.com 
E-mail: scanners@camtech.com 
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mer Brings 
ehange to Electrical 

ower 
Systems 
Lucent's FiberWire 
has many 
advantages in the 
harsh environments 
of substations and 
generating plants. 

Fiber optic transceivers and FiberWire connected to a communications processor. 

M onitoring and control systems in 
the electric power industry face 

numerous communications obstacles. 
Electrical substation and generating 
plant environments include electromag­
netic interference, electrostatic dis­
charge, extremes of temperature, vibra­
tion, high-current faults, and high volt­
ages. To provide reliable, safe, twenty­
four-hour-a-day electricity to our homes 
and workplaces, power companies 
depend on protection, monitoring, and 
control systems for generation, transmis­
sion, and distribution. To help provide 
clear communication and help protect 
their employees from dangerous high 
voltage, many power companies choose 
fiber optic cable to connect devices in 
their monitoring and control systems. 

Schweitzer Engineering Laboratories 
(SEL) in Pullman, WA, works to make 
electric power safer, more reliable, and 
more economical. The company 
designs and manufactures microproces­
sor-based devices to protect, monitor, 
and control power system lines and 
apparatus. These devices, including pro­
tective relays and communications pro­
cessors, must perform numerous func-

Sa 

tions autonomously, and communicate 
with each other and with the instru­
mentation and control (I&C) system. 

The Benefits of Fiber 
To help overcome communications 

obstacles in power stations, SEL prod­
ucts use Lucent Technologies ' 
FiberWire™ optical products to com­
municate with protection, monitoring, 
and control devices . FiberWire 's intrin­
sic EMI/ RFI immunity makes it ideal 
for harsh electrical environments . 
FiberWire also enables easy field con­
nector termination , easy testing with 
visible light, damage-resistant cable, 
and electrical isolation . SEL manufac­
tures a line of fiber optic transceivers 
to bring the advantages of FiberWire to 
devices with EIA-232 serial ports, and 
provides selected instrumentation and 
control devices with built-in fiber optic 
interfaces. The SEL transceivers also 
allow longer cable distances than the 
IS-meter (50-foot) limitation of EIA-
232 with metallic cables. SEL transceiver 
models support multimode FiberWire 
links of up to 500 meters (1640 feet) 
and 15 kilometers (9 .3 miles). A single-

www.nasatech.com 

mode fiber model provides links up to 
80 kilometers (50 miles) . 

In the event of a ground fault, very 
high currents, through the resistance of 
the ground, cause a difference in elec­
trical potential from one location to 
another. This change in potential can 
damage equipment and injure people. 
FiberWire provides the necessary eJec­
u' ical isolation to drastically reduce the 
risks to people and equipment. 

The Role of Relays 
Microprocessor-based protective re­

lays sense electrical conditions and 
rapidly trip a breaker to protect people, 
property, and the power system. 
Because they include internal diagnos­
tics, they can remain in service without 
interruptions for periodic testing. 
Beyond their primary protective func­
tions, they include automatic control 
to restore service, metering and 
demand metering reports, sequential 
event reports, and event reports with 
fault type and location and oscillograph­
ic data snapshots. The same I/O con­
nections that the relay uses for protec­
tion also offer control and indication 
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Array drilled in Teflon. 

Channels etched in Teflon. 

Fresnel lens in fused silica produced by focal point scribing. 

- - - --- - ---------; 

nm ~asers 

F2 lasers are smashing existing performance barriers and proving 
to be effective R&D tools for 157 nm exposure experiments such 

as micromachining of very tough materials, surface analysis, photo 
dissociation and microlithography. Exceptional gas lifetimes of more 
than 20 million pulses in the energy constant mode now make 
it possible to run extended application tests . 

• Highly precise laser processing of tough materials such as Teflon, 
Fused Silica or sapphire 

• Shortest commercially available laser wavelength 
• Up to 10 W average power and high repetition rates up to 

1000 Hz for high throughput applications 
• Outstanding gas and tube lifetimes for long-running applications 

F2 lasers offer maximum performance, reliability and efficiency. Call 
Lambda Physik's application lab at 1-800-EXCIMER to see what 
157 nm can do for 

Holes drilled in PTFE (Teflon) using a contact mask. 
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Driving the Pulse of UV Technology 
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capability to system and plant operators. 
To enable th u e f low-cost fiber optic 
technology, point-to-point erial com­
munications links connect the relay to a 
comm unica tion processo r, forming a 
star topology network. At many sites, the 
rela S, FiberWire, and a communica­
tions processor hub make up the entire 
I&C yste m; at other sites, th ey are a sub­
sys tem of a la rger I&C com plex. 

Figure 1 shows a block diagram of a 
protection, monitoIing, and control sy­
tem, typical of the thousands of substa­
tions Lhat u e SEL relays, communication 
proce Ol-S, and transceivers \\~th Lucent's 
FiberWire. These links are the mechanism 
to retl-i ve data from th e relays, and pro­
vide direct comrol and instl"Uctions to the 
relays. It i usefu l to have the internal re lay 
clocks s nchroni zed, a 

Relays perform most of their protec­
tive fun ctions as autonomous device . 
Some protection schemes, howeve r, use 
communications between re lays to 
rapid ly discriminate whether a fau lt is in 
each re lay 's zo ne of protec tion , to 
increa e sensitivity, Of to coordinate 
u-ipping or blocking with th e other e nd 
of a line or an adjacent line. SEL uses 
patented Mirrored Bi ts™ communica­
tion be tween relays and other devices 
for high-speed power line protection 
and restoration. Inside substations, SEL 
customer Lypically use V- ys tem tech­
nology and ded ica ted FiberWire. 
Between ubstations, they usually use 
FiberWire' crimp and cleave ST con­
n ectors to mate with patch-panels for 
multifiber cable. 

beyond the EIA-232 copper length lim­
itation, this Fibe)-Wire link eliminates con­
ce rn about lightning or signal ground 
loops. The broad tel1lpel<itlll-e ran ge of 
the transceivers and fiber ca bles makes 
them ideal for thi application . 

Protective re lays and other devices 
mu t function for years in seve re e nvi­
ronme nts. There are compe ll ing rea-
ons for communicaLing with each 

device, bOLh as a compo ne n t of a la rg­
e r I&C sy tem a nd LO SUppOrL tand­
alone functions. The techno logies of 
Lucent 's FiberWire products and SEL 
transce ivers yie ld a ll of the adva n tage 
a lready described , plus the fo llowing 
compared to other fiber options: 
• The transceivers require no eparate 

power supply or mounting; they con-
nect directly to the eri­

that tim -tagged reports 
from different r lays can 
be analyzed in the proper 
time sequence. Each link 
between a relay and a 
communication proces­
sor uses two optical fibers; 
each FiberWire pair of­
fers full-dupl ex se lial 
communication . A uni­
que patellled mechanism 
in EL-28 1 0 fiber optic 
transceivers Llses on of 
the am fibel to end an 

To SCADA System al POrt connector and 
u e power from the EIA-
232 port; 

IRIC-B time ynchroniza­
tion signal from the com­
munications proce or to 
the relay, so thaL all of the 
intemal clocks in the sta-

I Key I 
I 0 SEL Fiber-Optic Transceiver I 
I _ Lucent FiberWire I 

Telephone Line • Comple te, pre te rm i­
nated, ready-to-use EIA-
232 cables include trans­
ceiver and FiberWire; 
• The quick and easy 
200-m i crometer 
FiberWi I-e te rmination 
u es Lucent crimp and 
cleave V-pins or ST con­
nector and term ina­
tion tools, for in talla­
tion where fi eld ter­
mina tion is preferred; 
it takes far less time to 
te rmina te a dupl ex 
FiberWire cable than it 

tion are synchronized to 
within a few milliseconds. 
On FiberWire cable to 

does a ix-wire EIA-232 
copper cable; 

Figure 1. Station protection, instrumentation, and control system block 
diagram. 

• The V-System models 
use visible light (650 nm) for easy each relay adds to this a fu ll-duplex link 

for real-time data and control, and virtual 
terminal report retJieval and interaction. 

Protecting Motors and 
Power Lines 

Ele tric mOLOr manufacturers embed 
re istance temperature detectors (RTDs) 
in their motors to ense the temperature 
of the electrical winding . An SEL RTD 
module, which connects LO RTDs at the 
m tor, has a built-in fi ber optic port to 
connect to an SEL mOlor-protectio n 
relay using a implex FiberWire cable. If 
the insulation of the motor winding fails, 
damaging currents can fl ow through the 
RTD wiring. The FiberWire li nk insulates 
the SEL relay and the rest of the protec­
tion and contl-ol system from the RTD 
wiring. The re lay also has valuable mon i­
toring a nd reporting functions to help 
pre em proce ou tages because of 
mOLor failures. Often , too, the motor 
relay are connected to an l&C sy tem 
with Fib rWire. 

l Oa 

Easy to Use 
SEL makes it at least as easy for 

customers to use fiber a to u e cop­
per. The SEL transceivers are powe red 
by pins in the EIA-232 connector and 
a re close to the size of a cable connec­
tor hell. In a standard 9-pin se rial 
port connector, you can u e th e 
request-to-send (RTS ) p in as a powe r 
p in instead of a hardware-handshake 
line by setting the software to hold it 
in a "high" tate. SEL se lls prepack­
aged EIA-232 cables that include the 
transce iver and terminated FiberWire . 
Yo u can just conn ec t it like a copper 
EIA-232 ca ble, and ex perien ce a ll of 
th e EMI immunity a nd iso la t ion 
ad antages of fiber. 

The SEL transceivers were de igned 
for harsh environments, but th eir 
appl ication is not limited to e lectrical 
p ower use. For example, an observa­
tory uses SEL transceivers for th e link 
to a weather instrum enta tion site . 
Along with ex tend ing the di sta nce 

w"~v.nasalech.com 

inspection ; 
• The SEL transceiver and FiberWire 

co tI e s than other fib er a lternatives. 
Fiber optic technology overcomes 

many evere condition in eiecu-ical sta­
tions, improve personnel safeLY, and 
provides more reliable, lower-noi e com­
munication . Lucent's crimp and cleave 
termination tools eliminate special train­
ing and poli hing, so it is easie r to ter­
minaLe FiberWire than copper. SEL 
transceivers and complete cables furth er 
simplify using fiber optics in powe r sta­
lions and oth er appli cations. 

For more infonnatio?1 about SEL, contact 
Gary Scheer at Schweitzer Engineering La­
boratories, 2350 N.E. Hopkins Ct. , Pullman, 
WA 99163; (509) 336-4429; e-mail: 

fiberoptic@selinc.com. Readers can also visit the 
SEL web site at www.selinc.com. For 11wre infor­
mation about Lucent ~ FibervVire, contact 
Lucent at 55 Darling Dr:, Avon, CT 06001; 
(860) 678-0371; e-mail: info@fiber-wire.com; 
www.fiber-wire.com. 
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PHOTONICS 
~====~----------Recent photonics briefs published in NASA Tech Briefs 

Many photonics-related bnefs from NASA's field center laboratories appear in NASA 
Tech Briefs rather than in the Photonics Tech Briefs supplement. Listed here are some from 
issues of NASA Tech Briefs just past, edited for brevity and indexed with reference to orig­
Inal publication and the availability of a Technical Support Package on Photonics Tech 
Briefs' web site. 

NASA Tech Briefs August 2000, page 50 

Microfabricated High-Q 
Optical Resonators for 
Microphotonics (NPO-20604) 

Sllbmillimeter-sized, transparent, solid, 
truncated spheres and ellip oids for II e 
as optica l re onators in in tegrated 
micmphoton ic devices wou ld b made by 
microfabrication techniques like tho e 
used in the electron ics industry to make 
integrated circuits. Heretofore, micro­
spheres have been fab ricated manually, 
in small numbers, for use in laboratory 
expel-iments. The proposal by the Jet 
Propu lsion Laboratory team regarding 
adaptation of microfabrication tech­
nique i prompted by a de ire to obtain 
ma s-producib ili ty of such reso nator 
with reproducibility of de ign, plus a 
capability for in tegration of the res­
onator with other photonic devices. The 
finished re onator would have an ellip-
o idal surface near the plane of ymme­

try. Becau e of the nearly Gaussian fal loff 
of th e whispering-gallery modes away 
from their localization near th e ymmetry 
plane, the u-uncated ellipsoid would be 
e lectromagneti ca ll y ind isti nguishable 
from a fu ll e llip oid . 

For furthe-r information, access the 
Technical Support Package (TSP) free on-line 
at www.ptbmagazine.com under the Physical 
Sciences categvry. 

NASA Tech Briefs September 2000, page 46 

Algorithm for 
Calibrating an Imaging 
Interferometer (ARC-14054) 

An a lgodthm ha been devised to 
greatly impl Lfy and improve the calibra­
tion an d the reduction of systematic 
noi e of an imaging interferometer or 
other similar interferometri c in trument. 
The algori tllm makes it unnece ary to 
illuminate the detector uniformly o r to 
perform difficult and time-consuming 
laboratory calibration, disassembly, and 
reassembly procedures. Calibration infor­
mation can be extracted from ordinary 
images-even from highly valiable cenes. 
With tlli algoritl'lm calibration can be per­
formed with much more flexibiliLy-in the 
laboratory or in tile fi eld . Moreover, the 
algorithm makes it possible to calibrate 

PholOnics Tech Briefs, November 2000 

the instrument in nearly real time-imme­
diately before or after the acqu isition of 
interferometlic images- so that one can 
have some assurance tint tllere has not 
been enough time for vibrations and 
otller envirOl'll11ental factO! to affect tI'le 
calibration ignificantly. The algOlitllm 
has been implemented in prototype soft­
ware that includes parts in Interactive Data 
Language (IDL) togetller with a compre­
hensive set of routines for proces ing 
imaging-interferometer-type data. 

For further information, access the 
Technical Support Package (TSP) free on-lille 
at www.ptbmagazille-.com under the Test and 
Measurement category. 

NASA Tech Briefs September 2000, page 67 

Solitons on WDM 
Beams in a Nonlinear 
Optical Fiber (NPO-20772) 

A paper from NASA's J et Propu l ion 
Laboratory sets th e ultimate limit on th e 
maximum amount of optical data pul es 
tl1at can be em til rough a ingle fiber in 
a given period under the wavelengtll-d ivi­
sion-m ultiplexed (WDM) format. The d i -
covery in 1973 that optical solitons on a 
ingle wavelengtll beam can exi t in fiber 

is one of the mo t significant events since 
tlle p rfection of low-Io s optical commu­
nica tions. Thi means that, in principle, 
data pulses may be n-an mitted in a fiber 
Witll0Ut degradation forever. Another sig­
nificant event is the development ofWDM 
n-ansmis ion in a single-mode fiber. Thi 
means that multiple beams of different 
wavelength, each carrying its own data 
load, can propagate imultaneously in a 
single-mode fiber. But when uch beam 
co-propagate in a ingle-mode fiber, uch 
as in the ' .vDM case, in teraction of pu l es 
on different beams via tile nonlinear 
cro s-p ha e-modulation effect (tile Kerr 
effect) is usually instrumental in de troy­
ing til e integrity of soli tons. Th is paper 
show tllat temporal o li tons can exist on 
WDM beams in a single fiber under 
approp,-jate conditions. 

To obtain a copy of the TCPO)"t, "The 
Existence of Optical Solitons on Wavelength 
Division Mtdtiplexed Bearns in a onlinear 
Fiber," access the Technical upport Package 
(TSP) free on-line at www.ptbmagazine.com 
under the Physical Sciences category. 
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Lasiris 
High Power 
Line Generator 
The Magnum series, with up to 

4 W of optical power, bu ilt-in 
thermoelectric cooling and patented 
uniform line-generating optics, is 
the ideal structured light source for 
high-background noise or power­
hungry applications. Capable of 

withstanding temperatures of 
-45' ( to +55'( - clearly visible, 
even in full sunlight. 

MADE TO OUTPERFORM. 

• \,lniform intensity distribution 
• Visible red up to 750 mW at 

670 nm 

• Infrared up to 4 W 
• Full CDRH safety compliance 
• Ultra-thin line (user adjustable) 
• Modulation option 

MADE TO OUTLAST. 

• Rugged industrial design 
• Vibration tested up to 10 g 
• ESD-protected to more 

than 8,000 V 
• Over-temperature protected 
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Phonon-Assisted Quantum-Well Infrared Photodetector 
Dark current would be reduced by a unique dual-quantum-well structure. 

NASA s Jet Propulsion Laboratory, Pa adena, California 
A propo ed quantum-we ll infra red photodetector (QWIP) 

would ex plo it resonant-phonon-assisted tran itions to reduce 
da rk cun-em significantly be low tllat of a typical previo u Iy 
deve loped QWIP operating at the same wavelength and tem­
pel"a ture. The reduction in dark cu rrent wou ld translate to 
greater e nsitivi t)', a ca pability to mea ure th e diminished 
infrared rad ia tion from COO lel- obj ec t , and/ or a less severe 
requirem ent for coo ling an infrared sen or to obtain a 
d es ired signal-to-noise ratio . 

The pro po ed QWIP wou ld li ke ly be fabricated by molec­
u lar-beam e pitaxy of alte rn a ting layer of d o ped GaAs and 
AlxGal_.As on a semi-insulating GaAs substra te. The th ick­
ne ses and compositions of the GaAs an d Al xGal_.As layer 
wo uld be chosen to fo rm a stack of 25 pa ir of coupled quan­
tum wells. The d epths and thickne se of th e wells, th e tllick­
ness of th e ba rrie r between the wells in each pair, and the 
bia electri c field to be app li ed during operation would be 
chosen to (1) promote excitati on of e lectrons tllrough 
absorption of pho to n in the infra red wave length range of 
intere t a nd (2) increase (re la tive to previously deve loped 
QWIPs) th e heigh ts of th e ene rgy barriers to tll ermioni c 
em ission , which is the d ominant source of dark curre nt in 
th e tem perature ran ge of interest (::;55 K) . 

T he figure i a conducti on-band energy diagram of one 
pair of quantum wells. The well wo uld be engin eered 0 tll at 
at the thre h old applied electri c fi eld , lh- EI = LlEhb where 
6.Ehk is an optical-phonon energy. Barrier he ight and well 
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The Energy levels in the Two Quantum Wells and the barrier between 
them would be chosen to impose high barriers against thermionic emission 
and thermionic tunneling. w ithout hindering the escape of photoexcited 
electrons from the right we ll to t he continuum. The wavy lines represent 
the absorption of photons. 

th icknesses would be chose n such that the photoexcita tion 
energy be tween ground and first excited states in bo th we ll s 
wou ld be th e a me; th a t is, ~-EI = E.- lh = 6.Ehv, wh e re LlElw is 
the ph otoexcitation e ne rgy (photon energy) a t th e desired 
wavelength of p eak d etector re pon e. In addition, E~ - th e 
fir t excited state of th e right we ll - would be placed exact­
ly at the top of m e we ll. 

T he ground state of me left quantum well would be doped up 
to Fe rmi level Ev, which would be below lh. Electrons in the EI 
level wou ld become excited to the ~ level by absorbing photon. 
The stated engineered relationships among me ene rgy levels at 
me mre hold elecuic field would give Ii e to resonance between 
(1) tile tran ition from ~ to.& and (2) me optical phonon with­
out (3) u"ansfer of momentum. onsequentl y, an electron mat 
had been photoexcited from EI to ~ would make a rapid tran­
sition ( ,,~ min a typical quamum-state lifetime of til e order of a 
pico eco nd) fro m ~ to lh. Repeated uch excitation and tran­
sitions would cause th e ground (~) state of th e light potential 
well to become populated. 

Th e lifetime of the lh level would exceed that of th e ~ level 
because deca back to EI would involve emis ion of an optical 
phonon witll a large transfer of momentum. The lifetime of 
the Ez leve l \IIould be long eno ugh mat an electron in mat leve l 
wou ld have a high probabili ty of ab o rbing a second photon, 
thereby ga ining enough energy to escape fro m th e right we ll to 
be co ll ected as photocharge . Optim iza ti on of design wo uld 
in vo lve ba lanc ing of til se vari ous quanwm tran itio n proces -
es wh il e providing for coupli ng of rad iation of m e wavelengm 
of intere t to electron in tile quantum we lls. 

The quantum efficiency of the proposed QWIP would be about 
half o r even Ie s man half of that of a typical previou ly developed 
QWIP, because now two photons would have to be absorbed to get 
one electron out. However, th ere would stiU be a ne t increase in 
ignal-to-noise ratio becau e effective height of the barrier against 

mem1ionic emis ion would be increased ufficiently that the dark 
currem would be reduc d to much less than half of tlle previous 
value. For example, it has been estimated mat for a wavel ngth of 
15 pm (equivalent to a photon energy of about 82 meV) , an opti-
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cal-phonon energy of about 36 meV, and a 
temperature of 55 1<, the dark cunent of 
the proposed QWIP would be about a 
thousandth of that a typical previously 
developed QWIP. 

This work was done by Sumith Bandara, 
Sarath Gunapala, and John K. Liu of 
Caltech for NASA's J et Propulsion 

Lab oratory. For further injo'rmation, access 
the Technical Support Package (TSP) free on­
line at www.nasatech.com under the 
Physical Sciences category. 

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

- - ----------------------------------

Technology RepoTting Office 
jPL 
Mail Stop 122-116 
4800 Oak Grove Drive 
Pasadena, CA 91109 
(818) 354-2240 
Refer to NPO-20568, volume and number of this 

NASA Tech Briefs issue, and the page number. 

Whispering-Gallery-Mode Microspheres as Light Modulators 
Ultrahigh modulation efficiency could be achieved. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

Light modulators of a proposed type 
would exploit the propagation of light 
in "whispering-gallery" electromagnetic 
modes in microspheres made of electro­
optical materials. These modulators would 
offer advantages of ultrahigh modulation 
efficiency and increased bandwidth, rela­
tive to their nearest competitor , which 
are traveling-wave electro-optical modula­
tors. The introduction of the proposed 
modulators could increase th e band­
widths and reduce the power demands 
of a variety of both free-space and guid­
ed-wave communication, sensing, and 
signal-processing sys tems that utilize 

radio-frequency (typically, microwave) 
modulation of optical carrier signals. 

The whispering-gallery modes of a 
dielectric microsphere are re onance 
mod es in which electromagnetic fields 
are confined , by internal reflection, to 
an interior region within abou t 10 pm of 
the surface of the sphere. For a micro­
sphere with a diameter? 10 pm, the 
dimension of the resonator is much larg­
er than the wavelength of light. Thus , 
the loss due to the finite curvature of 
the re onator is negligible, resulting in a 
resonance quali ty factor (Q) th at is high 
and is limited mainly by the a ttenuation 

of the light in the die lectri c material. 
An important example is that of a 

microsphere with a diameter of about 3 
mm, made of the electro-optical mater­
iallithium niobate. Such a microsphere 
can support optical whispering-gallery 
modes at Q "'107. Because its relative 
permittivity at radio freque ncies i 
about 50, it can also support microwave 
an d mill imeter-wave whispering-gallery 
mode at Q ",104. These characteristics 
are favorable for use of the microsphere as 
a radio-frequency light modulator: 

In the proposed modulation scheme, 
one would apply a radio-frequency 
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(microwave or millimeter-wave) field to a 
microsphere in which an optical signal 
propagate in a whispering-gallery·mode. 
Acting via the electro-optical effect, the 
electric component of the radio-frequency 
fie ld would alter the speed of propagation 
of, and thereby modulate, the optical sig­
nal . With a proper choice of de ign para­
meters, the radio-frequency field could be 
concenu-ated in a whispering-gallery mode 
in the ame near-surface interior region as 
that of the optical whispering-gallery 
mode. Because of the high Q values, the 
circumferential path along which the 
radio-frequency and optical fields would 
propagate and interact via tile elecu·o-opti-

cal effect would be > 1 km long; in contrast, 
the interaction lengths in typical u-aveling­
wave electro-optical modulator range 
from a few millimetel to a centimeter. 

The increase in the effective interaction 
length would reduce the change in index 
of refraction needed to obtain a given 
depth of modulation in a microsphere 
electro-optical modulator to about 10-6 
that needed to obtain the ame depth of 
modulation in a traveling-wave electro­
optical modulator. The net effect i mat 
the order of magnitLIde of modulation 
potential for micro phere electro-optical 
modulators would be millivolts, as com­
pared with volts for traveling-wave electro-

14a For More Information Circle No. 463 or Visit www.nasatech.com/463 

optical modulators. Even after accounting 
for inefficiencie in the coupling of optical 
and radio signals between a micro phere 
and the other optical and eleen-onic com­
ponents, micro phere elecu·o-optical mod­
ulators are expected to be orders of magni­
tude more efficient than are traveling-wave 
elecu-o-optical modulators. Moreover, it has 
been estimated that the maxinlum u eable 
modulation frequency would be increased 
from ",50 GHz in the traveling-wave case to 
",100 GHz in the micro phere case. 

This work was done by Lute Maleki, 
Anthony F J Levi, X Steve Yao, and Vladimir 
ntchenlw of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, access the 
Technical Support Package (TSP) free on-line 
at www.nasatech.com under the Physical 
Sciences category. 

In accordance with Public Law 96-517, the 
conlTactor has elected to retain title to this inven­
tion. Inquiries concerning rights for its commer­
cial use should be addressed to 

Technolof5)l RepoTting Office 
JPL 
Mail Stop 122-116 
4800 Oak Grove Drive 
Pasadena, CA 91109 
(818) 354-2240 
Refer to NP0-20664, volume and numher of this 

ASA Tech BrieE issue, and the page number. 

Coupling Light 
Between Optical 
Fibers and 
N oncircular Beams 
Cylindrical lenses are used 
to change aspect r atios. 

NASA's Jet Propulsion Laboratory, 
Pasadena, California 

Cylindrical lenses can be u ed to 
increase the efficiency of coupling of light 
between (1) beams with circular or nearly 
circular cross sections propagating in in­
gle-mode optical fibers and (2) free-space 
beams with non circular cross sections and 
with different l-adii of curvature of wave­
fronts on mutLIally perpendicular merid­
ional planes. Beams of the second type are 
genel-ated by semiconductor optoelectron­
ic device (e.g., diode lasers and ampli­
fiers) that contain stripe waveguides; the 
wai t-ero - ection aspect l-ariO of uch 
beams can be as large as 3:1-

Heretofore, it has been common pl-aC­
tice to u e anamorphic plism pail to 
change a pect ratios of light beams enter­
ing and leaving single-mode optical fibers. 
It is also possible, in ptinciple, to change 
beam aspect l-atiOS by use of cyliJ1dlical 
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/ 
Fiber-Optic Connector 

Figure 1. A Cyl indrical Lens is cemented to the end faces of a fiber-optic connector and the fiber held 
by the connector. 

lenses mounted within diode laser pack­
age. Both of these approaches entail dis­
advantages: Anamorphic prism pairs are 
bulky and introduce insertion losse of 
about 10 percent, and it is often not prac­
tical to modify diode laser packages to 
incorporate cylindrical lenses. However, it 
is practical to mount cylindrical lense on 
the ends of optical fibers. 

The cylindrical lens for a typical applica­
tion i made of a suitable glass and is 
de igned to be glued to the end face of a 
connector that holds the optical fiber ( ee 
Figure 1) by use of an ultraviolet-curable 
cement that matches the index of refrac­
tion of the fiber, the lens, or both. In con­
junction with the indices of refraction of 
the fiber and len glasses, the diameter of 
the len and its nominal mall di tance 
from the end face of the fiber are cho en 
to obtain the required conversion of wave­
front curvature in the affected plane. The 
design provides that any gap between th e 
lens and the end face of the fiber be filled 
with the cement. 

In preparation for mounting the cylin­
ruicallens on the end of the fiber, light of 
the wavelength of interest is coupled into 
the fiber at one end and a video camera 
ensitive to light at that wavelength is posi­

tioned to obtain a cross-sectional image of 
the beam of light emerging from the end of 
the fiber. The cylindrical len is placed on a 

three-dimensional tran lation stage and 
moved to approximately the desired posi­
tion near d1e end of the fiber. The gap 
between the cylindrical lens and the end 
face of the fiber is filled with cement, but 
not with so much that the cement could 
overflow and cover the free-space ide of the 
lens. Then by use of the uanslation stage, 
the lens is maneuvered precisely into posi­
tion on or near the end face of the optical 
fiber. The maneuvers are continued until 
the image exhibits the required aspect ratio 
and is centered on the optical axis of the 
fiber ( ee Figure 2). Then ultraviolet light is 
applied to cm e d1e adhesive in place. 

This wurk was done by Herbert Pickett and 
Christopher Mackay of Called! for NASA's Jet 
Propulsion Laboratory. For further informa­
tion, access the Technical Support Package 
(TSP)free on-line at www.nasatech.wm under 
the Physical Sciences categary. 

In accordance with Public Law 96-517, the 
contractor has elected to retain title to this inven­
tion. Inquiries concerning rights for its commer­
cial me should be addressed to 

Technology Reporting Office 
JPL 
Mail Stop 122-11 6 
4800 Oak Grove Drive 
Pasaciena, C4 911 09 
(818) 354-2240 

Refer to NP0-2063 7, volume and number of this 
NASA Tech Briefs issue, and the page numbel: 

Figure 2. These Are Cross-Sectional Images of Light Beams at a wavelength of 852 nm emerging from the 
end of a polarization-maintaining optical fiber of aspect ratio 0.8, without and with a cylindrica l lens. The 
lens converted the aspect ratio to 2.9 . The insertion loss in the presence of the lens w as only 3 percent. 
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Photo diode-Based CMOS APSs With Zero­
Lag, Low-Noise, High-Linearity Design 
These image detectors offer the best of 
both "hard" and "soft" reset. 
NASA's Jet Propulsion Laboratory, Pasadena, California 

Two improved schemes for the design 
and operation of photodiode-ba ed 
CMOS (complementary metal oxide/ 
semiconductor) ac tive-pixel sensors 
(APS ) afford zero image lag, low noi e, 
and high lineality of respon e even under 
low illumination. Figure 1 chematically 
depicts the circuitry for one pixel accord­
ing to a typical older scheme. In soft re et, 
the sensing node doe not charge up to 
the power- upply potential (Voo) , and 
depends strongly on the potential at the 
beginning of the reset. In hard reset, the 

Reset J 
MOSFET l 

Sensing Node 

sensing node charge up to a known 
potential, u ually Voo. 

For rea on that are complex and 
mu t therefore be omitted from this arti­
cl e for the sake of brevity, typical older 
oft- and hard-reset chemes entail dis­

advantages and advantage a follows: 
• Soft reset advantageou Iy resu lts in 

low-noise output and a high power­
supply rejection ratio (PSRR). 
However, di advantageously, oft re et 
results in image lag of as much a 70 
percen t of the mean ignal in the pre-

1 
/ 

Row-Selection 
Transistor 

'----1 Column Bus 

Figure 1. A Typical Prior CMOS APS Circuit is designed and operated according to a soft- or a hard­
reset scheme. Both schemes entail advantages and disadvantages. 
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Pix-Out: 

Figure 2. These Pixel Circuits are designed and operated to go into hard reset followed by soft reset. 
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vious frame, and a marked ly non li n­
ear I-esponse under low illu mination. 

• H ard reset advantageously eliminates 
image lag but disadvantageously 
results in increased read noise, da rk 
curren t, and reduced power- upply 
ratio . 

nde r the improved sch emes, the dis­
advantages a re elimina ted by rese tting 
pixels fir t by hard reset and then by soft 
reset. Hard reset erase the memol), from 
the previous fram e, eli minating image lag 
and non linearity, wh ile soft reset allows 
operation with low-read noise. Thus, low 
noise, zero image lag, and high li nearity 
are achieved simultaneo u Iy. 

Figure 2 ill u trates the pixel circuits 
that are used for implementation of the 
two new chemes, which are characterized 
by the terms "flu hed photodiode" and 
"hard-to-soft (HTS) reset photodiode," 
respectively. In the flushed-ph otodiode 
APS, th e pixel circu it contains an addi­
tional Line (denoted "HTS") for a row­
decoded signa l tilat co ntrols the po tential 
a t tile drain of tile reset MOSFET (me tal 
oxide/ semi condu ctor fi eld-effect U<U1si -
tor). Pulsing HTS reduces th e drain 
po tential, allowing the pixel to be reset 
in hard re et mode. In tile HTS AP , no 
change in tile pixel de ign is necessaJ)'. In 
tilis scheme, Voo is routed to each column 
til rough an n- and a I)-channel MOSFET. 
The gate of til e p-channel MOSFET is 
co nnected to a line (denoted "HTS") 
that cani es a column-decoded ignal. 
Pulsing HTS momentarily high during 
tile reset phase causes tile sOUl-ce of tile 
re et,MOSFET to reduce below V DO, caus­
ing the pixe l to go into hard reset. The 
hard-re et level is detennined by the size 
of tile n-channel MOSFET, and is se t to 
approximate ly VDD/ 2. In both schemes, 
oft re e t of the pixel fo ll owing the ha rd 

reset is achi eved once th e HTS pulse 
goes low. 

This work was done by Bedabmta Pain, 
Guang Yang, Thoma Cunningham, and 
BT1tCe H ancock of Caltech for NASA's J et 
Propulsion Laboratory. For further infor­
mation, access the Technical Support Package 
(TSP) free on-line at www.nasatech.co11l 
under the Electronic Components and Systems 
categ01Y· 

In accordance with Pttblic Law 96-517, 
the contractor has elected to retain title to this 
invention. Inquiries concerning rights for its 
commercial use should be addressed to 
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Improved Illumination Device for Inspecting Window Surfaces 
Efficiency of coupling is increased and stray light is reduced. 
J ohn F Kennedy Space Cente1; Florida 

A fib er-opti c illu minatio n device tha t 
a id the in pection of window urfaces 
has been improved to make it suitable 
for automa ted detection of p its, 
cratche , and sub urface damage by 

use of a machin e-vision and image­
analysis sy tem. Th e improvements, 
which includ modification in both 
the optical and mechan ical aspects of 
it de ig n , ignifi can t ly reduce th e 
brightness of stray light tha t, pre\riously, 

\Va bright enough to inte rfere with 
automated de tecti o n of defects . 

The previou version of th e devi ce 
(see Figure 1) was d escribed in 
"Illumin ation Devi ce for Inspec tin g 
Window Surfaces," NASA Tech Briefs, Vol. 
22, I o. 11 ( I ovember 199 ), page 68. 
Th e d evice cou id be tempo ra ri ly 
a tta hed to a window by use of suction 
cup. The device coupled light from a 
fiber-optic cable, through a block of 

www.hdal.com 
• Atlanta 770-242-3636 • Dallas 8 17-488-4528 • New York 516-921-7200 
• Chicago 630-250-8050 • Los Angeles 310-328-6116 • Canada 416-299-5900 
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clear material , into the \vindo\\' pane to 
create a side-lighting effect. One advan­
tage of th is or a sim ila r lighting scheme 
is that light remain with in the window 
becau e of tota l intern al re fl ec ti o n, 
except at ite of surface or sub urface 
defect. H ence, th e d fec t appea r 
bright on an oth envi e dal-k window sur­
face and cou ld be readi ly obse rved . 
Anothe r advantage of this lighting 
sche me i its se lectivity: The mo re 
impol-tant deep defects present la rge r 
cross ecti ons to side illuminatio n than 
do shallow defects of the same la te ral 
dim e nsions and th erefore te nd to 
appea r brighter. Furthel-more, d irt parti­
cles on the surface, which do not consti­
tute defects in the window and al-e thu 
unimportan t for purposes of thi type of 
inspe tion, may couple ome light ut of 
the window but they al 0 shie ld th 
ob e l-ve r from thi light. Hence dirt 
tend to appea r dim, and th e incidence 
of false de tectio n of defects i lower 
than it would be if a differe nt lighting 
scheme were used. 

A human inspector can distinguish 
be tween foreground and background 
light by, among Q[h er actions, refocus­
ing at diffe rent depths and changing the 
angle of observa tio n; however, an auto­
mated defect-de tection ystem cann ot 
do th is. Th erefore, to en ure high en i­
tivity and con istent perfo rmance in an 
auto mated defect-de tection y tem, it i 
nece ary to minimize background light, 
includ ing tra light g nera ted by the 
illumination device. 

The previou versi on of the illumina­
ti on devi ce genera ted appreciable tray 
light becau e of two weakn esses in its 
de ign . The first wea kn e s wa tha t a sig­
nili cant fJ-acti on of ligh t was not ubj ect 
to total intern al refl ection in the win­
dow. The econd weakn e was th a t a ig­
nili cant amount of light wa scattered by 
partial re flection at (1) th e inte rface 
be tween the acryli c block and the win­
dow and (2) the end of the fibe r-optic 
light guide and th e adj ace nt poor-o pti­
cal-quali ty urface at the bo ttom of the 
ligh t-guide hole in the acrylic block. 

The improved de ign overcome the e 
weakn es es. The acrylic block of the pre­
vious design i replaced with a u-ianguiar 
prism ( ee Figure 2) that is shaped and 
dimensioned to minimize undesired cat­
te l-ing and maximize the amount of light 
subject to to tal inte rnal refl ection. Light 
from the fiber-optic light guide enters th e 
prism through the smallest pri m face, 
wh ich is nea rly perpendicular to the win-
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Fiber-Optic 
Light Guide 
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Figure 1. The Previous Version of the Device created the same desired side-lighting effect as does the 
present version. However, t he previous version generated too much stray light to be useful for auto­
mated detection of defects. 
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Figure 2. The Improved Optical Layout of the present design increases the amount of light coup led 
into the window and reduces the amount of stray light. 
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dow surface. n li ke the bottom of the hole in the acrylic block 
of the pre\~ou vel' ion , this pl;sm fac is accessible prior to 
assembly, and can therefore be polished to min imize scatte ring. 

The angle of the fibel'-optic lig ht guide is adjusted so tha t 
even the ligh t rays tha t enter the window pane most steeply 
(e .g., ray A in Figure 2) a r subject to total inte rnal reflectio n. 
Because of the large angular spread f light leaving th fiber­
optic light gu ide, some rays (e.g., ray C in Figure 2) go towa rd 
the surface of th e prism, where th ey are reflected downwa rd 
towa rd th e \\~ ndow pane. Proper choice of the pri m angles 
ensure tota l internal refl ection bo th a t the top surface of the 
pI-ism and the bottom surface of the window pane. 

Becau e of a mall mi match of the ind ice of refraction of 
the prism and \\~ ndow, a small frac tion of rays i refl ected at the 
prismh~ndow interface (e.g. , ray B in Figu re 2) . In the previ­
ous version, these rays contributed to stray ligh t. In the pre ent 
version, these ray a re refl ected from th e top urface of the 
prism back toward the ,"indow. 

The prism mu t be made hort enough to prevent coupling 
out of rays tha t have been refl ected once fro m the bottom ur­
face of the window. T he maxim um length perm itted by th is cri­
terion depends on the thi ckn ess and the index of refrac ti on of 
the window. 

Going beyo nd purely optical con idera ti on , another d isad­
vantage of the previo us version of the d e\~ce was that as the 
suction cu p grad uall y re laxed , a gap of approximately 1 mm 
developed be Lwee n the ,,~ ndow surface and e ither the acrylic 
block o r (if u ed ) the clear ru bber hee t a ttached to th e acryli c 
block. It wa neces ary to fi ll th e gap with an index-of-refrac­
ti on-matchi ng liqu id, which co uld easily l'L1l1 out or evapora te 
under the hea t of the il lum ina ti o n, making the devi ce unreli­
able after a hort ti me. 

In the improved version , th e prism is mounted in a frame 
with a free range of m Lion , >1 mm, that make it po ible for 
the pri m to remain in contact with the window. After attach­
ing the device to the window b LIse of the sucti on cups, one 
pu he specially shaped wedge slides b Lween parts of the prism 
and the frame. T his action tretches th e Ll ction Clip , providing 
ufficient force to en lire leady con tact, [hereby retard ing the 

loss of coupling fl uid . The net re ul t is that the device provide 
re liable and con tant lighting with minimum background illu­
mination suitable for automated in pecti on of window. 

This woril was done by Henr), Weidner, Terr), GTeenfield, and Carl 
H allberg of Dynacs lJn gineering Co. and An thon)' Kraljic of United 
Space Alliance for Kennedy Space Center . For fur/her information, 
access the Technical uptJOTt Package (TSP) free on-line at 
www.nasatech.com under the Physical Sciences catego ry. KSG 12127 

Imager With Motion-Artifact 
Suppression and Antiblooming 
This device operates in a snapshot mode, and 
residual charges are drained. 

NASA s Jet Propulsion Laboratory~ Pasadena, California 
An improved photodi od e-based compleme nta ry me ta l 

ox ide/ semico ndu ctor (CMO ) ac ti ve-pixe l sen o r (AP ) 
inco rpo rales features to (1) a llow imaging with very high lec­
tronic shutte r peeds, (2) uppre s motion a rtifacts, and (3) 
preven t imag lag and blooming (the spread of image laO' to 
the area adjacent to a brigh tly illuminated a rea) . 
• Mo tio n artifacts are d isto rtio n cau ed by motion in the 

scene imaged on a senso r. Ord ina ri i , a CMOS imager of 
older design is o pera ted in a ro ll ing- hutte r mode, in which 
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each row of pixel is exposed at a dif­
ferent instant of time. The rolli ng-
hutter mode introduce di tortio n 

in to the image; for example, if the 
scene contains an object moving in 
the directi on of the row expo ure 
sequence, then in the output image, 
the object appear elonga ted in the 
direction of motion . 

• Image lag is caused by retention of 
parti al pixel image charge from pre­
vio u fl-a mes. Bloom ing inte rferes 
,,~th efforts to perfo rm high-contras t, 
low-light imaging. 
In the improved CMOS APS, motion 

artifacts a re suppressed by rapid elec­
tro nic shu ttering in a snapsho t mode; al l 
pixels a re ex posed simu ltaneously. 
Blooming a nd image lag are prevented 
by drainin g residual pixel pho tocharges 
be tween fra mes. The e improvements 
a re made possible by a unique de ign 
implemented in standal-d single-polys il i­
con MO . 

Figure 1 is a schematic eros section of 
a single-pixe l porti on of th e device. 
Photocharge is integrated under the 
photogate (PC). T he integration (expo­
sure) time is controlled by a vo ltage 
pulse applied to the PC; in ge neral, the 
expo ure time can be th us defin ed to 
,,~th i n 10 ps in this and all o ther pixel. 

There are two u-ansfer gates: TXl and 
TX2. The U-an fe r gates are common to 
th e enti re CMOS APS chip and are oper­
a ted by appl ication of voltage pulse 
timed in co~unction with the voltage 
pulse applied to the PC. By virtue of fab­
rication in tandard CMOS single-poly il­
icon CMOS, the gates are eparated by 
fl oa tin g n+ diffu ions. TXl i u ed for 
transferring the integrated photocharge 
to a sensing node fo r de tection. TX2 
erves both as an antiblooming ga te and 

fo r defining exposure tim e. The sensing 
node se l-ves as part of a fram e buffer, 
wh ich ma kes it possible to perfo rm 
fra me reado ut a t a ny time afte r charge 
integl-a ti o n, inde pe nde ntly of the 
charge-in t gra ti on time. 

Al though the exposure time is defin ed 
by tll e dura tion of the pu lse applied to 
th e PC, the fl oating diffusions continue 
to collect photocharges. The u-ansfer of 
these residual photocharges to th e sens­
ing node is the cause of image lag in a 
CMOS APS of older design. In the pre-
ent CMOS APS, the e charges are 

drained off, prior to beginning integra­
ti on of charge for the next frame, by 
appli cation of voltage pulses wi th suitable 
ti ming and leve l to the PC and TX2. 

Figure 2 pre ents some test image 
acqui red by u e of the improved CMOS 
APS: 
• Snapshots of a fan rotating at 1,800 

revolutions per minute were mad e 
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1-800-326-4363 

mELLES GillOT 
ELECTRO-OPTICS GROUP 
4601 Nautilus Court South ' Boulder. CO • 1-800-326-4363 
(303) 581-0337 • FAX (303) 581 -0960 • E-mail: sales@boulder.meliesgriot.com 

United States (800) 835-2626 Europe +31 (0316) 333041 Asia +81 (03) 3407-3614 www.mellesgriot.com 
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PRECISE EPOXY 
APPLICATION 
EFD flu id dispe nsing 
sysLems - from hand­
operated dispense guns 
to microproces o t~based 

d ispensers - accuralely 
ap ply epox ies, UV-cure 
adhe ives a nd sili cones 
to bond fi bers in fer­
rules, fill spli es a nd 
secure componenls. 

Benefits include consisLem p roduCl quality, fa ler 
operator training lime a nd h igher yields. EFD Inc., 
977 Watemlan Ave. , Eas1 Providence, RI 029 14-
1378; 00-556-34 4; fax 40 1-431-{)237; ",,'w.efd .com. 

EFD Inc 

For More Information Ci rcle No. 449 

INNOVATIVE 
DIODE LASER 
SOLUTIONS 
LaserMax, Inc. , provides high­
qual ity minialure d iode laser 
sy lems in the 635-1550-nm 
range wilh OutpUl powers up 
lO 100 mW. Depend on 
LaserMax' +99-percelll re lia­

bility rale. Lasen\l ax representatives are he re 10 he lp 
solve )'our laser needs. Cuslomized syslems available. 
Ask aboul our new and very unique laser-based dis­
placement measuring interferometer, the LaserMax 
DM IT" 500. LaserMax, Inc. , 3495 Wi nton Pia e, 
Building B, Roch esler, NY r 623-2807; (716) 272-
5420; fax: (716) 272-5427; 1-800-LA ER-03; 
www. laserma.....:-inc.com. 

Laser Max, Inc. 
For More Information Circle No. 450 

New 116-page catalog a nd: 
• Top-of-1he-line quali1Y al 
competitive prices; 

- Extensive invenLOry as ures 
ame-<iay ship ment; 

• Engineeri ng expertise to 

5 Ive optical inslrumenta­
lio n problems; 

• Responsive CUSlomer service and on-line technical 
supporl. 

Titan Tool Supply Co. , Inc. , (716) 873-9907; fax: 
(716) 873-9998; isi1,,,,,,.TilanTooISupply.com. 

Titan Tool Supply Co., Inc. 

For More Information Circle No. 447 

NOW IT'S eASY 
TO FIND 
e NGINEERING 
TOOLS WITH 
e GUIDE 

NASA Tech Briefs' NEW 
online guide to suppli­
ers, products, and ser­
vices for design engi­
neers. 

• Search by keyword or within 25+ 
product categories 

• Link d irectly to company web sites 

• locate B2B suppliers and sites 
offering e-commerce 

www.nasatech.com/eguide 
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Figu re 1. Two Transfer Gates and a Photogate are used to contro l t he integration and detection of 
photocharges. TX2 acts as a late ral overflow gate and is used to drain resid ual charges between expo­
sures t o prevent image lag. 

wi th 30-m and 100-\1s exposures. T he 
100-ps image demonsu-ates the abili ty 
of the device to "freeze" the motion of 
the fan without introducing moti on 
artifacts. 

• Image of George Wa h ington on a 
dollar bill were ma Ie in two con ecu­
tive frames with ill um ination in dur­
ing the first frame and darkness du r­
ing the second one. No residual image 
was observed in th e econcl frame. 

• Another image of George Wash ington 
on a dolla r bi ll wa made with ordi­
nary ill um ina ti on pI LI spot ill um ina­
tion by a la er. 10 blooming was 
observed, even th ough the laser ill u­
mina tion was 80 dB above th e sa tUl-a­
tion leve l of the device . 
This work was done by Bedabrata Pain, 

Guang Yang, Orly Yadid-Pecht, and Chris J 
Wrigley of Caltech for NASA's Jet Propul­
sion Laboratory. For fUTther information, 
acces the Technical Suppo)'t Package (T. P) 
free on-line at www.nasatech.com under the 
Electronic Components and Systems category. 

In accoTdance with Public L aw 96-517, 
the contractor has elected to retain title to this 
invention . Inquiries concerning rights f or its 
commercial u e shou ld be addTessed to 

Technology Reporting Office 

JPL 
Mail Stop 122-11 6 
4 00 Oall Grove Drive 
Pasadena, CA 91109 
(818) 354-2240 
Refer to TPO-20555, volume and number 

of this ASA Tech Briefs issue, and the 
page number. 

DEMONSTRATION OF SUPPRESSION OF 
MOTION ARTIFACTS 

DEMONSTRATION OF SUPPRESSION OF 
IMAGE LAG 

Aotallng Fan at loo'IIS Exposure Image From Dollar BUlin the Oark 
(Second of Two Consecutive Frames) 

Figure L. These Test Images made with the improved CMOS APS demonstrate its abili t y to suppress 
motion a rtifacts, image lag. and blooming . 
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Fast Infrared Spectrometer 
This instrument could be useful in research on fires. 
John H. Glenn Research Center; Cleveland) Ohio 

A P cu-ometer has been developed 
for acqui l-ing transient emission and 
absorption pectI-a in the wav length 
range from 1.2 to 5.0 pm. It could be 
u ed to charactel-ize flames , turbulence, 
and other tran ient phenomena that 
interact with in frared radiation. 
Heretofore, ucce s in the study of uch 
phenomena has been limited by the 
inab ili ty of infrared spectrometers to 

acquire data at sufficiently high peeds. 
In contrast, the present infrared spec­
trometer measures the spectrum at a 
rep tition frequency of 390 Hz. The 
high speed of this instrument could al 0 

make it atu-active for such commercial 
applications as monitol-ing food , phar­
maceutical, and petroleum products in 
process streams and on production 
lines. 

The spectrometer optics include a 
chopper, two pri ms that serve a di­
per ers, and parabolic optical-path-fo ld­
ing mirrors. The pew-ally dispersed 
light i projected onto a 160-pixellinear 
array of lead selen ide photodetectors. 
The spectrometer also includes elec­
tronic circu itry for controll ing the 
chopper, ynchronizing readout from 
Lhe pixels with the chopping cycle, and 
send ing data to an external computer 
or data logger, a ll at the repetition fre­
quency of 390 Hz. 

The pectrometer i hou ed in an 
a sembly with overall dimensions of 222 
by 165 by 89 mm. A data logger [or use 
with the pectrometer in a pecial 
app lication (a drop-tower rig) is mount­
ed in a separate housing with overall 
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dimen ions of 432 by 140 by 190 mm . 
Because of requirements specifi c to 
that application, the data logger stores 
the data on an easily removable 
Persona l Computer Memory Card 
International As ociation (PCMCIA) 
card. The spectrometer with the data 
logger is the fastest and smallest in tru­
ment of its kind . 

The spectrometer wa calibrated by 
u e of a black-body radiation ource at a 
temperature of 980 K along with nar­
row-pa -band fi lters at wavelengths of 
2.56, 2.71, 4.26, and 4.33 pm. In a fur­
tiler cali bration experiment, fl ames fed 
by alcohol, butane, propane, candle oi l, 
and si loxane were used a radiation 
ources (see figure). The temperature 

of the flam e were calculated on the 
basis of the flame pectra and found to 
range from 2,175 K for the candle-oil 
flame to 2,475 K for the a lcohol flam e. 
These values are clo e to the expected 
adiabatic flame temperatures, and me 
fact that the lowe l temperature was that 
of the cand le flam e is con i tent with the 
expectation that the radiative los from 
that flame would be greater tllan from 
the otller flames. Therefore, the calcu­
lated temperature eem rea onable. 

This work was done by Yudaya 
Sivalhanu and Rony Joseph of En 'Urga Inc. 
for Glenn Research Center_ 

Inquiries concerning rights for the com­
mercial use of this invention should be 
(uldressed to NASA Glenn Researr:h Genlel; 
Commercial Technology Office, Attn: Steve 
Fedor, Mail SlOp 4-8, 21000 BrookpaTit Road, 
Cleveland, Ohio 44135. Refer to LEI¥-16784. 
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Spectra From Five Flames were measured by the fast infrared spectrometer. 
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Miniature 

Fiber Optic SPECTROMETERS 
MEASURE Absorball ce, Trallsmittallce. 
Reflectall ce, irratiiallce. Flu oresceJl ce. 
Chemical cOll celltratiolls, Color L·a·b·, 
Laser/Plasma emissiolls. & Thill Films. 

Turnkey Syste ms » Sp ectroColorimeters 
Spec troRa diome t ers Spe ctroFluorimeters 
Optical Spectrum Analyzers 200-1600nm 
Multi-Beam UV / VIS Analy siS 190-840nm 

CCDIPDA de tecto l's w ith buiU-in A2D! 
Supe rb spectral imaging & optical res_ 
Acquil'e 2000 wave lengtbs injust 4ms. 

SpectraWiz®Software 
Fn'l' Win95/98/NT PmgJ'am & DriH'J's 

EPP2000 Portable 

connect to PC printer port 
daisy-chain for multi-beam! 

ISA2000 Plug-in 

612 Shore Drive East 
Oldsmar, FL 34677 USA 

813-855-8687 1813-855-2279 fax 

Fo r M o re Information Circle No . 498 or 
Visit www_nasatech_com/498 



Frequency-Converting Photonic Link With BSSA Amplification 
Undesired polarization and dispersion effects are suppressed. 

NASAs Jet PTOpulsion Laboratory, Pasadena, California 

A photonic sy te rn ha been 
devi ed for acquiring a radio-fre­
quency (RF) signal from a remote 
receiving antenna via a long opti­
cal fiber. The ystem performs mul­
tiple fun ction , including upward 
or downward freque ncy con ve r­
sion, optical amplification [more 
pecifical ly, Brillouin selective side­

band amplifi cation (BSSA)] in the 
long optical fiber, and o ther fun c­
tio ns, the combined effects of 
which are to eliminate sensitivity to 
polarization and to minimize sig­
nal fading cau ed by dispersion in 
the long optical fiber. The basic 
de ign of the stem also make it 

~-----.... ~( - Optical Circulator I Laserj 1 
3 

po sible to use phase modulators. This Photonic Link effects frequency conversion and Brillouin amplification, is insensitive t o polarization, and is 
immune to signal fading caused by dispersion. 

In com pari o n wi th amplitude 
modu lators, phase modu la tors 
exhibit lower losses and cost Ie s; more­
over, unlike ampli tude modulators, phase 
modulators do not require bias and thus 
do not present any bias-stabi lization prob­
lem in design and operatio n . 

T he system (see figure) includes a sig­
nal la e r, which generate an optical car­
rier signal. An electroni c or optoelec-

troni c local 0 cillator (LO) ge nera te a 
table and spectra lly pure RF subcarrie r 
ignal (typically at a frequency of 10 

GHz) for u e in frequency conver ion. 
Thi subcarrie r ignal is u ed t modu­
late the optical carrier ignal . (Phase 
modulation is preferable to ampli tude 
modula ti o n fo r the reasons ta ted 

The #1 Source for Laser 
and Analog Electronics'!! I I 

• Custom OEM Laser Power Modules, 
Drivers & Systems 

• Microprocessor Based, Fixed PFN & 
Variable Pulsewidth Laser Controllers 

• Capacitor Charging Power Supplies* I 

• CW Arc Lamp Power Supplies* 
• Flashlamp Simmer Supplies 
• Pulsed & CW Laser Diode Drivers 
• E-O Pockels' Cell Drivers 

'Certified to IEC601 -1 and UL544 

Other Products Include: 
• Low Noise Transimpedance & 

Voltage Amplifiers 
• Logarithmic Ampli fiers • Fast Peak Pulse Stretchers 
• APD & Photodetector Bias Supplies • Photodetector-Amplifier Modules 
• InGaAs & Silicon Hybrid Laser 

Rangefinder Receivers 
• Analog/Digital Fiber-Optic Links 
• Custom Hybrids & Modules 
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Contact us today to discuss your specific requirements . 

ANALOG MODULES, INC. • Specialists in Analog and Laser Electronics 

126 Baywood Avenue' Longwood, FL 32750-3426 • USA 
Tel : (407) 339-4355 Fax: (407) 834-3806 

e-mail: ami@analogmodules .com 

Visit our web site at www.analogmodules.com 

For More Information Circle No. 453 

above.) The modu lated optical signal is 
the n injected , via an optical iso la tor and 
a first pola l-izing beam splitte r (PB 1), 
into the lo ng optical fiber fo r propaga­
tion to the remote antenna site. This is a 
standard single-m ode optical fiber and is 
lypically several kil ometers long. 

Afte r propagatio n to the re mo te 
antenna site, the pola riza ti on of the 
modula ted carrie r signal is no lo nge r 
linear, and it varie when the fiber i di­
turbed . A sef ond polarizing be£]l'll plit­
te r (PB 2) epara te the two l"fJo lariza­
tion componen ts, and the polal-iza tio n 
of one of the e componen ts is modified 
by a 90° Faraday rotator that is in cOl-po­
rated into PBS2. Polarization-main tain­
ing (PM) o ptical fibers a re used to con­
nect the two outpu t po rts of PBS2 to 
oppo ite e nds of a phase modulato r, to 
wh ich the RF ignal from the antenna is 
applied . The lowaxi of each PM fiber 
i a lign d with th e polari zatio n of the 
PBS2 POrt to which it is connected . a 
res u lt of this arra nge me n t, the two 
po la rizatio n compo nents are conve rted 
to two oppo ite ly travelling, identically 
polarized light beam in th e phase mod­
u lator. The e beams a re modu la ted 
equally by the RF signal. Afte r pa ing 
thro ugh the phase modula to r, th ese 
beam are recombined by PBS2 and ent 
back along the lo ng optica l fib e r. The 
ne t effect of this ring-a lTange me nl/ 
po l a ri za ti o n-co n ve rs i 0 n / m o d ul a ti o n 
scheme is to eliminate sensitivity of the 
modula to r to po larizing effects in the 
lo ng optical fiber. 

Because of the 900 Faraday ro tator in 
the modu lator ring, at every loca ti o n 
along th e long opti cal fiber, the light 
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Our Zeonex® polynler 1S so transparent 
_,e shot this ad through it. 

The photographer wasn't happy when we placed a sheet of 

Zeonex® over his camera lens. But we knew that a polymer as 

pure as this would be more than transparent. We were right, 

Zeonex® and Zeonor® are the purest cyclo-olefin 

polymers currently available. Combine their purity 

with tlleir unparalleled strength, water resistance and stability 

across a broad range of temperatures and demanding 

environments and you have ideal polymers for both optical and 

medical applications. See for yourself how Zeon beats 

the competition flat. 

2 EON C HEMICAL..S 

Z EON E X GI> / Z EON 0 R GI> 

I' U I~ F () L' \ I. I T ' 

For lI10re inli".,ll<ltion on our ~e()nex " ;lI1d ~eoll()r' product lines, \isil our \\cbsite;lI \\\\\\.Il'ol1chl'l11il';lis.l'ol11 or L'.l ll H77- \S K -~F( )~. 
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propagating backward (away from the 
antenna) is polarized orthogonally to 
the light propagating forward (toward 
the antenna). The backward-propagat­
ing beam is eparated in PBSl and i 
coupled via an optical circulator to a 
photodetector. The photodetector i 
connected to a bias T, which eparate 
the RF, LO, and intermediate-frequency 
(IF) components of the photocurrent. 
One of the e frequency components i 
elected and is u ed as a feedback con­

trol signal to lock the frequency of the 
pump laser to a de ired modulation 
sideband of the signal laser, as de cribed 
in the paragraph after next. 

A pump laser generates a beam of 
light needed for BSSA. The pump beam 
is coupled, via the optical circulator, into 
port 3 of PBSl. The polarization of the 
pump beam is so adju ted that the pump 
beam leaves PBSl through its port 2 and 
propagates forward along the long opti­
cal fiber. Mter passing through the 
PBS2/ modulator ring, the pump beam 
propagates back along the long optical 
fiber and enters port 2 of PBSl. Because 

of the action of the PB 2/modulator 
ring, the polarization tate of the back­
ward-going pump beam is orthogonal to 
that of the forward-going pump beam 
everywhere along the fiber. The polar­
ization tate of the forward-going pump 
beam is al 0 everywhere the ame as that 
of the backward-going modulated ignal 
beam; this condition i optimum for 
Brillouin amplification everywhere 
along the fiber and eliminate the en i­
tivity of the Brillouin amplification to 
polarization. The pump beam leave 
through port 1 of PBSl and is attenuat­
ed by the optical isolator. 

By tuning the frequency of the pump 
laser, one can make the narrow frequen­
cy-shift (Stokes-frequency) band associat­
ed with the Brillouin backscattering of 
the pump laser light to overlap one of 
the phase-modulation sidebands of the 
signal beam, thereby enabling Brillouin 
amplification of that sideband. The 
amplification of this modulation side­
band breaks the perfect amplitude bal­
ance of sidebands of phase modulation 
and thereby converts the phase modula-

Electrodeposition of Strong Glassy Metals 

tion to amplitude modulation. One can 
amplify either an LO or an RF ideband 
to obtain amplified IF and RF ignal at 
the receiver. When the LO ideband is 
cho en, the beats of the amplified LO 
ideband with the upper and lower RF 

sideband in the photodetector produce 
a down~onverted and an u~onverted 
IF ignal, while the beat between the 
amplified LO ideband and the ignal 
carner produce an amplified LO ignal. 

This work was dOM by X. Steve Yao of 
Caltech for NASA's J et Propulsion 
Laboratory. For further in/annation, access 
the Technical Support Package (TSP) free on,. 
line at www.nasatech.com under the 
Electronic Components and Systems category. 

In accordance with Public Law 96-517, 
the contractor has elected to retain title to this 
invention. Inquiries concerning rights for its 
commercial use should be addressed to: 
Technology Reporting Office, ]PL, Mail Stop 
249-103, 4800 Oak Grove Drive, Pasadena, 
CA 91109; (818)354-2240. 

Refer to NP0-20759, volume and number 
of this ASA Tech Briefs issue, and the 
page number. 

Stresses in deposits can be tailored via compositions, temperatures, and current densities. 
Marshall Space Flight Center, Alabama 

Thin-walled structures made of strong 
glassy nickel and glassy nickel-cobalt 
alloys, with tailorable low residual stress­
es, and with high resistance to perma­
nent plastic deformation, can be formed 
by use of an e1ectrodeposition proces . 
This process was developed to enable 
the fabrication of lightweight, high-qual­
ity x-ray mirrors that do not undergo 
unacceptably large distortions when dif­
ferential thermal contraction upon cool­
ing is used to release the mirror deposits 
from their e1ectrodeposition mandrels. 
This process supplants an older pure­
nickel electrodeposition process where 
it was necessary to form relatively thick 
deposits in order to make them strong 
enough to re ist distortion in the pres­
ence of stre es imparted during release. 

The process i based on the concept of 
selecting the composition of a plating 
bath and controlling the electric~urrent 
density to tailor the alloy compo ition 
and the level of stre s in the electrode­
posit. The plating bath contains a mix­
ture of nickel alts, or nickel and cobalt 
alts with odium hypophosphite. The 

bath also contains a urfactant and at 
least one complexing salt capable of 
combining with nickel, cobalt, and sodi-
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um. The pH of the bath is moderate; con­
sequently, there is little risk of corrosion. 

At low temperatures, cobalt con­
tributes to compressive stress, while nick­
el contributes to tensile stress in the 
deposit. Thus, by suitable balancing of 
the ingredients in conjunction with the 
temperature and current density, it i 
pos ible to obtain zero net stress in the 
depo it throughout any desired thick­
ness. Moreover, for a given suitable for­
mulation of ingredients, the stress can 
be varied from compressive to tensile by 
varying the current density at a fIXed 
temperature or by varying the tempera­
ture at a fixed current den ity. 

The temperatures used in this process 
lie in the range from 35°C, for glassy 
nickel~obalt alloys, to 70°C for glassy 
nickel; as a re ult, this proce is safer 
than is an electroless process, widely used 
in airline repair centers, that involves 
temperatures from 85 to 90°C. In this 
proce ,unlike in the electrole s proces , 
nickel, and cobalt when used, can be 
replenished by dissolution from anodes 
rather than by addition of chemicals. 
Little effort i required to maintain the 
plating bath in this proce because any 
occasional chemical adjustments that 

www.nasatech.com 

must be made are much Ie s critical than 
those needed in the electroless proces . 

A deposit formed in this process 
exhibits little or no plastic deformation 
at the parts-per-million level (micro­
yielding) at stresses below 100 kpsi (0.7 
CPa) and has an ultimate strength of 
greater than 200 kpsi (1.4 CPa). The 
depo it is al 0 very hard (>50 Rockwell 
C), permitting diamond tool machining. 

This work was done by Brian D. Ramsey of 
Marshall Space Flight Center and Darell 
E. Engelhaupt of the University of Alabama 
in Huntsville. For further infannation, please 
contact Darell E. Engelhaupt at (256) 890-
6030 or engelhd@email.uah.edu or Sammy 

abors, MSFC Commercialization Assistance 
Lead, at (256) 544-5226 or sammy. nabors@ 
msfc. nasa.gov. 

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

Darell E. Engelhaupt 
Center for Applied Optics 
University of Alabama 
Huntsvill£, AL 35899 
Refer to MFS-31377, volume and number 

of this NASA Tech Briefs issue, and the 
page number. 
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LASER & LASER DIODE TO FIBER DELIVERY COMPONENTS 

> 2 Micron Spot Sizes. Up To SW Power 
Up To -60dS Sackrenection SMF, PMF, MMF 
2.Smm, 4mm And 8mm 00 Housing 

OEM Laser Diode To Fiber Coupler 

63Snm To 162Snm Wavelengths 
>20% Coupling Into Slnglemode Fiber 
Low Cost, Rugged And Compact Size 

Laser Diode Power Combiner 
Up To 4S% Coupling From Each Diode 
-40, -50, -60dS Sackreftectlon SMF,PMF,MMF 
Can Combine Equal I Different Wavelengths 

Laser To Fiber Coupler With 
Adjustable Focus 

> 80% Coupling EffiCiency For SM. PM Fiber 
Multlmode, Smglemode. And PM Fiber Versions 
o 1 Micron Resolutron Focus Adjustment 

U-Bracket With Removable Optics 

As Good As 0.6dB Insertion Loss 
-2S, -40, -SO, -60dS Backreflectron 
Use With AlO Modulators, Bulk OptiCS 

Lab Style Laser Diode To Fiber Coupler 

63Snm To 162Snm Wavelengths 
Up To 60% Coupling EffiCiency Into SMF, PMF 
PC Board Mountable, Reusable Optics 

0.01dB Output Stability. SM, PM, MM Fiber 
BUilt-In Peltier Temperature Controller 
a.1 °C Temperature Control 

--
Receptacle Style Collimators/Focusers 

a 4mm To > 1Smm Beam Diameters 
180nm To 3000nm Wavelengths 
Achromatrc Colilmalors Available 

O.6mm To 4.9mm Beam Diameters 
Adjustable Lens Can Be Used As Focuser 
Low Cost, Rugged And Compact Size 

F'b or p ' ts • 
< Lambda/20 Wavefront Dislortlon 
Wavelengths From 63S To 162Snm 
PM Fiber Versions Available 

OZ OPTICS LTD ., 219 Westbrook Rd , Carp, ON , CANADA, KOA 1LO Phone: 613-831-0981 
Toll Free Phone : 800-361-5415 Fax: 613-836-5089 Email : sales@ozoptics.com WebSite : www.ozoptics.com 
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Nevv Products 
For more information on the products below, go to www.ptbmagazine.com/products. 

Product of the Month 
CMOS Image Sensor 
Easunan Kodak's Image ensor Division, Roche ter, NY, 
desclibes ilS new KAC0310 as a fully integrated, high-perfor­
mance CMO VCA image sensor, the first to be based on 
CMOS technology. The ensor, in a 1/3-in. fonnat pixel array, 
has 640-x480 active elemenlS. The 7.B-j1ln-square pixels use 
Kodak's patented pinned photodiode architecture, which the 
company says provides significantly higher I 0 speed capabil­
ity compared to other CMO device. The ensors feature on­
chip timing, programming control, analog signal processing, 
and a IO-bit analog-to-digital convener. The on-chip processing 
pipeline includes CDS, a frame rate clamp (FRC) , and DPCAs 
for real time color gain cOITection. The devices are available in 
monochrome and color, with or without microlenses. They are 
housed in a 4B-pin ceramic LCC package. 

Illumination Design 
Software 
Optical Research Associates 
(ORA), Pasadena, CA, an­
nounces LightTool ® Ver­

sion 3.0, the company's iUumination design and analysi 
software for the Pc. LightTools now utilizes the 
OpenCL® rendering engine, which ORA says delivers 
more reali tic 3D rendering capability and an increase 
in display speed. Hardware acceleration is also provided 
by OpenGl.rcompliam graphics adapters. To improve 
scattered-light modeling capabilitie, LightTools can 
now import measured bidirectional scatter distribution 
function data for a urface. This data can be used to 
model rotationally S)"nmeuic cauer, or fit to an ellipti­
cal Gaussian function to model anisou'opic scatter. 

Laser Tracking System 
The Laser Tracker liT" from 
Automated Precision tne. 
(API), Gaithersburg, MD, 
provides linear and two-angle 
measuremenLS reJative to a 
reference point, making it 
particularly useful, the com­

pany says, for large-scale measuremenLS, alignment, 
real-time assembly, tooling, remote dimen ioning, fab­
lieation, and reverse engineeling. tanding 17 in. in 
height and \~eighing 27 lb., the package includes a fre­
quency-stabilized laser interferometer and tracking 
unit, a relrOrefleClor, ensors, cables, and software. A 
laptop computer is optional. The device can measure at 
a eli tance of more than 25 m; angle resolution i 0.3 
arcsecond and distance resolution 1 micrometer. 

CMOS Block 
Microcamera 
EM 0 InterTest, 
Flanders, l\U, releas­
e a new sel;es of 
microcameras. 

Called EyeOn" I, these cameras u e a 1/ 3-in. CMOS 
array to gather and process video on-boa rd, bypa sing 
the extel11al processing circuiLS required by C D­
ba ed microcameras. Each EyeOn acceplS +5.4 to 
+15.0 VDC, consumes 20 mA at +6 VDC, and outpuLS 
NTSC or PAL composite video. The chip inside each 
camera aULOmalically correc ts for while balance! 
brighu1ess, and exposure. The sensor's image area 
measures 510 x 492 pixel (H and V) , delivering a 
horizontal resolution of 330]v line with 2:1 inter­
lacing. Expo ure speed v-dries automatically from 
1/ 60 to 1/ 15,734. 
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Gamma-Ray 
Radiation Detectors 
eV ProducLS, axon burg, 
PA, is offering coplanar 
grid (CPG) detectors, a 
line of CdZnTe-based 
room-temperature-oper­
ating gamma-ray detec­

tors for nuclear specu'o copy. The CPG detector 
combines a large-volume CdZnTe detector and asso­
ciated electronics in a portable de ign. The company 
says this detector has the required electrode geome­
try and charge collection efficiency to offer the high 
resolution necessary for nuclear spectroscopy. 
Shown is the CPC and eleco'onics hou ed in a 3 I. 75-
mm diameter by 130-mm length probe. 

Carbon Dioxide Laser 
Turning Mirrors 
La er Research Optics, Provi­
dence, RI, offers a line of car­
bon dioxide laser turn ing mir­
rors made from silicon with 
a variety of polarization-con­
trolled reAectance coati ngs. The 
mirrors are fabricated in 1/2-in. 

to 3-in. diameter sizes with +0.000-in./-0.005-in. tol­
erances and thickne ses from 2 mm to 10 mm. 
Featuring less than 2 percent absorption and scalter 
losses, the mirrors are optimized for 10.6-microme­
ter @45 degree AO!. Silicon and copper phase­
retardation reflectors featuring a quarter-wave phase­
reflectance thin-film coating are al 0 offered, along 
with a line of molybdenum mirrors. 

CCD Laser Measurement 
System 
The LK eries CCD laser displace­
ment meter from Ke)'ence orp., 
Oakland, U, is a semiconductor 
laser-based u'iangulation measure­
ment ystem with I.O-micron re olu­

tion and a ± I percent F.S. linearity. Keyence says it is 
avai lable in a high-accuracy Model LK031 (30 mm ± 
5 mm range) and a long-range Model LK-081 (80 mm 
± 15 mm range). These devices use a high-resolution 
CCO sensing array, which deteclS the peak value of the 
light quantity distribution of tl1 e beam spot for each 
pixel within tl1e area of iLS 30-micron-diameter beam 
spot. Keyence aI's ilS accuracy is increased by Laser 
Flash Time Comrol technology, which automati cally 
controls laser emission time to compensate for va ria­
tions in target reflectivity and surface condiLions. 

\\~\~v.na5atech.com 

Laser Diode 
Power 
Module 
The Model 5706 
OEM laser diode 
power module 

from Analog Modules Inc., Longwood, FL, i 
de igned to power high-currem CW or QCW laser 
diodes and arrays for direct-coupled and diode­
pumped solid-state laser applications. The Model 5706 
delivers 500 W maximum output power, and can be 
configured for output currenLS up to 100 A CW ,vith a 
5-V load voltage or up to 50 A CW with a 100V load volt­
age. The AC input i autoranging from 85-253 V AC. A 
DB-25 interface connector allows for external control 
of fW1Ctions such as Inhibit, Cun'em Control and 
Monitor, Load Voltage Monitor, and other. 

~ , High-Power DPSS 
Microlasers 1 '-' .... " ~ 
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Melles Criot, Carl bad, CA, 
makes a new family of con­
tinuous-wave diode-pumped 
sol id-state microlasers avail­

able. Dubbed the 58 Bill series, the new lasers come in 
configurations ofloo, 200, and 400 mW at457 nm. The 
output is linearly polarized. The air-cooled laser heads 
are less than lOin . long, including cooling fan and heat 
sink, and total power dissipation is 100 W. lvI2 factor for 
beam quality is less than 1.2, amplitude noise is less than 3 
percent, and pointing stability is as low as 7 mrad/ hr. The 
"",velength of tl1e 5 Bill series is virtually identical to 
the 457.9 line of argon-ion lasel , making them an alter­
native to the latter for deej>blue and violet applications. 

CMOS Sensor 
with Freeze-Frame 
Shutter 
Photo bit Corp. , Pasadena, 
CA, introduces what it says 
i the first megapixel CMO 

image ensor featuring a freeze-frame elecu'onic shut­
ter. The PB-MV13 has a 1.3 megapixel resolution and 
frame rate of more tl1an 500 per second. Featu res 
include an output of 10-bit monochrome or color 
digital video with a pixel format of 1280 horizontal 
by 1024 vertical. Power consumption is less than 150 
mW at 60 fps and less than 500 mW at 500 fps. The 
PB-MVI3 incorporates PhOLObit 's proprietary 
TrueS APT" ( huttered Node Active Pixel) technol­
ogy that features a 12-micron- quare active pixel. 
Digital re ponsivity is 1000 biLS per lux-second. 

Temperature­
Compensated Resistors 
Dallas emiconductor, Dallas, 
TX, offers what it calls the first 
digital resistors that can auto­
matically measure and compen­
sate for tl1ermal variations affect­
ing laser behavior in optical 
transceivers. The company says 

the DS 1847 and DS 1848 provide precision temper­
ature-compensated resistance control in gigabit 
Ethernet, fiber chan nel, SOH an d SO NET appli ca­
tio ns. The designer determines device-specific re is­
tance characteristic at temperature imen",ls of 2 
degree C and stores the data in on-chip EEPROM. 
Both chips operate with eitl1er 3 V or 5 V supplies 
and "'ithin a temperature range of 40 degrees C to 
+95 degrees C. 
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hesive Gives NASA Clear 
View of Universe 

3M'" Optically Clear Laminating 
Adhesive 8141 

3M Bonding Systems Division 
St. Paul, MN 
800-362-3550 
www.3m.com/ bolllding 

Eyesaver International of Hanove r, ~IIA , is 
working with NASA to laminate 16 to 18 win­
dows measuring be tween 21" and 29" in diame­
ter and 1/2" thi ck to be p laced in th e 
Interna tional Space Station 's La bo ratory 
Modul e and Cupola. The Laboratory Modu le 
will hOLise expe riments performed in ncar-zero 
gravity. With seven windows, the Cupola will 
offer th e crew direct viewing o f robotic ope ra­
tions, spacewalks, and ex pe rimen ts. 

Workers apply the clear laminating adhesive to a film adhered to the Space 
Station's innermost windows. 

Eyesaver applies th e 3M clear laminating 
adhesive to a non-hardcoa ted clear film ad hered ro the 
innermost window, referred La as the "scra tch pane." The 
sc ratch pan e is used to protect the outer window, and the 
film is attached to prevent glass from hattering inside the 
station. Eye aver laminates the fi lm and se nds it to a no th e r 
compa ny tha t polishe th e film . A co nductive bar is the n 
o ld e red to the coating aro und the windows to keep the 

glass warm. 
Steve Ceorge, co-owner of Eyesaver, exp lained that th e 

fi lm "has the optica l. cla rity required by Boe ing for ph o-

------. . .-,,_A Ames Begins Building 
Supercomputer 

SGI'" Origin 3000 Series computers 
SGI Federal 
Mountain View, CA 
301-572·1980 
www.sgi.com 

NASA AtTIes Re earch Center in Moffelt Field , 
CA, is developing a 1,024--pmcessol- supe rcompu t­
e r us in g two 5 12-processor SC I Origin 3800 
syslems based o n th e NUMAflex '" modular lecb­
nology. NASA wi ll use th e YS le m for research in 
the a reas of aero nauti cs, earth sc ie nce, and life 
cie nce . 

NASA Ame cu rrently uses a 512-proce sor SCI 
2800 Lo max sy tem for computational fluid 
dynamics, global climate m odeling, a nd compu ta­
Lional astrobiology. The new system is expec ted to 
"deliver about six times the performance at 1,024 
processors a the 512-p roces 0 1' ys tem, " sa id Bill 
Feiereisen, ch ief of the Num erical Aero pace 
Simulation ystems Division at meso Th e y tem 
all ows NASA to confi gure and reconfi gure sys tems brick by 

tographing through the windows" o f the Space Station. "Its 
uniform ity is excell ent, there i zero di tonion, no coatin g 
vo ids, and the flatness ha been unmatched ," 

Tbe adbesive is ma nufac tured under c1eanroom co ndi­
tions and is free of comm on adhes ive defects sllch as bubble 
a nd dirt. It provides greater than 99% light tran mission, 
and a haze leve l of less than 0.1 % for tran parency. The 
Space Station windows are expected to be ready for in lalla­
ti on thi fall. 

For More Information Circle No. 750 

brick to meet exac t demand 
[o r their applicatio ns. 

Acco rding to Feiereisen , 
floor space at mes is a t a pre­
mium, so the reduced footprint 
of the new systems is an advan­
tage. If it had been twice the 
size of the old one, "then we 
wouldn 't have had room [or it," 
he said . Since the new sy tem 
has twice the number ofproces­
sors per square [OOt, Feiereisen 
can "push machinery around to 
make room for it." 

The Origin 3000 system is 
based on SCI's N NtA archi­
lecture and nux 6.5 operat­
ing system, and work with 
NASA Ame ' ex isti ng applica-

tion software, inc] ud i ng its 
Overflow-MLP co mputa ti o n a l 

Auid dynamics code. Accord ing to 
CI, the NASA Ames system fea­

tures th e largest ingle-kerne l, 
shared-memo ry image availab le today. 

For More Information Circle No. 751 
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Plug-in DEWE-MODULES 

The OEWE-3010 and OEWE-2010 completely 
redefine what a data acquisition system should be. 
Not just portable and rugged, but also open­
architecture, so you can upgrade the hardware and 
software long into the future. With modular signal 
conditioners you can mix and match to create your 
own system with dozens of fast channels and up to 
2048 slow/temperature channels .! 

Available in both data recording and industrial PC 
versions, Dewetron PC-based instruments really rock. 
Plastic boxes just can 't compare. New built-in software 
makes setup and recording easier than ever. With plug­
in modules for direct connection of every sensor - strain 
gages, accelerometers, microvolts/volts/kilovolts, RTD's 
and thermocouples (9 types), LVDT's, string pots, 
RPM and TACH signals from engines and turbines, 
and even more. Plus 1000Vrms isolation, 
exceptionally low noise, and multiple range/filter 
selections on each plug-in module! 

Please call toll-free at +1 (877) 431-51 
visit our website, or send email to : 
werock@dewamerica.com 

DEWE-30 I 0 Ultra-portable 
complete system 

• MIL-STO-810c Shock/Vibration 
• CE Mark, ISO-9000, ISO-14000 
• Portable PC Versions Available! 

Dewetron, Inc. 
Toll-free +1 (877) 431-5166 
Tel : +1 (401) 364-9464 
Fax: +1 (401 )364-8565 
Website : www.dewetron.com 

All trademarks acknowledged as the properties of their owners 

AMERICA - AUSTRIA • BELGIUM • GERMANY· NETHERLANDS • SLOVENIA • THE CZECH REPUBLIC' THE U.K. 

For More Information Circle No. 534 
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~., Commercialization Opportunities 

Helium Leak Detector 
With Improved 
Sample-Delivery System 

Developed to detect fue l I a ks in 
pace hu ttle main engines by use of he­

lium u"ac r gas, this system may locate 
leaks safely in other syste ms ca rrying 
toxic or explo ive fluids. 
( ee page 46.) 

Gas Analyzer Measures 
Concentration of 
H 2, O 2, and H 20 

By moni torin g He used to purge hy­
droge n can yin g tube, thi apparatus 
h e lps to e nsure th a t th e syste m n o 
longer contains danaerous hyd rogen. 
( ee page 49.) 

A 10,000 psi ON/OFF valve 
in a 3,1" package! 

2 

90 

'V' Series Valves provide extremely long cycle life/high reliability 

• Piston sensor design ensures high 
reliability & exceptional cycle life 

• Compact package - only 3.1" high 

• High flow capacity: Cv =.75 or 2.0 

• Gas or liquid applications 

• Normally open or normally closed 

• Brass or 316 stainless steel 
machined bar stock 

• Low actuation pressure: 30-60 psi 

• High operating pressure: 6,000 psi 
maximum (brass), 10,000 psi 
maximum (stainless) 

TESC®M 
CORPORATION 

INDUSTRIAL CONTROLS DIVISION 

call 1-BOO-447-1250 
www.tescom.com 

Global technical support & distribution • Facilities In the US, Germany and Asia 

For More Information Circle No. 406 

Improved Coatings for Flexible 
Insulating Blankets 

Improved coatings increa e the abil il:)' 
of fl exible thermal-in ulation blankets 
lO re i t ero ion. Deve loped for pace 
shuttl e orb iter , the e materia ls co uld 
also be applied to terre trial insulating 
blankets on a ircraft, engin e, and fur­
nace compon en ts. 
(See page 54.) 

PBO Fiber Blends: A Promise 
for the Future 

ew developments in fiber blend for 
spac su its and micrometeoroid hields 
cou ld I ad to improved body arm or, fire­
fighte rs' suit , a nd teth e rs for pa ra­
chutes or a ircraft. 
( e page 54.) 

Air-Displacement Volumometer 
With Soft Sides 

omplete ubmer ion of the subj ct 
in water i no longer nece sary to mea­
sure the volume of a human body. This 
unit may be used in hospitals, medi ca l 
re ea rch fac ili ties, cl inics, and a tl11 tic fa­
ciliti e and to mea ure volumes of o ther 
obj ec l with dimensions comparab le to 

th ose of a human body. 
(See page 58.) 

Technique for Controlling Gas 
Generation in a Bioreactor 

A pressure-swing technique contro ls 
th e ge ne ratio n and fl ow of gas in an 
anae robic biologica l reacto r and a soc i­
a ted e quipm e nt in a system t h a t 
pro esses wastewater. Preventio n of gas 
bubble main tain the efficiency of the 
wa tewate l- trea tme nt. 
(See page 63.) 

Liquid Shell Insulation 
This type of in ula tio n would offer 

temporary thermal protection for cien­
tifi c instrum ent probes operating in hot, 
hi gh-pre sure enviro nmen ts. 
( ee page 71. ) 

Fluorometer for Analysis of 
Photosynthesis in Phytoplankton 

A new des ign p rom i es to be a re la­
tive ly inexpe nsive, sensitive, ompact, 
rugged , low-power-co nsump tion in­
strum ent for stud ing phytopl ankto n. 
It can a lso be ad apted to agricultural 
app lica Li ons. 
( ee page 79.) 
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Accelerate Your 

Speed ToKno 
When your search for information leads you down the wrong 
path , Invention Machine 's Knowledgist™ gets you back on 
the road . 

Knowledgist is a comprehensive knowledge mining tool 
for analyzing web-based and local information sources and 
for creating a structured knowledge index based on meaning 
of word combinations 

Knowledgist goes beyond keyword searching by using 
semantic processing technology to extract relevant 
information and deliver answers to your questions. 
Dramatically reduce the time you need to find solutions and 
increase your time to market. 

Don't get lost wasting time looking for critical information. 
Start finding the right answers at the right time with 
Invention Machine's newest personal tool. 

To learn how you can Accelerate Your 
Speed to Knowledge, or to download 
your free demo of Knowledgist, visit 

www.invention-machine.com 

Or call 1-800-595-5500 

or 617-305-9250 

Invention Machine is a registered trademarK 
Knowledglst Is a vademark of Invention Machine Corporation. 

® 

Powering The Semantic Web-

For More Information Circle No. 522 
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--$ Special Coverage: Design & Analysis Software 

The Role of the Internet 
in Design and Analysis 

Engineers are increasingly using the Internet to communicate 
about their engineering projects during the design and analysis process. 

As a result, the Internet must play an important 
role in both training and the dissemination of information. 

The Intern et is becoming a part of the The Internet as an fini te element prop rties for a ,,~de variety 
fundamental de ign and analysis Educational Tool of analy i types within a CAD environ-

proce . vVhat started as a mechanism for Changes \\~ thin th e engineel-ing indus- menr has helped to make FEA more ac-
commu nication and da ta haring ha try have increased th e demand for quali ty cessible to al l engineel , even th o e who 
evolved in to an enterprise olution for oftware training that is inexpensive, time- are not FEA experts. 
de ign manage ment, analys i , and edu- effi cient, and accessible from anywhere. In Becau e more designel are performing 
ca ti on. The futur i even mOI-e exciting, the pas t, design and analy is were per- analysis without necessarily po se sing th e 
pro misin g co ll abo rative e nginee rin g fonned by eparate group within an engi- training that analysis peciali. ts have, one 
and imme rsive virtual reali ty. vVhi le it nee,;ng firm. Design enginee rs a t a t of the most important role the Inte rne t 
may be decade before main tream en- dl<m~ng boards and based th eir prototype mu t play in th e de ign/ analy i process is 
gineers are working in such an environ- designs on handbook calcula tions. The as a vehicle for tra ining and for the di -

ment, we already are eeing 'i=;i;~=::::::::::::::::::;~ semina tion of information 
design and analy is software • about FEA. treaming \~deo, 

com panie upporting engi- often r ferred to as "webcast-
nee r in new and revolution- ing," has emerged as the 
aryway. 

By now, the genesis of the 
Intern t i well lmown. The 
In t rn e t began in ] 969 a 
ARPANET, a research proj ect 

leading technology fo r dis­
tance leallling becau e of its 
capacity to deliver detailed, 
fClIl-screen graphics. 

tudying fa il afe ne two rk 
communica ti o n pon ored 
by the Departm ent o f De­
fe n e . Ea rl y u ag of th e 
In te rn et fo r engin ee rin g 
p urpose was limited to com­
mu nica tio n via e-mail and 
bull e tin board , a nd fil e 
transfer via FTP. The intro­
ductio n of the Mo aic 
brower in 1993 revolution­
ized how the Internet was 
u ed by providing a visual in­
terface fo r earching and re­

Photo 1: Web casting uses the Internet to fill the demand for quality engineer­
ing software education with full -screen, TV-quality video. The technology en­
ables engineers to perform a variety of FEA analysis in an integrated environ­
ment within the CAD package. 

t the highest level, TV­
quality, ful l- creen video im­
ulates a true virtual class­
room by ho,,~ng the detail 
of the insUlJCtor's computer 
on the lCldent' computel-. 
This high level of production 
quality i complemented by a 
high level of pre en tati on 
quali ty with point-and-c1 ick 
de tails pre entecl by knowl­
edgeable in tructors to step 
enginee rs through the FE 
process . This leve l of tech­
nology aI 0 mig ht be avail­

u-ieving HT ilL web pag , which was infi­
ni te ly more intuitive than earli er tool. 

Today, an ever-grmving number of In­
tem et technologies drives dynamic, multi­
media ite . FEA (finite element analy is) 
companies upport engineers \vith e-col11-
merce, use r group , e-mail newsletters, 
and online technical suppon . As higher 
band~d th connecti on become more 
widely available, the tl<U1smission of highly 
graphical video ontent i causing a revo­
lu Lion in oft ware education for engineel . 

30 

de ign were validated with detailed stre s 
analy is using FEA by analysts who po -
se sed ped alized u-aining and analytical 
expel;ence. Th distinction between de­
sign engineers and analysts has become 
more blurred as designers have acces to 
complete analytical capabilities within an 
integra ted CAD/ CAE environm nt. and 
as interfaces for analysi become more in­
tuitive and easier to use. The capability to 
right-click on a olid 1110del and apply, 
modify, and remove load , con u-ain ts and 

1I~"w.nasatech . 0111 

able on D-ROM o r VI-IS videotape, so 
engineers can benefit from this techn ol­
ogy regardl e of their Interne t connec­
tion pe d . 

Communicating Designs 
on the Internet 

One an engineer has learned how to 
use FEA software and performed an ac­
curate analysi , the results of the analys i 
often I11U t be communica ted to col­
leagues and cli en ts who may be loca ted 

N A Tech Briefs, November 2000 



Precision. Control. 
Blazing Speed. 
Just vvhat Dinan vvas 
looking for in a CAD 
system. thinkdesign. 
To remain the largest BMW performance 
tuner in the US, Dinan Engineering has to 
modify and update hundreds of aftermarket 

parts for every nevv model. 

For More Information Circle No. 550 

Steve Dinan finds 

everything his engineering 

team need in thinkdesign 

Solid and surface modeling , 

standalone 2-D , plus file 

management -all running on 

low-cost pes. And all so easy 

to learn , even new designers 

get up to speed in days . 

Now Steve can spend his time 

doing what he does best. Like 

squeezing another 106 hp out 

of an M roadster with this 

new bolt - in s upercharger. 

Think fitting a supercharger 

into this cramped space is 

easy? It is with 

Call today for a demo. 

800,323.6770 th i nk3.com 



across oceans and con tin ents in wday's 
global marketplace. Engineers a re in­
creasingly u ing the In ternet to commu­
nicate about lheir engi neering projects 

Po sibly the most in teresting direction 
dUl CAE soft-ware i taking is th e move to­
ward collaborative de ign engineeIing, 
where engineer can share data in "d sign 

webs" over th e Intern et. Whi] o ,iginal 
CAD software was limited to geometry 
modeling, today' oftware store m re 
complete information about the product, 

durin g the des ign / a nalysis 
proce s. They are being sup­
ported by a ho t of easy-to-L1se 
HTML generatio n tools. Wh il e 
man y such tools are ava ilable 
within office prod uctivity soft­
ware packages, FEA software 
ideall ), includes a wizard-type 
tool to a utoma ti call), co llec t de­
tails about a FEA model and its 
analys i re ults, and generate 
an organized report in stan­
dard HTML, wh ich ca n be 
published to an)' Internet or In­
tranet site. HTML re port wiz­
ards ma), include sections for 
cu tomized, user-specified info r­
mation. One exciting techno l­
ogy for com municati n o- about 
designs within an HTML report 

the VRML (Virtual Reality 
Model ing Language) file for-
mal, whi ch i supported b 
man)' GAD I CAE software pack­
age . A VRJ\I[L fi le e nables 3D 
vi wing of so lid geo metry with 
dynam ic zoom, pan, and rota­
ti on capabilitie . 
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Photo 2: Algor's automatic HTML Report Wizard enables engineers to 
communicate analysis results to colleagues over the Internet. In HTML 
reports like this one (upper left), differen t types of visual output can 
be incorporated, including a stress contour at one moment in time 
(lower right), the time-dependent results as recorded in an animation 
file (upper right), and a plot of the displacement of several parts of 
the model over time (lower left). 

Compaq Visual Fortran 6.5 
"The Standard In Fortran" 

including materials and man u­
facturing data. Integrated CADI 
CAE tools are able to utili ze this 
add itional infonnati on to allow 
d1.e de igne r to pe rfonn a wide 
variety of FEA analys is type from 
widlin dl e CAD package, includ­
ing imulation of motion, defor­
mation , and stresses in a vi rtual 
design environment. In addition , 
FEA data may be stored in a data­
base format to faci li tate multi­
phys ics analyses, whi ch conside r 
mu ltiple ph sical phenomena. 
FEA model database also enable 
the integration of FEA data with 

the r database sources, such as 
laboratory data, and other type 
of software application . Whi le 
most engineers a re not ),et work­
ing in an immersive virtual real­
it)' environment, the da)' clearly 
i not far off. 

For more in/ormation, contact the 
author 0/ this article, Ed Moas, Ph.D., 
software developer; at Algol; Inc., Pitts­
burgh, FA; TeL: 412-967-2700; or 
visit www.algar.com. 

Compaq Visual Fortran sets the standard in 32-bit Fortran de­
velopment for Windows'" systems by combining proven Fortran 
compiler technology from Compaq with the visual 
development environment from Microsoft"'. 

Optimizations for the Intel'· Pentium'· III , AMD'· K6, and AMD Athlon '· architectures for faster executables. 

The Fornan COM Server Wizard (in Professional Edition only) makes your Fortran code avatlable as a 
component to Microsoft Visual Basic, Microsoft Visual C++ and other languages that support COM. 

Concurrent Licensing provides the economical choice for a br~ad pool of occasional users. 

Electronic Tech Support, user-to· user help forum, quarterly newsletter and downloadable patch kits. 

The Standard Edition provides our industry·leading Fortran 95 compiler, development environment and tools, 
samples, documentation and more. 

The Professional Edition includes the popular IMSL'· math/statistics libraries from Visual Numerics", Inc., 
an easy-to·use data vi sualization tool called the Compaq Array Visualizer, and the Fortran COM Server wizard. 

NEWI The Ente'1'rise Edition includes everything in the Professional Edition plus the 
Enterprise Toolkit allowing UNIX program development from your Windows desktop. 

Companion Products CD-ROM included. Academic Pricing and License Packages are available. 

Compaq Visual Fortran shares a common code base with Compaq's Fortran 95 compilers for 
Alpha processors, giving broad compatibility and rapid advancement in features and performance. 
Microsoft 's industry· leading visual development environ ment, the same as in Microsoft Visual 
C++ 6.0, is included and can be shared with compatible Microsoft development tools. 

http://www_compaq.comlfortran 
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• Program Predicts Jet Noise 
John H. Glenn Research Center, Cleveland, Ohio 

MGBK i a computer progl-am tha t 
pred ic ts the mixi ng no i e a nd the 
shock noi e ge nera ted by a ubsonic o r 
low-super on ic j e t, given input data on 
the mean fl ow and turbu le nce fi elds a 
predi cted by a sui table sta te-of-the-art 
computa ti o nal fluid dynamics (CFD ) 
program. More pecifi ca lly, MGBK can 
be regard ed a a p ost-proces ing pro­
gra m fO I- u e with a CFD program tha t 
co mpute a Reyno ld -ave raged avie r­
Stokes o lutio n with turb u le nce repre-
ented by a mathemati cal mod el of a 

type kn own in the art a "k - e." [ in 
whi ch k d enotes the time-ave raged ki­
ne ti c-energy de nsity assoc iated with th e 
local fluctua ting (turbu lent) compo­
nent of fl ow, whil e e denotes th e tim e­
ave raged ra te of dis ipati o n of th is tur­
bu lent-kine ti c-e ne rgy d en ity] . T he 
pred icti o ns genera ted by MGBK are in 
the form of o und-pres ure leve ls and 
frequenc pectra on arcs or idelin es. 

MGBK is an upda ted ve l' ion of a 
n o ise-pr e d ic t io n progra m , call e d 
"MGB," d eve lo ped d u ring the 1970s. 
MGBK pred icts o n ly the noi e gener­
a ted in th e pan of a j e t p lum e ex te rn al 

to the exit plane of the nozzle o f a j et 
e ngine; it does no t pred ic t mix ing or 
turbo machin e ry n oise gen e ra ted 
within the engine. Still , in cases in 
whi ch ex ternal mi xing is the do mina nt 
cause of noise, MGBK co uld prove valu­
ab le fo r unde r tanding no i e and I-e­
ducing noi e th rough improvements in 
the designs of nozzle and/ o r mixer. 

Th e approach ta ke n in th e develo p­
ment of MGB a nd MGBK ha been o ne 
of ma th ema tica l mod e ling of n o i e 
source associated with turb ul en ce. In 
o rd e r to pred ict no ise by use of MGBK, 
o ne must u e a n H-typ e struc tured 
computa tio nal grid with sli es pe rpe n­
dicula r to th e directio n of mean fl ow. 
Th e input to MGBK compri es da ta o n 
th e CFD-predic ted £l ow fi e ld o n th is 
gr id, plu seve ral parame ter . Alth o ugh 
the pred ictio n of no ise app lies to the 
external part of th e j et plum e on ly, 
bo undary co nditi o ns in CFD predi c­
tions a loe spec ifi ed we ll up trea m of th e 
nozzle exit and from 20 to 30 d iame ters 
d ownstream of the exit plane . 

Th input da ta are processed by 
means of semiempiri cal math e matical 

mode ls of no ise- ource tre ngth and 
acou sti c pro pagatio n. Th e source 
model include bo th se lf and shea r 
noise-source te rm . Aniso tro py of tur­
bu le nce is inco rpo rated in to the source 
mod el via an ax isymme tric turbu le nce 
ubm od el. Ina mu ch as n o i e i a 

byprod uct of turbu le nce, th e noi e pre­
di c ti o ns o f MGBK are unavoida bly se n­
sitive to the details of bo th the FD 
inpu t and the no ise mo d e ls a nd , 
hence, some degree of empiri cism un­
avoidably enter via the mod e l . 

This pTogram was written by A bbas 
Khavamn of Dynacs Enginee'ring Co. faT 
Glenn Research Center. FaT fUTther infor­
mation, access the Technical S'UPPOTt Package 
(TSP) free on-line at www.nasatech.com 
under the SoftwaTe category. 

Inquiries concerning rights faT the com­
mercial U e of this invention should be ad­
dTessed to :ASA Glenn ReseaTch entm; 
Commercial Technology Office, Attn: Steve 
Fed01; Mail Stop 4-8, 21000 BToo/lpaTk 
Road, Cleveland, Ohio 44135. Refer to 
LEW-l 7062. 

. Program for Analyzing Static Transmission Error 
of Helical Gears 
J ohn H. Glenn Research Center, Cleveland, Ohio 

Th e co mputer program H eli ta t pe r­
fo rm finite-e lement analys is to simu­
la te me h in g of he lical gea r . This pro­
gra m is a logical ex te nsio n of the 
program DAi'lST, which app lies to spur 
gear . [D N T was d e cribed in "Com­
p uting Stre ses in Spw- Gears (LEW-
15420), NASA Tech Briefs, Vo l. 19, No. 
12 (Decembe r 1995), page 73 and "Up­
dated Program for Computing Stresses 
in Spur Gea r (LEW-1 6575) NASA Tech 
Briefs, Vo l. 22, o. 8 (August 1998), 
page 59.] 

HeliSta t pe rfo rms a geometric tooth­
contact analysis to d e te rmine th e li nes 
of too th co ntac t, and th en it perform 
a three-d ime nsional linear sta ti c analY-
is to d e termine tooth-me h ing tiff-
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ne s, too th defl ec ti o ns und e r sta tic 
load, and the static tran missio n error. 
T he resu lts of the ta ti c analysis a re 
available to th e user in the fo rm of ta­
tic transmissio n erro r as a functi on of 
rotatio n as well as the peak-to-pea k 
tra nsmissio n e rro r. Sin ce the rransmi -
sio n erro r is the maj o r o urce of dy­
namic excita ti on tha t cau es gear vibra­
tio n and no i e, H eliSta t can help a gear 
d esigner develo p q ui e t gears. 

T h e ma th e ma tica l m o d e l up o n 
which He/ iStat is based include repre­
senta tions of the driving and d rive n 
gears, connecting shafts, a nd upport­
in g bear ing. Th e model also inc ludes 
provisio n for gear-too th mod ifica tions 
e ithe r perpend icu la r to the lines of 

"~vw.nasalech .com 

contac t (c ross-modifica ti o n ) o r in the 
profi le a nd lo ngitudinal di recti o ns. 
He liSta t can be used fo r parametri c 
studi es of th e effect on th e tra nsmis­
sion erro r of he li ca l-gear sys tems due 
to to rque, tooth ti ffne s, a nd gea r­
too th modificatio ns. 

This pTOgram was written by H. H. Lin 
of the Universi ty of Memphis and Fml B. 
Oswald of Glenn Research Cente r. 

Inquiries concerning rights fOT the com­
mm'cial use of this invention should be ad­
dTe sed to NASA Glenn ReseaTch Center, 
Commercial Technology Office, A ttn: Steve 
FeclO1; Mail Stop 4-8, 21000 BTookpaTk 
R oad, Cleveland, Ohio 44135. Refm' to 
LEW-J6877. 
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at will you 
think of next? 
N ew Simulink 4 is the model-based design solution that gives you the power 

to explore, refine and realize your 
_._"'_T-,t 

engineering designs in a fraction of the 

~!~~ time needed for traditional methods. 

t":::::.= ._-
i :::=~""::-;--.. -

Powerful extensions let you design the 
. __ 0_ 

Thirty years ago, NASA's Lunar Module logic in your systems and generate 
Autopilot took thousands of hours to design. Today, it could 

be done by aile engineer in about a week using Sim I/link 3. production-quality code automatically. 

Act now. Get data sheets, application examples, user stories and produd demos. 

See how Simulink 4 can help you build superior products in less time. For more 

., Simulink Perlormonce Tools 

Stoteflow" 4 

Sloleflow Coder 4 

Real-Time Workshop" 4 

41/) Real-Time Workshop 
Embedded Coder 

information, or to buy now, visit www.mathworks.com/nmbd. S IMULINK® 

Thl" 
MATH 

~ 

Visit www.mothworks.com/nmbd 
or (all 508·647·7040 

Simulink 4 supports 

a broad range of 

applications fro m 

initial design concept 

th rough embedded 

code generation. 

We have a worldwide ner.vork of offices and international representatives. 
Visit our Web site at www.mathworks.com for more information. 

- --

C 2000 The MathWorks, Inc. 
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• Software for Multidisciplinary Analysis 
of Optical Systems 
NASA's Jet ProjJulsion Laboratory, Pasadena, California 

Integra ted Modeling of Optical Sys­
tems (IMOS) i a MATLAB'· co mputer 
program that provides many fun ctions 
for analysi of a y (em represented by 
ma th ematical models of its the rmal, 
structura l, contro l, a nd/ o r optical as­
pec ts. FN example, [MOS can be u ed 
to study th e rmal d is tortion of struc­
tura l compo ne nts of an optical instru­
ment and the resu lting degradation of 

optica l performa nce. H eretofo re, such 
an analysis wou ld have nta iled the use 
of eparate prog ram to perfo rm th r­
ma l, structura l, co ntro l, a nd o pti cal 
sub-ana lyse . The un ique ness of IMOS 
li e in th e possibili ty of perfo rming the 
entire analys is in one program. The 
ommon MATLAB'" oflware e nviron­

m ent offer several advantages, includ­
ing capabiliti e for o ptim izing th e d e-
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sign of a ys tem on the basi of multi­
d iscip li nary (e.g., thermal and optica l) 
cr ite ria and a ca pabi li ty for optim izing 
th e d es igning of the control sub y te rn . 
IMOS provides interfaces be tween it-
elf and several other programs, in­

clud ing ASTRAN to IMOS, IMOS to 
SI DA, IMOS to TSS, and IMO to 
MACOS. Both MATLAB a nd IMOS 
have p lotting ca pabilities that as ist in 
visua lizatio n of re ults. 

This program was written by Laura 
Needels, H ugh Briggs, Andrew Kissil, 
Daniel Eldred, Marie Levine, J ames 
Melody, Mark Milman, Robert Norton, 
Samuel Sirlin, Miltiadis Papalexandris, 
Te1TY Scharton, and Wan Tsoi of Caltech 
for NASA's J et Propulsion Laborator y. 
For further information, access the Techni­
cal Support Package (TSP) free on-line 
at www.nasatech.com under the Software 
category. 

This software is ava'ilable for commercial 
licensing. Please contact Don Hart of the 
California Institute of Technology at (818) 
393-3425. Refe1' to NPO-20536. 

Software for 
Multidisciplinary 
Analysis 
of Graded 
Composites 
John H. Glenn Reseanh Center; 
Cleveland, Ohio 

The Coup led Structural/Thermal! 
Electromagn e ti c (CSTEM) computer 
program implements a n integrated 
multidi cip linary a pproach to analy is 
and optimizati o n of the d esign of 
graded co mposite-ma te rial structures. 
Th e name of the program re fl ects 
recognition of the coupling amo ng 
thermal, electromagnetic, m echa ni cal, 
and other ph eno me na in sll ch stru c­
tures. The integrated mu ltidiscip li na ry 
approach is nece sary because th e co u­
pl ing a mong th e phenomena gives rise 
to complexity a nd contribute to no n­
linearity in the cha racte risti c and re-
ponses of the structures, u ch th a t se p­

a ra te analyses of a tructure accord ing 
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Microway Delivers Custom LinuX/UNIX 
Workstations and Beowulf Clusters for 
High Performance Technical Computing! 

Which Solution is Right for You? ---...----
• 750 MHz Dual Alpha UP2000 or 21264DP 

• 500 MHz - 1 GHz Pentium ill or Quad Xeon 

• 500 MHz - 1 GHz Dual or Single Athlon 

• Beowulf Cluster 
Distributed Memory Parallel Processing 

• Myrinet Gigabit Ethernet or Dolphin WulfKit 
High Speed, Low Latency Backplanes 

Miuowoy Screamer ™ 
Dual Alpha U P2000 

750 MHz, 8MB Cache in RuggedRack™ 
Chassis wifh Redundonf Power Supply • RAID 

Miuowoy 18 Node 
36 Processor, Dual Penfium III 

Beowulf Ciusfer wifh Myrinef and MPI 
Scalable fa 1024 Nodes 

Satisfied customers have purchased Microway workstations since 1986. Our cost effective 

Linux solutions have been chosen by universiti es, government research labs and ISPs world­
wide since 1996. Over the years Microway brand systems have become famous for their 
quality and price/performance. Simultaneously, our Technical Support staff earned a reputa­
tion as one of the best in the industry. Thi s means you can count on our experience to 
configure a UNIX or Linux workstation or a Linda or Linux Beowulf cluster so lution that is ide­
al ly suited to your specific problem. Thi s is why Microway was chosen by Los Al amos 
National Laboratory to maintain the hardware on their 144-node Alpha -
Avalon cluster. It is also why the University of Wisconsin chose Microway ~~ 
to build their 100-node dua l Pentium II I cluster. In addition to being an .I ...,. 
Intel Product Developer and AMD Athlon OEM, Microway was named Alpha Processor, Inc. 's 
Top North American Channel Partner for 1999. 

"To find a successful supplier of Linux so lutions there are three things that you should know: 
One, the supp lier must be proficient in Linux, a master of understanding Linux 's superior­
ities; Two, the supplier must have a clear passion for hardware technology; Three, if you 
found a supplier that knows both Linux and understands hardware solutions, congratula­
tions you have found Microway! When it comes to Linux and high performance, there's 
only one way, and that's Microway!" 

- Bruce Faust, founder of DigitalScape and Carrera Computers 

Microway custom configures linux, NT and UNIX workstations, clusters and servers plus state 
of the art RAID systems. If you need a quality product that is built to last, from a company that 
wil l be around to support you for yea rs to come, Microway is The Number One Choice. 

Find out why over 75% of Microway's sales come from 
repeat customers. Please call 508-746-7341 for a technical 

salesperson who speaks your language! 

Visit us at microway.com 

® 

Technology You Can Count On 
For More Information Circle No. 552 

Research Pork Box 79, Kingston, MA 02364 
508-746-7341 • info@microway.com 



to traditi o na ll y se para te di sc iplin es 
(e.g., acou ti cs, tr uctura l vibra ti ons, 

phe nomena according to the applica­
ble disciplines . The cod e include (1 ) 
ana lys is modu les th a t pe rform calcula­
ti ons pertaining to th e separa te disci­
plin es and (2) an executive subpro­
gram th a t con tro ls an ite ra tive solution 
procedure in which coupling and n o n­
lin ea ri ty a re take n into account by 
means of communi cation of input re­
sul ts amo ng, and coordina ti o n o f the 
fun ctio ns of, the a na lys is m odul es. 
Each ana lys is module receives the re le­
va nt input geo metr ic and contro l da ta 
a nd transmits any res ul ts th a t may be 
needed a input fo r another a na lys is 
module. 

truc tura l loads, thermal effec ts, and 
e lectro magne ti c p ro pe rti es ta ke n by 
themselves) co ul d lead to e rro neous 
conclusions. 

CSTEM is written in FORTRAN and 
is an exte nded and upda ted ve rsion of 
th e program desc ri bed in "Multidisc i­
plin a ry Des ig n of H o t Co mposite 
Stru cture" (LEW-1 5977), NASA Tech 
Briefs, Vo l. 20, o . 3 (Marc h 1996), 
page 24. As in th a t p rogram , an esse n­
ti a l fea ture of th e multidisc iplina ry 
approach is finite-e le me nt nume ri cal 
s im ul a ti o n o f th e re leva n t ph ys ica l 
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IF YOU THINK YOU CAN'T SEAL IT, 
YOU HAVEN'T TRIED 

PI~E 
Pneuma-Seal® is an 
inflatable gasket that is 
pressurized with air. It 
fills the gaps between 
suriaces, even hard-to-seal 
uneven suriaces . When deflat-
ed, Pneuma-Seal quick­
ly retracts preventing 
interierence when open­
ing and closing a door or 
cover. 

Use Pneuma-Seal as an 
effective barrier against pressure 
differentials and to seal out water, 
dust , gas , chemicals, noise and other 
contaminants. 
Typical applications inc lude: 

Process ing equipment: chemical, food, textile, pharma­
ceuticals, dryers, ovens and where rapid sealing and 
unsealing are required. 
Pollution control : sound attenuation, hopper seals. 
Laboratory facilities : test equipment, clean rooms. 
Transportation: military vehicles, aircraft, shipboard, mass transit doors and 
hatches. 
Construction: special purpose doors, flood protection. 

Pneuma-Seal is particularly suitable for: 
Large enclosures where it is uneconomical to machine the entire sealing surface. 
Uneven fabrications where traditional compression gaskets or latches are 
ineffective. 
Horizontal or vertical sliding doors or covers that would tend to drag on and 
abrade conventional seals. 
Hinged doors where flush thresholds are required. 

To obtain our complimentary deSigner's handbook, engineering 
assistance or to have a Presray representative contact you, please 
call , fax, E-mail or reach us on the Worldwide Web: 

(845) 855 - 1220 • FAX: (845) 855-1139 
West Coast: (949) 475-9842 • Fax: (949 1 4 75-9859 

E-mail: info @presray.com 
http ://www.presray.com 

Presray Corporation 
159 Charles Colman Boulevard 

Pawling. NY 12564-1193 
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A n o ta bl e a dva n ced fe ature of 
CSTEM is a capa bili ty fo r ana lys is of a 
he te roge n eou s co mposite-m a t e ri a l 
struc ture th a t conta ins multipl e ma te­
ri a l laye rs o r o ther regio ns, witho ut the 
nece sity of using on e e lemen t for each 
laye r or region. Such pro perti es a the 
stiffness, th e rm a l conducti vity, a nd 
e lectro magne ti c abso rp tivi ty of a n ele­
ment tha t comprises multipl e laye rs o r 
o th er regio ns a re calcula ted by use of 
integration poin ts loca ted a t th e ce n­
tro id of the laye r o r o th e r regio n 
within the e le me nt. Th e compos ite gra­
di e nts contro l th e finite-e leme nt d efi­
niti on of a struc ture, with two pa rame­
te r that can be varied: the numbe r of 
e lemen ts a long th e gradi ent and the 
numbe r of num e rica l quadra tu re 
po in ts within an e leme nt. 

Th e structura l-analy is modul e pe r­
fo rms a la rge-d e fo rmatio n a na lysis, 
using a unique in creme n tall y upda ted 
Lagra ngian wi th ite rative refin e ment. 
Associa ted with th e la rge-deform ati o n 
struc lura l-an a lys is module is a d e­
fo rmed-positio n vibra tion-mod e-ana ly­
si module. The th e rmal- and e lec tro­
mag ne ti c-a na lys i mo dules use the 
same finite e lemen ts as does th e stru c­
tural-analys is modu le; this feature fac il­
ita tes coupling amo ng th e m odul es. 

So me o th er n o tabl e feature of 
CSTEM include the fo llowing: 
• Capabiliti es fo r no nlin ea r-bu ckling, 

tra n ie nt-hea t-transfe r, inte rna l-dam­
age (creep , plas ti city, fa ti gue), and 
aco Llsti cal a na lyses; 

• Computa tio n of macroscopic proper­
ti e of a compos ite mate rial from th e 
pro pe rties of the constitue nt mate ri­
a ls a t th e micro copic level; 

• Computa ti o n of e lectromagne ti c ab­
o rptio n of a composite mate rial by 

use of an easil y modifiable data base 
o f a bso l"ptio n pro pe r ties of con­
sti tuent materi als; and 

• A ca pabili ty fo r ge ne ra tio n o f inte r­
na l computationa l mes hes. 
This program was written by Christos C. 

Cltamis, Charles A. Farrell, and Bruce N. 
Canright o/Glenn Research Center and 
Richard L. McKnight, Michael S. Hartle, 
and Hsin-Tien H uang of General Electric 
Co. For f urthe-r infonnation, access the 
Technical Support Package (TSP) free on­
line at www.nasatech.com under the oft­
wa-re category. 

Inquiries concerning rights f or the com­
mercial use of this invention should be ad­
dressed to NASA Glenn Resea-rch Center, 
Commercial Technology Office, Attn: Steve 
Fedor, Mail Stop 4-8, 21000 Brookpark 
Road, Cleveland, Ohio 44135. Refer to 
LEW-17052. 
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Don'tTake 
Chances 

with your 

Designs 

Will it overheat? Will the 

stresses be too high? Will 

it break? If you are 

your models 

without using analysis , you 

could be risking a potential part 

failure - without even realizing it. Don't 

take unnecessary chances with your design. 

Use COSMOS/ throughout the design cycle to help identify 

potential problems before it's too late. 

No matter what you are designing , from the most 

complex assembly to the simplest part, COSMOS/ can improve 

the quality and performance of your models . 

COSMOS/ offers a full range of powerful design analysis tools , 

including dynamic 

optimization , motion 

electromagnetics . 

and nonlinear analysis , 

simulation , fluid dynamics , and 

Created with non-specialists in 

mind , COSMOS/ combines 

affordability, ease-of-use and 

high-end features with built-in 

accuracy tools and blindingly 

fast solvers. 

For more information on how 
COSMOS/TM gets your 
designs on target, give us a 
call today at: 

1-800-469-7287. 
Or visit us on the web at 

www.cosmosm.com. 
C Copynght 2000, Structural Research & Analysis Corp. Trademarks are the property of their respectIve owners 
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-$ Special Coverage: Design & Analysis Software 

LAP CAD Engi­
n eer in g , San 
Diego, CA, offers 
LapFEA Relea e 
5 finjte element 
analysis so ftware 
for Windows and 
Powe rM ac sys­
tem s. Th e n ew 
re lease [ealures 
an in crea ed no­
dal capac ilY of 
30,000, from lh e 

previous leve l of 5,000. This enab les comple tion of more complex 
finite elemenllTJodel ing, ana lys is, and postproces ing. 

The nodes - an entity by which finile elements a re connecled to 
each o th e r - move a long lhree a..xes and rotale around the same 
axis , having a maximum of six degrees of freedom. The software is 
priced ba ed on the number f nodes. Versions are available wi th 
1,000, 5,000, 10,000, or 20,000 nodes. 

For More Information Circle No. 711 

Altia, Co l o r ado 
Springs, CO , offers 
A1tia De ign graphi­
cal product simula­
tion software with a 
Java application pro­
gram inte rface tha l 
conn eC lS programs 

wr-illen inJava to th e graph ics crea led in AJlia DeSign. Th e soflware 
provides custom graph ics fo r new producl imlll a lio ns and virtua l 
prototype. se r a rc able lO pOSl a work.ing virtual proto type on a 
Web page and a ll ow o ther leam members to view it and interact 
with il. 

The oftware also a llows the crea tio n of monitoring and ontro l 
screens, enabling use o f the Inte rn e t to remotely monitor instru­
mentatio n and cont ro l d evices ac ross multipl e locations. 
Inte rac tive , anima ted O"raphic can be created wi tho ul program­
ming. Th e software conn ects to most sy lem sim ul a tion too ls and 
programming languages. 

For More Information Circle No. 716 

3D modeling software (or 
Wind o ws and Macintos h 
pl atforms. Ne w fea tures 
include m odeling of com­
plex shapes, and inte rop e r­
abil ity with n ew fil e transla­
tors for importing directly 
from Pr o / ENC IN EER, as 
well as ACIS STE P and ICES. 
Extend ed re nd ering tools 
provid e mate rial editin g, 
s had ow co ntr o l, a nd im ­

proved fill e ting, bl end ing, and chamfering. 
Surface creation and editing capabi li ti es in cl ude continuous sur­

face matching; elevation, contro l point manipulation , and inserti on; 
an untrim fun ction; and guide curve . I ew surface verifi cation fea­
lures include draft angle, curvature n ormals, and zebra plots. 

For More Information Circle No. 714 

2.4 3D modeling 

soflware feawres a new user 
interface, a visua li zal ion 
function for model visua li za­
tion from point clouds prior 
lO modeling, tabl e-dri ven 
modeling, inte rac live copy 
commands, and beam and 
box extrac tion routine. It 
can be used to con truct tri­
angulated meshes directly 
from loud of points. 

Po int cloud data is pro es ed into 3D models; the user can manip­
ulale the model, ex tract its geometry, o r create surface models and 
OUlput them lO various m de ling, simulati on , or CAD products. Th e 
oftware also feature aUlomatic image and lexture mapping OntO 
canned surfaces, and aUlomatic regi uation of multiple canned 

poin ts of view. 

". 

For More Information Circle No. 713 

3.0 CAD opti­
mization software from LM 

orth America, Troy, Ml , works 
with major mechanical engi­
neering oftware progla ms to 
enable the user to under tand 

hanges affect their 
designs. It automatically identi­
fies the design ' sensitivity to a 
range of parameters. A new 

network di play a llow pala meters to be grouped togethe r to simpli fy 
the display [ r la rge sets of variabl es. Users also a re able to sched ule 
simulation tasks to run over a pal<lllel network of workstations or PC . 

Ranges, values, name, and data sets can be validated before a 
Design of Experiments (DOE) is laun ched . The DOE optimization 
process all ows users to view progres , inte rrupl, and interact with the 
analy is. Thc DOE module feaLUres methodologie such a full and 
frac tional Fa toria ls, Tagllcili , and Placket Burman. ew o ptimi zati n 
me thod include lWO I)~)es of evolulion mClhod and a simulaled 
annealing algorithm. 

For More Information Circle No. 712 

nigraphic 
l. Louis, MO, has inu·o­

duced Solid Edge Version 
9 mechanical design soft­
ware that features more 
than 300 enhancements 
fo r 3D CAD. lew assem­
bly modeling capabilities 
include a weldment de­
sign environmenL fo r mo­
deling welded compo­

nents in large machinery asscmblies. De igllAs istanl sensol provid 
mon itoring of the design process u ing meter- like readouts to alen 
designers of any violation · o( uscr-clefined pa ram e lers. 

Solid Edge Web Publishe J~ an inlegrated module of the program , 
enables users lO creale web content from olid Edge design data. The 
module creates web pages WiUl compact 3D produ l model that can be 
\~ewed and manipulated "~lh ule Microsoft [ntemet Explo rer browser. 
The Xpand3D modtLl e au tomatically creates olid models (rom 2D CAD 
dla lvings, enablin g users lO migra te from 2D to 3D modeling. 

For More Information Circle No. 718 
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For all of you turning to Cray for high performance computing, or Sun for 

e-business cluster solutions, it's time to call Atipa. We can outperform either 

for a fraction of their price. 

Driven by Intel. AM D or A lpha, these Linux clusters are powered by the 

fastest interconnect technology available today. What's more, they're 

safeguarded by Atipa's comprehensive cluster management tool, and are 

available within weeks, sometimes days. Plus they come with 1-year on-site 

service. Best part ... we deliver award-winning products at a fraction of the 

cost of Sun or Cray. Ask NASA. Ask Exxon. Ask Motorola . Better yet, ask us. 

8003604346 
www.atipa.com/nasa 
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= Electrically Isolating, Thermally Coupling Devices 
Digital signals would be coupled thermally instead of electrically or optically. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

Integra ted signaling devices of a pro­
po ed type wo uld uti li ze tll e rmal cou­
pling to tran fe r digi tal signals be tween 
e lecu-o nic circuits Ulat are required to 
be kept electri cal ly i olated from each 
o tlle r. The propo ed devices wou ld be 
imple men ted a silicon-o n-insul a tor 
com plemen tary metal oxide/ semicon­
ductor (SOl CMOS) integra ted circuits 
and could tlle refo re be readi ly inte­
grated wim otll er SOl CMOS devi ce . 
Fo r some appli ca ti ons, til e proposed de­
vices cou ld be an attrac tive a lterna tive to 

conve nti onal optocouplers, which have 
not been amenable to integration with 
CMOS device becau e of a lack of sili­
con-based integra ted ources of light. 

T he therm al-co upling concept offers 
a maj or advantage a t the outse t: There 
are everal possible methods for on-chip 

con version of electri cal signals to th er­
mal o ne, and there already exists a sig­
nificant body of publi shed wo rk on th e 
conversion of tlle rmal signals to elec­
trica l on es . 

Though optimization of de ign can be 
ex pec ted to enta il signifi cant effort Witll 
attention to minute de ta ils, tile basic 
principle of opera tion and design co n­
cept (see fi gure) is stra ightforward. The 
device would include an input circuit 
(e.g., an amplifi er), tl1ro ugh which an 
input digitalignal pulse wou ld be ap­
pli ed to a resistor to genera te a pulse of 
heat. The tlle rmal pulse wou ld be con­
ducted fro m til e resistor, through an 
e lectrically insula tin g barrie r, to a the r­
mal sensor. 

The resistive heater cou ld be made of 
po lycrys talli ne ilicon. The the rmally 

conductin g, electrically in ulating bar­
d er would likely be made of a thin layer 
of Si02. A imple therm al le n co uld be 
made from a suita bly patte rn ed surface 
laye r of aluminum. (A more complex 
thermal lens might a lso include micro­
machin ed , embedded metall ic h ea t 
pipes to decrease til e tll e rmal-re pon e 
tim e.) The tll ermal ensor co uld be a sil­
icon pi n diode. 

A possible disadvantage is tha t til e 
characteristi c lim es of tllermal pro paga­
tion of signals cou ld limit the speed of 
uch a device. The propagation delay, 

coupling efficiency, and degree of elec­
tJical i o latio n of the tll e rmal-transducer 
po rtion of the device are rela ted to a 
combinati o n of several geometrical fac­
tor. Fo r example, as the distanc be­
tween the res istor and the thermal e n-

Heating ReSistor (Polycrystalline Silicon) Thermal Lens (Aluminum) 

:. :. :.:. :. :. :.: f ·: .~. : f · :. t :· : 1· :. t :· : 1· <. :. :. :.:.:. :. :. :.:. :. :. :. :.: . 
............. . .. .. . .. . . ···· · :-:-:·:- :- :-:-:-:-:-:-:·n· ·:,.:·~~.:".·. · .·.· . · . ·. ·.· . ·.·.· 

Oxide Eleclrically 
Insulating Layers 

Supply Voltage 1 

InputSi9~ 

CROSS SECTION (Not to Scale) 

1------------- 1 

1 Thermal Transducer 1 

1 1 

Thermal Lens 

Ground 1 1 

1 1 
I __ _ _______ _ _ _ J 

EQUIVALENT CIRCUIT 

Output Circuit 

Ground 2 (Isolated 
From Ground 1) 

LYtput Signal 

An Electrically Isolating, Thermally Coupling Device according to the proposal would be an SOl CMOS integrated circuit that would include an input elec­
t ronic circuit, an electrically isolating thermal transducer, and an output electronic circuit . 
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lOOnY - 750V 
lOOj.l.f2 - 120M.f2 
lOnA - 3A 
lj.lA - 3A 

The industry's most advanced high-resolution DMMs all come 

with built-in switching mainframes ideal for production testing. 

This on-board scanner lets you easi ly begin testing up to 10 

measurement points with specified measurement performance. 

In addition, the 2000-20 version of the 2000 comes with 

20 channels. 

The 2000 Series DMMs share innovative 

AI D converter design and unique front-end 

technology for high repeatability and accuracy. 

The Model 2010 (7 '12 digits) has capabi lities 

for high-speed production testing of active 

and passive components and subassemblies 

at a breakthrough price. The high performance 

Models 2001 (7'12 digits) and 2002 (8 '12 digits) deliver excep­

tional reso lution, accuracy, and sensitivity combined with high 

throughput at thousands less than comparable instruments. 

For complete specs on these DMMs, a full-line catalog, or 

to talk with an Application Engineer, contact Keithley 

today at 1-888-534-8453. 

l OOnY - 750V 
1 fi.f2 - 120M.f2 
lnA - 3A 
lj.lA - 3A 

Visit our website at www.keithley. com 

KEITHLEY 

l OOnY - 775V 
lj.l.f2 - lC.f2 
lOpA - 2. 1 A 
lOOpA - 2.1A 

lOOnY - 775V 
lOOn.f2 - lC.f2 
lOpA -2.1A 
lOOpA- 2.1 A 
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sor increases, the speed and the cou­
pling efficiency decrease. The shape of 
th e lens also exerts a significant effect on 
the coupling efficiency and speed . 

Another maj o r concern is that of 
input p ower. High instantan eous input 
power would transla te to a larger signal 
and fas ter input/ output coupling, but 
there is also a need to co nse rve energy 
and minimize spurio us heating . A 
smarter a lterna tive would be to design 
an input driver circuit that wo uld pro­
duce (1) a horter highe r-power e lect:ri­
cal pu l e to ge nerate a rapid ly rising 
thermal pu lse, fo ll owed by (2) a longer, 
lower-power pulse for maintaining th e 
thermal pu l e. The high e r-power initial 
input pu lse would thus ensure th e rapid 
triggering of the output circuit via the 
therm al sensor, and the su bsequent 
longer, lower-power input pu lse would 
guarantee the triggered state of the o ut­
put circuit. The combination of the two 
powe r pulses wou ld result in less power 
demand than would the use of simple 
high-power pulses. It would be n eces­
sary to select an optimal combinatio n of 
power levels an d pulse duration s as a 
compromise betwee n minim izing aver­
age power co nsumption and maintain­
ing th e integri ty of signals. 

A third majo r concern i that the ther­
mal signal wou ld include a varying am-

bient-temperature compon ent. It would 
be n ecessary to design the output cir­
cu it to r ej ect this component and 
rapidly co nvert th e res t into an equiva­
lent e lectrical signal. Two key param e­
ters for d esigning this circuit are th e 
resolution of the thermal detecto r and 
its conversion speed . It may be neces­
sary to amplify the output of the th e r­
mal sensor and feed th e amplifi ed sig­
nal as input to an output drive r with 
d igita l hys teresis. 

This wOTk was done by Mohammad 
Mojarradi of Caiteel! for NASA's J et Pro­
pulsion Laboratory. For furtheT informa­
tion, access the Technical Support Package 
(TSP) free on-line at www.nasatech.com 
under the Elect1'onic Comj}onents and 
Systems category. 

In accordance with Public Law 96-51 7, 
the contractor has elected to retain title to this 
invention. Inquiries concerning rights for its 
commercial use should be addTessed to 

Technology RepoTting Office 
jPL 
Mail Stop 122-11 6 
4800 Oak Grove Drive 
Pasadena, CA 91109 
(818) 354-2240 

RefeT to NPO-20640, volume and numbeT of 
this NASA Tech Briefs issue, and the page 
number. 

• Improved Ignitor and Keeper 
Power Supplies for Hall Thruster 
The key to reliable operation of a cold cathode 
is correct power-supply waveforms. 

John H. Glenn Research Center, Cleveland, Ohio 

Ignitor and keepe r power supplies 
have been developed specifically for a 
Hal l-effect thruster with a cold cathode. 
Prio r to the developmen t of these power 
supplies, difficu lties had been observed 
in the ope ra tion of cold-cathode Hall 
thruste rs; in parti cular, they d id not start 
reliably upon turn-on of power. Many 
specialists in HalJ thrusters had am-it­
uted th e difficulties to the charac teris­
ti cs of cold ca thodes as distinguished 
from those of hot cathod es. 

The developm ent of the present ig­
nitor and keeper power supplies was 
guided by the ob ervation that the key 
to re li able o pe ra tio n of cold-cath ode 
Hall thrusters is to use correct power­
supply waveforms and that the unrelia­
bi li ty of startup observed previously was 
caused by the use of incorrect wave­
forms. The present power supp li es 
comprise (1) an ignitor supply that 

www. nasatech.com 

produces a clean 1,OOO-V pulse with n o 
undersh oo t and (2) a current-limited 
kee per supply. The combination of 
these power supplies produces a wave­
form that can be relied upon to start 
operation of a cold cathode on a sta­
tionary p lasma thruster. The waveform 
produced by these power supplies can 
also be used to clean a cathode that has 
been contamina ted by exposure to the 
environmen t. 

This work was done by See-pok Wong, E. 
"Ned" ]. Britt, and R aymond L in of Space 
Power, Inc., for Glenn Research Center. 

Inquiries concerning rights for the com­
meTcial use of this invention should be ad­
dressed to NASA Glenn Research Center, 
CommeTcial Technology Office, Attn: Steve 
Fedor, Mail Stop 4-8, 21000 Brookpark 
Road, Cleveland, Ohio 44135. RefeT to 
LEW-l 6490. 
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A CAE electromagnetic package Advanced features like our intuitive and solving your own designs. In • Quick-start guide 
that immediately boosts user interface, extensive materials just one week, solve even the most • Full technical support 
productivity and saves prototyping library, powerful solvers, challenging and sophisticated 3D • Full user support 
costs is hard to find . That's where exportable data and graphics, designs. • Sample sessions 
our line of innovative boundary flexible post processing options 

Ease and Accuracy 
• Technical papers 

element method (BEM) simulation and powerful parametric • All FREE . .. 
software can help. optimization routines give you "We are using 

the most sophisticated programs Amperes to model 
We've designed each of our 

available anywhere. In addition, the recording 
packages around three basic 

our coupled electromagnetic/ process for both the 
principles: advanced technology; mechanical suite gives you writing and reading 
productivity and outstanding complete solutions. of high density data 
customer service. storage apps. We are 

Productivity very impressed 
"Integrated's software offers with the user 
Industrial Coils the ability to model friendliness and 
our designs quickly and accurately accuracy of the 
Our design time has been reduced program." 
from three weeks down to two and Dr. Sakhrat Khizroev 
a ha/fdays. Dr. Dimitri Litvinov 

Mike Potter Seagate Technologies 

AssistantEng ineering Manager, Pittsburgh,PA 

A clean, intuitive, USer interface 
Industrial Coils, Solution Your FREE Demo kit 

means the software is easier to 
Baraboo, WI. 

capabilities will have you working in 
use and learn than most other You'll be producing useful designs include: a matter of hours. electromagnetic CAE tools. in a matter of hours! We provide • magnetostatics 
Advanced Technology you with sample sessions to work • eddy currents 

Try it FREE We use Integrated's software to through, on-line help, web support 
• electrostatics 

model precision magnetic circuits and full technical and application 
• charged particle 

for the reprographics industry as support to help you solve your 
• high frequency Call today: well as other electromagnetic toughest design issues. You also 

applications. The software enables get industry standard links that • mechanical 

us to create extremely accurate connect you to your favorite • thermal 
1·204·632·5636 virtual results. This has allowed us CAD program for easy file • Andmore . .. 

to greatly reduce our prototype-to- import/export, shortening your 
Yours FREE for 30 days . .• 

production phase." design process even further. 
Call 204-632-5636 to order your tJlNTIGIATID 

ENGINEERING SOFTWARE 
Group Arnold In just minutes, install your free, no-obligation demo kit 
Mag netic Technologies Corp, program on your desktop PC. complete with : E-mail: Info@integrated.ca 
Rocheste ,~ N Y. Within one day begin working on, • Tutorials Web: www.integratedsoft.com 
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o Helium Leak Detector With Improved Sample-Delivery System 
The pressure at the inlet of a mass spectrometer is regulated. 

John F Kennedy Space Center, Flm"ida 

The fi gure chematicall y depicts a 
portable helium leak detector that in­
cludes an improved ample-delivery sys­
tem . Thi insu-l.llnentation i de igned for 
detecting leaks in the fue l and oxid izer sy -
tem of the pace huttle main engines. In 
a helium leak test, helium is used as a 
tracer gas in pia e of tlle hazardou fuel or 
oxidizer: The r'uel or oxidizer plumbing of 
interest is pr urized ,vith helium. The aft 
section of the space shuttle (wh ich section 
contain the plumbing) is purged \o\~th air, 
and th e portable heli LUn leak detector is 
used to monitor for any increase in helium 
content of the purge exhau t at concen­
u-ations down to tlle part-per-million level. 
The portable he li um leak detector can 
also be used to perform te ts to detect very 
small leaks in system other tllan tlle space 
shuttle main engi ne. 

The portable helilUn leak detector in­
cludes three instrumentation modules: a 
commercial h Iiu m leak detector, a con­
trol ystem, and a sample-clelivery system. 
These modu les, plu gas upplies, are 
mounted on one cart tllat can be wheeled 
to the te t location. 

Like other commercial helium leak de­
tectors, the pre ent one is es entially a 
mass specu-ometer designed specifically 
for detecting helium. The inlet of the mass 
pecu-ometer is attached to ule outlet of 

the ample-clelivery system. The mas pec­
trometer i connected to the control sys­
tem via an RS-232 erial data porl. 

The control sy tem includes a laptop 
computer connected via elial data ports to 
olid-state rela} and analog-to-digital con­

venel thal, in tum, are connected to the 
mass specu-ometer and the sample-clelivery 
system. TIle com puter IUns LabVIEW soft­
ware tllat controls tile general equencing of 
events, tlle switching of valve , and the ac­
quisition of data. The computer sends the 
valve commands to sobd-state relays that 
turn power on and off, as commanded, to 

control the valves. The output ignals from 
a tem perature sensor and from tlle mass 
specu-ometer are ent to tlle computer via 
the analog-to-cligital conveners. 

The software moni tor and displays 
long-term (a te t can ta.ke several hours) 
leak u-end data and saves all peninent in­
fonnation on ule hard dlive of tl1 com-

46 

puter. The software provide options for 
perfonning elf-calibration and self-leak 
te ts. Control menus on the computel- dis­
play are grouped as page or screens that 
in lude a setup page, a elf-Ieak-check 
page, an autocalibration page, and page 
dedicated to specilic test setups. ew 
pages can readily be added as needed. 

The sample-cleJivery ystem include 
pumps, valves, pressure tran ducers, and 

Control System 

mass-flow conu-ollers, aU working mgether 
to bring a sam ple from the aU1lOsphere of 
imerest to the inlet of the mass pectrom­
eter. The sample-clelivery sy tem includes 
two inlets: one for high flow and one for 
low Dow. The high-Dow inlet is for use at 
high volul11 euic purge fl ow l-ates and en­
ables the l-apid detection of leaks. The I w­
flow inlet j for use in tests tllat involve li t­
tl or no purge flO\ . 

Sampled Air In 

l 
Laptop 

Computer 

Valve-Select 
Control Sample­

Delivery 
System 

{

High 
Inlets For Flow 

Sampled Air Low 
Flow 

{

Zero 
tnlets For 

Calibration Test 
Gases 

Span 

Flow and 
Pressure Control 

PORTABLE HELIUM DETECTOR 

PORTABLE HELIUM DETECTOR DETAIL OF 
SAMPLE-DELIVERY SYSTEM 

CONNECTED TO MASS SPECTROMETER 

Sampled Air Out 

The Portable Helium Leak Detector is a cart-mounted system of three modules. One of the modules 
is the sample-delivery system, which delivers sampled air to the inlet of the mass spectromet er at reg­
ulated pressure. 
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THEF/BER 
OPTICS 

newer and 
better ways of 
attaining air and 
space superiority 
on the horizon , like 
the F-22 Raptor and 
Eurofighter Typhoon , our 
allied forces continue to 
maintain a keen edge over 
adversaries. Now, in the 21 st 
century, fiber optic technology will 
make it possible to find , track and target 
anything that moves on the Earth's surface­
critical for the expeditionary aerospace force . 

RIFOeS manufactures fiber optic test equipment and com­
ponents for the communications and military/aerospace industries. 
Whether it's for land , sea, air or space, RIFOeS is an IS09001 and 
MIL-I-45208A certified full-service provider with a proven track record. 

shop online @ www.rifocs.com 

RIFOCS Corp. INT + 1-805-389-9800 • Fax. INT + 1-805-389-9808 
sales@rifocs.com • www.rifocs.com 
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The most novel aspect of the design of 
the sample-delivery system is a provision 
for regulating the pressure at the in let of 
the mass spectrometer. The mass spec­
trometer effectively measures the partial 
pres ure of helium and therefore it is de­
sirable to regulate the total inlet pres-
ure in o rder to ensure that th e mea­

sured partial p re sure bears a known 
proportionality to the concen tration of 
helium in the sampled ai r. T he regula­
tion of the in le t pressure is effected by a 
feedback loop between a pressure trans­
ducer and a fl ow controller. Another 
unique a pect of the instrumen t is its 
abi li ty to be cali brated and provide data 
as parts-per-mill ion leakage rates. This is 
done to match the space-shu ttle main­
engine permissible leakage-ra te crite ria. 

The entire portable leak detector (in­
cluding til e car t) is 23 in . (58 cm) wide, 
45 in. (11 4 cm ) h igh, and 30 in. (76 cm) 
deep, and has a weigh t of 346 Ib (ma s of 
157 kg) . The three modu les can easily 
be removed to facili tate transport. Al l 
tllree modules are powered via a single 
115 Vac outl e t. 

This work was done by Fredrick Adams, 
Carolyn MizeU, David CoUins, and Gregg 
Breznik of Kennedy Space Center ; 
Richard I-Jritz, Fmncisco Lorenzo-Luaces, 
Guy Naylor, Curt Lampkin, Timothy Griffin, 
and Terry Greenfield of Dynacs Engineering 
Co., Inc.; and Larry Linguay f ormerly of 1-
NET, Inc. For further infonnation, access the 
Technical S'upport Package (TSP) free on-line 
at www.nasatech.com under the Test and 
Measurement category. KSC-12054 

Fiber-Optic Sensors 
for Measuring 
Oxygen Dissolved 
in Water 
Colors of immobilized metal 
complexes change in the 
presence of dissolved oxygen. 

John F. Kennedy Space Center, Florida 

Fiber-optic sen ors fo r measuring con­
centrati ons of oxygen d i olved in water 
are undergoing developme nt. In com­
parison witll electrochemical d issolved­
oxyge n sensors, the fibe r-optic sensors 
are expected to be easier to u e and 
main tain. Al 0 , un like electrochemical 
d issolved-oxygen senso r , the fiber-o ptic 
d i olved-oxygen sensors are amendable 
to connection in to networks for taking 
measurements at multiple sites. 

The fiber-o ptic enso rs de tect oxygen 
tl1rough changes in color. A sensor of 
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this type includes an optical fiber coated 
with an oxygen-conducting polymer ma­
true Specific metal complexes that ex­
hibit rapid and reversible binding of 
oxygen with associa ted changes in opti­
cal absorption spectra are immobilized 
in the polymer matrix. In operation, the 
coated fiber is immersed in water at a 
test site, and by use of optoelectronic 
components coupled with the optical 
fiber, the absorption spectrum of the 

metal complexes in the coating is mea­
sured . The absorption spectrum is then 
u-anslated into the concentration of dis­
olved oxygen. 

The absorption-measurement princi­
ple of the developmental fiber-optic sen­
sors is compatible wi th a network of dis­
tributed sensors and results in lower 
costs of insu-umentation. 

This work was done by Michael Schwartz 
of Eltron Research, Inc., f or Kennedy Space 

--- - -- -

Center. Inquiries should be addressed to 
Michael T Carter, Eltron Research, Inc., 
4600 Nautilus Ct. South, Boulder, CO 
80301; telephone (303) 530-0263. 

In accordance with Public Law 96-517, 
the contmctor has elected to retain title to this 
invention. Inquiries con cerning rights for its 
commercial use should be addressed to the 
above. Refer to KSC-11999, volume and 
number of this ASA Tech Briefs issue, 
and the page number: 

_ Gas Analyzer Measures Concentrations of H 2, O 2, and H 20 
This apparatus can help ensure safety in a system that handles liquid hydrogen. 

John F. Kennedy Space Center, Florida 
An apparatus measures small concen­

trations ofH2, O2, and H20 in flowing He 
gas. In the original application for which 
th e apparatus was developed, the flow of 
He gas is used to purge a tube through 
which liquid hydrogen is transfen-ed: 
• The tube must be purged to remove 

water vapor and oxygen prior to the 
introduction of liquid hydrogen into 
the tube; hence, it is necessary to ver­
ify tha t O2 and H20 are no longer pre-
ent in the purge gas before stopping 

this purge. 
• Once the transfer of hydroge'n 

through the tube i comple te, the tube 
mu t be purged to remove hydrogen; 
hence, it is necessary to verify that H2 is 
no longer pre en t in the purge gas be­
fore stopping this purge. 
The apparatu could al 0 be u ed to 

measure concenu-ations of H2, O2, 

and/ or H20 in other cryogenic-liquid or 
gas ys tem . 

The apparatus (see figure) include 
H2, O2, and H20 sensors; a sampling 
pump; flow controllers; a pressure trans­
ducer; a thermocouple; a computer; a 
display panel; and a modem. The H2 and 
O2 sensor can measure concentrations 
from 0 to 10 percent with accuracies of ±l 
percent of their full- cale readings and 
can with tand ound and vibration condi­
tions of a space shuttle launch. The H2 
sensor can operate at temperatures from 
-10 to +60 °C; tl1e O2 sensor can operate 
at temperatures from - 10 to +40 °C. The 
H20 sensor can measure concentrations 
from 125 parts per million (ppm) to 4 
percent, with an accuracy of ±10 ppm at 
125 ppm. The H 20 sensor can operate at 
temperatures from -10 to +40 °C. 

The computer, modem, and di play 
panel are used to conu-ol tl1e operation 
of the rest of the apparatus and to inter­
pret the sensor readings. Control and 
monitoring tasks can be performed at a 
afe location, remote from lie en ors 

and the gas ys tem during hazardous op-
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erations (e.g., opera tions in which signif­
icant quantities of both hydrogen and 
oxygen could be pre ent). 

The apparatus can be isolated from, or 
connected to, the purged liquid-hydro­
gen-transfer tube by use of manual valves 
VI and V6. Once these valves have been 
opened, the apparatus operates in the 
following sequence: 
1. Solenoid valves SV3 and SV4 are 

opened. 
2. The plumbing of the apparatus is 

purged with N2 to remove trace of H20 
water vapor tha t may have leaked in. 

3. After the N2 purge , the sampli ng 
pump is started. The pump pulls a 
sample of gas from the liquid-hydro­
gen-u-ansfer tube through SV3, then 
pu h es through the flow-control 
valves, flowmeters, an d gas sensors. 
After passing through the gas sensor, 

the sampled gas is returned through 
SV4 back into the liquid-hydrogen­
transfer tube . 
The apparatus continuously measures 

the concentrations of H 2, O2, and H20 ; 
the rates of flow in the three sensor 
lines; and the pressure and tempera­
ture of the sample gas. All data are 
logged on a host computer and dis­
played at a control station . The appara­
tus can be calibrated fro m either a re­
mote control station or from a control 
panel on the apparatus . 

This work was done by Clyde F Parrish, 
Christian J. Schwindt, Steven J. Klinko, and 
Timothy R H odge ofDynacs Engineering Co., 
Inc., for Kennedy Space Center. For further 
information, access the Technical Support 
Packaf! (TSP) free on-line at WWUlnasatech_rom 
under the Test and Measurement category. 
KSC-12136 
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The Gas Analyzer measures the concentrations of H" 0 " and H,O in t he liquid-H,-transfer t ube while 
the tube is undergoing a purge with He. 
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= Development of a Range­
Safety Smart System 

Range Safety Officers (RSOs) are used 
by NASA and other government agen­
cies to assure protection of life and prop­
erty during launch operations. The cur­
rent decision-making sy tem used by the 
RSOs at TASA Wallop Flight Faci lity 
(WFF) and th e ational Ranges, includ­
ing the Eastern Range (ER) and We t­
ern Range (WR), was conceptual ly de­
veloped in th e late 1960's and early 
1970's. From time to time, improve­
men ts have been implemented to in­
crease reliability. H owever, technology 
did not exist to make signifi cant im­
provements in the 3-to-5- econd RSO de­
cision-making time. Today, it appears 
technically feasib le to make ignificant 
improvements to this system . 

Since the 1970's, advances in technol­
ogy have signifi cantly increased the 
anlOunt of real-time data, produced low­
cost high- peed computer systems, added 
new data ources, and produced "smart" 
guidan ce systems for launch vehicle. 
Today's telemetry ystem provide large 
quantities of real-time data, whkh can be 
readily evaluated by new computer sys­
tems. These computer sy te rns now have 
the proce ing power and software to per­
form real-time analyses at low cost, with in 
the decision-making constraints of range 
safety. Global Po itioning Systems (GP s) 
have also increased the am ount of avai l­
able decision-making data. Curren tl y, 
many launch-vehicle sy te rns use mart 
guidance proces ors, which compute a 
new u-ajectory to o rbit once the vehicle 
has deviated from the pre-launch nomi­
nal traj ectory. In spite of tl1e e advance, 
the current range safety system does not 
provide the RSO witll the optimum tools 
to determine whether deviated path a re 
abnormal vehicle paths or solutions to 
unexpected conditions. 

Th e Range af ty Smart System 
(RSSS) was conceived to advance tlle 
Range Safety System technology used to 
make de u-uct/ no-destruct decisions dur­
ing veh icle fli ght. The sy tem wi ll provide 
more accurate and timely advisories on 
mu ltiple tasks or data inpu ts ,,~ thin the 
range afety time consu-aints oflaunch ve­
hicle and ground-based systems. A system 
of proce ing, analyzing, certifying, and 
compari ng me addi tional available data, 
and pre en ting it to tlle RSO in a manner 
wh ich does not add to his/ her monito r-
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ing burden, will greatly enhance the qual­
ity of the real-time de u-uct/ no-de U-uct 
decision ; additionally, it will reduce the 
probabili ty of de u-ucting a good vehicle, 
increase mission succes , and reduce op­
erational co t by reducing me number of 
RSO support personnel. 

In October 1990, Re earch Tdangle 
Institute (RTI) proposed to u tilize com­
puter thought-proces ing to evaluate 
real-time RSO decision-making data and 
pre en t it in a manner mat could reduce 
the RSO 's real-time workload and reduce 
the number of support personnel. In re­
sponse to this proposal, ASA initiated 
m e RSSS effort. To date, m e follmving 
have been comple ted: (1) System Defin i­
ti on, (2) Proof-of-Concept, and (3) De­
velopment of a RSSS Demonsu-ation 
Model. The fi r t two phase were per­
form ed by RTI. Phase III, Development 
of a Demon u-atio n Mode l, was per­
formed jointly by ASA WFF and RTI. 

The demonstration model ha been 
hown to vadou group at NASA and 

DoD. The ER utilized some of m e con­
cepts demon trated in tlle demonstra­
tion model in tll e Cassini missio n. This 
technology may be adopted by omer op­
erational groups at ASA, DoD, and m e 
private sector, who cou ld benefit from its 
data-acquiring, analyzing, and advi ing 
capabil ities. 

This work was done by Jaya Bajpayee of 
Goddard Space Flight Center . For in­
quiries on the RSSS, please contact Jaya Baj­
payee at (301)286-0569. 
GSG-13860 

@ Program Traces Rays With 
- Quadruple Precision 
QRAYPKS is a genera l-purpose FOR­

TRAN optics-analysis computer program 
tllat enables the computation of patll 
lengms to an unprecedented level of pre­
ci ion. The impetus for d eveloping 
QRAYPKS was the need to mamematically 
model an outer-space laser interferome­
ter to be u ed in detecting ~-avita tional 

waves; tile interferometer i expected to 
have a baseli ne aboLit 5 million kilometers 
long, and it i necessary to be able to 
compute tll e lengm of me base lin e to sub­
picometer precision . QRAYPKS can aI 0 

be used to model omer la rge optical sys­
tems in m eir entirety. 

The computer codes u ed heretofore 
in designing lense and o mer optical sys­
tems are capable of single- or double-
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precision arithmetic and are u itable for 
modeling of optical ys tems with dimen­
sions up to a few meters, but double-pre­
cision arithmetic cannot, by itself, re-
olve path lengths to the subpicometer 

level over m illions of kilometers. In prin­
ciple, one could obtain the required pre­
ci ion fro m such a double-precision 
code by breaking a ray-tracing problem 
into multiple parts, each small enough 
th at double precision would yield a 
meaningful result; however, thi ap­
proach would be time-consuming and 
su ceptible to erro r. 

QRAYPKS i primari ly a ray-tracing 
cod e: it traces user-specified ray 
through an optical system that consi ts 
of refractive and refl ective e lements . 
QRAYPKS can find the in tercepts of rays 
with high-order aspherical surface in 
three dimensions. It can also perform 
diffraction analysis, approximating a dif­
fraction integral as a sum . 

The input to QRAYPKS for specifying 
an optical ys tem i simi lar to the input to 
a n optical-d esign computer program 
called "CODEY." The main output of 
QRAYPKS consists of distances along rays 
between optical surface. In addition, be­
cau e QRAYPKS carries a local coordi­
nate frame with each ray, one can utilize 
the coordina te frame as part of the basis 
of a poladzation ray-traci ng code. 

QRAYPKS affo rds the required path­
length precision through the use of 
quadruple-precision arithmeti c. To take 
advantage of this capabi li ty, one must 
run QRAYPKS on a Digital Alpha (or 
equivalen t) computer, the FORTRAN 
compi le r of which supports quadruple­
prec ision arithmetic. Preferab ly, th e 
computer should contain integrated cir­
cuits capable of perform ing quadrupl e­
precision adthmeti c in hardware, be­
cau e a oft:ware imp lem entation of 
quadruple-precision a rithmeti c can mul­
tiply the compu tation time by a factor as 
large as 100. The mach ine £ (the mall­
est increment that, when added to 1, 
gives a re ul t diffe re n t from 1) in 
QRAYPKS i ",10-32

: Th is level of preci­
sion is mo re than adequate to re olve a 
subpicome ter difference in path length 
over a mu lti million-kilometer ba e line. 

This program was wl1tten by Eugene 
Waluschka of Goddard Space Flight 
Center. For further information, access the 
Technical Sut1Jort Package (TSP) free on-line 
at www.nasatech.com under the Software 
category. GSC-14362 
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... Polyaniline Compounds for Protection Against Corrosion 
Protective surface layers can be formulated and applied in various ways. 
Lyndon B . Johnson Space Center; Houston, Texas 

Corrosio n of iro n and steel sub­
stra tes can be inhibited by coating 
them with any of the wide variety of com­
pounds d enoted generally as polyani­
lines. A polyaniline suitable for th is type 
of application can be in either an electri­
cal ly conductive salt (doped ) form or an 
electrically no nconductive base form. 
Typically, polyaniline is dissolved in an or­
ganic solvent and the resulting solution is 
applied to a substrate by spraying, dip­
ping, or brushing. The solvent is then al­
lowed to evaporate leaving the sub­
stra te coa ted with a so lid film of 
polyaniline, typically 1 to 200 pm thick. 

The figure illustrates the general mo­
lecular structures of aniline monomers 
and polymers. In general, the synthesis 
of a polyaniline involves mixing an ani­
line monomer wi th a protonic acid (e.g., 
hydrochloric acid), and a polymeriza­
tion agent in an aqueous medium. The 
mixture is stirred and main tained at a 
temperature that depends upon the spe­
cific formula tion and is typically a few 
degrees above or below 0 0c. The poly­
mer forms as a blue-green precipi ta te, 
which is collected . 

The polyaniline precipi tate is washed 
with a pro tonic acid and/ or organic sol­
vent to obtain a polyaniline salt with a 
molecular structure like that shown in 
the second part of the figure. If desired , 
the polyaniline salt can be treated with 
an aqueous base (e.g., ammonium hy­
droxide) to convert the salt to a base 
with a m olecular structure like that 
shown in the third part of th e figure. 
Th e resulting po lyani lin e base is 
preferably in an oxida tion state associ­
a ted with a form of polyaniline called 
"emerald ine." The polyani line base can 
then be recovered by such established 
techniques as washing wi th an aqueous 
base and organic solvents, followed by 
vacuum d rying. 

Preferably, a coating solution is made 
from a polyaniline in the base form be­
cause of the re la tively high solubility of 
the base form. Solvents tha t can be used 
to make polyaniline base solutions in­
clude dimethyl sulfoxide, -methylpyrro­
lidinone, and te tramethylurea. The con­
centratio ns of polyani lines in useful 
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R 

Q-NHR' 
ANILINE MONOMER 

POLYANILINE SALT 

POLYANILINE BASE 

Aniline Monomers and Polymers exist in a variety of molecu lar st ructures . "R" and " R'" represent 
hyd rogen and/or alky l or alkoxyl f unctional groups cont ain in g between 1 and about 6 carbon 
atoms apiece, " A" represents an an ion, an d x is an integer. For each polyaniline, y and 1 - Y (0 $ Y 
$ 1) denote the proportions of the two types of groups depicted in parentheses; the position of 
each such group along the molecular backbone is shown for example on ly and is not known pre­
cisely in advance. 

coating solutions lie approximately in the 
range between 0.5 and 5 weight percent. 

Upon exposure to a corrosive, ac idic 
environmen t, a polyaniline coating film 
in base fo rm undergoes a conversion to 

a d oped, e lectrically conductive salt 
form. The polyan iline film coating can 
a lso be applied to th e substrate in a 
partially doped form; however, th e p ar­
tially doped polyaniline is generally 
m ore difficult to dissolve in a given sol­
vent. Usefu l dopant anioni c species 
tha t can be used to make partially 
d oped polyaniline coatings include sul­
fo nic acids and camphor su lfoni c acid; 
solvents that can dissolve the resulting 
partially d oped p olyanilines include 
toluene and substituted phenols. 

The tenacity of a polyaniline coating 
can be increased by pre treating the 
surface of th e substra te with a suitable 
compound. Compounds useful for this 
purpose are some that simultaneously 
bind chemically, via covalent or io nic 
bonds, to the surface of th e substra te 
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and to the polyaniline. Among these 
compo unds a r e phosph o ri c acid , 
polyph osphoric acid, and o rganic 
cheJa ting agen ts in which a toms fo rm 
multiple coordinate bonds with the 
substrate. 

This work was done by N. Ahmad and 
A. MacDiarmid of the University of Penn­
sylvania for Johnson Space Center. For 
further information, access the Technical 
Support Package (TSP) free on-line at 
www.nasatech ,com under the Materials 
category. 

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

University of Pennsylvania 
Center f or Technology Transf er 
Suite 300 
3700 Market Street 
Philadelphia, PA 19104-3147 
Refer to MSC-2264 7, volume and num­

ber of this ASA Tech Briefs issue, and 
the page number. 
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~ ~:v ~~:~::lRoE.~ n-q's SOFTCH* E qwp~. ~ SP~ml!!!L ~~~9,,~n~. ~~ ~ 
Or by visiting www.mathsoft.com/webstore. For volume licensing call1-BOO-62B-4223 (1-BOO-MATHCAD) today! 

CopyriJ!ht 1999. MalhSofl , In c. all rights reserved. Mnthcad and Axum are reg i ~ tcred tradema rks nnd Inlell iMnlh is fl lradcmark of !\'lathSort. lnc. 
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Improved Coatings for Flexible Insulating Blankets 
These materials offer increased resistance to erosion. 
Lyndon B. J ohnson Space Center, H ou ton, Texas 

"ACE" (for "advanced ceramic engi­
neered") denotes a type of coating mate­
rial that increases the abi I ity of flexi ble 
thermal-insulation blankets to res ist era­
i n. Developed for use on the in wating 

blankets on the space shuttle orbiters, 
these coating matel-ials could al 0 be used 
on similar te rreslJ-ial insulating blankets on 
aircraft, ngine, and fumace components. 

ACE coating are available in two vaJi­
eties; a \"hite refl ectance coating or a gray 
emittance coating. The white vaJiety i fm-­
mulated with (1) a b inder of te traethy­
lorthosilicate (TEO ), which is a polymeric 

precursor to silica and (2) a filler of high­
puri ty ilica powder. The gray vaJi ety is 
formulated with th e ame binder and 
fill er, but also contain ilicon ca rbide as 
an emittance agent. 

T he CE coatings are similar to a coating 
matelial called "G9" that has b en used on 
th space hu ttl e in ula ting blanke ts. 
(The binder in G9 is a collo idal silica.) In 
preliminary rain e ro ion te ts and in con­
secutive radiant-heat and airjet erosion 
tests, ACE coatings resisted erosion better 
than G9 coatings did. 

This work was clO!-ze !Jy Mary M. Fleming and 

Gordon R Toombs oj Rockwell International 
Corp. for Johnson Space Center. 

Ti.tle to this invention lUIS been waived under 
the provisions of the ational Aeronautics and 
Space Act (42 u.s.c. 2457(j)/, to Rockwell In­
ternational Corp. Inquiries concerning licenses Jor 
its commercial develiJ/Jment should be addressed to 

Rockwell Wm·U Headquarters 
777 East Wisconsin Avenue, 
Suite 1400 
Milwaukee, WI 53202 
Refer to MSC-22495, volume and num­

ber oj this N SA 't ch Briefs issue, arid the 
page number: 

PBO Fiber Blends: A Promise for the Future 
At least one blend exhibits superior resistance to abrasion. 
Lyndon B. Johnson Space Center, Houston, Texas 

Woven fabri comprising polybenzoxa­
zole (PBO) fib rs blended ,,~ th otll er e­
lected fibers have been found to exhibit 
combinations f properties that, in some 
applications, may be uperio r to those of 

fabrics made from either PBO alone or tile 
oth er material alo ne. T his findin g is the 
re ult of an in vestiga ti on of improved 
fabrics for potential use in space suits 
and in structu res for pro tectin g pace-

craft against micrometeoroids. Poten tial 
terrestrial appli catio n fo r th e improved 
fab rics could i ncl ude bu ll e tproof vests, 
pro tective u its fo r firefi ghters, and 
lightweight a rm o r for milita ry equip-



The last time a traditional spacecraft 
supplier built a new manufacturing factory 

We concede the nostalgic appeal. But chances are, Dad's retired the car for a more 

efficient model while some four decades later, traditional space contractors are still 

producing satellites from their old-style manufacturing plants. At Spectrum Astro, 

we're putting our customers in the fast lane with a new manufacturing, integration 

and test facility designed for unparalleled efficiency. By the end of Phase One in 

2001, we'll occupy over 274,000 square feet of floor space with a growing team 

of engineers dedicated to building the next generation of spacecraft faster and 

more reliable than ever. And with the capacity to build and test up to 27 satellites 

simultaneously, we're incorporating more innovative tools and practices to maximize 

satellite producibility and rapid production rates. Ideal for programs like SBIRS Low 

requiring the accelerated delivery of multiple satellites at lower cost, or for smaller, 

single satellite programs with high performance goals. Because today, success 

means delivering better satellite solutions on time and on budget. Which is to say, 

the rules of the road have changed. 

AFFOROABILITY THROUGH INNOVATION 

SPECTRUMASTRO 
Contact Dan Toomey in the Program Development Office 

1440 N. Fiesta Blvd. • Gilbert, Al. 85233 • Phone 480.892.8200 • FAX 480.892.2949 www.spectrumastro.com 

For More Information Circle No . 578 or Visit www .nasatech .com/578 



Description of Specimen Tensile Strength Strain, Percent Energy to Break Tensile Strength Percent Loss of LOI , Percent O2 
Before Abrasion , lb. Point, in.·lb. After Abrasion , lb. Tensile Strength 

40 % PBO, 60% Polyimide 3,527 10.57 
Hybrid, Plain Weave 

3,655 1,199 65 51 

60 % PBO, 40% Polyimide 
4,528 9.25 4,783 1,600 65 56 

Hybrid, Plain Weave 

Pure PBO, Plain Weave, 6,662 11.42 9,216 2,197 67 74 
500 Denier 

Pure PBO, Double Cloth , 7 ,890 13.91 12,480 3,930 50.2 75 
500 Denier 

Aromatic Polyimide, Plain 
3,739 8.541 3,772 327.8 91 .2 37 

Weave, 1,500 Denier 

PBO/Aramid Felt-PBO 
(Inside) Aramid Felt Triple 5,631 6.956 6,002 2.972 47 40 

Cloth 

PBO Fiber Blend Test Dat a shows enhanced abrasion resistance and other similar properties versus PBO alone and polyimide alone. 

men t and person nel, a well as tethers for 
parachute or aircraft. 

PBO is characterized by high value of 
thermo-oxidative stability and tensil e 
strength - a combination of properties 
tllat make PBO de irable for many appli­
cations, ind ud.ing those desClibed above. 
However, PBO exhibits some of the sanle 
deficiencie - in particular, limited flex 
life and Limited resistance to abrasion -
observed in o ther high-modulus fiber ma­
terial . Therefore, woven fiber blend with 

Program 
Successes: 

• fTRAC 
• SAIP 
• jSAS 

PBO were investigated in an effort to in­
crease fl ex life and re i tance to abrasion 
witll0ut sacrificing tensile trength or resis­
tance to flames and heat. 

In the investigation, enhanced perfor­
mance was sought through changes in the 
stTuctures of yarns and fabrics through 
blending PBO multifilament yarns with 
o tller high-performance filamentary mate­
rial . Specimens in the form of webs 2 in. 
(=5.1 cm) wide were made from PBO and 
other matelials as foUows: 

• LANDSAT-l 

· oP 
• TIS 

no one has more experience in 

storing the real world. 

56 

• MIE 

• fDOS 
• JSTARS 

Capture, process and display real·time data with direct attached and 
networked storage olutions from Ciprico. 

Get the performance you want and the technology you need with our 
easy to install COTS (commercial-off·the-sheIO storage systems. Ciprico has 
over 20 years experience in designing high·speed image data storage. You 
can count on that same expertise in our Fibre Channel SA infrastruoures. 

For more information, visit our website at www.ciprico.com 
or call 1.800.727.4669. 

~ 
C IPR ICO 

2800 Campus Drive, 

i~f.SSlt~4~nn.es~~a)(~~:;,~51.4002 

Far More Information Circle No. 416 or Visit www.nasatech.com/416 

• A plied (double-cloth) fablic consisting en­
tirely of PBO (one of two control speci­
men ); 

• A plai n-weave fa bric consi ting entire ly 
of PBO; 

• pLied fabric con i ting en tirely of Kevlar 
aromatic polyamide (the oth er control 
specimen); 

• A pLied yarn hybrid of which 60 percent 
consi ted of PBO fibers and 40 percent 
consisted of high-temperature-re istan t, 
wear-resi tant polyimide fibers known by 
the trade name "P84"; 

• A plied yarn hyblid consi ting of 40-per­
cent PBO and 60-percent P84 polyim ide; 
and 

• A hyblid fabric consisting of 70-percent 
PBO and 30-percent omex aramid felt. 
The specimen were abrad ed according 

to a Federal specification for te ting for re­
sistance to abrasion . The specimens were 
te ted for ten ile strength before and after 
abrasion. They were also evaluated with 
respect to limiting oxygen index (LOI) 
(a measure of resistance to burning). 

The table pre ents some of the data 
from the tests. The PBOj Tomex-blend 
specimen re isted abrasion belter than did 
the pure-PBO pecimen. Although the 
LOIs of the blend specimens were les 
than th ose of the pure-PBO specimens, 
th ey were still much higher than that of 
any o ther commercially available poly­
mer fiber fabric of the sam e den ity. Th e 
LOIs of all am pies tested sati fy th e 
flame-re istance requiremen ts for use in 
th e space-shu ttle cabin , which is an indi­
cation tha t PBO fiber blends have great 
potenti al for pace craft applications. 

This work was done IJy Evelyne OmdoJJ of 
Johnson Space Center, Sleven ClaTke of AL­
bany International ReseaTch Co., and Rajib 
Dasgupta of Lockheed MaTtin. FOT fUTther in­
formation, access the Technical Support Pack­
age (TSP) free on-line at www.nasatech.com 
under the Materials categoTY. MSC-22957 

ASA Tech Bliefs, November 2000 
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Ultra-Hard Coating 
Keeps Blade Edges 
Sharp 20X Longer 
Ultra-hard GOLDENEDGE~ is 
a mi cro-thin , uniform, dense 
coating thar lengthens the edge­
life of blades, kni ves, slillers, 
and Olher sharp-edged devices 

by 20X - dramatically reducing costly downtime. 
Beeau e GOLDENEDGE is so hard, 0 fi ne-grained, 
and so thin, 0.00004" to 0.00006" (1.0 lO 1.5 microns), 
it prevents blade dul li ng, even on 7°_ 9° angles. It 
exhibits superior resistance to most chemicals; meet 
FDA /US D A codes; a nd has a se rv ice te mp of 
-300°F ( 184°C) to + I QOOoF (538°C). 

800-852-3301 • E-Mail : info @mag naplate.com 

www.magnap late.com 

For More Information Circle No. 588 

.. Self-Lubricating 
Thermal Spray 
Prevents Wear And 
Corrosion 
Se lf - l u b ri c atin g 
PLAS MADIZEo - The Nex t 
Generation in Thermal Spray 
Coa ti ngs - is th e fir s t to 

co mp ly with FDA/USDAI Agri Can ada codes. It 
features a revolutionary, low coefficient-of-fr iclion, 
me ta l I ce ra mi cl po ly me r matri x th at improves 
re liab il ity of la rge or s ma ll pa n s by pro tectin g 
aga ins t corros ion and c hem ical s (e.g. c hlor ides, 
bleaches) and res isting wear. Available as a non­
stick (release) or gripping urface. 

800-852-3301 • E-Mail : info @magnaplate.com 
www.magnaplate.c o m 

For More Information Circle No. 589 

._----.- Non-Stick Release 

.' ~":::=:'~-
Coating Prevents 
Residue Buildup Of 
Adhesives And Glue 

=:,.-

• - MAGNAPLA TE TNSO coatings 
~ _' __ . _ create a permanent, non-stick 

• - surface on metal rolls, guides, 
'---- ----' sealing bars, and all types of 

la be ling, pressure-sens it ive ta pe, and ad hes ives 
formulating equ ipment and maChi nery. These TNS 
coatings eliminate the need for sprays or other release 
agents. They a lso provide supe rio r res is ta nce to 
corros ion a nd wea r; and can be used at operating 
temperatures up to 300°F ( 149°C). Release properties 
are adjustable to meet design specs. 

800-852-3301 • E·Ma il: info @magnaplate.com 

www.magnaplate.c o m 

For More Information Circle No. 590 

Provides Superior 
Resistance To 
Chemicals And 

LEcrROFLUOR·, for all base 
metals or combinations of metals, 

L-.!ii~~~!.....J i a e ri e o f pro pr ie ta ry 
polymer and copolymer-based 

coatings that offer a solution to chemical and corrosion 
exposure problems, especially in hostile environments. 
and at temperature extremes from -400°F (-240°C) to 
+500°F (+288°C). This coating also exhibits excellent 
mold re lease properties and is highly recommended for 
use in design app/ica(ions where dielectric properties 
and resistance to radiation ancVor UV are mandated. 

800·852-3301 • E-Mai l: info @magnaplate.co m 
www.magna p late.c o m 

For More Information Circle No. 591 

ADVERTISEMENT 

Magnaplate coatings solve tOUgh 
wear, corrosion, and release 

problems on critical metal parts. 
Developed for use in space, our "Synergistic" coatings 
offer improved performance and increased reliability 

in thousands of "down-to-earth" applications. 

Only Magnaplate surface enhancements 
give you these key benefits: 

• Create a harder-than-steel surface • Res ist corrosion and chemical attack 

• Prevent abrasive wear and ga ll ing • Provide a non-stick, low COF surface 

• Release properties e li minate sprays • Many meet FDA/ USDA/ AgriCanada codes 

• Many provide an anti-static barrier • Outperform chrome and stainless steel 

• Permanently self-lubricating • Won 't chip, peel, flake or rub off 

aB General Magnaplare 

1-800-852-3301 • www.magnaplate.com 
1331 Rt. 1 • Linde n, NJ 07036 . FAX (908) 862-6110 . E-mail : info@m agnapla te .com 

Other plants: Ventu ra CA, Arlington TX, Racine WI, Ajax, Ont., Canada 
Ueensees in Sweden, Germany, United Kingdom, The Netherlands, and Japan 

Genera l 
Magnaplote 
~-~ I 

~ Engineering 
• Data Guide 
~ 

i 
' I 

New, 8-page En g inee rin g 
Dara and Applicatio n Gui de 
deta ils technical informati on 

II o n 13 surface e nh ance ment 
II coatings for metal pan s. The 

fo ll owi ng tech-data fo r each 
coa ting is eas il y ide nt ified : 

desc r ipLi on, hardn ess. res i stance to wear and 
abras ion, corrosion resis ta nce. thi ckness, fricti on 
pro pert ies. die lectric and thermal properlies, and 
appl icat ions. Many examples of pan s, which were 
t rea ted wi th a Mag na pl a te coa tin g to so lve a 
CUSlOmer's problem, are also shown. 

800·852·3301 • E-Mail: info @magnaplate.com 
www.mag na p late.c o m 

For More Information Circle No. 592 

For More Information Circle No. 594 

Gives Aluminum 
Maximum Corrosion 
Resistance 
MAG APLATE HCR- is an 
ultra-hard, surface-enhanc ing 
treatment that offers alumInum 

.~~~ 
• _ a nd a luminum a lloy pa rts 

;;;a. Tr~ extraordinari ly-high, permanent 

protection against corrosion. The coating creates a dry­
lubricated, ant i-abras ion, ant i-s talic, and ant i-st ick 
surface that withstands sail spray for over 15,000 hours 
- well beyond any known treatment for aIuminum. It 
exhibits a coeffi cient of fricLion as low as 0 .09 and an 
operating temp range of _ 11 0°F (-79°C) to +600°F 
(+3 16°C). Meets FDA codes for food and drug use. 

800-852·3301 • E·Mail: info @magnaplate.com 
www.mag n a p late .com 

For More Information Circle No. 593 
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0 Air-Displacement Volumometer With Soft Sides 
Complete submersion of the subject in water is no longer necessary. 

Lyndon B . Johnson Space Center, Houston, Texas 

An a ir-di p lace me nt vo lumo me te r 
with oft ides has been devised fo r 
measurin g th e volume of a huma n 
body. Thi appara tus could be useful in 
h ospita l , medica l research labo ra to­
ri e , clini cs, a thletic fa ciliti e , and th e 
like. It co uld also b used to measure 
th e vo lu me of irregularl y shaped ob­
j ects with d im ensions comparable to 
th o e of a human body. 

T he traditiona l procedure fo r mea­
suring th e volume of a human body is 
based o n the Archimedean principle of 
we ighing th e ubj ect in a ir, th en we igh­
ing th e subj ect unde rwater, th en equa t­
ing the vo lum e of the subj ect to th e vol­
um e of wate r displaced, as indicated by 
th e d iffe re nce be twee n th e two we ight 
measurem ents. In th i procedure, th e 
subj ct i requ ired to exhale totally, 
hold his o r J1 r br alh , and submerg 
tota lly in wa te r. The traditi o na l proce­
dure i o bviou ly not sui table fo r sub­
j ects wh o are hydrophobic o r ave r e to 
to ta l exh ala tion. 

Th use of air-displace ment vo lu­
mo me te rs doe no t involve imme rsion , 
and tota l exhala tion i unneces a ry. Ai r­
di place ment volu mo mete rs with ha rd 
sides we re used during th e ea rly 1960s, 
bu t we re a bandon ed because th ey gave 
re la tive ly inaccura te res ult (±5 pe l-­
cen t) . Mo reove r, hard-sided a ir-di s­
place me n t vo l um o me te rs we re la rge 
and no t por table. The p rese nt soft­
sided a ir-di splacem e nt vo lum o me te r 
gives re la tively accurate res ul ts (±0.1 5 
pe rcent) and is portable. 

The oft- ided a ir-di place ment vo lu­
mom te r consist mostly o f a herm e ti c 
bag Witll pres ure ports and a he rm eti­
cally sealing zipper (see fi gure) . The 
bag is a lso marked with two compres­
sion SLOP ; th e e a re line to which th e 
lower e nd of th e bag is roll ed to provide 
com pre sion to a sequence of known 
vo lume. The measurement procedure 
i as fo llows: 
l. The ubj ct ente rs the bag, whi ch i 

th en zippe red hu t. 
2. The bag is infl a ted to a gauge pres­

ure of 10 cm H 20 (0.98 kPa ) . 
3. The subj ect is as ked to h old his o r 

he r brea th during th e next step. 

5 

4. The bag is ro lled up to th e fir t com­
pression stop and he ld th e re mo me n­
ta rily, th en ro lled up to th e second 
com pre sion Stop. The pressure is 
recorded continuously during thi s 
com pression process. 

5 . Th e subj ect is instru cted to breath e. 
6. Steps 2 through 5 a re repeated fo ur 

more tim es to obta in a tota l of fi ve 
tri als, each involving a seque nce of 
three pressure measuremen ts (the 
initial infl a tio n pres ure and th e 
pres ures a t th e two co mpre io n 
tops) . 

ing the ideal-gas law, o ne calcu­
la te th e vo lum e of tlle person o r irreg­
u la r object in the bag from tl1 e no minal 
emp ty-bag vo lumes and corresponding 
pres ure readin gs a t initi a l infl a ti o n 
and th e two co mpre io n top fo r each 
trial. Th ca lcula ted vo lu mes a re then 
ave raged over tll e five tria ls. The re­
sul ts of th e e calculati on ar e indepe n­
de nt of th e e las ti city of the bag, pro­
vided th a t the e las ti city of the bag 
remain constan t ove r tll e sma ll ra nges 
of pre ure and volum es u ed in th e 
measureme n ts . 
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Hook-and-Pile ~1;1;lli~ 
Fastening Material -20 in .--

on Flap at End 
-24in.---

Pressure Ports 

The Bag Is Zipped Shut With a Person Inside, then inflated slightly, then rolled up to the compression 
stops in sequence, all the whi le recording the pressure in the bag. The volume of the person can be 
computed from the pressure readings and the nominal (zero-pressure) empty-bag volumes. 

www.nasatech .com ASA Tech Briefs, ovember 2000 
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o 
800-323-4340 www.coleparmer.com 
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It's new, it's big, 

and it's FREE! The 

2001/02 Cole-Parmer® 

General Catalog has 
expanded to over 

2,200 pages featuring 

exclusive, hard-to-find 

items along with the 

basics you expect. 

Brand name products, 

expert technical 

support, and easy 

ordering. 



F T H SIS Y 0 

w o R L 

o Foster development time 
o Confidence in results 

oert o(Jmance software 

THE 

o High performance numerical, statistical and 
3D visualization components 

o 30 years of software innovation 
o Used by over 6000 sites worldwide 

WH E R E S U LTS MATTER 

Numerical Algorithms Group • 630971 2337 
www.nag .cam / infa / ntb • info - ntb @ nag com 

For More Information Circle No. 417 
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THE G-LOGGERTM 
PORTABLE VIBRATION AND SHOCK 

DATA ACQUISITION SYSTEM 
• Battery Powered for up to 3 Weeks 
• Tri-Axial Accelerometers 
• 8 Mbytes Non-Volatile Memory 
• Simple PC-based Mission Setup 

and Data Analysis 
• Automatic Tracking Anti-Aliasing Filters 
• Periodic or Triggered Event Recording 
• User-Selectable Data Rates and Types 

· 1 to 4000 samples per second 
· AC and DC Acceleration 
· AC and DC Peak Acceleration 
· Peak Acceleration Events 
· RMS Acceleration 
· AC Velocity and Peak Velocity 
· RMS AC Velocity 
· Temperature 

Portable data acquisition system with three accelerometers. Ideal for 
recording transportation shock, vibration and tilt, aircraft flight testing, 
unattended machinery monitoring, and automotive environmental testing. 

rii1 
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SILICON DESIGNS, INC. 
1445 NW Mall Street Phone: 425-391-8329 
Issaquah , WA 98027 FAX: 425-391-0446 

Visit our home page at www.silicondesigns.com 

For More Information Circle No. 418 

This wOTk. was done by Steven F Siconolfi 
oJ] ohnson Space Center. For JuTther infor­
mation, access the 7echnical SUPPOTt Package 
(TSP) free on-line at www.nasatech.com 
under the Nlechanics category. 

This invention has been patented by NASA 
(U. s. Patent No. 5,948,977). Inquiries con­
cerning nonexclusive OT exclusive license fOT its 
coml1u{rcial development should be addTessed to 
the Patent Counsel, Johnson Space Center; 
(281) 483-0837. Refer to MSG22653. 

o Improved 
Methodology for 
Dynamics of 
Orbiter Payload 
Bay Doors 
Lyndon B. Johnson Space Center, 
Houston, Texas 

The Payload Bay Door Dynamics Sim­
ula tion (PBDS) computer program im­
ula te the mechanical behavior of the 
space-shuttl e payload bay door and 
their la tching and driving mecha nism 
durin g opening, closing, la tchin g, and 
unla tching. PBDS was developed to re­
place an Ider program that was com­
puta tionally in efficient and tha t imu­
la ted tll e door hinge inco rrec tly. In 
PBDS, the la rge sys tem of dynamical 
equatio ns of the payload-bay-doo r sy -
tem i decompo ed into smaller ys tem 
of dynamica l equations at the mecha­
nism leve l. This d ecomposition involve 
decouplin g thro ugh neglect of th e in­
e rtia l param eters of the drivin g and 
la tching mechanism , which a re small 
relative to those of the doo rs. The equa­
tions of motion of tll e doors, which are 
fl exible, are derived by use of a Carte-
ian fl ex ibl e-body formulation . Th e 

equa tions of motion of the mechani ms 
a re deJ-ived by u e of an efficient recur­
sive formu la ti on. Though decoupled dy­
namicall y, the door and tll e mechanisms 
are coupled kin ematically. In solving the 
mechanism equations, the response of 
the doo r a t points where tll e doo r is a t­
tached to tl1e mechanisms a re fed as in­
puts to th e mechani m equation . The 
outputs of the mechanism equations are 
forces and torques, which are fed back 
to tll e doo r equatio ns to complete tll e 
computational cycle. 

This work was done by Shih-Chin Wu of 
Boeing North American, Inc., fOT Johnson 
Space Center. FOT f1Lrther information, 
access the Technical uppOTI Package (TSP) 
free on-line at www.llasatech.com under the 
Mechanics category. MSG22845 

J ASA Tech Brief! , ovember 2000 
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• 1000 Torr to UHV range 

• 0.3% controller accuracy 

• Bayard-Alpert gauge compatible 

===~===_liiiiiiiii_iiiiii1'~ · Pressure vs. time curves 
• 4 analog input/output ports 
• R5-232 interface 

• 8 process control channels (opt) 

• GPII and Web interfaces (opt) 

Best of all , the IGC 100 is fully 
you need is a computer, your favorite brow r 
and a network connection , and you can access 
your controller from anywhere in the world . 



0- Computer-Controlled Power Tool 
Torque or speed is regulated, and operational history can be analyzed. 
GoddaTd Space Flight Center; Greenbelt, MaTyland 

The figure depicts the exterior ap­
pearance of a pi tol-grip rotary power 
tool that can be u ed to turn a drill bit, 
wrench ocket, screwdriver, or o ther 
tool bit clockwise or counterclockwise 
at a contro ll ed speed or torque . This 
tool is an updated ver ion of the o ne 
de cribed in "Pisto l-Gr ip Torques­
Measuring Power Tool " (G C-13706), 
NASA Tech Briefs, Vo l. 23, No.7 Uuly 
1999) , page 36. Lik other tools that it 
superficially re emble , it contain an 
electric motor drive powered by e ithe r 
a battery or a power-supply circu it with 
a standard power-line conn ection. Un­
like other such tools, this tool also con­
tains the fo llowing: 
• Torque and temperature ensor; 
• Shaft-rotation pulse-coun ting and 

timing circu itry for measuring speed ; 
• Externa l contro ls for e tting the 

mode of operati on, the di rection of 
rotation, and the desired value of 
speed or torque; 

• An on board computer that generates 
its own timing signals and monitors 
and conu-o l the overa ll operation of 
the tool; 

• A drive circu it through which the on­
board computer controls the electric 
current app li ed to the motor; 

• An alphanumeric di play for u e in 
programming and monitoring opera­
tional parameters; 

• Light-emitting-diode (LED) torque, 
power-on / off, and fault indicator; 
and 

• A port for com munication between 
the on board computer and an exter­
nal comp ute ]-. 
In the cu tomary manner, the opera­

tor of the too l pre e a u-igger to put 
the too l in a running tate and release 
the trigger to put th e tool in an idling 
tate. During operation , the digital out­

put of the torque and temperature 
sensors and of the speed-m easuring cir­
cuiu-y are presented to the o n board 
computer. The oftware in the on board 
computer implement an interrupt­
driven tate machine for the purpose 
of monitoring ope rational parameter , 
controlling peed or torq ue, keeping a 
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This Rotary Power Tool superficially resemb les other such too ls but includes additional circuitry, in­
cluding an onboard computer, that provides enhanced ca pabilities for control of speed and t orque, 
detection of faults, and analysis of operation . 

h istor y of o pera tion , and com municat­
ing with the external computer. 

The history of operation includes 
records of two types: (l) data on 

www.nasatech.com 

torque and shaft angle a fun cti ons of 
time during the tighten ing and / or 
loosening of faste ners; and (2) records 
of even ts (e.g. , turn-o n of power or 
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overheating). These records are stored in non­
vola tile memories in the onboard computer. The 
o nboard and external compu ter communicate 
with each other for the purpose of transferring 
th ese records so that the exte rnal compute r can 
be used to analyze operation and/ or to modify op­
erational parameters. Operati onal parame ters can 
be transferred from the external computer to a 
nonvolatile memory in th e onboard computer; 
thus, in effect, the ex ternal compu ter can p ro­
gram and re mo tely control the tool. 

This work was done by Kenneth W Wagner, James C. 
Taylor, and Paul W Richards of Goddard Sp ace Flight 
Center. For further injormation, access the Technical 
Support Package (TSP) free on-line at www.nasatech. 
com under the Machinery/ Automation category. 

This invention has been patented by NASA (U.S. 
Patent No . 5,903,462). Inquiries concerning nonexclu­
sive or exclusive license for its commercial development 
should be addressed to the Patent Counsel, Goddard 
Space Flight Center; (301) 286-7351. Refer to GSC-
13879. 

-0 Technique for 
Controlling Gas 
Generation in a 
Bioreactor 
In the reactor, bubbles are suppressed 
by pressurizing the liquid flowing 
through it. 
Lyndon B. Johnson Space Center; 
H ouston, Texas 

A p ressure-swing technique has been developed 
for controlling the generation and fl ow of gas in an 
anae robic biological reactor and associa ted equ ip­
me nt in a sys te m tha t processes wastewater. The 
purpose and effec t of the technique is to prevent 
the formatio n of gas bubbles in the reactor; if al­
lowed to coale ce in th e reactor, gas bubbles could 
impede the fl ow of the liquid stream, rendering 
the treaune n t system less effective. T he techn ique 
was conce ived for application to a wastewate r 
treatmen t sy tern tha t wo uld o perate in micro­
gravity, but coul d also be app li ed to bioreactor sys­
tem (e.g., fermentation systems) that opera te in 
Earth-normal gravi ty. 

A represen tative ys tem that implements th e pre­
sen t technique (see figure) includes a packed-bed 
reactor that is inocu la ted wi th anaerobic micro-or­
ganisms, a gas/ liquid separator, a pum p, a back­
pressu re re li ef valve , and associated plumbing and 
other hardware. Wastewater is fe d in to the system at 
a constant rate, and effluen t is removed from the 
system at the same rate, both at a pressu re near am­
bien t. T he pump pressurizes the water to 25 psig 
(gauge pres ure of 172 kPa) and circulates the 
wa ter thro ugh the bio reactor at a ra te of 20 tim es 
the influent/ effl uent rate. After pas ing th ro ugh 
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the reactor, the water flows 
through the back-pressure relief 
valve and is thereby depressur­
ized to near ambient pressure. 

In the reactor, the pressure is 
high enough to keep all gases in 
solution; this includes gaseous 
waste products generated by 
micro-organisms th rough their 
metabolism of contaminants in 
the wastewater. The depressur­
ization causes the gaseous waste 
products generated in the reac­
tor to evolve into gas bubbles. 
The resulting two-phase mixture 
flows into a gas/ liquid separator. 
The separated gases are vented 
to the atmosphere, and the sepa­
rated liquid travels to the pump, 
where it is repressurized for the 
next pass through the reactor. 

The design size of the reactor 

Pressure 
25 psig 

Pressure at or 
Near Ambient 

---- ... Bioreactor 1----00 --- - ------

t 
Influent 

~'-----v----' 
Two-Phase 

(Gas + Liquid) 
Flow in This Region 

..-- Liquid Flow 

Waste Gas 

Effluent 

Gas/Liquid 
Separator 

is based on the desired rate of 
flow and the anticipated dai ly 
contaminant loading of the 
wastewater to be treated. The re-

The Higher Pressure in the portion of the flow path that includes the bioreactor keeps gases in solution. The 
lower pressure in the portion of the f low path that includes the gaslliquid separator allows gases to come out 
of solution. 

actor pressure and the ratio between the 
recircu lating flow and the inlet or ou tlet 
flow could differ from the values stated 
above; for a given application, they are 
calculated to maintain gases in solution 

in the bioreactor. In general, the use of 
a higher pressure makes it possible to re­
duce the liquid recirculation rate. 

This wOTk was done by Karen D. Picker­
ing and Eugene K. UngaT of Johnson 

Space Center. For further information, ac­
cess the Technical Support Package (TSP) 
free on-line at www.nasatech.com under 
the Machinery/Automation category. 
MSC-22987 

64 

RACAL ... HEIM 

What's in the cards? 

A Great Deal from Racal-Heim! 
THE REVOLUTIONARY NEW D20f. 

The DATA ACQUISITION SYSTEM 
with flexibility to select 

interchangeable solid state/tape/disc drives 
in a single box solution. 

www.racal-heim.comracal-heim@racalusa.com 
Racal Recorders, Inc. 480 Spring Park Place, Suite 1000 Hemdon, VA 20170 Tel: 703/375-7636 or 800/431-4813 Fax: 703-375-7675 

For More Information Circle No. 436 l ASA Tech Brief , November 2000 



Solid Edge Is The Most Productive Solid Modeler. 
Independent Benchmarks Prove It: When 
Magic Circle, makers of turn-on-a-dime lawn 
mowers, compared solid modelers, Solid 
Edge mowed down the competition . Magic 
Circle says, "The difference is amazing. If 
people realized how much faster they could 
work in Solid Edge, they'd never choose one 
of the hard-to-use-systems." 

Solid Edge Users Get To Market Up To 
75% Faster: With Solid Edge, Magic Circle 
accomplished in 4 months what took 
18 months with their previous CAD system. 

First To Earn A Positive ROI: "And it gets 
better," Magic Circle adds. Benchmarks 
proved Solid Edge was the easiest to use, the 
fastest to learn and generated the fastest 
return on investment. 

First With New Technology: Independent 
benchmarks prove Solid Edge is the most 
productive. Solid Edge is also the first to 
provide innovative CAD technologies. So 
you can be confident Solid Edge will always 
be the most productive, and Solid Edge users 
will always mow down their competition . 

www.solid-edge.com 
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~ Passive Radiative Cooler for Use in Outer Space 
High-temperature superconductors are cooled radiatively to operating temperatures. 

Lyndon B. Johnson Space Center; Houston, Texas 

The figure d epicts a passive radiative 
coo ler designed for use in o uter space. 
The design of this device conjoins ra­
dia tive a nd conductive thermal-i so la­
ti on features, which , in furth er con­
juncti o n with a favorab le spacecraft 
a ttitude and on-orbit therm al environ­
ment, can be util ized to coo l specim ns 
of high-te rn perature su perconducti ng 
material to o pera ting temperatures. 
Once install ed on a spacecraft o r even 
on the lunar surface, the passive radia­
tive cooler will per form the cooling 
function that would o therwi e be per­
formed by a more expendables-hungry 
cryogenic system. Thi d evice, which 
ha the added advantage of no moving 
part , can operate in low orbit around 
the Earth in the space-shuttl e cargo bay. 
Small and adaptable to many spacec raft 
an d mounting configura tion , thi de­
vice can be used to d emonsu-a te app li­
catio ns tha t in volve uperconductivi ty. 
Commerc ia lly, thi d evice can advance 
the art by providing a simplifi ed a lter­
native for sate llites equipped with in­
frared (IR) detectors or apparatuse 
that ex plo it superconductivi ty. 

The current art in cooling sensors or 
specimens of superconducting or other 
materia ls in outer space invo lves the use 
of cryogenic cooling sy tern ; the opera­
ti on of uch ys tems is more complex 
and cer tain ly more costly in expend­
ables (cr yoge nic flu ids) than is the use 
of the pas ive radiati e cooling capabi lity 
of outer space itself. Though radiative 
coolers other than tll e present one have 
been used before in oute r space, th ose 
devices can operate o nly on interplane­
tar y spacecraft, on spacecraft in high 
orbit ar und the Eartll , o r on spacecraft 
in low o rbit around the Eartll under ta i­
lored illumina tion condition (i.e., Sun­
synch ronous o rbi ts). The tll e rmal-radia­
tion environment of a high orbit around 
the Earth differs marked ly from tlla t of a 
low orbit around the Earth: the proxim­
ity of tlle Earth gives rise to undesirable 
heating by IR radiati on fro m the Earth 
plus refl ected solar rad iation refl ected 
from the Earth (albedo) from a large 
porti on of tll e fi eld of view. The pre ent 
pa sive radiative cooler provides hie ld-
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SIDE VIEW WITH SHADE REMOVED 

SLANT VIEW WITH SHADE IN PLACE 

This Passive Radiative Cooler shields a sample from infrared radiation incident from large off-ax is an­
gles while allowing infrared radiation to escape to space at angles closer to the axis. 
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ing against the radiation from the Sun and Eardl and is of a 
size and simplicity that make it suitable for operation in the 
space-shutde cargo bay, which i also a source of IR heating. 

The three main components of the passive radiative cooler 
are a mounting base , a conical shade, and a conical radia­
tor/ sample tray. The mounting base includes a low-dlermal­
conductance structure for holding the conical shade. The con­
ical radiator i susp ended within the con ical shade by 
ten ioned nonmetall ic cords, which provide (1) a high degree 
of isolation agai nst thermal conduction and (2) protection 
against vibration for the ample tray and the radiator. Both the 
outside of the conical radiator and the inside of the conical 
shade are fabricated with a low-IR-emittance finish for a high 
degree of radiative isolation. T he in ide of the conical radiator 
is given a high-IR-emittance finish to promote high radiative 
transfer of heat to space. 

An item that one seeks to cool (e.g., a specimen of a high­
temperature superconductor) is affixed to the sample tray, and 
the passive radiative cooler is mounted on a spacecraft struc­
ture that faces away from the Sun or a planet. As the spacecraft 
o rbi ts in a specified attitude, the sample tray and sample are 
cooled radiatively. The cone angle of the radiator is chosen to 
afford adequate radiative heat rejection while enabling the 
cone to shie ld the sample from viewing other bodies (the 
Earth, the Sun, or nearby objects) that could adversely affect 
heat balance of the sample. 

A relatively high degree of thermal isolation can be 
ach ieved. For example, in a test of a prototype of the passive ra­
diative cooler, a sample temperature of 116 K was achieved in 
the presence of a mounting surface at a temperature of 240 K. 

The passive radiative cooler is expected to function widlin a 
remarkable temperature range. The basic passive-radiative­
cooler design is flexible and scalable; for exam pie, if the device 
is to be mounted in a location with few nearby obstructions, it 
cou ld be beneficial to design for a mOl-e open cone. The pas­
sive radiative cooler can be mounted on a spacecraft for cool­
ing samples of high-temperature uperconductors or other ma­
terials, detectors, or sensors, provided the environment and 
spacecraft attitude meet the specified cri teria. Final ly, again a -
suming dlat sufficient isolation from the surface can be 
ach ieved , the passive radiative cooler can even be used on dle 
lunar surface to cool sensors. 

This work was done ily Steven L. Rickman, Ross C. Iacomini, 
David S. McCann, Robert C. Brown, and Yuan-Chyau Chang of 
J ohnson Space Center and ilyJeJfrey A. Clayhold, Ching-Wu (Paul) 
Chu, A lien W. Linnen, Jr. , and Yuyi X ue of the Texas Center for Super­
cond1Lctivity, University of Houston. 
MSC-22712 

@ Magnetically Enhanced 
Propellant Isolator 
for Ion Sources 
A magnetic field inhibits the diffusion 
of electrons. 
J ohn H. Glenn Research Center, Cleveland, Ohio 

A magnetically enhanced, high-voltage propellant isolator 
has been conceived for incorporation in to materials-process­
ing or space-based ion systems. The high-voltage isolator is 
needed to provide electrical isolation between the ion source, 
typically at high voltage, and the gas-feed system. 
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H eretofore, it ha been the 
usual practice to p rovid e the 
requ ired electrical isola tio n 
by installing ceramic breaks 
(secti on of ce r a m .ic tu b es) 
b e twee n grounded gas-fee d 
lines and the high-vo ltage 
plasma source, as shown in 
the upper part of Figure 1. 
Unfo rtunately, a t o pera ti ng 
pressu res between 13 Pa and 
13 kPa and kilovolt potentials, 
the short ceramic spacer can 
often fa il due to e lec tr ical 
breakdown of the feed gas, 
th ereby causing a highly con­
ductive plasma discharge ·to 
for m inside the ceramic. Such 
breakdowns effectively sh ort 
th e ion source to near ground 
p ote nti als , thu s preve nt­
ing h igh-voltage operation. 

A magne ti cally e nhan ced , 
high-voltage isola tor, as shown 
in the lower part of Figure 1, 
consists of a conventional ce-

Ceramic Tube 
Grounded Metal Tube \ Metal Tube Connected to Plasma 

C'""octod to :: \P~ .' .• " ... .. '. ~:Z:~ at High Voltag. 

FlowotG"' L &; ,,,,:., .. : ... o: ••• ... ~mrJ • 

CONVENTIONAL 

Permanent Magnets 

MAGNETICALLY ENHANCED 

ramic isolator immersed in a 
stro ng tran sverse magn etic 
fi eld . The strong, transverse 

Figure 1. A Magnetically Enhanced Propellant Isolator, which isolat es the gas-feed line from the ion source, is basi­
cally a conventiona l isolator tube sandwiched between permanent magnets that generate a strong, t ransverse f ield. 

fie ld is provided by commercially avail­
able rare-earth magnets. The magnetic 
fi eld increases the breakdown voltage at 
a give n iso lator in tern al pressu re , 
thereby wid ening the range of opera t­
ing conditions over wh ich breakdown 
d oes no t occur. 

The p rimar y purpose of the mag­
ne tic fie ld is to severely res tr ict the mo­
tion of e lec trons paralle l to th e axis of 

4,500 

4,000 

3,500 

.!!l g 3,000 

~ 
C 2,500 Q) 

0 

th e isolator. To firs t approximation, 
electrons are constrained to move in 
circles about magneti c-field lines and 
can diffu se across the transverse fie ld 
only by collision with neutral mole­
cul es or ion s. To inhibit th e diffusio n 
of electrons along the axis so as to pre­
vent avalanch e formation and break­
d own, the magne tic fie ld must be 
strong enough such tha t th e electron 
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cyclotron fre quency (which is propor­
tional to the magne tic-fie ld strength ) 
greatly exceeds th e frequency of colli­
sio ns between electrons and neutrals. 

A pro totype magne tically enhan ced 
isolator was constructed by placing rare­
ear th magnets on opposite sides of a 
convention al isolator. The transverse 
magnetic fie ld associated wi th this con­
figuration was 2.6 kG on centerline. In 

tests a t various gas pressures, the 
breakdown poten tial of the mag­
netically-enhanced isolator were 
found to exceed those of the 
same isola tor wi thout magnetic 
enhancemen t (see Figu re 2). 
Th e grea test in crease in 
b rea kd ow n p o t e ntia l was 
achieved at low pressures; this 
was expected because under 
those conditions, electron mo­
tion is sufficiently magnetized 
due to the lower e lectron-neu­
tral collision frequency. 

This work was done try John E. 
Foster of Glenn Research Center, 
For further information, access the 
Technical Support Package (TSP) 
free on-line at urww.nasatech.com 
under the Physical Sciences category. 

Inquiries concerning rights for the 
commercial use of this invention 
should be addressed to NASA Glenn 
Research Center; Commercial Tech­
nology Office, Attn: Steve Fedor, 

Figure 2. The Breakdown Potential applied between the ends of a protot ype isolator tube similar to that of Fig­
ure 1, with and without magnetic enhancement, was measured as a function of xenon gas pressure. These plots 
have the form of typical Paschen breakdown curves. 

Mail Stop 4-8, 21000 Brookpark 
Road, Cleveland, Ohio 44135. 
Refer to LEW-16749. 
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@ Buoy Instrumented for 
Spectral Measurement 
of Water Quality 
John F Kennedy Space Center, Florida 

An insu'umented buoy measure selected aspects of the spec­
o-um of upwelling light for assessment of "water quali ty." The 
buoy carries a previously pa ten ted optical-backscatter probe that 
contai ns a hyperspeco-al sensor. The output of the probe is 
processed by a small onboard computer. Cellular-telephone cir­
cuitry on the buoy transmi ts spectral-signature data to a com­
puter system that, in turn, makes the data avai lable immediately 
over the World Wide Web. Power is supplied by gel batteli es 
charged by a solar photovoltaic panel on top of the buoy. The 
scalable optical-backscatter probe is a scalable module fabricated 
separately from the buoy and the o ther equipment described 
above; the buoy and the o ther equipment are designed to ac­
commodate and mate with the optical probe. Optionally, the in­
strumen tation on the buoy G ill be augmented by incorporation 
of additional sen ors (e.g., a pH sensor current meter) . The cur­
rent version of the buoy is not intended to function in the pres­
ence of high wi nd and waves; it i de igned primarily for opera­
tion under relatively calm-sea cond itio n in shallow, 
semien closed natural bodies of water (pond , lakes, lagoon ). 

This wO'rk was done !Jy ChaTles Bostaler of Flmida Institute of Tech­
nology for Kennedy Space Center. For fuTlher infor/nation, please con­
tact http://www. oen.fit. edu/ lYuo),-
KSG12053 

@ Magnetostrictive Heat Switches 
Actuated by Flux Tubes 
A switch would remain "open" or "closed" 
until actuated to change its state. 

NA SA's Jet P.ropulsion Laboratory, Pasadena, California 

In a proposed improvement on the ba ic concept of a magne­
to trictive heat s,,~tch for cr yogenic applications, the magneti c 
field needed for actuation would be generated by a supercon­
ducting flux tube (SIT) . A closely related concept for a magne­
tostrictive heat switch was pre ented in "Magnetostrictive Heat 
Switch for Cryogenic Use " ( PO-20274), NASA Tech Briefs, Vol. 
23, No.8, (August, 1999), p.48. To recapinuate: The main ther­
mal contact in the heat switch would be made or broken by mak­
ing or breaking, respectively, the mechan ical con tact between (1) 
the moving end of a rod of magnetosuictive material and (2) a 
fixed con tact pad . The magn e tic fie ld needed for ac tuation 
would be generated by use of a superconducting olenoid. 

T he use of an SIT in tead of a supercond ucting solenoid 
would be a significan t and advantageou departure from the ear­
lier proposal . In the ca e of a solenoid, it would be necessary to 
upply current continuously to the solenoid to mai ntain th e mag­

netic fie ld needed to keep the switch in either the "open" or 
"clo ed" state; turning off the current in the olenoid would 
cause the switch to revert to th e opposite state. In contrast, in the 
case ofan SIT, the magne tic fl ux would remain constant without 
power applied (oth er than th e separate power needed in any 
event to mai ntain the cryogenic environment) . Thus, an SIT-ac­
tuated heat switch would be bistable; it would remain in either 
th e "open" or "closed" state unti l toggled into the oppOSite state. 
Toggling wo uld be effected by applyi ng a pu lsed current to a coil 
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around the IT to change the magnetic 
flux and thereby change the degree of 
magnetostIi ction. 

In com pari on with externally ac tuated 
mechanical and gas-gap heat switches, 
both the supercondllcting-solenoid SIT­
type magneto trictive hea t wi tches would 
offe r th e advantage of Ie s heat leakage. 
Both magnetostrictive heat witche 
would function at the temperatures of the 
device to be dlermal ly swi tched, wi dl lit­
de or no dlerm al hy tere is, The ~\~tching 

tim e f eidl e r magnetostri ctive hea t 
switch wou ld be only about one d10U­
sandth of dla t of a gas-gap heat switch . 
The SIT-actuated ~\~tch would offer the 
additional advantage th at in the steady 
state, any thermal distu rbance dl at it 
would intI-oduce would be almost unmea­
surably mall an d, in mo t cases, com­
ple tely negligible. 

SITs mad e of bismuth strontium cal­
cium copper oxide (B CeO) are already 
available. Typical length and outer diam­
ete r are of the ordel- of centimeter , and 
bore diameters range upward ft- m 1 cm . 
Flux densiti es range from 0 to 10 T in dl e 
approximate temperature range fro m 77 
K (liquid nitrogen) to 4 K (liquid he­
lium) . The e flux densities are more than 
adequate fo r a magneto trictive heat 
switch; the range of Oux densiti e for mag­
nelO tI-ictive matel-ials that have b en in­
ves tigated fo r u e in heat witche is 0 to 
0.2 T in the given temp rature range. 

This work was done 17)' Robert Chave oj 
Called! Jor 'ASA's J et Propulsion Labo­
ratory. FOT Jurther information, access the 
Technical SUPPOTt Package (TSP) free on-li.ne 
at www.nasa.tech .com undeT the Physical 

ciences calegOTY. 
'PO-20502 

@Magnetostrictive Valves Actuated 
by Flux Tubes 
Power would be applied during toggling only. 
NASA's Jet Propulsion L aboratory, Pasadena, California 

Magnetostri tive valve for cryogeni c ap­
plications would be aCl"uated by upercon­
ducting fl ux l1.lbes ( ITs), according to a 
propo al. The reasoning behind ul is pro­
posal closely tracks that of th e proposal to 
use ITs in magneto tI-iCl"ive heat SI.vi tches, 
as reported in the precedi ng article. 

Previous versions of magneto tI-ictive 
valves for cryogenic application were de­
scribed in "MagnetostI-ictive Valve for Use 
at Low Temperature" (NPO-19480) , NASA 
Tech B1iejs, Vol. 21, No. 2 (February 1997), 
page 14b and "Improved Magnetostrictive 
Valve for U e at Low Temperature" (NPO-
20271 ), NASA Tech Briej , Vol. 23, No.8 
(August 1999), page 4 . in magne­
tostIictive heat s\~~ tches, dle act1.1ator in 
magnetostrictive valves are magnetostric­
tive rods, and actuation i effected by tur n­
ing magnetic fi elds on or off. 

lagnetostricuve valves are useful pri­
marily in cryoge n ic in strumen ta ti o n. 
They are especially useful fo r controlling 
fl ows ofliquid helium . Typical ly, a magne­
tostI-ictive valve is required to operate in 
a normally closed (energize-fo r-fl ow) 
mode. The magnetic fi elds needed for ac­
tua tion of magne to tri ctive valve like 
th ose reported previously can be gener­
ated by eidler normally conductive or su­
perconductive olenoidal o ils. It i neces­
sary to supply current continuously to dle 
solenoids to maintain the magnetic fi elds 
needed to keep the valve open. 

SIT for magneto trictive valve ould 
be made of bismuul trontium calcium 
copper oxide (BSeeO ), a described in 
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more detail in dle preceding articl e. As in 
the case of a magnetostI-ictive heat witch, 
dle mai n advan tage of u ing an IT (in­
stead of a solenoid) to a tuate a magne­
to trictive valve is dla t the valve would re­
main in eimer me "open" or "clo ed" state 
until toggled into dle 0ppo ite state byap­
plyi ng a pulsed curren t to a coil around 
th e IT to change the magnetic flux and 
th ereby change th e degree of magne­
tostI-iction . It ma even be possible to e­
lect flux leve l corre ponding to tates in­
term ediate between "open" and "closed" 
to regulate fl ow; in that case, dle valve 
would remai n in the elected fl ow ta te, 
l.vi thOut powel-applied , until actu ated in to 
dl e next sta te. 

The advan tages of magnetostrl ctIve 
valves actua ted by eidler superconducting 
olenoids or ITs are almost identical to 

those of similarly actu a ted magneto tIic­
tive heat switches; low heat leakage, litde 
or no thermal hysteresis, and functional­
ity at tile temperal1.lres of th e fl ows to be 
controlled. Val es actuated hydraulically 
\~dl helium as the hyd raulic fluid offe r 
fl ow contro l with minimal thermal pertur­
bation of cr yogenic e ll\~ronments , but op-

rate \~dl re ponse times about 100 times 
tho e of magneto trictive valves. 

This w01'k was done by R obert Chave oj 
Called! Jor NASA's J et Propulsion Labo­
ratory. For JUTther information, access the 
Technical S1Lpport Package (T SP) free on-line 
at www.nasatech.c011l undeT the Physical 
Sciences categoTy. 
NPO-20503 
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@ Liquid Shell Insulation 
At high temperatures and pressures, probes would last just long enough to take readings. 
NASA's Jet Propulsion Laboratory, Pasadena, California 

A new concept called "liquid shell in­
sulation " ha been proposed as a mean 
of temporary thermal protection for sci­
enti.fic instrument probes that are re­
quired to operate for short times in hot, 
high-pressure environments. Liquid she ll 
insulation wa conceived to protec t 
probes tha t wou ld be dropped from 
spa eCl-aft to great depths in the atmos­
pheres of the outer planets. For example, 
a t a depth ofl ,OOO km onJupiter, a probe 
would have to withstand a pressure of 
about 4,000 Earth atmosphere (=0.4 
CPa) and a temperature of about 1,800 
K On Earth, liqu id hell insulation might 
be u eful D r protectin g probes thaL 
would be inserted in undersea volcan ic 
vents or deep oil wells. 

The liqu id hell insulation wou ld b 
placed out ide the pres ure-bearing 
outer wall of a instrument pwbe; thi 
would be done so that, in ad diti on to th e 
delicate instrumentation within, the 
outer wal l would al 0 be thermally pro­
tect d . Thermal pwtection of the outer 
wall wou ld be necessary to prevent the 
crippli ng los of mechanical strength that 
wou ld occur if th e wall were allowed to be 
heated to 1,000 K o r more. 

As its name sugge ts, liquid shell insu­
la tion would be a shell-like tructure, 
with a liquid-filled porous insul atio n ma­
terial urro unding the pressure-bearing 
outer wall ( ee fi gure). The ba ic [unc­
tio n of the li qu id shell in ulatio n would 
be to provide a sufficiently long charac­
ter isti c tll e rmal tim e so th a t the pro­
tected instruments would no t exceed 
th e maximum allowable te mpera ture 
after the required collection and trans­
mission of da ta has occurred. In addi­
tio n to the liqu id shell, tll e probe would 
be equipped Witll a su-eamlined ex ternal 
hell for low drag, so that it could de­

scend to the required deptll in a mini­
mum time. The inner su rface of the 
pressure ve sel wou ld be lined witll as c­
ondary in u lating layer con isting of 
fib erglass with xe non gas fi ll ing tll e in­
te rstices; this laye r would kee p tll e in­
su-uments much coo ler than the pres-
ure ve sel, wh ich, in turn , would be 

much cooler tllan the environment. 
The design of th e liquid shell must 

combine me fo llO\ving features in order 
to function properly in a high-pressure, 
h igh-temperature enviwnment: 
• Low thermal conductivi ty to li mit heat­

ing of the pressure ve sel, 
• High heat capaCity to ab orb most of 

the heat conducted in from tll e envi­
ronm ent, 
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Pressure Vessel 

Stabilizing Tail 

~~;-;---- Xenon-Filled 
Fiberglass 
Insulation 

Payload 
(Instruments 
To Be Protected) 

A Scientific Instrument Probe would include instruments inside a pressure vessel that would be cov­
ered by liquid shell insulation that WOUld, in turn, be covered by a streamlined outer shell. The liq­
uid shell insulation would provide temporary protection against high ambient temperature. 

• Equalization of me pres ure in the liq­
uid witll the ambient pressure to pre­
vent loading of the min streamlined 
outer shell; 

• Means to prevent hot ambient gases 
from entering into me shell and com­
pmm ising its insu lating abi li ty. 
According to me current design con-

cept, me liquid shell would be made of a 
porous solid fi lled Witll a liquid. To mini­
mize tlle u-an fer of heat tllrough me 
she ll , tlle design and con truction of tlle 
porou solid component must minimize 
spuriou convective motion of the fluid 
and attenuate th e radiative transfer of 
heat energy, whi le al lowing some convec­
tive motion because of expansion and 
venting of the liquid as described below. 

Bom ammonia and water have been 
considered for use as me liqu id. Both of 
me e fluids have very high specifi c heat 
capacitie and modera te tllermal conduc­
tivities. Equally important, in the original 
planetary-exploration scenario, eitller of 
mese fluids wou ld slowly ex pand during 
atmospheric descent becau e tlle expan­
sion du e to heating wou ld more than off­
set me shrinkage due to pres urization . 
Therefore, me she ll wou ld have to be 
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open to the auno phere through a check 
valve in order to equalize tll e pre sure 
across tlle thin streamlined outer shell. 
The check valve wou ld not only prevent 
ambient gas from entering the shell , but 
wou ld also a llow the expanding heated 
liquid to I ave tll e he U, carrying heat 
witll it. Although tll e liquid ammonia or 
water would expand during me aUllO­
pheric de cent, it wou ld not undergo 
pha e change becau e me ambient pre -
sure would greatly exceed me cl-itical 
pressure of eitll er flu id [113 aun (11.4 
MPa) for ammoni a, 220 atm (22.3 MPa) 
for water] _ 

If ammonia were used , some of it 
wou ld dissoc iate into n itl"Ogen and hy­
drogen at high te m pel-a ture . The en­
dothermic dissoc iation reaction would 
ab orb hea t, th ereby improving th e 
overall insula tin g performance of the 
liquid she ll. 

This wOTk was done by Jeffery L. Halt oj 
Caltecl~ JOT NASA's J et P ropulsion Labora­
tory. For JUTther injormation, access the Tech­
nical Support Package (TSP) free on-line at 
wurw.nasatedl.com under the Physical Sci­
ences category. 
NPO-20648 
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fj Linking Employee Appraisals to Organizational Goals 
Evaluation of employee performance would be systematized, centralized, and automated. 
J ohn F Kennedy Space Center; Florida 

The Goal Performan ce Evaluation 
System (GPES) i an Internet-based au­
tomated management information ys­
tem (see figure) now undergoing devel­
opme nt at Kennedy pace Center 
(KSC). The GPES is de igned to per­
form two major function: 
1. Serve as a strategic management tool 

that directly link through au tomation 

the goals and obj ectives of the ABA 
Strategic Plan and KSC Implementa­
tion Plan through individual perfor­
mance plans; and 

2. erve as a Performance Management 
tool that facilitate the definition , ap­
praisal, and strategic linking of eve ry 
civil service employee performan ce 
plan to the NASA Strategic Plan. 

GOAL 

PERFORMANCE 

EVALUATION 

SYSTEM 

OPES is an automated ma:n.a.gemenl system deSlg1lcd to integrate the NASA Strategic & Enterprise Plans. the KSC's StrategiC Implementation Plan, Office 
Mi$$ion Objectives & Strategies, Valuable Center En.abling Functions and Employee performance PlanIApprau:als 

Bridging the gap between strategic plans and an employee's work 

Q Learn about the strategic management concepts that drives GPES 

Acco rdin g to ASA' Strateg ic 
Management Handbook, the fina l link­
age between each employee' perfor­
mance and high-level o rganizatio nal 
goal is made via tlle employee 's perfor­
man ce plan and appraisal, but hereto­
fore, linkage proce ses had not been de­
fin ed by NASA or by KSC. The GPES 
would define the linkage proce ses and 

_ Co .. " ••• ,~m ,,""m.~ .. ' , .. "" .. 

~~~~~~~~ 
Logon to GPES 

First Name : IKSq Employee ID: 155 

Last Name : r::IE'"'M=PL'"'0:":"YE=E-4 ----; Userid: r"lk-sce- m-p4----- · 

Middile Initial: I Mailcode ·IST-Y 
Supervisor: I r: S:::T:-:--Y-:-:M-:-an-ag-e-r.7:KS=-C~----3"'· Access Levee ro-
PD Number I 
Official Title I r -----------------: 

Functional Trtle I 

Reset Password 

The GPES Home Page and a standard fo rm for edit ing employee data are two examples of inte ractive displays provided by the GPES vi a the Internet, for 
use by employees and managers. 
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would serve a a central, systematic, automated means to im­
plemen t the processes. The GPES consi ts of two parts: (1) the 
In tegrated Business System Model (IBSM) and (2) a data-base 
app lication program. 

The IBSM defines the documents and proces es for relating 
ASA and KSC goals to the employee. T he IBSM is an updated 

means of adm ini tering three management sy tems that have 
been in u e at KSC: ISO-9000, Strategic Planning, and the 
Employee Performance Com munication System (EPCS) . The 
IBSM was developed to reduce the work of maintain ing these 
systems and to im prove understanding of in terrelationships 
anlOng them. 

The data-base appli cation program makes it possible to 
maintain all 1,700 employees ' performance p lans in one cen­
tral data base. Some features of the program are the following: 
• A manager add item to an employee' performance plan 

by selecting them from a pull-down Ii t of obj ectives and 
strategie . 

• An employee can provide information on m~or accomplish­
ments re levant to items in hi or her perform ance plan . Ad­
ditionall y, the sy tern faci litate' the assimila tio n of em­
ployee/ manager achievement data into office, directorate, 
and Center-wide reports . 

• A manager can review information provided by an employee 
and add performance-assessment comments. 

• The employee's performance plan can be printed on the 
KSC tandard EPCS form. 

• The program generates several reports, including one that 
shows a distribution of the number of employees contribut­
ing to each trategy. 

• Performance plan for the entire Center can be changed si­
multaneously to reflect redirection in Agency/ KSC Strate­
gic Plan , or rephrasing of current obj ec tives and strate­
gies . Heretofore , each employee's performance plan wa 
tated in a separate document, maintained by use of word 

proce sing software, that a manager or secretary had to up­
date individually. 
At the time of reporting the information for this article, the 

Internet application program has successfully completed its 
first performance development cycle both at KSC and at the 
J ohnson Space Center. Based on the organizational and man­
agement benefits, Stennis Space Center is currently deploying 
the Internet application for the 1999 - 2000 year performance 
cycle. In additi on, the Marshall Space Flight Center and the 
Langley Research Center are bOtll evaluating the application 
as a pilot program. 

Anticipated organ izational benefits from the GPES, in addi­
tion to those mentioned above, include the following: 
• Clo er alignment between resources and high-level organ iza­

tional goals; 
• Increase in efficiency through automation and tandardiza­

tion of performance planning; 
• Encouragement of eros -fu nctional job assignmen ts for em­

ployees tllrough the on-line performance definition and as­
sessment from multiple supervi or ; 

• Increase in communication; 
• More feedback for better monitoring of how well tl1e organi­

zation and its subdivision are performing; and 
• Facilitation of changes in organizational roles. 

This work was done by Christopher J Carlson, j ennifer c. Kunz, 
and Lesa B. Roe of Kennedy Space Center. For further information, 
access the Technical Support Package (TSP) free on-line at www. 
nasatech.com under the Information Sciences category. 

Inquiries concerning rights for the commercial use of this inven­
tion should be addressed to the Technology Programs and Commer­
cialization Office, Kennedy SPace Center, (407) 867-6373. Refer to 
KSC-12036. 
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-$- Special Coverage: Data Acquisition 

Choosing and Using USB 
Data Acquisition Peripherals 

The Universal Serial Bus (USB), built into thousands of pes and laptops, 
has undergone a major upgrade. Here's what you need to know about USB 
data acquisition, and other computer peripherals, controllers, and software. 

tion bu of choice for 
scanner, printe rs, mo­
dem , palm tops, digi­
tal cameras, and back­
up devices. 

USB 2.0 is poised to replace 
USB 1.1 , offe rin g 480 

Mb I s (megabits per second) 
data transfers (40 time the 
speed) and opening up new 
applicati ons. Th e USB was cre­
ated by a consortium of manu­
facturer - includi ng Intel, 
Microsoft, and Compaq - to 
simpli fy the connection of ex­
ternal peri pherals to personal 
computers. Unlike the ISA and 
PCI buses tha t requir a user to 
open the computer to install a 
pe riph eral, aU USB connec­
tion are on the outs ide of the 
box. A ingle, low-co t cable, 
which typically is supplied with 
the peripheral, carries power 
and ignal connection, though 
some power-h ungry devices 
may require ex ternal suppli es. 

A USB data acquisi tion function module device interfaces with Hewlett-Packard's 
Virtual Engineering Environment (VEE) software in Windows 2000. 

Mainstream data ac­
qu isiti on manufactur­
ers like ationa l Instru­
ment , IOtech, and 
Data Translation offer 
USB alternatives to PCI 
and I A plug-in boards. 
Typicall y, the e USB 
data acq uisition mod­
ules have performance, 
feature , and oftware 
support comparable to 
conve ntional model. 
But they offer a signifi­
cant adva ntage - port­
abili ty. For perh aps the 

USB devices are tJlle plug-and-play. 
There is no etti ng of addres lines, in­
te rrup ts, or configuration jumpers. The 
host PC automatically identifie a pe­
ripheral when it is plugged in an d 
searches for the software necessary to 
operate it. The first time a d evice is used, 
the u er is prompted to instal l the driv­
ers and application, a proces that takes 
just a few minutes. 

Expandabili ty is anoth e r USB strong 
point. Up to 127 devices can con nect to 
a single SB-equipped computer imul­
tane usly, using expansio n hubs and 
cable assemblies tha t are sold every­
where from compu ter sho ps to Office­
Max® and Wal-Mart®. 

A Truly Universal Bus 
With both Inte l a nd 1icro oft pro­

moting it, acceptance of the USB has 
been eno rm ous sin ce its introducti on 
about five year ago . Today, vi nuall y all 
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IBM- and Macintosh-compatib le de k­
to p PCs on the market p rovide two 
USB ports , and most laptops provide 
one. USB po rt fo r o lder machine can 
be added using a PCI bus ys tem con­
troller board , which is available fo r Ie s 
than 100. 

Equally important, these USB po rts 
have fu ll software upport under th e 
mo t popular personal computer oper­
ating systems, including Microsoft Win­
dows 98, Windows 2000, Mac OS 8.5 and 
8.6, and the latest distribution ofLinux. 
Support for individual peripheral i 
nearly univer a l under Window and 
MacOS, but limited under Linux to pop­
ular devices such as mice , keyboards, 
printers, modems, and Zip d rives. 

Of greater intere t to PC users, 
though , a re the hundreds of USB pe­
rip herals currently ava il abl e, including 
high-performance data acq Ul mon 
modules. USB has supplanted e ria l, 
parall el, and even SCSI a th e connec-
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fi rst time, u e rs can move a data acqui i­
tion ys tem between portable o r de ktop 
computer as ea ilya a Zip drive. 

Data Transfer Speed 
Despite its widespread acceptance, the 

main limitation of the SB has been 
technica l. SB 1.1 ' 12 Mb/ s data 
tllroughput is fin e for modera te-speed 
applications, including mo t data acqu i­
si ti on u e , but not fast enough to sup­
POrt high-reso lutio n printers and scan­
ners, imaging, a nd hig hest- peed, 
megahertz-plu data acqu i ition applica­
tions. For example, 12 Mb/s translate 
to 1.5 MB/ s (megabyte per s on d) . 
But this is a theoretical number. In the 
real world , where bu overhead, sy tem 
la tencies, and other devices sharing the 
bus a ll slow things down , sustained 12- or 
16-bit transfer of data acqu i ition sam­
ple are substantia ll y slower, on the 
orde r of 300 to 400 kS/ s (ki losamples 
per second). 
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Th is tec hnical limita tion has now 
been add re sed. In April 2000, the USB 
2.0 Promo te r Group released the fina l 
2.0 pecification . USB 2.0 exceed tll e 
previous version 's peed barrier with 40 
times the bandwidth: 480 Mb/ . Ad­
vances uch as larger packet ize and 
new transfe r modes make high-speed 
transfers mo re efficient. As higher-per­
fo rm a nce B pe ripherals become 
more widespread, 2.0' additi onal band­
wid th will make it feasible to connect 
more U B periph erals, upportin g mu l­
titas king oflwa re ope rations without 
slow-d owns. 

ince Apri l, a mad dash has begun 
among hardware and software develop­
ers to create 2.0-complian t system con­
tro ll ers, hu bs, and peripheral , and to 
ensure full support unde r Window and 

iacO . Dozens of peri ph eraJ are sla ted 
for re lea e la te tllis year, with more wide-
pread avail abili ty in 2001. Data Transla­

ti on is active ly developing 2.0-compliant 
hardware, and it's safe to say tha t most 
data acqu isition develope rs are plann ing 
to have 2.0 hardware when 2.0-ready 
computer tart hipping. 

As of August, however, the ingle 
event nece sary to ensure 2.0 ' wide ac­
ce ptance ha not OCCUlTed - its inclu­
sio n in ch ip e ts built in to la test-m odel 
P s from Dell , Compaq, Gateway, and 
Hewle tt-Packard. It's expected tllat 2.0 
eventually will replace 1.1 in PCs, but the 
changeover d ate i not cl ea r - perh aps 
in 2001. Fo r developers and oUler early 
adopter who can 't wait, USB 2.0 can be 
had today: 2.0 i supported under the 
la te t ve rsions of Window 2000; plug-in 
2.0 system contro ll e r boards are avail­
able; and 2.0-compliant periph erals are 
ta rting to appear. 

USB Data Acquisition 
Products 

The conve nience of USB and its h igh 
perform ance make it a na tural environ­
ment for data acqu isition . However, ul e 
requ irements for a USB-based da ta ac­
qU ISluon ys tem are a litue different 
from Ul0 e fo r more conventional I A­
and PI-bas d ys tem . Here are a few 
thin gs to check: 

• Self-Powered. B modul es 10 e 
much of th eir conveni e nce a nd 
portabil ity if they require ex tern al 
power. Thi can be a problem, since 
USB modu le are pecifi ed for far 
I s powe r th an PCI devices, but lyp­
ically per-fo rm ule same fun ctions. 
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With the peed li mita­
tions imposed by USB 
1. 1, th i hasn ' t been a 
problem. But USB 2.0 wi ll 
suppo rt ule highest pe r­
fo rm a nce data acqui i­
tio n devices, whi ch al 0 

te nd to be th e mos t 
power-hungry. Look for 
Single-functi on USB 2.0 
modules. 

• Data FIFO. Un li ke PCI 
and ISA boa rds, USB 
modu les do no t u e ys­
lem interrup ts . Wh il e th is 

a maj o r in ta ll a ti o n 
convenience, it doe 
mean Ulat the devi ce can 
wait a relative ly long time 
befo re data tra nsfers 
begin. Onboard FIFO 
buffe rs cache th e data 

Users easily can move a data acquisition system between 
portable or desktop computers with plug-and-play USB devices. 

unti l ule bus becomes avail able; 512 
samples is a reasonable ize for USB 
l.x peripheral. Higher speed 2.0 
devices a re li ke ly to need mo re. 

• Software Compatibility and Support. 
Obviously, any data acqu isition prod­
uct should have fu ll software sup­
port. This range from device driv­
e rs, SDKs (Softw'a re Deve lo pment 
Kits), and Acti veX controls, to com­
ple te visual programming environ­
ments like HP VEE and LabVIEW. 
But if ul e USB modu le is not your 
first data acquisition device, choose a 
USB brand-mate tha t le ts ex istin g 
programs n.1ll with li ttl e or no modi­
fi catio n. Look fo r products that use 
a consistent se t of low-level d rive l­
calls to e nfo rce device-to-devi ce soft­
ware compatibility. 

• Convenient and Flexible Connec­
tion Schemes. Wo uld yo u rather 
onnect input and outpu t devices di­

rectly to the USB modul e? Or i it 
more convenient to use a eparate 
te rminal panel and be able to di -
conn ect eve ryulin g a t once? Make 

sure the data acquisition modu le 
you choo e gives you the option you 
prefe r. And , if you wi ll be measuring 
th erm ocoupl es or RTDs, or require 
voltage iso latio n, make sure a well­
integra ted ignal-condition ing op­
ti on is available. 

While the bleed ing edge of SB 2.0 
system and peripherals is al ready here, 
mass-market products have yet to arrive. 
"Vith countl ess companie working on 
2.0 products , it isjust a matter of time be­
fore computer manLlfacturer announce 
tha t USB 2.0 is here. High-perfo rman e 
periph erals - devi ces like high-speed 
data acquisition modu les that can 't exi t 
on 1.1 - are Ii ke ly to lead tlle way. In the 
meantime, the evolution to 2.0 systems 
will not make previous products obso­
le te . And consider the advantage 
po rta ble, ex pa nda bl e USB prod uct 
offer over plug-in P I alternative. 

For more information, contact the author 
oj this aTticle, Tim L udy, jJroduct maTit.eting 
manager Jor data acquisition, at Data Trans­
lation, M aTlboro, MA; Tel: 508-481-3700; 
www.datatranslation.com. 

Overview of Peri herals Buses 
PCI Bus USB I.I US B 2.0 rEEE 1394 

Seed >1= I Gbits/s 12 Mb/s 480 Mb/s >1= 400 Mb/s 
Internal External External External 

Yes No No No 
No Yes Yes Yes 

Graphics Cards, Peripherals Peripherals Digital Video 
Sound Cards, 

Disk Controllers 
> I Msamplesls 400 kS/s > I Msamplesls NA' 

'Not applicable because of the extremely limited avai labil ity of data acquisition peripherals. 

Figure 1. 
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. Program Summarizes Operational Data From a Complex System 
NA SA's Jet Propulsion Laboratory, Pasadena, California 

Engin eerin g Data Summ ariza tion 
Flight Software is a compute r program 
designed for use aboard a spacecraft to 
implement a con cept, called "beacon 
monitoring," that ha been discussed in 
several prior NASA Tech Briefs articles. 
The program generates sum mari e of 
operational data (e .g., sensor read ings) 
that represent the state of the space­
craft, and thereby reduces both (1) th e 
quanti ty of informa tion that mu t be 
telemetered to a ground stati on and (2) 
the time and cost of analyzing the da ta 
to diagno e the spacecraft. The pro­
gram can al 0 be u ed to reduce the cost 

of diagnosing a complex terre tria l sy -
tem. The program generate event-dri-
en summaries of events since the last 

contac t. For each event, the program 
identifies the en or and its read out 
data tha t triggered increased moni tor­
ing, and gathers data from that enso r 
a nd cau ally re la ted sensors at a high 
sampling rate aro und the time of the 
event. Th e data from all su ch event are 
assigned priori tie and stored fo r down­
link a t the next te lemetry pa s. Gap in 
th e da ta between even ts are fill ed by 
"snapshot " of all ensor channe l sam­
pled a t a lower rate. Triggerin g for each 

event can be effected by use of eith er 
sta ti c al arm thre ho lds or ad apti ve 
thresho lds establi hed byartifi cia l-inte l­
lige nce ubprogram . 

This program was written by E. Jay Wyatt, 
Dennis Decoste, Alan Schlutsmeyer; Robert 
Sherwood, and John Szijjm10 of Caltech for 
NASA's Jet Propulsion Laboratory. For 
JuTther infoTmation, access the Technical Sup­
POTt Package (TSP) free on-line at www. 
nasatech.com under the Software catego'''Y' 

This softwaTe is available fOT commercial 
licensing. Please contact Don H aTt of the Cal­
ifornia Institute of Technology at (818) 393-
3425. Refer to NPO-20822. 

~ N eural-N e two rk Approach to Analysis of Sensor Data 
Anomalies in dynamic systems are detected by processing seemingly random time series. 
NASA 's Jet Propulsion Laboratory, Pasadena, California 

A method of processing of time- e­
ri es da ta from en ors th at mo nitor a 
dynamic physical sys tem ha been d e­
vised to enable detection of anomalie 
in the dyn amics. The method involves 
computing what are initia lly upposed 
to be dynamical invariants that repre­
sent the u'uctural and opera ti o nal pa­
rame ters of the system; the in varian t 
are pecifi ed in uch a way tha t anom­
alies or abnormali ties in th e ystem 
manifest themselves as changes in the 
upposed invariants. The method co uld 

be appli ed , for example, to te lem etri c 
d ata from a spacecraft o r to uch time­
seri e scientifi c da ta as sea-surface tem­
peratures measured at d aily or o ther 
regular inte rva l . 

Abnormal behavior of the sy tem can 
be de tec ted by (1) predicting the future 
time en es [rom current and previou 
time-sen e value, then (2) recording 
the actu al time sen es going forward 
from the in tant of predicti on, then (3) 
sui tably analyzing the diffe rences be­
lween the predicted and recorded val­
ues. For the purpose of the present 
method, it is a Scuned that the invarian ts 
of the system can be represented by the 
coefficients of a diffe ren tial or time­
delay equatio n tha t represent the dy­
namic of the system. 
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An important element of the mathe­
matical basis of the meth od is the con­
cept that there are two types of abnormal 
behavior of a dynamic system: sU'uctural 
and operational . U·UCll.ll-al abnonnali­
tie are caused by change in the under­
lyi ng dynam ic and thu manife t them­
selve mathemati cally as changes in the 
suppo ed invariants. Operati onal abnor-

maliti es can be caused by un expected 
change in initial condition or in extel-­
nal forces, but the dynam ical model of 
the ys tem remains the same. Mathemat­
ically, operational abnormaliti e are de­
scribed by change in non tationary 
components of the time eri es. SU'uc­
tural and operational abnormalities can 
occur independendy of each odler. 
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Daily Measurements of Sea-Surface Temperature collected fo r 2,573 days (slightly more than 7 years) 
were used in a test of the method. 
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Transient Heat Transfer - The dynamic 
effects of a transient heat transfer analy­
sis were needed for the time-dependent 
temperature loading of this heat sink 
assembly. Algor's multiple load curves 
for various loading conditions allow for 
the simulation of the thermal event. 

with Linear Material Models -
MES with linear material models 
you to represent a dynamic 
while solving for kinematics , rl"fl"rtinn'o l 

- Algor 's multi physics prod­
ucts enable you to combine multiple 
analysis types into one event. Resultant 
forces from flow around this turbine were 
calculated and then projected onto the 
object for a structural analysis. Other mul­
tiphysics capabilities include combining 
heat transfer with fluid flow, heat transfer 
with static/transient stress and heat trans­
fer with fluid flow and stress. 

Transfar -
steady-state thermal processor helps pre­
dict temperature distribution due to ther­
mal loading, Loading such as convection, 
radiation , conduction, applied tempera­
tures and surface heat fluxes can be 
added to an analysis for fast, accurate 
results. In the case of this engine casing, 
both conduction and convection were part 
of the analysis of this 3-D solid model. 

and stresses of the structure. 
using large CAD assemblies , 
this rocker arm assembly model , can 
expedited by using kinematic elements. 

Algor has been developing FEA software since 1978, 
In 1984 Algor was the tirst company 

to offer FEA on PCs, which have evolved into the NT workstations of today. 
Algor offers the premier FEA software on PC workstations by combining ease-ot-use and affordability, 

CACKE Y 

Prices start at just $975 for InCAD DesignPak. 

~Autodesk. Voyager 
Re g is te r ed De v elop er Mambar 

• All trademarks may be trademarks or registered trademarks of their respective owners. 

PARAMETRIC 
TE C HN O LOCY 
CORPORAT I ON 

coo~[~!.~:'ro~J,;:'~.~Y~DI. 

+RLGDR® 
Algor, Inc, 
150 Beta Drive, Pittsburgh, PA 15238-2932 USA 
Phone: +1 (412) 967-2700 
Fax: + 1 (412) 967-2781 
California: +1 (714) 564-0844 
Europe (UK): +44 (1784) 442 246 
E-mail : Info@algor.com 
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The major problem addl-e sed by the method are how to 
build a dynamical model that simulate a given time eries 
and how to develop the dynamical invarian ts, changes of 
which indicate structural abnormali tie . Because the olu­
tions of the e problems are 0 multifaceted and complex that 
a description of them wou ld greatly exceed tlle space avai l­
able for thi article, it mu t suffice to summarize them as fo l­
lows: The solutions are ba ed on progress in three in depen­
de nt fie ld - non lin ear dynamics, theory of stochastic 
processes, and artificial neural network . One especially no­
table a pect of the metllod is that the dynamical model of a 
system i fitted to the previou and pre e nt time-series data by 
u e of a feedfoward neural network that contains on ly one 
hidden layer. This technique of fitting i justified by a rigor­
ous proof that any con tinuous function can be approximated 
by such a neural network. 

The metllOd has been te ted by applying it to daily readings 
of sea-surface temperature collected by an instrumented buoy 
from May 1987 through May 1994 ( ee figure) . The purpo e of 
tlle test was to demonstrate tl1at anomali es in tl1e temperatu re 
dynamic could be found by u e of tl1e present method. Using 
knowledge of when El [ ino and La Nili.a occurred, an attempt 

was made to show tl1at the anomalies found by the present 
method corre pond to these phenomena in some manner. An 
attemp t was also made to formulate a way of using the method 
to predict EI ino and La 1 ina. At tl1e time of reporting the in­
formatio n for this article, no conclusions concerning the effi­
cacy of the method had been drawn, and there appeared to be 
a need for more experiments. 

This work was done by Sandeep Gulati and Michail Zak of Calteel! 
for NASA's Jet Propulsion Laboratory. For further information, 
access the Technical Support Package (TSP) free on-line at 
www.nasatech.com under the InJormation Sciences category. 

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

Technology Reporting Office 
JPL 
Mail Stop 249-103 
4800 Oak Grove Drive 
Pasadena, CA 91109 
(818) 354-2240 
Refer to NPO-20834, volume and number oj this ASA Tech 

Briefs issue, and the page number. 

_ Software for Acquiring Data on Dynamics of Magnetic Bearings 
John H. Glenn Research Center, Cleveland, Ohio 

A computer program control the automated acqu isition , 
disp lay, and reduction of data on the dynamic of magnetic 
bearings. The data gath ered by u e of this program are ex­
pected to enable the verification and enhancement of matl1e-
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improve product quality. TOJlr-L-LOc:·fi:lt1ill 
parent metals without fasteners. anc~ccsm~f~ 
not burned or pierced. Tog-L-Loc also joins readily througb 
sandwiches. There is 110 work. hardening of the parts. di toction. or 
discoloration with Tog-L-Loc. Without fastener inventories, feed 
mechanisms, or seconcary operations. Tog-L-Loc equipment is less 
expensive and more productive than ri veting equipment. Compared 
with spO! we lding. Tog- L-Loc requires notransfonners. cable drops, or 
cool ing lines, and produces consi tentl y good joi nlS over short or long 
production runs. Tog-L-Loc is also environmentall y clean. BTM will 
design and build complete lurn-key systems for Tog-L-Loc assembl y. 

BTM Corporation 300 Davis Road 
Marysville, Michigan 48040 U.S.A. 
Tel : 810-364-4567 Fax 810-364-6178 

BTM 
CORPORATION 

For M ore Informat ion Circle No. 426 

matical models of magnetic-bearing dynamics, thereby con­
tribu ting to the development of improved magnetic bearings 
for advanced gas turbine engines and other rotary machines. 

With respect to a given magnetic bearing that is part of a ro­
tary machine, the program acquire raw data on rotor position 
versus time during opera tion of the machine under known 
condi tions of speed of rotation, temperature, electric currents 
applied to the e lectromagnet coils in the bearing, and shaking. 
The program processes the raw data to characterize the bear­
ing with respect to dynamic position stiffness, current stiffness, 
and damping coefficien ts ver us speed of rotation, eccentricity, 
bias current, temperature, and frequency of shaking. The pro­
gram can al 0 account for friction, stiffnesses of tructural sup­
ports, inertia, and uncertainties. 

The program was developed by use of the LabVIEW oftware 
system and the corresponding I-DAQ programming lan­
guage. The program provide the user wi th four major options 
called "16 Time," "16 Frequency," "Stiffness," and "Alignment." 
The first two options enable the monitoring of 16 analog input 
chan nel to obtain time- and frequency-domain re ponse . 
These options also enable the generation of four orbit displays 
and provide for the recording, in a text fi le, of the magnitudes 
and phases of the components of motion at the haking fre­
quency. The Stiffne s option provides for the measurement 
and recording of the position and me current stiffness of the 
magnetic bearing, using data from 14 input channel . The stiff­
ness option also includes a provi.sion for calculating uncertain­
tie . The Alignment option generates a graphical display of sta­
tor alignment with a bar chart of eight dynamic load cells. 

This program was written vy Gerald Montague and Al Kascak oj 
the U.S. Army Research Laboratory and Alan Palazzolo oJ Texas A & 
M University for Glenn Research Center. For further information, 
access the Technical Support Package (TSP) free on-line at 
www.nasatech.com under the Software category. 

Inquiries concerning rights for the commercial use of this invention 
should be addressed to NASA Glenn Research Center, Commercial 
Technology Office, Attn: Steve Fedor; Mail Stop 4-8, 21000 BTOokpark 
Road, G:iJVeland, Ohio 44135. Refer to LEW-17057. 
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@ Fluorometer for Analysis of Photosynthesis in Phytoplankton 
Measurements could be made in situ and in vivo. 
Stennis Space Center; Mississippi 

An in trument that measures the 
characteristic lifetime of fluo rescence of 
chlorophyll has been invented for in 
situ, real-time oceanographic studies of 
photosyn thesis in phytoplankton. The 
basic design and principle of operation 
lend themselves to development of the 
in sn- ument as a re latively inexpensive, 
sensitive, compact, rugged , portable, 
low-powe r-consumption , hand-he ld , 
shipboard unit. Similar uni ts with de­
signs adap ted to agricultural applica­
tions (e.g., assessment of physiological 
statu es of crops) are also envisioned. 

The need for this or a sim ilar instru­
men t arises because fluorescence life­
times are robust measures of physical 
and chemical mechanisms that affect 
photosyn thesis and of the photosyn­
thetic productivity of phytoplankton . 
The flu orescence life times of par ticular 
interes t are those associated with fluo­
rescent de-excitation in photosystem II. 
(UPhotosystem II" denotes a series of 
photosynthe tic reactio ns in wh ich a pig­
ment absorbs light at wavelengths up to 
680 nm and absorbed light energy 
causes the spli tting of water molecules, 
giving rise to oxygen and to a high-en­
ergy reductant. ) These lifetim es range 
from abou t 2 ns down to as little as hun­
dreds of picoseconds. Therefore, in 
order to exploit the fu ll potential of flu­
orescence-lifetime m easurements for de­
tecting small changes in photosystem-II 
physiological status, this or any similar 
instrumen t wo uld have to exhibit an 
error <50 ps and a resolution ",10 ps. 

The present instrument doe n ot 
measure fluorescence lifetimes directly; 
instead, it is based on a principle of 
phase fluorometry, which can be imple­
mented more easily. In phase fluorome­
try, a sample is excited with light modu­
lated sinusoidally at an angular 
frequency (i). The resulting fluorescence 
emitted by the sample is modulated at 

the same frequency but, because of tile 
finite lifetime of tile excited state, is de­
layed in phase by an angle ¢ relative to 
the excitation. The phase angle ¢ is 
measured and used to calcul ate a phase 
life time (1:p) according to L p = tan ¢ tW. In 
order to be able to determine 1:p accu-

This Instrument Measures the Phase Difference 
between sinusoidally modulated optical excita­
tion and the resu lting fluorescence. The fluores­
cence lifetime is then calculated from the phase 
difference and the modulation frequency. 

rately by this method, one must choose a 
modulation frequency com parable to 
the rate of decay of the flu orescence. 

In the instrumen t (see figure), a base­
band signal offrequency!o (typ ically 600 
Hz) is generated for use both as a sam­
p le signal and as a reference signal for 
the phase measurement. Using a single-

sideband technique, the sample signal is 
up-converted by combining it with a car­
rier signal of frequency f (typically 70 
MHz). The up-converted signal (at fre­
quency!o + j) is used to modulate a light­
emitting diode (typical wavelength 670 
nm), the output of which is used to ex­
cite the sample_ 

The fluorescence emitted by the sam­
ple acquires a phase delay that corre­
sponds to a frequency-dependent 
weighted average of the lifetimes of the 
fluorophores present in the sam ple. The 
fluorescence, which is modu lated at fre­
quency /0 + 1, is detected by a photomul­
tiplier tube_ T he electrical output of the 
photomultiplier is down-converted to!o 
by mixing it with the carrier signal and 
low-pass fi ltering the product signal. 
The phase information acquired by tile 
up-converted signal tllrough in teraction 
with tile sample i preserved in the 
down-converted ignal. The phase­
shifted down-converted!o sample signal 
and til e reference !o signal are captured 
by an analog-to-d igital converter, and 
the output of the analog-to-digital con­
verter is stored and processed to deter­
mine ¢ and 'Cp. 

This wOTk was done IYy SalvadoT M. FeT­
nanda, ETnest F Guignon, RobeTt KeTsten, 
and Emest St. Louis of Ciencia, Inc. , for 
Stennis Space Center. FOT fu-rtheT infOT­
mation, access the Technical SUPPOTt Package 
(TSP) free on-line at www.nasatedt.com 
undeT the Physical Sciences categoTy. 

In accordance with Public Law 96-517, 
the contmctoT has elected to ntain title to this 
invention. Inq1tiries conceTning lights fOT its 
commeTcial use should be addTessed to 

Ciencia, Inc. 
111 RobeTts Stnet 
Suite K 
East HaTtfo-rd, CT 06108 
Refer to SSGOOllO, volume and numbeT 

of this NASA Tech Briefs issue, and the 
page numbffl: 

tj Program for Visualization and Exploration of Scientific Data 
NASA's Jet Propulsion Laboratory, Pasadena, California 

WebWinds i an interactive computer 
program tha t aids the visualization and 
exploration of cientifi c data. WebWinds 
is the successor to LinkWinds, which was 
reported in uLinkWinds - Flexible Soft­
ware for Highly Interac tive Vi ual Data 
Analysis" (NPO-19786), NASA Tech Briefs, 
Vol. 20, o. 12 (December 1996), page 

NASA Tech Briefs, NovembeJ-2000 

46. WebWinds is a platfor m-indepen­
dent, reusable code written in the J ava 
computer language. WebWinds has 
been tested on Linux, Sun, SGI, and 
Win95 systems. 

This pTogram was written IYy MaTtin 
OTton, Lee Elson, J eff Goldsmith, and 
William Weibel of Calted! for NASA's Jet 

www.nasatech.com 

Propulsion Laboratory. FOT fUTtheT infOT­
mation, access the Technical SUPPOTt Package 
(TSP) free on-line at www.nasatech.com 
undeT the InfoTmation Sciences category. 

This software is available for commercial 
licensing. Please contact Don Hart of the Cal­
ijomia Institute of Technology at (818) 393-
3425. RefeT to NPO-20685. 
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-$ Special Coverage: Data Acquisition 

Quatech, Akron, OH, has intro­
du ce d th e QTM-85 2 4 Direc t 
Sequ e n ce prea d Sp ec trum 
(OSSS) RF mode m modules fo r 
wireless data acquisition in indu -
trial moni toring and control appli­
cations. The mod em modules 
operate in the 2.4GHz ISM band 
and can reach speeds up to 57.6 
Kbps. They use GMSK modulation, 
making them suitable for high­
noise envi ronments . 

The modules convert RF ignals 
to se rial RS-232 or 485 for commu­
ni ca tion with a PC or a se rial ne t­

work. They can be used to ne twork PC and PLCs, or used in con­
j unction with data acquisition and ignal conditioning modules to 
create a modular data acquisition and conU'ol ystem. The tandard 
package includes either an indoor/ outdoor wall-mount swive l amen­
na or a ceiling-mount antenna. 

For More Information Circle No. 708 

Nomadic , Stillwater, OK, 
h as intr o du ce d th e 
TCChan , a PC card fo r 
thermal profiling and data 
analysis . Th e card plug 
into the Type II PC ard 
slot on Windows-based lap­
top o r handheld comput­
ers. Th e card provide 
th ermal analysis of e lec­

tronic circui ts, thermal contro ls, engine performance, and mechani­
cal fatigue. It provides six-channel, real-time profiling and data col­
lec tion of thermal processe mea ured with any of nine thermocou­
ple types o r IR en o rs. 

T he card displays th e ra te of temperature change, and the time­
tamping of maximum and minimum temperature fo r each channe l. 

After comple ting the profile , u e rs can perform additional on-scree n 
analy is, including ove rlayin g two profiles to compare data between 
diffe rent te t runs. The sys te m include the PC Card , software, and 
ix thermocouples. 

For More Information Circle No. 709 

Wireless Data o rp. , Columbus, 
OH, offe rs th e Model 2100 wire-
less sensor system that collects lip 
to 10 different channels of wire­
less data from sensors moumed 
on rota ting shaft insta llations. 
There are no physical connec­
tions between the transmitte r and 
receiver, and no modifica tion is 
required of the rotating device. 

The system delivers ,,~d e-band­

\\~dth data from dc to 1000 Hz, 
and use an -pole filte r for data 
integrity. The sys tem 's u'ansmit­
tel'S are designed fo,- shafts up to 
42" in diameter, rota ting at up to 
12,000 RPM. It operates in tem­
pera tures up to 125°C. It features 

high sen itivity fo r low strain gage outputs, and comes with patented 
Calibrate Any Time (CAT ) teChnology. 

For More Information Circle No. 705 

The SSMDR solid-state 
d ata record er fr o m 
TEAC America, Mome­
bello, CA, weigh les 
th an 9 pounds, mea­
ures 8.7 x 6.0 x 3.75", 

and con ume Ie than 
50 watts . It is designed 
as a removable recorder/ 
reproducer, and comes 

Rsi" interface, which provide compatibil­
ity with existing data acquisition systems and ground data analysis syst ms. 

The system is capable of simultaneous recording of data rece ived 
over a high-speed input inte rface, while playing back data previously 
recorded in solid-state memo,], th rough a high-speed parall el output 
interface. The unit features an array of up to 32 PCMCLA cards, with 
a to tal capacity of 50 GB. The sy tem can be mounted in a rack, inte­
grated into high-resolution sensor packages fo r direct digital record­
ing, or moumed in a Form Fi t Fun ction adapter to replace exi ti ng 
data recorders. 

For More Information Circle No. 707 

The SmartReader Plu .. 
Mod el 7 pocket- ize d 
data logger from A R 
Sys te m , Surrey, B , 
Ca nad a, fea tures o n e 
inte rnal te mpe ra tu re 
chann el and even ana­
log inputs. With a va ri­
ety of tran ducers con­
nected to it, the unit 
can measure and record 
variables such as relative 

humidity, press ure , curre nt , vo ltage, fl ow, vibra tion , torqu e, 
a nd acce leration. 

The logger can store 87,000 reading and comes with a 10-year bat­
tery. It can be placed at a remote ite, and via modem, a u er can 
change the se ttings o r download data. The logger include an alarm 
dial-out fea ture tha t enable it to dial from a remote site to no tify th e 
user of an alarm condition . Logged data can be re tri eved to a PC and 
displayed graphically and ta ti ti ca Jly. 

For More Information Circle No. 710 

Th e RP2 Rea l­
Tim e Proce so r 
fr o m Tu c k e r­
Oavi Tec hn o l­
ogie , Ga in es­
ville, FL, is a data 
acquisition/ p ro­
cessing unit that 
combin es a real­
tim e digital sig­

nal processor (OSP) with stereo 24bit DACs and ADCs, with a USB 
inte,-face. T he system upports JTI o re than 120 DSP fun ctions, and fea­
tures eight digital inputs and eight digital outpu ts. 

The processor's DSP algorithm ca n be used to filter signals o r run 
a real-time signal detection algorithm. The unit comes ~th 16 MB of 
memory fo r storing signal data, which can be downloaded via the 

SB interface . Applications include experimental conu'ol, dynamic 
signal genera tion, real-time filtering, and signal averaging. 

For More Information Circle No. 706 
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Newon 

DISK 
Virtual Reality Development 

Engin eering An imation, Ames, lA, has introduced WorldToolKit 
Release 9 fo r Linux, a cross-platfo rm software deve lopment system for 
creating real-time, 3D, interactive and virtual reali ty applications. The 
new ve rsion includes a C/ C++ programming interface. A fun ction 
library includes tools for creating, editing, controlling, deploying, and 
commercializing 3D interactive and VR applications. It also supports net­
work-based distributed s.imuJations and interface de\~ ces such as head­
mounted displays, tracke rs, and navigation controllers. Circle No. 720 

I!urnpl,ofoomplu forc., on I bolt,d Inltrll c, 
Joint Fatigue and Analysis 

BoltFAST® bolted jo int analysis soft­
ware fro m Sensor Products, Eas t 
Hanover, Nj, is a Windows-based pro­
gram that enables engineers to dete r­
min e the fatigue endurance limit of a 
thread , the amount of embedding antic­
ipated in the j oint, and the optimal 

tightening torque fo r given fri ction conditions. Use rs can evaluate 
'\ vhat if ' cenario via three main componen ts: a Joint Analysis pro­
gram; a Thread Analysis program; and a To rque Analy i program. 
Circle No. 721 

Graphical Programming 
Compute rBoards, Middleboro, 

MA, has released SoftWIRETM 2.0, a 
graphical programming add-in for 
Visual Basic 6.0. I t allows non-pro­
grammer to use Visual Basic to crea te 
programs. The new version features 

_ k 

an advanced database, and TCP l IP, arithmetic, and an aly is functions. 
New Excel functions provide options to create charts and spread­
sheets. Th ree new da tabase options allow users to run a que ry builde r, 
create a databa e g rid , and read and write from an Access, Oracle, or 
SQL database. Circle No. 722 

Test System Control 
TestExec SL 4.1 from Agi lent 

Techn ologies, Palo Alto , CA, is a 
standalone program fo r controlling 
te t y tern opera tion and automating 
test e ngin eering tasks . Fea tures 
include test sequencing, limit check­
ing, da ta logging and export, and 

o pe rator interfaces. Users can view test data over the Inte rne t using 
TestExec L' XML data export capabi li ty. Th e software operates on 
Window T 12000 , and upports a va rie ty of programming languages. 
Circle No. 723 

Technical Research and Analys is 
Invention Machin e Corp., Boston, MA, offers KnowledgislTM 2.0 for 

technical re earch and an alysis. Using a emantic technology eng ine, 
the software p roce ses large volumes of in fo rmation and analyzes th e 
interac tion between words and the meaning of word combinations. 
Ba ed on complex algorithms, the eng in e divid es the content into sen­
tences, anal)'"Les th e sentences, an d creates a structured knowledge 
index based on the mean ing of the word combina tions. Th e new ve r­
ion offe rs th e capabi lity to anal)'"Le Web-based sources, in addition to 

local info rma tion sources. It includes earch acce to ove r 700 Web 
site grouped by indu try. Circle No. 724 
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.TECH BRIEFS 

DESIGN ENGINEERING 
PRODUCT SHOWCASE 

New Products and Services for NASA Tech Briefs readers. For more information, write in 
the corresponding number on the Free Information Request Card (following page 24). 

PROGRAMMABLE 
SIGNAL CONDI­
TIONERS 
The DRN/ DRX Series pro­
grammable signal condi­
lioners/ lransmitLer from 

OMEGA are available for thermocouple, RTD, pro­
cess voltage, lrain , frequency, pu lse, AC vollage, 
and current. They are priced at ·250, feature up LO 
1 00 Vd isolation, free ctiveX cOlllrols, and fa to­
ry configuration at no charge. The DRl eries pro­
vides 0-10 Vdc, 4-20 rnA, or 0-20 mA output; the 
DRX Series provides RS-4 5 output (OMEGA Serial 
ProLOcol and {ODB S Serial ProLOcol). OMEGA 
Engineering, One Omega Dr., Stamford, cr 06907; 
Tel: I 8-TCOMEGA; www.omega.com 

OMEGA Engineering Inc. 
For More Informat ion Circle No. 600 

PORTABLE 
DATALOGGER 
OMEGA offers the 
OM-61 low-cost por­
table datalogger, part 
of the NOMAD® fam­
il y. \<eaturing uscr­
se lectable stop on 

memory full or memory rollover for conti nuous 
recording, the datalogger is priced at 69. Other 
fealUres a re a rea l-lime clock, temperature alarm 
with visual indication o n demand, and PC or pu h­
button recording contro l. 0 1EGA Engineering, 
One Omega Dr., Stamford, cr 06907; Tel: 1-
TCOMEGA; www.omega.com 

OMEGA Eng ineering Inc. 

For More Informat ion Circle No. 603 

1_ 1 DIRECT SEN­
SOR TO DATA 

- ACQUISITION 
OMEGA's inslruNet Series direct se nsor to data 
acquisition provides high-accuracy data acqu isition 
for Windows 95/ T and MacinLO h computers. It 
includes strip/ chan software and driver for C, 
Visual Basic, HP VEE , a nd TestPoint; optional 
LabVlEW drivers aJ 0 are available. Other features 
include 16 ingle-ended/ 8 differential He-bit analog 
inpuLS, 8 analog outpuLS, and digital I/O. The 
co ntroll e r card include 10 counter/ timer chan­
nels. The unit offers direct connect to RTD, ther­
mocouple , vo ltage, thermistor, bridge, and strain 
gage senso rs. Prices s tart a t · 890. 0 {EGA 
Engineering, One Omega Dr., Stamford, cr 06907; 
Tel: 1-888-TCOM£GA; ,,"ww.omega.com 

OMEGA Engineering Inc. 
For More Informat ion Circle No. 606 
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MULTIFUNC­
TION BOARD 
FOR PCI-BUS 
OMEGA's PCI-DASI200 
erie low-cost, high­

speed , multifunction 
board for the PCI bus 

offers 8 differential/ 16 single-ended analog inputs, 
12-bit A/ D resolution , 330 KH z ample rate , and 
dual 12-bit analog OutpuLS. Priced at 649 , the 
board also feature 1024 sample FIFO, 24 biLS of 
digital I/ O , a nd is fully plug-and-play. OMEGA 
Engineering, One Omega Dr., Stamford, cr 06907; 
Tel: 1-888-TCOMEGA; w,,"w.omega.com 

OMEGA Engineering Inc. 
For More Information Circle No. 601 

PC-BASED 
DATA 
ACQUISITION 
TI,e 01-720/ 730 Series 
PC-based industrial 
data acq uisiti on sys­
tem from OMEGA 

include standard printer POrt, optiona l SB or 
Ethernet illlerface, and IS-bit resolution in the DI-
720 model. Prices start at 1,195 for the DI-720-P. 
The DI-720 also has 32 JS-single-ended inputs; the 
DI-730 has 8 iso lated inputs (10 mV to 800 volt 
range). OMEGA Engineering, One Omega Dr. , 
Stamford , CT 06907 ; Tel: 1-888-TC-OMEGA; 
w"'w.omega.com 

OMEGA Engineering Inc. 

For More Information Circle No. 604 
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PCIBUS 
BOARDS 
P 1-5500 low-cost , 
hi g h-spee d , m u I ti­
function boards for 
the PC I bu from 
OMEGA a re avai lable 

with 12- or IS-bit analog inpu ts, ampling rates LO 
200 kHz, and offer differentia l and 16 single­
ended inputs. The boards start at 199 and feature 
multiple tliggering modes, 16 digital I/O lines, and 
op ti onal dual D/ A voltage Outputs. They are fully 
plug-and-play with no jumpers or switches, and are 
fully auto-calibrating. OMEGA Engi nee ring, One 
Omega Dr. , Stamford, CT 06907; Tel: 1-888-T C­
OMEGA; w", •. omega.com 

OMEGA Engineering Inc. 
For More Information Circle No. 607 

www.nasatech.com 

TEMPERATURE 
ACQUISITION 
MODULE 
The OMEGA OM-MT20 tem­
perature acqui idon module 
measures, views, collects, and 
a na lyzes temperature data 
u ing yo ur handheld com­
puter. LOred data i eas il y 
transferred from the hand­
held computer to your PC. 
Connect up LO twO ex ternal 

thermocouples. The 389 module is li ghtweight, 
compact, durable , and bauery-powered. OMEGA 
Engineeling, One Omega Dr. , Stamford, cr 06907; 
Tel: 1-888-TCOMEGA; www.omega.com 

OMEGA Engineering Inc. 
For More Information Circle No. 602 
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PCMClA TEMPERATURE 
MEASUREMENT 
CARDS 
OMEGA's P -T 6 and PC-TM 3 
PCMCIA cards for temperature 
mea uremenl are compacl in size 
and offer automatic cold junction 
com pen alion , miniature lhermo­
couple inpuLS, and programmable 
ground referencing. They support 
all common T / C types, as well as a 
wide range of RTDs and thermi -

tors. A 1/ 4" phone jack input also is included. The 
cards are priced at 695. OMEGA Engineering, 
One Omega Dr., Stamford, cr 06907; Tel: 1-888-
TCOMEGA; www.omega.com 

OMEGA Engineering Inc. 

For More Information Circle No. 605 

LOW-COST 
DATALOGGERS 
Omega's OM-DL Series 
portable , low-cos t data-

• • •• ;:. > -;. logger, part of the 
NOMA D® fam ily, are 
for use wiLh an y PC or 

the OM-DP3 Data Plotter. The OM-DL connects to a 
PC parallel printer pon and provides locking pro­
tection to prevelll accidental shutoff. The OM-DP3 
Dala Plouer also can be u ed as a conventional 
chart recorder. The compact, lightwe ight, easy-LO­
use OM-DL i priced beginning at 80. 0 {EGA 
Engineering, One Omega Dr., Stamford, cr 06907; 
Tel: 1-888-TCOMEGA; w"'w.omega.com 

OMEGA Engineering Inc. 
For More Information Circle No. 608 
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Engineering Product Showcase 
PLASTIC TUBING & 
HOSE 
Tubing, hose , and fillings are 
found in NewAge® lnd u tries' 
catalog, Technical Refe rence 
Guide 9. Technical specifica­
tions and data are presented on 
30 stock tubing a nd hose prod­
uct lin es from PVC, ~o l y­

ure thane, nylo n , TPR, Te flon ®, and Vi tOn ,to 
medi a i-grade si li co nes. C us tom ca pabi li ties 
include coil ing, thermal tube bonding, heal form­
ing, and hose assemblies, and help prove this com­
pany to be an industry leader. NewAge Industries, 
Southampton, PA; Tel: 800-50-NEWAGE; Fax: 800-
837-1856; e-mail : psa les@newagein d.com; www. 
newageind.com. 

NewAge Industries 
For More Information Circle No. 609 

Are You an 
INSIDER? 

Read about iL FIRST in the INSIDER, th e 

free e-mail n ewsle tter from NASA Tech Briefs. 

Exclu ive p reviews of upcom ing arricl es ... la te­

breakin g NASA a nd induSLry n ews .. h OL 

products and design ideas ... links to on li ne 

resources ... and muc h more. 

Sign up today at 
www.nasatech.com 

Look for this button at 
the top of the h o m e p age . 

FREE 
"ewsLEnER 

SOFTWARE 
FOR COMPOSITE 
DESIGN & 
MANUFACTURING 
FiberSIMTM is a suite of CAD­
integrated oftware tool for 
co mpos ite d es ign , ana lys is , 
looling. a nd manufacturing. 

Major aerospace a nd automo tive companie world­
wide a re using FiberSIM in productio n a nd are 
experie ncing dramatic reductions in development 
Lime, material waste, design revisio ns, tooli ng costs, 
a nd manufacturing time . Composite Des ign 
Technologies, Inc., 486 TOllen Pond Rd ., Waltham, 
MA 02451-1917; Tel: 781-290-0506; Fax: 7 1-290-
0507; w",v.cdt.com 

Composite Design Technologies, Inc. 
For More Information Circle No. 610 

ELEGROMAG­
NETIC DESIGN & 
ANALYSIS 
SOFTWARE 
OPERA oftwa re provides 
use r-friendl y de ign a nd 
analysis lools for e lectro­
slalie. magnclostalic, and 

time-varying electromagnelic devices a nd systems. A 
wide frequency range (including resonant cavit)' 
calculations) and transient effects may be modeled . 
Particle beam modeling (including pace charge 
cffects) may be analyzed. Comprehen ive user sup­
port is a lways provided. VcctOr Fields, Inc .; Tel: 
630-85 1-1734; Fax: 630-85 1-2 106; e-ma il: info@ 
vCClorfie lds.com; www.vecLOrfields.com 

Vector Fields, Inc. 
For More Information Circle No. 612 

NASA USES 
QUATECH PCMCIA 
SERIAL CARDS ... 
HOW ABOUT 
YOU? 

Quatech 's D 1'-200/ 300 is part of the Ground Test 
Equipment at NASA's J ohnso n Space Center. The 
dual-port RS-422/ 485 sClial ca rd is used to perform 
verifi cation testing on GP rece ivers. It is lIsed for 
multiple a pplications on the Space Shuttle as well. 
Whateve r yo ur application , Quatech ca n provide 
the solu tion. Our serial PCMClA cards are available 
for RS-232 & RS-422/ 485 with 1, 2, or 4 ports. For 
more information ca ll 1-800-553-1170, or visit our 
website: http://www.quatcch.com. 

Quatech, Inc. 
For More Information Circle No. 611 

DESIGN DATA 
FIBERGLASS 
EPOXY 

FIBERGLASS 
LAMINATED 
EPOXY 155 °C 
Design Da ta pamphlet 
features materials, prop­
erties, a nd to leran ces 
for glass epoxy compo­
nenLS. It shows design­
ers how to specify fro m 
open s tock tools , for 
potting forms, bobbins, 
coil forms, su·uclu rals. 

and circuit board manufacturing a ids. Stevens 
Products, Inc., 128 N. Park St., E. Orange, !J 070 19. 
Tel : 973-672-2140. www.ios.com/ -cantilin/ 

Stevens Products, Inc. 
For More Information Circle No. 613 

NASA TECH BRIEFS e GUIDE NOW IT'S eASY TO 
FIND eNGINEERING 
TOOLS WITH eGUIDE 

Supp6ers, Products , &. Services for Design Engineers 
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NASA Tech Briefs' NEW online guide to suppliers, 
products, and services for design engineers. 

• Search by keyword or within 25+ 
product categories 

• Link directly to company web sites 

• Locate B2B suppliers and sites 
offering e-commerce 

Plus: Add your company's information 
to the eGuide. * 

Go to: 

www.nasatech.com/eguide 

All searches are free of charge. 

' For companies not currently advertising in NASA Tech Briefs 
products, there is a small fee to add a listing. See web site for 
details, or contact Luke Schnirring, luke@abptuf.org. 

ASA Tech Blie[s, Novembe r 2000 www.nasatech.com 



, 

Solid-State 

Vertical Gyro 
Humphrey's new VG82 offers Vertical Gyro 
Performance with Solid State Reliability 

This strap down inertial 
sUb-system provides 
attitude measurement 
along with X, Y, Z 
angular rate and linear 
acceleration. Output 
formats include analog 
and RS232. 

APPLICATIONS: Guidance and control 
for helicopters , target drones, missiles , 
torpedoes and underwater vehicles. 

HUMPHREY 
A SUBSIDIARY OF REMEC 

HUMPHREY, Inc. 9212 Balboa Ave . San Diego, CA 92123 

Ph: 858-565-6631 Fax: 858·565-6873 Email: humphreysales@remec.com 

Intemet: www.humphreyinc .com SAN DIEGO & WORLDWIDE REPRESENTATION 

For M ore Information Circle No. 427 
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Multi-Function Calibrator 
Omega Engineering, Stamford, cr, offers 

the CAI00 compact, multi-function caljbra­
tor for on·site u e in process indu trie and 
equipment diagno tic . A single unit can be 
u ed to generate a DC voltage , DC current, 

resi tance, temperaUlre , and frequency. It provide a 24 Vdc power 
up ply for calibrating transmitters, and for mea uring DC voltage, DC 

current, and re i tance. Circle No. 700 

AC/ DC Power Supply 
The NW eries of modular AC/ DC 

power converters from Martek Power 
Abbott, Los Angeles, CA, have an opel-at­
ing te mperature range from -40°C to 
100°C. Th e modules provide dro p·in 
replacement for existing products when 
wide temperature pe rformance i requjred . They are available in 25· 
and 50·Watt output vel-sions with i.ngle and dual output channels. 
Standard features include remote sense and remote logic on / off, as 
we ll as protection for over·voltage, over-current, and over·temperature 
shutdown . The converters a re suitable for RF, signal processing, and 
moto r drive applications. Circle No. 701 

Touchscreen Workstation 
AutomationSolutions, Petaluma, CA, has intro­

duced the AS-I00 high.re olution workstation 
with touchscreen for ha rsh environments. The 
14.1" TIT LCD d isplay features a 6-slot passive 
backplane and a steel cha i. It al 0 feanlres a 
4/ 12 sealed aluminum alloy front panel, and 
provides a NEMA·rated mount. It operates in 

temperatures from O°C to 50°C, and comes with Window 98 o r T 
4.0. It features a single-board computer with a Pentium 233-MHz 
processo l~ a 6.4-GB hard drive, and 32 MB to 128 MB of RAM memo­
ry. Other features include a 250W powel- supply, CD·ROM, floppy 
drive , and optional resistive touchscreen. Circle No. 703 

Optical Isolator 
BEl Indu trial Encoder Division , Goleta, CA, 

offers a DIN rajJ-mountable, optically isolated 
e lec tronic module for u e with incremental 
encoders. The o ptical isolator provides an elec· 
trical output to the receiving e lectron ics. By pro· 
viding an inte rface between the encoder and the receiving e lectronics, 
the unit can be used to e liminate ground loops, reduce signal degra­
dation from long cable run , or provide a means to distribute an 
encoder signal to multiple input devices. Circle No. 704 

.- .,.;-

Custom EMI Filters 
Electrocube, Monro\~a, CA, has intro­

duced custom EMI fi lters designed for 
application in the militar y, industrial , 
aerospace, and electronics markets. The 
fi lters feature cu rrent-carrying capacities 

of 0.1 amp to 500 amps, voltage ratings of 1 VDC to 5,000 VDC, and 
frequencies to 1,000 Hz. Single and multi-circuit configurations 
include L, Pi , Pi ,vith feed·through capacitors, and T circuits. 
Enclosures can be designed to conform to specific space and mount­
ing constrain ts, and term ination requirements. Circle No. 702 
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New 

LITERATURE 
Industrial Instruments 

Cole-Parmer Instrument, Verno n Hill , IL, has 
released its 2001 / 2002 gene ral ca talog of indus­
u'ial instruments and equipment. The 2,200-page 
catalog fea tures equipment for bio technology, 
electrochemi try, industrial, and safety applica­
tions. Products incl ude calibration equipment, 
instrumentation , pipe ttes, creening devices, 
and semiconductor equipment. Circle No. 72S 

Screw Insertion System 
Penn Engi neering & Manufacturin g Corp., 

Danboro, PA, has released a four-page brochure on 
the STICKSCRE System fo r ma ll-sc rew in er­
tion, The e lf-contain ed system allow fo r ea y 
attachment of me tal or plas ti c componen ts . The 
brochure profi les standard machine screw thread 
size, materia ls, lengths, and o ther specs. Tool 
o ptions incl uded in the brochure are Pi tol Grip and 
In-Line StickShoote r™ ai r tools. Circle No. 730 

Hand Tools and Gages 
A 20-page catalog of hand tool and gages i avail-

able from Mahr Federal, Providence, Rl. Products 
include cal ipe rs, micrometers, test indica to rs, dial 
indica tors, digital elec tronic indica to rs, height 
gage , and electronic gaging products. Also fea­
tured is the Pocke t urf® line of po rtable surface 
roughness gages. Circle No. 726 

Microelectronic Packaging 
Remtec, orwood, MA, has re leased an eigh t­

page brochure describing microelecu'onic packag­
ing solutio ns, including th e company's Pla ted 
Copper on Thick Fi lm (PCTF)TM manufac turing 
process. The teChno logy combines patterned cop­
pe r-plated images with air-fireable thick fi lms on 
ceramics fo r the manufac ture of me tali zed ub-
u'a te , chip carriers, and packages. Circle No. 729 

Grippers and Automation Components ... A CD-ROM and 64-page ca talog of pneumatic and 
hydrauli c grippers is ava ilable from Techn o­
Sommer Automatic, New Hyde Pa rk, N. The CD 
features more than 1,000 automa tion compo­
nen ts, including g rippe rs, swi ve l uni ts, tool chan g­
er , li near and ro tary aCUlato rs, vacuum techno lo­
gy, and shock absorbe rs. Free .DXF CAD fi le draw­
ings of all o ther componen ts are available on the 
CD-ROM, Circle No. 727 

Ballscrew Assemblies 
Ball Screws & Actuators, San J ose, CA, offe r a ] 20-

page catalog of plasti c nUL, leadscrew, and bal lscrew 
assemblie fo r linear mo tion applica tions. It al 0 fea­
ture new products such as the XCM 1800 plas ti c nul. 
Oth er new produ ts include anti-backlash nu ts, and 
additional screw sizes in English and metric un its . 
Circle No. 728 

Editorial Index 
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fo llowing companies f eatured editorially in this issue. 
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The web publ ication for NASA Tech Briefs readers 

N J\SA Tech Briefs ' all-digital p~blication, Raj)id Product Development Online (www.rapidproducts.net). help~ engineers develop 
better products faster by provzdzng tmmedzate 24-hour access to the latest znfO'lmatwn on CAD, FEA, modelznf£> mold-makinf£> 

reverse engineennf£> and rapid prototyping tools and techniques. This month s RPD Online includes: 

Advanced Resin Allows Production of Parts With 
"Living" Hinges 

Tyco Electronic, a supplier of e lecu-ical connection devices 
under the AMP trade name, ha been u ing tereoli thography 
for more than a decade. However, an AMP connecto r design re­

quirement specified the pro­
duction of stereolithography 
parts containing living hinge. 
Living hinges are made com­
pletely out of pIa tic; in tead of 
having a metal linkage at the 
poin t of actuation , a living 

hinge 's p lastic fibers bend to complete a given motion. After ex­
perimenting with DSM Somos 8100 re in , Tyco now can achieve 
stereolithography success. 
www.raPidproducts.net/ NovOO/ hingesll 00. html 

How to Use Numeric Components as Software 
Development Tools 

Rapid product development hinges 
on the speedy and cost-efficient devel­
opment of re liable software with built­
in error handling mechanisms. Soft­
ware vendors understand that the key :: =.~=_ ... I ' • 

to their profitability lies in licensing I ;ll~_;;;;_~.;;;;~;;;;_;. ;"'===-=--' 
previously tested code. Extensively : =r~ ___ o-- -
tested routines found in numeric and _:,:'::'.:-- - __ 
statistical libraries are a popular choice 
in that they preclude the need to "reinvent the wheel. " The ex­
periences of three companies - Datacolor, Waterloo Maple, and 
Intel - illustrate the advantage of using weU-establi hed nu­
meric algOlithms as software development tools. 
www.mp· idPTOducts.net/NovOO/softwarell 00. html 

Router Helps Prototype Maker Increase Sa les 
The improved accuracy of a computer numeri c con­

trolled (CNC) router from Techno-Isel has helped ge n­
erate a 30% increa e in sales a t Modelmakers, Inc. , a 
manufacturer of plastic prototypes. Previously, the pro­
totypes were made by manually cutti ng parts out of 

plastic heet stock and glu­
ing them together. U ing 
th e router, d e igns are 
carved out of pIa tic 
block, which are used to 
p rod uce silicone mold for 
u rethane castings. The cast 
prototypes, generated from 

CAD data, are more accurate than the piece-togeth er 
models, resulting in increased repeat business . 
www.rapidPTOducts.net/ovOO/TOuter 1100. html 

New Product Highlights 
Flexane"' castable liquid ure­

thane compound from Dev­
con , Danvers, MA, cure to form 
fl exible and rigid rubber parts 
for a variety of OEM applica­
tion . The room-temperature­
curing, nonshrinking ure­
thanes do not change hape 
while cUling, and can be u ed 
to make precision molds that 
reproduce fine details. They 
al 0 provide an ea y way to pour and mold cast rubber 
rep lacement parts that have been discontinued. 
www.raPidProducts.net/ovOO/ productsl1 00. !Ltml 

Be sure to visit w w w.rap idproducts.net for the latest 
information on the rap id product development industry. www.rapidproducts.net 
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Solid Edge is 
Un igraphics Solutions' 
mid-range CAD 
software package. 

PlanetCAD 
"'ww.nasalech.com 
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Impossible deadlines. 
Unrealistic design specs. 
Understaffed teams. 

SOFTWARE 

PROBLEMS WANTED. 

We're the consu ltants at the 
Eng ineering Exchange, ready to 
compete for your business. 

Post your problems on the Engineering 
Exchange and let us compete to solve 
them. Use us to create a virtual team. 
Get resources from allover the world. 
And solve tha t problem-fastl 

exchangt engineering-e.com 
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Eastman Kodak Company 
is changing the way decisions 
are made - providing 
information from imagery 
to people, on demand. 

A nd, to help customers realize the powerful potential 

of images as information, we 're pleased to announce 

the acquisition of Research Systems, Inc., (RSI), a 

leader in the field of data visualization and analysis 

software for remote sensing platforms. 

RSI will operate as a wholly owned subsidiary, 

retaining its unique brand and market-leading position. 

Together, Kodak and RSJ will offer many exciting new 

products, services, and exceptional customer service. 

With RSI as a member of the Kodak family, we have 

further secured our position as the leading provider 

of all your information needs. To RSI employees, we 

extend a heartfelt "welcome aboard." 

© Eastman Kodak Company, 2000 

For More Information Circle No. 532 




