


oo5 udib,oftd I., nesu,thnes ,th 
Thneprnrsd.sr.n ste is saspb 
designed so assure rho, the pr! .	 - 
Inarumens, speoflrasiou 

M,tional isssrumeut,furI,rr.-- - 
lass nooses, used duel up she NATIONA 
NnslsssdlnuisurssfStsukn!.	 - INSTRUMI 
solute of natural physical OU H 

The	 irn.rn.enr a ,hich si	 : - 

upeosting speeifiustioau qthe
i33k3/r Mxdr 

Forques4*unoccoasuserUa,pl' 	 - fl	 pj,, 

Suppeel.	 - 

S.gsod,

4 Oper-aflor" Ms.crI 

Take Measurements 
with Absolute Accuracy 

NA11ONAL 
INSTRUMENTS	 Cethficate of Calibruison 

Board Infnemdon	 CtiflcM, Infonoutoo 

t° 

When it comes to your measurements, don't guess. . . know. 
Look for detailed absolute accuracy specifications before you buy. 
Choose National Instruments products for up to 0.0127' percent absolute accuracy, backed by NIST-traceable 

calibration certificates and hands-free user calibration with autocalibration software. In addition, receive global 

calibration services through National Instruments or ANSI/NCSL Z540-1 and ISO Guide 25 Certified Metrology Labs. 

Calibration removes measurement uncertainties introduced by temperature drift and time and is required to 

deliver the specified accuracy. National Instruments data acquisition devices meet your needs for accuracy and 

calibration, so you can Take Measurements, Not Estimates. 

To learn more about calibrating your PC-based 

measurement devices, visit ni.com/info 

and enter nab901.

NATIONAL 
INSTRUMENTS 

(800) 327-9894 

Fax 15121 683-9300 • infogni,com 

For More Information Circle No. 511 
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Triaxial ISOTRON 
Accelerometer 
Model 65 
Packaged ma 10-mm 
welded titanium cube, this 

in - nm ensor is distinguished by its 
rcolmition and single cable output. 

InIJ- nrc	 l i ( 1 ttUiiiV/g and 

High Temperature 
Pressure Transducer 
Model 8544 

i	 numature, high 
imitivity device designed for operation to 

1 4 C. Ideal for measuring static and 
retire in niisile and spacecraft 
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If it's vibration, pressure or shock, we measure it. 

Endevco's silicon and piezoelectric sensors are 

routinely employed for modal, environmental and 

shock testing to measure the stresses experienced 

during rollout, release and flight to orbit. We supply 

accelerometers, pressure transducers, high intensity 

microphones and airborne amplifiers to test 

programs worldwide. Call Endevco at 800-982-6732 

and challenge us to meet your high expectations for 

accuracy and durability. 

MEGGITT

WHAT CAN WE DO 
FOR YOU TODAY? 

ENDEVCO Aw 
www.endevco.com/rd5 

applications@endevco.con 

800/982-6732 • 949/661-7231 fa
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• Quick-start guide 
• Full technical support 
• Full user support 
• Sample sessions 
• Technical papers 
• A//FREE,.. 

A CAE electromagnetic package 
that immediately boosts 
productivity and saves prototyping 
costs is hard to find. That's where 
our line of innovative boundary 
element method (BEM) simulation 
software can help. 

We've designed each of our 
packages around three basic 

principles: advanced technology; 

productivity and outstanding 

customer service. 

A clean, intuitive, user interface 
means the software is easier to 
use and learn than most other 
electromagnetic CAE tools. 

Advanced Technology 

We use Integrated's software to 
model precision magnetic circuits 
for the reprographics industry as 
well as other electromagnetic 
applications. The software enables 
us to create extremely accurate 
virtual results. This has allowed us 
to greatly reduce our prototype-to-
production phase." 

GroupAmold 
Magnetic Technologies Corp, 
Rochester, NY.

Advanced features like our intuitive 
user interface, extensive materials 
library, powerful solvers, 
exportable data and graphics, 
flexible post processing options 
and powerful parametric 
optimization routines give you 
the most sophisticated programs 
available anywhere. In addition, 
our coupled electromagnetic/ 
mechanical suite gives you 
complete solutions. 

Productivity 

"Integrated's software offers 
Industrial Coils the ability to model 
our designs quickly and accurately. 
Our design time has been reduced 
from three weeks down to two and 
a half days. 

Mike Potter 
Assistant Engineering Manager, 
Industrial Coils, 
Baraboo, W. 

You'll be producing useful designs 
in a matter of hours! We provide 
you with sample sessions to work 
through, on-line help, web support 
and full technical and application 
support to help you solve your 
toughest design issues. You also 
get industry standard links that 
connect you to your favorite 
CAD program for easy file 
import/export, shortening your 
design process even further.

and solving your own designs. In 
just one week, solve even the most 
challenging and sophisticated 3D 

designs. 

Ease and Accuracy 

"We are using 
Amperes to model 
the recording 
process for both the 
writing and reading 
of high density data 
storage apps. We are 
very impressed 
with the user 
friendliness and 
accuracy of the 
program." 

Dr. Sakhrat Khizroev 
Dr. Dimitri Litvinov 
Seagate Technologies 
Pittsburgh, PA. 

Solution 
capabilities 

include: 

• magnetostatics 

• eddy currents 

• electrostatics 

• charged particle 

• high frequency 

• mechanical
Visit us at 

• thermal	
The SPIE Expo 

• And more...	 Booth #321

Your FREE Demo kit 
will have you working in 
a matter of hours. 

Try it FREE 
Call today: 
1-204-632-5636 

F1J 
1l NT IC RATED 

ENGINEERING SOFTWARE 

E-mail: Info@integrated.ca 

Web: www.integratedsoft.cem 

Yours FREE for 30 days... 
Call 204-632-5636 to order your 

In just minutes, install your	 free, no-obligation demo kit 
program on your desktop PC.	 complete with: 
Within one day begin working on, 	 . Tutorials 

For More Information Circle No. 574 or Visit www.nasatech.com/574



Digital Video • 1553 
Burst Video Transmit/Receive 

ACMI • 8+ GB Memory 

fur n	 A - -	 TM 

and-Mission,.Data F
	

er 
with high speed I/O and mission data loading options.

It Fits 
Your specs. Your budget.


And the same slot as our V-80.

No aircraft mods required.* 

If it's worth a mission, it's worth a 

TE41 CL. 
www.tac-r&offfcom 
Tel 323-727-4866 • Fax. 323-1274871


e-mail: airborne@teac.com  

* Basic single channel MDR-8o 

© 2001 TEAC America, Inc. All trademarks are property of their respective companies. 

For More Information Circle No. 544
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HTML compiled help with 
robust indexing and search 
capabilities 

Jl.	 b*t 
I+oaoaô	 •-s_i.€i

\-...._J Constraint capabilities 
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When Engineering Has to be Right 

US Phone: 1.412.967.2700 
Europe (UK): 44.1784.442.246 
Fax: 1.412.967.2781 
California: 1.714.564.0844 
easyinterface.algor.com 
E-mail: easyinterface@algor.com 
150 Beta Dove, Pittsburgh, PA 15238-2932 USA

liii
	

It AIGH1	 IHUIJ 

E0,.*
io,	 -

_II•I 

L]	 j 
Define load and constrain	

91	
77  

sets within design	 r 
scenarios for an efficient 	 _Ef2t_J 
analysis workflow 

• It -
-	 <R. Co.*oil...1 

l E	 D 
. s•.f*•.. 

* 

$ 

•
$iiF*ROdel1 

• 
-' 111C 1.21 

ID Eh..* Tc< 

£ s.. 
• 

• 
• 

•
R—J-

illib224 L*.Jo1 
• 
•lb 244 C$'ø J' - 1 
• 
•	 2S<RokJO.' 
•	 27<RoJ2 
• b 2$ S$SI 24*41 

•	 31 

— $e. 

Includes right-click application, 

modification and removal of loads, 
constraints and finite element 
properties for linear and nonlinear 
stress, thermal, fluid flow and 
electric field analysis as well as 
dynamic mechanical simulation. 

O Multiple view-- 
windows for any 
model version 

EIID Right-click application, 
modification and removal of 
loads, constraints and finite 
element properties through 
context-sensitive menus that 
adapt to the active selection 
and analysis type 

Seamlessly works with 
(sits inside): 
• Autodesk Inventor 
• CADKEY 
• Mechanical Desktop 
• Pro/ENGINEER for 

Windows 
• Solid Edge 
• SolidWorks 
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'iage courtesy of Cherry Electrical Products) 

Contents continued 

54 Mechanics 

54	 lightweight, Collapsible Hyperbaric Chamber 
With Airlock 

56 Machinery/Automation 

56	 Reconfigurable Exploratory Robotic Vehicles

lOtech, Cleveland, OH, offers 

the DaqBoard/2000c' series

CompactPCl' multi-function 


data acquisition boards with

signal conditioning options and

different analog and digital I/O


combinations. 

ii 
'he MP1021 Series solid-state magnetic 

• oximity sensor from Cherry Electrical 
I r  . ,duds of Pleasant Prairie, WI, is a digital 

ill effect sensor that allows the user to 
specify the sensing face. Electronics internal 
to the sensing module provide noise filter-
" g and reverse battery protection. For more 

/i.	 formation on the MP1021 - and to learn 

bout other innovative new products - 
c New on the Market on page 61. 

I. '	 • 

58 Bio-Medical 

58	 Engineered Bioremediation of 
Contaminated Soil 

59	 Microgravity Tissue Engineering

This document was prepared under the sponsorship of the National Aeronatttii s and Spice 	 Per iii ssrotts. As (hi! u -duos [op uru to( rrpt itents for unternaf or pri son a I ruse, or the internal or 
Administration Neither Associated Business Publications Co., Ltd. nor the United States Gov-	 personal use of specific clients, is granted by Associated Bustttess Pt.bltcattons, provided that 
eniment nor any person acting on behalf of the United States Government assumes any ha- 	 the flat fee of$3.00 per copy he paid directly to the Copyright Clearance (enter 222 Rose 
bihity resulting from the use of the information contained in this document, or warrants that	 Wood Dr., Danvers, MA 01923). For those organizations that have been granted a photocopy 
such use will be li-ce from privately owned rights. The U.S. Government does not endorse any	 license by CCC, a separate system of payment has been arranged. rite fee code for users of the 
commercial product, proress, or activity identified in this publication. 	 Transactional Reporting Service is: ISSN 0145-319X194 $3.00+.00 
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me. Engineers never seem to have enough 

of it. Especially when searching for components 

Which is where we come in. We've created 

SpecSearch, a user-friendly, product-discovery 

system that gives engineers a place to quickly 

and easily find the specific components they 

need from a growing database of over 20 mil-

lion product specifications, representing over 

800 separate manufacturers. Sure you could

do it the old-fashioned way. Laboring through 

volumes of catalogs and directories. But that 

wouldn't leave you with much time to do any-

thing else. And that, after all, is the point of 

this ad. To find out more simply log on to our 

site at www.globalspec.com . And see for your 

self. 70,000 engineers already use it. And 

they've discovered a way to pursue other 

goals, as well. 

©2001 GlobalSpec. Inc. All rights reserved GLOBALSPEC CQMcL) and ENGINEERING CLICKS HERE() 
are registered service marks. GLOBALSPEC SM and SPECSEARCH SM are service marks of GlobaiSpec, Inc. 
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CONVERT 
COMPUTER 
GRAPHICS 
TO VIDEO 

R 6 E	 i-i &VI 
GIVES YOU 
MORE REASONS 
TO CHOOSE 
RGBIVIDEOLINK® 
SCAN CONVERTERS 

Up to 1600x 1200 
pixel input 

Analog NTSC and PAL, 
S-Video, RGB, 
's" B' 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 broadcast quality video. RGB Spectrum has 
a solution for every scan conversion application. 
We even offer a model with a zoom control so 
smooth you can continuously pan and zoom 
while videotaping. With a unique combination 
of quality and features. the RGB/Videolink line 
of scan converters is the industry leader in 
professional video scan conversion.

ROB SPECTRUM 
a visual communications company- 

950 Marina Village Parkway 
Alameda, CA 94501 
Tel:	 (510) 814-7000 4• 
Fax: (510) 814-7026 
E-mail:sales@rgb corn
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Get to analysis faster. 

Take live measurements	 Data Acquisition 

Instrument Control 

in Signal Processing 

Statistics 

Training 

Consulting 

New test and measurement tools for NIATLAB combine data acquisition, instrument 

- control, and data analysis in a single, 

Q interactive environment. Now you can 

41 ;: 4 --	 acquire live data from popular data 
incur tot 

communicate iIIIII data acquisition devices and 	
acquisition devices and control your test 

instruments direct!;' from MATLAB. 

equipment directly from MATLAB. Use proven tools for signal processing, statistical 

analysis, graphics, and reporting to analyze your data as it streams into MATLAB. 

Get your free 30-day trial today. 

Call 508-647-7040 to request your trial. Or get a free MATLAB"  
technical information kit at www.mathworks.com/nttm. 	 SIMULINK 

These new MATLAB  

tools provide a  

	

complete solution for	 ' -.- ----- -- - -. - - 

	

test, measurement,	 I - - - --	 -	
.-.	 ,,...• -. 

r_- i•'


	

analysis, graphics, 	 -

- 

The MathWorks

Visit www.mathworks.com/nttm  

or call 508-647-7040	 ._	 I \	 k 
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NASA 
Commercial 
Technology 
Team

NASA's R&D efforts produce a robust supply of promising technologies with applications in many 
industries. A key mechanism in identifying commercial applications for this technology is NASA'S 
national network of commercial technology organizations. The network includes ten NASA field cen-
ters, six Regional Technology Transfer Centers (R1TCs), the National Technology Transfer Center 
(N7TC), 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.

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. 

Ames Research 
Center 
Selected techno-
logical strengths: 
Information 
Technology; 
Biotechnology; 
Nanotechnology; 
Aerospace 
Operations 
Systems; 
Rotorcraft; 
Thermal 
Protection 
Systems. 
Carolina Blake 
(650) 604-1754 
cblake@mail. 
arc.nasa.goV 

Dryden Flight 
Research Center 
Selected techno-
logical strengths: 
Aerodynamics; 
Aeronautics Flight 
Testing; 
Aeropropulsion: 
Flight Systems; 
Thermal Testing; 
Integrated 
Systems Test and 
Validation. 
Jenny Baer-
Riedhart 
(661) 276-3689 
jenny.baer-
riedhart@dfrc. 
nasa.gov

Goddard Space 
Flight Center 
Selected techno-
logical strengths: 
Earth and 
Planetary Science 
Missions; LIDAR; 
Cryogenic 
Systems; 
Tracking; 
Telemetry; 
Remote Sensing; 
Command. 
George Alcorn 
(301) 286-5810 
galcom@gsfc. 
nasa.gov 

Jet Propulsion 
Laboratory 
Selected techno-
logical strengths: 
Near/Deep-Space 
Mission 
Engineering; 
Microspacecraft; 
Space 
Communications; 
Information 
Systems; 
Remote Sensing; 
Robotics. 
Merle Mckenzie 
(818) 354-2577 
merte.mckenzie@ 
jpl.nasa.gov

Johnson Space 
Center 
Selected techno-
logical strengths: 
Artificial Intelli-
gence and 
Human Computer 
Interlace; 
Life Sciences; 
Human Space 
Flight Operations; 
Avionics; 
Sensors; 
Communications. 
Charlene E. Gilbert 
(281) 483-0474 
chafe'ie.e.gilbetl@ 
jsc.nasa.gov 

Kennedy Space 
Center 

Selected techno-
logical strengths: 
Fluids and Fluid 
Systems: Mate-
rials Evaluation; 
Process Engi-
neering; Com-
mand, Control 
and Monitor 
Systems; Range 
Systems; Environ-
mental Engi-
neering and 
Management. 
Jim Aliberti 
(321) 867-6224 
Jim.Aliberti- I @ 
ksc.nasa.gov

Langley Research 
Center 
Selected techno-
logical strengths: 
Aerodynamics; 
Flight Systems; 
Materials; 
Structures; 
Sensors; 
Measurements; 
Information 
Sciences. 
Sam Morello 
(757) 864-6005 
s.a. morello@ 
larc.nasa.gov 

John H. Glenn 
Research Center 
at Lewis Field 
Selected techno-
logical strengths: 
Aeropropulsion; 
Communications; 
Energy 
Technology; 
High Temperature 
Materials 
Research. 
Larry Vitema 
(216) 433-3484 
cto@grc. 
nasa.gov

Marshall Space 
Flight Center 
Selected techno-
logical strengths: 
Materials; 
Manufacturing; 
Nondestructive 
Evaluation; 
Biotechnology; 
Space Propulsion; 
Controls and 
Dynamics; 
Structures; 
Microgravity 
Processing. 
Vemotto McMillan 
(256) 544-2615 
vemotto.mcmillafl 
@msfc.nasa.gov 

Stennis Space 
Center 
Selected techno-
logical strengths: 
Propulsion 
Systems; 
Test/Monitoring; 
Remote Sensing; 
Nonintrusive 
Instrumentation. 
Kirk Sharp 
(228) 688-1929 
kirk.sharp@ 
ssc.nasa.gOV

Cad Ray
	 Terry Hertz 

Small Business Innovation
	 Office of Aero-Space 

Research Program (SBIR)
	

Technology (Code RS) 
& Small Business
	

(202) 358-4636 
Technology Transfer
	 thertz@mail.hq.nasa.gov  

Program (STIR) 
(202) 358-4652
	

Glen Mucklow 
cray@mail.hq.riasa.gov
	

Office of Space Sciences 
(Code SM) 
(202) 358-2235 

Dr. Robert Norwood
	 gmucklow@mail. 

Office of Commercial
	

hq.nasa.gov 
Technology (Code RW) 
(202) 358-2320
	

Roger Crouch 
morwood@mail.hq. 	 Office of Microgravity 
nasa.gov
	 Science Applications 

(Code U) 
(202) 358-0689 

John Mankins	 rcrouch@hq.nasa.gov 
Office of Space Flight 
(Code MP)
	

Granville Paules 
(202) 358-4659
	

Office of Mission to Planet 
jmankins@mail. 	 Earth (Code Y) 
hq.nasa.gov
	 (202) 358-0706 

jlesii4je.hq.nasagov 

NASA's Business Facilitators 

NASA has established several organizations 
whose objectives are to establish joint spon-
sored research agreements and incubate 
small start-up companies with significant 
business promise. 

Wayne P. Zeman Thomas G. Rainey 
Lewis Incubator for NASA KSC Business 
Technology Incubation Center 
Cleveland, OH Titusville, FL 
(216) 586-3888 (407)383-5200 

NASA-Sponsored Commercial Technology Organizations B. Greg Hinkebein Joanne W. Randolph 

These organizations were established to provide rapid access to NASA and other federal Mississippi Enterprise for Bizlech 

R&D and foster collaboration between public and private sector organizations. They also Technology Huntsville, AL 

can direct	 to the appropriate point of contact within the Federal Laboratory Consortium. you
Stennis Space (256) 704-6000 

To reach the Regional Technology Transfer Center nearest you, call (800) 472-6785.
Center, MS 
(800) 746-4699 Joe Becker 

Ames Technology 
Joseph Allen	 Dr. William Gasko	 Gary Sera	 Pierrette Woodford Julie Holland Commercialization Center 
National Technology	 Center for Technology	 Mid-Continent Technology	 Great Lakes Industrial NASA Commercialization San Jose, CA 
Transfer Center	 Commercialization	 Transfer Center	 Technology Transfer Center (408) 557-6700 
(800) 678-6882	 Massachusetts	 Texas A&M University	 Center Pomona, CA 

Technology Park	 (409) 845-8762	 Battelle Memorial (909) 869-4477 Marty Kaszubowski 
(508) 870-0042	 Institute Hampton Roads 

Ken Dozier	 Charles Blankenship	 (216) 898-6400 Bridgette Smalley Technology Incubator 
Far-West Technology	 B. David Bridges 	 Technology UH-NASA Technology (Langley Research Center) 

Transfer Center	 Southeast Technology	 Commercialization Center Commercialization Hampton, VA 
University of Southern	 Transfer Center	 Newport News, VA Incubator (751) 865-2140 
California	 Georgia Institute of 	 (757) 269-0025 Houston, TX 
(213) 743-2353	 Technology (713) 743-9155 

(404) 894-6786
John Fini 

NASA ON-LINE: Go to NASA's Commercial Technology Network (CTN) on the World Wide Web at
Goddard Space Flight 

http://nctn.hq.nasa.9OV to search NASA technology resources, find commercialization opportunities,
Center Incubator 
Baltimore, MD 

and learn about NASA's national network of programs, organizations, and services dedicated to tech- (410) 327-9150 x1034 
nology transfer and commercialization. 

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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FLAWLESS IN ANY ENVIRONMENT 

THE MILITARY DEPENDS ON STORCASE DATA EXPRESS 
removable drive enclosures for reliable performance. In addition to being used 

I _-	
to collect low gravity acceleration measurements during NASA Space Shuttle 

tjHIdiUJl - missions, Data Express removable drive carriers are used in many military 

land, air and sea applications. From the simplest removable drive application to the most 

complex RAID enclosure implementation, StorCase has a solution to meet your unique 

storage requirements. Call a StorCase representative today at 	 Storuase (800) 337-8421 to find out more about the Data Express - one 	
E C H N L 0 G 

of the toughest removables in any environment.	 ______________________ 

I[Z.1
	 DM	 DI$TRIBUTIMG	

aLMROPRcmT	 cOtN 
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Reader Forum 
Reader Forum is dedicated to the thoughts, concerns, questions, and comments of 
our readers. If you have a comment, a question regarding a technical 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 

NY 10017; Fax: 212-986-7864. Please include your name, company (if applica-
address, and e-mail address or phone number 

Configure Your 
Measurement 
System 

DAQ Designer 2001 

NATIONAL 
INSTRUMENTTS 

Use DAD Designer 2001 to 

choose products for connecting 

any signal to your PC or 

network, including: 

• Sensors 

• Voltage to 1,000 V 

• Current from 0 to 20 mA 

• Digital /0 

• Frequency 

• Analog and digital cameras 

• Controller area network (CAN) 

iii. corn/info 

To run DAD Designer online or 

for a free DAD Designer CD, 

visit ni.corn/info and enter naij2l. 

NAT IONAL 
INSTRUMENTS 

(800) 454-2610 
Fax 512) 683-9300 • inth'Prii corn

Is
am designing 

m 
aiicl protots ping all ill- 

strurnent to scare birds fro airplane 
landing strips and hangars, as well as 
from agricultural fields and orchards. I 
am completely in the (lark regarding 
the ornithology involved. For example, 
what frequency of sound is enough to 
cause the birds to fly away from the 
source of the sound? Also, I'd he in-
terested to know the frequency of 
sound that can disturb rodents such as 
squirrels, rats, and mice. I appreciate 
any assistance. 

John C. Marchesini 
\laGiCo Electronic Engineering 
662-1 ,15- 1-1 01 1 

Technologies Wanted 
Periodically in Reader Forum, we 

feature abstracts of Demand-Pull Tech-
nology Transfer projects. These pro-
jects identify technology needs within 
an industry segment - such as Assis-
tive Technology - and find solutions 
to meet those needs. The Rehabilita-
tion Engineering Research Center on 
Technology Transfer, in partnership 
with the Rehabilitation Research Cen-
ter on Hearing Enhancement, has de-
'eloped the Hearing Enhancement 
Project to identify market needs like 
those described below that represent 
significant business opportunities. For 
noire details on the project, or to 
sulbnlit technology solutions, visit the 
project web site at: http://cosmos. 
buffaio.edu/hearing. 

Earmolds 
Hearing aids, high-quality noise pro-

tection, and some assistive listening de-
vices (ALDs) require precision ear-
molds, which couple the hearing aid to 
the user's ear, channel sound from the 
hearing aid through the ear canal to

the eardrum. and help secure the (IC-

vice in place. The challenge is to pro-
vide a secure fit without making the 
device so tight that it becomes uncom-
fortable. The optimal measurement sys-
tem will use advanced techniques to 
produce an accurate mathematical rep-
resentation of the ear canal that takes 
into account changes in canal geome-
try caused by motion and environment. 
This representation will he interpreted 
by automated fabrication systems. Im-
proved earmold materials must he 
comfortable and non-irritating to the 
wearer, and easily cleaned and main-
tained. The ideal material must not 
harden or shrink over time. 

Assistive Listening Systems 
Assistive Listening Systems (ALS) 

bring a remote, essentially noise-free 
sound signal directly to the hearing-im-
paired listener across the intervening 
reverberant and noise-filled acoustic 
space. These systems primarily serve a 
hearing-impaired population, but they 
are also used for high-quality sound am-
plification and enhancement in multi-
ple environments. The biggest need is 
for a system that integrates IR, inductive 
loop (IL), and FM systems so that one 
receiver can operate with all three 
transmission modes. An JR system 
should use a multi-path or signal path 
approach to isolate the speaker(s) and 
listener(s). Low power and "smart" 
diodes that adjust power ill response to 
the environment would be an improve-
ment. The most common inductive 
loop receiver is the hearing aid telecoil. 
One issue with current IL systems is the 
need to install significant supporting in-
frastructure. Future loop systems need 
to he made easier to install and should 
not require changes to the walls, ceil-
ings, and floors of buildings. The IL am-
plifiers should adjust for field strength 
and have a tuning capacity. 
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MOST PEOPLE DREAM DuPonr Vesper 
forward engineering 

IN BLACK & WHITE. BUT FOR 
THOSE OF YOU WHO DREAM IN 
PARTS & SHAPES, SAY HELLO 

Ahh, the visions of progress that dance 

in your head. Superior assemblies TO MR,  S made with washers, thrust devices and seal rings that 

'-	 withstand wear High-performance engines built with bushings, varies and wear strips that endure high temperatures and provide low friction. 

*`_4 Exceptionally clean retainer rings, chamber liners and in-process components durable enough to resist chemical attacks. But before you go setting 

the design world on Its edge, you need a range of materials versatile enough to make these visions a reality. Good thing DuPont' Vespel' tr Parts and Shapes are 

equal to the task. In fact, our expanded new lineup Consists of five families of material solutions that provide i Lirsous curubiruaticu of physical Properties, 

while offering you the ultimate in design flexibility. Starting as the Vespel® S line, the family has grown significantly 0 to include the intioductioii of Vespel TP for 

maximum geometric flexibility, Vespelx CP for superior heat resistance and strength, Vespel 5 CR for maximum chemical resistance, and Vespel°' ASB which 

combines materials for specific applications. 	 Now more than ever, we have the resources necessary to help you realize your vision from start to 

finish. With the culmination of our expanded 	 line of products and in-depth technical expertise, it's clear Vespel ® Parts & Shapes are the perfect complement to 

the mindset of an engineer focused on not only meeting customer requirements, but breaking rem ground as well. After all, making things stronger, 

faster, lighter, and subsequently, more efficient is what Vespel Forward Engineering is all about. 	 All things considered, there's never been a better 

time to think Vespel® Parts & Shapes early on in the design process. An idea more and more engineers are waking up to. 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. 

The DuPont Oval Logo, DuPont-, the miracles of science- and Vespel 
are trademarks or registered trademarks oft. i do Pont de Nemours and company

For More Information Circle No. 563
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Os'cr the past three decades, NASA has granted more than 1000 patent licenses in virtually ever5 area of 


technology. The agency has a portfolio of 3000 patents and pending applications available now

for license by businesses and individuals, including these recently patentedinventions: 

Method and Apparatus for
	

Ultrasonic Bolt Gage 
the Portable Identification

	
(U.S. Patent No. 5,970,798) 

of Material Thickness and
	

Inventors: Stuart M. Gleman and 
Defects Using Spatially

	
Geoffrey K. Rowe, Kennedy Space 

Controlled Heat Application
	

Center 

Compucope	 iuf4 

2 GS/s Sampling Rate 

500 MHz Bandwidth 

16 MB Acquisition Memory 

Programmable Input Gain 

. PCI Form Factor 

SAW Oscillator Controlled Clock 

• Direct External Clock 

Compatible with 

tost Powerful 
Oscilloscope Software 

GaGe 
A Tektronix Technology Company

(U.S. Patent No 6000844) 

Inventors: K. Elliott Cramer and 
William P. Winfree, Langley Research 
Center 

An apparatus for the nondestructive 
identification of defects in structures is 
disclosed in this patent. It comprises a 
heat source and a thermal imager that 
move at a constant speed past a test sur-
face of a structure. The thermal imager is 
offset at a predetermined distance from 
the heat source, which induces a constant 
surface temperature. The imager follows 
the heat source and produces a video 
image of the thermal characteristics of the 
test surface. Material defects produce 
deviations from the constant surface tem-
perature that move at the inverse of the 
constant speed. 

Photonic Switching Devices 
Using Light Bullets 
(U.S. Patent No. 5,963,683) 

Inventor: Peter M. Goorjian, Ames 
Research Center 

The invention describes a unique, 
ultrafast, all-optical switching device made 
with readily available, relatively inexpen-
sive, highly nonlinear optical materials, 
including optical glasses, semiconductor 
crystals, and/or multiple quantum well 
semiconductor materials. These materials 
have a sufficiently negative group velocity 
dispersion and high nonlinear index of 
refraction to support stable light bullets, 
thus preventing the degeneration of the 
pulses due to dispersion and diffraction at 
the front and back of the pulses. The light 
bullets counterpropagate through, and 
interact within, the waveguide to selective-

ly change each other's directions of prop-
agation into predetermined channels. In 
one embodiment, the switch utilizes a rec-
tangular planar slab waveguide, and fur-
ther includes two central channels and 
other channels for guiding the light bul-
lets into and out of the waveguide.

Reliable and accurate bolt tension 
gages are an essential tool at the 
Kennedy Space Center to determine the 
amount of preload in critical bolts and 
studs located in both ground support 
equipment and flight hardware. Existing 
commercial gages perform adequately 
in most cases, but can produce unac-
ceptable errors and uncertainties when 
doing tension measurement in some 
configurations of flight hardware. This 
team has devised an ultrasonic bolt gage 
comprising an ultrasonic transducer for 
coupling to a bolt, transmitting ultrason-
ic signals through the bolt, and provid-
ing echo waveform output signals. The 
processor provides analysis outputs indi-
cating a tension applied to the bolt using 
both cross-correlation and feature 
recognition analysis. 

Ferroelectric Fluid Flow 
Control Valve 
(U.S. Patent No. 5,961,096) 

Inventors: Antony Jalink, Jr., Richard 
F. Heilbaum, and Wayne W. 
Rohrbach, Langley Research Center 

A "check valve' allows unimpeded pas-
sage of fluid in a flow in one direction 
and no passage of the fluid in the oppo-
site direction. These passive valves 
require the action of the reversal of fluid 
flow to activate the valving action, and 
this need can lead to an undesirable 
amount of resistance against the fluid 
flow. This is lost effort that must he deliv-
ered by the pump. The present inven-
tion provides an active valve that is con-
trolled and driven by external electrical 
actuation. The valve provides improved 
passage in the direction of the flow and 
positive closure in the direction against 
the flow. Application of an electric volt-
age to the ferroelectric actuator causes 
an electrical field between its faces, and 
in response the shape of the actuator 
changes. 

Outside the U.S. contact: Gage Applied, Inc. 

Tel: +1-514-633-7447 Fax: +1-514-633-0770


e-mail: prodintothgage-applled.com 

For More Information Circle No. 404

For more information on the inventions described here, contact the appropriate NASA Field 

Center's Commercial Technology Office. See page 12 for a list of office contacts. 
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"It's not always 
what you know 
It's knowing 
where to look." 
yet2.com. The world's leading 
Internet-based technology marketplace. 

yet2 .com is an interactive tech marketplace that enables you to think 

outside the box. Expand your technology horizons We offer a f 

nient, easy-to-navigate way to look at hundreds of licensable 

technologies from leading international organizations and 

individual inventors alike. Every week we feature a Tech of the 

Week so viewers can learn about the coolest new technologies 

available for licensing. Tell us what you're looking for and we'll 

e-mail you when relevant abstracts get listed. Or list your own 
technology for the world to see. 

yet2 .com is a rich, dynamic arena Vhere dIene Industries meet and 

Ideas cross-pollinate. It's the one place where inventors and users come 

together. Where the possibilities are endless 

and you can actually see the future.

yetocom



Correction 
The engine simulation 

image that appeared on 
the cover of the April issue 
was incorrectly credited. 
The model actually was 
created in pro-fe, a finite 
element pre/post-processor 
distributed by adapco of 
Melville, NY. pro-fe allows 
users to construct and 
manipulate large finite 
element analysis (FEA) 
models without using large 
amounts of computer 
memory. adapco can be 
reached at 631-549-2300, 
or visit www.adapco.com . 

uppront __
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T

he DaqBoard/2000c series of CompactPCl data acquisition boards from 
lOtech, Cleveland, OH, are multi-function I/O boards with isolated signal 
conditioning options. The series consists of six boards, with different analog 
and digital I/O combinations, that can be configured individually or in any 

combination of up to eight boards per CompactPCl chassis. Input expansions of 
up to 256 channels can be 
supported with scan rates up 
to 5 its/channel. Up to 470 
channels of analog and digital 
I/O can be accessed from a 
single board using a single 
high-density connector and 
cable. Features common to all 
boards in the series include 16 
16-bit analog inputs, four 
high-speed counter/pulse 
inputs, synchronous scanning 
of all channels, and more than 
30 signal conditioning options 
for measuring temperature, 
pressure, strain, and position 
with and without isolation. 	 For More Information Circle No. 740 

Join the Celebration! 
l'liis year marks the 

J O TECH BRIEFS 25th anniversary of 
\ASA Tech Brfr)s, and 
V. 

. t-1	 e re planning a very
 

December. The

-

	 com-
memorative issue will -	

-
 

feature a retrospective 
V

	

	 25 years of techriol-




innovations as 
ANNIVEPS V 	 uve seen them 

ihiough the pages 
I ' I II, liii /\. \\ II ak	 iiivisions of tomorrow


- where technology is headed in areas such as software, 
medical, manufacturing, computers, communications, 
and electronics. 

Most of all, we want you to help us celebrate. We've got a 
contest especially for you - the readers — who have made 
our first quarter-century possible. We want to know how

NASA Tech Briefs has impacted your work and your life. So 
whether you've been reading the magazine for two years 
or 25 years, you're eligible to enter. 

Tell us how the technologies and products featured in 
NASA Tech Briefs over the years have helped you solve 
problems and grow your business. Have you established 
partnerships with NASA or licensed a NASA technology? 
Which technologies or products are you reading about 
today in NTB that you think may drive important innova-
tions in the next 25 years? 

To enter, go to www.nasatech.com/25letters, fill out the 
brief profile, and tell us, in 200 words or less, what NASA 
Tech Briefs means to you. All entrants will be eligible to win 
some great prizes, and five winning letters will be printed in 
our December anniversary issue, which will he distributed 
to the White House, Congress, and top NASA officials, as 
well as delivered in .PDF format on-line with hot links from 
ads and articles. 

Let's hear from you! 
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Versatile. Elegant. Simple. 
Great qualities in a folding chair. 
Even more impressive in an 
MCAD program. thinkdesign. 

When Poltrona Frau's furniture designers needed to 
cut project development time from months to days, 
they sought a 3D CAD application with the same 
blend of refinement and functionality.

Poltrona Frau is 
world-renowned 
for furnishings for 
homes, public 
spaces, even luxury 
cars. How does a 
company steeped 
in handcrafted 
tradition speed 
manufacturing 
to keep pace with 
consumer demand 
today? thinkdesign. 

Its powerful solid 
and surface model-
ing tools help 
Poltrona Frau 
designers visualize 
complex forms and 
interactions quickly, 
so they can go 
from sketches to 
3-D models in just 
hours—leveraging 
popular designs 
like the "Donald" 
chair into broader, 
more profitable 
product lines in 
days, not months. 

rcritr 

When folded, 
you'll recognize 
that famous 
profile that gives 
the "Donald" chair 
its name.

N  r, 
800.323.6770 www.think3.com 

For More Information Circle No. 561



K-FLEX 

i/ic one soul-ce Jor

Mario Busacca, Technical Lead, Environmental 
Program Office, Kennedy Space Center 

SiO 

jj	 \3L 

JL\ 1 

\ii	 iiLi\i3l Li i7 

Applications: 
• EW platforms • Radar systems 
• Fighter jets • Medical systems 
• Satellites • High-energy 
• Commercial / physics 

military launch • Space exploration 
vehicles

For More Information Circle No. 405 

KAMAN 
Kaman Instrumentation


Operations 

719-635-6954

M
ario Busacca 
is the Tech- 

nical Lead for the 
Planning and 
Special Project, 
Group in the Envi-
ronmental Pro-
gram Office at 
NASA's Kenned 
Space Center in 
Florida. His respon'ihiltt i, to 
that any environniental-related issues 
and projects are conducted under the 
parameters set down by the National 
Environmental Policy Act. 

NASA Tech Briefs: What environmental 
projects are you currently working on at 
Kennedy Space Center (KSC)? 

Mario Busacca: At KSC, we have ap-
proximately 140,000 acres of land and 
water. And of that land, much of it is 
wetlands. Whenever we want to build a 
new facility, or we need some new in-
frastructure to support the space pro-
gram, we need to look at where we're 
going to place that. If we're going to 
impact wetlands, which sometimes we 
have to, we have to do some mitigation, 
which can involve creating new wet-
lands, or enhancing or restoring exist-
ing wetlands that are in poor shape. 

In order to make that an easier 
process, and also to serve the environ-
ment, we are trying to develop a long-
term wetlands restoration program. At 
KSC, of those 140,000 acres, we only 
use about 3,000 to 4,000 of them for 
space-related activities. The remainder 
is managed for us under a special 
agreement by the Fish and Wildlife 
Service and the Merit Island National 
Wildlife Refuge. We work hand in 
hand with them, but they do the land 
managing. 

NTB:Do you have a set timetable for 
the project? 

Busacca: We have a couple of differ-
ent restorations we're doing. With each 
type, you have a different type of 
timetable. One thing we're doing has 
to do with mosquitoes. We sit between 
the Indian and Banana Rivers, which is 
part of the Indian River lagoon. We 
own about 60 percent of the impound-
maclit in the lagoon, which is about 180

miles long. The wa y mosquito mi-
poundments work is that you put a dike 
up around those wetlands and during 
the mosquito breeding season, they are 
flooded to stop the mosquitoes from 
laying their eggs. So that has impacted 
the functionality and the ecology of 
those wetlands. 

NTB: How do you deal with requests 
for assistance from the commercial 
community? 

Busacca: We are a federal facility and 
we do receive calls from the commer-
cial community to use our property. 
Under changes to the National Space 
Act recently, there has been some legis-
lation that has encouraged NASA to 
support the commercialization of our 
space. However, that has not fully 
opened the lands at KSC to commerce. 
Any commercial venture that would 
want to come onto the Center would 
have to meet a series of criteria. Most 
of our land is not directly used for com-
mercial or space-related activities. It 
acts as a buffer to the outside commu-
nity. Quite frankly, if we didn't have the 
Kennedy Space Center where it is, it 
would probably he condominiums and 
shopping malls. 

We feel that we actually have a really 
good partnership with the environment 
and the environmental community, and 
that our presence continues to help pre-
serve that. Working with the refuge and 
allowing them to do theirjob has helped 
enhance that environment. 

NTB: Do you offer your services to 
communities with local environments 
that have been damaged? 

Busacca: We have offered our expel-- 
tise; we do have a lot of technology 
transfers that are happening. We have 
some remediation procedures that are 
being tested byourselves and b y the 
Department of Energy at KSC, and 
those are going to he available to the 
general public. That is part of NASA 
technology outreach. Indeed, that is an 
integral part of what we do in our re-
mediation program. 

A full transcript oJ this interview appears 
online at wwm nasatech.com/whosiolto . Mr. 
Busacca can be reached at Mario. bnsacca-1@ 
ksc. nasa.goT 
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Our name pops up 
whenever there's talk about 

convenient ordering. 
Purchasing online is quick and convenient. You get great features 24/7 ...purchase history 

custom P0 option	 . lease payment calculator	 plus a quick-purchase feature. 

Browse our expanded assortment of brand-name products like Fluke, Wavetek, 

Avid', Belden, Cooper, and Icom in categories like Test & Measurement	 S 
Electronic Components . Business Radios ....d Wire, Cable & Thnk.	 4 

If you prefer using your phone to the computer, call our 


Commercial Sales Center 800-442-7221. 

j RadioShackcom 
if	 iAL SOLES DIVISION 

Do business. Fast. 
Order your free commercial catalog online at www.radioshack.com/b2b 

800-442-7221	 ,':irc	 Ce

For More Information Circle No. 592

VNINAINKNANNO



Using the ninkdesign 6.0 to re-
design a kayak. I he entire structure is modified when the boat 
is widened.

inreview )Ki" 

thinkdesign 6.0: A Unique MCAD Offering 
Steven S. Ross 

This latest version of think3's surface 
and solid modeler will appeal to designers 
working on complex - even freeform - 
shapes or on complex assemblies. In look, 
feel, and capabilities, it is unlike most 
other high-end MCAD packages. 

To start with, this is one of the few 
high-end packages that uses its own geo-
metric kernel, rather than a kernel li-
censed from Unigraphics or Spatial. 
There's also a new voice-driven interface 
that has been substantially refined in 
this version, and has a unique command 
menu structure. Like Autodesk Inventor, 
thinkdesign 6.0 is bi-directionally para-
metric. That is, a part can be based on a 
parametric association - part A 
drives part B drives part C, as in normal 
parametrics - but you can change part 
C, and parts A and B also will update. 

Many designers, however, will simply be 
drawn to the ease with which the system 
switches from 2D to 3D, and the ease of 
drawing and editing complex 3D shapes. 
It works with highly constrained paramet-
ric models of any type (solid models, sur-
faces, wireframe, or imported geometry). 
An already constrained and formed ob-
ject easily can be reshaped in a very intu-
itive way, even late in the design cycle. I 
saw a nice demonstration of a bagel cut-
I(rs outcr 51011 l)ciIIU modified ''on the 

fly," and another of a sculpted handle be-
ing changed in line with the artist's 
wishes, using a combination of associative 
surfacing and a new tool called Global 
Shape Modeling. 

thinkdesign 6.0 includes a library of 
hundreds of modifiable "Smart Objects"

in application areas such as metal ma-
chining, castings, plastic parts, and sheet 
metal. Users quickly can define new parts 
as Stuart Objects as well. For experienced 
3D users, this speeds 
the design process, of 
course. But it also al-
lows companies to eas-
ily set up libraries of 
allowable objects, and 
provides a way to add 
history when new ob- - 
jects are necessary.

	

There is an add-on,	 T. 
thinkshape, that ex-  
pands the shape-

	

based design features. 	 - 
Companies get design L / 
histories along with 
drawings (a feature 
that has been spread-
ing since Autodesk In-
ventor was introduced). Another add-on, 
thinkteam 6.0, provides extra product 
data management features. It even has a 
license for a five-user SQL Server setup. 

think3 calls the merging of surface and 

solid modeling "mass 3D." In theory, you

can work only in 3D, using a solid mod-




eler. But you can draw a complex solid 

l,adlv - mating solid primitives wrong, 

loti isiai ice' And solid modelers are not 


as flexible for doodling be-




cause the solid must obey

rules about its "real-world"

.eometry. Surface modelers

s'nd to be faster and more in-




a'ractive. thinkdesign 6.0, es-




1xcially with the thinkshape 
a(Idl-Ofl (mold makers in pat-- 
6(will have to have it). 
(its you move back and forth 
sc;inilessly. 

thinkdesign has a unique 

c minand structure and on-




5( meen conventions. The on-




screen views are terrific - a

clearly transparent" un-




provenhent over the standard

Windows dialog boxes,


which hide much of the view the y are

trying to explain or modify. The mouse

commands are another matter - I was 

just getting used to them after a half-




hour of playing. But there's a compati-




bilitv mode, with a command line inter-




face that overlays drawing and editing

commands similar to AutoCAD. It also 
comes with a clever adventure game 
called Time Mechanic that helps you 
learn how to use it. 

The whole system is fairly nimble. On 
fast machines, even fast laptops, shapes 
appear quickly on-screen. But install 
plenty of RAM - 128 MB minimum - 
to get the best results. thinkdesign im-
ports most standard 2D and 3D files. The 
Mc'AD engine is thinkdesign ($1,995). 
More surface modeling features are 
available with thinkshape ($1,995), and 
more database features with thinktearn 
($995). Photorealistic rendering is possi-
ble with thinkreal ($350). The prices are 
for annual subscriptions, which include 
support and upgrades. 

The company provides on-line train-
ing and product seminars, and an on-
line searchable knowledge base that in-
cludes complete bug reports - a rather 
refreshing corporate culture. You can 
buy the software directly from think3 
sales or from the company's Web site 
at www.think1com. Contact think3 in 
Santa Clara, CA, at 800-323-6770. 

Steve Ross has written several 

design books, including Product 

Safety and Liability: A Desk Ref-

erence (Kolb & Ross, McGraw-

Hill, 1979). This fall, he will be a 

visiting professor at Boston Uni-

versity, co-directing a new Insti-

tute for Analytic Journalism. 

!!r

• 

Smart objects inside thinkdesign Here, the standoffs and pins remain 
where they belong (to mate to other parts) as the shell's geometry 
is modified. 

22	 www.nasatech.com	 NASA Tech 11iiefsJuh.2001



Also available from your favorite corporate resellers: 

Software 

Spectrums CDW	 PC Connection

For more information, call


your favorite reseller, visit our


website www.mathcad.com ,


or call us at 

1-800-628-4223. 

Complex 
calculations	

- 

are hard. 
Mathcad® 2001 is the most powerful 

tool for applying mathematics. It is 

the backbone for your technical desk-

top applications. Reach solutions, 

document work, and analyze results 

the way more engineers and organi-

zations do. 

With Mathcad 2001, you get faster 

performance, enhanced Web pub-

lishing and workgroup collaboration 

tools, powerful simulation and mod-

eling capabilities, full compatibi ty 

with the Microsoft® Office suite, 

MATLAB ® , AutoCAD®, and much more 

- all with the stability and connectivity 

that make all your technical projects run 

faster and smoother, from start to finish. 

New 

Mathcgg 
Better. Faster. More Powerful.

Choosing the 
right solution 

shouldn't be. 

Mathcad 2001 Professional includes IBM techexplorerrM Hypermedia Browser - Professional Edition, SmartSketcht' LE, 
Volo rM View Express and VisSim LE. With Mathcad 2001 Premium you get everything above plus Axum8, SmartSketch 3 and the 
Solving & Optimization Extension Pack. Mathcad 2001 runs on Windows 95, 98, 2000 and Windows NT 4.0 or higher Volume and 
academic licensing is available 
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Technologies of the Month 
Sponsored by yetcom 

For more information on these and other new, licensable inventions, visit 

www.nasatech.com/techsearch 

New Methods for Tracking and Operating 

Vehicles Using GPS 

Caterpillar 

Global Positioning System (GPS) technology helps people 
figure out where they are by using radio signals from a network 
of aiellites to calculate latitude longitude, and elevation. 

I ]l	 I	 \h	 (I	 ii rn	 hat calculates the posi-

-	 ion of an orbiting 

III " upon the satel-
lite's ephemeris data 

the information it 
broadcasts to identify 
its location. Instead, 
the satellite's orbit is 
determined by mea-

n I I Un 1k Ilk at (Ililelent times. This pro-
\i(Ics iiiucli inoi e accurate positioning data and a more accurate 
fix on a terrestrial location, enabling the use of a single satellite 
instead of the usual three to determine a position. 

Caterpillar's new technologies have a number of possible 
applications in vehicle positioning, mining, construction, 
waste disposal, landscaping and other uses where vehicles are 
deployed, either autonomously or with onboard operators. 

Get the complete report on this tech nologv at: 
www.nasatech.com/techsearch/tow/caterpillar. html 

New Cooling Process Yields Superior 

Hardened Steel 
Joe Powell, President, IQT 

Often, a process called heat-treating 
is used to harden steel, making it 
stronger for use in vehicles, machin-
ery, and other applications requiring a 
more rugged alloy. When steel is heat-
treated, the iron-carbon matrix molec-
ular structure undergoes transforma-
tion through controlled application 
and removal of heat. A critical step in 
heat-treating is cooling, or "quenching liccaiisc the s1)ecd 
with which the metal is cooled substantiall y alters its charac-
teristics. A new quenching process called IntensiQuench con-
trols and interrupts cooling to aid uniform martensite forma-
tion and beneficial compressive surface stresses. 

Benefits include use with any heating source and common 
steel types; use of lesser alloys through super-strengthening; 
the production of smaller, lighter steel parts; and reduced dis-
tortion and cracking. 

Get the complete report on this tech nologi at: 
www.nasatech.com/techsearch/tow/iqf.htinl

New Process for Producing Optical Qual-
ity, Low Cost Plastic Films 

Steven D. Fields, Rohm and Haas Company 

The use of liquid crstal displays (LCDs) has become so 
widespread because low-cost, high-quality LCDs are readily 
available. Rohm and Haas has developed an alternative man-
ufacturing process that delivers both high-quality and low-cost 
plastic films suitable for use as plastic substrates and in other 
optical applications. The key to this technology is a stress-free 
optical (SF0) manufacturing process that utilizes a new 
process paradigm for producing optical cpialitv pliul Ic films. 
This	 novel,	 continuous 
process can form a variety of 	 I 
thermoplastic resins such iu 

into optical-quality films. 
The process requires no 

solvents and provides films	 - 
with ultra-smooth surfaces 
and low internal stresses, resulting in ulil .1-1110 optical retar-
dation and low thermal shrinkage. In addition, films made 
using the SF0 process may find applications in other areas, 
including optical data storage media. 

Get the complete report on this tech nologv at: 

uww.nasatech.com/techsearch/towlrohmhaas.html  

Environmentally-Safe Flame Retardant for 
Polymers 
Hideki Nakagawa, Asahi Glass Co. 

With the increasing use of plastics in everything from ap-
pliances to furniture, when a fire breaks out, the risk of injury 
or death is as great - if not greater - from toxic smoke as it 
is from the actual flames. Many manufacturers are using 
flame-retardant compounds for producing plastic compo-
Hiits; however, many of these flame retardants, such as those 

(Itaining halogen, are toxic and environmentally haz-
11(Ious. This new inorganic flame retardant can be used in 
iianv of the most popular polymers and thermoplastic resins, 

such as polyethylene, polypropylene, pol yester, polyvinyl chlo-
ride, polystyrene, nylon, and polycarbonate. The compound 
is comprised primarily of a low-melting glass containing a 
large amount of a phosphorous substance. When used with 
chlorine-containing polymers such as polyvinyl chloride 
(PVC) , it acts as a smoke suppressant. 

This versatile compound can be molded easily, making it 
ideal for applications such as plastic housings for electronic 
devices, seat cushions, automotive parts, and l)lemitlm and 
riser communication cable sheathing. 

Get the complete report on this tech n ologv at: 
wwui.ii,asatech.com/techsearch/towlagc.html 
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Near-Infrared Arrays 
Turn to InGaAs 
Some practical considerations about the use of an 
increasingly popular detector. 

O
ptical spectroscopy has rapidly 
evolved to meet the increasingly 

demanding needs of its users as one of the 
preeminent measurement tools in scien-
tific research. In its most basic form, the 
individual components of an optical spec-
troscopy system include a light source, a 
light-dispersive medium, and a detector. 
Advances in all three components have 
led to tremendous gains in the ability to 
obtain data. Arc lamps and lasers have 
replaced simple blackbody elements as 
light sources. As fabrication methods of 
gratings and mirrors have improved, dis-
persive elements, specifically spectrome-
ters, have become more efficient. 

As the semiconductor and telecommu-
nications industries continue to grow 
more sophisticated, the near-infrared 
(NIR) region of the spectrum is coming 
in for increasing interest for the charac-
terization of optical fibers, filters, light 
sources, semiconductors and other relat-
ed materials. Over the past decade the 
most dramatic improvements in spectro-
scopic tools have been the advances of 
detector technology. 

Optical spectroscopy detectors convert 
measured radiant power into an electrical 
signal that can be processed, recorded, 
and displayed. There are two main cate-
gories of measurement systems, based on 
either single-channel or multichannel 
detectors. Single-channel detector sys-
tems contain a single element that accepts 
light through the exit slit of the mono-
chromator. In this system, a spectral mea-
surement is made by rotating the grating 
of the monochromator and recording 
one data point for each grating position. 
The entire spectral bandpass through that 
slit contributes to the generated signal. 
This bandpass defines the achievable 
spectral resolution of the system. 

By contrast, a multichannel or array 
detector system allows a user to simulta-
neously collect many data points with-

out scanning the monochromator 
grating. This provides for much more 
efficient data collection than single-
channel counterparts do, because large 
amounts of spectral data can be collect-
ed in a single exposure. First developed 
mainly for the visible region of the spec-
trum, multichannel detectors enable 
collection of hundreds, and in some 
cases thousands, of data points in a sin-
gle exposure. No exit slit is used on the 
spectrometer. Instead, the dispersed 
spectrum is incident on the detector, 
which consists of several small and 
evenly spaced individual detection ele-
ments. The most popular multichannel 
detectors are charge-coupled devices 
(CCDs). CCDs are typically two-dimen-
sional arrays made of silicon with 
several hundred elements, or pixels, 
arranged in a rectangle. For spec-
troscopy, the longer side of the rectan-
gular array is arranged to coincide with 
the dispersed spectrum.

Scientific-grade CCDs exhibit high 
responsivity from the near-ultraviolet to 
the near-infrared region of the spectrum: 
200 nm to 1.1 micrometers. At longer 
wavelengths, the photon energy is lower 
than the silicon bandgap, and the silicon 
thus becomes transparent to the incident 
photons. Three-five materials, however, 
like indium gallium arsenide (InGaAs), 
have a lower bandgap and can absorb the 
NIR photons. For this reason, InGaAs 
arrays are quickly becoming the array 
detector of choice between 0.9 to 1.7 
micrometers because of their excellent 
quantum efficiency in this spectral range. 
By changing the alloy composition of 
the detector material, the wavelength can 
be extended up to 2.2 micrometers, 
although this extension comes at the 
expense of significantly higher noise lev-
els. Figure 1 displays the quantum effi-
ciency for regular and extended InGaAs 
arrays, compared to that of a back-illumi-
nated scientific-grade CCD sensor. 

100 . -

-Back tiluminated CCD 

- InGaAs Array 

Extended InGaAs Array 

200700	 1200	 1700	 2200 

Wavelength (nm) 

Figure 1. Typical quantum efficiency response of Jobin Yvon C(L)30U0 and 1(iA300U 
lnGaAs array detectors at 300 K. 
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Figure 3. A NIR spectroscopic system with a liquid-nitrogen-cooled Jobin Yvon 1GA.3000 
InGoAs array detector mounted on a Triax 320 imaging spectrograph. 
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Understanding Signal-to-Noise 
The InGaAs arrays used in spec-

troscopy are constructed from individ-
ual photodiodes arranged in a linear 
array with a silicon CMOS readout mul-
tiplexer circuit. These arrays typically 
consist of 128, 256, or even as many as 
512 pixels, in which active pixel areas of 
50 x 500 micrometers provide very high 
sensitivity. In high-precision low-light-
level spectroscopic applications it is 
important to understand the various 
noise sources which contribute to a 
measurement with an InGaAs array and 
thus affect the signal-to-noise ratio. 

Each individual InGaAs photodioth 
pixel in an array is connected to its own 
capacitive transimpedance preamplifier 
circuit. As a result, the bias voltages are 
often slightly different from pixel to 
pixel. These minute differences lead to 
a predictable and repeatable noi 
source known as fixed pattern nno 
This noise source is a strong function 
both the integration time and the al 
operating temperature, and can 
reduced by cooling the array with eltil 
thermoelectric or liquid nitrogen dl 
ing. Fortunately, the fixed pattern nols 
is highly repeatable and can be almost 
completely eliminated by subtracting a 
dark acquisition of the same integration 
time as the illuminated spectrum of 
interest. 

In order to accomplish the dark 
acquisition, it is mandatory to optical-
block the signal to the detector, using a 
mechanical shutter. Some InGaAs arrays 
have an electronic sink circuit that 
dumps the photocurrent and essentially 
flushes the detector in a manner analo-
gous to a CCD detector. This so-called 
"electronic shutter" does not permit a

O.d.y Y.Zoo,n CURSOR 

1117)00 602P1.1 600.N.n. 

dark acquisition to be made, but it does 
allow the user to set a fast integration 
time. Other sources of noise in an 
InGaAs array that contribute to the 
measurement include read noise, which 
is electronic noise that occurs when the 
elements are read out, and dark signal, 
which is the unilluminated response of 
the detector. 

The total noise in the measurement 
contains contributions from all sources 
of dark, readout, fixed-pattern, and 
shot noise. Shot noise, the intrinsic 
noise distribution in the photon signal, 
is equal to the square root of the total 
signal. A clear understanding of the 
noise process and the technical specifi-
cations of the detector, and how these

figures of merit are defined and influ-
ence the measurement, are of critical 
importance in comparing InGaAs array 
detector performances. For example, is 
the readout noise equal to the total 
readout noise, including contributions 
from the photodiode, amplifier, and 
CMOS multiplexer components, or is it 
simply but incorrectly the multiplexer 
noise. 

Thus, the total noise signal is: 

2	 2	 0	 2 
fl0UC,j - f1010CO3 _,,,,, fl023C_	 dart .gn.1	 .001 

Reducing the detector temperature 
can reduce the total noise signal of a 
detector. When an InGaAs array is 
cooled, however, the long-wavelength 
response cutoff changes at a rate of 1 
nm/K. From a practical point of view, 
the measurements with an InGaAs 
array are often shot-noise limited. In 
this case the reproducibility of the 
complete system is of importance in 
ensuring repeatable measurements. 
Figure 2 represents ten individual 
spectra of a Xe pen lamp source using 
a spectrometer with a 320-nm focal 
length and two-stage thermoelectrically 
cooled (-25 degrees C) regular 
InGaAs array. As demonstrated by 
this figure, the spectra overlay one 

another nearly perfectly, indicating the 
very high reproducibility of the detec-
tion system. 

The primary advantage of using an 
array detector such as the Jobin Yvon 
IGA3000 InGaAs array is the fast data 
acquisition rate. For example, a mea-
surement containing 500 data points 
obtained with a one-second integration 

36000 

:	 PA ]5x 

I 
Figure 2. Ten Xe lamp spectra taken with a Jobin Yvon InsaAs array at z qa r.
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time will take one second to acquire, 
whereas with a scanning detection sys-
tem it will take more than 500 seconds. 
Thus there is little penalty in using the 
speed advantage of the array to take 
multiple spectra in order to improve 
the signal-to-noise ratio under low-
light-level conditions. The signal-to-
noise ratio of the resultant averaged 
spectrum is improved by a factor of \1n 
(called the multiplex or Fellgett advan-
tage). For example, if 100 spectra are 
acquired and averaged, the signal-to-
noise ratio of the resultant spectrum 
will improve by a factor of ten.	 - 

oplex 

TM 

-"F 

/ 

Windows bored 

software for 

PC COntrO

Spectroscopic Systems 
and Software 

For optimum use in spectroscopic 
applications, InGaAs array detectors must 
be mounted onto an imaging spectro-
graph. Such spectrographs, like the Jobin 
Won Triax 320 (Figure 3), have correct-
ing optics that disperse the spectral infor-
mation across a flat field in the exit plane 
of the instrument. This allows the array 
detector, mounted at the exit plane, to 
collect large amounts of spectral infor-
mation in a single exposure. Note that, in 
general, InGaAs arrays are between 250 
and 500 micrometers in height. Accurate 

Move up to the new OPTex, the 

portable compact excimer laser system 

for scientific and medical 

applications, available for 

a very smart price. 

Air cooled, single phase, 

UV laser 

Self-contained system 

Wall-olua cower 
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I

spectroscopy, ablation, biology, 

clinical medicine, and ionization. 

Make a smart move by calling 

Lambda Physik today for more 

information and a demo. 

SO 9002 Certified, CE Marked 

LAMBDA PHY5IK 
Driving the Pulse of UV Technology

imaging onto the detector is critical to 
ensure maximum optical coupling from 
sample to detector, hence maximization 
of the signal-to-noise ratio, and to ensure 
uniform illumination across the array. 

It is also very important for spectro-
scopic applications that the detector and 
the spectrograph be controlled by a sin-
gle dedicated spectroscopic software 
package. In these applications, the data 
from the InGaAs array needs to be spec-
ified as a function of wavelength. By 
itself, however, the array cannot differ-
entiate between the wavelengths of light 
incident upon it. The imaging spectro-
graph is responsible for that function. 
Because different spectrometer and 
grating combinations have different 
spectral dispersions, the spectrum over 
the IR array changes with the varying 
conditions. If the dispersion and central 
wavelength are known, the software can 
calculate wavelength-dependent data 
from the NIR array. 

Proper spectroscopic software should 
be able not only to read the data and 
convert it into a useful format (e.g., 
wavelength versus counts), but also to 
change the state of the devices to make 
the appropriate measurements. For a 
movable-grating spectrometer, the soft-
ware must be able to change the center 
wavelength to allow measurement of 
the area of interest. For the InGaAs 
array, gain selection via the software is 
essential. The most complete spectro-
scopic packages not only read the data 
in the desired format, but also have 
extensive provision for data analysis 
and display. In the applications exam-
ples that follow, integrated systems con-
sisting of an InGaAs linear array, spec-
trometer, and complete spectroscopic 
software provide data to satisfy the var-
ied areas of spectroscopy. 

Photoluminescence 
Spectroscopy 

Photoluminescence (PL) spectro-
scopy is a simple and powerful tech-
nique that is widely used in the semicon-
ductor industry for material characteri-
zation. In PL measurements, a sample is 
irradiated with a visible light source, 
which stimulates the solid-state material 
to an excited electronic state. As this 
excited state relaxes to the ground state, 
it emits light at a wavelength dependent 
on the material properties. Thus the PL 
technique can provide information 
about the material bandgap, impurity 
content, alloy mix, homogeneity, and 
thickness of the epitaxial layers. 

In conventional PL systems, a scanning 
monochromator equipped with a single-
element InGaAs detector is used for ana-

SMART MOVE! 

u.S.A 954-486-1500 800-Excimer	 Germany: 49 551 69380	 Japan: 8145 9397848 
FAX: 954-4861501	 FAX: 49 551 68691	 FAX 8145 9397849 

e-mail: marketingusa@lambdaphysik.com  • www.lambdaphysik.com  
ACt An affiliate of O CO-ERET 

6a	 For More Information Circle No. 451
	

Photonics Tech Briefs, July 2001



When Accuracy Is Important To Your Project. 

W

hen it comes to choosing an 
optical design & analysis software 

tool, it makes sense to choose the tool 
that is recognized throughout the 
industry for accuracy and reliability: 
CODE V® from Optical Research 
Associates (ORAk). 

CODE V is the most comprehensive, 
accurate, and powerful optical design & 
analysis software available. Including: 

• Exact Optimization Constraint 
Handling holds constraints in all cases 

• Global Optimization that works 

• NEW Diffraction-based Beam 
Propagation 

• Powerful Macro Language including 
Fast Fourier Transform function 

When accuracy counts, 
you'll be glad to know that 
our in-house optical engi-
neers have used CODE V 
on over 4000 successful 
customer designs. 

To help assure your 
success, you can count on 
ORA technical support—
optical engineering 
professionals who speak 
your language and know the 
importance of accurate results. 

The optics may be complex, but the 
choice is simple. When accuracy is 
important to your project, the answer 
is CODE V

Non-sequential Surface Modeling c.0 an 
Interterogram Interface are two of the many 
advanced features of CODE V. 

Near & Far Field Intensity Output from CODE V's 
NEW Beam Propagation Feature along with 
applications that demand accuracy. CODE V was the 
leading software package used to design the optics 
installed during the First Servicing Mission of the 
Hubble Space Telescope.
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lyzing the emission from a sample. The 
drawback with this technique is that a sig-
nificant amount of time is required to 
collect a single spectrum. With an 
InGaA.s array detector mounted onto an

C

01 1 

S 
U 

imaging spectrograph, however, a large 
amount of spectral information can be 
collected quickly and simultaneously. 
Figure 4 shows PL spectra from GaAs, 
InGaAs (unknown composition), and sil-

icon obtained with a 256-element liquid-
nitrogen-cooled jobin Yvon InGaAs array 
detector mounted on a Jobin Yvon 
LabRam imaging spectrograph. The 
spectra were collected from room-tem-
perature samples excited by a 532-nm 
laser with a one-second integration time. 
Note the excellent signal-to-noise ratio 
obtained with these measurements even 
for a one-second measurement time. 

Other applications of NIR optical 
spectroscopy using an InGaAs array 
detector include Raman spectroscopy, 
singlet oxygen fluorescence monitoring, 
IR laser diode characterization, and 
photoreflectance. The number of appli-
cations is growing rapidly, as InGaAs IR 
arrays make previously difficult applica-
tions more feasible. As part of an inte-
grated system including spectrometer 
and software, InGaAs arrays will become 
an increasingly important instrument 
for the infrared spectroscopist. 

For furt her information , please contact the 
authors of this article, Dr. John K Gilchrist, 
director of the optical spectroscopy division, 
and Dr. Linda M. Casson, an applications 
engineer in the same division atJobin Yvon 
Horiba Inc., 3880 Park Aven in', Edison, NJ 
08820-3012; (732) 494-8660 (Gilchrist ext. 
131, Casson ext. 153): www.horiba.com . 

— MW	 Q. 	 PD.  

Figure 4. PL spectra of GaAs (left), lnGaAs (middle. and Si recorded on a Jobin Yvon 
LabRam with 532-nm excitation. 
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The line between success and failure is often as thin as a mirror. If your specifications call for hot mirrors, it's 


time to call ZC&R. No matter what your need, from off-the-shelf to custom coatings, you'll find all your 


solutions in one place - ours. And if cold mirrors are more your style, ours stand up to even the toughest test. Our 


filters always give you superior separation of visible, UV and JR radiation. So don't let your project go up in 


smoke. For a closer look into our mirrors, call us today. ZC&R, Burning up the competition. 

Crystal Clear Hot Mirrors 
Guaranteed color neutral even at 55000 K, our crystal 

clear hot mirrors are perfect for applications such as 

entertainment lighting, biomedical applications and 

fiber optics. Guaranteed not to peel, fade

UV Pass Hot Mirror 
Designed to block IR and allow visible and UV light to 

pass through, these hot mirrors are especially well 

adapted for UV curing of inks, dyes 

and cements. 
or craze. 

• Ave. T 90% at 425-675 nm 

• Ave. R 95% at 750-1150 nm 

• Incident angle = 00 

Cold Mirrors 
Our cold mirror filters reflect visible light and 

transmit JR. They are used in a wide variety of 

products from projectors to fiber optic illuminators. 

• Ave. T 90% at 750-1200 nm 

• Ave. R 95% at 420-650 nm 

• Incident angle = 450

• Ave. T 85% at 245-680 nm 

• Ave.T 86%at245-400nm 

• Ave. R 75% at 800-1050 nm 

• Incident angle = 00 

Extended Hot Mirrors 
Similar to our crystal clear hot mirrors, our extended 

hot mirrors provide a wider range of IR protection. 

They are ideally suited for applications which also 

require reflectance from 1200 to 1600 nm. Guaranteed 

not to peel, fade or craze. 

• Ave. T ^! 85% at 425-675 nm 

• Ave. R 2^ 95% at 750-1150 nm 

• Ave. R ^! 85% at 1200-1600 nm 

• Incident angle = 0 

COATINGS FOR OPTICS 
1401 Abalone Ave. / Torrance, CA 90501 
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e-mail: info@zcrcoatings.com / www.zcrcoatings.com 
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Recent photonics briefs published in NASA Tech Briefs 

pno:oncs- reiated briefs from NASA field center laboratories appear in NASA 

Briefs rather than in the Photonics Tech Briefs supplement. Listed here are some from 

es of NASA Tech Briefs just past, edited for brevity and indexed with reference to orig-

publication and the availability of a Technical Support Package on Photonics Tech 
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NASA Tech Briefs April 2001, page 44 NASA Tech Briefs May 2001, page 71 

system 

SILICON VIDE002112 1.3 megapixel. 10 bit. 
progressive scan, monochrome or color, with a 
programmable resolution to 1288x 1032 pixels. 

PIXCIO2X PCI Interface supplies power 
and programmable pixel clock for the camera. 
Trigger input for async reset 

XCAP•Llte Software provides camera control 
including sub-windowing/sampling, mirror & flip 
modes. RGB balance, and user-selectable pixel clock. 

2 Meter Cable supplies power. pixel clock, 
and control 
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Visit www.nasatech.com/445 
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Search by keyword or within 25+ 
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Link directly to company web sites 
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Are You an 
INSIDER? 

Read about it FIRST in the INSIDER, the 

free e-mail newsletter from NASA Tech Briefs. 

Exclusive previews of upcoming articles... 
late-breaking NASA and industry news.. 
hot products and design ideas ... links to 
online resources ... and much more. 

Sign up today at 

www.nasatech.com

Micromachined Broad Band 
Light Sources (NPO-20655) 

A team at NASA's Jet Propulsion 
Laboratory and Glenn Research Center 
has designed and fabricated a novel 
micromachined incandescent light 
source that operates at temperatures 
exceeding 2,500 K. The high-tempera-
ture tungsten-filament-based source 
has a high-brightness emission over a 
broad spectral band. The monolithic 
design allows for ease of incorporation 
with on-chip electronics as well as 
with fiber optics. This device can be 
used for miniature spectroscopic 
instruments and for automotive dash-
board displays. 

For further information, access the Tech-
nical Support Package (TSP) free on-line at 
urww.ptbmagazine.com under the Electronic 
Components and Systems category. 

NASA Tech Briefs May 2001, page 70 

Simple Fiber-Optic Coupling 
for Microsphere Resonators 
(NPO-2061 9) 

A team at NASA's Jet Propulsion 
Laboratory has devised simple fiber-
optic couplers for use in coupling light 
into and out of the "whispering-gallery" 
electromagnetic modes of transparent 
microspheres. The need for this type of 
coupling arises in conjunction with the 
use of these microspheres as compact, 
high-Q (where Q is the resonance quali-
ty factor) resonators, delay lines for 
optoelectronic oscillators (including 
microlasers), and narrow-bandpass fil-
ters. The coupler is fabricated by cleav-
ing and polishing the tip of a single-
mode optical fiber at an angle to form a 
microscopic coupling prism integral 
with the fiber. If a microsphere is placed 
near the angled surface and within the 
evanescent field of the fiber-optic core, 
there is an efficient exchange of energy 
in resonance between the waveguide 
mode of the fiber and a whispering-
gallery mode of the sphere. 

For further information, access the Tech-
nical Support Package (TSP) free on-line at 
ww-w.ptbmagazine.com under the Physical 
Sciences category.

Surface Gratings for Optical 
Coupling with Microspheres 
(NPO-2061 8) 

Researchers at NASA's Jet Propulsion 
Laboratory have shown that a diffraction 
grating consisting of a periodic gradient 
in the index of refraction of a thin sur-
face layer can be effective as a means of 
far-field coupling of monochromatic 
light into or out of the "whispering-
gallery" electromagnetic modes of a 
transparent microsphere. Far-field cou-
pling is preferable to near-field coupling 
in applications in which there are 
requirements for undisturbed access to 
the entire surfaces of microspheres, 
including a gate based on coupling 
between a high-Q (where Q is the reso-
nance quality factor) microsphere and 
trapped individual resonant ions. 

For further information, access the Tech-
nical Support Package (TSP) free on-line at 
ururw.ptbmagaxine.com under the Physical 
Sciences category. 

NASA Tech Briefs June 2001, page 36 

Rare-Earth Optical 
Temperature Sensors 
(LEW-1 7138) 

A team at John H. Glenn Research 
Center has developed a type of fiber-
optic temperature sensor that utilizes 
narrow-band near-infrared radiation 
emitted by rare-earth ions. These sensors 
can have a maximum operating temper-
ature that can equal or exceed 2,000 
degrees C, the exact values depending 
on the choice of fiber-optic and rare-
earth-containing radiative materials. The 
sensor is an optical fiber, coated at its 
input (hot) end with a film containing a 
rare earth. The tip of the fiber is put in 
contact with the object, the temperature 
of which is to be determined. Radiation 
at the input end of the fiber travels to the 
output end, then through a filter with a 
narrow pass band, and impinges on a 
photodetector, the output of which is 
processed to obtain the temperature. 

For further information, access the Tech-
nical Support Package (TSP) free on-line at 
urww.ptbmagazine.com under the Physical 
Sciences category. 

lOa	 sww.nasatech.com	 Photonics Tech Briefs,July 2001



Sb

-0-L	 Reddish 

	

s^l	 Orange 
4000  

B	 Red 
Pink  

5A 
81h,si Green	 C	 t -- --	 - - 

K

Purp lis

h 
Pink 

White	 Ppsb 

, 3-mm 

00	 Red 

Greenish 
Blue

Purple 
Reddis h 

Blue

Purple

 

Al 

VVhat color ot laser light 
do you want? 

That's right, pick your laser light color. With our nitrogen 	 For UV light, add our doubling module. If you could see 

pumped dye laser system, you can tune from 360 nm to	 UV, you could watch it tune from 220 to 320 nm. 

950 nm to get the color of laser light you want.

Talk to us about the color of laser light you want and 

No, no, no! No flowing nitrogen, no running water, no 	 what you want to do with it. We would love to help! 

pumping dyes. With our system, you just plug in and 

turn on. Then select the wavelength for your research 	 rnvrl.^jo Laser Science 8EForge Parkway Franklin, MA 02038 
and start taking data. It is that simple.	 wwwlaserscience.com 508-553-2353 fax: 508-553-2355 

Thermo Laser Science 
jirm	 01 I0V' cos! d	 J1 110117 t	 ti71LLR/J) /8 

For More Information Circle No. 484 or Visit www.nasatech.com/484



Photonics Tech Briefs 

Common-Path Heterodyne Interferometers 
These are expected to perform better than do phase-shifting interferometers. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

Common-path heterodyne interferom-
eters (COPHIs) have been proposed for 
measuring small variations in the heights 
of surfaces. A COPHI could be used, for 
example, to measure the deviation of the 
surface of a mirror or other optical com-
ponent from nominal flatness or nominal 
sphericity. Like phase-shifting interfer-
ometers that have been used previously 
for the same purpose, a COPHI would 
generate an optical-phase map equivalent 
to a topographical map of the surface 
under test. The advantages of the COPHI 
over a phase-shifting interferometer 
would be (I) greater resolution in phase 
and thus in surface height and (2) 
shorter measurement time. 

The figure depicts a COPHI for mea-
suring the deviation of a mirror from 
flatness. The light from a laser would be 
split into two coherent beams, denoted 
and 2. By use of an acousto-optical mod-
ulator, beam 1 would be modulated at a 
radio frequency fi . In the same manner, 
beam 2 would be modulated at fre-
quency f2, which would differ from Jj by 
a convenient amount, e.g., 10 kHz. Half 
of beam I would pass through beam 
splitter 1. The mirror under test would 
be positioned to retro-reflect beam 1. 
After reflecting off beam splitter 1, beam 
1 would combine with beam 2 at beam 
splitter 2 to an form interference fringe. 

The interference fringe would then be 
split into two identical sets with beam 
splitter 3. One set of fringe would pass 
through a large iris 1, which would sample 
the entire portion of the mirror surface. 
The light would be coupled into and 
through an optical fiber to photodiode 1; 
consequently, the phase of the If, -f I fre-
quency heterodyne output of photodiode 
I would amount to an average over the 
entire mirror surface. This heterodyne 
output would be used as a reference sig-
nal (REF). The other set of fringe would 
then pass through a much smaller iris 2, 
which would select a small spot on the 
minor for measurement. After passing 
through iris 2, the light would he coupled 
into and through a second fiber to photo-
diode 2. This heterodyne output would be 
used as measurement signal (UNK). The 
phase of the l[ -f I frequency heterodyne 
output of photodiode 2 would thus corre-
spond to the surface height at the mea-
surement spot. 

A high-resolution phase meter would 
measure the phase difference between 
UNK and REF, thus providing a mea-

surement of the deviation of the mea-
surement-spot surface height from the 
average surface height of the mirror. Be-
cause of the common path nature of 
REF and UNK signals, many error 
sources such as vibration would become 
common-mode error in the measure-
ment. This interferometer configuration 
would allow much higher resolution 
than phase-shifting interferometers. 

A surface-height map of the test sur-
face could he generated from phase 
readings acquired in a mechanical scan 
of iris 2. Of course, such a scan would 
take some time. To eliminate the need 
for mechanical scanning, one could 
construct a multichannel version of the 
COPHI: Iris 2 would be replaced by a 2-
D array of lenslets registered with input

ends of many optical fibers. Each optical 
fiber would define a pixel in the inter-
ference image of the test surface. The 
output ends of the optical fibers would 
be connected via an optoelectronic 
switch to a smaller number of photodi-
odes. By a combination of electronic 
and optoelectronic switching, the out-
puts of the photodiodes would be fed se-
quentially to the phase meter to gener-
ate a sequence of phase readings, each 
corresponding to one pixel. 

This work was done b' Feng Zhao of Cal- 
tech for NASA's Jet Propulsion labora-
tory. Far further information, access the 
Technical Support Package (TSP)free on-line 
at u,ww.nasatech.com under the Electronic 
Components and Ssterns category. 
NPO-20 786 
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A Common-Path Heterodyne Interferometer could generate a high-resolution surface-height map of 
a mirror surface under test. A multichannel version would be capable of sampling the surface under 
test in a relatively short time. 

12a	 www.nasatech.com	 Photonics Tech Briefs,July 2001



t 

[lime. Engineers never seem to have enough 

of it. Especially when searching for components 

Which is where we come in. We've created 

SpecSearch, a user-friendly, product-discovery 

system that gives engineers a place to quickly 

and easily find the specific components they 

need from a growing database of over 20 mil-

lion product specifications, representing over 

800 separate manufacturers. Sure you could

do it the old-fashioned way. Laboring through 

volumes of catalogs and directories. But that 

wouldn't leave you with much time to do any-

thing else. And that, after all, is the point of 

this ad. To find out more simply log on to our 

site at www.q lobalspec.com . And see for your 

self. 70,000 engineers already use it. And 

they've discovered a way to pursue other 

goals, as well.

Engineering clicks here® 

02001 GlobaiSpec, Inc. All rights reserved. GLOBALSPEC.COM ® and ENGINEERING CLICKS HERE® 
are registered service marks. GLOBALSPEC SM and SPECSEARCH SM are service marks of GlobalSpec. Inc 

For More Information Circle No. 489



14a	 For More Information Circle No. 455

Photonics Tech Briefs 

Fractal-Based Encryption 
Encryption methods based upon nonprobabilistic nondeternumsm show promise in 
the optical age. 
Catnaz Incorporated, Columbus, Ohio 

In 1987 a discovery led to the formal 
proof that it is possible to use chaotic 
functions to arrive at a nonprobabilistic 
and nondeterministic method to en-
crypt information. Over the years, as ex-
perimentation budgets have allowed, 
the principal researchers have been able 
to verify the original work and method-

ology. In 2000 the first live messages 
were sent over the Internet using 
TCP/IP over an NT network. This has 
subsequently been followed on by using 
IPX/SPX over a Novell network. 

The methodology itself is very 
straightforward. A chaotic function is 
used to encrypt a bit stream into a totally

non readable output. This bit stream also 
has the added benefit that if the message 
is tampered with or intercepted, the bit 
stream is corrupted and is not able to be 
decrypted. 

In the normal context of the opera-
tion of this system, and by using a vir-
tual operational environment, the in-
vestigators are manipulating data in 
eight dimensions, which require a 
sixty-four discrete coordinate system, 
using eight nominative octets. Each 
octet is further addressed using the 
characters 0 through 9, and lower- or 
upper-case letters from A to Z. These 
provide the ability to address using 
normal ASCII characters. This format 
was chosen to ensure backward and 
forward compatibility with external 
third-party-written software. 

This original discovery has led to the 
fundamental principle that the main 
focus of any chaotic system was what 
the output would look like. After 
watching hundreds of runs of Edward 
Lorenz's strange attractors show up in 
places that were seemingly endless, it 
was decided that the team would pur-
sue the goal of placing this type of be-
havior into a software/ hardware com-
bination that would supply the 
necessary functionality and still be ro-
bust enough for a PC or minicomputer 
format. This was accomplished when 
the first modules of Fortran were cre-
ated; then, as time went on in the de-
velopment process, the investigators 
translated some of the harder features 
into what languages were available and 
able to be used. 

The system that was decided upon was 
one where a combination of hardware 
and software was used. The hardware 
provided a means of proper transmis-
sion and error correction, and the soft-
ware was utilized to create the front end 
and all of the virtual mechanisms used 
to create each message block, or octet as 
the case may be. 

It was also discovered that this same 
functionality would allow the messages 
to be combined into still larger mes-
sages in a differential cryptographic 
type of format. When this was demon-
strated, a single message contained 
several megabytes worth of data. The 
message blocks themselves did not 
contain more than a minimum of 56K 
to a maximum of 128K in total length. 

Photonics Tech Briefs,JuIv 2001 



This mechanism of storage was based 
on the chaotic functions of the origi-
nal work. 

There were additional discoveries to 
be made with this format, and many of 
these were going to be even more in-
teresting scientifically. It was discov-
ered that the messages could be used 
for storage after the shell had been cre-
ated for the final encrypted product. 
The baseline addressing schemes 
started at 1024 bits, went to 2048, and 
then finally stopped at 2048 x 2048, or 
4,194,304 bits in the single message 
matrix. This single matrix was demon-
strated to be able to hold several orders 
of magnitude above the original test 
shell. In testing, the actual message 
block has contained a five-to-one ratio 
of encrypted data to original matrix. 
The largest block to date is more than 
five hundred megabytes with a nominal 
shell of three megabytes. 

The message matrix, at the present 
time, is translated into the standard 
two-dimensional hardware addressing 
that the hardware will support. There is 
additional experimentation with opti-
cal methods to ensure that the output 
of the product is translatable into three 
and higher mathematical dimensions.

While the creative mechanism is based 
upon a VRML format, the main mes-
sage unit is easily translatable into any 
known or projected translational 
mechanism. 

This was arrived at by multiple-level 
addressing: taking the single address, 
and then combining them with lower 
and lower addresses. An example of this 
would be a situation where the zip code 
of a city describes a geographic region. 
The street address is another layer, and 
finally the house number, describing a 
physical location. 

This addressing schema is error-cor-
rected, and supports existing software 
and hardware devices to ensure the 
platform is nonproprietary after the 
message is encrypted. The encryption 
mechanism is such that the messages 
are layered one on top of the other 
with the error-correcting codes built 
in. This is to ensure accuracy in the 
message encryption process, and will 
enable the message to be recreated ac-
curately in case of damage in transmis-
sion, or other electronic disruption. 

The next focus of the effort will be a 
fixed two-dimensional format in the 
form of a smart card with the addressing 
scheme engraved into the substrate. The

team chose a polyester sub-base with op-
tically opaque infrared-transparent ma-
terial. This was chosen to ensure tamper 
resistance for any smart cards or identi-
fication cards using this technology. 

The greatest difficulty has been 
scratch resistance for the cards, and 
message length over suitable networks. 
The largest experiment to date has 
been in the transaction protection 
mechanisms of the test network, where 
the first live data transmission tests oc-
curred. The tests also showed that the 
message length was of less importance 
than the transmission speed at which it 
was sent. 

Another focus has been in the cre-
ation of fixed, nonmovable memory ar-
rays on the polyester cards that were part 
of the original development process. The 
main limitation on this technology has 
been the difficulty in obtaining test ma-
terials and equipment, due to the size 
limitations of the test equipment. It is ex-
pected that the next phase of testing will 
be in packetization, and routing mecha-
nisms for transmission of larger volumes 
of information within the framework of 
the original message matrix. 

In experimentation it was demon-
strated that the chaotic functions were 
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temperature rise indicative of icing. 
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robust enough to be used to their the-
oretical limitations in usage with DES, 
or Triple-DES functions. This was cho-
sen to allow usage of a Kerboros or 
other to-be-developed public key infra-
structure. The methodology allows this

system to be used with independently 
developed software and hardware. It 
was originally developed for the pro-
tection of a financial transaction net-
work for a client that subsequently 
went bankrupt.

This work was done by principal investiga-
tots in the Aerospace Division of Catnaz Inc. 
of Columbus, Ohio. For further information 
on this technology, contact Dr Gregory A. 
Hensley at (614) 442-8740; fax (614) 442-
8746; www.catnaz.com . 

Capture and Escape of Charge Carriers in Quantum Dots 
NASA sJel Propulsion Laboralmy, Pasadena, California 

A report describes an experimental 
investigation of effects of thermally in-
duced intermixing of In 0•6GaAs and 
GaAs on the dynamics of photoexcited 
charge carriers in In0.5Ga<As/GaAs 
quantum dots. The quantum dots 
(nanometer-size islands of 1n16Ga04As 
surrounded by GaAs) were grown by 
metal-organic chemical-vapor deposi-
tion. The dynamics at temperatures 
from 60 to 300 K were investigated by 
time-resolved photoluminescence mea-
surements with subpicosecond tempo-
ral resolution, on both specimens as

grown and specimens in which inter-
mixing had been effected by a post-
growth anneal. The measurement data 
were interpreted as signifying that at 
lower temperatures, the carrier life-
times in the dots are determined by ra-
diative recombination, which becomes 
substantially faster after intermixing, 
while at temperatures >150 K, thermal 
emission of carriers predominates. Cap-
ture of carriers into the dots was found 
to be fast and governed by carrier-car-
rier scattering; at room temperature 
and high excitation intensity, a carrier

capture time of 0.72 Ps was observed in 
the intermixed dots. These findings 
have implications for the development 
of quantum-dot lasers. 

This work was done by Rosa Leon of Cal-
tech for NASA's Jet Propulsion Labora-
tory. To obtain a copy of the report, "Carrier 
capture and escape in InGa1_,As1GaAs 
quantum dots: Effects of intermixing, "access 
the Technical Support Package (TSP) free on-
line at www.nasatech.com under the Physi-
cal Sciences category. 
NPO-20 766 

Infrared Sensors for Detecting Icing on Helicopter Blades 
It may be possible to detect icing in a single blade pass. 
John H. Glenn Research Center, Cleveland, Ohio 

Infrared-sensor systems for real-time 
detection of accretion of ice on heli-
copter rotor blades are undergoing de-
velopment. By providing early warn-
ings of icing conditions, these systems 
would enable pilots to activate deicing 
equipment or take other corrective ac-
tion to avoid the severe hazards posed 
by icing. 

The accretion of ice on a helicopter 
rotor blade begins and is concentrated at 
the leading edge. Because the freezing 
process releases latent heat of fusion, the 
leading edge becomes warmer than the 
remainder of the blade surface. The pre-
sent icing-detection technique is based 
primarily on infrared measurement of 
the icing-induced variation of tempera-
ture between the leading and trailing 
edges. Secondarily, the technique also in-
volves the use of infrared signatures to 
determine whether a blade is dry or 
whether ice has already accumulated. 

A system of the type under develop-
ment includes an upward-staring in-
frared sensor mounted on top of a heli-
copter fuselage (see Figure 1). The 
sensor measures infrared radiation in-
dicative of the temperature profile 
across the blade as the blade passes by

overhead. Experiments have shown that 
the optimal sensor for this application is 
a thermoelectrically cooled PhSe pho-
todetector, which is sensitive to radiation 
in the wavelength range of 3 to 5 pm. A

prototype system that has shown 
promise in experiments includes such a 
sensor equipped with a germanium lens 
to focus on a small spot in the rotor-
blade plane, plus electronic circuits for 
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digitizing the sensor readings and pro-
cessing the digitized readings. 

Figure 2 shows infrared-sensor read-
ings taken from three representative he-
licopter-blade passes during a field test. 
The curve labeled "Dry" indicates a fairly 
uniform blade temperature under non-
icing conditions. The curve labeled 
"Icing" was obtained at the commence-
ment of icing caused by the impinge-
ment of supercooled water droplets; this 
curve clearly shows the expected tem-
perature rise at the leading edge. The 
curve labeled "Static Ice" manifests an 
apparent cooling of the leading edge 
after ice had accumulated on the blade 
but icing conditions were no longer pre-
sent; this leading-edge-cooling effect is 
observed consistently under such cir-
cumstances and could thus be a basis for 
detecting ice already present after icing 
conditions have passed. 

The most noteworthy feature of the in-
frared blade signatures of Figure 2 is that 
it is apparently possible to distinguish 
among the three indicated conditions 
from a single blade pass - an observa-
tion time of the order of 2 ms. Even if an 
ice-detection system employs an algo-
rithm that processes digitized sensor 
readings from multiple passes to increase

the robustness of the decision as to 
which of the three conditions has been 
detected, it should be possible to achieve 
a response time of the order of 1 s. 

This work was done by R. J. Hansman of 
Massachusetts Institute of Technology and K 
j Rieder and S. Krzshnaswamy of Visidyne, 
Inc., for Glenn Research Center.

Inquiries concerning rights for the commer-
cial use of this invention should be addressed 
to NASA Glenn Research Center Commercial 
Technology Office, Attn: Steve Fedor Mail 
Stop 4-8, 21000 Brookpark Road, Cleve-
kind, Ohio 44135. Refer to LEW-16944. 

Dry 

I 

Static Ice 

 I	 I	 I 
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Figure 2, Plots of Infrared-Sensor Readings of a passing rotor blade exhibit distinct shapes indicative 
of the icing and non-icing conditions under which the readings were taken. 
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Shared-Aperture Multiplexed Holographic Scanning Telescopes 
Full-aperture scanning would be effected without moving parts. 
Goddard Space Flight Center, Greenbelt, Maryland 

Shared-aperture multiplexed holo-
graphic scanning telescopes have been 
proposed for use in lidar transceivers and 
other laser transmitters and receivers in 
remote sensing instruments. Examples of 
instruments that could incorporate the 
proposed telescopes include airborne ter-
rain mappers, and lidar wind-shear-profil-
ing systems to increase safety of airplane 
takeoffs and landings. Unlike prior scan-
ning telescopes, the proposed 
telescopes would contain no 
moving parts; hence, relative to 
prior scanning telescopes, the 
proposed telescopes could be 
made lighter, more compact, 
and more reliable. 

Instead of conventional re-
flective or refractive optics, 
shared-aperture multiplexed 
holographic scanning tele-
scopes would utilize diffractive 
optics in the form of holo-
graphic optical elements 
(HOEs). A telescope of this 
type is said to be shared-aper-
ture multiplexed (SAM) be-
cause a number of 1-lUt.s 
would be multiplexed into a 
single film, the area of which 
would define a single, shared aperture. 
Each HOE in the film would be optically 
addressable by virtue of its angular selec-
tivity, which would define a field of view 
(FOV) centered on a line of sight differ- 
em from the lines of sight of the other 
HOEs. Thus, by optically addressing the 
various HOEs in sequence, one could 
aim the telescope sequentially along dif- 
ferent lines of sight. 

In addition to separate FOVs, the 
HOEs in the film would have separate 
field stops, for example, located at various

angles around a circle (see figure). Each 
HOE would be optically addressed by 
transmitting a laser beam through the 
HOE along the appropriate line of sight, 
which would appear to emanate from one 
of the field stops. This could be accom-
plished by use of a separate laser for each 
line of sight. Alternatively, one could steer 
a single laser beam sequentially through 
virtual field stops, either by diffractive 

beam steering mechanisms, or mini-me- 
chanical scanner, or even microeletrome- 
chanical systems (MEMS) technology. 

In an alternative optical configuration, 
the central portion of the SAM optic 
would be used for transmitting only. In 
this case, the focal spots from which the 
laser beam would appear to emanate 
would be offset from the receiver foci 
and the central transmitting portion of 
the SAM optic would no longer be avail- 
able for receiving. Moreover, in this case, 
there would be an option to superim-

pose the receiving foci so that a single de-
tector could be used for all FOVs, pro- - 
vided that the transmitted laser pulses 
were sufficiently separated in time that 
lidar return signals would not overlap. 

It is worth emphasizing that the pro- - 
posed telescopes would scan in a step-
and-stare mode rather than in the con-
tinuous mode of mechanical scanning. 
Although this may seem at first glance to 

1-..-. ..1-.A.,...-.,.-...-..-.... tic uI,atAvaLn Ifl5CUI43, It Inlay no 

be; indeed, it could even be ad-
vantageous. In particular, there 
is some agreement within the 
Doppler lidar community that 
continuous scanning is not 
needed, and that a step-and-
stare approach to gathering 
data from different look angles 
may be preferred because it 
would eliminate the need for 
lag-angle compensation. (In a 
mechanically scanned lidar sys-
tem, the lag angle is a conse-
quence of rotation of a scanner 
during the time it takes a light 
pulse from the laser transmitter 
to travel to the target and 
back.) 
This work was done by Geary Karl 

Schwemmer of Goddard Space Flight Cen- 
ter and Richard Rallison of Ralcon, Inc. For 
further information, access the Technical 
Support Package (TSP) free on-line at 

wwwLnasatech.com under the Physical Sci- 
ences category. 

This invention is owned by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive license 
for its commercial development should be ad- 
dressed to the Patent Counsel, Goddard 
Space Flight Center, (301) 286-7351. Refer 
to GSC-14240. 
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The SAM Optical Element would be a single film containing multiple 
HOEs, each of which would provide a unique field of view and focus. 

Apparatus for Time- and Wavelength-Resolved Spectroscopy 
A pulsed electron gun and a spectrometer are combined. 
NASA's jet Propulsion Laboratory, Pasadena, California 

An apparatus that includes a pulsed 
electron gun and a high-resolution ul- 
traviolet spectrometer has been devel- 
oped for use in (1) pulsed electron-im- 
pact excitation of transitions among 
the electron-energy states in a gas and 
(2) measurement of the spectrum of 
the resulting ultraviolet light emitted

by the gas, as a function of wavelength 
and of time after turn-off of the excita- 
tion. The apparatus is designed espe- 
cially for measuring the Lyman-band 
emission spectrum of H 2 , in order to 
determine the cascade contribution to 
this spectrum and thereby to con- 
tribute to the understanding of cascade

contributions to electron-excited spec- 
tra of gases in general. 

In the electron gun, electrons are 
generated by a thoriated tungsten fila- 
ment and electrostatically accelerated 
through a collimating magnetic field. 
The electron beam collides at a right 
angle with a beam of H2 or another gas 
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of interest effusing through a hole. 
Light emitted by the electron-excited 
gas is dispersed by the spectrometer, and 
the spectrally dispersed photons are de-
tected by use of a channel electron mul-
tiplier coated with CsI. 

A version of the apparatus as de-
scribed thus far has been used in prior 
research to excite and measure 
spectra in the steady state. The 
present version of the appara-
tus is distinguished by its capa-
bility for pulsed excitation and 
time-resolved spectral mea-
surement. In the present ver-
sion, the basic mode of opera-
tion, in which the spectrum is 
measured as a function of time 
after turn-off of the excitation, 
is dictated by the following 
consideration: Directly excited 
states that decay to the ground 
state via resonance transitions 
typically have lifetimes much 
shorter than those of cascade 
states; on the basis of this char-
acteristic, it is possible to dis-
criminate against or suppress 
contributions of transitions be-

order to obtain the desired cascade 
spectrum. 

The electron beam is pulsed on and 
off (see figure) by applying a rectangu-
lar potential waveform to one of the ac-
celerating electrodes in the electron 
gun. Starting at the beginning of the 
pulse cycle (time 4), the electron-beam

current increases rapidly from zero to a 
stable "on" value (typically to =200 pA 
within a time of 150 ns). The gun is 
maintained in the "on" state for a time 
sufficient to obtain dynamic equilibrium 
between excitation and de-excitation 
processes of the specific excited state 
that one seeks to analyze. At time t 1 , the 

Time 

Time 

Contribution From Directly Excited (Rapidly Decaying) States 

Contribution From Cascade (Slowly Decaying) States 

Photon-Emission	
!/" Rate 

Electron-Beam

Current

-11-  Electron-Beam Turn-Off Time 

to	 tl	 t2	 t3 t4	
t5Time 

Photon-Emission Rates for directly excited and cascade states decay at different rates when the electron beam is 
tween directly excited reso- turned off. One can use this difference to discriminate against the faster decay of the directly excited states to ob-
nance states and ground, in tain the cascade spectrum. 
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electron beam is switched off and the 
electron-beam current falls to zero 
within =30 ns. 

After a short gate-delay interval that 
ends at time t,, the photon detector in 
the spectrometer is turned on by use of 
another rectangular potential waveform. 
The photon detector is subsequently 
turned off at t, before the beginning of 
the next pulse cycle at 14. The gate-delay

time (is - t1 ) can be made long enough 
that, to a first approximation the di-
rectly excited states can be regarded as 
having decayed completely to ground. 
The pulse-repetition period (14 — tn). the 
"beam on" time (t1 - tfl ), and the gate-
delay time can be varied over a wide 
range, as needed for analyzing states 
characterized by effective lifetimes from 
tens of nanoseconds to =8 ps.

This work was done &' Joseph Ajeilo, Dar- 
iusz Dziczek, David Hansen. and Geoffrey 
James of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, access 
the Technical Support Package (TSP) free on-
line at www.nosatech.com under the Physi-
cal Sciences category. 
APO-20809 

Rayleigh-Scattering Measurements in Underexpanded Jets 
I 

John H. Glenn Research Center Cleveland, Ohio 
A report describes experiments in 

which time-averaged and unsteady local 
variations in the densities of underex-
panded supersonic free jets issuing from 
a choked circular nozzle were measured 
by laser-induced Rayleigh scattering. 
This study is part of a continuing effort 
to understand the generation of screech 
noise by supersonic jets. The Rayleigh 
scattering technique used dust-free air 
for primary and entrained flows, a con-
tinuous-wave laser, and photon counting 
electronics for reliable and accurate 
measurement. Time-averaged radial 
density profiles obtained at various axial 
stations ranging to 10 jet diameters 
downstream show the development of a 
jet shear layer and the decay of shock

cells. Data on unsteady density variations 
show the evolution of large turbulent 
vortices modulated periodically along 
the flow direction. Comparison of data 
from these measurements with data 
from previous measurements revealed 
the following: The periodic modulation 
in density and convective velocity of tur-
bulent vortices coincides with the modu-
lation of pressure fluctuations outside 
the flow boundary. The spatial periodic-
itv of modulation is different from the 
shock spacing and is associated, instead, 
with a standing wave. The standing wave 
is formed between downstream-moving 
turbulent vortices and the upstream-
propagating screech sound waves. It ex-
tends from inside the shear layer to the

near-field outside the flow. All of these 
indicate that the sound sources are lo-
cated a standing wavelength apart. 

This work was done bj Panda of Modern 
Technologies Corp. and R. G. Seasholtz of 
Glenn Research Center. To obtain a copy 
of the report, "Measurement of shock structure 
and shock-vortex interaction in underex-
panded jets using Rayleigh scattering, "access 
the Technical Support Package (TSP) free on-
line at www.nasatech.com under the Phsz-
cal Sciences category. 

Inquiries concerning rights for the commer-
cial use of this invention should be addressed 
to NASA Glenn Research Center Commercial 
Technology Office, Attn: Steve Fedor, Mail 
Stop 4-8, 21000 Brookpark Road, Cleve-
land, Ohio 44135. Refer to LEW1 7119. 

Back-Illuminated CCDs With Integral Ultraviolet-Pass Filters 
Filters would be grown directly on the silicon device's back surface. 
NASA's Jet Propulsion Laboratory, Pasadena, California 

Efforts are under way to develop back-
surface-illuminated, thinned silicon 
charge-coupled devices (CCD5) with 
delta doping and integral optical filters 
to be used as image detectors in the ul-
traviolet wavelength range. The concept 
of delta doping of back-surface-illumi-
nated, thinned silicon CCDs as part of an 
overall design to make CCDs sensitive to 
ultraviolet light is not new in itself. Delta-
doped CCDs were invented at NASA's Jet 
Propulsion Laboratory in 1992, and it is 
well established that this process pro-
duces ultraviolet-sensitive CCDs with sta-
ble and uniform 100-percent internal 
quantum efficiency. The novelty lies in 
the proposed fabrication of such CCDs 
in which both delta doping and optical 
filter layers would be deposited as inte-
gral parts of unitary device structures. 

Because silicon CCDs are sensitive to 
visible light, one of the major chal-

lenges in the development of ultravio-
let imaging CCDs is to satisfy the need 
for filters that will reject visible light 
but pass ultraviolet light. Another 
major challenge is posed by the fact 
that the naturally-formed Si0 2 on the 
air-exposed Si surfaces absorbs light 
strongly at wavelengths <140 nm. 
Hence, it would be desirable to elimi-
nate the Si0 2 layers as well as to deposit 
visible-light-rejecting filters and antire-
flection layers on the back surfaces of 
the CCDs. 

The use of integral filters (as distin-
guished from external filters that are 
fabricated on separate substrates) would 
(1) increase the robustness of image de-
tectors by eliminating the external fil-
ters, which are delicate; (2) eliminate 
the need for structural supports for the 
filters; (3) eliminate the need for the 
substrates on which external filters are

constructed and which introduce optical 
losses that degrade detector responses at 
short wavelengths; and (4) reduce the 
number of optical surfaces, thereby re-
ducing overall optical losses by eliminat-
ing the loss (typically at least 2 to 3 per-
cent) associated with each such surface 
eliminated. 

Because the delta-doped layer lies 
permanently —5-10 A beneath the back 
surface of a CCD, the delta doping 
process does not pose an impediment 
to the subsequent deposition of optical 
filters and antireflection layers. The 
problem then becomes one of deposit-
ing these optical layers directly on the 
silicon surface, without the formation 
of an intervening Si0 2 layer. The ap-
proach taken in the present develop-
ment effort is to perform delta doping 
in one ultrahigh-vacuum molecular-
beam epitaxy (MBE) chamber and 

- 
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Antireflection Coating 

and/or Band-Pass Filter 

Circuitry
DELTA-DOPED CCD WITH 	 DELTA-DOPED CCD WITH 

INTEGRAL FILTER DEPOSITED	 INTEGRAL FILTER DEPOSITED 
ON OXIDE LAYER	 DIRECTLY ON SILICON

Si02 Layer—.. 
Single Layer of--o-

Boron Atoms Si Grown by MBE, 
25 A Thick 

Original Si, 
15 lam Thick 

then, without breaking vacuum, trans- 	 tion of the filter layers, one can prevent	 wavelength range of 200 to 300 nm had 
fer the CCD to a connected metal/in- 	 the formation of the Si0 2 layer (see fig-	 been deposited on delta-doped CCDs 
sulator MBE chamber wherein the filter 	 ure). At the time of reporting the infor-	 and were found to result in a modest in-
layers are deposited. By refraining from	 Ination for this article, MgF 2 antire-	 crease in the quantum efficiency of the 
breaking vacuum until after the deposi-	 flection layers optimized for the 	 CCDs at a wavelength of 180 run. 

A Filter would be formed as an integral part of a delta-doped CCD. The filter could be deposited on the ba 
face oxide, but it would be preferable to prevent the formation of the oxide and deposit the filter in dire 
tact with the silicon.

I 055 work was done by Shouleh 
Nikzad, Peter Dee/man, Paula 
Grunthaner, Frank Grunthaner, 
Michael Hoenk, and KW Ter-
hune of Ca/tech for NASA's Jet 

Propulsion Laboratory. Far fur-
ther information, access the Tech-
nical 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. In-
quiries concerning rights for its 
commercial use should be ad-
dressed to 

Intellectual Property group 
JPL 
Mail Stop 202-233 
4800 Oak Grove Drive 
Pasadena, CA 91109 
(818) 354-2240 
Refer to NPO-21007, volume 

ct con- 

c	
and number of this NASA Tech 
Briefs issue, and the page number. 
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Machine Vision System for Fiber Ends 
Cognex Corp.. Natick, MA, has introduced Fiberinspeci 

a machine vision system designed specificall y to automat!- 
rall y locate and measure scratches, cracks, and spots oil 

3 

fibers that form during the polishing process of the ends. 
Fiberinspect can detect fiber end defects smaller than a 
micron, the company says, even when image contrast 
between the defect and the background is poor. The sss-
teni can be used with existing manual inspection systems 
or integrated by OEMs into custom-designed automated 
systems. Besides cutting inspection time, Cognex says, 
Fiberinspect improves upon manual inspection because 
the latter is subjective, and operators may pass defective 

of advanced machine vision inspection software, a Cognex 
and  \Virdosss-based graphical user interface 

i'alile Ii.>	 1,11	 a.. I, 
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New Products 
For more information on the products below, go to www.ptbmagazine.com/products.  

High-Precision 
Prisms 
Edmund Industrial 
Optics, Barrington. 

NJ, offers a new series 

0f what it calls

extreme-precision

prisms at angle toler-




ances as small as I .10s-id. The line includes a


wide variety of roof and penta sizes to complement 

the other prisms in the Edmund inventory. Current 

capabilities include hundreds of styles and sizes, such 

as equilateral, dove, dispersion, right-angle, micro, 

trihedral, and more. Additionally, the company is 

offering a news series of dichroic beamsplitters.

These components are available in uncoated ver-




sions and with standard coatings, including antire-
.irid .iliiiiiitiii'il	 ices. 

Radiometer! 
Photometer System 

ternanonal Light Inc., 
—	 riwburvport, MA, says that 

s 11,1700 research radio-
icier/photometer has a 

a oprietary front-end ampli- 

•Q •	 ii ation system that enables 
to operate over a lO-bil-

- ohile maintaining 0.1-pet'-
ciii Iiiis-atot, It is it ,iil,ihle with a wide variety of 

standard detector and filter combinations for mea-
suring from the UV through the IR. The instrument 
can store 10 calibration factors in memory, and can 
provide direct reading in any optical unit. It is capa-
ble of anioranging during exposure from moon-
light to diti-ri sunlight. It is calibrated in NIST-
I rat eabli- units.

CCD Camera 
for Digital 
Microscopy 
Roper S ientihr - 
' l 'ucson. AZ, has 
released the 
Phi> tome t r irs 

tilS N APr 1

color imaging 

slit!i ili'sigtied for digital microscopy. The camera 
is based on a cooled 1 392 -X-1040-pixel  CCD whose 
low-noise electronics enable high-resolution images 
at 20 MHz, the company says. The system has pro-
prietary Primary Point Digitization', eliminating 
the need for an external control unit or power sup-
ply. The camera's standard C-mount provides com-
patibility with commonly used research-grade 
microscopes.

/aser Power

AubUl 1. 

-' 

,ices with it 

- 	-

 
.i-r power Smait-

___________________ -osor" technolo-
-	 -	 ,	 -	 -	 --	 or laser powet 

sniipati 5.115 that with a choice 
of more than 25 NIST-traceable calibrated Smart-
Sensors, accurate power measurements can be easily 
and quickly made for lasers, diodes, and fiber optics. 
Coherent says that the FDA provides optimum data 
lit em essin g, SI> rapt', attd display of results. 

-	 Front Surface •	 -	 Mirrors 

%	 -	 Abrisa, Santa Paula, C.N. 
is partnering with Glass 

—	 fioesch of Switzerland 
i distribute a line of 

-	 .	 iii surface mirrors. 
•• •..i • ,_ •	 I ' Los Troesch is expand- 

-- - I	 - its product line offer-
of Luxar" antireflec-

is C oan iigs to iii> i uth- tiler live front surface mir-
rors in thicknesses of 3, Sand 6 mm, in a sheet size 
of 74 x 110 in. The FSM94-X is described as a 
durable, high-performance broadband mirror with a 
reflectivity of 94 percent. It is an aluminum mirror 
enhanced ss'iih a inultilaver dielectric overcoating, 
impo iviitg isible i i'flectivi ri by 7 to 9 percent over 
st,ittl,uil,diitniiiiiin ttitcts. \1)1 N1 54>-s. 

Fixed 
Abrasives 

(,.tor Diamond 

Springs, FL, 

offers a line of 
diamond im-

pregnated fixed abrasises, or pellets, that has been 
demonstrated not to go through the normal decay, of 
material removal rate (MMR) that is characteristic of 
other fixed abrasives. These devices, called self-dress-
ing or low-load fixed abrasives, have been proven on 
many materials, such as glass, ceramics, sapphire, sil-
icon, and quartz, according to the company. Gator 
Diamond has also patented a technique for arrang-
ing an array of pellets with differing properties onto 
a lapping plate so that the resulting wear is consider-
ably more planar than with competitive methods.

High-Power Nd:YAG 
Laser Optics 
\i ton Research Corp., 
\c ton, MA, is making 
available mirrors and 
loatings for Nd:YAG 
lasers designed for high-
repetition-rate, high-
power applications. The 
mirrors come in Nd:YAG 
laser harmonic wave-

lengths iI l'l. lFi t>. 266, and 212 nm. Acton 
says tbe'un-nin mirror coating has produced 
impressive damage threshold figures, withstanding 5-
7J/cm' at normal incidence on Si0 2 substrates. The 
company offers high-performance antireflection 

	

ci at it]	 for the Nd :\L\G fundamental 1064 nm as 
, 

	

Ii	 -	 i ni f ,ni fs listed above. 

Laser Cutting System 
I he QuikLaze-50" laser 
hung system from New 
,1\'e Research, Fremont, 

I A. is a compact pulsed 
.rigle- or multiple-wave-
li-tigili device designed for 
microelectronics machin-
ing. With its repetition rate 
boosted from 40 to 50 Hz 
in this third generation of 

- Ii- con pany says, QuikLaze-50 offers 
toOls> manufacturers increased throughput 

for a variety of micromachining applications. The 
system makes uniform repeatable single-shot cuts 
from 50-x-50 micrometers to l-x-1 micrometer. 
Wavelengths of 1064, 532, and 355 nm, or of 532 
and 266 nm, are selectable.

Atomic Emission 
End-Point 

	

-	 Detector 
McPherson Inc., 
Chelmsford, MA, 

	

'	
-

 
says that its window-
less discharge lamp, 

opeiaR-d istli lii-litiii> as .i ranier gas, provides a 
lean hat kgioiind ili,it allotss die introduction of sec-

ondary or sample gases from process chambers or 
other sources. This permits the analysis or monitor-
ing of gaseous nonmetals such as fluorine and chlo- - 
rine. When coupled to a McPherson vacuum mono-- 
chromator with suitable vacuum pumping, the sys-
tem can detect emissions anywhere from 30 mm in 
the UV to the visible spectral region. The company 
recommends the instrument for end-point determi-
nation of CVI) chamber cleaning. 

Molded Plastic 
Photonics Components 

P_

- Matrix Inc., East Providence. 

	

- -	
-	 RI, introduces custom engi- 

ieered components molded 
-	 Ibm a wide variety of engi- 

(leering plastics. They in- 
-	 bide optical subassemblies 

	

*	 'nih integral lenses and 
iiicrolens arrays with 250-

I hey have 4-micrometer toler-
ances on a 2.5-min hole, ±15-micrometer concentric-
ity, and positional tolerances of ^t3 micrometers, 
depending on size and material. Produced from 
materials such as Ultem 1 . Foriron'. PEEK, and LCPs, 
the components can range in size from <3 mm diag-
onal by <4 mm, with diameters down to 125 micro- - 
meters and walls as thin as 0.5 mm. 
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our company has decided 
that it needs to invest in 
collaborative engineering 
tools in order to improve 
communications, in-
crease productivity, speed 

time to market, and reduce costs. 
That's great. but now what? Do you 
look for CAD viewing and markup 
tools? CAD-related application service 
providers (ASPs)? Product data man-
agement (PDM) software? Should you 
choose completely Web-based applica-
tions? There are a lot of options, and a 
lot of chances for your company to 
spend a lot of money on the wrong 
products. 

Taking advantage of collaborative engi-
neering has transitioned from being a 
competitive advantage to a competitive 
necessity, according to Chuck Giarratana, 
director of North American Consulting 
Operations for ClMdata, the research and 
consulting firm that hosts a Collaborative 
Engineering Through the Supply Chain 
conference each year. "It's not a matter of 
if you take advantage of these technolo-
gies," lie said, "it's when and how. And I 
would suggest the time is now for a grow-
ing number of companies to make their 
move in investing in these solutions. 

ClMdata president Ed Miller wants 
companies to have a clear vision of what 
to invest in based on their individual 
needs. A grave mistake many organiza-
tions make, explained Miller, is that "they 
narrowly focus on technical details and 
system capabilities such as storage capac-
ity and file transfer before they identify 
Why money is being invested in the system 
in the first place."

Defining Collaboration 
It's no secret that collaborative engi-

neering tools are being bought at a 
growing rate - ClMdata estimates 
spending will exceed $4 billion this year. 
So what, exactly, are these tools? Market 
research firm I)aratech defines collabo-
ration tools as those that provide sonic 
form of real-time interactive viewing, in-
terrogation, markup, and sharing of en-
gineering models, drawings, and related 
information. Most of these tools lever-
age the Internet or an mntranet, and 
don't require access to the CAD system 
with which the data was authored. 

"People use the word 'collaboration' 
when a more appropriate word may he 
communication, which is far more (Ic-

scriptive," saidJohn McEleney, chief oper-
ating officer of SolidWorks. "In terms of 
collaboration, we may he on the verge of 
the greatest market that never happened. 
Markets like these tend to get over-hyped 
and quite frankly, under-defined, because 
they tend to mean everything." 

According to McEleney, the struggle for 
engineers today is how they get informa-
tion to the people who need to have it. The 
world of communication is hard enough 
when it's just 21). but when you talk about 
31), it's even more difficult, he explained. 

Santanu Da.s, vice president of engi-
neering technology for netGunm, agrees 
that collaboration is an overused word. 
"Some people have kind of bastardized 
the terms 'project management' and 'col-
laboration. The pure sense of the terms 
has been diluted." netGuru is the parent 
company of Weh4, which offers Web4en-
gineers.com and eReview Web-enabled 
workflow sharing applications.

"A lot of conipanieS consider collabora-
tion to be anything from document man-
agement to an on-line storage repository," 
said Das. "Our definition of collaboration 
is a true, real-time system of communica-
tion where multiple people at one time 
can express their views in real time." 

Somewhere in between e-mail and in-
teractive design is where Andrew Anag-
nost, director of industry marketing and 
product development for Autodesk's 
Manufacturing Market Group, sees col-
laboration residing. "What's important to 
focus on is hot just the actual moving of 
files, but how the information is being 
used. It's all about sharing information 
with a purpose - finding a problem and 
cutting the cost" 

Anagnost points to NASA's Jet Propul-
sion Laboratory, an Autodesk customer 
that he feels is on the cutting edge of col-
laboration. "They are right where I think 
our customers will end up," he explained. 
The lab has a room where several design-
ers engage in collaborative sessions for up 
to three hours at a time with remote ven-
dors and subcontractors. They discuss 
and identify issues, and propose solutions 
in real time to the problems. 'They can 
get the problem solved before the prod-
uct gets built," said Anagnost. "That's re-
ally what collaboration is about. It's catch-
ing problems early and helping people 
understand what the issues are in devel-
oping a product at all stages." 

Choosing a Solution 
Selecting collaboration tools is not 

governed by a specific set of criteria. 
"Right now, companies are experiment-
ing to see which tools make the most 
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Don't take unnecessary chances with your 
design. Use COSMOS!TM throughout the 
design cycle to help identify potential 
problems before it's too late.

Good Design? 
With COSMOS!, engineers are building 
better, more cost efficient products while 
taking weeks, even months off of the 
design cycle. 
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HIGH FLOW pressure control to 30,0001 scfm! 

• Inlet pressures up to 6,000 PSIG 

• Control pressure ranges of 1-6,000 PSIG 

• Heavy duty construction - choice of brass or 316 SST 

• Modular construction style allows easy servicing 
• Inlet and outlet port sizes to 11/4" 

• SAE, NPT or MS 33649 ports are standard 
• Welded flanges available 

sense.' according to Paul Bemis, vice 
president of eBusiness for ANSYS. "What 
we have is an immature market." The 
most important thing is for companies to 
decide what type and how much collabo-
ration they need to do. 

"Companies have to distinguish what 
collaboration means to their procluctiv-
itv," said Dr. Yuri Kizimovich, president, 
CEO, and co-founder of 3Ga Corp., 
which provides a Web-native engineer-
ing collaboration service called 
3G.weh.decisions. Developing a basic 
strategy begins with defining how collab-
oration will be implemented, who will

participate, and if real-time interaction 
is critical. 

"Once YOU have that strategy in place, 
you can start correlating those elements 
with products. said Alain Danik, director 
of business development for Cimmetry 
Systems, which oilers the AutoVue viewing 
and markup tool. "If you don't need syn-
chronous; collaboration - that is, real-
time or near-real-time - then you may 
choose a viewer for collaboration. If you 
need real-time collaboration, a viewer may 
not be your best choice," he explained. 

McClure agrees that choosing the right 
tools is a function of a compan y's needs

and their design process. "At what level 
does their process require interaction? 
They may have a process where a sup-
plier/customer relationship requires re-
views, but only one party, is making 
changes. There may be dispersed design 
teams where both teams are interactively 
changing the design," McClure explained. 

The size of a company also comes into 
play for various reasons. Said Das, "Some 
of our larger customers use our products 
just for the Web-based applications. They 
have so many offices around the world, 
they have so much trouble managing 
their software, or they don't have the lat-
est version in one office - so they have to 
centralize their applications." Bigger com-
panies, he explained, can afford to pro- - 
vide the initial investment in collabora-
tion tools that they know will pay off in the 
long run. Smaller companies can't afford 
to put that investment down. 

Bemis agrees that larger companies 
tend to go for more established solution 
providers. "An old adage in the computer 
business was that you can't lose your job
for buying IBM," Bemis said. "A similar 
case can he made for Dassault Systemes in 
our business. 'Let Dassault solve all of our 
problems for us, and we'll take what they 
give us.' Larger companies tend to do 
that." Smaller companies, on the other 
hand, are less interested in a one-stop 
shop for all their needs, according to 
Bemis. They're more interested in the 
technology itself and their design process, 
to see which one fits. 

Regardless of size, Das doesn't believe 
there's a one-tool-fits-all solution. "I don't 
think any company can get by with a sin-
gle tool. I'd like to be able to say that view-
ers do it all. They do a lot, and they're 
probably the most widely applicable col-
laborative tool, but they can't do it all." 

What's on the Market 
Once a company has determined its 

collaboration needs antI the types of tools 
required, it's time to go shopping. 
Whether it's a CAD-based product, an 
ASP, a viewing and markup tool, or a com-
bination of all or some of them, there are 
a lot of offerings to choose from. 

CM) vendors such as UGS, SolidWorks, 
FTC, SDRC, and Autodesk provide a 
choice of collaboration options. UGS, for 
example, has introduced Solid Edge Ex-
change, a collaboration portal that's pow-
ered by the company's e-Vis visual collabo-
ration techmiologc and incorporates the 
Solid Edge (AD features. The two provide 
a common repository of infonnation so 
that everyone working on a project has the 
same data. Solid Edge Exchange also fea-
tures interactive conferencing and visual-
ization of 21) and 31) product data. 

For More Information Circle No. 406 or Visit www.nasatech.comi406
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SDRC offers I-DEAS Enterprise, a col-
laboration application that manages de-
sign data and supports teams located all 
over the globe. It combines the com-
pany's I-DEAS mechanical design automa-
tion software with its Metaphase product 
knowledge management technology. PTC 
also builds on its already established tech-
nologies to provide Wincichill Netniar-
kets, through which on-line exchanges

(.111 deliver Web-
based project ser-
vices that facilitate 

ol laboration 
aniong manufactur-
cis, suppliers, and 
customers. 

Autodesk has 

I

launched two dif 
Icrent collabora-

________________	 Ion services, each 
with its own objec-
tive. Point A is r
an information

repository that lets 

people share bits


:J of industry-generic

information, not

necessarily prod-




tic t -develop men

information. The


other service, Streamline, attacks the en-




tire information-sharing requirement of 

the product lifecvcle, according to Anag-




tiost. "We do that by making the entire 

product available on-line, without copy-




ing it. People do not receive a drawing 

via e-mail. They never own the informa-




tion, yet they have full access to it." The

biggest problem with many Web-based

collaboration tools is mistaking an older

version of a file for the latest version. 
"People send out drawings and some-
body thinks the drawing is final when it 
isn't," Anagnost explained. "It happens 
all the time." 

With Streamline 2, which just went 
live last month, Autoclesk has added a 
Publishing Wizard that lets users create a 
"Publish to Streamline" folder on their 
desktop. Every time they save GAD in-
formation or change CAD information 
in that folder, it automatically publishes 
the information sip to a Streamline site 
where people can share the informa-
tion. With Streamline, though, users 
never really ptit the CAD files up, ex-
plained Anagnost. "They publish to 
Streamline. What that does is break the 
CAD information up into it bunch of lit-
tle XML snippets, which are stored on 
Streamline and served out to people, hit 
by hit, on a secure server. No one can 
use these bits of information to recreate 
the cAl) file. It just isn't there." 

SoliciWorks also offers a choice of col-
laboration tools. 3D Instant Website lets 
users create and publish live Web pages 
with SolidWorks models and drawings. 
el)rawings are small enough to e-mail, are 
self-sewing, and don't require viewers to 
he downloaded. 

The Web-native environment of 3G.author is part of 313a's 36.web,decisions, A 
copy of the 3D model is imported from the native CAD system, but you don't need 
any CAD system on your computer to use 3G,author, 

/ 

Standard Features: -	
/\ 

Resistance measurement from 
2 mcl to 2 M( 

Twenty-one excitation levels from 3 pA 
to 31 mA 

Innovative noise-reduction hardware, 
including a unique patent pending 
matched impedance current source 

Sixteen channels; resistance, 
temperature, and power dissipated in 
resistor can be displayed 

Closed loop PID temperature control 

Current excitation mode, voltage 
mode, and resistance autorange 
function 

IEEE-488 and RS-232C interfaces, 
alarms, relays, and analog outputs 

LakeShore.
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POPmatic Point & Set, our new 
auto-feed rivet system, delivers 

what no riveting tool has before 
Consistent riveting at a rate 

faster than any current hand 
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to 2500 rivets, Point & Set 
accelerates the riveting process 
to previously impossible speeds 
meeting the requirements of 
any production line. It's reliabiIit 
in an otherwise unreliable worici 
For more information, call us at 
203-925-4424 or visit us on the 
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pi ()vider program available from ANSYS 
that allows users to run their simulations 
on parallel compute servers at a remote 
data center site using the Internet or ded-
icated lines. "You create your input files 
Mid send them to this server, and it runs 
full ANSYS on it - any module you like - 
on a pay-as-you-go basis. When it's done, 
the results are there," said Bemis. "You can 
either download them or you can leave 
them there and let other people view 
them from different physical locations.' 

CAD Interoperability 
The design chain. by nature, is a multi-

CAD environment, according to Ku-
imovich. Therefore, AD companies 
don't want to develop interoperability 
tools to another CAD system because they 
simply don't want to give the competition 
an advantage. So where does that leave 
the members of a supply chain NNho il ii 
all have access to the  
same CAD package? 

According to Bemis,	 - 
interoperability is he-	 1 

coming less of an issue 
over time. "On the sim- 1 
ulation side we've had	 - 
to deal with interoper- I 
ability for years. We're 
an independent sulu-
Don provider, so we can	 ,--, 
read all of the CA!)	 . 
geometry. Often, we 
can even pick up theii  
associativities and bring 
them over, too." 

Interoperability also 
becomes less of an issue 
if you don't need to 
iiiodifv geometry, ex- 
it j ned Danik. "If there's a require-
wilt to modify geometry in a collabora-
I	 context, then obviously viewers won't 
I hat for you, and CAD translators 

ii 't do that for you. You need to be able 
i Ilove the data from one CAD system to 

II u)tI1el 
CAD translation services are available, 

such as those provided by Translation 
Technologies, a Spokane, Wk-based com-
pany that delivers feature-based, native 
CAD file translations. The service enables 
engineers to pass fully functional files be-
tween major CAD systems via a secure In-
ternet connection transmitted to and 
from TTI. The translated file is delivered 
in the desired CAD system, with all of the 
geometry and a history tree that lets users 
Operate in the file as though it was created 
in the target system. 

Soon, interoperability may not be an 
issue at all. Spatial and UGS, makers of 
the ACIS and Parasolid modeling kernels,

re . pecus el . have a14nccl to '0 IlL lOttt I tel 
to improve 3D data interoperability. 
They've agreed to share licenses for their 
modeling technologies, and in addition, 
Spatial will supply UGS Parasolid with 
data translators for standard and propri-
etary CAD fonnats such as ICES, STEP, 
and CATIA. 

CAD-Neutral Tools 
Web-based collaboration services, as 

well as viewing and markup tools, don't 
focus on a particular CAD program, 
which makes the interoperahility issue a 
moot point. Services such as 3Ga's 
3G.weh.decisions allows engineers to use 
their Web browser to access and reuse 
parametric CAD data, and collaborate 
and instantaneously validate a design. 
From a common URI., any member of a 
design team can simulate how parametric 
engineering changes will impact the fit, 

Iform, and Ii inction of the design. 

CoCreate's service, OneSpace, is built 
as a "virtual conference room." It pro-
'ides a CAD-neutral environment in 

which users can work with models from 
all major GAD systems and 2D files - 
more than 300 file formats in all. Design 
teams can schedule and enter a design 
session, resolve design issues, and auto-
matically document changes in the ses-
sion. Teams collaborate in real time, and 
have access to the product information, 
the model, and all of the associated data. 

Web4's products - eReview and Web-
Works - also take advantage of on-line 
meetings and data access. eReiew com-
bines a way to hold meetings and share 
documents live, over the Internet, with 
the ability to view and annotate docu-
ments, drawings, and CAD files in over 
150 formats. Geographically dispersed 
team members can collaborate on de-
sign decisions or other activities that re-
quire all attendees to view the same set 

P!1 
Web4's eReview combines a way to conduct on-line meetings with the 
ability to view and annotate over 150 documents, drawings, and CAD file 
formats in real time over the Internet. 
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of drawings and share their ideas. Web-
Works allows users to create a central 
repository for their files, documents, 
and drawings. 

Proficiency's Collaboration Gateway is 
a Web-based application that runs on 
standard Web browsers, enabling com-
munication of engineering information 
between and among suppliers and man-
ufacturers. It extracts design intelligence 
from proprietary CAD systems to the 
Universal Product Representation 
(UPR), a system-neutral format for rep-
resenting design intelligence. Informa-
tion can then be shared between team 
members, regardless of their internal 
process or systems. 

One of the most widel y used types of 
collaboration solutions is the viewing 
and markup tool, which enables engi-
neers to collaborate with other team 
members who use different software. 
Files and drawings created in various 
CAD systems can be viewed and shared 
by users around the world. 

According to Danik, Cinimetry Sys-
tems' AutoVue viewing tools are used at 
every step of the design and manufac-
turing process, including product defin-
ition, maintenance, purchasing, market-
ing, sales, and even litigation. "In all of 
our applications when you open a file, 

0111 >jX1 1 it ill read-o111\ iiiodc. The orig-

inal can't he edited, either willfull y or in-
advertently." This is why viewing tools 
carry the lowest risk of all collaboration 
solutions. 

Actifv's 3DView also enables engineers 
to visualize, share, measure, and mark-
up 3D CAD models without requiring a 
full-featured CAD system or server. It 
reads native CAD formats directly, and 
can visually mix and match parts to-

gether from different 
CAD formats. 31)View 
also lets you publish 
CAD models on a Web 
site, and keeps track of 
notes and dimensions 
assigned by different  
people. 

Brava!, from Informa-
tive Graphics, is a Web-
served viewing tool that	 •. 
uses Java technology.	 ''.. 
Documents and draw-
ings are processed on 
the Brava! server and 
delivered in a corn-
presse(l display format 
viewable only by a 
Brava! client server. Original files are 
never sent, so CAD drawings and intel-
lectual property can't be copied. 

Ease of Use 
Collaborative engineering may begin 

with the engineer when he or she first 
designs a product using a 2D or 3D CAD 
system. But what happens when that 
data has to be filtered down the supply 
chain to purchasing, marketing, sales, 
and customer support? How equipped 
are other members of the team to use 
collaborative tools effectively? For the 
people further down the design chain, 

ease of use is absolutely 
essential, said UGS's 
McClure. 

Autodesk's Anagnost 
agrees. "Ease of use is a 
significant concern. In 
fact, I think the entry 
point of a collaboration 
tool has to be extremely 
simple. If these tools 
are too complex or give 
them more information 
than they need to do 
their job, they will not 
use them." The key, 
said Anagnost, is per-
sonalizing the design 
information to the pur-
chasing manager, or 
whoever the user hap-
pens to be, so that each 
user sees only what they 
need. 

By doing that, said Das, you're able to 
accommodate each user individuall y. "I 
think you need proper Web collabora-
tion tools that have a good administra-
tive control facility that allows an admin-
istrator to customize the interface and 
the tools available as you work down the 
chain." And, depending upon the engi-
neering discipline, it could also take 
some time for engineers to embrace

— 

• 

these technologies, Das added. "Usually 
engineers are known to be more conser-
vative than other professionals in other 
industries, and they're actually typically 
much older and less trusting of Internet-
based technologies." 

Explained McEleney, the idea of peo-
ple being able to easily share informa-
tion just because they use the same CAD 
system is a prehistoric view. "You can 
imagine some ridiculous high-end 
UNIX CAD system being on a purchas-
ing guy's desk and the only thing he 
wants to be able to do is catch a glimpse 
of what the part looks like. Most of the 
people who need to be able to view in-
formation have nothing to do with CAD, 
and don't want to do anything with 
GAD. They just want to see what the 
thing looks like." 

McEleney said that SolidWorks' latest 
collaborative tool, 3D TeamWorks, at-
tempts to simplify communication and 
information sharing. "We've tried to 
make these crayon-simple tech tools to 
allow users to very easily and effectively 
get on the on-ramp of being able to 
share information," he said. 3D Team-
Works is a hosted project facility area 
that allows project personnel and other 
users to have a central repository for 
data, and to be able to share comments 
and review-type information. "It's not 
meant to be PDM." added McElenev. 
"It's meant to provide some way of tak-
ing rather disparate ways of communi-
cating - including e-mail, eDrawings, 
Instant Websites, engineering drawings, 
3D solid models, faxes, and schedules - 
and allowing this to all be in a central 
repository area." 

For Web-based collaboration services, 
ease-of-use may he less of an issue, ac-
cording to Kizimovich. If you can use a 
Web browser and have a reasonable 
knowledge of Windows, the rest is easy, 
he said. "You're launching a browser 
and typing in a URL, which everybody 
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Autodesk's Streamline 30 markup functionality lets users indicate design 
changes that can be communicated back to the designer and other team 
members via an automatic e-mail notification.

A collaboration session on a solid model in UGS's Solid Edge Exchange 
shows redline markup and measuring capabilities. 
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RIFOCS Corporation's Harsh Environment Division has fiber optic connectors and cable 
assemblies built to survive almost any combination of extreme operating conditions: 

• Temperatures from -60C to +150C	 • Shock, vibration and impact 
• Direct exposure to the outside elements • Ice, salt spray, sand and dust 
• Prolonged exposure to high humidity	 • Detergents, solvents, hydraulic 

fluids and jet fuel 

See us at:	 IS09001 

NFOEC 2001, July 9-11, Baltimore, MD, Booth 6402
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Turcon , Turcite, HiMocf', Zurcorr', Luytex, and Orkot Marine 
and other high performance materials available 

Designs and materials for wide range of applications. 

Call: 1-800-767-3257 
Fax: 1-303-469-4874 Specialty Polymer Products 
Specialty Polymer Products 	 a smiths group company 
2531 Bremer Drive, P.O. Box 176, Fort Wayne, IN 46801 
Tel: (219)748-5703 . Fax: (219) 749-4208 
email: sales@bsmail.com • web: www.polymersealing.com  

can do. YOU just nerd the basic know!-
edge of how to use a browser, how to 
search, and how to navigate Web pages. 
It's not likely that a marketing depart-
ment will change a model. They jiit 
want to see it." 

The more broadly applicable the 1-
laboration tools are, the better. The ui k 
is how well CAD vendors and others pro-
viding these tools understand what the 
marketplace is looking for in terms of ca-
pabilities. According to Das, CAD com-
panies have a long way to go. "The prob-
lem I see is that it's really not the CAD 
companies' core competency to develop 
collaboration-based tools. What they're 
really good at, and what they should he 
supplying, is CAD. Autodesk could also 
make chewing gum if they really wanted 
to, but it probably wouldn't he in their 
best interest." 

Das suggests that CAD companies 
partner with others who can provide 
them with the technology to integrate 
with their CAD packages to enable col-
laboration. "I personally think," said 
Das, "that the CAD vendors who spend 
money to provide Web-based collabora-
tion tools that integrate with their prod-
ucts will see that it's a detriment to their 
overall product." 

Visit www.nasatech. corn/features for more 
comments from industry leaders on GAl) and 
collaborative engineering. 

Get Connected to the 
Companies Featured 
in this Article: 

Actify	 .. ...... ........ ............. .v.actify.com 

ANSYS	 ............................www.ansys.com 

Autodesk ....................www.autodesk.com 

ClMdata	 .................... www.ClMdata.com 

Cimmetry 
Systems	 ..................www.cimmetry.com 

CoCreate	 ....................www.cocreate.com 

Daratech	 .................... aww.daratech.com 

Informative 
Graphics ....................www.infograph.com 

Proficiency ..............www.proficiency.com 

SolidWorks .............. www.solidworks.com 

Spatial	 .......... ................ wam.spatial.com

313a Corp...... ............... www.5qacorp.cciii 

Translation 
Technologies ..w.transItio,itecli.coiii 

UGS ....................................www.ugs.com 

Web4 ..................www.web4engineers.com 
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Portable, 
wireless, 

networked.

()Commercialization Opportunities 

The Wireless Augmented 
Reality Prototype Concept 

This is a system of personal access to 
a local area network with video, audio, 
and sensor data services. Head- and 
belt-mounted units would enable wear-
ers to communicate data while moving 
around a busy facility. 
(See page 44.) 

MQW Based Blocked 
Intersubband Detector for 
Low-Background Operation 

Multiple-quantum-well (MQW) in-
frared photodetectors are better suited for 
operation under low-background condi-
tions. Large focal-plane arrays of these de-
tectors should be relatively inexpensive. 
(See page 46.) 

Airfield Wind Advisory Systems 
for General Aviation 

These systems include self-contained 
weather stations located at the airfields.

Speed and direction of wind, tempera-
ture, barometric pressure, and humid-
ity are transmitted to the aircraft on a 
landing approach. 
(See page 50.) 

Lightweight, Collapsible Hyper-
baric Chamber With Airlock 

Such a chamber can be stowed com-
pactly and deployed when needed as 
rescue equipment in remote locations. 
(See page 54.) 

Reconfigurable Exploratory 
Robotic Vehicles 

A family of rugged, modular, instru-
mented robotic vehicles proposed for 
exploration of Mars and other planets 
can be adapted to explore hostile terrain 
on Earth. Application may involve explo-
ration of volcanic craters, military recon-
naissance, and search for victims of 
earthquakes, landslides, and avalanches. 
(See page 56.)

Engineered Bioremediation of 
Contaminated Soil 

This computer-controlled process 
controls flows of liquids and gases into 
and out of the ground via wells to pro-
vide reagents and nutrients that enhance 
the natural degradation of contaminants 
by indigenous and/or introduced micro-
organisms. 
(See page 58.) 

Microgravity Tissue 
Engineering 

Cartilage and cardiac muscle can be 
engineered for research in normal grav-
ity and microgravity. The current pro-
gram has used cells, polymer scaffolds, 
and bioreactor vessels. Successful devel-
opment in this area can have major im-
pact in the treatment of aging popula-
tion, trauma victims, and crews on 
prolonged spaceflights. 
(See page 59.) 

FLUKE® 
Fluke Data Acquisition. 
The complete picture in data acquisition. 
Fluke offers portable, wireless and networked data acquisition 
tools to let you transfer data where you want it, when you want 
it, and in the form you want it. From our small, easy to use, 
portable Hydra Series to the large plant wide system capacity of 
our NetDAQ networked data acquisition units. Fluke has a data 
acquisition product to fit your needs. 

All products come with Fluke's patented universal input 
module, which means you'll never have to buy extra signal 
conditioning modules to do your job. We have the speed, 
accuracy, isolation, and reliability you need to get the job done 
right, and our advanced trend analysis and reporting software 
helps the data you collect go to work for you. right away. 

Call 1-888-819-1858 
today for a free software demo 
disk or visit our website at 
www.fluke.com to download it. 

Fluke. Keeping your world up and running. 

2000 Fluke Corporation U.S. (8(3)) 44-FLUKE. Fax back 18001 FLUKE FAX. Canada BOO) 36-FLUKE. 
Europe (314012 678 200. Other countries (4251355-5500. 
All rights reserved. Ad No. 01236

-
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Special Coverage: Data Acquisition 

i Coherent Phase Line Enhancer: a Method of Spectral Analysis 
This method enables detection of weak signals that would otherwise be masked by noise. 

Marshall Space Flight Center, Alabama 

The term "coherent phase line en-
hancer" (CPLE) refers to a dual-trans-
form method of spectral analysis that 
enhances the detection of periodic and 
quasi-periodic signals buried in wide-
band noise. The CPLE is particularly 
useful for increasing the signal-to-noise 
ratios of spectral peaks ("lines") that 
represent periodic and quasi-periodic 
components of measurements of vibra-
tion, dynamic strain, and/or dynamic 
pressure in a turbine or other rotating 
machine. The purpose of such mea-
surements, spectral analysis, and en-
hancement of spectral peaks is to assess 
machine performance and identify 
spectral signatures of bearing or gear-
train defects. 

Other machine-diagnostic spectral-
analysis methods related to the CPLE 
have been described in several prior ar-
ticles in NASA Tech Briefs. The need for 
the CPLE and those other methods 
arises, in part, because in conventional 
spectral displays, peak patterns are fre-
quently difficult to assess in cases in 
which peaks are at or below the ampli-
tude of wide-band noise. ["Conven-
tional spectral displays" as used here 
denotes those produced by fast-
Fourier-transform (FF1) processing of 
digitized signals.] In such displays, pe-
riodic signals may not be separated 
from wide-band noise because the 
phase information needed to show the 
peaks for these signals is missing after 
FFT processing. The CPLE involves a 
second transformation that restores 
the needed phase information. In ad-
dition, in the CPLE, the discreteness of 
each spectral component is quantified 
by a bandwidth coherence value. 

The traditional method of estimat-
ing the auto power spectral density 
(PSD) function involves ensemble pro-
cessing of the FF1 amplitude of each 
segmented data block and discarding 
the FF1 phase information. The result-
ing "ensemble amplitude averaging" 
PSD function is widely used in many 
commercial test and measurement 
products. For the purpose of separat-
ing a periodic signal from noise, addi-
tional signal-enhancement capability

can be achieved by including phase-
correlated information in the ensem-
ble processing. After the original signal 
is transformed from the time domain 
to the frequency domain, the spectral 
record consists of an ensemble of 
blocks. In the CPLE, a second trans-
form converts each spectral compo-
nent along the ensemble direction into 
an "equivalent" wave-number domain, 
in which signal components are en-
hanced by virtue of their coherent 
phase relationships among the ensem-
ble segments. 

In comparison with spectrum ob-
tained by FF1 processing only, a CPLE 
spectrum provides a more accurate es-
timate of the frequency of a periodic 
signal. Moreover, the difference be-
tween the coherent phase characteris-
tic of a periodic signal and the random 
phase of wide-hand noise is more ap-
parent in the wave-number domain. As 
a result, in comparison with a conven-
tional power spectrum, a CPLE spec-
trum enables better detection of peri-
odic signals. Unlike some other 
filtering techniques (e.g., adaptive fil-
ter, adaptive line enhancer, and the 
like) used to enhance signals, the 
CPLE can he the basis of a relatively 
simple and stable approach that can be 
easily implemented in the frequency 
domain along with the FFT. 

The quasi-periodicity (as distin-
guished from pure periodicity) of the vi-
bration signal from a typical rotating ma-
chine poses a major obstacle to the 
direct application of the CPLE to analy-
sis of these signals. The rotation-speed-
related components of the signal (e.g., 
synchronous harmonics and subhar-
monics, bearing signatures, gear signa-
tures, and the like) are all quasi-periodic 
because rotation tends to momentarily 
accelerate or decelerate as the load on 
the machine varies. A direct application 
of the CPLE to the signal does not pro-
vide any enhancement because only 
weak (if any) coherent phase relation-
ships exist among the ensemble seg-
ments. However, one can obtain the de-
sired enhancement by following either 
or both of the following two approaches:

The first approach is called "CPLE/ 
OT" (where 'OT" signifies "Order 
Tracking method"). This method re-
quires an additional pulse tachometer 
(key-phasor) signal. Measurement of the 
time between the pulses yields an instan-
taneous value of the rotation period 
once per revolution. On the basis of this 
measurement, the original digital signal, 
which is sampled at uniform intervals of 
time, is then resampled with a fixed 
number of samples during each revolu-
tion. The resampling involves the use of 
either linear interpolation or (in the 
case of large variations of speed) spline-
curve-fit interpolation. The resampling 
is utilized in the conventional synchro-
nous timer averaging (STA) method. 
STA enhances a waveform through di-
rect time averaging of the resampled 
waveform over many revolutions. Within 
the resampled signal, all the speed-re-
lated components are periodic. There-
fore, CPLE spectral analysis is applicable 
to speed-related signal enhancement. 

The second approach is called 
"CPLE/PSEM" (where "PSEM" denotes 
'phase synchronized enhancement 
method"). This method does not re-
quire the key-phasor signal. The PSEM 
involves a phase-to-time conversion algo-
rithm that transforms the instantaneous 
phase of a reference component of the 
signal into the desired resampling time 
for synchronization. (The reference 
component is selected by the user and is 
typically synchronous with either the ro-
tation or a harmonic thereof.) Within 
the resulting PSEM signal, both the ref-
erence component and all its coherently 
correlated components become peri-
odic. Consequently, when CPLE spectral 
analysis is applied to the PSEM signal, 
enhanced results are obtained. 

This work was done byJen-YiJong of Al 
Signal Research, Inc., for Marshall Space 
Flight Center. For further information, 
please contact the company at www.aisignal. 
corn or (256) 551-0008. 

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Marshall 
Space Flight enter, (256) 544-0021. Refer 
to M1,S-31426. 
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Data Acquisition 

For More Information Circle No. 413

MECS is a computer program for the 
automated, secure, rapid, and efficient 
transfer of data between a central source 
and users at multiple distant locations. 
"MECS" signifies "Multi-mission En-
crypted Communication System." MECS 
enables many users to collaborate se-
curely on a shared plan or set of data. 

MECS was part of the Mars polar land-
er mission operations environment, and 
enabled for the first time in NASA's his-
tors distributed operations over the In-
ternet during a mission operational 
readiness test. It has allowed remote sci-
elitists to lead field tests of the FIDO 
rovel; which is the prototype for the Mars 
03 rover. 

MECS transfers data from a mission 
((Introl center to remote users, and from 
the remote users hack to the mission con-
trol center. MECS is designed to work 
with previously developed mission appli-
cation programs that, in their original 
forms, do not support secure distributed 
operation; MECS can often enable secure 
distributed operation with little or no 
modification of the previously developed 
application programs. MECS operates in 
such a way as to be transparent to a re-
(note user. Files simply appear on the re-
mote user's computer as they become 
available, and files are transmitted hack 
to a server computer at the mission con-
itol center when the user saves them in 
specific directories. 

All MECS connections are authenti-
ated by use of the NASA public key in-

frastructure, and all communications are 
encrypted by use of the Secure Sockets 
I aver (SSL) protocol. It is nearly impossi-
hie to decipher intercepted data that 
hoe been transmitted via MECS, and in 

tier to defeat the authentication proto-
1. it would he necessary to compromise 

dic NASA Ames Certificate Authority, 
which is highly protected. A copy of the 
NIECS client software cannot be activated 
unless the remote user to whom the copy 
has been assigne(l presents a personal se-
curity profile that is kept on a flopp y disk 
in the possession of the user. To obtain a 
security profile, a remote user must ap-
pear in person and provide positive iden-
tification at a security office at a NASA 
center. The NASA public key infrastruc-
ture handles the periodic updating of 
users' security profiles and protects the 
central certificate authority. 

MECS is implemented as two Java pro-
grams. For each mission, there is typically 

www.na.satech .com

one server program operating on a com-
puter behind the mission firewall, and 
many client programs, each running on a 
remote user's computer. The MECS ad-
ministrator indicates which files should 
be received by the remote users, and the 
MECS clients automatically download the 
data as it becomes available. All data is 
compressed and encrypted while in tran-
sit, and is automatically decompressed 
and moved to the proper locations on the 
client's computer. 

Each remote user starts the MECS 
client program and specifies the address 
of the MECS server. The MECS client and 
server programs authenticate each other, 
and then the client program transmits 
the current state of the remote user's data 
base to the server. The server then trans-
mits all of the files necessary to bring the 
remote user's data base up to date. Peri-
odically, the MECS client program auto- - 
mnatically communicates with the server 
to determine whether new data have ar-
rived. 

In its original form, MECS can he used 
to implement secure on-line discussions, 
shared workspaces, and collaborative 
generation of command sequences. 
There are also potential commercial ap-
plications for suitably modified versions 
of MECS: Many organizations need an ef-
ficient means of secure synchronization 
of remote systems. Inasmuch as nearly 
every software system developed previ-
ously to satisfy this need requires that the 
client initiate a request for specified data, 
there is no guarantee that a client has re-
ceived the latest update to the shared 
data; in contrast, MECS, keeps client data 
files up to date. 

This work was done by Paul Backes and Jef 
frey Norris of Caltech for NASA's Jet Propul-

sion Laboratory. For further information, 
access the Technical Support Package (TSP) 
free on-line at wurw.nasatech.com under the 
Information Sciences category. 

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

Intellectual Property group 
JPL 
Mail Stop 202-233 
4800 Oak Grove Drive 
Pasadena, CA 91109 
(818) 354-2240 
Refer to APO-20844, volume and number 

of this NASA Tech Briefs issue, and the page 
number.
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Software for Secure Distribution of Data 
Many users at remote locations can work on the same set of data. 
NASA's Jet Propulsion Laboratory, Pasadena, CalUornia 
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Data Acquisition 

C Software for Real-Time Transfer of GPS Data Over 
the Open Internet 
NASA's Jet Propulsion Laboratory, Pasadena, California 

Real-Time Net Transfer (RTNT) soft-
ware allows for efficient and reliable 
transport of raw, GPS (Global Positioning 
System) observables over the open Inter-
net. Efficiency is achieved by editing and 
compressing the GPS observables at the 
remote site, and by using User Datagram 
Protocol (UDP) rather than the higher 
overhead required of Transmission Con-
trol Protocol (TCP). However, TCP relia-
bility is still achieved by the central server 
(the central collection computer) by 
monitoring sequence numbers of the re-
mote client's packets. If there is a skip in 
sequence numbers, the central server 
may request retransmission of missed 
data packets from the remote clients. In 
this way over 98 percent of the data is re-
turned to the central server. Once the 
central server receives the data, it may ad-
ditionally retransmit the packets to other 
servers on the open Internet. This pro-
vides the capability of merging regional 
servers into a global server. There is a par-
ticular secondary server also running re-
ceiving data packets from the primary 
global server. If the secondary server no

longer sees incoming packets, it will 
reroute the entire global network to it-
self. This provides a backup system 
should the primary server fail. 

RTNT returns data from geodetic-qual-
ity receivers, such as Ashtech Z-12s, 
Turbo-Rogues, and AOA Benchmark re-
ceivers. Module construction of the s/w 
processes permits addition of other re-
ceivers. Five of six basic GPS observables 
are compressed down to 14.5 bytes per 1 
Hz epoch, per GPS s/c tracked. The two 
phase observables (Ll,L2) have a resolu-
tion of 0.02 mm, and the three range oh-
servables (CA,PI ,P2) have a resolution of 
1 mm. 

RTNT is currently returning data with 
a latency of less than two seconds from a 
global network of 17 receivers. Latency 
here is defined as the time tag of the GPS 
observable and the time that the packet 
arrives at the central server. The Web 
page, http://gipsy.jpl.nasa.gov/igdgldemo/  
index.html contains the real-time operat-
ing status of the RTNT's global network. 
Data latencies and the number of GPS 
spacecraft tracked per remote site for the

previous hour can be monitored through 
this Web page. 

Once the data arrives at the central 
server, it is sorted by epoch, duplicate 
packets are rejected, request for retrans-
mission of missed data packets are 
made, and the data is placed into a re-
volving segment of shared memory. 
From there, JPL's Real-Time Gipsy 
(RTG) software is used to compute 
global differential corrections to the 
GPS broadcast orbits and broadcast 
clocks. Real-time user position accuracy 
from this global differential system is 8 
cm (RMS) in horizontal, and 20 cm 
(RMS) in vertical. The above Web page 
also contains a live demo of the receiver 
atJPL demonstrating these accuracies. 

RTNT also provides the mechanism to 
distribute both the GPS broadcast orbits 
and clocks, and RTG's global differential 
corrections to the broadcast orbits and 
clocks over the open Internet. A server 
will fork dedicated TCP processes to any 
client making requests. 

This program was written by Ronald 
Muellerschoen of Caltech for NASA's Jet 
Propulsion Laboratory. For further infor-
mation, access the Technical Support Package 
(TSP) free on-line at www.nasatech.com 
under the Software category. 

This software is available for commercial li-
censing. Please contact Don Hart of the Cali-
fornia Institute of Technology at (818) 393-
3425. Refer to APO-20976. 

The Common Database Interface and 

Report Generator is a computer pro-- 
gram that serves as both (1) a single com-
mon interface for data-base application 
programs to gain access to local or re-
mote data bases by use of Structured 
Query Language (SQL) operators and 
(2) a report generator. 

The data-base-interface portion of the 
program enables a calling program to 
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Houston, Texas 
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gain access to an Oracle data base by use 
of all of the basic SQL operators (SE-
LECT, INSERT, UPDATE, DELETE, 
COMMIT, and ROLLBACK). The pro-
gram provides capabilities for logging in, 
logging out, and reporting errors. Each 
data-base function corresponds to a 
function callable in the C computing lan-
guage. The calling data-base function 
passes the SQL statement as an argu-
ment to the called function. 

For the SELECT function, the calling 
function also passes the function-specific 
callback routine as an argument. The 
callback routine is executed after each 
record has been retrieved from the data 
base. This unique approach allows the 
SELECT function without buffering of 
all the retrieved data. Status information 
is returned in the function return value. 

The report-generator part of the pro-
gram produces a plain text report, based 
on the contents of a report template. In-

stead of writing individual functions for 
each report, the user need only write 
templates to direct the report generator 
to generate the report. Any changes in 
the format of a report can be made by 
modifying the report template; there is 
no need to modify any computer code. 

The report-generator part of the pro-
gram invokes a report-template-parser 
subprogram to read in the report tem-
plate via a report-template scanner. Then 
the report-generator part of the program 
passes, to a reporting-engine subpro-
gram, the report structure and the argu-
ments passed in from the calling pro-
gram. The reporting engine generates 
the report output, invoking a data-base-
access module to obtain data for the re-
port and invoking a page-construction 
module to format the output. 

The program affords full-featured 
error reporting capabilities. Multiple ta-
bles can be updated from the computer

display screen; this feature saves a signif-
icant number of hours. Report tem-
plates can easily be changed without 
stopping the program; this feature helps 
to reduce cost. 

The primary benefits afforded by this 
program are that (1) it yields reusable 
computer code, thereby reducing the 
cost of developing and maintaining 
code, reducing the number of lines of 
code that must be maintained, and (2) it 
centralizes the code, thereby making it 
easy to maintain. Because there is no 
need for a programmer to write Pro*C 
code, the level of required programming 
skill is correspondingly reduced. 

This work was done by Fran Y Mi of United 
Space Alliance and Kevin N Shaum of Unisys 
forJohnson Space Center. For further infor-
mation, access the Technical Support Package 
(TSP) free on-line at www.nasatech.com 
under the Information Sciences category. 
MSG-2281 9 

System Processes Data From Wind-Tunnel Acoustic Measurements 
This system is a powerful aid for aircraft-noise-reduction research. 
Ames Research Center, Moffett Field, California 

A processing system has been devel-
oped to meet increasing demands for 
detailed noise measurement of aircraft 
in wind tunnels. Phased arrays enable 
spatial and amplitude measurements of 
acoustic sources, including low signal-to-
noise sources not measurable by conven-
tional techniques. The Microphone 
Array Phased Processing System 
(MAPPS) provides processing and visti-
alization of acoustic array measurements 
made iii wind tunnels. The system uses 
networked parallel computers to pro-
vide noise maps at selected frequencies 
in a near real-time testing environment. 
The system has been successfully used in 
two subsonic, hard-walled wind tunnels, 
the NASA Ames 7-by 10-Foot Wind Tun-
nel and the NASA Ames 12-Foot Wind 
Tunnel. Low-level airframe noise that 
cannot be measured with traditional 
techniques was measured in both tests. 

The MAPPS system is an end-to-end 
system designed to be used by re-
searchers. MAPPS begins at the end of 
the data acquisition and storage and 
ends with the processed data visualiza-
tion. This system is designed to be versa-
tile and robust in its treatment of vari-
able numbers of microphones, number 
and locations of processors, versatile cal-
ibrations, and visualization require-
ments. This versatility is designed into 
the system to provide for alternatives if

components fail. These component fail-
ures will result in degraded results, but 
the results will still provide the re-
searcher with information to meet their 
needs. MAPPS provides ease of use for 
processing and visualization with its sys-
tem approach and graphical user inter-
face (GUI). The system is designed so 
that the user mayconcentrate on re- 
search, testing, and data interpretation, 
instead of data and file manipulation. 

An operational design goal for 
MAPPS was to provide sufficient results 
in near-real-time to allow the test direc-
tor and researcher to make future run 
content decisions. The first operational 
test of MAPPS was in a recent Flap Edge 
test using a 100-element microphone 
arrayin the NASA Ames 7- by 10-Foot 
Wind Tunnel. The system had a 9-
minute cycle from end of data acquisi-
tion to showing results on screen for 166 
frequencies with 400 averages and a fre-
quency resolution of 150 Hz. This cycle 
time was sufficient to obtain results from 
a small number of points for each run 
condition and to allow the test director 
to make model change and run condi-
tion decisions for the next run. Another 
operational design consideration was to 
have all the data processed and ready for 
examination by the next da y. The ability 
to batch process multiple data points 
was also demonstrated at this test.

The MAPPS system (see figure) starts 
with a raw time history and produces a 
processed data file and comptiter visual-
ization of the results. The input raw data 
file and the output processed data file 
are both stored in a widely-used self-de-
scribing, machine-independent binary 
file format called Network Common 
Data Format. Besides the basic data, 
these data files contain all the informa-
tion related to the instrumentation, test 
setup, and test conditions. MAPPS in-
cludes many files and computer pro-
grams. The user sets all the processing 
parameters and initiates interactive pro-
cessing through the Processing Control 
interface. The Processing Control inter-
face reads the header information in 
the Raw Time History Data File. Pro-
cessing parameters max' be used from a 
file or set interactively based upon infor-
mation derived from the header and dis-
played iii the Interface. All the process-
ing parameters are saved in the Process 
Settings File. The data processing occurs 
in four processes that run without user 
interaction once the Processing Control 
Interface or a UNIX script for batch 
processing starts the Control Process. 
The computer running the Control 
Process must have access to the Process-- 
ing Settings File that was written by the 
Processing Control Interface. The Read 
Data Process must have access to the 

-

- 

- 

- 
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Calibration File(s) and the Raw 
Time History Data File. When 
processing is complete, the 
Output Process writes the re-
suits and header to the 
Processed Data File. The 
header of the Processed Data 
File contains all the informa-
tion from the header of the 
Raw Time History Data File 
plus all of the parameters used 
to process the data. Data visual-
izing is done in a separate 
process. Visualization requires 
access to the Processed Data 
File and Model Projection File. 

Efficient and versatile visual-
ization of array results is an es-
sential part of MAPPS. MVIEW 
is a data visualization program 
written at Ames Research Cen-
ter to view data processed with 
MAPPS. Scan results can also 
be loaded into the DARWIN 
system. This system allows 
searching of the database for 
desired test conditions and per-
forming preliminary looks at 
the array results. Researchers 
can then use MVIEW to investi-
gate the desired test conditions

Processing Processing() 
Control Settings File 

Interface

Calibration Control Process Data Processing 

Files 

RawTirne Read Data Parallel 
History Data 

Files
Process Processes 

Raw Data File 
Header 

Processed Output Process 
Data Files

-	 Data Flow 

Visualization
Model 

Projection -- Process Spawning 
Process File

An Overview of MAPPS shows key processing activities. in more detail. 
Several types of data can be 

viewed in MVIEW. An overview plot con-
tains three curves displaying the average 
level of all the good microphones, the 
maximum level found in the scan and the 
average level found in the scan as func-
tions of frequency. This plot of curves as-
sists the user in determining which fre-
quency data to view in detail. Other plot 
windows display the scan maps of noise 
sources and model in two- and three-di-

mensional views. The scanned sources 
are displayed as colored maps and/or 
contours. The user can control the scale 
on the map. The scan maps can also be 
animated to display results for successive 
frequencies to run like a movie by click-
ing on the start animation button in the 
overview plot window. 

This work was done by Michael E. Watts 
and Marianne Mosher of Ames Research

Center and Jorge Bardina and Michael 
Barnes of Caelum Research Corp. For further 
information, access the Technical Support 
Package (TSP) free on-line at wurw.nasatech. 
corn under the Electronic Components and 
Systems category. 

Inquiries concerning rights for the commer-
cial use of this invention should be addressed 
to the Patent Counsel, Ames Research Center, 
(650) 604-5104. Refer to ARC-14258. 

• Software for Displaying Coregistered Sets of Data 
NASA 'sJet Propulsion Laboratory, Pasadena, California 

The DataSlate computer program is 
being developed to help educators and 
students gain access to, view, manipulate, 
and otherwise interact with sets of plane-
tary and other scientific data via the In-
ternet or via local data-storage facilities. 
DataSlate will be especially useful for dis-
playing coregistered sets of data; for ex-
ample, a topographical map of a region 
and a photograph of the same region 
taken from an aircraft or a satellite. 
DataSlate, associated software tools, and 
sets of data will he distributed via the In-
ternet or provided on compact-disk read-
only memories (CD-ROMs). The archi-

tecture of DataSlate is extensible, so that 
new software tools and sets of data can be 
added and educators can design new 
components of curricula. Sets of data, 
lesson plans, and software tools can be 
created by educators and students and 
uploaded to servers for public use or 
kept on local computers for private use. 
The initial development of DataSlate has 
been a joint project of NASA'sJet Propul-
sion Laboratory, the University of Ne-
braska at Lincoln, and Johns Hopkins 
University. Both DataSlate and a set of 
software tools for preparing associated 
sets of data and curricula are expected to

be extended by a team of developers 
within the next few years. DataSlate will 
be useful to the scientific community 
and the general public as well as to the 
educational community. 

This program was written b' David S. 
Hecox of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, access 
the Technical Support Package (ThP)free on-
line at www.nasatech.com under the Software 
category. 

This software is available for commercial li-
censing. Please contact Don Hart of the Cali-
fornia Institute of Technology at (818) 393-
3425. Refer to APO-] 9911. 
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(4) Special Coverage: Data Acquisition 

Dewetron, Charlestown, RI, has 
III 

ti-0- 

' duced the DTRS-1' telemetry recording 

system, a 19" rack-mounting unit that 

features an open architecture. The svs-

tern combines data recording, displas. 
live video input, and voice/sound 

recording in one computer-based plal-

-:

	

	 i urn. Built-in high-speed Ethernet 


allows multiple systems to be intercon- 
-	 nected for data exchange, printer shar-

ing, and access to common setups and 

databases. 

Data is monitored on a flat panel 
TFT rlispla iducli includes its own video input tuner and speakers. 
Live video feeds showing test data can be displa yed picture-in-picture 
or full-screen. The computer platform allows one or more A/D 

boards to be installed. The system can be equipped with IRIG/GPS 

time-code interface cards. The systens front end is provided by plug-

in signal conditioning modules. The base system has 16 dynamic 
inputs, with 12- or 16-bit resolution, and sample rates to 1.25 MHz. 

For More Information Circle No. 726 

Innovative Integration, Simi 
Valley, CA, offers the SBC671I 

data acquisition and control 

board, a standalone I/O board 
for embedded, control, and 
signal processing applications 

requiring data acquisition coo-

- - pled with on-board processing. 
The hi aid teal ui es dual plug-in sites for interchangeable, modular 
I/O. ,mcl is equipped with Texas Instruments' floating-point digital 
signal processor. 

Onboard peripherals include 512 KB of cache-controlled syn-

chronous code/data RAM, 1 MB of rcprogrammable FLASH mem-

ory for code and data storage, 12 MB/sec USB interface, and two 

multi-channel buffered serial ports. Also included are two general-

purpose timers, a host-port interface, and an external memory 

interface capable of interfacing to SDRAM, SBSRAM, and asyn-

chronous peripherals. 

For More Information Circle No. 725 

Pacific Instruments. Concord. incord, 

(A, offers the 6005 Mainframe, 
.1 battery-operated data acquisi-
tion system for portable appli-
itions. It features space for 72 
liannels, and can he expanded 

I more than 2.000 channels by 

adding slave enclosures. The 
system is used with the compa_ 

ii> I'll )t at a(qu isition and display software, and a laptop computer. 
The system has all connections and controls on one surface for place-
ment in tight locations. 

The HS-GPIB interface, used for programming, control, and 
recording of data, provides data rates up to one million samples per 

second. The unit is configured for specific transducers by plug-in sig-

nal conditioning modules. Input types range from 2-wire voltage to 8-

wire full bridge, and include digital inputs and outputs, as well as 

rotational and time measurements. Capabilities include voltage and 

current excitation, remote sensing, voltage and shunt calibration. 

100 kHz bandwidth, and simultaneous sampling. 

For More Information Circle No. 730

,?	

. lie 6115 simultaneous 
-	 --	 iplmg data acquisition 

lesice for PXI/Coinpact 
I is available from 

.	 tonal Instruments, 

isUn. TX. The 12-bit -	 -	
4	 -	 ulijfunction I/O de-

	

-.	 ---	 :.	 ' u' samples measure-

writs

i h of four channels 
I 'a is I ii I	 ci ii I hi,li baiickm lth n_,ii Is, including those from 

mobile telepl ii mnv, radar, sonar, and ultrasonic systems, as well as ana-
lyze high-frequency characteristics or transients within analog or dig-
ital waveforms. 

Features include input bandwidth of 5 MHz, analog and digital 
triggering, eight digital I/O lines, four differential 12-bit analog input 
channels, and two analog output channels. It also includes 64 MB of 
onboard SDRAM capable of storing 32 million samples. The system 
comes with NJ-DAQ driver software, and has two 24-bit, 20-MHz 
counter/timers. 

For More Information Circle No. 728 

The IQ-TRH and IQ-TRH40 
data loggers from Measurement 
Computing. Middleboro, MA, 

are designed for remote, bat-

tery-operated monitoring of'rel-

ative humidity and ambient 

temperature. Readings are 

sa%ed to an internal nonvolatile 

memory. The IQ­TRH holds tip 
to 31,920 samples; the IQ-TRH-

log-

ging a single relative humidity 
channel. 

The loggers have three start 
modes: pushbutton, user-programmed delay, and point capture start. 
The front-panel LED confirms start status initiation. When a record-
ing session is complete, users reconnect the loggers to a PC and 

download data directly to a Microsoft Excel worksheet. An available 
PC interface kit includes a serial cable and IQ-Wizard software for set-
tip and download of data. 

For More Information Circle No. 727 

-	
lidne Engineering 

^,ip_ Northridge, CA, 

1	 tsintroduced the 
\ 1) \S 200/800 / 1500 

>1	 j,	 portable data acquisition -	 -	 - -
	 s\stem that records tip to 

- ' (Ott c hannels of sensor 
inputs >s iii I (8 )0\ iS( ilation and old i dci cure junctions on all chan-
nels. The system is suitable for a range of applications such as testing 
in automobiles, aircraft, and other vehicles. The unit is available in 

three chassis sizes for tmse with two, eight, or 15 modules, with 10 to 
20 data channels per module. 

The rugged steel package measures 8 x 10 x 17", features swivel han-
dles, and weighs 30 pounds when configured with 15 modules, 
Mounting holes allow the case to be seemed to the vehicle, or to 

secure other instruments to the system. Users can select from four dif-

ferent interchangeable modules: voltage/temperature, strain gage, 

frequency, and ('-N vehicle bus interface. The system comes with 

either a National Instruments LabVIE%"' inierhied', or Vahidy iic''s pro-
prietary Windows-based PC software. 

For More Information Circle No. 729 
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WARP 	go
Personal  
Access

^o
Unit (PAU)  

'o Cam 1 
User Accessories WARP 
F0rPAU Software Client 
• Commercial or Custom 

Miniature VGA Displays 
Earphones / Microphone 

• Miniature Cameras  
• Personal Biom edical Sensorn  

RP - INTERNET 
Access 
Node

4 Internet Phone 
DrM,ke 

GreatMac 

Welcome to WARP
1

WARP 
Users Logg	 On

Access West
Node Gordon 

-vcI 
- GreatMac 
- Remote: DrMike 
- Nameserver 

select one 

WARP Initialization Display Example

The Wearer Would Interact With a Computer in a base station. Through voice commands, 
the wearer would control some functions of the computer. The head-mounted display ter-
minal would serve as a remote display device of the computer. 

4% ,OW Electronic Components and Systems 

The Wireless Augmented Reality Prototype Concept 
Head- and belt-mounted units would enable wearers to communicate data. 

NASA 'S Jet Propulsion Laboratory, Pasadena, Caifornia 

The Wireless Augmented Reality Pro-
totype (WARP) is a system for personal 
access to a local area network with video, 
audio, and sensor data services. The cen-
ter of the WARP system is a lightweight, 
unobtrusive heads-up display with a wire-
less wearable control unit, called the Re-
mote Access Unit (RAU). Data services 
to the RAU are provided through a high-
rate radio link from the WARP RAU to a 
stationary base-station interface unit 
which sits 01) an ordinary local area net-
work. The RAU-to-interface unit radio 
link has been engineered to operate 
within the high-interference, high-multi-
path environment of a space shuttle or 
space station module. 

The key to WARP is the streamlining 
and miniaturization of the wearable 
RAU, allowing long-term use without 
battery replacement or 
continuous re-loading 
of new data. This has 
been accomplished by 
paring the RAU elec-
tronics down to include 
only highly integrated 
video and audio compres-
sion/decompression and 
data multiplexing cir-
cuits along with a high-
rate two-way radio link. 
This approach not only 
allows real-time video 
and audio conferenc-
ing through WARP, but 
also removes the re-
quirement for informa-
tion to he stored in the 
wearable unit. Instead, 
the most up-to-date 
and directly relevant 
data may he retrieved 
on demand, as real-
time situations dictate. 

One of the major 
technology challenges 
with this concept has 
been to provide wireless 
high-rate information 
in the environment of a 
space module. Tight 
confines, metal walls, 
and lack of radio ab-

sorbers create an enormous potential 
for destructive self-interference. The de-
velopment of this radio technology is 
synergistic with the development of 
technology for efficient and high-quality 
video data compression; the WARP com-
munications channel contains video, 
audio, and sensor data simultaneously. 

In the space station applications, a vir-
tual terminal is provided by a RAU and 
headset pair. The user will be able to view 
and manipulate imagery, text or video, 
using voice commands to control the ter-
minal operations. WARP hands-free ac-
cess to computer-based instruction texts, 
diagrams, and checklists replaces jug-
gling manuals and clipboards, and teth-
erless computer system access allows free 
motion throughout a cabin while moni-
toring and operating equipment.

Along with information provided to 
the astronaut, WARP also allows exter-
nal observation of the astronaut's situ-
ation; personal biosensors connected 
to the RAU can send back continuous 
telemetry and a miniature camera in-
tegrated into the headset provides 
real-time video of the wearer's field of 
view. In this way, for example, a princi-
pal investigator located on Earth may 
consult with a payload specialist on the 
operation or troubleshooting of the 
equipment. Using this same mecha- 
nism, WARP RAUs may also be used 
Will) stand-alone wireless sensor pack-
ages that send data, from low-rate en-
vironmental sensors or high-rate cam-
eras, hack through the existing WARP 
wireless network to the base station. 
Packetized data maybe sent to various 

li1011iLOl computers 501 

logging or alarm. 
Future applications of 

WARP are in an y environ-
ment where heads-up, 
hands-free information 
retrieval - and remote 
situational awareness - 
improves efficiency, in-
cluding field opera-
tions, tetherless opera-
tions/monitor consoles, 
remote consultations in 
medical or maintenance 
procedures, and hazard-
ous or confined-space 
activities. The extension 
of WARP system and 
RAUs into a wireless Sen-
sorNet is a novel ap-
proach to space or air 
vehicle infrastructures, 
saving mass and provid-
ing flexibility over hard-
wired sensor or camera 
installations. 

The WARP program 
has built and inte-
grated several Phase II 
WARP systems. The 
Phase II system sup-
ports single, indepen-
dent RAU-to-base sta-
tion connections to a 
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The simple fact is that no single solution—be it 1-r'fl1IiIing pioneer this industry over 50 years ago. So if you're 
plug-in or instrument based—is right for every software	

looking for someone to shed a little objective 
g soft 

application. That's why Keithley offers both. And 
Tirno-savin 

tools 	 light on your data acquisition problems, log on to

we're the only company that does, which means you can keithley.com/dac  and download your FREE StraightStuff 
trust us to be completely objective about which solution 	 Data Acquisition Kit. It's the first step toward making

is right for you. What's more, every solution we offer is as buying decisions based on what's right for your application. 
reliable and accurate as they come. After all, we helped 	 Isn't choice a wonderful thing? 

Learn more at 1.888.KEITHLEY or www.keithley.com 

A GREATER MEASURE OF CONFIDENCE 

For More Information Circle No. 552



Electronics 

single PC. Phase II 'ARP is under eval-
uation atJohnson Space Center. Devel-
opment is now underway on Phase III 
WARP, which will allow each interface 
unit to network multiple RAUs, and 
will allow individual RAUs to be sup-
ported dynamically b y multiple inter-
face units which are installed in a cel-
lular network type model throughout 
an extended area.

This work was done b Martin Agan, Ann 
S. Devereaux, and Thomasjed?ry of Caltech 
for NASA's Jet Propulsion Laboratory. 
Forfurt her information, access the Teh n nal 
Support Package (TSP) free on-line at 
www. nasatech. corn 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 
Intellectual Property group 
JPL 
Mail Stop 202-233 
4800 Oak Grove Drive 
Pasadena, GA 91109 
(818) 354-2240 
Refer to NPO-20621, volume and number 

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

C MQW Based Blocked Intersubband Detector for 
Low-Background Operation 
The basic design is modified to suppress space-charge buildup and its deleterious effects. 
NASA 'sJet Propulsion Laboratory, Pasadena, California 

Multiple-quantum-well (MQW) 
ALGa1As/GaAs infrared photodetec-
tors that are better suited [relative to 
prior A1Ga 1 As/GaAs quantum-well in-
frarec! photodetectors (QWIPs) I for op-
eration under low-background condi-
tions are undergoing development. 
These devices are expected to function 
at a temperature of 30 K without nonlin-
ear effects or delayed responses. Even at

this low temperature, the readout elec-
tronic circuits for imaging arrays of 
these photodetectors are expected to 
work smoothly - that is, with no freeze-
out of charge carriers. Large focal-plane 
arrays of these detectors should be rela-
tively inexpensive because they could he 
fabricated by use of mature techniques 
for the growth and processing of 

AhGa1As/GaAs

Some background information is pre-
requisite to a meaningful description of 
the present MQW photodetectors: The 
operation of QWIPs is based on pho-
toexcitation of electrons between 
grOlin(l and first-excited-state subbands 
of quantum wells, which are farmed by 
stacking alternate layers of two different, 
high-bandgap semiconductor materials 
(e.g., A1Ga 1 As and GaAs). The discon- 

Serial Compaaru Solution 
*RS-232 or RS-422/485 interface 

• 2 or 4 independent serial ports 

el)-shell or modular connectors 

9 2500 VRIV1S optical isolation 
•16750 UARTs with 64-byte F1FOs 

*Windows 95/98/TVle/NT/2000 and OS/2 

www.quatech.com 
W LIVE 

800-553-1170 fax 330-434-1409 sa1es@quatech.com 
ISO 9001 Registered Company Made in the USA 

Quality w Reliability w Flexibility • Service 

- 
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For More Information Circle No. 418
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hv t-	 t	 High-Temperature-Grown 
Trap 'Free" AIGa1.As 

4	 ________	 Blocking Layer 

	

4	 Absorption Layer 

	

GaAs n Emitter	 GaAs n Collector 

Contact	 Contact 

This is an Energy-Level Diagram of an MOW device designed tor improved periormance unaer iow-oacKgrounu coriuluoris. iii uvice ApuLs 
between the negative n+ GaAs contact layer and the wells in the MQW emitter section for ultra fast replenishment of depleted wells, while the thick un-

doped Al,Ga 1 ,As barrier layer suppresses undesired tunneling between the MOW emitter section and the positive n+ GaAs contact layer. (Note: h=Planck 

constant; v = frequency of radiation.) 

tinuity in bandgaps between the two ma-
terials gives rise to quantized subbands 
in the potential wells associated with 
conduction bands. The parameters of 
the layers are chosen so that photoex-
cited charge carriers can escape from 
the potential wells and he collected as 
photocurrent. Thus, in principle, a 
QWIP operates similarly to an extrinsic 
bulk photoconductor. 

Electrons in the suhhancls of the iso-
lated quantum wells in a typical prior 
QWIP can be visualized as electrons at-
tached to impurity states in hulk pho-
toconductors. As a photogenerated 
clectroti leaves the actke doped qimali-

turn-well region, it leaves behind a 
hole that constitutes an increment of 
space charge. For operation under 
low-background conditions, QWIP5 
are designed to have extremely low 
tunneling currents and extremely low 
thermioisicallv emitted dark currents 
at low temperature (30 K). Hence, in 
the event of low background irradi-
ance, the high resistivit y of the active 
region (a consequence of the large 
thickness of the barriers between 
wells) can lead to a delay in refilling 
the wells. This delay, in turn, results in 
a decrease in responsivity with an in-
(rc:l'c ill the hequencv of ilitensitv

modulation of the infrared radiation 
that one seeks to detect. This fre-
quency response is similar to that asso-
ciated with dielectric relaxation in 
hulk photoconductors. This completes 
the background information. 

The developmental MQW based Block 
Intersubband Detectors (BID) are de-
signed to suppress the deleterious effects 
described above. A device of this type 
(see figure) includes a heavily doped 
MQW emitter section with barriers that 
are thinner than in prior QWIP devices. 
The thinning of the barriers results in a 
large overlap of sublevel wave functions, 
thereby creating a miniband. Because of 
sequential resonant quantum-mechani-
cal tunneling of electrons from the nega-
tive ohmic contact to and between wells, 
any space charge is quickly neutralized. 
At the same time, large tunneling cur-
rent through the whole device is sup-
pressed by a relatively thick, undoped 
Al Ga. As layer between the MQW emit-
ter section and the positive ohmic con-
tact. [This layer is similar to the thick, tin-
doped silicon layers used in the block 
impurity band (BIB) type.] 

This work was done by Sarath Gunapala, 
Sumilh Bandara, John K. Lin, Sir B. Rafol, 
David Ting. and Jason Mumol4g of Caltech 
for NASA's Jet Propulsion Laboratory. 
Forfu rther information, access the lee/sn zeal 
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 

Intellectual Properly group 

if 1- 
Mail Stop 202-233 
4800 Oak Grove Drive 
Pasadena, CA 91109 
(818) 354-2240 
Jlefrr to NPO-21073, volume and number 

n/ this NASA Tech Briefs issue, and the 
page number
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These systems reduce risks associated with 
unknown winds during takeoffs and landings. 
Dryden Flight Research Center, Edwards, California 

An Airfield Wind Advisory System (AWAS) includes a self-con-
tained weather station, located at an airfield, that measures 
speed and direction of the wind, the temperature, the baromet-
ric pressure, and the humidity. This ground station digitizes 
these measurements and transmits the measurement data in 
real time, via radio, to portable units in aircraft cockpits. The 
portable units automatically detect the data and display the in-
formation to pilots. In 1999, a prototype of the AWAS system was 
demonstrated to function successfully in tests at Kennedy Space 
Center's Space Shuttle Landing Facility in 1999. 

An AWAS ground station is designed for automatic operation 
with minimal maintenance, using either alternating current from 
a power line or power from a solar photovoltaic array with battery 
backup. AWAS ground stations can include solid-state transducers 
with no sliding parts (e.g., sonic anemometers and/or strain-
gauge wind sensors) for high reliability but could also be designed 
to take advantage of previously installed anemometers, weather 
vanes, and other weather-measurement devices. AWAS ground 
stations can also contain Web server computers, which transmit 
the information to wide-area networks over intranet or Internet 
links upon demand. The transmitted information can include not 
only the data from the AWS weather measurements but also 
Global Positioning System (GPS) data and/or other geophysical 
data from measurement devices to support scientific observations. 

An AWAS airborne unit includes an antenna, receiver, mi-
croprocessor, data-storage elements, a power supply, and a 
back-lit liquid-crystal display device. The simplest version pro-
vides a no-clutter display that can be read by the pilot in a one-
second glance, showing the following data: 
• The identity of the airfield [represented by a three- or four-

character label assigned by the Federal Aviation Administra-
tion (FAA) to every airfield or helipad], 

• The direction of the wind in degrees measured from mag-
netic north, 

• The steady-state and peak gust wind speeds in knots, and 
• The most favorable runway for takeoff and landing. 

In order to select the most favorable runway, the micro-
processor in the airborne unit compares the wind vector with 
the runway heading (runway headings are stored in an internal 
database) and calculates the headwind and crosswind values. 
The runway indicated on the display device is the one with the 
highest headwind and lowest crosswind components. A switch 
enables the pilot to command the display of the headwind and 
crosswind data for the selected runway. 

A standby switch shuts off the display device, but allows the 
remainder of the airborne unit to operate in a listening mode 
to conserve energy when not in range of an airfield. Advanced 
versions may include keypads to enable pilots to select specific 
airfields or runways or to enter special data or queries. 

Specialized AWAS software, which may also be incorporated 
into wireless personal data assistants (PDAs) and hand-held 
GPS devices, could provide graphical depictions of airfield di-
agrams and winds. The Internet version of the AWAS is in-
tended for use with wireless PDAs and cellular telephones that 
provide access to the Internet. 

The AWAS can also be used to disseminate weather informa-
tion in real time in applications other than aviation. Examples of 

Low cost, compact DC controller operates on feedback from


heating element - no sensor required! 
Regulates up to 3 A at 4.5 to 60 VDC • Adjustable setpoint 


Solid state design • Wire leads or circuit board mount 

Accurate temperature control with minimal space 

requirements & power consumption • LCD's • Vehicular 

electronics • Medical devices • Miniature components: 

Crystals, inkjet printheads, lasers • Scientific apparatus 
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potential users include the National 
Weather Service, the military, commercial 
weather services, marine and agricultural 
concerns, the Federal Emergency Man-
agement Agency, and emergency services 
(e.g., firefighters during forest fires). 

The receiver in an AWAS airborne 
unit automatically detects the signal 
from an AWAS ground unit at an airfield 
and activates the display device when in 
range of the airfield. The display helps 
the pilot to select the optimum ap-
proach to the airfield while 8 to 10 miles 
(about 13 to 16 km) out, thus saving 
three to five minutes per landing. Under 
visual flight rules (VFR), approaching an 
uncontrolled field, the pilot is required 
to make contact with the UNICOM of 
the airfield to request wind and runway 
information (UNICOMs are non-gov-
ernment communication facilities that 
provide airport information at some air-
ports). If there is no answer, as is often 
the case, the pilot must fly over the air-
field to view the windsock while visually 
avoiding other traffic, estimating the 
wind speed, and entering the traffic pat-
tern to land, trusting that other pilots 
are also making the same assumptions 
about the winds and the landing runway. 
This procedure re l\I (all Ii v lves extra

maneuvering and backtracking. With 
the AWAS, the pilot knows the wind at 
the airfield and knows which runway is 
most favorable, and is therefore able to 
fly a more direct approach to the land-
ing pattern, without guesswork or extra 
maneuvering. More importantly, the 
pilot knows the headwind and crosswind 
for each runway without question, and 
will therefore be able to plan ahead for 
the appropriate aircraft alignment and 
control inputs. 

According to the Aircraft Owner's 
and Pilots Association annual aviation 
safety report for the U.S. (the Nall Re-
port), takeoff and landing accidents are 
"seldom fatal", but the numbers of such 
accidents are still considerable. During 
the year of the 1998 report, there were 
743 takeoff and landing accidents, 
which resulted in 46 fatalities. One can 
infer that the number worldwide is at 
least 100 per year. The AWAS can con-
tribute significantly to a reduction in 
the numbers of such mishaps and fatal-
ities. As shown in the Nall Report for 
general aviation, the greatest number 
of accidents by far occurs during the 
takeoff and landing phases of flight. 
These two phases require the greatest 
skill and most iii tense (ollcefltrati()fl

from the pilot, and occur when the air-
craft is closest to the ground, at its most 
vulnerable maneuvering speed, and 
with the least amount of maneuvering 
airspace. Wind conditions are ex-
tremely critical during these phases of 
flight. By having the current wind and 
gust conditions immediately available, 
the pilot can mentally prepare the ap-
proach or takeoff in advance, and re-
duce the need for surprise reactions. 
The AWAS can also reduce the risks as-
sociated with practicing crosswind land-
ings by making the wind information al-
ways readily available to the student 
pilot and instructor. 

This work was done by Gerald E. Brown 
and Paul A. Curto of NASA Headquarters 
and Jan A. Zysko if Kennedy Space Center 
for Dryden Flight Research Center. For 
further information, access the Technical 
Support Package (TSP) free on-line at 
www.nasatech.com under the Electronic 
Components and Systems category. 

This invention is owned by NASA, and a 
Patent application has been filed. Inquiries 
concerning nonexclusive or exclusive license 
for its commercial development should be ad-
dressed to the Patent Counsel, Dryden Flight 
Research Center; (805) 258-3720. Refer to 
l)I?(:- 99-16. 
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0 Software 

Computing Radiation 
Fluxes, Power, and 
Temperature for TOPEX 

A computer program performs a uni-
fied analysis of the radiation exposure, 
the temperatures and the power genera-
tion and distribution for predicting the 
performance of the TOPEX satellite on 
orbit and during maneuvers. The unified 
analysis is needed because all aspects are 
interdependent. The power-generating 
capacity of the solar array of the satellite 
depends on both the impinging radiation 
fluxes and the temperatures of the panels. 
The temperatures in turn, depend on the 
power output of the array in addition to 
the radiation fluxes. Only by considering 
electric-power generation and consump-
tion, radiation fluxes, and temperatures 
together can one predict anyone of them 
as well as the state of charge, the voltage, 
and the current of the batteries. The pre-
sent computer program predicts the 
power profile and the solar, albedo, and 
infrared fluxes on all surfaces of the satel-
lite. It calculates the temperatures of the 
solar array and its power-generating ca-
pacity as function of radiation exposure 
and temperature. Battery currents and 
voltages are determined on the basis of 
the calculated state of charge of the bat-
teries and the power-generating capacity 
of the solar array as a function of its radi-
ation exposure and its temperatures. All 
pertinent values are stored in files with 
any desired time interval. 

This program was written by Robert 
Richter of Caltech for NASA's Jet Propul-
sion Laboratory. For further information, 
access the Technical Support Package (TSP) 
free on-line at www.na.satech.com under the 
Software category. 

This software is available for commercial 
licensing. Please contact Don Hart of the Cal-
ifornia Institute of Technology at (818) 393-
3425. Refer to NPO-21018. 

( Program for Updating Para-
meters of Thermal Models 

Parameter Identification in Thermal 
Networks (PITN) is a computer program 
developed to satisfy a need to update pa-
rameters in mathematical models of ther-
mal systems in order to make the tem-
peratures computed by the models equal 
to the temperatures measured in tests of 
the corresponding real systems. PITN is 
suitable for application to network-type

models of scientific instruments and gen-
eral engineering systems, including tele-
scopes, spectrometers, and spacecraft. 
Relative to software developed previously 
for the same purpose, PITN can readily 
be applied to more complex models and 
yields results in less time. In addition, 
PITN can accommodate nonlinearities in 
thermal models (nonlinearities are typi-
cally associated with radiative heat trans-
fer). PITN is based partly on the formula-
tion of the parameter-matching problem 
as a nonlinear least-squares optimization 
problem, which can be solved by use of 
very fast and robust optimization tech-
niques. The speed and accuracy of com-
putations are increased by use of analytic 
expressions for temperature differentials. 

This program was written frt Miltiadis Pa-
palexandnis and Mark Milman 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 Software cate-
gory. 

This software is available for commercial 
licensing. Please contact Don Hart of the Cal-
ifornia Institute of Technology at (818) 393-
3425. Refer to NPO-21067. 

Program Tracks Operation 
of a Remote Solid-State 
Recorder 

Solid State Recorder Pointer Tracker 
(SSRPT) is a computer program devel-
oped specifically to aid ground-based 
monitoring and control of two redundant 
solid-state recorders (SSRs) aboard the 
Cassini Spacecraft. The SSRs store teleme-
try data until downlink times, which are 
limited to a total of about 8 hours per 
week. With respect to the SSRs, SSRPT 
serves as an inexpensive substitute for a 
complete hardware-and-software simula-
tor of the spacecraft. SSRPT makes it pos-
sible to track recording- and playback-
pointer address positions in the SSR, 
thereby making it possible to (1) mini-
mize the use of precious uplink and 
downlink time by commanding the down-
linking of only data of interest stored at 
known addresses and (2) inhibiting 
recording at addresses from which data 
are required but have not yet been played 
back. SSRPT functions in two modes: (1) 
a calculator mode, in which it performs 
basic computations where recording and 
playback bit rates are multiplied by time 
intervals; and (2) a sequence-predictor

mode, in which it predicts pointer posi-
tions according to the time line of com-
mands sent to the spacecraft. 

This work was done ly, Edwin P Kan, Sha-
ken Petrosian, and Barbara Larson of Cal-
tech for NASA's Jet Propulsion Labora-
tory. For further information, access the 
Technical Support Package (TSP)free on-line 
at www.nasatech.com under the Software 
category. 

This software is available for commercial 
licensing. Please contact Don Hart of the Cal-
ifornia Institute of Technology at (818) 393-
3425. Refer to NPO-20423. 

€) Library for Developing 
Spacecraft-Mission-Planning 
Software 

The Platform Independent Software 
Components for the Exploration of 
Space (PISCES) software library provides 
for web-based, collaborative development 
of computer programs for planning tra-
jectories and other trajectory-related as-
pects of spacecraft-mission design. The 
PISCES library was built using state-of-
the-art object-oriented concepts and soft-
ware-development methodologies. The 
components of PISCES include Java-lan-
guage application programs that imple-
ment trajectory-propagation algorithms, 
including gravity models, atmosphere 
models, planetary ephemerides, and or-
bital propagation. Extensive generalized 
rendezvous-planning software is also in-
cluded. These components are arranged 
in a hierarchy of classes that facilitates the 
re-use of the components in planning tra-
jectories. As its full name suggests, the 
first advantage of the PISCES library is 
platform-independence: By using the 
"write once, run anywhere" capability of 
Java, anyone can use the classes and ap-
plication programs with ajava virtual ma-
chine, which is available in most web. 
browser programs. The second advantage 
of the library is expandability: Object ori-
entation facilitates the expansion of the 
library through the simple -creation of a 
new class. 

This work was done by Don Pearson and 
Dustin Hamm of Johnson Space Center, 
with support from Jonathan K. Weaver ofJSC 
and Brad Holcomb and Brian Kubena of 
Lockheed Martin. For further information, 
access the Technical Support Package (TSP) 
free on-line at www.nasatech.com under the 
Software category. 
MSC-22983 
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0 Mechanics 

Lightweight, Collapsible Hyperbaric Chamber With Airlock 
Hyperbaric treatment could be provided in settings remote from major medical facilities. 

Lyndon B. Johnson Space Center, Houston, Texas 

A lightweight, collapsible hyperbaric 
chamber/airlock system has been pro-
posed as a portable unit for treating de-
compression sickness. Copies of the sys-
tem could be stowed compactly and 
deployed when needed in settings in 
which decompression sickness is ex-
pected to occur occasionally but in 
which conventional heavy, rigid hyper-
baric chambers are not available. Such 
settings include aviation, submarine op-
erations, diving, and spaceflight. 

The system (see figure) would include 
a main hyperbaric chamber and an inte-
gral airlock, both capable of maintain-
ing an interior pressure of 2 atm (0.2 
MPa) for one patient and a medical at-
tendant. One would gain access to the 
main hyperbaric chamber via the 
hatches at the ends of the airlock. The 
central hatch ring at the junction of the 
airlock and the main chamber would be 
penetrated by hermetically sealed con-
duits that would provide air, medical 
oxygen, electrical power, and communi-
cation from external equipment to both 
the airlock and the main chamber. 

The walls of the main chamber and 
the airlock would be made of multiple 
layers of lightweight, flexible materials, 
and could be folded to a small volume. 
Included among the wall layers would be 
pressure bladders, plus flexible circum-
ferential and longitudinal straps that 
would afford the strength to withstand 
pressurization. The airlock hatch ring 
would be sized to fit within the central 
hatch ring to minimize storage volume. 
An internal skeleton of interconnected 
low-pressure inflatable toroids (reminis-
cent of an inflatable raft) would main-
tain the main chamber and airlock in 
the expanded condition when the main 
chamber, the airlock, or both were not 
pressurized, thereby facilitating entry 
and egress. The inflatable toroids could 
also serve as a cushion for the patient 
during hyperbaric treatment. 

The central and airlock hatch rings 
would serve as seal lands for the central 
and airlock hatches. The hatches would 
include rings, to which would be at-
tached strap and pressure-bladder layers 
like those of the chamber walls. The

further information, access the Technical 
Support Package (TSP) free on-line at 

www.na.satech.com under the Mechanics 
cat egorv. 

This invention is owned by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive license 
for its commercial development should be ad-
dressed to the Patent Counsel, Johnson Space 
Center, (281) 483-0837. Refer to MSC-23076. 

Electric-Power and 
Air Supply Unit
	 Communication Equipment 

SYSTEM FULLY DEPLOYED: EXTERIOR VIEW 

Inflatable Internal Skeleton 
Medical Central 

Attendant 

hatches would be elliptical so that they 
(rotated 90°) could fit through the ellip-
tical hatch openings to facilitate access. 
The hatches would be held in place tem-
porarily by magnets until pressurization 
seated them firmly and compressed the 
hatch seals. 

This work was done by William C. Schnei-
der James P Locke, and Horacio M. De La 
Fuente of Johnson Space Center. For 

Hermetically-Sealed Condu 

"Airlock Hatch Removed for	 Patient 
Entry of Medical Attendant 

SYSTEM FULLY DEPLOYED: PARTIALLY CROSS-SECTIONAL VIEW 

This Hyperbaric Chamber/Airlock System could be stored in a small volume, yet when deployed, it 
would accommodate a patient and a medical attendant. 
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Solid Edge is a complete tool kit for machinery design - powerful solid modeling, industrial-
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Figure 1. An AxeI2 would be the simplest venicle moauue, usea as a outluirly uiuLK ui vcmucb v, 

greater complexity.

Machinery/Automation 

* Reconfigurable Exploratory Robotic Vehicles 
Instrumentation and mobility units could be concatenated as needed. 
NASA's Jet Propulsion Laboratory, Pasadena, California 

A family of rugged, modular, reconfig-
urable, instrumented robotic vehicles 
has been proposed for use in explo-
ration of the surfaces of Mars and other 
remote planets. These or similar vehicles 
could also be useful in such diverse ter-
restrial applications as exploration of 
volcanic craters or other hostile terrain, 
military reconnaissance, inspection of 
hazardous sites, or searching for victims 
of earthquakes, landslides, or avalanches. 
There might even be a market for simpli-
fied versions of these vehicles as toys. 

The proposed vehicles are denoted 
generally by the term Axe/n, where n is 
an even number equal to the number of 
main wheels. The simplest vehicle of this 
type would be an Axe12 - a two-main-
wheel module that would superficially 
resemble the rear axle plus rear wheels 
of an automobile (see Figure 1). In ad-
dition to the two main wheels, an Axei2 
would include a caster wheel (or flat 
surfboard) attached to the axle by an ac-
tuated caster link. The motion (about 
three quarters of a circle) of the caster 
link would be used to control the rota-
tion of the axle in order to tilt, to the de-
sired angle, any sensors that might be 
mounted on the axle. The Axel2 would 
hence use the same sensors for forward 
and backward driving. In the vertical po-
sition, the caster link is used as an an-
tenna for wireless communication. Two 
brushes attached to either side of the 
caster link wipe dust off the solar cells.

In addition to the sensors, the axle of 
an Axef2 would house computer mod-
ules and three motors and associated 
mechanisms for driving the main wheels 
and the caster link. Solar cells would be 
mounted on the outside of 
the axle except at a mid-
length portion, where an as-
sembly containing the caster-
link actuator and two module 
interfaces (one at each end) 
would be located. Recharge-
able batteries would be 
placed inside the wheel hubs. 

One would construct an 
Axe/n (n > 2) as an assembly 
of multiple Axei2's plus one 
or more instrument mod-
ule(s) connected to each 
other at the module inter-
faces (see Figure 2). The 
module interfaces would 
contain standardized electri-
cal and mechanical connec-
tions, including spring-loaded universal 
joints, about which the modules could 
comply to adapt to the terrain. Data 
would be communicated between mod-
ules via fast serial links. 

An Axe/n would amount to a train 
carrying n/2 - 1 instrument modules. 
The instrument modules would contain 
additional computational units that, in 
addition to processing of instrument 
readings, could contribute to coordina-
tion of train motion. In other words, the

"intelligence" of an Axe/n, and thus the 
sophistication of the maneuvers that it 
could perform, would increase with n. 

The symmetrical design of the mod-
ules would enable them to operate in 

any stable orientation, including upside-
down; this feature would contribute to 
robustness of operation in rough ter-
rain, including the ability to recover 
after falling off a cliff (in the case of 
Axe/n where n < 6). The simple and 
modular design of the Axe/s provides 
better maneuverability using fewer actu-
ators and sensors and hence lower 
power requirements than traditional 
rovers. The system features scalable 
complexity: the motion control algo-
rithms for the Axei2 are very simple; and 
as the size of the Axel train grows, the 
complexity of the algorithms increases. 

The proposed vehicles would be de-
signed to diagnose themselves to detect 
nonfunctional modules. They would be 
programmed to travel to robotic service 
depots, called assembly stations, where 
nonfunctional modules would be dis-
connected and replaced by functional 
ones. 

This work was done by Issa Nesnas of Calm 
tech for NASA's Jet Propulsion Labora-

tory. For further information, access the 
Technical Support Package (TSP) free on-line 
at www.nasatech.com under the Machin-
ery/Automation category. 
INTO-20944 

Spring-Loaded 
Universal Joint

Instrument

Module 

Figure 2. An AxeI4 would consist of two Axe/Zs connected to 
opposite ends of an instrument module. 
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Linear static stress - lgor's tinear sta- 
tic stress product enables you to capture 
complex assemblies, such as this valve 
assembly, from a CAD solid modeler and 
run a finite element analysis using fast 
solver technology. Typical loadings are 
pressure, acceleration, temperature, 
force and prescribed displacements.

Steady Fluid Flow- Prescribed velocities 
and pressures provide the loading for this 
3-D steady fluid flow analysis of a pipe 
with a gate valve. Algor's multiple load 
curves allow for easy data entry for 
adding loading such as gravity.

Unsteady Fluid Flow - Unsteady fluid 
flow of this ball valve system was ana-
lyzed using a 3-D CAD solid model. 
Alger's unique processor solves for veloc-
ities and pressures throughout the 
dynamic event, using a specialized mesh-
ing algorithm for high velocity gradients.

DDAM - Atgor's Dynamic Design 
Analysis Method enables you to analyze 
the shock response at the mountings of 
shipboard equipment such as watertight 
doors, masts, propulsion shafts, rudders, 
exhaust uptakes and portholes, as 
shown above. 

.i[4ii 
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.

Nonlinear Static Stress - Algor's nonlin-
ear product helps to accurately predict 
large deformation and large strains 
caused by static loading. As seen by this 
water tank, buckling of a structure is one 
type of failure that can be exposed.

Linear Dynamic Stress- A modal analy-
sis is one of the linear dynamic Stress 
analyses performed on this suspension 
bridge. Failure can occur when the load-
ing frequency is at the structure's reso-
nant frequency. Algor's linear dynamic 
analyses accurately predict these fre-
quencies and dynamic effects,

Mechanical Event Simulation (MES) 
with Nonlinear Material Models - Algor's 
MES extends full dynamic analysis capabil-
ities to large strain/deformation analyses of 
nonlinear materials, as shown by this land-
ing gear assembly. Kinematic elements can 
be used for quicker processing. 

JIM-

A 

with Linear Material Models - Algor's 
MES with linear material models allows 
you to represent a dynamic analysis 
while solving for kinematics, deflections 
and stresses of the structure. Analyses 
using large CAD assemblies, such as 
this rocker arm assembly model, can be 
expedited by using kinematic elements,

Multiphysics - Algor's rnultiphysics 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 mut-
tiphysics capabilities include combining 
heat transfer with fluid flow, heat transfer 
with static/transient stress and heat trans-
fer with fluid flow and stress.

steady-state thermal processor helps pre-
dict temperature distribution due to ther- 
mal loading. Loading such as convection. 
radiation, conduction, applied fempera-
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.

piping design and analysis product 
enables you to calculate the deflections 
and stresses of this plant piping system 
and then compare the results with 
ASME/ANSI code allowables. Loadings 
can include: dead weight, thermal differ-
ences, pressure, wind loads, earthquake 
loads, time history of forces/displace-
ments, response spectrum, natural fre- 
quencies and pitch and roll. 

Algor has been developing FEA software since 1978. 
In 1984 Algor was the first 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-of-use and affordability. 


Prices start at just $975 for InCAD DesignPak. 

Autodesk	 1/1) 

Voyager	 1T1 

Registered Deveioper Member , i.N 150 Beta Drive, PrftSh,15-2g USA CADKEV	 PrO/PARTNERs	 Phone: +1(412) 967-2700 
Fax: +1 (412)967-2781 

*All trademarks may be trademarks or registered trademarks of their respective owners, 	 California: +1(714) 564-0844
Europe (UK): +44 (1784) 442 246 
E-mail: info@aigor.com 

For More Information Circle No. 599 or Visit www.nasatech.com/599
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Flows of Liquids and Gases into and out of the ground and an electric tield applied via anode and 
cathode wells are all controlled by a computer in response to sensed conditions and according to a 
schedule to generate conditions that favor in situ bioremediation of the soil. 

Bio-Medical 

A-4, Engineered Bioremediation of Contaminated Soil 
Electrokinetic transport is utilized to enhance biodegradation of contaminants by micro-organisms. 

John F Kennedy Space Center, Florida 

Electrokinetically enhanced bioreme-
diation (EEB) is a method of engi-
neered bioremediation of soil contami-
nated by such organic compounds as 
solvents and petroleum products. As de-
picted schematically in the figure, EEB 
involves the utilization of controlled 
flows of liquids and gases into and out of 
the ground via wells, in conjunction with 
electrokinetic transport of matter 
through pores in the soil, to provide 
reagents and nutrients that enhance the 
natural degradation of contaminants by 
indigenous and/or introduced micro-
organisms. 

The operational parameters of an 
EEB setup can be tailored to obtain the 
desired flows of reagents and nutrients 
in variably textured and layered soils of 
variable hydraulic permeability and of 
moisture content that can range from 
saturation down to as little as about 7 
percent. A major attractive feature of 
EEB is the ability to control the move-
ments of charged anionic and cationic 
as well as noncharged chemical species. 

The basic components of electroki-
netic enhancement of bioremediation 
are the following: 

Ions are transported by electro-
migration; that is, with minimum trans-
port of liquid through the soil. The 
ions of interest include nutrient 
agents, electron donors (e.g., lactate) 
or electron acceptors (e.g., nitrate or 
sulfate) added to the soil. Electromi-
gration is utilized as an efficient mode 
of electrokinetic transport in vadose-
zone soils. 

• Water in soil is pumped (horizontally 
or vertically, depending on the posi-
tions of electrode wells) by induced 
electro-osmotic flow. Whereas the hy-
draulic flow used in older methods de-
creases with decreasing pore size and is 
thus not effective for treating tightly 
packed soil, electro-osmotic flow is less 
restricted by tight packing. Electro-os-
mosis is utilized to enhance the trans-
port of both ions and such non-
charged particles as micro-organisms, 
by moving water from anodes (positive 
electrodes) toward cathodes (negative 
electrodes).

• Electrophoresis induced in soil under 
an applied electric field is used to con-
trol the transport and/or distribution 
of micro-organisms throughout the 
treated soil volume. The beneficial ef-
fect of electrophoresis can be aug-
mented or otherwise modified by use 
of electro-osmotic flushing of the soil. 

• The applied electric current can be 
utilized to heat the soil to the optimum 
temperature for bioremediation. 

• The gaseous and liquid products of elec-
trolysis of water in the soil are removed 
from electrode wells and mixed and 
reinjected into the ground as needed to 
maintain the pH of the soil within a 
range favorable for bioremediation.

This work was done liy Dalibor Hodko, G. 
Duncan Hitchens, Tom D. Rogers, James W 
Magnuson, and Jeffrey K. Dillon of Lynn-
tech, Inc., for Kennedy Space Center. For 
further information, access the Technical 
Support Package (TSP) free en-line at www. 

nasatech.com under the Bio-Medical 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 

Lynntech, Inc. 
7610 Eastman Drive, Suite 105 
College Station, TX 77840 
Refer to KSC-12045, volume and number 

of this NASA Tech Briefs issue, and the 
page number. 
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A continuing program of research 
and development focuses on engineer-
ing of functional cartilage and cardiac 
muscle for scientific research and for 
eventual use in transplants. The pro-
gram involves the use of cells, polymer 
scaffolds, and bioreactor vessels. A poly-
mer scaffold serves as a three-dimen-
sional structure to which cells can at-
tach. Once attached, the cells can 
regenerate full tissues, and then the 
polymer scaffold becomes biodegraded 
when no longer needed. A bioreactor 
provides an appropriate environment 
and physiological signals during the de-
velopment of tissues. 

Rotating bioreactors were originally 
developed by NASA to culture cells on 
Earth in environments that simulate 
some aspects of microgravity. In one 
bioreactor configuration, cells are cul-
tured in an annular space between two 
cylinders that are rotated as a solid body. 
In the present program, bioreactors of 
this configuration were adapted for tis-
sue engineering by adjusting the speed 
of rotation to maintain large tissues 
(disks 5 to 10 mm in diameter and ito 5 
mm thick) freely suspended during cul-
turing. Engineered cartilage capable of 
withstanding mechanical loading and 
engineered cardiac tissue that con-
tracted in response to electrical stimula-
tion were grown in these reactors. 

The cartilage-tissue-engineering mod-
el system developed in this program was 
selected for the first long-term cell-cul-
ture study in outer space, using bioreac-
tors developed by NASA that were both 
rotated and perfused aboard U.S. space 
shuttles (STS-79 and STS-81) and the 
Mir space station (September 1996 to 
January 1997). Tissue mass increased 
on Mir as well as in control specimens 
cultured on Earth, and the component 
cells remained alive and metabolically 
active. Specimens grown on Earth re-
tained their initial discoid shape, con-
tained high fractions of glycosamino-
glycari [GAG (a key cartilage 
component)] and had high compres-
sive stiffnesses. In contrast, constructs 
grown on Mir tended to be smaller, to 
be more nearly spherical, and to have 
lower GAG fractions and compressive 
stiffnesses. This study proved the 
feasibility of long-term cell culture in 
outer space, and provided a basis for 
further studies aimed at developing

countermeasures for prolonged human 
spaceflight. 

Rotating bioreactors also provide fa-
vorable environments for engineering 
tissues on Earth. Engineered cartilage 
cultured 6 weeks in rotating bioreactors 
has slightly higher cellularity, 68 percent 
as much GAG, 33 percent as much colla-
gen type II, and 19 percent of the com-
pressive stiffness of native cartilage. 
Composites based on engineered carti-
lage were recently used to resurface 
knee joints in adult rabbits. After 6 
months, engineered cartilage was pre-
served at the joint surfaces, where it re-
modeled to the dimensions of the sur-
rounding host cartilage. The subchon-
dral tissue remodeled into mineralized 
trabecular bone. 

Engineered cardiac tissue cultured for 
1 week in rotating bioreactors was found 
to exhibit 26 percent of the cellularity, 
90 percent of the conduction velocity, 
and 65 percent of the maximum capture 
rate of native neonatal heart tissue. Elec-
trical impulses were found to propagate 
between extracellular electrodes spaced 
up to 5 mm apart in tissue up to 0.1 mm 
thick, and the engineered cardiac tissue 
could be stimulated to contract at de-
sired frequencies ranging from 60 to 270 
beats per minute. However, the dimen-
sions and mechanical properties of engi-
neered cardiac muscle do not yet favor 
the use of this tissue to repair damaged 
cardiac tissue in experimental animals. 

This work was done by Robert Langer Lisa 
E. Freed, and Gordana Vunjak-Novakovic of 
Massachusetts Institute of Technology for 
Johnson Space Center. 

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 addressed to 

Lisa E. Freed, M.D., Ph.D. 
Harvard-MIT Division of Health 
Sciences and Technology 
MIT 
Building E25-342 
77 Massachusetts Avenue 
Cambridge, MA 02139 
Tel: (617) 253-3858 
Fax: (617) 258-8827 
E-mail: lfreed@mit.edu  
Refer to MSC-22 715, volume and number 

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

The Leader in 

Composite 
Training 

• Composite Laminate Design 

• Design and Analysis of 
Composite Structural Joints 

• Advanced Composite 
Drawing Interpretation 

• Ultrasonic Inspection of

Advanced Composites 

• Repair Analysis & Substantiation 

• Preliminary Design of 
Composite Structures 

Training at our Nevada or

Georgia facility or yours. 


Call for a complete course catalog. 

Abaris Training Resources, Inc. 

5401 Longley Lane, Suite 49 


Reno, NV 89511 LISA

(775) 827.6568 • Fax: (775) 827.6599


www.abaris.com • e-mail: sc@abaris.com 

(800) 638-8441 
AB4R15 
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.!iuuI JuIiJjEJ	 Fiunij, 
• Mounting available in 2 screw, 3 screw, and 

clip retainer • Operation voltage 90-240 VAC 
• Operating Frequency 50/60 HZ 
• Temperature range available -4010 +185F 
• UL, CSA and CE recognized • Totally Sealed 
• Quartz timing . Made in the USA • ISO 9001 
• Ask for our new data sheet number 668 

11118111111	 ll	 iMIN 
iIL 111lII1I 	 uilj	 iiiIjiiijji 	 5617 Northwest Highway 
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Microgravity Tissue Engineering 
Cartilage and cardiac muscle can be engineered for research in 
normal gravity and microgravity. 
Lyndon B. Johnson Space Center, Houston, Texas 
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Chemicals, Metals, and Materials
Alfa Aesar, Ward Hill, -	 ---	 -j 

MA, has revamped Its  
Web site to include user 
access to to product avail-
ability and current price Research Chemicals, 	 - 

status for the company's Metals and Materials	 - 

entire range of 25,000  
research chemicals, met- '--.	 660- 
als, and materials. User •	 060  

profile data is retained, 
and order tracking has 
been added to allow customers to review all orders placed on the site. 
www.alfa.com
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We're BIG on 
the little things. 
No matter how complex your custom stamped com-
ponents, you can count on us to provide you with 
exceptional quality and service from start to finish. We 
firmly believe that superior technology sets us apart... 
yet, we also know paying attention to the small details 
is just as important. From design to delivery, we're 
committed to you—and that makes cents for us both. 

Meier763-427-627. 
875 Lund Blvd., Anoka. MN 55303 

 • Fax: 763-427.9242 
TOOL & ENGINEERING INC. www.meiertool.com 

For More Information Circle No. 431	 - 
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Newtohe In 
 

WEB . . . . 
Motion Control

Nexen, Vadnais Heights, 
- -------	 MN, offers a new site that 

rw fl I — provides product data and 
performance charts, an in-
teractive product selection 

.'	 program, downloadable en-




gineering drawings, parts 
- lists, and user manuals. The 

company's brakes, clutches, 
servo motors, linear motion 

brakes, torque limiters, overload protection devices, and web tension 
control systems serve a variety of applications. www.nexengroup.com 

Motor and Generator Protection 
A new Web site from Meg- . .. 

Alert, Minocqua, WI, high-	 - - 
lights the company's Moot 
Guard and Gen Guard tel-  
ing and protection system,	 --.r4 
designed to monitor and  
protect against winding	 •--.t-	 -alert 
insulation breakdown in  
electric motors and engine/ 
generator sets. The site cov-
ers how to improve plant safety, prevent motor and geiieiator failure, 
and how to incorporate motor and generator testing methods into a 
preventative maintenance program. www.megalert.com 

Position Sensors
Novotechnik U.S., South-

borough, MA, has added 
'-

 
noVoteChnik

	 - 'specifications and drawings 

_	

a	 Of its line of non-contacting,

linear, and rotary position 

	

-	 transducers on its Web site. 
- --- The site includes product 

information and a technical 
overview of wear-free, non-

- - -	 contacting capacitive, and 
Indres® non-contacting inductive technologies. www.novotechnik.com 



For More Information circle No -137 

N evv on the 

MARKETIO. . 0. 0 * 0. 0. * 11- 11- 10. 0. 

I/O Technology 
ADLINK Technology, Irvine, CA, 

announces its open system I/O tech- 	 - 

nologv for high-speed, real-time Coil 

trol applications called High Speed 	 - 

Link (HSL). Current PC-based imple-	 - 

mentations of the technology use	 - 

Mbps transmission speeds and can 

scan 1000 I/O points per millisec--  

ond. Maximum scan rates of less than 2 inillie C eeiid ete sustained for 
2,000 to 32,000 I/O points. The technology is based on an open stan-
dard, RS-422. I/O modules are hot swappable. Circle No. 720 

Place Gaskets 
•F Dyniax Corp., Torrington, CT, offers the 

(.'slOO Series silicone-free formed-in-place (FIP) 

 gaskets that cure in 5 to 30 seconds upon expo- 

sure to 365-nm wavelength ultraviolet light. The 

.4 line is composed of five formulations with a range 

of properties, including adhesion to substrates, 

hardness, compression set, thermal range, water 

- absorption, cure depth, and viscosity. Viscosities 

range from 450 to 60,000 cP and compression sets 

generally in the range of 5 to 10%. Circle No. 721 

Recorder/Controller 
The CT8 100 circular chart recorder/con-

troller from OMEGA Engineering. 

Stamford, CT, measures, displays. and con-

trols tip to two process variables. All 

recorder, control, and alarm functions are 

configured via a front keypad with self- 

prompting displays. Two user-configurahle 

alarm settings are provided for each pen. 

The device features thermocouple. RTD, DC 

current, or voltage input. Circle No. 723 

Processor Board 
StorCase Technology, Fountain Valle y. CA, offers the SAF-TE proces-

sor board, a field-upgradeable board designed for the InfoStation nine-

bay backplane RAID enclosure. The processor board allows server 

admit . monitor InfoStation environmentals including its 

four blowers, two power supplies, nine device 

slots, and 14 temperature sensors. Monitoring 

can either be done via the Web, using the 

included web-based management software 
vWTEmon, or directl y from the InfbStation's 

-	 uiohoarcl user interface module. Circle No. 724 

Proximity Sensor 
Cherry Electrical Products, Pleasant Prairie. WI. has jeer rlciriel the 

MPIO2I Series solid-state magnetic proximity Sen-

sor for use in safety interlocks, end-of-travel sens-

ing, and motor speed control. The digital Hall 

effect sensor allows the tiser to specify the sensing 

face. Electronics internal to the sensing module 

provide noise filtering and reverse battery protec-

tion. Supply voltage can range from 4.5 VDC to 24 

VDC. It is available iii a switching or latching con-
figuration. Circle No. 731

Telemetry "Toaster"'" 
• Web/Java interface 

lIHIUlIlIlIflI 	 Serial: 6 channels, 10 Mb/s 

fIlIlIllIllIllIl	 • Analog: 64 channels, 200 KHz 
IllIllIllIlIllIl

• No programming necessary 
- "	 • Supports all signal formats 
lJLJ!J11l	

• Publish/Subscribe decom 

Ethernet/Internet Telemetry from $5495 

NetAcquire systems publish any type of serial or analog 
telemetry signal to your network.Their unique Web-based 
user interface makes setup a snap in any environment. 

With over thirty features designed specially for telemetry 
handling, NetAcquire systems can help solve your gateway 

challenges without expensive custom solutions.Their exten-
sible software and hardware environment supports hundreds 
of measurement and communications configurations. 

NetAcquire Corporation  
Formerly Real Time Integration. Inc. 

Call Toll Free 888675.1122 or 425.576.1822 
Internet info © neiacquire.com 
http:llwww.neiacquire.com/telemetry 
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NEW SOLVENT-FREE 
ADHESIVE BONDS 
MOST RUBBERS 
Designed To Your Specifications 

www.rnasterbond.com 

MASTER BOND EP2ITDC-7 
• Outstanding flexibility-more than 300% elongation 


• High physical strength properties U Excellent 

adhesion to most rubbers, plastics and metals


• Room temperature or elevated temperature cures 

• Superior water and chemical resistance U Long


storage stability at room temperature U Good elec-




trical insulation properties U Convenient packaging 

Master Bond Inc. 
Adhesives, Sealants & Coatings 

154 Hobart St., Hackensack, NJ 07601 • (201) 343-8983 

For More Information Circle No. 440 

V 
• Superior to conventional slip rings, Mercotac's liquid 

metal-wetted contacts provide reliability. No electrical 
noise, less than 1 milliohm resistance. 

• Durable, compact, low cost, no maintenance. Ideal for 


computers, instrumentation, thermocouples, strain

gauges, packaging, heating and control equipment. 

ACP^\ Mercotac Inc. 

XV
6195 Curie dcl Cedro #100 
Carlsbad, California 92009 
760431 7723 • Fax 760 431 0905 
Internet: www.mercotac.com 
e-mail: info(rmercotac.com

New0 
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Analysis Software 
Structural Research & Analysis Corp., Los Angeles, CA, has 

announced COSMOS/ Design STAR 3.0 design analysis software, which 
offers full associativity with Autodesk Inventor, Solid Edge, and 

SolidWorks. In addition to basic 
- str ess, strain, displacement, fre-

quency, buckling, and assembly 
analysis with gap/contact, the new 
seision provides intermediate and 

- ---- advanced bundles for high-end 
- users. These contain steady-state 

and transient thermal analyses, 
dynamic response, and fatigue. 

Enhancements include nonlinear capabilities, enhanced contact 
analysis, shell and contact stress analysis, faster solvers, reaction forces, 
fluid flow analysis, and motion simulation. Circle No. 700 

CAM Software for Wire EDM 
ESPRIT/W Version 5.0 machin-

ing software for wire EDM 
machine tool programming is 
available from DP Technology,	 7715.' 
Camarillo, CA. It features 
enhanced knowledge based 
machining (KBM) tools for a vari-
ety of wire EDM machines. The 	 "71 
software's automated cutting 
strategies include roughs-first, ---. 
each cut, cut, and per-cavity, which maximize unattended machine opera-
tion. Included in the software is a speed control bar, which allows users 
to manipulate the slider to move simulation speeds up and down in 
Windows NT/2000. Circle No. 701 

Visual i?'n"r1 '1rkup
Cimmetry Systems, Cambridge, 

MA, offers AutoVue 15.4 3D visual-
ization and markup software that fea-
tures markup/redlining capabilities, 
allowing users to create annotation 
lIes directly on a 3D model. Markup 
Icatures include attaching text and 
sticky-notes to specific points on a 
model, and creating precise measure-
ments of any dimension of the model. 

Once markups atc ,r,-at,',l. they can be rotated with the model, 
remaining fixed to the designated anchor points. The software sup-
ports more than 200 different file formats and integrates with most 
PDM and document management systems. Circle No. 702 

Chemical Engineering 
FEMLAB Chemical Engineering software 

from COMSOL, Burlington, MA, features 
a model library with examples from the 
fields of chemical reaction engineering,  
electrochemical engineering, fluid 
dynamics in reactors and unit operation 	 '-
equipment, and heat balances in equip- - 
ment for unit operations. It also contains 
ready-to-use predefined equations for momentum 
balances like Navier-Stokes equations, Darcy's Law, and Brinkman 
equations for porous media flow. The software runs under Windows 
95 1 98/NT 4.0, and Macintosh System 7.1 or later. Installation of 
\IATLAB® 5.3 or 6.0 is required. Circle No. 703 
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erious FEA 

Structural failure is simply unacceptable when 
you're puffing 8G's at 600 mph. Or Depending on a 
spinal implant. Or an automotive fuel tank. Or the 
mast of an America's Cup contender. This is why 
developers of the most critical structures depend on 
NE/Nastran for FEA analysis. 

Along with uncompromising accuracy, 
NE/Nastran is one of the most complete, easiest-
to-learn-and-use FEA packages available. And it's 
yours for 1/3 to 1/10 the price of comparable soft-
ware.

Free Demo. We're so sure that you'll see the 
value in NE/Nastran that we want you to use a 
demo version for free. 

It runs on Windows 95/98/NT4.0/2000 with 
Unix and Linux versions available soon. Visit our 
web site to learn more about this serious FEA, and 
download your free evaluation copy.

Upgraded F-5E 
fighter avionics 
bay, radar support 
structure, and 
wing analyzed 
using 
NE/Nastran. 

Noran Engineering, Inc. 
www.NENastran,cøm


Toll Free: 877-NENastran 

° 2001, Nort Engineering, Inc. NE, NE/ and NEi logo are registered trademark, of Norat 

Engineering, Inc, NASIRAN is a registered trademark of the National Aeronautics and Space 


Administration Wi,rdoos is a registered t,ade pnark of Microsoft Corporation. 

New 

LITERATURE.... 
Fluoropolymers 

Dvneon, Oakdale, MN, has released a 

brochure detailing fluoropolvmers that offer 

low ion extractables, low permeation, thermal 

properties, low deformation under load, 

enhanced weldabilitv, and the ability to use a 

variety of processing options to increase 

design opportunities. UHF series PEA resins 

and THP fluorothermoplastics are described. 
Circle No. 706 

P	 e Power Supplies 
A 56-page product catalog from Elgar 

I kctronics Corp., San Diego, CA, describes 
manual and programmable AC and DC power 

equipment for semiconductor, telecommuni-

non, and measurement and control appli-

iions. Included are the Conti nuousWayeTM 

rngrainrnable AC power source series, 
^! iia rffaveTll AC source series, custom OEM 

lutions, and a power rack integration ser-
I sue. Circle No. 707 

Instrumentation Products 
A 24-page catalog from APT Instruments, Litchficld 

IL, highlights over 250 products such as miniature d,ier 

loggers, wireless RF transmitters, small peristalti 

pumps, and a range of portable instruments. Fourteen 	 - -

different product sections include instruments hsi 

refractive index, temperature, pH, relative humidits. 

sound level, and air velocity. Circle No. 708 

Meta l	 Molding 
Phillips Plastics Corp., Menosnonie, WI, 

Hers a design guide describing its Metal 
- Injection Molding business unit. The guide 

foists in the development of metal injection 

molding (MIM) programs, including the bene-

fits of MIM. It also provides a four-step process 

for producing MIM parts, as well as a the van- 

otis materials and specifications needed for 
MIM. Circle No. 709 

Automation Software 
Beckhoff Automation, Minneapolis, MN, has 

released a brochure describing Twin(AT software, 	
- 

which turns any compatible PC into a real-time 
controller with a multi-PLC system, NC axis con- I 
trol, programming environment, and operating 

station. The software can replace PLC and NC con-

trollers and operating devices with connection to 

common field bosses and PC intenlHces lot- I/O sig-
nals. Circle No. 710  

Tr

.	 I chow Products, Troy, Ml. offers a brochure on 

I ic Flange Dynamometer torque sensor designed 
i high-accuracy testing. The product eliminates 

Irs.irings, slip rings, and other movable compo- 

rislits. The single-piece rotary torque sensor is 

,iio.iched between the engine and load, while a 
lion-contact telemetry antenna is pedestal-mount- 
i's I around the sensor, transmitting a digital signal 
to the receiver unit. Circle No. 711

0
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LII I4WiU' 1Ik7ffi SI/TET SPOflll6JTTf 
PRECISION 
ALUMINUM 
EXTRUSIONS 

hts An infriTiatist' 
I Itiii e (ruin N1l's-
\i FX, leader iii 

n.e tolerance 
hipes to 3 1/2'. 
Itisirates typical 
Ilicanons and de-
I (it's capabilities 

hiding short 
is. MINALEX, 

I]\,' I I ice, every time. 
NuN Ni INt'l I 3', 2 17. \\ tiiit'tiuuse Station, NJ 
08889: Id: 908-234--1044; fax: 908-534-6788. 

Minalex


For More Information Circle No. 601 

DATA ACQUISITION 
AND 
INSTRUMENTATION 
eCATALOG 

$P.	 flit', I ret 3:-li,tgt' short-Ion 

	

,11111p, qW	 catalog fritin lOtech feature, 

	

.	 product overview charts and 
selection guides for lOtech 
Wide range of data acquisi 

non systems and signal conditioning options. New 
products intl title the ScanWare family of prod-
ucts for Ethernet-based data acquisition and a new 
tmitilti-f unction, 8-channel CoUriter/encoder module 
for the portable data acquisition systems. lOtech, 
Inc.; Tel: 440-439-4091: Fax: 440-439-4093: email: 
sahi's8- it iii lm corn: stebsiti': tvssw. i itt'cli .t omit 

lOtech, Inc.


For More Information Circle No. 604 

a 

2001 STOCK AND 
CUSTOM SPRINGS 
CATALOG 

	

-	
-	 I his	 Ii 2-t,it' t .iiaiiig cli' 

	

-	 nbc',, with complete specifi-




tt ,tilns. Lee Spring Corn- 
is 's full line of stock Cons- 

'i cssion, Extension and 
I ,tm stun Springs; Spring Kits, 

NI ', n Die and I-leasv Dummy Springs 
.ini llt'tlt's lit' \\ .islters including pricing for all 
stia k springs in various quantities. Also included is 
a new Cttstom Springs section featuring specifica-
tion forms for ordering a variety of custom springs. 
Lee Spring Company, 1462 62nd Street, Brooklyn, 
NY 11219: Tel: 718-236-2222: Fax: 718-236-4468; 
wt-hsitc: tswss.lt't's 1 tI iiig.ti nt 

Lee Spring Company

For More Information Circle No. 607 

Official 
NASA Logo 

	

NASA vector	 C 
logo on quality 
white cotton 
shirt. 

Available in adult and youth sizes. 
$13.95 + shipping. 

Order online: 
n 5 tprh com'c to ! ct

MINIATURE METAL 
BELLOWS 

St- ist,HI('ut'r mniniature metal 
bc'Ilosss for flexible seals, viii-
time compensation, presstii&' 
responsive devices, EMI 
shields, vibration dampen-
ers, etc. A 12-page Design 
Manual, containing detailed 
formulas for designing 

miniature nickel bellows plus parts which lend 
themselves to electroforming, is available from 
Servometer®. Typical applications for bellows are 
detailed. Engineering assistance available. 
Servometer® Precision Manufacturing Group, LLC, 
501 Little Falls Road, Cedar Grove, NJ 07009-1291; 
Tel: 973-785-4630; Fax: 973-785-0756; website: 
tvWw.Servoflseter,cttm 

Servometer®

For More Information Circle No. 602 

lij['lIIIl:	 ELECTRONIC 
COMPONENTS 
DISTRIBUTOR 

Mouser Electronics provide, 
--	 -

 
complete product & pricing 

€_ data for over 107,000+ ccitmi-
ponenis front 200+ leading 

-	 suppliers: AMP. Fairchild, 
Kemet, Phoenix Contact, 

-' I \licroelectronics, Nichicorm, Vishay, and 
more. Out web site offers secure online ordering, 
dowislitadable catalog, data sheets, search capabili-
ties, and much more. Mouser Electronics, Inc., A 
'Cr1, Inc. Company, 958 N. Main Si., Mansfield, TX 
76063; Tel: 800-346-6873 or 817-483-6828; Fax: 817-
483-6899: entail: catahttg@. nrti,iser.corn : svehsiie: 
WWW.niOticc'r.ut out 

Mouser Electronics, Inc. 

For More Information Circle No. 605 

FMEA SOFTWARE 

FMEAPI'O	 F.tiIitit' 'dittIes and 
malt sis using FMEA-Pro 1 5 

II- empowers automotive, con-
sumer, electronic, aerospace, 
defense and general manu-
facturing industries to 
improve the quality, reliabili- 

-	 is and safe tv of their prod- 
iii r.. This hilly customizable, 

s,tl ii ti m' help s companies  comply with QS 9000, 
ISO 9000, SAE J1739, M1I.-STD-1629 1 ISO/TS 
16949 and other regulations. FMEAProTM 5 con- 
tains extensive libraries and data protection fea-
tures. The report generation tools support a v'ariets 
of file formats, including HTML and PDF. 
Download it lee trial: ssscw.fnit'as,sltss ,ti'e.com. 

Dyadem International Ltd. 
For More Information Circle No. 608 

Prodtic Is,	 t. 
- can now be put- 

chased at our website wss'w.agslides.rom. Select it 
slide by entering the parameters you need. The AG 
Slides fanmmlv of linear motion components come in 
a wide range of sizes, itt ball and roller styles. 
Innovations include "wedge" pre-load of all bear-
tugs, simultaneously. Optical Gaging Products, Inc., 

850 Hudson Ave., Rochester, NY 14621; Tel: 800-
922-0329: Fax: 716-544-4998: ww'ts'.agslides.coin 

AG Slides


For More Information Circle No. 610

NEW MID-RANGE 
H EATING/COOLING 
FLUID 

ii

	

Pat ather'ni	 SIR'" 
it cool fluid is rated for 

-	 .}Iiimal service from 30' F to 
F. Designed for broad 

batch reactors, laminating 
iii it's and plaIII Iii temperature control, fluid is 
efficient across the temperature range, thermally 
stable and cost effective. Durable, it is safe and easy 
to handle, and provides extended performance 
cinder demanding conditions. The MR fluid is envi-
ronmentally friendly. For a free engineering bul-
letin, call George Wilt, 610-941-4900 or write: 
Paratherm Corp., 1050 Colwell Rd., (,onsltithitit ken, 
PA 19428; website: ss'wss. pat'amhet'ni.c omit 

Paratherm Corporation

For More Information Circle No. 603 

—	 INSTRUPEDIATM
7 .tot,r-,,'t,

active encyclopedia of 
' lnsmnmpedia, the inter- 

instrumentation, is a 
source of abundant 

-'-' information useful for 
building PC'l),tst'd measurement and automation 
applications. This FREE CD includes the entire 
National Instruments product catalog, evaluation 
software, application notes, customer solutions, the 
searchable Knowledge Base, and more. Compatible 
with Windows 2000/NT/9x/3,1, and Mac OS sys-
temns, lnstrupedma also provides links directly to the 
National Instruments Web site, National 
Instruments; Tel: 800-443-3488, 512-794-0100; Fax: 
512-683-9300; email: info®ni,com ym; websime: 
rim. tin into mmtsti'tipcdia 

National Instruments


For More Information Circle No. 606 

PIK	 SNAP-IN PANEL

FASTENERS 

I'E\h until plastic SNAP-IN 
panel It It tins can be installed 

______________ quickl y and easily without the 
use of tools by simply pressing 
then by hand into properly 

— - sized holes in any thin sheet 
material. These fasteners are designed with a plastic 
self-captivating retainer whose "fingers" grip the 
mtmtmitming sheet to hold the fastener securely in 
place whets pressed mmlii, the hole. The y also feature 
screws with steel threads and a six-lobe recess over-
molded with a black ABS cap. A slot screw drive in 
the cap is standard. PEM Fastening Systems - A 
PennEngmmseenmtg (htmstpamis : Tel: 800-237-4736; Fax: 
215-766-0143: iit'hsii,': ss'wss.lts'nitim'i.uttn 

PEM Fastening Systems

For More Information Circle No. 609 

Sprinter Marking, Inc.


For More Information Circle No. 611 

SUPERIOR 
LINEAR 
SLIDES 
ON-LINE 

AG Slides flow 
Optical Gaging 

I INK CODE-MARKING 

'
MACHINES 

Splinter Marking, hit. 	 mum- 

-
ut ,tc tut el 	 Spri n terTsi auto- 
nt,tmmc	 itk	 code-marking 
machines. Machines apply 
tItlecodes, product codes. 
dims, etc. on metal, plastic. 

- rubber, and paper surfaces. 
Marking possible in any on-

t'tit.tII, II	 \li'ss,,	 niu' up to 2 square inches. Cycle 
speeds up to 350 CPM. A complete line of operat- 
ing supplies and auxiliary equipment is offered. 
Sprinter Marking, Inc., 1805 Chandlersville Rd.. 
Zmmtt'svill,', OH 43701-4604; Tel: 740-453-1000; Fax: 
7-10-453-6750: tsebsimc: wss'w.sprinmerrnarkimug.cttmts
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Director for Computer and 
Computational Science 
Los Alamos National Laboratory seeks a Director for 
Computer and Computational Science. An exciting 
opportunity exists to lead the laboratory and the high-
performance technical computing and computer-science 
research communities into the future, Los Alamos has a 
Ii ng, pioneering history in high-performance computing 
.oing back to 1945. We are now embarking on a new 
ourney in computational research and development as part 
of the Accelerated Strategic Computing Initiative (ASCI). 
Working with industrial and academic partners, Los Alamos 

currently building the most powerful computer system in 
he world - the 30 teraOPS ASCI Q supercomputer - and has 
heen selected to receive the 100 teraOPS ASCI 
computational platform in 2004. These and future platforms 
wi ll be housed in the Strategic Computing Complex, which 
leatures an uninterrupted computer floor the size of a soccer 
tield. As the leader of the Computer and Computational 
Science (CCS) Division, you will have the opportunity to set 
the research agenda for computer and computational 
sciences at Los Alamos while overseeing an annual research 
hLidget of approximately 37 million dollars. 

For more information see www.lanl.gov/ccssearch,  email 
ccs .search@ianl.gov, or call 505.667-5404. 

Los Alamos 
NATIONAL LABORATORY 

Operated ho the Unicert of ('.tlitornia 

for the Deoartnient 01 Energs. A-\ EOE 
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EllMorkstations Give NASA 
Processing Power 

XP900/XP1000 Alpha Tru64 UNIX workstations 
Compaq Computer Corp. 
Houston, TX 
281-5144484 
www.compaq.com 

Under a $4.7 million contract through Lockheed Martin, 
Compaq is supplying 475 Alpha workstations and 635 color 
monitors to upgrade the Mission Control Centers at Johnson 
Space Center (JSC) for both the Space Shuttle and 
International Space Station (ISS). The systems will be used to 
monitor both ISS and shuttle flights. 

When Lockheed Martin developed the control centers, they 
used commercial-offthe-slielf' (COTS) products. According to 
Jay Honeycutt. president of Lockheed Martin Space 
Operations, "we have another benefit to the COTS approach, 
because we can go out into the commercial market to upgrade 
the systems providing NASA with a significant increase in 
functionality at a fairly modest cost." 

Some of the Alpha workstations currently in use in the con-
trol center date back to 1993. 

Since that time, new software has been added to the systems 
to automate many new tasks, said Jack Knight, chief of NASA's 
Advanced Operations and Development Division at JSC. This 
put a strain on the old systems. While they can still do the job, 
the old systems had much longer processing times.

0.hiidF
0 

As part of its contract with NASA, Lockheed Martin 
assumed responsibility to replace non-maintainable NASA 
equipment. Installation of the Compaq workstations will he 
accomplished in four phases on an accelerated schedule. In 
the first phase, which began in March, 129 workstations will 
he installed. The entire upgrade is expected to he complete 
by September.

For More Information Circle No. 750 

loftware Checks NASA 
Contractor Code 

Visual FlowCoder software analysis tool 
FlowLx 
Huntsville, AL 
256-704-7850 
www.flowlynx.com 

NASA's Marshall Space Flight Center in Huntsville. AL, is 
using Visual FlowCoder to check the work of contractors cre-
ating software code for satellite and rocket engine control. 
The software graphically,  maps the flow of software code, dis-
playing procedures, functions, and other routines in a visual 
format based on the code's algorithmic flow. Users can visual-
ly see the steps in a program to aid code development, main-

tenance, bug-fixing. and documentation. Marshall engineers 
are using the software to analyze engine control software for 
the MCI engine on the X34 reusable launch vehicle project. It 
will help to integrate C code and Ada code. 

NASA Marshall's Avionics Department owns five FlowCoder 
licenses. It is also being used as the core of a software module 
that will verify that the department's code meets standards. "It 
serves as a second pair of eves," said Luis Trevino, team lead of 
the software design group in the Avionics Department. 
'indirectly, it was used to force [contractors] to do a good job 
on the code." 

Pat Benson, a Marshall computer engineer, used FlowCoder 
to analyze software for flight control of the Chandra satellite. 
Software engineers from TRW wrote much of the Chandra 
avionics code in C and Ada. NASA Marshall also plans to use 
the tool while creating software for the X-Ray satellite project. 

For More Information Circle No. 751 
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plastic 
do impossible things online: Simulation Center 

AWA 

SRI mobile robot.

Plastic muscles may be in our 

future, thanks to SRI International 

and the Simulation Center. SRI 

International accessed the power 

of MSC.Softwares state of the art 

servers with MSC.evisualNastran 

delivered online. The simulation 

was complex: a six-legged robot 

powered by artificial muscle.

Researchers at SRI International 

were able to run the simulation 

several times faster than a local 

machine, completing a 3 month 

simulation in just weeks. Now, the 

robot is flexing its muscles—and 

moving right along. To access the 

power of the Simulation Center, 

visit simulationcenter.com today. 

MS\SoFTwARE	 Subscribe to software at simulationcentercom 

simul.ationcenter 
Work smarter. Innovate faster. 

For More Information Circle No. 585

SRI International is a registered tradrrrark 	 S007 

Get expertise at excharige.engineering-e.corn 

engineeringexchange 
Turning Resources into Results
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Acquire. 
Analyze. Present. 

At 

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. 

[nicorn/info] 

For more information or a FREE Lab VIEW Evaluation 

CD, visit nicom/info and enter namk05. 

For More Information Circle No. 508

NATIONAL 
INSTRUMENTS' 

(800) 776-8662 

Fax. (512) 683-9300 • info©nicorn
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