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Data Acquisition Low-Cost

DAQ for PCI

PCI-6503

24 TTL lines digital 1/0
PCI-1200

12-bit, 100 kS/s

Call for more selections!

MeasurRemeNT Reapy Data AcauvisiTion FROM NATIONAL INSTRUMENTS

Stream data directly to disk at
rates up to 5 MS/s with E Series
data acquisition boards from
National Instruments.

] ate Channel to Disk*

NBr o hannels

1 channel 5MS/s
. 2channels 2.5 MS/s
| 4 channels 1.25 MS/s Call for information on performing high-speed data logging and
. Typical rates with the PCH6110E or PCI6111E disk streaming with E Series DAQ boards from National Instruments.
Ethernet Measurement Systems Connect Any Sensor to Your PC
Take measurements over the Ethernet using data acquisition Choose from the wide variety of =
products from National Instruments. National Instruments signal
* Perform remote monitoring conditioning and connectivity for:
and control * Thermocouples

¢ Up to seven instrument e RTDs
modules per node * Strain gauges
* Seamless integration with e Pressure sensors
application software * Flow sensors
* Leverage off existing * And many morel!
network infrastructures
* Wide variety of DAQ and Ask about our SCXI” and SCC Series
signal conditioning hardware signal conditioning products.
v;'l.l !
Newd Hassle-Free Image Acquisition | High-Voltage
- €Wy - | for Digital Cameras Measurements
The new 4-axis stepper motor 4N Easily configure and control digital cameras Choose from a wide variety of products for
controllers for PXlI/CompactPCl, L% and acquire high-resolution color and gray- high-voltage applications.
offering open-loop scale images with the versatile, p * Up to 250 V analog measurements

or closed-loop high-speed IMAQ™1424 digital
3 image acquisition board.

* Up to 250 V digital 1/0 and switches

* Overvoltage Category II

¢ PCI, PXl/CompactPCI, PCMCIA, AT, USB,
RS-232/485 SCXI ¢

and ValueMotion™
servo and stepper

‘YNATIONAL
’ INSTRUMENTS' OEM:s

Call today for th
Call us for - i o

pricing! Data Acquisition
LA D AT TR (800) 327-9894 Product Guide
Tel: (512) 794-0100 e Fax: (512) 683-8411 e info@natinst.com
© Copyright 1998 National Instruments Corporation. Al rights reserved. Product and company names listed are trademarks or trade names of their respective companies. *U.S. pricing for hardware only
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M No Delay... see full traces on monitor
while recording

M On-Board Data Analysis as well as by host
program

m Patented Twin Printhead Design... 300 dpi
laser printer resolution for clear, crisp traces
M On-Board Signal Conditioning for voltage,
temperature, pressure and strain recording
® Front Panel Floppy Drive for personal
chart and system setups

W Data Capture...store up to 32 megabytes in
RAM; 1 gigabyte to internal hard drive;
stream to external 2 gigabyte drive via SCSI;
archive to DAT or floppy drive

M 8 to 32 Waveform Channels... plus 32
events; DC to 20 kHz; chart speeds to 500
mm/sec

M Record digital data via ethernet, SCSI,
GPIB, or parallel interfaces

Astro-Med, Inc.

Astro-Med Industrial Park, West Warwick,

Rhode Island 02893 » Telephone: (401) 828-4000
Toll Free: 800-343-4039 » Fax: (401) 822-2430
E-mail: astro-med @astro-med.com

Web Site: http://www.astro-med.com

Astro-Med is System Certifie

Sales and Service Centers Eoﬁgiéu[tbé U.S., Canada
and Europe. Dealers located throughout the world,
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Yes. If you’re working on the Affordable
Performance Line of
Compagq Professional
Workstations, that is.
And you don’t just get
speed. You get seamless
integration. Because we
work closely with ISVs—the people i |
who write the apps you depend —
upon. Yet all this comes to you ,'

512 KB cache l(()\IH/ nt side bus

for little more than the price of a i

32X Max CD-ROM

: . 5.4 GB or 10 GB Ultra ATA or 4.3 GB,
PC. The AP Line of workstations, &6« vmatoscs

hard drives’

. Millermium G200, GLoria Synergy+ or
For those Who thlnk fa St. And PowerStorm 300 graphics solutions

6 slots/7 bays

Can I work

as fast as
I can think?

Microsoft® Windouw

think smart. To buy direct from ¥ ,7'&!' 3
Configured your way !

Compaq or from a reseller, call ~ ise™"  sontim
1-800-AT-COMPAQ or visit our Web site at
www.compag.com/think.

Better answers:
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Tech East ‘98, held in Boston November 3-5, combined six major
technology events and incorporated more than 100,000 square
feet of exhibits. New inventions, seminars, and leading-edge
products were viewed by nearly 8,000 attendees. The event also
featured Small Business awards, NASA software awards, guest
speakers, and a mock-up of the habitation module for the
International Space Station. Highlights of the event begin on
page 22.
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In Linear Static Stress Analysis, the
forces must sum to zero. The effect of
the second gear is simulated by an
assumed force or pressure at a single
instant in time.

In traditional linear static stress analysis, you
begin by building an FEA model. Then you set
up boundary conditions to anchor the model in
three-dimensional space.

If the boundary conditions fail to stop the
model from moving in all six primary directions
(three degrees of freedom in translation and
three in rotation), the static FEA process can-
not work. After setting up the boundary condi-
tions, you then apply the moment (M) or torque,
which could be generated by an electric motor,
and an assumed force (F) or pressure to simu-
late the reaction of the second gear. After
analysis you will have a stress contour for one
point in time.

Because the gear teeth are constantly clash-
ing in a random way, the impact forces cannot
be known with any precision.

New:

| In Algor’s Mechanical Event Simulation, the forces sum to Mass

times Acceleration (F=MA). Impact forces are transmitted through

actual contact between the teeth during gear acceleration.

New:
In Algor's Mechanical Event
Simulation, you begin the same
way by building an FEA model.
However, this time you include
the second gear.

You place boundary condi-
tions at the pivots. The big gear
is free to rotate when forced by
the driving gear. Inertia of the
entire gear system resists the
force of the motor. When the
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high-frequency impacts.

analysis runs, you will know it's set up properly when you see the gears
accelerating and stresses changing as you view the live on-screen
“monitor program.” At the end, you see the stresses on all the gear

teeth at every point in time.

And, you can make an analysis replay to see the results in real time
or slow motion. In addition, you can run a Fast Fourier Transform on
the displacement data to highlight any dangers from resonance.

See an analysis replay of this Mechanical Event Simulation at
www.algor.com, or order the latest video and CD-ROM

information/demo pack by faxing the coupon, ordering

from the web, e-mailing Algor or calling Algor.

iGet a FREE demo video and CD-ROM from Algor.
ECOmpIete this form and fax it to: +1 (412) 967-2781.

www.algor.com
00_ info@algor.com
+1 (412) 967-2700

1Name Company

: Address

ECity State/Prov Country. Zip/Postal Code
1Phone Fax E-mail
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*ALGOR

When the Engineering
Has to be Right

1 Algor, Inc.

| 150 Beta Drive, Pittsburgh, PA 15238-2932 USA

1 Phone: +1 (412) 967-2700

| Fax: +1 (412) 967-2781

1 California: +1 (714) 564-0844

| Europe (UK): +44 (1784) 442 246

1 E-mail: info@algor.com

(gears-us) 1 Web: www.algor.com
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On the cover:

A new year of new technology begins with advances in
Data Acquisition, one of this month’s Special Coverage
areas. The FW2000 Series Embedded Vehicle System
(EVS) from FieldWorks, Eden Prairie, MN, is the first mod-
_ular PC system for in-vehicle data communications and
~ computing. The components — server, display, and back-
‘ keyboard — all can be mounted separately. For more
nation on this and other innovations in data acqui-
), see the special coverage beginning on page 60.

(Photo courtesy of FieldWorks)

This document was prepared under the sponsorship of the National Aeronautics and
Space Administration. Neither Associated Business Publications Co., Ltd. nor the
United States Government nor any person acting on behalf of the United States
Government assumes any liability resulting from the use of the information contained
in this document, or warrants that such use will be free from privately owned rights.
The U.S. Government does not endorse any commercial product, process, or activity
identified in this publication.
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internal or personal use of specific clients, is granted by Associated Business
Publications, provided that the flat fee of $3.00 per copy be paid directly to the
Copyright Clearance Center (222 Rose Wood Dr., Danvers, MA 01923). For those or-
ganizations that have been granted a photocopy license by CCC, a separate system of
payment has been arranged. The fee code for users of the Transactional Reporting
Service is: ISSN 0145-319X194 $3.00+ .00
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WHAT DO YOU MEAN | DON'T
HAVE TO EDIT MY INPUT FILE?

W (M G 00 e ]

' Introducing FEMAP* Version 6 .

AII(I'YSiS Modeling and Visualization Software A critical feature for any stand alone FE prep and post soft-
ware is its ability to provide complete, ready-to-run input
files for a broad range of solvers and analysis types. You
* Robust access to CAD geometry will find that FEMAP stands well above the crowd in this
area, and in many other ways as well.

If you use advanced FEA solvers, check out FEMAP 6.

» Native Windows Ease of Use

* NEW general beam section calculator

* In-depth support for a broad range of solvers
From advanced dynamics in NASTRAN, to Ogden materi-
als in ABAQUS, to part to part contact in LS-DYNA., you
* Tet meshing at over 250,000 elements / minute will access more of your solver with FEMAP. And. with

* NEW midplane surfaces from thin solids

new hex meshing, mid-surface creation, and general beam
modeling, you won'’t find a faster way to model, review and
o NEW surface meshing options document all your analyses than with FEMAP Version 6.

* NEWfree bOdY diugroms with grid point forces Call or visit our web site to set up a free trial evaluation.

* NEW surface and solid subdivision for mapped meshing et
o NEW contact and friction modeling To request an evaluation by phone

s NEW advanced dynamics for NASTRAN and ANSYS 800_ 4 40_2 4 'I 'I Aihsitslon 30

o NEW support for LS-DYNA and MARC
Tiohti b wnl ik eobomaation f5id Outside the U.S., call +1 610 458 3660 extension 14
* light integration with office automation tools EAX: +1 610 458 3665

Email: info@femap.com

* NEW powerful hex meshing

* NEWintelligent results averaging
o NEW high-speed results import (OP2)

53995- Real FEA Made Easy FEMAP@

Enterprise www.femap.com /nth/
Software

Products,
® FEMAP is a registered trademark of Enterprise Software Products, Inc. All other trademarks are the property of their respective owners
InCo “Special offer on FEMAP Professional valid until March 31, 1999 on new purchases of single task licenses. Offer valid in North America only. Offer number 3995-NA-6.
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COMPUTER

& VIDEO
SOURCES

sLE SCREEN

SUPERVIEW

DISPLAY PROCESSOR

LETS YOU COUNT UP TO

IN REAL-TIME AND
FULL COLOR

Display up to
simultaneous video inputs
including NTSC/PAL or S-Video

Display up to
simultaneous computer inputs
up to 1280 x 1024 pixels

Display a combination of
simultaneous video and
computer inputs

Position and scale each
window independently

Zoom within each window

Overlay computer graphics
on video

RS-232 or front panel control

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

F!(BBI SPECTRUM®

ayv uval communications CO'\TP(”TY
950 Marina Village Parkway
Alameda, California 94501
Tel: (510) 814-7000

Fax: (510) 814-7026

E-mail:sales@rgb.com
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EVERYTHING YOU WANT
TO KNOW ABOUT
RESEARCH ON THE
SPAGESTATION
<CAN-BE.FOUND IN
ALBUQUERQUE.

/B

Fluid Physics * Cortib

Space Sc% Biom
Commercial ReSearc

February 1-4, the International Space Station Utilization Conference comes to Albuquerque,
N.M. NASA will offer more than 20 fascinating sessions on the major research areas
to be explored on the International Space Station. Everything from gravitational biology
to fluids and combustion research will be discussed. Sessions on commercial research and
technical presentations on Space Station capabilities are included. Don’t miss this unique
opportunity to exchange ideas with colleagues and Space Station personnel.

For more information and registration contact:
http://wwwchne.unm.edu/isnps/staif/staif99/staif99.html

International Astronautical Federation °99 (IAF) ¥ American Institute of Chemical Engineers (AChE)
American Institute of Aeronautics and Astronautics (AIAA) ¥ American Society of Mechanical Engineers (ASME)
American Astronautical Society (AAS)
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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’s R&D efforts produce a robust supply of promising technologies with applications in many
NASA ¢ industries. A key mechanism in identifying commercial applications for this technology is NASA’s
Commercial national network of commercial technology organizations. The network includes ten NASA field cen-
Technology ters, six Regional Technology Transfer Centers (RTTCs), the National Technology Transfer Center
Team (NTTC), business support organizations, and a full tie-in with the Federal Laboratory Consortium
(FLC) for Technology Transfer. Call (206) 683-1005 for the FLC coordinator in your area.

NASA Program Offices

At NASA Headquarters there are
seven major program offices that
develop and oversee technology pro-
jects of potential interest to industry.
The street address for these strategic

Ames Research Goddard Space El:ollmmn Space m Research m:lhgll n?:nace business units is: NASA Headquarters,
Center Flight Center enter ght Center .
Selected techno-  Selected techno-  Selected techno- Selected techno-  Selected techno- 300 E St. SW, Washington, DC 20546.
logical strengths: logical strengths: logical strengths: logical strengths: logical strengths: Carl Ray Gerald Johnson
Fluid Dynamics; ~ Earth and Artificial Aerodynamics; Materials; Small Business Office of Aeronautics
Life Sciences; Planetary Intelligence Flight Systems; Manufacturing; Innovation Research (Code R)
Earth and Science and Human Materials; Nondestructive Program (SBIR) & (202) 358-4711
Atmospheric Missions; LIDAR; ~ Computer Structures; Evaluation; Smgll Business ohnsanta i
Sciences; Cryogenic Interface; Sensors; Biotechnology; e ier gJ eromail.
Information, Systems; Life Sciences; Measurements; Space P” U;TTR qhasagoy
Communications,  Tracking; Human Space Information Propulsion; rogramé ) Bill Smith
and Intelligent Telemetry; Flight Operations; Sciences. Control_s and (202) 35 j4652 Office of Space Sciences
Systems; Command. Avionics; Sensors;  Dr. Joseph S. Dynamics; cray@mail.hq. (Code S)
Human Factors. George Alcorn Communications. Heyman St_ructures; nasa.gov (202) 358-2473
Carolina Blake (301) 286-5810  Hank Davis (804) 864-6006  Microgravity wsmith@sm.ms.ossa.
(650) 604-0893  galcom@gsfe. 01 4630474 jsheyi P Dr. Robert Nowood ~ hg.nasa.gov
cblake@mail. nasa.gov hdavis@gp101.jsc. @larc.nasa.gov Sally Little Office of Aeronautics and ;
arc.nasa.gov dxa o () Gasfane Space Transportation Roger Crouch

Jet Propulsion sally.littie@msfc. Technology (Code R) Office of Microgravity
Dryden Flight Laboratory Kennedy Space Nasa.go¥ (202) 358-2320 Science Applications
Research Center Selected techno- Center Lewis Research morwood@mail h (Code U)
Selected techno-  logical strengths:  Selected techno-  Center Pl i (202) 358-0689
logical strengths: ~ Near/Deep- logical strengths:  Selected techno- Stennis Space - rcrouch@hq.nasa.gov
Aerodynamics; Space Mission Environmental logical strengths: Conter
Aeronautics Engineering; Monitoring; Aeropropulsion; Selected techno- John Mulcahy Granville Paules
Flight Testing; Microspacecraft;  Sensors; Comosion ~ Communications;  \0gical strengths: Office of Space Flight Office of Mission to
Aeropropulsion;  Space Protection; Energy Propulsion (Code MP) Planet Earth
Flight Systems; Communications;  Bio-Sciences; Technology; Systems; & (202) 358-1401 (Code Y)
Thermal Testing;  Information Process Modeling; ~ High TestMonitoring: — jmuicahy@meail. (202) 358-0706
Integrated Systems; Work Planning/ Temperature Remote SeaSAgi™S" 1 - gee oov fes@mive.h
Systems Test Remote Sensing;  Control; Materials Nonintrusive it S e
and Validation. Robotics. Meteorology. Research. Instrumentation. nasa.gov
Lee Duke Merle McKenzie Gale Allen Larry Viterna Kirk Sharp
(805) 258-3802 (818) 354-2577 (407) 867-6626 (216) 433-3484 (228) 688-1929 ; 2 e
lee.duke@dfrc. merle.mckenzie@  galeallen-1@ cto@ ksharp@ NASA S Busmess Fac“ltators
nasa.gov ccmail jol.nasa.gov  ksc.nasa.gov lerc.nasa.gov ssc.nasa.gov

NASA-Sponsored Commercial Technology Organizations

These organizations were established to provide rapid access to NASA and other federal R&D and
foster collaboration between public and private sector organizations. They also can direct you to the
appropriate point of contact within the Federal Laboratory Consortium. To reach the Regional

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

promise.

Technology Transfer Center nearest you, call (800) 472-6785. Dr. Jill Fabricant Joe Boeddeker
Joseph Allen Dr. William Gasko Gary Sera Chris Coburn Johnson Technology Ames Technology
National Technology Center for Technology Mid-Continent Great Lakes Industrial Commercialization Commercialization
Transfer Center Commercialization Technology Transfer Technology Transfer Center Center
(800) 678-6882 Massachusetts Center Center Houston, TX San Jose, CA
Technology Park Texas A&M University Battelle Memorial (713) 335-1250 (408) 557-6700
(508) 870-0042 (409) 845-8762 Institute
Ken Dozier (216) 734-0094 i
Far-West Technology J. Ronald Thornton Lani S. Hummel a?:: T“’:ﬁhz;:::?:r waa:'ﬁ/';a;z::: oo
Transfer Center Southern Technology Mid-Atlantic Technology Technolo Technoloay Incubato
University of Southern Applications Center Applications Center y ?] OH Lenal %y e
California University of Florida University of Pittsburgh Cleveland, (Langley Research
(213) 743-2353 (904) 462-3913 (412) 383-2500 (216) 586-3888 fl:l::;;:o &
n,

Dan Morrison
Mississippi Enterprise
for Technology
Stennis Space
Center, MS

(800) 746-4699

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.

(757) 865-2140
NASA ON-LINE: Go to NASA’s Commercial Technology Network (CTN) on the World Wide Web at
http://nctn.hqg.nasa.gov to search NASA technology resources, find commercialization opportunities,
and learn about NASA’s national network of programs, organizations, and services dedicated to tech-
nology transfer and commercialization.
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Our new KPCI-PIO24 and KPCI-PIO96 boards give
you higher-performance data acquisition and digital
I/O because we pay closer attention to the important
details. Like design integrity, component quality
and advanced manufacturing, assembly and
testing. Everything it takes for the true
plug-and-play functionality you need
— without background noise skewing your
results. Just compare our specs, and you'll see what
a difference our dedication makes.

Easy to set up and easy to use, these PCI boards produce
consistent data you can trust. And you can trust
Keithley for application support, to help you

meet all your data acquisition demands.

KE I I H L E Y = For complete specifications or to talk with an
o«

Application Engineer, contact Keithley today at
1-888-KEITHLEY (1-888-534-8453).

AW o e (0 fF MEASUREMENT 'S$SO4UTIONS

MODEL

KPCI-P1O-24 KPCI-P1O0-96

* PCl Bus Architecture 32 Bit PCI 32 Bit PCI

¢ Number of I/O Lines 24 Bi-directional 96 Bi-directional

¢ Sink Current 64mA 64mA

® Source Current 15mA 15mA

e Software Platforms Windows® 95/98/NT Windows® 95/98/NT

* Bundled Software DriverLINX®, TestPoint™ DriverLINX®, TestPoint™
LabVIEW® Drivers LabVIEW® Drivers

For More Information Circle No. 573



PRODUCT OF

ilicon Graphics, Mountain View,
CA, has introduced the 320 and
540 system visual workstations,
the company’s first line based
on the Windows NT operating system.
The 320 system is a mini-tower work-
station that can be configured with up
to two Intel Pentium II 450 MHz
processors, can support up to 1 GB of
memory, and is offered with Ultra ATA
or Ultra 2 SCSI disk drives. The 540
systems are full-tower, quad-capable
Intel Pentium II Xeon workstations

T FLE

MONTH

that can be configured with up to four
Xeon 450 MHz processors. They can
support up to 2 GB of memory and
are offered with fast Ultra 2 SCSI disk
drives. Both workstation lines feature
8-, 16-, and 32-bit color formats; inte-
grated audio and video subsystems;
integrated I/O; and three front-
accessible bays: a pre-installed 5.25”
CD drive, a standard third-height pre-
installed floppy drive, and an addi-
tional 3.5” drive.

For More Information Circle No. 750

NASA Langley Joins Flight 800 Probe . o

he National Transpor-
pn Safety Board

much energy emitters ofr
radiated. fxelds w1thm_ :
rangc of L

iring around
J yuld  hav 0 elther individually or in
gered the destruction of combination.

Data Acquisition

Association Formed

eaders in the field of PC-

based data acquisition have
formed the Open Data
Acquisition Association. The
organization is dedicated to the
development, promotion, and
maintenance of a universal,
open standard allowing interop-
erability between multiple ven-
dors of data acquisition hard-
ware and software. System
designers will be able to select
the most appropriate products
from multiple hardware and
software vendors, and easily inte-
grate them into a single system.
The standard specification is a
public document, and all data
acquisition companies are
encouraged to conform.

Founding member companies

are: ComputerBoards (Middle-
boro, MA), Data Translation
(Marlboro, MA), Hewlett-Pack-
ard (Palo Alto, CA), LABTECH
Corp. (Andover, MA), Microsoft
Corp. (Redmond, OR), OMEGA
Engineering (Stamford, CT),
and Strawberry Tree (Sunnyvale,
CA). All companies involved in
computer-based data acquisition
are welcomed to join. For more
information, contact John
Coschigano of OMEGA Engi-
neering at 203-359-7808;
coschigano@omega.com

it, NASA Tech Briefs

Produsct of the

TWA Flight 800 on July
17, 1996, just south of
Long Island, NY. Safety
board officials want spe-
cialists at NASA’s Langley
Research Center in
Hampton, VA — as well as
the Navy’s Flight Test
Center in Patuxent River,
MD — to analyze how

NASA Langley, which
was asked to lead the
analysis effort, is one of
the world’s premier facili-
ties for testing and study-
ing the effects of high-
intensity radiated fields on
electrical and electronic
components in aerospace
and other applications.

www.nasatech.com

Yaar

There’s Still Time To Vote!

The deadline for casting your vote for 1998 NASA
Tech Briefs Product of the Year has been extended to
January 29. Visit our web site at www.nasatech.com and
complete the Readers’ Choice Awards ballot.
Remember, only one vote per person.

NASA Tech Briefs, January 1999



p Visualize your business’

...for one seat of AutoCAD, you can buy

12 of IntelliCAD: it must be worth a TRY

The Architects Journal

It's a tempting budget alternative that completely

o UTguns the underpowered and overpriced AutoCAD LT.

With a home user price and professional power,

°
I nte ' ' ' QA D gives [the competition] a run for its money.

PC Magazine*

When IntelliCAD® 98 by Visio was introduced in April,

Cadence magazine wrote, “IntelliCAD represents a major

victory for the CAD consumer by
raising the bar of CAD software
value.” Since then, industry
leaders have applauded the
product’s Autodesk AutoCAD
compatibility, productivity fea-
tures and affordability. Here's
why. IntelliCAD 98 uses DWG as
its native file format, just like
AutoCAD. It can run in tandem

with AutoCAD, and open AutoCAD

Personal Computer World

So don't confuse IntelliCAD 98 with a non-customizable,

scaled-down version like Autodesk’s AutoCAD LT. In fact,

-
“
E
r
‘.‘
r
p
E
5 <)
By
“
&
o

files through version R14.01 without conversion or data

loss. IntelliCAD 98 also provides support for AutoCAD

commands, Autodesk AutoLISP programs, menus, dialogs

and other legacy tools. Plus, it already runs over 100

AutoCAD applications from third-party developers, such
as CIMLOGIC, Hitachi Software, and CYCO Software.

*April 28, 1998 issue. © 1998 Visio Cc

countries. All other trademarks, trade

Get IntelliCAD 98 for only $149 - A $200 SAVINGS - if you're currently
using AutoCAD or AutoCAD LT** That's about the cost of an LT upgrade!

technical support—you simply can’t

.
go wrong. Pick up a copy at your near- ::
est retailer and find out what all the i;i
talk is about. For more information call “ :
1-800-24-VISIO, reference Ad55. Orsee &

it in action at www.visio.com/tryit. ‘i__

IntelliCAD 98 offers features not
available in full-blown AutoCAD—
like the ability to have multiple
drawings open simultaneously,
and cut and paste between them.
Bottom line—IntelliCAD 98 costs
only $349 ($149 when installed
to a desktop currently running
AutoCAD or AutoCAD LT*); it
comes with a 60-day money-back

guarantee; and 30 days of free

For More Information Circle No. 541




Reader Forum

YOU C AN JUDGE Reader Forum is devoted to the thoughts, concerns, questions,

and comments of our readers. If you have a comment, a ques-
tion regarding a specific technical problem, or an answer to a

YOUR RE SEARCH BY %‘tim bte}lzgt appeared in a recent issue, send your letter to the
ress below.

1 I’'m looking for any and all information concerning pyrolytic
7 = ITS COVER graphite, including material specs, manufacturing processes,

3 V)i R E and vendors. I've been told that NASA began working with
} A ] #h i ,’ this material back in the 1950s, and has since moved to a dif-

Bome s ferent form of graphite. Any help would be appreciated.
DISPLAY Michael Mahaney
THE DYNAMICS Mjmahaney@ionbeam.com
OF YOUR (Editor’s Note: Michael, the first place to try for information
f on NASA's work with graphite is the National Technology
COMPUTATIONS Transfer Center [NTTC]. They can be reached at 1-800-678-
WITH: ool

| have developed a protective sleeve that protects a long-line
catheter. The sleeve resembles a blood pressure cuff. The ends

e are made watertight by two adjustable silicone seals that wrap
E ‘ a around the arm. To fasten the longitudinal joint, | have used a
hook and loop fastener. This type of joint is not watertight. |

am looking for a watertight hook and loop joint so that this

Version 7.5 sleeve can be used in a wet environment. Thank you.
PRODUCTIVE POWER FOR DATA VISUALIZATION David Williams
When you need a plotting program that renders CFD data lotano Ser}/;ges
; £ = ; Houston,
and calculations into vivid, colorful 2D and 3D images, 213.784.6082
turn to Tecplot. With Tecplot, you will:
(2 Achieve superior visuals, with ease A friend told me about an article he read in NASA Tech Briefs

about six months ago. The article was about a camera that
produced Braille-like images. | produce a radio program heard
[ Interface with industry standard data formats on many radio reading services for the blind and disabled. |

: ; believe Travel Radio listeners would be interested in knowing
3 Modify Tecplot to address specific needs about this camera. Would you be able to tell me where to find

1 Create presentation-quality plots and grids

[ Use Tecplot’s engine to visualize data for this information?
turnkey solutions > :
Patricia Lawrence, Executive Producer
(1 Leverage solutions from C or FORTRAN Travel Radio
code base Mendocino, CA
(1 Link Tecplot with third-party libraries for L

specialized analysis (Editor’s Note: Patricia, the article appeared in the March
J Add 170 capabilities for unique data formats 1998 issue of NASA Tech Briefs. “Sight-to-Touch Translator” on
page 56 describes the work being done at NASAs Jet
Propulsion Laboratory on a conceptual apparatus that would
generate a tactile representation of visible objects in its vicinity.
A copy of the brief, with instructions on how to obtain more
information, is on its way to you.)

www.amtec.com

e-mail: tecplot@amtec.com or Call Toll Free: 800.676.7568

AMTEC ENGINEERING, INC. Post your letters to Reader Forum on-line at: www.
P.O. Box 3633, Bellevue, WA 98008-3633 nasatech.com or send to: Editor, NASA Tech Briefs, 317
L TR Madison Ave., New York, NY 10017; Fax: 212-986-7864.
©1998 Amtec Engineering, Inc. Al rights reserved worldwide. Please include your name, company (if applicable),
Amtec and Tecplot are registered trademarks of Amtec Engineering, Inc., Bellevue, WA. address, and phone number or e-mail address.

All other trademarks are the property of their respective owners.
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Diodes Join the Tunable ;r Ranks

Frequency-Agile Fiber ﬁfﬁ Transceivers

~

Vote for Photonics Prddud of the Year—



Nriting Fiber Bragg Gratings
.ong Period, Short Period...

Bda Physik Excimer

g e Industrial Package for easy ™
eam Profile, L1-FBG maintenance and high reliability COMPex"™/

* Developed for FBG production COMPEXTM 150T

* Full industrial laser Ideal for R&D systems
Y vaR Biasig W | * Patented SDUR resonator Unstable resonator optics

* Spatial coherence > 1mm - enhanced spatial coherence
e Temporal coherence > 1cm up to 750um

* Exceptional beam homogenity Exitech line-narrowing

e Polarized beam - enhanced temporal
coherence up to 1cm

Exitech mask aligner

e Oscillator-amplifier
design of COMPex 150
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LAMBDA PHYSIK
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Wait a Minute...
Who'’s Kobayashi?

OptoSigma’s Mitsuo Kobayashi is a
dreamer. He didn’t discover gravity or a
new moon, but awoke early one morn-
ing with a revolutionary new concept in
opto-mechanical positioning. After a
few quick sketches, he rushed to work.
It didn’t take long for us to realize that
his extended contact bearing stage was
an astronomical leap forward. The rest
is history.

Now available from OptoSigma in a
wide range of models, Kobayashi’s
“Dream Stage” combines crossed-roller
and ball-bearing concepts for eye-open-
ing load capacities and laser-straight
travel accuracies.

And because it

uses only two-

pieces with an

integrated bear-

ing design, con-

ventional bear-

ing ways are

eliminated. .
So ther
O Eaadl
] screws to (&

adjust,

nothing to

loosen up.
The great minds at OptoSigma are
always searching for better ways to
make your job easier. It often begins

with a dream. And continues

@
|\ with the best selection, prices
ISO k “ & and service in the industry.
4 I I . .

B Call (949) 8515881 today
| for your Free copy of the

Wollaston
® X a complete listing of our

Ve ~ Stages, Optics & Mounts.
Maimman | gt

A Stage Ahead in Positioning,

- 8 2001 DEERE AVENUE « SANTA ANA « CALIFORNIA « 92705
ptO Igl l la TEL: (949) 851-5881 « FAX: (949) 851-5058

E-MAIL: optosigm@ix.netcom.com * WEB SITE: www.optosigma.com



PHOTONICS
Tech Brlefs

Supplement to NASA Tech Briefs’ January 1999 Issue
Published by Associated Business Publications

Feature

4a  Diodes Storm the Tunable Laser Ranks

Departments

9a  Photonics Tech Briefs Product of the Year Ballot

16a  New Products

E
Tech Briefs
N 10a  Dielectric Coating Grading Method

"""W“’“‘F“'” 12a  Optical Cavity-Ring-Down Measurement of

Soot Concentration
13a  Wavelet-Based Image Compression Software
13a  Video-Based Foreign Object Detection

14a  Frequency-Agile Fiber-Optic Transceivers

On the cover: Newport Corporation’s
2010 series of tunable diode lasers
opens up new areas of applied
spectroscopy, from guantifying the
sweetness of fruit to monitoring fetal
brain oxygenation during delivery.
Photo courtesy Newport Corporation.
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il 3D Viewer

Optical Modeling Software for
Serious Engineering.

Output irradiance. 4 million rays,
120 minutes to trace.

Arc source with an elliptical reflector
and an integrating light pipe.

e Bl g

Ty 5305 V:

E e : ASAP Gives You
e The Competitive Edge:

’W VLS ’ * Advanced non-sequential ray tracing for
: o fast and accurate analysis of 3-D optical
and mechanical systems

® 2-D radiant intensity, radiance and irradi-
ance analysis anywhere in your system

e Source modeling from simple fans and
point sources to complex emitting objects

* Optimized CAD translation for precise ray
tracing and analysis

* Model laser and laser diode propagation
through your system

* OPD, phase, amplitude, and \
polarization analysis @

anywhere in your system Brosult Ressarch

Organization
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Near-IR absorption spectroscopy using tunable
lasers enables rapid nondestructive evaluation of
natural produce such as onions, melons, and potatoes.

unable lasers first became commercially available
! around thirty years ago, revolutionizing the field

of spectroscopy. Since that time, these lasers have

enabled an ever-widening range of diverse applica-

tions, from laser-induced fluorescence of biopoly-
mers to Doppler-free measurements of atomic hyperfine struc-
ture. Until very recently, however, the cost, size, and complexi-
ty of tunable laser systems have limited their use to the
research laboratory, whereas lamp-based spectroscopy has long
been appropriately packaged for field use. This is unfortunate,
as laser-based spectroscopy is generally far superior, and can
often provide an excellent answer to the ever-growing demand
for sensitive, noninvasive, real-time diagnostics.

The situation is now changing due to the development of
the tunable diode laser, a completely new type of tunable laser
source. These rugged, compact lasers are typically only 1/20th
the size of traditional tunable laser systems; they offer true
turnkey simplicity for 1/10th the cost of their complex predeces-
sors, yet deliver equivalent or better performance. Based on the
simple semiconductor chips used in telecommunications and
compact disk players, these lasers are now opening whole new
areas of applied spectroscopy, from quantifying the sweetness of
fruit to monitoring fetal brain oxygenation during delivery.

ODE LAS

Laser diodes are small, monolithic solid-state devices that
efficiently convert electricity into laser light. Manufactured by
standard semiconductor fabrication techniques, they offer low
cost in high volume. In addition to their long lifetime, they
require only a low-voltage power supply and no water-cooling.
Laser diode chips are now available at most wavelengths

between 630 nm and 2.4 microns, and most of these devices
are capable of emitting laser radiation over several tens of
nanometers. In principle, therefore, laser diodes are virtually
ideal sources of tunable laser light in the red and near-infrared

spectral regions.

4a www.nasatech.com

As with any tunable laser medium (e.g., dye, titanium sap-
phire), the wavelength of a laser diode must be actively con-
trolled. Otherwise, the output will be unstable, consisting of a
rapidly varying cluster of wavelengths (modes) centered on the
wavelength of highest gain. With laser diodes, this control is
best provided by utilizing an external cavity that incorporates
wavelength-selective feedback. Tunable monolithic devices,
such as DFB (distributed feedback) lasers, are available for
telecommunications systems, but their scan range is generally
far too narrow for most spectroscopic purposes.

Figure 1 schematically illustrates the main elements of an
external-cavity diode laser, Newport's Model 2010 series tunable
diode laser. The output wavelength is controlled by a diffraction
grating. In this so-called Littman-Metcalf cavity, the wavelength
is adjusted by rotating the tuning mirror, thereby effectively
changing the feedback angle of the diffraction grating. Using
this approach, the series 2010 lasers from Newport Corporation
deliver a linewidth of 100 kHz and a maximum scan speed of 25
nm/sec, yet the entire laser head measures less than 175 cm X
100 cm x 75 cm. The power supply is similarly compact.

Two other aspects of this design merit special mention. First,
the laser beam always exits the cavity at the same angle, no mat-
ter what the output wavelength. Among other benefits, this
permits highly efficient fiber coupling. Just as important, the
laser diode and collimating lens are assembled in a low-cost
module. Kinematic “plug-and-play” mounting enables simple
field interchange of these modules, allowing the wavelength
range to be quickly changed without any cavity realignment.

TAKING TO THE FIELD

While these lasers are fast replacing traditional tunable
lasers for many types of demanding laboratory experiments, it
is in field applications that they are having their most revolu-
tionary impact. These applications include those that formerly
used lamp-based spectrometers, as well as new applications
that were hitherto impossible.

Photonics Tech Briefs, January 1999




LASER RANKS

Low-cost, rugged, compact sources

of tunable laser light support the
rapid growth of applied spectroscopy,
from fetal monitoring to fruit
sweetness quantification.

All these applications involve some type of absorption measurement, and a high-
performance tunable laser offers several important advantages over a lamp-based
spectrometer in this area. First, these lasers provide extremely high spectral bright-
ness, over 30,000 times greater than a typical lamp spectrometer. Together with the
allows weakly

low amplitude and frequency (wavelength) noise, this brightness

absorbing systems to be measured with unprecedented signal-to-noise ratio and short

data-acquisition times. In addition, the laser’s coherence allows a whole new type of

absorption measurement, using a so-called “ring-down” cavity.
For applications that only require measurements on a single absorption feature,
such as sugar in fruit (or blood), the laser is far superior to the use of two or three

Cooled
Laser

Tuning
Mirror

Replaceable
module

Output

Holographic
Grating

Figure 1. Commercial external-cavity diode lasers use a Littman-Metcalf cavity in
which smooth tuning is provided by rotation of a mirror.

Photonics Tech Briefs, January 1999 www.nasatech.com

We don't

consider it a
polarization

solutlon until

we’ve nailed it.

Using man-made birefringent
polymers and liquid crystals,
Meadowlark Optics has become
a leader in
precision optics
by consistently
providing innova-
tive solutions that
outperform their
conventional
counterparts.

Which is one reason
why we've won eight
major technology awards
in the last seven years and
earned a reputation with

a1 QiEE 2
\'[ [ applications engineers for

T WS

e

being “right on specs”.

We've also earned quite a
reputation among OEMs, because
we have a world-class R&D depart-
ment, meticulous quality control,
and a willingness to “custom manu-
facture” for your applications.

If you need the perfect polarization
solution, call Meadowlark Optics.

We'll nail one for you.

Flecdotulark optics

%Call 303 833.4333 or email us

§ ‘onlme at sales@meadowlark.com
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110 ppb Water Vapor Spectrum
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Figure 2. Diode laser spectrum of part of the 1.3-micron water absorption
band using second-derivative detection and a multipass cell with 46.5-m
optical path. The water-vapor concentration is only 110 ppb in this 100 Torr
sample. Data courtesy of Southwest Sciences.

fixed filters. Specifically, its fast tuning allows these weak
absorption signals to be distinguished from background varia-
tions, due to scatter and other phenomena, by wavelength-
derivative measurement.

The range of applications that has been developed, or is
under development, is already amazingly broad. A few exam-
ples include trace-gas analysis to monitor combustion emis-
sion, toxic gas leaks, and moisture in gases used for semicon-

ductor fabrication (to the parts-per-billion level and beyond).
In medicine, these lasers are being used to noninvasively mon-
itor the oxygen level in a fetal brain during birth (by measur-
ing the hemoglobin/oxyhemoglobin ratio in the 750-nm spec-
tral region) and to characterize the state of arterial plaque. In
agriculture and foodstuffs, measurement of hydrocarbon-
and/or water-absorption features enables everything from
quantifying dry matter in onions to determining water content
in long-shelf-life baked goods.

To more fully appreciate the benefits of tunable diode lasers,
it is useful to examine two of these applications, namely trace-
gas analysis and agricultural produce, in a little more detail.

Two groups at the forefront of trace-gas spectroscopic analy-
sis are Southwest Sciences Inc. (Santa Fe, NM) and Professor
Kevin Lehman’s team at Princeton University (Princeton, NJ).
Mark Paige, a senior research scientist at Southwest Sciences,
says that “of the gases that can be detected with diode lasers,
trace-water-vapor detection holds the greatest industrial and
government interest. With a multipass Herriott cell, we have
measured sub-parts-per-billion water-vapor concentrations. This
detection level is required for monitoring semiconductor
process streams. We have also licensed diode laser technology
to Ametek, Inc. for detecting hydrogen fluoride leaks in oil
refineries and for monitoring ammonia in industrial stacks.”
He further notes that Southwest Sciences has measured
absorbances as low as 107 using diode lasers. “We’re able to
measure such small absorbances because diode lasers can be
rapidly wavelength-modulated through current modulation.
Second-derivative detection of the signal provides a back-
ground-free spectrum that also discriminates against light-scat-
tering events.” (See Figure 2.)

(Continued on page 8a)
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hat color of laser light
do you want?

That’s right, pick your laser light color.
With our nitrogen pumped dye laser
system, you can tune from 360 nm

to 950 nm to get the color of laser light

you want.

LSI

Laser Science, Inc.

ubsidiary of Thermo Vision

No, no, no! No flowing nitrogen, no
running water, no pumping dyes.
With our system, you just plug in and
turn on. Then select the wavelength for
your research and start taking data.

It is that simple.

arkway, Franklin, MA 020

3-553-2355 www.laserscience.com
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For UV light, add our doubling module.
If you could see UV, you could watch
it tune from 220 to 320 nm. Talk to
us about the color of laser light you
want and what you want to do with it.

We would love to help!
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ORC €Electroformed Products
manufactures the world's
smallest, largest and most
economical METAL OPTICS
including parabolas, ellipses,
spherics, aspherics and more.

Nickel, copper or alloys
combined with an extensive
variety of exceptional spectral
coatings are produced in
complex shapes with close
tolerances and low-cost
tooling.

Ask about all new
€nviroCoat; rapidly becoming
the most sought after
replacement to rhodium, with
reflectivity greater than 92%.
€xceptional for outdoor
lighting applications in harsh
humidity and coastal
environments.

ORC's metal cold mirror
coatings perform at
temperatures up to 400°C
setting industry's highest
standards for product
excellence.

Yes, precious metal plating is
available in gold and rhodium.

¥ N ORC ELECTROFORMED PRODUCTS
k".A 1300 Optical Drive, Azusa, CA 91702 » 626 815-3050 » Fax 626 815-3051
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Since 1886, Pennsylvania Optical, a
division of ORC €lectroformed Products,
has specialized in optics technology for
industrial, military and scientific
applications. Advanced systems,
including custom optical components, 5
subassemblies and precision lenses are engineered to perform more accurately and efficiently.

¥ N Pennsylvania Optical

k A 1300 Optical Drive, Azusa, CA 91702 » 626 815-3050 » Fax 626 815-3051
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Rather than use a long optical path or
a multipass cell, Lehman’s group is
using a relatively new technique to mea-
sure ultralow concentrations: ring-down
spectroscopy. Here the laser beam
“bounces” between two high-reflectance
mirrors that define a resonant cavity.
When the laser is abruptly switched off
using a modulator, the light intensity in
the cavity has a characteristic decay, or
ring-down, time. Even a small absorp-
tion within the cavity can measurably
shorten this time. Here the laser’s nar-
row linewidth is critical in maximizing
signal-to-noise. With this method, Leh-
man has now measured water vapor in
nitrogen below the parts-per-billion
level, and is collaborating to commer-
cialize this technique with Meeco Inc.,
Warrington, PA, a leader in moisture
sensing.

Agricultural Innovations Inc., Athens,
GA, is a company that specializes in the
use of near-infrared spectroscopy for
nondestructive, noninvasive characteri-
zation of agricultural products. Gerald
Dull, the president, notes, “The selling
price of bulk produce is determined by
several established quantitative mea-
surements. With melons and other
fruit, it’s sugar content, with onions it’s
percent dry matter, and with potatoes
for the chip industry it’s usually both
these parameters.” Until recently,
Agricultural Innovations’ product line
was built around conventional spec-
trometers and halogen tungsten lamps,
but they are now developing diode-
laser-based alternatives. Dull explains,
“We are dealing with high-optical-densi-
ty, high-moisture products and a large
dynamic signal range. It may seem
amazing, but we have passed measur-
able light from a conventional spec-
trometer through a full- unskinned
honeydew melon, but not with accept-
able signal-to-noise. With a diode laser,
however, even a large melon can be
characterized with no damage.” These
prototype instruments use 2f detection
of the 910-nm carbohydrate band and
the water peak at 958 nm.

Thirty years ago, the advent of contin-
uously tunable laser light began a rev-
olution in research spectroscopy. Now
rugged, compact, economical tunable
diode lasers have begun a similar revolu-
tion in applied spectroscopy, and a
already performing sensitive diagnostics
and measurement in many fields.

For more information, contact the author
of this article, Michael Lang, Product
Manager, Newport Corporation (formerly
Environmental Optical Sensors Inc.), 6395
Gunpark Drive, Boulder, CO 80301; mlang

@eosi.com; www.eosi.com.

Photonics Tech Briefs, January 1999




Cast Your Vote for

PHOTONICS

Tech Briefs

Second Annual Product of the Year Award

E ach issue of Photonics Tech Briefs in 1998 carried a Product
of the Month—a photonics product the editors felt was of
special interest and value to readers who work with lasers,
optics, fiber optics, video and imaging equipment. This month
Photonics Tech Briefs readers are invited to vote for the one
product you deem the standout among those chosen as
Products of the Month. The product garnering the most reader

votes will be named Photonics Tech Briefs Product of the Year.
Please read the descriptions below of the Products of the
Month, and choose the ONE you feel should receive the Product
of the Year award. On the ballot below please indicate clearly
your choice in the appropriate box, and fax or mail the com-
pleted ballot to reach the editors by February 15, 1999. The
Product of the Year will be announced in a subsequent issue.

Digital Laser Marking System Kit

Synrad, Mukilteo, WA, introduces what it calls
the first laser marking system kit based on all-
digital technology. The company says that any-
one can purchase the partially assembled, self-
contained kit of components, perform some
minor integration, and have a system operating on a marking produc-
tion line in just a few hours. At the heart of the system is the Synrad DH
Series sealed RF-excited carbon dioxide laser marking head, based on
digital and fiber optic technology and capable of 125 W output. Synrad
says that its high noise immunity makes possible accurate and crisp
marking on a variety of materials. Designed for industrial use, the laser
can be expected to perform at specification for 35,000 continuous
hours, the company says.

Low-Noise High-Speed CCD Camera

The AdaptIll” CCD camera from PixelVision,
Beaverton, OR, was designed for high-performance
imaging at rates of up to 10,000 frames per second
(fps). Featuring a back-illuminated CCD, it gener-
ates high frame rates through the use of multiple
outputs and proprietary amplifier designs. Noise performance is as low as
3 electrons rms at 250 fps, the company says, and fewer than 12 electrons
rms at 1250 fps. PixelVision uses 40 output amplifiers that are digitized,
multiplexed, and sent over a serial fiber optic transmission link to the
company’s LynxPCI™ interface boards. AdaptIIl is modular in design,
and its electronics are housed in a rugged, hermetically sealed package.

Optical Linear Encoder

BEI Sensors & Systems Co.’s Encoder Systems Division,
Sylmar, CA, introduces its LIE5 Series optical linear
encoders, the first product to be developed under a new
business alliance with Carl Zeiss Group. Called the most
efficient microelectronic technology to result from an
extensive research and development effort by the two
companies, the LIE5 encoder is a reflective-read device that works in
conjunction with a steel measuring scale. BEI says the head employs
flip-chip-on-glass optics, which account for its small size as well as its
ability to include built-in interpolation circuitry with resolutions as fine
as 0.1 um and output frequency up to 36 MHz. The head’s dual scan-
ning arrays allow for continued reading under contamination condi-
tions that the company says would prove fatal to other linear encoders.

Goniometric Radiometer for Laser Diodes
Photon Inc., Santa Clara, CA, says its Model LD 8800

20-MHz Benchtop Signal Generator

Berkeley Nucleonics Corp., San Rafael, CA, says the
Model 625A SmartARB function, pulse, and arbi-
trary waveform generator was designed to provide
more operating modes, more functions, and more
measurement modes than any other unit in its
price class. The arb clock is fully synthesized, unlike a clock generated
by a DDS phase accumulator, which can result in phase jitter and
missed points when the arbitrary waveform frequency is changed. The
625A’s modes include standard sine, square, ramp, triangle, and ran-
dom waveforms, but also AM, FM, PM, SSB, FSK, BPSK signal modula-
tion, DTMF generate, DTMF detect, voltage and power measurement,
and data and word generation.

Long Phase Mask

The LPM Series long phase mask from Lasiris
Inc., St-Laurent, Quebec, Canada, combines the
high accuracy achievable by two interfering laser
beams, the company says, with the most reliable
and repeatable phase-mask fabrication process
ever designed. Within its 100-mm grating length, it eliminates the
stitching error or phase error associated with E-beam mask technolo-
gy, which Lasiris says makes it perfect for fabricating dispersion com-
pensation fiber gratings. Long phase masks are available in constant
period and linear chirp.

1998 Photonics Tech Briefs
PRODUCT OF THE YEAR BALLOT

Indicate your choice by clearly marking the appropriate
box. Fax or mail your completed ballot to Robert Clark,
Senior Editor, Photonics Tech Briefs, 317 Madison Avenue,
Suite 1900, New York, NY 10017, before February 15, 1999;
Fax: (212) 986-7864.
U February: Synrad Digital Laser Marking System Kit
U April: PixelVision AdaptIII CCD Camera
U June: BEI Sensors & Systems LIE5 Series Optical Linear Encoder
U August: Photon Inc. Model LD 8800 Goniometric Radiometer
O October: Berkeley Nucleonics Model 625A SmartARB Arbitrary

Waveform Generator

U December: Lasiris Long Phase Mask

e e e i e e e e}

goniometric radiometer is specifically designed for Name:
= measuring the radiation pattern emitted from a high-

ly divergent source such as a laser diode or an LED. Company:

The company says the instrument, which precisely Address:
measures angular divergence and intensity distribution, is based on a 3 3
proprietary patent-pending rapid scanning pinhole technique invent- City, State, Zip:
ed by Photon. This, the company asserts, makes possible measure- Phone:
ments in a few seconds that previously could take hours. Single gonio-
metric scans are done at 10 Hz and a full 3D characterization is com- Fax:
pleted in about one minute. Sampling resolution in the angular direc- E-miail
tion is 0.05° and in the azimuthal direction less than a degree. 3 |
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Dielectric Coating Grading Method

A post-processing method can also be applied to high-value coated optics.

The Boeing Company, St. Louis, Missouri

In a filing before the U.S. Patent and
Trademark Office, the Boeing Company
has disclosed a post-processing method
for dielectric combiner elements that
may reduce the cost of grading dual
combiner sets by 90 percent compared
to currently produced dielectric types.

One problem encountered with non-
graded dual combiner sets is an optical
defect that appears which appears when
viewing the overlap region between the
two elements: a dark band that can be
mistaken for an artificial horizon
becomes visible. In addition, the dis-
played data in the overlap region
appears brighter, producing objection-
able nonuniformity in both the trans-
mitted and received images.

In the past these problems have been
solved by grading the overlap zones on
each of the elements during coating of
the substrates. But these methods are
relatively expensive and require consid-
erable skill, experience, and capital
investment.

Boeing’s method is a post-processing
etching performed on nongraded coated
combiner elements. The coating has
been applied to test articles of various
substrates and has produced uniform-
ly high-quality results, including pre-

Thin Film Coating With
Optical Power

dictable grading results and integrity of
the nonetched coating.

The grading coating is best applied to
dielectric combiner elements. where it
can be used to reduce cost significantly.
The process can be applied equally well to
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high-value coated optics, where a grading
is required. It may be useful on large coat-
ed optics or structures with an optical
component such as canopies, windows,
and mirrors.

The Boeing Company is currently devel-
oping business relationships with companies

interested in applying Boeing technologies
to their products. If actively interested,
please contact Dennis Donahue, Marketing
Manager, Licensing; MC 306-1285, PO Box
516, St. Louis, MO 63166; (314) 234-
7093; fax (314) 2324313; http://wuww.
boeing.com/assocproducts/mdip.

Optical Cavity-Ring-Down Measurement

of Soot Concentration
Sensitivity and temporal resolution exceed those of any other

technique now in use.

Lewis Research Center, Cleveland, Ohio

An optical technique for measuring
the concentration of soot in air is based
on the cavity-ring-down (CRD) princi-
ple, which is so named because it
involves observation of the decay
(“ring-down”) of a signal echoing in a
cavity. By use of (1) the observed rate
of decay and (2) a known relationship
between the rate of decay and the
quantity of something that contributes
to the decay, one calculates this quanti-
ty. In this case, the ring-down cavity is
an optical one, the absorption and scat-
tering of light by soot contributes to
the decay of an optical signal, and the
concentration of soot is the quantity to
be determined from the measured rate
of decay.

The ring-down cavity is bounded by
two confocal mirrors with a radius of
curvature equal to or greater than the
distance between them. Pulsed laser
light is prepared for coupling into the
cavity by spatial filtering followed by
down-collimation to match the TEM,,
mode of the cavity. A photomultiplier
tube or an amplified positive/intrin-
sic/negative (PIN) silicon photodiode
detects light coming out of the cavity.
The output of the photodetector is
sent to a transient-signal digitizer. The
digitized signal is processed to deter-
mine its ring-down time (7) or, equiva-
lently, its rate of decay (k).

The ring-down time is given by

o i d
ko o1-R+(kefoL/A)]

where d is the distance between mir-
rors, ¢ is the speed of light, R is the
reflectivity of the mirrors, k. is a con-
stant of proportionality for the amount
of absorption of light in soot, £ is the
soot concentration (expressed as a vol-
ume fraction), L is the distance over
which soot is distributed, and 4 is the
wavelength of the laser light. One

www.nasatech.com

potential source of error is uncertainty
in the value of k.; this value can be cal-
culated from the index of refraction of
soot, which is not known to better than
about 10 percent. The equation can be
solved for the concentration of soot:

fo=(A/keL)(d/ct)+ R-1]

The sensitivity of this CRD technique
exceeds that of any other soot-mea-
surement technique now in use; it
enables measurement of soot concen-
trations in the range from 1 to 100
parts per billion. The temporal resolu-
tion of this technique is also greater
than that of any other soot-measure-
ment technique. CRD has a good spa-
tial resolution in directions orthogonal
to the cavity axis but suffers from a lack
thereof along this axis. However, CRD
could be used along with laser-induced
incandescence (LII), which gives spa-
tially-resolved relative concentrations.
Because the CRD signal for a given
path is proportional to the path-inte-
grated LII signal, CRD measurements
could be used to calibrate LII measure-
ments. CRD, either alone or in combi-
nation with LII, could be used to mea-
sure concentrations of particulate mat-
ter in the atmosphere at large, in
industrial aerosols and in the exhausts
of gasoline engines, diesel engines,
power plants, and incinerators.

This work was done by Randall L.
Vander Wal of NYMA, Inc., for Lewis
Research Center. For further informa-
tion, access the Technical Support Package
(TSP) free on-line at www.nasatech.com
under the Physical Sciences category.

Inquiries concerning rights for the com-
mercial use of this invention should be
addressed to NASA Lewis Research Center,
Commercial Technology Office, Attn: Tech
Brief Patent Status, Mail Stop 7-3, 21000
Brookpark Road, Cleveland, Ohio 44135.
Refer to LEW-16541.
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Wavelet-Based Image :
Straightforward

Compression Software

The approach pushes the upper boundary of useful
compression ratios as high as 200:1.

The Boeing Company, St. Louis, Missouri

The Boeing Company has developed
wavelet-based image compression soft-
ware that offers state-of-the-art compres-
sion of still imagery, providing superior
image quality at compression ratios
ranging from several to one up to 200:1.
The algorithm compares favorably with
the Joint Photographic Experts Group
(JPEG) standard in both image quality
and algorithm speed at all compression
ratios, and is dramatically better than
JPEG for compression ratios over 30:1.

strated for several defense applications
and is readily transitionable for com-
mercial applications. Current develop-
ment efforts are focused on continued
improvement in image quality, and
extensions for color imagery and video
imagery (using motion prediction). The
algorithm is computationally efficient
and highly parallel, making it well suited
for real-time VLSI implementation.
Potential applications are seen in law
enforcement, communication systems,

Original Image

100:1 Compression

With the proliferation of digital
imagery in a variety of applications,
image compression is becoming a criti-
cal enabling technology. An efficient

compression approach allows orders of

magnitude reductions for image stor-
age, transmission bandwidth, and/or
transmission time. Boeing’s wavelet-
based approach improves image quality
and pushes the upper bound of useful
compression ratios as high as 200:1.
The algorithm is currently imple-
mented in ANSI standard C source
code, and has been hosted on personal
computers, UNIX workstations, and
DSPs. It has been successfully demon-

graphics/imaging workstations, medical
imaging, videoconferencing, intelligent
vehicle highway systems, multimedia,
remote sensing, the information super-
highway, document imaging, and re-
motely piloted vehicles.

The Boeing Company is currently devel-
oping business relationships with companies
interested in applying Boeing technologies to
their products. If actively interested, please
contact Dennis Donahue, Marketing Man-
ager, Licensing; MC 306 1285, PO Box 516,
St. Louis, MO 63166; (314)-234-7093; fax
(314) 232-4313; hitp://www.boeing.com/
assocproducts/mdip.

Video-Based Foreign Object Detection

The technique can be applied to any assembly process where
inclusion of foreign material can cause harm.

The Boeing Company, St. Louis, Missouri

The Boeing Company has developed an
overhead camera system that can automat-
ically spot small pieces of debris on a work
surface that might otherwise go unno-
ticed. The system automatically analyzes
inputs from one or more video cameras to

Photonics Tech Briefs, January 1999

detect undesirable colors representing
materials that, if left in place, would de-
grade part quality. The system uses com-
mercial off-the-shelf hardware and soft-
ware for low-cost implementation and is
currently in use in the Boeing F/A-18 wing

www.nasatech.com
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production line (see
figure). The patent-
pending technology,
known as foreign-
object video detec-
tion and alert system
and method, is avail-
able for license.

Specifically, the
system requires that
an area within the
camera’s field of view be designated as the area of interest. Then
the system is exposed to foreign-object samples, work pieces,
and tooling to build a library of good and bad colors. Various
logical comparisons can be made, such as rejecting all colors
except for that of the work piece. This greatly reduces the
requirement for preexposure to foreign objects.

The video-based foreign-object detection system provides a
low-cost means to improve first-time quality, thereby reducing
the need for inspection and rework. Parts rejections are
decreased, as are resulting delivery delays. Documentation is
enhanced when images are retrieved from system memory,
providing assurance that parts were produced without includ-
ed foreign materials.

The foreign-object detection system is currently in use in pro-
duction of F/A-18 C/D and E/F composite wing skins. It is
being introduced elsewhere in the Boeing production facility.
Documentation includes an operator’s manual and system pro-
gramming instructions. Technical staff which implemented the
system is available to transfer system knowledge to licensees.

Video-based detection of foreign materials can be applied to
any assembly process where inclusion of foreign material can
cause harm. The system also can be applied to scene monitor-
ing when anomalies can be identified by a change in color. An
example of this would be a flight ramp or airport runway where
foreign objects would be of a different color than the back-
ground tarmac.

The Boeing Company is currently developing business relation-
ships with companies interested in applying Boeing technologies to their
products. If actively interested, please contact Dennis Donahue,
Marketing Manager, Licensing; MC 306-1285, PO Box 516, St.
Louis, MO 63166; (314) 234-7093; fax (314) 232-4313; http://
www. boeing.com/assocproducts/mdip.

Frequency-Agile Fiber-Optic
Transceivers

These transceivers handle data signals over
a 30:1 frequency range.

Goddard Space Flight Center, Greenbelt, Maryland

Fiber-optic transceivers (FOTs) that can handle digital sig-
nals at any bit rate from 10 to 300 MHz have been developed.
These variable-rate FOTs offer considerable advantages over
fixed-rate FOTs that have been used until now. A fixed-rate
FOT contains clock- and data-signal-recovery circuits tuned to
the data rate. In a system in which data streams are transmitted
at different rates, the data rates must be specified in advance,
and a separate fixed-rate FOT must be designed, constructed,
and installed for each rate. Thus the cost of acquiring, main-
taining, and operating fixed-rate FOTs for a multiple-rate
system can be high, and under some circumstances, advance
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The Clock-Signal-Recovery Circuit Is the Critical Unit that implements the VBS process and thereby enables the fiber-optic transceiver to handle data at any

rate over a wide range.

notice of data rates could compromise
security. Obviously, costs can be reduced
and security enhanced by use of vari-
able-rate FOTs capable of operating over
the full range of data rates.

Each transceiver includes a transmit-
ter and a receiver module (see figure).
The primary function of the transmitter
module is performed in an encoder,
which inserts one overhead bit for every
eight data bits in a non-return-to-zero
(NRZ) serial data stream. The overhead
bits are used to prevent lockup in a
scrambler, and they remove all con-
straints on the input data pattern. The
rate of the transmitted serial data stream
is thus 9/8x the input data rate.

In the receiver module, an optical
receiver converts the incoming light sig-
nal to a bit-serial electrical signal. This
electrical signal is fed to a clock-signal-
recovery circuit, which implements a
method, called “variable bit synchro-
nization” (VBS), for recovering a clock
signal characterized by a rate that could
vary over a wide range. In VBS, the syn-
chronous clock signal is reconstructed
from the composite (clock + data) bit-

Photonics Tech Briefs, January 1999

serial electrical signal, then the data sig-
nal is regenerated with reclocking. The
VBS process is what makes it possible to
transmit NRZ data and clock signals
over a communication channel and to
recover these signals within a wide fre-
quency range.

The lower part of the figure illustrates
the clock-signal-recovery circuit and the
VBS process in more detail. A bitrate
estimator provides an estimate of the
incoming data rate. The estimate is used
by a direct digital synthesizer (DDS) to
acquire the clock frequency and achieve
synchronization as follows: The output
of the DDS is processed through a
phase-lock loop that multiplies frequen-
cy by a factor of 128/N (where N is an
integer). A controller sets up the DDS
and PLL to generate a signal with a fre-
quency within 3 percent of the actual
clock frequency. The DDS is then swept
into exact frequency and phase lock by a
vernier sweep circuit. Typically, the
clock-signal-acquisition process takes
about 2 seconds.

The clock and data outputs of the
clock-signal-recovery circuit are fed to a

www.nasatech.com

descrambler. The output of the descram-
bler is fed to a decoder, which strips
off and frame-locks to the overhead bits
and reconstructs the original NRZ data
stream. The decoder also performs an
8/9 frequency multiplication on the
reconstructed clock signal to recover the
clock signal of the original data stream.
The overhead bits and the frame-syn-
chronization process that involves the
overhead bits provide a benefit of con-
tinuous in-service error detection.

One particularly attractive feature of
the variable-rate FOT is its ability to
function without intervention by a tech-
nician once it has been installed. In
operation, the receiver reconstructs the
original clock and data signals at their
original rates, with a bit-error rate of
107" or less.

This work was done by Chi Le of God-
dard Space Flight Center, Paul Casper of
Broadband Communications Products, and
Jim Shaughnessy of Computer Sciences Corp.
For further information, access the Technical
Support Package (TSP) free on-line at www.
nasatech.com under the Electronic Systems
category. GSC-13782
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John Glenn —
Back In Space

Celebrate history in the
making! This white cot-
ton shirt features the
official emblems from
Glenn'’s first voyage on
Mercury 6 in 1962 and
his return to space this
fall aboard the Shuttle Discovery.
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NEW PRODUCTS

PRODUCT OF THE MONTH

an lmegrated hollow cathode lamp. It also calibrates the laser drive, tuning the laser to the selected wave-
length with an accuracy of better than 5 pm, Lambda Physik says.
For More Information Circle No. 760

Spectroscopy System with Autocalibration

Lambda Physik, Ft. Lauderdale, FL, says its ScanMate

OG is a complete tunable system for spectroscopists
doing critical work in the UV, visible, and near-IR. It is
continuously tunable from 320-1036 nm (line width
<0.03 cm™). Its pulsed dye laser, which produces 95 m]
at 590 nm, comes equipped with an integrated auto-
calibration system that includes 8-channel data acqui-
sition and comprehensive spectroscopic software
called LP SCAN OG. The latter records and calibrates
the spectra, allowing for semi- and fully automatic cal-
ibration related to atomic line positions measured by

New Mirror
Materials Capability
Space Optics Research
Labs (SORL), Chelms-
ford, MA, has expanded
its selection of substrate
materials for its wide
selection of off-axis para-
bolic mirrors. New ma-
terials include silicon,
pyrex, fused silica, the
zero-expansion ceramic Zerodur”, electroless nick-
el-coated aluminum, copper, and Glidcop™. SORL
says the new materials permit applications to
extend into high-powered lasers, cryogenics, laser
fusion, and others. All elements are custom-ground
and polished.

For More Information Circle No. 763

S Low-Polarizing
: Cube
Beamsplitters
d ‘ The new line of low-
polarizing cube beam-
splitters from Opto-
Sigma, Santa Ana, CA, is made from a hybrid metal-
lic and dielectric coating, which, the company says,
produces an even split in intensity with minimal
absorption and polarization. They are offered in
popular broadband wavelengths, including the visi-
ble (400-700 nm) and near infrared (600-900 nm),
as well as in ultrabroadband wavelengths (400-1100
nm and 800-1600 nm). The beamsplitters are made
from optical-grade BK-7. Four standard sizes of 5,
10, 15, and 20 mm are available from stock for each
wavelength range.
For More Information Circle No. 765
Nd:YAG Laser System
New Wave Research, Sunny-
vale, CA, calls its Tempest
a compact, high-perfor-
mance Nd:YAG laser system
featuring harmonic wave-
lengths of 532 nm, 355 nm, and 266 nm in addition
to the standard 1064 nm. The flashlamp-pumped sys-
tem is designed for laser-induced breakdown studies,
Raman spectroscopy, laser ablation, and similar appli-
cations. Tempest provides energy output as high as
200 m] per pulse at 1064 nm and offers repetition
rates of 10 Hz, 20 Hz, and 30 Hz. The system, which
measures 13.0 X 7.0 X 3.5 in., comes complete with a
power supply and control panel with all laser con-
trols, including an optional optical attenuator. New
Wave says the unit is easy to set up and operate.
For More Information Circle No. 768
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Ultrahigh-
Temperature Coatings
Deposition Sciences Inc.,
Santa Rosa, CA, is offering
custom cold mirror and
color filter coatings for
extremely high-tempera-
ture apphcanons such as those using high-intensity
discharge lamps. The company uses its patented
MicroDyn™ microwave-assisted sputtering process
that, according to Deposition Sciences, enables the
uniform coating of flat, highly curved, and cylindri-
cal parts, and yields thin films with exceptional
mechanical durability and heat-handling capacity in
excess of 1300 °C. The company says the coatings are
also useful for the glass and ceramic reflectors used
with high-intensity sources.
For More Information Circle No. 764

Clear Epoxy
for Potting
Epoxy Technol-
ogy, Billerica, MA,
offers EPO-TEK
301-2FL, a two-
component low-
stress optical epoxy designed for fiber optic and
optical potting or encapsulation applications in
which stress-sensitive properties are paramount to
the component being bonded, coated, or potted.
The company says that the new epoxy maintains
clarity before and after curing, unlike many similar
epoxies, and that it exhibited no loss of adhesion
or decoupling when subjected to 95-percent rela-
tive humidity and 30 to 60 °C for five days per MIL-
STD 810E.

For More Information Circle No. 770

Sl All-Fiber
Polarization
Controller
Oz Optics, Carp, On-
tario, Canada, offers an
allfiber polarization con-
troller that enables the user to convert a single-mode
fiber’s polarization state, whatever its input, to any
desired output polarization. The operating principle
is that pressure is applied to a fiber by an adjustable
clamp, causing the fiber to behave like an adjustable
fractional waveplate. Rotating the clamp causes the
waveplate axis to rotate. Extinction ratios of over 35
dB can be routinely achieved, Oz says. The in-line ver-
sion is designed to work only with 250- and 40041m
Jjacketed fibers; a pigtailed version with any size cable
or fiber and a choice of connectors is also available.
For More Information Circle No. 769
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Our Hot Mirrors clearly
have explosive advantages:

The line between success and failure is often as thin as a mirror. If your specifications call for a 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 IR 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 5500° K, our crystal
clear hot mirrors are perfect for applications such as
entertainment lighting, biomedical applications and
fiber optics. Guaranteed not to peel, fade

or craze.

e Ave. T > 90% at 425-675 nm

* Ave. R > 95% at 750-1150 nm

* Incident angle = 0°

Cold Mirrors

Our cold mirror filters reflect visible light and
transmit IR. 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 = 45°

OPTICS

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.

* Ave. T > 85% at 245-680 nm

* Ave. T > 86% at 245-400 nm

* Ave. R > 75% at 800-1050 nm

* Incident angle = 0°

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 from1200 to 1600 nm. Guaranteed
not to peel, fade or craze.

* Ave. T > 85% at 425-675 nm

* Ave. R > 95% at 750-1150 nm

* Ave. R > 85% at 1200-1600 nm

* Incident angle = (°

1401 Abalone Ave. / Torrance, CA 90501
310-381-3060 / 800-426-2864 / FAX: 310-782-9951
e-mail: info@zcrcoatings.com / www.zcrcoatings.com

For More Information Circle No. 479



Whats behind these
optical detector systems?

A way to cut manufacturing costs
and Ieduce overhead

4 """l“rﬁ

You may know us as the prime source
for advanced optical detectors.

But we also build complete detector
systems. Which means your cost savings
can really add up.

Our diverse manufacturing capabilities
allow us to design and produce as much of
your detector system as proves cost effective
for you. So
you stretch
engineering
resources,
and stream-
line pur-
chasing and
inventory.

Photosensor design & fabrication
Optical design & assembly

Hybrid circuit design & manufacturing
Optical switches

Injection molding

PC board design & manufacturing

(Cable and harnesses
In-house tool & die

A\dditional

@) UDT SENSORS. INC.

An (25T

Long Beach

Facilities in: California Texas

And since
we have man-
ufacturing
facilities
throughout the “
world, you're
also assured of
economical
production options.
All from the oldest and largest manu-
facturer of solid-state detectors in the U.S.
Learn how to cut manufacturing costs
now —whether you build systems in the
tens or tens of millions. Just call or write
for our product catalog and capabilities
brochure today.

UDT Sensors &
OS| Electronic:

1ISO-9002

S . )
Systems, Inc. Company Cavriticd

12525 Chadron Ave., Hawthorne, CA 90250 ¢ (310) 978-0516 » FAX (310) 644-1727

El Paso  Ocean Springs  Crawley

England

Singapore
Mississippi

For More Information Circle No. 472
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echnology

Last year, in celebration of NASA’s 40th anniversary, we highlighted areas in which NASA‘has
had a major impact in the development of commercial products. As NASA begins its next 40
years, we asked executives at leading companies in many of those areas to provide their views of
where technology is heading in the next year — and into the next century.

make your CAD solid model and run it
like the real thing — with all the loads
and stress analyses built in. However,
there is no such software today to do that
— one that combines load calculations
and stress analysis. The ideal product
from the engineer’s standpoint is one
where you can do it all in one model.

One of the things you’ll hear about in
1999 is what’s called motion load trans-
fer, which is transferring loads from
kinematic programs to finite element
programs. There are some standards in
the works to do that. Many companies
announced initiatives for this trend in
1998, and will be going forward with it in
1999. What Algor will be doing in 1999 is
a little different than what you'll be
hearing from other companies in that
we’ll be able to bring a CAD model in
for FEA and do the entire motion/stress
analysis in one shot.

I think in 2000 and beyond, as com-
petitors are able to develop their own in-
trinsic solutions, partnerships between
kinematic program manufacturers and
stress analysis program designers will
have to break down because the part-
nerships will have to turn into competi-
tive enterprises. Kinematics people will
have to figure out how to incorporate
stress analysis, and stress people will
have to figure out how to incorporate
motion. The trend will be increased in-
tegration among these various activities.
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the other hand. The ideal produét would, :

incorporating gab

data links could offer a high-capacity ad-
junct to microwave, optical fiber, and ca-
ble in many applications.

This innovative technology is currently
in development at Bell Laboratories, and
advances have been rapid. Researchers
testing a prototype late last year estab-
lished a world record for no-fiber optical
data transmission, sending 2.5 gigabits of
information per second, errorfree,
through 2.4 kilometers of free space. (By
comparison, commercial wireless data
links, using multiple transmitters, operate
at up to only 622 megabits per second.)

The Bell scientists’ next objective is the
development of 10-gigabit data rates,
transmission across greater link distances,
and the integration into this technology
of wavelength division multiplexing, a
method for increasing capacity by trans-
mitting information over multiple wave-
lengths, or colors, of light.

The experimental technology inte-
grates custom-built telescopes with stan-
dard optical transmitters and receivers
and a high-power optical amplifier. Data is
sent through the air from the transmitting
telescope to the receiving telescope and
focused onto the core of an optical fiber
using coupling optics within the second
instrument.

Free-space transmission requires a clear
line of sight, so there are some places it
cannot be used that fiber can. But with its
many potential applications, free-space
optical wireless technology, though it isn’t
intended to replace fiber, will rather com-
plement it.

www.nasatech.com

That phrase has been re-
coined as “mid-priced”
solid modeling. So basi-
cally, the mid-price range
is now becommg the high end.

A second trend is what I call enterprise
connectivity. Mid-range or mid-priced sys-
tems were categorized as personal systems
for single users. They were not considered
process-centric, tied in to the rest of the
engineering processes of the company.
What I predict is an explosion in the con-
nectivity of these mid-priced systems into
the downstream business and manufac-
turing processes of companies.

Another trend is 3D digital-content
parts libraries. Basically, if you're design-
ing a machine, anywhere from 20% to
80% of the parts in the machine are pur-
chased parts. Previously, you'd look at a
manufacturer’s handbook, you would
find the part you wanted, and you would
make either a 2D part or a 3D solid model
of it. Working in collaboration with
Thomas Publishing, we’re going to be of-
fering 3D PartSpec. We're going to be de-
livering manufacturer’s content in 3D
over the web, and the most exciting thing
is that it’s free to our customers because
the parts manufacturers are paying for it.

I have no doubt there will be new CAD
programs in the marketplace. I think one
phenomenon that has changed, however,
is that the cost of software developers is
frightfully expensive these days. So, you
can’t compete anymore unless you have
volume products that are selling well. One
of the issues for customers is the difficulty
of having a crowded marketplace. Ten
companies can’t be in business four years
from now with a $5,000 solids modeler, so
the stability of a company is an issue for
customers.

NASA Tech Briefs, January 1999




and new 1/0
buses like 1394 and USB. Standardiza-
tion is also eliminating many compati-
bility issues.

Recent developments in instrumen-
tation have caused the lines between
computer and instrument to blur. Plat-
forms such as PXI"/CompactPCI mod-
ular instrumentation package an entire
measurement system in a more rugged
enclosure with higher performance,
greater flexibility, and lower costs.

Internet connectivity is also playing
an increased role in the future of the
instrumentation industry. Users are be-
ginning to require connectivity for in-
struments for remote applications, in
addition to centralizing data gathering
and processing anywhere in the world.
Leveraging the technology from the
telecommunications market, this may
even become a wireless process.

Another trend already forming is in-
dustry-wide standardization driven by
the computer industry. With the variety
of packages and architectures avail-
able, vendors have a difficult time
switching out components in their test
or process systems without affecting sys-
tem code. Compatibility becomes a real
issue. The continued improvements in
software and hardware technologies
and their integration are converging so
engineers and scientists can lower
costs, increase productivity, improve
connectivity, and share data and infor-
mation like never before.

NASA Tech Briefs, January 1999

rts declining at aboui 25% per year, and

the PCI bus is growing at about 30%
per year. So that transition is probably
going to con-
tinue and
maybe accel-
erate as ISA
slots become
less popular.
There seems
to be no end
in sight in
terms of what
CompactPCI
might be to
the market
someday. What I see happening is that
the PC data acquisition companies are
going to migrate into the CompactPCI
world. It might cause the market to re-
ally take off dramatically.

There are very few traditional instru-
mentation companies that have had any
impact on the PC-based measurement
world. They all use PCs and offer some
drivers, but they don’t leverage the
power of the PC in their products. I pre-
dict there is going to be a shakeout of
smaller data acquisition companies that
have to merge or be acquired to main-
tain themselves, because the cost to de-
velop the next-generation products is
much higher than it ever was.

www.nasatech.com

states that the density and speed of ICs
‘will double every 18 months, in ten

Accordmg ‘to Moore’s law, which

years SLI chips will have as many as 10
billion transistors. With so many tran-
sistors on one chip, it will be possible to
put all the functions needed by a mo-
bile/wireless system onto a single chip.
In a decade, however, because of tran-
sistor miniaturization (0.05-micron fea-
ture size is projected by the year 2010),
it will be possible to pack millions of to-
day’s real-estate-hungry programmable
logic gates onto SLI chips as well.

Enterprise Software

Peter Brooks

Vice President, Manufacturing
Engineering Products

Bentley Systems

Exton, PA

www.bentley.com

In 1999, global collaboration in enter-
prises will become a reality. Engineering
projects typically have massive informa-
tion, hundreds of people, worldwide dis-
tribution, and constantly changing mod-
els. In 1999, mechanical and manufac-
turing engineers will manage project in-
formation at the component level,
rather than the file level. With compo-
nents, the user can work with as much or
as little of a project on a single screen as
he or she wants. Components also allow
for real-time online collaboration. They
enable multiple engineers to view and
modify project data simultaneously, with
instant conflict resolution. Expect de-
tailed online project histories, as well.
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inreview

New Tools fromm The MathWorks

Steven S. Ross

InReview is a new, frequent feature pro-
viding hands-on reviews of new and updated
software and hardware.

he Math Works will soon release

a minor upgrade for its flagship

MATLAB computation environ-
ment and a major upgrade to its
Simulink and Stateflow modeling and
simulation environments. We put a Win-
dows version of the betas for Simulink
3.0, Stateflow 2.0, and MATLAB 5.3
through its paces recently.

For prototyping, a good math tool
should allow you to:
® Create “quick and dirty” expressions

faster than you could with conven-

tional programming languages such
as G++.

¢ Tip you off to possible errors in those
expressions.

® Use your existing data in those ex-
pressions.

 Provide flexible output, graphically as
well as in tables.

The idea is that you should have ex-
cellent command of math, but not nec-
essarily be an excellent computer pro-
grammer, adept in low-level languages
such as C, C++, or Fortran.

There are lots of products that can
do this basic set of tasks. The best one
for you will depend on your computa-

Here’s a fairly simple surge protector circuit
modeled in Simulink. Note the dynamic output
showing in the four windows below.

tional needs (not all products can han-
dle all math problems), work require-
ments (some compute big problems
faster), and the way you think about nu-
meric problems. I gravitate toward TK-
Solver, for instance, because it is the
package I started with in 1983 and be-
cause it handles expressions without
transpositions. That reduces coding
time, even though the final expressions
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may run more slowly than the equiva-
lent in competing products.

MATLAB does the computations, and
with Simulink it does a whole lot more.
You can combine blocks of expressions
into functional simulations with Simu-

i

MATLAB has sophisticated ways of displaying
functions. The graph and the interactive dialog
box that displays it are all constructed with pro-
gram tools.

link, or into complex control logic mod-
els with Simulink’s Stateflow add-on. It is
easy to move from one to the other.

This makes the MATLAB/Simulink
combo particularly useful for designing
and validating complex control systems
— everything from automobile brakes,
to jet aircraft, to chemical plants. It
includes more than 500 math, statistical
and engineering functions, leaning heav-
ily to matrix math methods. MATLAB
and Simulink also have slick ways to gen-
erate click-and-go on-screen interfaces.

MATLAB itself is particularly flexible
because it was originally designed for
handling matrices (arrays). The name
comes from “matrix laboratory,” in fact.
MATLAB notation is straightforward if
you are used to matrix math and Visual
Basic or C++. A calculation resulting in a
log or square root of a negative number,
for instance, is displayed appropriately,
without error message.

But as a pure computation tool,
MATLAB'’s ease of use is sometimes not
quite as intuitive as some competitors’.
The shortcoming is pretty much over-
come if you spring for the $595 Sym-
bolic Math toolbox, which includes the
Maple kernel (prices are higher for
workstations). Other toolboxes at this
price (each) include statistics, partial
differential equations, and signal pro-
cessing. Toolboxes at $895 include
fuzzy logic, more symbolic math (the

www.nasatech.com

full Maple suite), and a compiler to
turn MATLAB (not Simulink) pro-
grams into stand-alone applications.

If you're willing to pay $9,995 for the
Real-Time Workshop compiler (Win-
dows or UNIX only), MATLAB/Simu-
link expressions usually can be compiled
in C or Ada and linked with other code
your organization may already have
created. The upcoming release also im-
proves Real-Time Workshop and the
compiler toolbox to handle all Simulink
expressions.

Simulink, the key MATLAB add-on, is
a delight. You assemble a control system,
for instance, with blocks representing
motors, relays, hydraulics, triggering
functions, and so forth. You connect the
blocks with arrows and test interactively.
You can (and probably will) modify vari-
ous blocks for your purposes. You can
easily model subsystems, and then com-
bine them. Version 3.0, which we re-
viewed in beta, has much-improved nav-
igation tools for browsing really big
systems, and easier ways to modify
blocks. There’s also a nice dialog box ap-
proach for entering parameters, and a
new set of blocks that look like dials and
gauges. These are great when others
with limited Simulink training have to
use your preliminary models.

Stateflow is an add-on to Simulink.
Stateflow diagrams show “states” (de-
scriptions of the system’s behavior) and
“transitions” between one state and an-
other. Transitions can branch or exist in
parallel. It is not available for the Macin-
tosh. The new version, 2.0, has a faster
debugger and better navigation tools.

Steven S. Ross is associate
professor of journalism at Co-
lumbia University, New York,
NY. He has a BS in physics from
Rensselaer Polytechnic Insti-
tute, and has authored technical
papers in the areas of quality
control and statistics. Ross has
authored three commercial soft-
ware packages, including a units
conversion program and an en-
gineering calculations program.
Prior to joining the Columbia fac-
ulty, he served as president of
CCM, a developer of C-language
graphics tools and educational
software.
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DIGITAL VISUAL FORTRAN 6.0

The GOLD Standard in Fortran Development
for Windows® Systems

After 47 Years, Light Arrives
and Announces the Birth of a Star.

After 8 Months, 22 Days and 6 Hours
COMPAQ Announces the Birth of

DIGITAL Array Visualizer.

New for this release of DIGITAL Visual Fortran is the DIGITAL Array Visualizer.
The DIGITAL Array Visualizer is a set of software components that enable you to
visualize array data interactively.

DIGITAL Array Aview AVis2D HDF Microsoft® Visual
Viewer Library ActiveX Control Libraries Development Environment

Display graphics in Height Add calls to Fortran or C Can be used by any Library and platform Supports mixed-language
Plot, Image Map, Vector programs to dynamically development environment independent data format for programming with VC++ due
Graph or 2D View Displays. display array data with Array that supports ActiveX the storage and exchange of to DVF sharing the same
OpenGL key technology for ~ Viewer. Save array data to a controls. Provides more scientific data. HDF libraries development environment as
2D/3D objects. file for later viewing. than 100 properties and allow you to create and Microsoft’s Visual C++ 6.0.
methods to graph array data. view programs

~ STANDARD EDITION INCLUDES: PROFESSIONAL EDITION INCLUDES:

DIGITAL proven Fortran 90 compiler All features available with
with new Fortran 95 language features the Standard Edition plus:
Integrated with the state-of-the-art DIGITAL Array Viewer
Microsoft® Visual Development Environment Aview Library
DIGITAL Array Viewer AVis2D ActiveX Control
Windows® 95 and NT® support on the Intel platform HDF Libraries
Mixed language programming with Microsoft C++ Microsoft® Visual Development Environment
IMSL Libraries from Visual Numerics, Inc.
Intel and Alpha Win32 compilers in one package
Mixed language programming with Microsoft C++

Same tools, same compiler, with additional libraries brought to you by

industry leaders in productivity tools for the technical developer.
DIGITAL
TR Visual

“ Fortran
Call to order now at 1-888-568-0959 or contact your local reseller.
For more information on DIGITAL FORTRAN, please visit the company’s web site at http://www.digital.com/fortran.

For More Information Circle No. 548 DVFVENASA




Technology Transfer—Today for Tomorrow

Launched by Senatorjohn Kerry, this mega-event drew design and
manufacturing engineersand entrepreneurs from all over
the New England high-tech corridor.

ech East ‘98, held November 3-
5, 1998, at Boston’s Hynes Con-
vention Center, combined six
major technology events all un-
der one roof: Technology 2008, Amer-
ica’s premier showcase of new and

Massachusetts
Senator John F.
Kerry officially
opened Tech
East ‘98 with
the plenary
address.

next-generation technologies available
for commercialization; New England
Design & Manufacturing Expo, featur-
ing the latest products and services to
help engineers meet their design, pro-
totyping, and production challenges;
Small Business Tech Expo, showcasing
resources and technologies to launch
new products and partnerships; Na-
tional SBIR Conference, where busi-
ness managers learn how to tap into
the billion-dollar government R&D
grant program; Photonics East, the
Northeast’s only optics and photonics
exhibition; and Electronic Imaging In-
ternational, the East Coast’s premier
annual imaging exhibition.

On Tuesday, November 3, Tech East '98
was officially opened by Massachusetts
Senator John F. Kerry. The top-ranking
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Democrat on the Senate Small Business
Committee, and a member of the Com-
mittee on Commerce, Science, and Trans-
portation, Kerry is in his third term as
Senator. In his plenary address, he fo-
cused on the success of the Small Busi-
ness Innovation Research
(SBIR) program, and what
small businesses need to do to
advance the program further.

“The frontiers are changing
so rapidly for all of us that it just
underscores how difficult it is
in business to have a business
plan that lasts, and that can-
not be subject to enormous
changes in a very rapid period
of time. All of you are involved
in many of those efforts,” said
the Senator.

“Let me share a picture with
you of where this program is to-
day and where we're going,”
Senator Kerry continued. “First
of all, we should all be very
proud of the
fact that since
1983, when this
program be-

gan, the results
have really been dramatic
for small, innovative, cre-
ative, energetic entrepre-
neurial entities that have
wanted to push the tech-
nology curve. And since
1983, some 16,000 small,
high-technology firms
have received more than
46,000 SBIR awards
through last year, totaling
$7.5 billion. We recognize
that there have been tremendous spinoffs
out of this. The most obvious and tangible
are the jobs.”

According to Senator Kerry, “Twenty-
five percent of SBIR projects have become
products or services that are sold in the
marketplace. Last year, small, high-tech-
nology companies accounted for nearly
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one-third of all the jobs in the high-tech-
nology sector. That is exactly the kind of
energy that we wanted to create with this
program. Small business is critical to the
country’s technology sector. Small compa-
nies employ 3.7 million researchers, ver-
sus 3.2 million employed by larger tech-
nology companies.”

Underscoring the importance of the
country’s small business programs, Sena-
tor Kerry asked the audience of technol-
ogy professionals to join his efforts in
advancing small business in all areas of
the country. “I think (the SBIR pro-
gram) provides a very strong incentive
for small businesses to join with universi-
ties and other size businesses, and share
technology and research in a way that
helps accelerate creative effort. My hope
is that you'll help us. Whatever state you
come from, you need to be part of the
communication process to your con-
gressmen and to your senators to help
them understand how this (small busi-
ness program) works.”

At the Tech East
‘98 ceremony,
Stuart C. Karon
(left), director of
§ government pro-
grams for Ameri-
can Superconduc-
tor Inc., accepts
the certificate for
Grand Winner of
the 1998 SBIR
Technology of
the Year Award
from Robert S.
Clark, senior
editor of NASA
Tech Briefs.

The small business program worked
well for the winners of the 1998 SBIR
Technology of the Year Awards, which
were presented at a ceremony on the final
day of the conference. These awards rec-
ognize companies that have developed
important commercial products and ser-
vices through the federal government’s

NASA Tech Briefs, January 1999



a3 Gain ® xth_baftar2
sock " "

P %3 _Pitch Rate_Lead Fil
TP a1 Lotk Bata Toad Filtes Caat

erl = TAP 53 Gain2 Gain ® rtb_bufferl

8 93_Saa = rth bufferd ~ rth butfer? - rth bufferi

i (wlnSenpleMit (xS, 1. tid)) { * Saxpie tise

it (ealaContinuousTask(ctS. tid)) {_ + Sexpls tise

* £tP root_Pilot FrequescysssGetT(rtS)
)
?

Flight control system example

Our integrated control design solution
allows you to move smoothly through the
stages of your design process. Use Martas for
data analysis and algorithm development
(top), Simulink and Stateflow for both
dynamic and event-driven simulation
(middle), and Real-Time Workshop for
generating prototype code (bottom).

There are lots of
ways to do control
design, but only one
way to accelerate it.

Speed control design projects to completion
with our fully integrated software solution

Move rapidly from initial
design concepts to prototype
embedded code

With the new control design
solution from The MathWorks,
you'll spend less time coding and
debugging, and more time
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That’s because our solution
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set of powerful design, simulation,

and code generation tools.
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technical computing software
Now you can explore real-world
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in the development stage, then
quickly fine-tune your design. Use
MaTLAB for data analysis and
algorithm development, Simulink
and Stateflow™ for intuitive and
realistic control system simula-
tion, and Real-Time Workshop®
for generating C code that runs
on a variety of hardware target

platforms.

See how our control design
solution works for others

See how leading automotive and
aerospace companies are
accelerating development with
our control design solution. Their
stories are included in our free

technical kit. Get yours today.

Visit our Web site to see demos and examples
and to order a free control design technical kit.
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SBIR program, the nation’s largest
source of early-stage, high-risk technol-
ogy financing to bolster America’s com-
petitive advantage.

The 1998 Grand Winner was Ameri-
can Superconductor of Westborough,

-

The winners of the 1998 SBIR Technology of the Year awards:
from left, Stuart C. Karon, director of government programs for
American Superconductor; Malcolm McGeoch, manager of PLEX
LLC; Jack Jewell, chief technical officer of Picolight Inc.; Pradeep
Gandhi, CEO of Ormet Corp.; and Suresh Menon and Stephanie
A. Vierkotter, research scientists for Quantum Magnetics.

MA, for its development of advanced
high-temperature superconducting ma-
terials and devices used in a wide array of
commercial and military applications, in-
cluding DC/DC converters for mobile
radar, minesweeping equipment,
acoustic transducers, actuators, and mo-
tors. American Superconductor has re-
ceived SBIR funding from the Depart-
ment of Energy, the Air Force, the Office
of Naval Research, and the Ballistic Mis-
sile Defense Organization (BMDO).

Winners were also named in four lead-
ing technical categories. In electronics
and computing, Picolight Inc. of Boul-
der, CO, won for creating a new genera-
tion of vertical cavity surface-emitting
lasers to be used in high-speed fiber data
communications such as Gigabit Ether-
net and Fibre-Channel. Picolight devel-
oped the devices with the aid of a BMDO
SBIR grant.

In the industrial and manufacturing
category, PLEX LLC of Cambridge, MA,
was chosen for producing the first com-
mercial high-power laboratory source of
soft x-ray light, suitable for extreme ul-
traviolet lithography, microscopy, and
materials studies. Again BMDO pro-
vided funding.

The winner for materials was Ormet
Corp. of Carlsbad, CA, for a family of
novel conductive composite materials
that sinter at low temperatures. Devel-
oped through an Army SBIR grant, the
materials have many applications in elec-
tromagnetic shielding, including printed
circuit boards.

In the final category of sensors and in-
strumentation, Quantum Magnetics of
San Diego, CA, was recognized for an in-
novative method of monitoring strain
long-term in a variety of structures using
nuclear quadrupole resonance. The non-
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contact strain gauge, developed with
BMDO SBIR funding, allows for early flaw
detection and longerlasting, lower-cost
composite structures.

An independent panel of judges
viewed and graded each nomination
based on its technologi-
cal novelty and commer-
cial or industrial applica-
tions. The fifth annual
awards were sponsored
by the Technology Util-
ization Foundation in co-
operation with all federal
agencies and depart-
ments that participate in
the SBIR program.

Marketing
Technology
Delivering the Tech East
‘98 keynote address was
Dr. Jim Taylor, chief mar-
keting officer of Iomega Corp. and co-au-
thor of the bestselling book 500 Year
Delta. Dr. Taylor directs all worldwide mar-
keting for lomega Corp., manufacturer of
the popular Zip™ and Jaz™ drives for data
storage. A nationally-renowned speaker,
Dr. Taylor has appeared on “The Today
Show,” “Oprah,” and CNN.

Discussing themes from his book,
Taylor focused on the effects of social
change on marketing and business
management, particularly in the tech-
nology field. “The first reaction of most
people exposed to a new technology is
horrified negation,” said Taylor. “In
other words, ‘I don't like it because its
existence is a criticism to my own pres-

The Tech East "98
keynote address

was delivered by
Dr. Jim Taylor of

lomega Corp.

ence.” We then move into a period of
negation without horror. In other
words, ‘It’s a bad idea, but I'm not
afraid.” From that, we move to a stage of
passive acceptance. ‘It’s a bad idea for
me, but it’s good for everybody else.’
And finally, the average individual

www.nasatech.com

adopts acceptance with enthusiasm —
“It can change my life not only in a func-
tional way, but in a meaningful way.””

For technology to succeed, said Tay-
lor, we have to move beyond the narrow
limits of the value of our technologies
into a wider question of “what does it
do?” He continued, “Things that don’t
change are more interesting than the
things that do change.”

In order to market technologies effec-
tively, he explained, people must ask,
“How does technology amuse? How is it
interesting? How does it make a differ-
ence for people who are curious?” Ac-
cording to Taylor, “the reason technol-
ogy has a marketplace at all on the in-
vestment capital side is that we have
hope. The most important issue facing
technology is the communication of
hope. Hope means certainty every time.
Technology is about certainty.”

Solutions on Display

The 100,000 square feet of exhibits
demonstrated new inventions and prod-
ucts across the high-tech spectrum. The
centerpiece of the New England Design &
Manufacturing Expo, for example, was
the Rapid Prototyping & CAD Pavilion,
which demonstrated an array of hardware
and software tools for compressing the
product development cycle and speeding
the time to market.

Exhibitors such as Armstrong Mold,
ARRK Product Development Group,
Agile Software, Stratasys, Z Corpora-
tion, Sanders Design, and Coherent dis-
played everything from CAD/CAM soft-
ware, to rapid prototyping systems and
digitizers, to laser systems and model-
making services.

Complementing the exhibit pavilion
was a series of tutorials and short courses
dealing with various rapid prototyping
subjects. “Introduction to Rapid Proto-
typing and Tooling Technologies,” pre-
sented by Merlin Warner of Warner
Technologies, provided an overview of
current technologies illustrated with
practical examples. “Rapid Product De-
velopment: Advances & Applications” fo-
cused on three techniques for compress-
ing the product cycle. Paul Armstrong of
Armstrong Mold shared “Benefits of
CAD in Molding and Casting.” “Using
Rapid Prototyping (RP) to Develop RP
Systems,” presented by Jim Comb of
Stratasys, described how the company
has employed its FDM rapid prototyping
technology to create its new Quantum®
RP system. Finally, “Innovative Electro-
formed Tools” was presented by Paul Ja-
cobs of Express Tool, which has devel-
oped a process to reduce cycle times, us-
ing composite mold construction and
conformal cooling technologies.
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@ Commercialization Opportunities

Reactive-Insulator
SiC-Based Schottky Diodes
as Gas Sensors

Improved silicon carbide-based Schot-
tky diodes are being developed for de-
tecting hydrocarbon and nitrogen oxide
gases at high temperatures. These gas
sensors demonstrate improved sensitiv-
ity in monitoring engine-exhaust emis-
sions and other hazardous gases emitted
in low concentrations.
(See page 30.)

Dual-Function
Microelectronic Sensors

These integrated-circuit image sen-
sors can produce images in visible, in-
frared, or both spectra. A number of
useful applications are envisioned in sci-
entific and industrial areas, among
which are noncontact measurements of
temperature distributions and early de-
tection of developing tumors.
(See page 33.)

Fabry-Perot Fiber-Optic
Temperature Sensor

This very rugged design can be used
in monitoring and control of advanced
aircraft engines, conventional and nu-
clear powerplants, industrial plants, and
other systems where conditions may be
too severe for electronic temperature
Sensors.
(See page 34.)

Integrated Electrochemical
Sulfur Dioxide Sensors

These sensors are being developed
for measuring concentrations of sulfur
dioxide in gas mixtures. Originally con-
ceived for sensing sulfur dioxide in vol-
canic gases, these sensors can also be
used for monitoring sulfur dioxide in
gases emitted from metallurgical pro-
cessing, refining of petroleum, and
burning of coal.
(See page 36.)

Solar-Cell System With High
Conversion Efficiency

A concept of getting conversion effi-
ciencies as high as 50 percent involves
concentration and spectral dispersion
of solar energy and the use of several
types of solar photovoltaic cells, each
placed at the optimum location in the
spectrum.
(See page 43.)
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Luneberg Lenses Made of
Open-Cell Polyurethane Foams

These microwave lenses can be made
of open-celled elastomeric foams, which
would make them more durable,
cheaper, and lighter than lenses made
from conventional closed-cell materials.
(See page 44.)

Packaging Electronic Circuits
in Multi-Board Modules

A new scheme cost-effectively com-
bines digital electronic circuits into
dense, lightweight packages, within
which high-speed signals can be trans-
mitted readily in three-dimensional con-
ductive paths with minimal lengths.
(See page 45.)




Il /ASA Optimizes Satellite

Reaction Wheel With Random
Vibration Software

ALGOR random vibration stress analysis software
ALGOR, Inc.

Pittsburgh, PA

412-967-2700

Fax: 412-967-2781

www.algor.com

NASA scientists rely on reaction wheels to maneuver observa-
tion satellites in space. Based on information gathered by sen-
sors, four reaction wheels position the satellite to face constella-
tions of interest. The reaction wheels must withstand rocket
launch vibrations to operate effectively in orbit. Engineers at
NASA’s Goddard Space Flight Center in Greenbelt, MD, used
random vibra-
tion stress analy-
sis software from
ALGOR, Inc. to
test the structur-
al integrity of
a redesigned re-
action wheel
that can position

satellites more
The reaction wheel’s motor, flywheel, bear- quickly.
ings, PC board, and electronic parts attach to NASA simu-
the base of an outer aluminum housing : o
(shown with the top cover removed) that pro- latf;'(l X 1bi‘mox.1
tects the components from radiation and the forces during a
pressure differential in orbit. rocket launch

and analyzed
deflection in the reaction wheel’s outer housing structure.
NASA then optimized the housing’s design on the computer
to reduce deflection that would otherwise cause the reaction
wheel to fail.

A reaction wheel is an actuator that is part of the satellite’s
Attitude Control System (ACS). The reaction wheel changes
the satellite’s position based on torque commands issued by
the satellite’s exterior sensors. Each reaction wheel is com-
prised of a motor, flywheel, bearings, and a printed circuit
(PC) board that supports its electronics parts. The PC board is
attached to ribs at the

base of an outer hous-
ing, the component
that protects the reac-
tion wheel’s parts
from radiation and
the pressure differen-
tial in orbit.

NASA redesigned
its reaction wheel to
maneuver satellites
more quickly. Engi-

5 e eamE vimn 2w

This final ALGOR model of the reaction

neers enlarged the wheel’s housing illustrates the response

motor, bearings, and
flywheel to provide
more torque and
momentum storage,
and altered the alu-
minum housing to fit
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due to random vibration. The base has
been constrained in all directions to
replicate its attachment to the satellite.
One-half of the model is shown for bet-
ter viewing. The white lines at the hous-
ing’s base represent beam elements that
NASA used to represent the ribs.

www.nasatech.com

them. They first used ALGOR’s linear static stress analysis
software to optimize the geometry of the revised flywheel
and housing component. Then they used ALGOR’s random
vibration stress analysis software to analyze the housing
component’s deflection during the 8- to 12-minute launch
from Earth.

To operate effec-
tively during the reac-
tion wheel’s three-
year life span, its
outer housing must
not deflect enough
during launch to frac-
ture the solder joints
that attach electronic
parts to the PC board.
The reaction wheel
would then lose func-
tionality. The housing
also must not deflect
against the PC board
or rotating flywheel,
causing them to mal-
function. NASA used
ALGOR’s random
vibration stress analy-
sis software to deter-
mine the housing’s
response to simulated
launch vibration
loads.

NASA engineers
designed a 3D finite
element model of the housing with ALGOR'’s Superdraw pro-
gram. They used beam elements to represent six radial ribs at
the base of the housing and a combination of 3D plate ele-
ments and 3D brick elements for the remainder of the hous-
ing model.

After conducting a modal analysis with ALGOR software to
determine the housing’s natural frequencies and modes of
vibration, NASA performed a random vibration analysis that
simulated actual rocket launch vibration levels. Engineers
applied a 14.1-G root mean square (RMS) acceleration to the
model, a combination of the accelerations experienced in the
X, Y, and Z directions at one time. The first set of analysis
results showed excessive deflection within the housing’s radial
ribs, indicating that the ribs would fracture the solder joints.
NASA thickened the radial ribs to increase their stiffness.

After three iterations, NASA created a physical prototype
and affixed it to a vibration machine in its laboratory that sim-
ulated 14.1 Gs (RMS) in the X, Y, and Z directions. The physi-
cal prototype test results correlated closely with ALGOR soft-
ware results. The redesigned reaction wheels were launched
successfully on the Transition Region and Coronal Explorer
(TRACE) satellite in April 1998, a satellite mission that is
studying the Sun’s coronal region. The wheels also are sched-
uled to operate on the Submillimeter Wave Astronomy
Satellite (SWAS) and the Wide Field Infrared Explorer
(WIRE). The expeditions will explore multiple star fields to
give scientists a better understanding of star formation.

The redesigned reaction wheels were
launched successfully on the TRACE
satellite in April 1998, a satellite mission
studying the Sun’s coronal region.
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Special Coverage:

Sensors

& Model of Response of Pressure Sensor in Rarefied Flow
Responses of pneumatic sensor systems can be evaluated over ranges of flow conditions.
Dryden Flight Research Center, Edwards, California

A mathematical model represents the
dynamic response of a pressure sensor
that (a) comprises a transducer con-
nected to a pressure-sensing port via
a pneumatic tube and (b) is operated
under flow conditions like those ex-
pected to be encountered on advanced
hypersonic aerospace vehicles operating
at high altitudes. The model is appli-
cable to both continuum and rarefied
flows, including flows accompanied by
large gradients of temperature.

Heretofore, the influences of rarefied-
flow phenomena on the responses of
such a pressure sensor were not well un-
derstood. In the presence of hypersonic
flow, not only are measurements affected
by nominal spectral distortion and
acoustical resonance, but in addition, a
large temperature gradient induced by
boundary-layer heating can induce a
molecular transpiration effect, in which
gas molecules adjacent to the tube wall
creep from the cold end of the tube to

the hot end. Furthermore, at low pres-
sure typical of operation at very high al-
titude, the gas in the tube becomes so
rarefied that the flow slips at the tube
wall. The present mathematical model
was developed to enable evaluation of
the dynamic response (the frequency re-
sponse) under these flow conditions.
The model was derived from the equa-
tions of energy, continuity, momentum,
and state. Effects of rarefied flow are
represented by letting fluid elements
slip at the tube wall; this is opposed to
the classical “no-slip” condition used in
continuum flow mechanics. For flows
characterized by values of the Knudsen
number between 0.01 and 1.0, molecu-
lar and continuum flow effects are im-
portant. Under these conditions, free-
stream flow away from the wall boundary
is identical to continuum flow; however,
at the wall, the fluid elements do not
stick to wall as they would in continuum
flow. Instead, fluid elements slip along

the wall — hence the name “slip-flow”
regime.

Under slip-flow conditions, the fluid
velocity at the wall boundary can be de-
composed into two parts: the slip veloc-
ity and the thermomolecular “creep” ve-
locity. The slip velocity is proportional to
the shear stress at the wall and is a result
of reduced viscosity in a rarified fluid.
The creep velocity is proportional to the
longitudinal temperature gradient and
inversely proportional to the local pres-
sure. Kinetic theory predicts that gas
molecules originating in the hotter re-
gion of the tube — having kinetic ener-
gies greater than those of molecules
originating from the colder region — re-
coil more strongly than do the gas mole-
cules from the colder region. As a result,
the gas acquires a tangential momentum
from the colder toward the hotter re-
gion. This net momentum gain causes
the gas molecules at the wall to creep
from the cold to the hot end of the tube.
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A Comparison of Steady-State Model Response to Measured Values of nondimensional steady response parameter for rarefied flow conditions shows that

the model is valid for Knudsen numbers up to about 0.6 and is valid for most of the slip-flow regime.
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To balance this creep, gas molecules
in the center of the tube must migrate
toward the colder end of the tube. The
result of this “opposing flow equilib-
rium” is the establishment of a static
pressure gradient such that cold region
of the tube reads lower than the hot re-
gion and there is no net cross-sectional
flow in the tube. At the wall boundary,
the velocity is the sum of the slip and
creep velocities. Other than this modifi-
cation, the classical equations of fluid
motion apply in this flow regime.

The equations of motion are lin-
earized by use of small perturbations.
The energy equation is decoupled from
the momentum and continuity equa-
tions, assuming that the longitudinal
wave expansion process within the tube
is polytropic—that is, behaves according
to a simple energy submodel that relates
pressure, temperature, and density. The
assumption of polytropic flow makes it
possible to decouple the energy equa-
tion from the equations of momentum
and continuity, without loss of general-
ity. The boundary-value equations are
radially averaged and solved with the
help of the assumption that gas proper-

ties remain constant along the length of
the tube. The resulting fundamental so-
lution is used as a building block for
complex situations in which fluid prop-
erties and tubing geometries vary longi-
tudinally. The problem is solved recur-
sively, starting at the transducer end and
working toward the surface end of the
tube. Using recursive formulas, solu-
tions for arbitrary geometries and longi-
tudinal temperature profiles are con-
structed.

The steady-state behavior of the
model is analyzed by applying the final-
value theorem to the recursive equation.
The resulting expression is nondimen-
sionalized and written as a function of
the Knudsen number. Since it is ex-
tremely difficult to conduct controlled
dynamic experiments under rarefied-
flow conditions, the steady-state analysis
is extremely important because it is the
only feasible means of evaluating the
range of validity of the slip-flow assump-
tions used in deriving the model.

Steady-state-response tests were per-
formed under rarefied-flow conditions
to verify the slip-flow assumptions used
in deriving the boundary-value equa-

tions, and to establish a regime of valid-
ity for the model; the results (see figure)
showed that the model is valid for Knud-
sen numbers up to about 0.6, and is valid
for most of the slip-flow regime.

The model contributes to understand-
ing of flow behavior at the limits of the
continuum flow regime. It will enable in-
strumentation designers to evaluate the
responses of pneumatic systems over a
wide range of flow conditions in a gen-
eral and unified way, without having to
resort to ad hoc or special-case models.
Potential nonaerospace applications of
the model include prediction of the be-
haviors of fluids in micromachined sys-
tems, wherein the mean free paths of
the working fluids are of the order of
channel widths; and prediction of flows
of highly viscous fluids for which Knud-
sen numbers can be sizeable under non-
rarefied-flow conditions.

This work was done by Stephen A. Whit-
more of Dryden Flight Research Center
and Brian Petersen of the University of Cali-
fornia, Los Angeles. For further information,
access the Technical Support Package (TSP)
free on-line at www.nasatech.com under the
Mechanics category. DRC-95-34

@ Reactive-Insulator SiC-Based Schottky Diodes as Gas Sensors

High-temperature gas sensors are being developed.

Lewis Research Center, Cleveland, Ohio

Improved silicon carbide-based Schot-
tky diodes are undergoing development
for use in detecting hydrocarbon (C.H,)
and nitrogen oxide (NO,) gases at high
temperatures. In comparison with gas
sensors of other types, Schottky-diode
gas sensors exhibit relatively high sensi-
tivity — an advantage for monitoring en-
gine-exhaust emissions and hazardous
gases emitted in low concentrations. SiC-
based Schottky diodes can function at
temperatures too high for Si-based de-
vices; beyond the obvious advantage of a
wider operating-temperature range, this
opens the possibility of incorporating
into sensors materials that react with
CH, and NO, at high temperatures in
ways that enhance sensitivity, selectivity,
and/or stability.

The simplest Schottky-diode gas sen-
sor is a metal/semiconductor (MS)
device; it includes an electrode made
of a catalytic metal (in this case, Pd) de-
posited on a semiconductor (in this
case, SiC). For hydrogen and hydrocar-
bons, the gas dissociates on the exposed
surface of the metal and diffuses to the
metal/semiconductor or metal/insula-
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Figure 1. These Current-vs.-Voltage Measurements of Pd/SiC and Pd/SnO,/SiC gas-sensing diodes show
how the SnO; layer alters the electrical characteristics and the response to H, gas.
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Figure 2. These Current Responses at Constant Voltage measured on thermally aged Pd/SiC and
Pd/Sn02/5iC diodes show that the SnO2 layer had prevented or at least reduced the degradation

effected by the aging process.

tor interface, forming a dipole layer that
changes the electronic properties of the
Schottky diode in proportion to the
amount of the gas.

The SiC-based Schottky-diode gas sen-
sors that are the subjects of the present
development efforts are metal/reactive-

insulator/semiconductor (MRIS) de-
vices. In contrast to standard metal/
insulator/semiconductor (MIS) struc-
tures, the insulations in a MRIS struc-
ture are chosen for their reactivity to the
gas of interest. In the fabrication of an
MRIS device, an electrically insulating

layer of metal oxide (for example, SnO,)
is incorporated between the catalytic
electrode and the SiC semiconductor
layer to obtain the advantageous high-
temperature characteristics mentioned
above. More specifically:

® Sensitivity is increased because the

C,H, or NO, gas reacts with the reac-

tive oxide insulating layer as well as

with the catalytic metal;

® The sensor can be made more stable
in that the oxide layer can act as a bar-
rier between the metal and the SiC;
and

® The selectivity of the sensor can be
varied by varying the oxide layer.

In preparation for comparative exper-
iments, both Pd/SiC and Pd/SnO,/SiC
Schottky diodes were fabricated on the
same chip. The two diodes were the
same except that Pd/SnO,/SiC diodes
included sputter-deposited layers of
SnOy about 50 A thick.

The current-vs.-voltage responses of
these diodes were measured during ex-
posures to air and to a mixture of 400
parts per million (ppm) H; in Ny, at a
temperature of 350 °C. The results of
these measurements (see Figure 1) on
the Pd/Sn0O,/SiC diode show parallel
shunt resistance at potentials below 1.0
V; proceeding upward from 1.0 V, the
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Now you can measure volts,
thermocouples, frequency,
pulse, and digital I/O with
one low-cost, compact, and
portable device attached to
your notebook or desktop
PC. The new Personal Daq
from IOtech attaches to
your PC’s Universal Serial
Bus (USB), providing
plug-and-play commu-
nication and power to
the Personal Daq.

For less than $700,

the Personal Daq offers

all of these features:

e voltage measurements up to
+20V full scale

e 22-bit resolution A/D converter

e direct thermocouple measure-
ments — no extras to buy

* frequency/pulse measurements
up to 1 MHz

e digital I/O up to 15V
e 500V isolation from the PC

e powered from USB — no extra
power source required

e quick-disconnect terminal blocks

*  Personal DaqView™ Out-of-the-Box™
software for effortless setup, acqui-
sition, real-time display, & export
to other software such as Excel®

e drivers for Visual Basic®, Delphi™,
C++", LabVIEW®, & DASYLab*®

e expansion capacity up to 8,000
channels via multiple USB hubs
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Portable
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WaveView™
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data show exponential Schottky behav-
ior at first, with series resistance increas-
ing and beginning to dominate at the
high end of the voltage range. Analysis
of the exponential portion of the curve
leads to the conclusion that the SnO,
layer increased the Schottky barrier
height. The effect of the 400 ppm Hy in
N, was to increase the current at a given
voltage. One of the effects of the SnO,
layer was to impart higher sensitivity to
H, in the Schottky-like conduction re-
gion. The Pd/SiC diode behaved differ-
ently, exhibiting an exponential re-
sponse in the low-voltage region and
series-resistance effect at higher volt-
ages. These results clearly show that the
SnO; layer changed the basic electronic
behavior and the response to H,.

The stability and sensitivity of the sen-
sors were also improved using the MRIS

structure. Pd/SiC and Pd/SnO,/SiC
diodes were aged for several weeks at a
temperature of 350 °C. In the experi-
ments, these diodes were exposed, vari-
ously, to H,, methane, or propylene at a
concentration of 400 ppm in a carrier
gas mixture of N, and air, at a tempera-
ture of 350 °C. During these exposures,
diode currents were measured as a func-
tion of time at a fixed applied potential
of 0.5 V. The results (see Figure 2) indi-
cate that the Pd/SiC diode had been de-
graded during the aging process, in that
this diode did not respond to H, in the
air/N, carrier gas at the end of the ex-
periment. It also did not respond to
propylene or methane (not plotted in
the figure). In contrast, the Pd/SnOy/
SiC diode responded to hydrogen,
methane, and propylene. Thus, the SnO,
layer made it possible to detect gases that

would otherwise not be detected and en-
abled the desired longer-term operation
of the sensor: Variation of the type of re-
active insulator is expected to produce
different gas sensitivities.

This work was done by Gary W. Hunter
and Philip G. Neudeck of Lewis Research
Center, Dak Knight of Cortez IIl, Chung-
Chium Liv and Qing-Hai Wu of Case West-
ern Reserve University, and Liang-Yu Chen
of National Research Council. For further
information, access the Technical Support
Package (TSP) free on-line at www.nasatech.
com under the Physical Sciences category.

Inquiries concerning rights for the commer-
cial use of this invention should be addressed
to NASA Lewis Research Center, Commercial
Technology Office, Attn: Tech Brief Patent
Status, Mail Stop 7-3, 21000 Brookpark
Road, Cleveland, Ohio 44135. Refer to
LEW-16544

@ Dual-Function Microelectronic Sensors

Scenes could be imaged in a visible /infrared band, an infrared band, or both.
NASA’s Jet Propulsion Laboratory, Pasadena, California

Integrated-circuit image sensors of a
proposed type would be capable of op-
eration in either the wavelength band of
0.5 to 2.5 pm, the wavelength band of
2.8 to 5.8 pm, or both bands simultane-
ously. Called “dual function, thermal op-
tical image sensors” (DTOISs), these
sensors could be useful in a variety of sci-
entific, industrial, and medical applica-
tions in which there are needs for visible
and infrared imaging — typically, for
noncontact measurements of tempera-
ture distributions. In medicine, for ex-
ample, such measurements could pro-

vide early indications of developing tu-
mors.

Each pixel of a DTOIS (see figure)
would contain a “lifted,” bridged InGaAs
Schottky diode for sensitivity in the 2.8-
t0-5.8-pym band, integrated with an InP
junction field-effect transistor (JFET).
Also integrated with the bridged Schot-
tky diode and JFET would be the already
developed InGaAs positive/intrinsic/
negative (PIN) photodiode (not shown
in figure) for sensitivity in the 0.5-to-2.5-
pm band. Each of these sensory devices
would be connected to a dedicated ac-

tive pixel readout circuit so that the
image in either or both wavelength
band(s) could be read out. The pixel-ad-
dressing scheme of the readout circuits
would involve the use of JFETs instead of
conventional multiplexers.

The planned development of the
DTOISs would build on previous accom-
plishments in the continuing develop-
ment of InGaAs active-pixel sensor ar-
rays, each pixel of which contains an
InGaAs photogate-type sensory device
integrated with a low-leakage InP JFET.
The planned development would also
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The Sensory Devices in each pixel of a DTOIS would be a bridged Schottky diode (sensitive in the longer-wavelength infrared band) and a PIN-diode
(sensitive in the shorter-wavelength visible/infrared bands, not shown in the figure) with JFET(s).
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incorporate techniques developed pre-
viously for the fabrication of GaAs
Schottky diodes for operation at fre-
quencies from 240 to 640 GHz. Current
plans for proof of the DTOIS concept
call for development of a prototype
DTOIS for a microbiological applica-
tion. The major technical challenge will
be to design a lifted Schottky diode to
increase thermal sensitivity so that spa-
tial, temporal, and thermal resolutions
could be superior to those of pre-exist-
ing detectors. Inasmuch as an array of
lifted Schottky diodes would supplant
the silicon-resistor arrays of state-of-the-
art thermal sensors, the thermal resolu-

ton of the DTOIS is expected to be
finer than the value of 0.04 K claimed
previously for a monolithic silicon
focal-plane array. Also, because of the
high charge-carrier mobility of InGaAs,
the thermal response of the DTOIS is
expected to be faster than that of a sili-
con sensor by a factor of about 6. The
ability to detect photons in the 2.8-to-
5.8-pm wavelength band would consti-
tute an additional advantage over a sili-
con sensor.

This work was done by Quiesup Kim of
Caltech for NASA’s Jet Propulsion Labo-
ratory. For further information, access the
Technical Support Package (TSP) free on-

line at www.nasatech.com under the Elec-
tronic Components and Circuits category.

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

Technology Reporting Office

JPL

Mail Stop 122-116

4800 Oak Grove Drive

Pasadena, CA 91109

(818) 354-2240
Refer to NPO-20430, volume and number of
this NASA Tech Briefs issue, and the page
number.

Fabry-Perot Fiber-Optic Temperature Sensor

This is a prototype of rugged sensors for use in advanced engines.

Lewis Research Center, Cleveland, Ohio

A class of developmental photonic
temperature-measuring systems is based
on the use of miniature, fiber-optic-cou-
pled Fabry-Perot interferometers as tem-
perature transducers. These systems are
intended for monitoring and control of
advanced aircraft engines, conventional
and nuclear powerplants, industrial
plants, and other systems in which con-
ditions could be too severe for elec-
tronic temperature sensors (thermo-
couples, thermistors, and bimetallic
devices). Unlike electronic temperature
sensors, these and other photonic tem-
perature sensors do not pose a sparking
hazard and are insensitive to electro-
magnetic interference at suboptical
frequencies.

In essence, a Fabry-Perot fiber-optic
temperature sensor provides a tempera-
ture-sensitive reflectance spectrum. Fig-
ure 1 illustrates a prototype Fabry-Perot
fiber-optic temperature-sensor system
that has been built and tested to demon-
strate the feasibility of such systems
for monitoring aircraft-engine exhaust
temperatures from -50 to +600 °C. The
sensor head comprises an Inconel™ (a
nickel-alloy) sheath that contains the
Fabry-Perot interferometer, which is
located at the tip of a sapphire optical
fiber that connects the sensor head to
external instrumentation. A small plat-
inum-alloy housing holds a reflector
(made of the same alloy) at a short dis-
tance, d, from the fiber-optic tip, which
is polished. The gap d defines the inter-
ferometer cavity.

White light is launched into the opti-
cal fiber via a 2:1 fiber-optic coupler at
the end opposite the sensor head. The
light travels along the fiber to the sensor
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head. About 4 percent of the incident
light is reflected back along the fiber
from the polished tip. The remainder of
the incident light travels on to the plat-
inum-alloy reflector, and about 90 per-
cent of the light incident on the reflec-
tor re-enters the fiber and propagates
back along the fiber, along with the light
reflected from the fiber tip.

The fiber-optic coupler directs the two
backward-propagating light beams to a
spectrometer that is integrated with a
1,000-pixel linear charge-coupled-device
(CCD) photodetector array on a com-
puter plug-in spectrometer card. Be-
cause of interference between the two
backward-propagating beams, the CCD
output shows characteristic interference
fringes; that is, a reflected-intensity-vs.-
wavelength spectrum. Because of the dif-
ference between the coefficients of ther-
mal expansion of the sapphire optical
fiber and platinum-alloy housing and re-
flector, d varies with temperature, giving
rise to a change in the spectrum. Among
other things, the number of interfer-
ence fringes in this spectrum increases
with temperature.

The raw reflectance spectrum is di-
vided by the spectrum of the incident
white light to obtain a normalized spec-
trum. The computer calculates the
squared difference between the normal-
ized spectrum and each of 117 stored
calibration curves, which are normal-
ized spectra that correspond to known
temperatures at 5 °C increments. A par-
abolic interpolation is used for tempera-
tures between the increments. The mea-
sured temperature is taken to be the
temperature that yields the minimum
squared difference.

In an experiment, the prototype
Fabry-Perot fiber-optic temperature-sen-

Temperature, °C
|

——4— Thermocouple

200 [— ={ }== Fabry-Perot Sensor —]
100 — ]
0 — | | | | | | | | |
0 5 10 15 20 25 30 35 40 45 50

Time, minutes

Figure 2. The Temperatures in These Plots were calculated from measurements taken during straight
and level flight. The two sets of temperatures from measurements taken during severe maneuvers

agreed almost as well.

sor system was used, along with a ther-
mocouple, to monitor the exhaust
temperature of an aircraft engine.
The Fabry-Perot temperature readings
agreed closely with the thermocouple
readings (see Figure 2). In more than 50
hours of flight tests, the prototype sys-
tem proved to be immune to source fluc-
tuations and to deterioration of optical
surfaces inside the sensor head. The
prototype system functioned under nor-
mal flight conditions and during severe
maneuvers with accelerations as large as
4 times the normal Earth gravitational
acceleration.

This work was done by Takeo Sawatari,
Yuping Lin, and Phil Gaubis of Sentec Corp.
for Lewis Research Center. Sensor calibra-

tion and flight tests were conducted by Mar-
garet L. Tuma of Lewis Research Center
and Kristie A. Elam of Gilcrest Electric Co.
For further information, access the Technical
Support Package (TSP) free on-line at wuww.
nasatech.com under the Physical Sciences
category.

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

Takeo Sawatari

Sentec Corporation

2000 Oakley Park Road, Suite 205

Walled Lake, MI 48390
Refer to LEW-16610, volume and number of
this NASA Tech Briefs issue, and the page
number.

Integrated Electrochemical Sulfur Dioxide Sensors

These sensors could be made small, lightweight, robust, and portable.
NASA’s Jet Propulsion Laboratory, Pasadena, California

Integrated electrochemical sensors are
being developed for use in measuring
concentrations of sulfur dioxide in gas
mixtures. These sensors are based on the
electrochemical oxidation of SO, and
measurement of the resulting electric cur-
rent. Conceived for sensing SO, in vol-
canic gases, sensors of this type could also
be used to monitor SO, in ambient air
and in gases emitted during such indus-
trial operations as metallurgical process-
ing, refining of petroleum, and burning
of coal.

36

Concentrations of SO, can be mea-
sured by mass spectrometers, but these
instruments are too power hungry,
heavy, and bulky to be portable, and
their response times are too long for tak-
ing repetitive measurements in unsafe
locations. The developmental sensors
are inherently simple and fast-respond-
ing and could be made small, light-
weight, and robust for incorporation
into portable instruments that could be
operated in industrial and remote nat-
ural settings.

www.nasatech.com

A sensor of this type includes an
integrated catalytic-electrode/ion-con-
ducting-membrane/catalytic-electrode
sandwich structure (see figure). The
membrane is made of a proton-conduct-
ing polymer (for example, Nafion 117
or equivalent). The catalytic electrodes
are made of porous carbon (graphite-
based) paper substrates coated with cat-
alysts in the form of platinum or plat-
inum alloy powders. The electrodes on
opposite sides of the membrane can be
identical or different with respect to cat-

NASA Tech Briefs, January 1999



alysts and treatments of the porous
substrates. Such electrode/membrane/
electrode sandwiches and techniques for
fabricating them have been described in
a number of previous articles in NASA
Tech Briefs.

In operation, a dc potential is applied
between the electrodes while the posi-
tive electrode is exposed to a gas mix-
ture that contains SO,. At the positive
electrode, SO in the presence of HyO is
oxidized to sulfate ions, with production
of hydrogen ions, in the following chem-
ical reaction:

SO, + 2H,0 — SO + 4H" + 2¢

The hydrogen ions are conducted
through the membrane to the negative
electrode. Upon arrival at the negative
electrode, the hydrogen ions react as
follows:

2H" + 2¢” = H,

The current of hydrogen ions through
the membrane gives rise to a measurable
electric current in the wires connecting
the electrodes to the source of applied po-
tential. For a given fixed applied poten-
tial, the current is expected to be propor-
tional to the concentration of SOs in the
gas in contact with the positive electrode.

Electric
Current

e i

Gas Mixture
Containing SO,

Electrodes

I ™ lon-Conducting
& Polymeric Membrane
o (Solid Electrolyte)

electrodes comprising po-
rous carbon paper catalyzed
with platinum black. The
electrodes were bonded to
the membrane. The result-
ing sandwich was mounted
between two glass flanges
with electrical leads at-
tached to the electrodes.
The active sensor area was
a square about 1 in. (about
2.5 cm) on each side. In
tests, potential in the range
of 1 to 2V was applied and
currents were measured
with and without exposure
to SO,. Current responses
on exposure to SO, were
significant, and the re-
sponse time was about 1 s.

The Current in This Electrochemical Sensor is expected to be
proportional to the concentration of SO, in the gas to which the

positive electrode is exposed.

The use of noble-metal catalysts and
graphite-based substrates makes the elec-
trodes resistant to chemical degradation.
The Nafion 117 or equivalent membrane
material is a sulfonic acid-based polymer
that also resists chemical degradation.

An experimental sensor was made from
a conditioned Nafion membrane and

Further studies to quantify
responses and sensitivity to
operating variables were
under way at the time of re-
porting the information for this article.

This work was done by Sekharipuram
Narayanan and Santosh Srivastava of Caltech
Jor NASA’s Jet Propulsion Laboratory.
For further information, access the Technical
Support Package (TSP) free ondine at wun.
nasatech.com under the Physical Sciences cate-
gory. NPO-20290
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@ Special Coverage: Sensors

Endevco, San Juan
Capistrano, CA, offers
the Model 50 portable
vibration sensor, an
Isotron accelerometer
that has a dynamic
range of +40 g and is
capable of operating

from a 12-volt battery

supply or wall trans-

former. It measures 0.285 x 0.5", weighs 3.8 grams, and includes an
integral amplifier. The built-in microcircuit is configured to work in
a constant current mode for use with supply voltages as low as +12
Vdc. The sensor offers voltage sensitivity of 50mV/g and amplitude
response of one to 5,000 Hz.

The accelerometer is available with an integral magnet for mag-
netic mounting. It comes with a three-meter pair of output wires
attached. A matching 10-channel power supply also is available. The
inside of the protective vinyl on the sensor can be filled with RTV for
resistance to moisture at the connection junctions.

For More Information Circle No. 700

RDP Electrosense, Pottstown, PA,
offers the RCDT 300 capacitive
rotary displacement sensor that
provides a 300° linear range, and
is accurate to 1% F.S. The trans-
ducer measures the angular posi-
tion of its shaft, with respect to its
body. The sensor includes hybrid
electronic circuitry, operates
from a 13-18Vdc supply, and has a
3-volt full-scale output. The sen-
sor is designed for applications
such as machine tool
industrial automation,
robotics, and test stands.

The rotary position of an
eccentric shaft is measured using
a non-contact position measurement technique that maintains the
quality of the data. A precision bearing set maintains the unit’s resis-
tance to off-axis forces.

installa-
tions,

For More Information Circle No. 701

The InCap™ barometric
pressure
Kavlico Corp., Moorpark,

sensor from
CA, utilizes the compa-
ny's patented Integrated
Capacitive technology.
The microma-
chined design combines
the electronics and sen-
sor onto a single chip.
Each sensor is amplified, trimmed, and temperature-compensated

silicon

from -40°C to +125°C, with a storage temperature range from -50°C
to +150°C. Total error band (trim tolerance, linearity, hysteresis, and
repeatability) over -10°C to +85°C is +1.5% of full scale.

The sensor features shock and vibration resistance, offers a maxi-
mum response time of 10 ms, requires no warm-up, and can be used
with remote battery operation. The sensor is designed for high-vol-
ume applications and can be configured with 6 “]” pins for surface
mounting, or with straight pins for PC board mounting.

For More Information Circle No. 703

The U-GAGE™ Q45UR
ultrasonic sensors from
Banner Engineering
Corp., Minneapolis,
MN, are available in
switched output (dis-
crete) and analog mod-
els, both with a remote
sensing head to access
applications with li-
mited space, or diffi-
cult environments. They
utilize pushbutton programming, allowing users to set their own cus-
tom sensing windows. Discrete model sensors can be programmed for
on/off presence detection.

Analog sensors feature 0.080 mm to 0.228 mm resolution, with a
sensing range of 50 to 150 mm. They feature selectable response
modes and speeds, and their output can be set to a positive or
negative slope. Output response speed is set using the single-turn
potentiometer.

For More Information Circle No. 706

Superprox® Model SM906
Series ultrasonic sensors
are available from Hyde
Park Electronics, Dayton,
OH, for analog sensing
applications. The sensors
monitor the distance to an
object while generating a
proportional analog out-
put relative to two span
limits, which can be easily
set with the push of a but-
ton. Packaged in a 30-mm threaded, barrel-style, ULTEM blue plastic
or stainless steel housing, the sensors can be installed in vessel covers
or other hard-to-mount areas.

Features include 0 to 10 Vdc or 4 to 20 mA output either directly or
inversely proportional; a range of one or two meters; five different
response times from 15 ms for the one-meter range and 20 ms for the
two-meter range, to 2.5 seconds for either range; and a choice of out-
put states for loss of echo and power-up.

For More Information Circle No. 707

ValpeyFisher,
Ultrasound and
Optics Division,
Hopkinton, MA,
offers a line of
ultrasonic trans-
ducers for the
detection of ma-
terial flaws, ma-
terial thickness,
and materials re-
search and med-
ical diagnostic
applications.

Product types
— include contact,
immersion, angle beam, delay line, and high-frequency transducers.
The ultrasonic sensors are available in stock models, or can be cus-
tomized to meet specific applications.

For More Information Circle No. 749
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Let Microway build your next Linux, UNIX or NT \ A 25’;;’5’,‘,""’",5"5
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FAlpha, 1.3 Gigaflops, 8MB &ac

Since 1982 Microway has prm'ided the PC world
with the fastest numeric devices and software available.
No product in the last 17 years has excited us more than
the Alpha Screamer. With its ability to execute 2.7 billion
operations per second, the Screamer is the best choice for your
next workstation or server! In addition to Linux and Beowulf

applications, the Screamer runs N'T, Digital UNIX and Open VMS.

667 MHZ

This means you can run PVM and MPI Beowulf applications on the same
hardware that runs Microsoft Excel or Word, Oracle, Fortran, C/C++
and Visual Basic. Also supported are Pro/Engineer, MicroStation,
ANSYS, LAPACK, Gaussian, Softimage and Lightwave. Over
the last 17 years we have designed systems for thousands
of satisfied customers worldwide, including major
universities, Fidelity Investments, Lucent Technologies
and NASA. Our technicians are expert at configuring all
Alpha operating systems, and you will not find more technically
competent sales people anywhere.

Custom Screamer Workstations
to 4 CPUs
with fast caches, up to 4GB of high-speed
memory, 6 PCI slots, SCSI hard drives, 3D
graphics cards, DLT drives and libraries,
and RAID subsystems. Microway’s exclu-
sive SMB SSRAM cache, fed by a 288-bit
wide memory system, boosts performance

Microway systems include 1

| AphaPowered §

Press Accolades for Microway’s Screamer
Windows NT Magazine Lab Report - August, 1998
“On the AIM WNT Peak Performance metric. . .Microway scored
643.7. It scored higher on the AIM WNT Sustained Performance
metric-219.4 than any other Alpha NT System I've tested.”

by up to 100%. \\crg amer workstations
range in price from $2,795 to over $80,000.

Microway also pmdmu one of the fin-
est numeric optimized compilers - NDP
Fortran. Since 1986, hundreds of applica-
tions have been ported to the x86 and Al-
pha with it. Using hand-coded BLA’s and
FFT’s, our NDP VDSP Alpha Library hits

LINUX Journal - January, 1998
“Literally everything runs profoundly faster on the Screamer.”
Windows Sources - February, 1998
“the Microway system blew away the best Intel-based workstations
we've tested. . .on our number-crunching Lightwave 3D test.”

. i ‘ \ 1
PC Computing - July, 1997 b g @b ¢
Microway's Screamer . . . “is, quite simply, the fastest Windows
NT machine on the planet. . . The performance leader.”

560 megaflops triangularizing dense arrays
and performs a 1024 complex FFT in 146
microseconds. This library also includes all

LAPACK subroutines.

Microway

Corporate Headquarters: Research Park, Box 79, Kingston, MA 02364 USA * TEL 508-746-7341 « FAX 508-746-4678 « www.microway.com
info@microway.com ¢ Australia 61 292094580 * Denmark 45 39624156 * Germany 49 6976752384 « India 91 806637770  Italy 39 290782776
Japan 81 64593113 ¢ Korea 82 25561257 * New Zealand 64 33595556 * Poland 48 22487172 » Spain 34 35809444 « UAE 97 19281081
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Computers in Physics - September, 1997 Product of the Month

Visit www.microway.com for complete product
information or call technical sales at 508-746-7341.

Digital, Alpha, and Digital UNIX TM Digital

Visual Basic, NT, Excel and Word TM Microsoft
Screamer, NDP Fortran and Microway TM Microway
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Q High-Efficiency, Long-Life Pulsed Inductive Plasma Thrusters

Advanced pulse circuits deliver optimally shaped pulses and recover reflected energy.
Lewis Research Center, Cleveland, Ohio

Improved pulsed inductive plasma
accelerators are undergoing develop-
ment for use as long-life thrusters for
propulsion of spacecraft on interplane-

tary missions and for maneuvering of

spacecraft in orbit around the Earth.
On Earth, plasma accelerators of this
type could be used to produce a variety
of atomic, molecular, and plasma beams
for scientific experimentation and in-
dustrial processing (especially process-
ing of materials in the fabrication of mi-
crocircuits). The principal advantages
of the developmental accelerators over
older pulsed inductive plasma accelera-
tors arise from the use of advanced
solid-state electronic pulse circuits,
which operate at high repetition rates
(as much as a couple of kilohertz), have
long operating lives (10" shots), deliver
optimally shaped pulses, and recover re-
flected energy.

Some discussion of pulsed inductive
plasma accelerators in general is prereq-
uisite to a meaningful description of the
present improved design concept. Fig-
ure 1 illustrates the basic principle of op-
eration. A short pulse of electric current
is sent through the coil by closing an
electronic switch between a coil and a
previously charged capacitor bank. The
rapid rise of the axial magnetic field pro-
duces an azimuthal electric field, which
electrically breaks down a propellant gas

in a chamber adjacent to the coil, creat-
ing a plasma current ring in the direc-
tion opposite that of the current in the
coil. The magnetic repulsion between
the currents in the coil and the plasma
drives the plasma away from the coil.
Pulsed inductive plasma accelerators
offer advantages over electric plasma

accelerators, in which electrodes sup-
ply currents to form the plasmas. Ero-
sion of electrodes severely limits opera-
tional lifetimes and introduces elec-
trode atoms into the plasmas. In the
case of a plasma for industrial process-
ing or scientific experimentation, con-
tamination with electrode material can

Coil
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Figure 1. The Pulsed Current in the Coil generates a pulsed magnetic field that induces an opposing
current in the plasma, with resultant magnetic force that pushes the plasma away from the coil.
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Figure 2. This Pulsed Driver Circuit converts dc input power to short, high-voltage pulses. For example, with a suitable choice of components, it can covert
500-Vdc input to 50-kV, submicrosecond pulses. A pulsed driver circuit for a specific application could differ in such details as the numbers, ratings, and

placements of capacitors, inductors, and SCRs.
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And more.

Put it all together with our interactive worksheet
interface — which lets you work with equations,
text, and graphs visually, just as you do with
pencil and paper — and you'll see why Mathcad,
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software, is now even better.

Choose either Mathcad 8 Professional,
the worldwide standard for technical
professionals. Or Mathcad 8 Standard, for
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!
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be unacceptable. Because a pulsed in-
ductive plasma accelerator operates
without electrodes and the plasma is
pushed away out of contact with the in-

Extreme §2717)7)

Required performance duction coil immediately upon forma-
levels available from tion, there is much less erosion, and
RIFOCS MIL/AERO the plasma is much cleaner than in an

electric plasma accelerator.

Until now, the performances of
pulsed inductive plasma accelerators
have been constrained by the unavail-
ability of reliable, long-life, efficient
pulse-power circuits. The gas spark-gap
switches used in older pulsed inductive
plasma accelerators are unreliable and
short-lived (a few million shots maxi-
mum) because of erosion of spark-gap
electrodes and contamination of gases.
With regard to efficiency, two major is-
sues arise:
® The pulse delivered by the power cir-

cuit in a typical older pulsed induc-

cable designs, featuring:

e DEUTSCH Ltd. connectors
e Diamond “active” ferrules
* Single and multi-channel

* Space quality “AVIM”
connectors

* Best performance specs
in the industry

* COTS products tive plasma accelerator is not shaped
to maximize energy efficiency. Before

,”.. breakdown, the self-inductance of

% a:‘ : the coil limits the initial current rise;
.| after breakdown the magnetic flux of

. . the plasma current opposes that of

| RIFOCS Corporation F_iber Optic Instruments & ’L“ampanerrrts :Slffii :?,(;}i;tet?sr?:;:?iigsc [ri;fgllys
805/389-9800 Fax 805/389-9808 = e-mail: sales@rifocs.com e http://www.rifocs.com Howevie what it ieeded S etficikie

See us at OFC’99, San Diego, CA February 23-25, Booth #1937 operation is a rapid initial current

rise to obtain a strong electric field
for uniform breakdown, followed by
a slower current rise during accelera-
tion to reduce resistive loss of energy
in the plasma.

THERMOCOUPLE THERMOMETERS || invepime

Industrial | Process | HVAC | Laboratory | Testing / Food pedance with acceleration of the

plasma, some (typically 20 to 25 per-
- S.eIeCtabl.e J, .K’ T E, R’.Ia.nd S Thermocouples cent) of the energy fed to the acceler-
m Field Ca_“bratlon Capabl Ity ator is reflected. If the reflected en-
m Electronic Memory Storage

: : : ergy can be recovered, then efficiency
m Microprocesser Based Circuitry can be increased. The pulse-power cir-
m Accuracy to +£0.1%

cuits of older pulsed inductive plasma
m Resolution to 0.1°/1° (F or C) accelerators are not designed to re-
m Digital Display

cover the reflected energy.
m Complete Thermocouple Probe Selection In the developmental pulsed induc-
m Intrinsically Safe

tive plasma accelerators, the issues of op-

timal pulse shaping, recovery of re-
m Data Logger N ﬂectedpenergy, ang reliabilityy of the
switches are all addressed in the design
of advanced pulsed driver circuits. These
are compact, lightweight, modular solid-
state circuits that contain (1) inductive
and capacitive elements for storing en-
ergy and shaping pulses and (2) silicon
controlled rectifiers (SCRs) for switch-
ing. Figure 2 shows a simplified version
of a circuit of this type to illustrate the
principle of operation. The input stage
of the circuit is a command resonant

Barnant COmpany charge (CRC) network controlled via

) 7 SCRs. The CRC network delivers a pre-
28W092 Commercial Avenue ¢ Barrington, IL 60010 set quantity of charge and energy to in-

Toll Free: 800_637_3739 . 847-381.7050 termediate storage capacitors between

Fax: 847-381-7053 » Web Site: http://www.barnant.com pulses. The pulses formed by the CRC

For More Information Circle No. 416
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are then compressed by a nonlinear in-
ductance-and-capacitance network that
includes a step-up transformer to obtain
desired impedance levels.

The nonlinear circuit elements are in-
ductors with saturable cores. The core
of each following stage is allowed to
saturate before a significant fraction of
energy stored in the capacitors of the
immediately preceding stage is trans-
ferred. The nonlinear saturation phe-
nomenon increases the resonant fre-
quency. Thus, energy is coupled pro-
gressively faster as it propagates through
successive stages from the input to the
output end. The circuit is efficient in
transferring power in both directions
because it not only upshifts frequency in
the forward direction as described
above but also downshifts frequency as a
reflected pulse propagates back toward
the input end. Energy reflected from a

mismatched load can propagate all the
way back to the SCR commutator.
There, an energy-recovery circuit (omit-
ted for clarity) that comprises inductors,
capacitors, and SCRs stores some of the
reflected energy, which is then added to
the forward-propagating energy on the
next pulse.

This work was done by Dennis A. Rally,
Xing Chen, and William Guss of Science Re-
search Laboratory, Inc., for Lewis Research
Center. For further information, access the
Technical Support Package (TSP) free on-
line at www.nasatech.com under the Elec-
tronic Components and Circuits category

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to NASA Lewis Research Center,
Commercial Technology Office, Attn: Tech
Brief Patent Status, Mail Stop 7-3, 21000
Brookpark Road, Cleveland, Ohio 44135.
Refer to LEW-16620.

@ Solar-Cell System With High

Conversion Efficiency

Sunlight is spectrally dispersed to multiple cells,
each responsive to part of the spectrum.

NASA’s Jet Propulsion Laboratory, Pasadena, California

A concept for obtaining high energy-
conversion efficiency in a solar photo-
voltaic system involves (1) concentration
and spectral dispersion of sunlight and
(2) use of several types of solar photo-
voltaic cells, each placed at its optimum
location in the spectrum. The spectral dis-
persion and concentration of sunlight can
be effected by use of mirrors or lenses
combined with prisms. The photovoltaic

cells can be of the conventional single-

junction type, which cost less than do the

more advanced multijunction cells.
Preliminary experiments to demon-
strate the feasibility of this concept were
performed on several types of cells, using
artificial sunlight and prisms that had not
been optimized. On the basis of these ex-
periments plus references to the litera-
ture, it has been estimated that an opti-

Percent Contribution to
Cell Type Spectral Region of g;;iured System Efficiency,
P Maximum Response Percenntc({) Calculated for
Optimized Optics
Ge Near Infrared 9.17 (2) |
!
Si Red or Near Infrared 7.53 12.05 |
|
GaAs Orange and Red 9.99 15.98 |
|
|
GalnP, Green and Yellow 5,57 8.91 i
GaN or GaP Ultraviolet and Blue 273 ‘
Projected System Efficiency 48.84
Footnotes:
(1) At a concentration of 7 Suns measured at a prism lens.
(2) Estimated from the literature, without correction for concentration.

Each Type of Photovoltaic Cell responds maximally in a unique part of the spectrum, thereby con-
tributing to overall efficiency in the conversion of spectrally dispersed sunlight to electricity.

NASA Tech Briefs, January 1999
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mized system of this type could perform
with an energy-conversion efficiency ap-
proaching 50 percent (see table). In con-
trast, the more-expensive multijunction
solar cells yield efficiencies between 20
and 30 percent, while the efficiencies of
conventional solar cells range from 11 to
19 percent in white light.

This work was done by Wayne Phillips of
Caltech for NASA’s Jet Propulsion Lab-
oratory. For further information, access the
Technical Support Package (TSP) free ondine
at www.nasatech.com under the Electronic
Components and Circuits category
NPO-20354

OLuneberg Lenses Made of Open-Cell

Polyurethane Foams

Advantages would include light weight and ease of fabrication.
NASA’s Jet Propulsion Laboratory, Pasadena, California

A Luneberg lens is a microwave lens
consisting of a series of concentric shells
of differing dielectric constants. The
highest dielectric constant, or refractive
index, resides at the core, and the lowest
at the outer shell. Microwaves passing
through this arrangement of shells are
focused in the same manner as light
passing through a glass lens.

Known for decades, Luneberg lenses
have been fabricated from materials such
as polystyrene foam, foamed glass, and
other cellular materials. The dielectric
constant is controlled by simply control-
ling the bulk density of the foam. Materi-
als, such as foamed polystyrene, are useful
for ground-based applications, but space
deployment imposes severe restrictions
on their use. The closed-cell materials
used in the past are frequently difficult to
fabricate and are high in mass and tend to
exhibit electrical and dimensional insta-
bilities. They may also be expensive and
vulnerable to fracture by ground han-
dling or launch vibrations.

This concept proposes Luneberg
lenses suitable for space applications
and fabricated from open-celled elas-
tomeric foams. An ideal candidate is the
class of foamed urethane polymers. The
dielectric constant of these materials is
controlled by varying the density of the
foam, but may also be varied by addition
of polar groups (e.g., ethoxy, sulfonyl,
carboxylate, trifluoropropoxy, and the
like) to the polymer backbone. Unlike
increasing the dielectric constant by the
addition of conductive compounds, this
approach maintains the electrons in the
valence band and consequently keeps
the loss tangent low.

Urethane is the most widely used
chemistry in the fabrication of open-
celled foam materials, with densities
ranging from 1.2 to 10 Ib/ft* (19.2 to 160
kg/m?®). Dielectric constants typically vary
from 1.05 to 4.0 at high densities, and loss
tangents vary from immeasurably small to
5 x 107, Both mechanical and dielectric

www.nasatech.com

properties are identical in all axes
(isotropic), solving a significant problem
with previous materials choices. These
open-celled foams are inexpensive, easy
to machine and low in density. Their
open cell structure results in rapid and
complete air release in the vacuum of
space. The inherent resilience of these
materials gives them high mechanical
damping, resistance to fracture during
handling and launch, and additionally
provides a positive restoring force to their
dimensions. This “self-correcting” prop-
erty overcomes the “airgap” problem of
previous designs, in which a slight separa-
tion between the shells results in an in-
ternal reflection and loss of RF (radio-
frequency) efficiency. Finally, these mate-
rials have extremely low thermal conduc-
tivity (typically 0.05 W/m-K). This last
characteristic prevents the lens structure
from undergoing dramatic temperature
swings in response to a changing thermal
environment, and further improves their
electrical stability. Luneberg lenses fabri-
cated from these inexpensive open-celled
urethane foams may additionally be sup-
ported for use by a thin-walled light-
weight shell of some other material, such
as fiber glass.

This work was done by Paul B. Willis of Cal-
tech for NASA’s Jet Propulsion Laboratory.
For further information, access the Technical
Support Package (TSP) free on-line at
www.nasatech.com under the Electronic Com-
ponents and Circuits category.

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

Technology Reporting Office

JPL

Mail Stop 122-116

4800 Oak Grove Drive

Pasadena, CA 91109

(818) 354-2240

Refer to NPO-20339, volume and number
of this NASA Tech Briefs issue, and the
page number.
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@ Packaging Electronic Circuits in

Multi-Board Modules

Neither cables nor traditional connectors are used

within modules.

NASA’s Jet Propulsion Laboratory, Pasadena, California

The Multi-Board Module (MBM)
scheme has been conceived to provide a
cost-effective way to combine digital elec-
tronic circuits into dense, lightweight
packages, within which high-speed sig-
nals can be transmitted readily along
three-dimensional conductive paths with
minimal lengths. As the title suggests, the
MBM scheme involves stacking of circuit
boards in modules. Unlike in other cir-
cuit-packaging schemes, neither cables
nor traditional electrical connectors are
used to make the electrical connections
among circuit boards in a module. Inas-
much as connectors and cables typically
occupy a large fraction of the volume
and constitute a large fraction of the
mass of a package, the MBM scheme of-
fers the potential for significant reduc-
tions in size and weight.

ing tabs; alternatively or in addition,

one can insert thin conductive pads at

selected contacts to gain access for
probing.

e Unlike in conventional edge connec-
tion and in other three-dimensional-
connection schemes, contacts can be
located almost anywhere on the circuit
boards; this makes it possible to re-
duce signal-path lengths and thereby
accommodate higher-speed signals.

In applying the MBM concept, design-
ers might have to contend with limits on
the sizes of modules and with guidelines
regarding the numbers and placements
of contacts and structural supports. High
circuit densities could give rise to a need
for thermal straps for additional heat sink-
ing. Under some circumstances, it could
be necessary to design against a tendency

Insert
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Contact Springs made of beryllium/copper provide electrical connections between printed-wiring
traces on adjacent circuit boards stacked in a module.

As shown in the figure, the connections
between two adjacent circuit boards are
made via gold-plated beryllium/copper
contact springs. Each contact spring is sol-
dered to printed wiring at a via hole on
one of the boards. During assembly, each
spring is pushed into contact with the
printed wiring at a via hole at the corre-
sponding location on the adjacent board.
Inserts made of silicone rubber can be
used to reinforce the contact springs.

In addition to eliminating the cost,
weight, and bulk of cables and tradi-
tional electrical connectors, this contact
scheme affords several advantages:
¢ The contacts are self-aligning and

structurally reliable.

e Maintenance, repair, and testing are
possible because circuit boards can
readily be removed from stacks.

¢ To facilitate testing, one can turn off
selected contacts by inserting insulat-

NASA Tech Briefs, January 1999

for contacts to open when the circuit
boards are subjected to strong vibrations.

This work was done by John D. Baker and
Alberto Montalvo of Caltech for NASA’s Jet
Propulsion Laboratory. For further infor-
mation, access the Technical Support Package
(TSP) free on-line at wwuw.nasatech.com
under the Electronic Components and Circuits
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

Technology Reporting Office

JPL

Mail Stop 122-116

4800 Oak Grove Drive

Pasadena, CA 91109

(818) 354-2240

Refer to NPO-19972, volume and number
of this NASA Tech Briefs issue, and the page
number.

www.nasatech.com
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@® Program Simulates
Performance of a Hybrid
Automobile

The Hybrid Electric Vehicle Analysis
(HEVA) computer program numerically
simulates the performance of an automo-
tive vehicle — especially a hybrid vehicle.
A vehicle is said to be hybrid if (1) it con-
tains an energy-storage device (a battery,
flywheel, or ultra-capacitor) that is
charged with energy from a heat engine
that burns natural gas or another fuel and
(2) the energ
system that provides electricity to a trac-
tion motor for propulsion.

HEVA can mathematically model the
performance of a conventional nonhy-
brid vehicle, which lacks an ene stor-
age device. It also accounts for energy re-
covered by regenerative brakes. For a
given vehicle design and given operating
conditions, HEVA calculates fuel econ-
omy and estimates itemized power flow,
wheel and motor moments, and behavior
of the energy-storage system. The algo-
rithms in HE incorporate the

storage device is part of a

tion that the only direct source of motive
power is an electric motor. HEVA cannot
be used to analyze a hybrid vehicle with a
parallel configuration, in which either an
electric motor or a fuel-burning engine
can propel the vehicle.

HEVA comprises a simulation subpro-
gram and nine file-editor subprograms,
which are used to modify the various
input files. Each file-editor subprogram is
dedicated to one of nine types of input
files. The input data fall into the following
categories:
® Operating conditions (velocity pro-

file, road inclination, and environ-

mental conditions);

Some general vehicle parameters (in-

cluding weight and aerodynamic
characteristics);

Engine parameters (including effi-
ciency, power ratings, and fuel char-
acteristics);

Drive-train efficiency as a function of

speed ratio;
Torque suy
speed ratio;
Auxiliary power unit (APU) control pa-

ed by the motor vs. motor

Laser Solutions for Industry

6500 Harbous Heights ParkwayNMusfteo, WA 28575 1

/’l

7

For More Information Circle No. 420

rameters (adjusted APU power output
vs. state of charge);

* Batte cha
voltage and re

teristics (open-circuit

istance vs. state of charge,
rated voltage, and charge c ity i
ampere-hours);

* Flywheel characteristics; and

* Capacitor characteristics (capacitance,
efficiency, and maximum voltage).

HEVA is written in C++ for IBM-PC-
compatible computers running Win-
dows NT. Executable code is pro-
vided. IBM Visual Age C++ is necessary
for compiling any modifications of
the code. The standard distribution
medium for HEVA is a set of two 3.5-in.
(8.89-mm), 1.44MB MS-DOS-format
diskettes. An electronic copy of the doc-
umentation in HTML format is included
on the distribution medium.

This program was written by D. K. Stal-
naker and L. Viterna of Lewis Research
Center. For further information, access the
Technical Support Package (TSP) free on-
line at www.nasatech.com under the Soft-
ware category.

V-16632

/

www.synrad.com

SYNRAD

.4382 f7 synrad@synrad.com e-mail
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@ Composite-Matrix Regenerators for Stirling Engines

One can exploit the properties of composites to reduce thermal and flow losses.

Lewis Research Center, Cleveland, Ohio

A prototype Stirling-engine regenera-
tor containing a matrix made of carbon-
fiber-based composite materials has been
developed. The concept underlying this
development effort is one of exploiting
the properties of composite materials
(e.g., the anisotropy of thermal conduc-
tivity of carbon fibers and the tailorability
of composite materials and structures) to
reduce thermal and flow losses below
those of previously developed regenera-
tors containing metal matrices.

The regenerator in a Stirling engine is
an internal heat exchanger for transfer-
ring heat between a working fluid and a
flow-channel wall (which is also part of
the regenerator). The fluid can be he-
lium or another gas that has suitable
thermodynamic properties and that
does not react chemically with engine
components. A typical regenerator is
cylindrical in overall shape and includes
one or more axial passage(s) containing
a matrix — an open, thermally conduc-
tive structure with many flow paths and
large surface area for transfer of heat to
and from the working fluid. (“Matrix” as
used here is meant to be distinguished
from “matrix” as used elsewhere to des-
ignate the nonfibrous or nonparticulate
component of a composite material.
Hereafter in this article, the terms “re-
generator matrix” and “matrix material”
will be used to avoid ambiguity.) Stated
somewhat differently, the matrix pro-
vides a thermal connection between the
gas and the heat capacity of the wall.

Problems associated with making ef-
fective regenerators stem from limita-
tions of materials of which they are
made. Regenerator matrices are sub-
jected to hot, oscillating gas flows and
high temperature gradients. For high
performance, a regenerator should be
thermally insulating in the axial direc-
tion (along which a substantial thermal
gradient can exist) and should exchange
heat rapidly with the working fluid. The
regenerator should contain minimum
dead volume because dead volume re-
duces the engine compression ratio.
The flow of gas through the regenerator
matrix introduces drag and viscous
losses, which should be minimized in

48

Screens

Foils

Composite

Figure 1. A Composite-Matrix Regenerator containing a matrix of radial carbon fibers offers advan-
tages over current regenerators containing matrices of screens, balls, or foils.

order to maximize performance. Efforts
at reducing some loss mechanisms tend
to aggravate others.

Matrices in current regenerators have
been made of various components, in-
cluding steel wool, steel felt, stacked
screens, packed balls, metal foils, and
parallel plates. The matrix in a compos-
ite-matrix regenerator (CMR) could be
made in any of a variety of composite
materials and configurations; for exam-
ple, regenerator matrices could com-
prise radially or circumferentially ori-
ented thick fibers (see Figure 1). The
fibers in the channels could be compos-
ites built up on thinner carbon-based
fibers. The ends of the fibers would be
embedded in cylindrical or otherwise-
shaped axial-flow-channel walls.

Relative to current regenerators con-
taining packed balls, felts, or stacked
screens, CMRs containing fibers across
axial-flow channels offer the potential
advantage of greater heat-transfer effec-

www.nasatech.com

tiveness for a given flow friction. The
high surface area of the fibers enhances
gas/solid heat transfer, making it possi-
ble to obtain adequate performance
from fewer, wider flow channels than
one might otherwise need; this creates
an opportunity to reduce costs because
fewer, larger channels can be fabricated
more easily. Other advantages of CMRs
containing fibers crossing axial-flow
channels, relative to current regenera-
tors, include smaller pressure drops and
smaller dead volumes.

The lengthwise thermal conductivities
of graphitized carbon fibers range from
about 300 to about 1,000 Wm 'K —
about 20 to 67 times the thermal con-
ductivity of stainless steel. The transverse
thermal conductivities of these fibers are
only about 1/100 of their lengthwise
conductivities. If these fibers were com-
bined with low-thermal-conductivity ma-
trix materials, the resulting composite
materials would exhibit high anisotropy

NASA Tech Briefs, January 1999
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Figure 2. This Prototype Composite-Matrix
Regenerator is made of radially oriented carbon
fibers bonded to an anisotropic carbon/carbon
composite tube. Fabrication involved electrosta-
tic flocking of the carbon fibers followed by
rigidization (including thickening of the fibers)
by chemical-vapor infiltration.

of thermal conduction. In principle,
such fibers and matrix materials could
be used to advantage in a regenerator in
the following ways:

* The fibers could be used to conduct
heat between the flowing gas and the
flow-channel walls.

® The walls could be made of a com-
posite material containing radially
oriented fibers to utilize the ther-
mal-conduction anisotropy to maxi-
mize radial conduction between the
wall and the fibers in the channel
while minimizing undesired axial
conduction. Preferably, the matrix
material in the wall would be one of
high specific heat as well as low ther-
mal conductivity.

Figure 2 shows a prototype CMR. A
CMR of this type has survived limited en-
durance testing in a small Stirling en-
gine, where it exhibited thermal perfor-
mance among the best of a number of
different regenerators that were tested.

This work was done by Timothy R.
Knowles of Energy Science Laboratories, Inc.,
Jor Lewis Research Center. For further in-
formation, access the Technical Support
Package (TSP) free on-line at www.nasatech.
com under the Materials category.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to NASA Lewis Research Center,
Commercial Technology Office, Attn: Tech
Brief Patent Status, Mail Stop 7-3, 21000
Brookpark Road, Cleveland, Ohio 44135.
Refer to LEW-16581.

® Improved Alloy for Fabrication of

Combustion Chambers by VPS

A shell has been fabricated by VPS, and experiments continue.

Marshall Space Flight Center, Alabama

An alloy of 88Cu/8Cr/4Nb (numbers
indicate atomic percentages) has been
proposed for use in fabricating rocket-
engine combustion chambers by vac-
uum plasma spraying (VPS). Relative to
other techniques that could be used to
fabricate rocket-engine combustion
chambers, VPS is inexpensive. In VPS, a
powder feedstock of the desired alloy be-
comes melted and deposited at high
speed onto a substrate. Heretofore,
those rocket-engine combustion cham-
bers that have been fabricated by VPS
have typically been made of the copper-
based alloy NARloy-Z.

The 88Cu/8Cr/4Nb alloy was selected
as a candidate to replace NARIloy-Z be-
cause previous research had revealed
that this alloy exhibits excellent high-
temperature strength, resistance to
creep, and low cycle fatigue behavior, all
combined with exceptional thermal sta-

www.nasatech.com

bility. Specimens of 88Cu/8Cr/4Nb fab-
ricated by powder metallurgy (PM) had
been found to exhibit better mechanical
properties at a temperature of 1,200 °C
than does NARloy-Z at 1,000 °C. The
problem then became one of determin-
ing whether the superiority of PM
88Cu/8Cr/4Nb would carry over to VPS
88Cu/8Cr/4Nb.

In the first stage of an effort to investi-
gate the properties of VPS 88Cu/
8Cr/4Nb, VPS parameters to obtain an
optimal deposit of this alloy on a cylin-
drical substrate were developed, then
VPS was carried out to form a shell with
a wall thickness of 0.5 in. (1.3 ¢m), and
length of 6 in. (15 cm). Samples were
machined from the 88Cu/8Cr/4Nb shell
and analyzed for density and hardness.
Some of the samples were further treated
by vacuum annealing and/or hot isosta-
tic pressing (HIP) prior to analysis.

NASA Tech Briefs, January 1999



Fabrication ¥ D;m Hardness,
Pt Post-Fabrication Treatment Rockwell B

None (Sample Tested As-Sprayed) 8.480 62.6

Vacuum Anneal for 4 Hours at 1,750 °F (954 °C) 8.583 723

VPS
Vacuum Anneal for 4 Hours at 1,750 °F (954 °C) 8.730 76.8
and HIP for 1 Hour at Same Temperature 3
HIP for 4 Hours at 1,750 °F (954 °C) 8.685 69.3
PM and
Edttio None 8.660 70.9

Density and Hardness of Specimens of 88Cu/8Cr/4Nb were measured after various fabrication

processes and treatments.

The table presents the results of these
analyses. For comparison, the table also
presents the results of previous research
on extruded PM 88Cu/8Cr/4Nb. The
comparison reveals that the density and
hardness of VPS 88Cu/8Cr/4Nb treated
with vacuum annealing and HIP were
greater than those of extruded PM
88Cu/8Cr/4Nb. These superior proper-
ties of the VPS 88Cu/8Cr/4Nb are ex-
pected to translate into superior tensile
and low-cycle fatigue properties; experi-

ments to verify this expectation had not
been completed at the time of reporting
the information for this article.

This work was done by Richard R. Holmes
and Frank Zimmerman of Marshall Space
Flight Center and George P. Beason, Jr,
and Timothy N. McKechnie of Plasma Pro-
cesses, Inc. For further information, access the
Technical Support Package (TSP) free on-line
at www.nasatech.com under the Materials
category. MFS-26546

@ Etching Solution for Removal of Silver

Plating From Polymers

Underlying polymeric materials are not attacked.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

An etching solution has been devel-
oped for use in removal of silver plating
from polymer-based (including com-
posite-material) structural compo-
nents, the surfaces of which are in-
tended to serve as mirrors and
waveguide structures. Such structures
are often plated with aluminum, cop-
per, and silver to impart the reflectivity
and electrical conductivity required of
mirror and waveguide surfaces. It is
sometimes necessary to remove the
plating in preparation for reworking
mirror or waveguide hardware. The
present etching solution satisfies a need
for an effective, fast-acting, nonoxidiz-
ing plating-removal solution that does
not destroy the underlying polymeric
or composite material.

The present solution is a modified ver-
sion of a previously developed and
widely used copper chloride etching so-
lution. During use of the previously de-
veloped solution, the plating is attacked
by nonoxidizing chloride ions. The pre-
viously developed solution works well in

NASA Tech Briefs, January 1999

removing most metals but is not suitable
for use on silver because it leaves an in-
soluble silver chloride residue.

The present solution is a bright green
liquid that consists of deionized water
containing 5 percent by weight of
cuprous chloride and 20 percent by
weight (saturation concentration) of am-
monium chloride. The addition of the
ammonium ions prevents the formation
of an insoluble silver chloride residue.
Instead, ammonium ions form a com-
plex soluble salt with silver; namely, silver
ammonium chloride [Ag(NHj),Cl]. A
silver-plated polymeric or composite-ma-
terial surface can be cleaned of all silver
by immersion in this solution for as little
time as 10 seconds. The solution also
readily attacks most other metals — es-
pecially aluminum.

This work was done by Paul B. Willis of
Caltech for NASA’s Jet Propulsion Labo-
ratory. For further information, access the
Technical Support Package (TSP) free on-line
at www.nasatech.com under the Materials
category. NPO-20340

www.nasatech.com
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& Flutterometer for Flight Testing

Flight data are used to predict unstable flight conditions.
Dryden Flight Research Center; Edwards, California

A flutterometer is being developed for
use as a data-analysis tool for flight
flutter testing. The tool is based on an
on-line implementation of a robust flut-
ter analysis technique, called the “p
method,” that was described in “Charac-
terizing Worst-Case Flutter Margins
From Flight Data” (DRC-97-03), NASA
Tech Briefs, Vol. 21, No. 4 (April 1997),
page 62.

Flight testing is performed to evaluate
the characteristics of an aircraft and to
determine a range of flight conditions,
called a “flight envelope,” in which an
aircraft can be operated with safety. A
particularly dangerous instability that
one must avoid is flutter, which results
from coupling between structural and
aerodynamic forces. Flight flutter testing
is flight testing for determining a safe
flight envelope in which an aircraft will
not exhibit a flutter instability.

In traditional methods of flight test-
ing, one expands a flight envelope via a
series of test points, using measurements
(that is, sensor outputs) generated in re-
sponse to some excitation. Such dynam-
ical properties as damping are estimated
from the measurement data, and trends
are used to determine whether the enve-
lope may be expanded further. These

Figure 1. The NASA F/A-18 Systems Research Aircraft, here shown high above Edwards Air Force Base,
was mathematically modeled in a computational simulation to demonstrate the performance of the

flutterometer.

methods are inefficient, and to be able
to use these methods, one must ensure
that data points are closely spaced, inas-
much as the trends do not guarantee
which increases in flight conditions may
be safely considered. Also, flight flutter
testing is potentially dangerous to the

crew because an unexpected flutter
instability (one not predicted from the
trends) can occur during a transition to
a new test point.

The p method provides for computa-
tion of worst-case flight conditions for
which flutter may occur, by considera-

Visit www.spiralock.com

You Could Be An Instant Winner
Of ATrek Bike!

For More Information Circle No. 423
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tions of time, according to the flutterometer and to two mathematical models of the F/A-18 airplane.

tion of errors and uncertainty in a math-
ematical model. The flutterometer uses
flight data to identify errors and uncer-
tainty in a model, so the resulting worst-
case flutter margins predicted by use of
the p method directly account for data
that describe the aircraft (as distin-
guished from a mathematical model of
the aircraft).

The flutterometer can reduce the risk
and cost associated with flight flutter
testing by predicting unstable flight con-
ditions at a current test point in order to
determine what increases in flight con-
ditions may be safely considered for the
next test point. The envelope expansion
can proceed more rapidly, inasmuch
as test points can be chosen on the basis
of traditional, but unreliable, damping
trends along with the additional infor-
mation from flutterometer predictions.

A flight flutter test of the F/A-18 Sys-
tems Research Aircraft (see Figure 1), in
which the envelope at mach 1.2 was ex-
panded by decreasing altitude and in-
creasing dynamic pressure, was simu-
lated computationally to demonstrate
the performance of the flutterometer.
The F/A-18 mathematical model used
in the simulation provided for a repre-
sentation of temporal variation of mass
corresponding to consumption of fuel,
and for representation of measure-
ments by wing-tip sensors. Another,
nominal mathematical model of the
F/A-18 airplane that includes 10-per-
cent errors in structural stiffnesses and
was formulated for constant mass corre-
sponding to full fuel was used to predict
unstable flight conditions for the simu-
lated F/A-18.

www.nasatech.com

Figure 2 shows the dynamic pressure
at which flutter occurred as the simula-
tion progressed. The dashed line repre-
sents the unstable flight conditions for
the F/A-18 simulation; this line shows
changes, even at constant-mach-number
flight, because of the temporal variation
of mass. The dotted line represents the
traditional prediction, which was inaccu-
rate inasmuch as it was based on the
nominal model with no accounting for
errors. The solid line represents the flut-
terometer prediction, which was com-
puted by use of sensor data starting at 3
minutes (simulated time) after the be-
ginning of the simulation to identify er-
rors in the nominal model. These errors
account for the unmodeled temporal
variation of mass, so that the predicted
worst-case flight conditions associated
with flutter remain conservative to the
true unstable conditions. The flutterom-
eter could be used to determine safe test
points for envelope expansion because
the unstable flight conditions are pre-
dicted by use of data throughout the
flight to account for unmodeled tempo-
rally varying dynamics.

This work was done by Rick Lind and
Martin Brenner of Dryden Flight Research
Center. For further information, access the
Technical Support Package (TSP) free on-ine
at www.nasatech.com under the Mechanics
category.

This invention is owned by NASA, and a
patent application has been filed. Inquiries
concerning nonexclusive or exclusive license
Jor its commercial development should be
addressed to the Patent Counsel, Dryden
Flight Research Center; (805) 258-3720.
Refer to DRC-98-01.
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& Improved Mufflers for General Aviation

SiC foam serves as an absorber in a dissipative /reactive noise-suppression scheme.

Lewis Research Center, Cleveland, Ohio

Innovative designs of mufflers for
engines of small airplanes have been in-
vestigated in an effort to satisfy conflict-
ing demands to maximize the reduc-
tion of exhaust noise while minimizing
back pressure, size, and weight. Auto-
motive-type muffler designs are not
suitable for this purpose because they
entail excessive back pressures, sizes,
and weights.

The investigation involved identifica-
tion of key legal and technological is-
sues in the silencing of general-aviation
aircraft; development of a baseline the-
oretical approach to the design and op-
timization of aircraft engine exhaust
systems; and evaluation of conceptual
innovative designs of muffler and ex-
haust systems with dissipative, resistive,
and reactive muffler components. The
innovative designs call for the use of
silicon carbide foam as a broadband ab-
sorber material in combination with re-
active components; specifically, the de-
signs feature variously sized and shaped
expansion chambers with acoustic lin-
ers or flow-through baffles.

In experiments, acoustical imped-
ances, resistances to flow, and other rel-
evant properties of absorbers were mea-
sured and compared with theoretical
predictions to determine such empiri-
cal parameters as structural factors.
Noise characteristics of commercial air-
craft engines were measured and com-
pared with predicted values used in de-
signing mufflers. Then prototypes of 17
different innovative muffler designs
were fabricated, and several commer-
cial aircraft engines were tested alter-
nately with stock mufflers and with
some of the prototypes to measure
acoustic insertion losses as functions of
frequency.

It was demonstrated that engine
noise dominates overall aircraft noise
for engines of less than 250 horse-
power (power less than about 190 kW),
and that mufflers can be beneficial to-
ward reducing aircraft noise. Final
flightweight designs had not been de-
veloped at the time of reporting infor-
mation for this article. However, it was
determined that because of the low fre-
quencies of sounds generated by en-
gines of the type in question, dissipa-
tive /reactive muffler designs like those
investigated will be necessary for satis-
fying the noise, size, weight, and per-
formance requirements of general avi-
ation. An additional advantage of these

NASA Tech Briefs, January 1999

muffler designs is that they are also
highly suitable for incorporation of cat-
alytic converters to reduce chemical as
well as noise pollution.

This work was done by Andrew J. Sher-
man, Sangvavann Heng, and Edwin P.
Stankiewicz of Ultramet for Lewis Re-
search Center. For further information,
access the Technical Support Package (TSP)

[free on-line at www.nasatech.com under the
Mechanics category.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to NASA Lewis Research Center,
Commercial Technology Office, Attn: Tech
Brief Patent Status, Mazil Stop 7-3, 21000
Brookpark Road, Cleveland, Ohio 44135.
Refer to LEW-16324.
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@ Imaging System Shows Ischemic Regions
Real-time images help in monitoring and guiding treatments.
NASA’s Jet Propulsion Laboratory, Pasadena, California

A noninvasive medical-imaging system produces false-color
images that show regions of ischemia (reduced oxygenated

2 : > Beam Splitters
blood flow) in organs and tissues. The system operates in real Optics S5
time, providing immediate guidance for surgery or other treat- OTiSSUS%T : /\ riter ||le
3 : rgan Under
ment. For example, the system can be used to identify tissues Obonsatiie v g

that should be removed in treating burns or in other surgical

procedures.

The detection of ischemia involves the determination of
the relative oxyhemoglobin and deoxyhemoglobin contents 5‘2"“"‘ I ] [ g 577-nm
of blood in the affected organ or tissue. Heretofore, this has - .

been done in nonimaging fashion by use of in-place monitors,
such as pulse oximetry, which is not organ specific. The pre-

sent noninvasive, real-time system is a multispectral imaging 7 , 7
system that utilizes the spectral signatures of oxy- and deoxy-
hemoglobin. : [ bigitat signal

The system (see figure) includes three charge-coupled-de- Processor

vice (CCD) video cameras aimed at the same spot with the help
of beam splitters. The light entering each camera passes
through a narrow-band-pass filter at a unique wavelength. One

This Noninvasive, Real-Time Imaging System utilizes three spectral absorp-
tion peaks characteristic of oxy- and deoxyhemoglobin.

possibility for wavelengths of the three filters is 541, 577, and
558 nm. These wavelengths were chosen because oxyhemoglo-
bin has absorption peaks at 541 and 577 nm, while deoxyhe-
moglobin has an absorption peak at 558 nm. Another choice
could include one of the one of the isobestic points. Thus, as
oxyhemoglobin is converted to deoxyhemoglobin, the 541-nm
and 577-nm absorption peaks become depressed and the 558-
nm absorption peak appears. Another choice may be 558
(deoxy peak), 569, and 586 (isobestic points).

. The images acquired simultaneously at the three wave-
Superior performance shielding gaskets " lengths can be processed and combined in such a way as to en-
Electronic grade plating finishes il hance the spectral contrast between deoxyhemoglobin and
Many base metal variations ' 3 ' oxyhemoglobin. For this purpose, the video outputs of the
Hundreds of §hapgs&sizes three cameras are fed to a digital signal processor (DSP),
Custom modifications which produces a false-color (red/green/blue) image of the

LRI

MEDICAL DIAGNOSTICS TELECOMMUNICATIONS CovPLTERS organ or tissue that shows blood oxygen content. The DSP uses
an algorithm derived from clinical data. This false-color image
AFROSPACE, MILITARY INSTRUMENTATION ELECTRONC ENCLOSURES is displayed on a video monitor.

This work was done by Gregory H. Bearman, Thomas G. Chrien,
and Michael L. Eastwood of Caltech for NASA’s Jet Propulsion Lab-

/
‘9 nMEE A Hﬂm oratory. For further information, access the Technical Support Pack-

age (TSP) free on-line at www.nasatech.com under the Bio-Medical

II " ﬂ n “ |: I 5 (;ategorv_
1384 Pompton Ave., Cedar Grove, NJ 07009 This invention is owned by NASA, and a patent application has
ttEe-lr'ngi7l::i.§' : l?;s7 ésoinéf;’é'sﬂf l.d8 i?u%..?:.{)‘ni been ﬁled Inquiries concerning nonexclusive or exclusive license for its
web site: http://www.omegashielding.com commercial development should be addressed to the Patent Counsel,
IS0 9002 Quality System Certified NASA Resident Office—JPL; (818) 354-5179. Refer to NPO-19569.
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@ Thermal-Isolation Structure for Low-Temperature Experiments

A tension/compression structure reduces thermal bias.
NASA'’s Jet Propulsion Laboratory, Pasadena, California

The figure shows a tension/compres-
sion structure that provides rigid sus-
pension and a high degree of thermal
isolation for a small instrument assembly
used in low-temperature experiments.
The structure is designed primarily for
use in a microgravitational environment;
specifically, to support a sensor package
in the Critical Dynamics in Microgravity
Experiment (DYNAMX), which is sched-
uled to fly on the space shuttle as part of
the Microgravity Science Payload in
early 2002. The structure also is adapt-

able to scientific experimentation in
normal Earth gravity in cases in which
there are requirements for lightweight,
rigid, thermally isolating structures in
confining geometries.

High structural rigidity is necessary
for low-temperature scientific experi-
mentation in the microgravitational en-
vironment of a spacecraft in a low orbit
around the Earth. The rigidity is
needed not only to withstand loads en-
countered during launch but also to
prevent amplification of low-frequency
vibrations from the spacecraft (typically,
the space shuttle), which vibrations can
generate heat in an instrument and
thereby bias the results of an experi-
ment. High levels of thermal isolation
are needed, not only between the in-
strument and the spacecraft, but also
between components within the instru-

ment, to prevent thermal “crosstalk”
and the biases that such crosstalk could
engender. In the case of a highly sensi-
tive low-temperature instrument, the
need for thermal isolation dictates min-
imization of instrument-component
masses to minimize the bias attributable
to heat deposited by cosmic rays.
Heretofore, tension/compression
structures have seldom been used in
cryogenic applications, even though
they offer enormous advantages in ther-
mal isolation and rigidity. The present
tension/compression structure includes
a cylindrical exoskeleton, within which
instrument components are held in po-
sition by tensioned Kevlar (or equiva-
lent) aromatic polyamid cords. The
combination of strength of the exoskele-
ton and preload in the cords provides
rigid mounting for the instrument com-
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ponents. Because the cross-sectional area of the cords is small
and the thermal conductivity of the cord material is low, the
cords provide a high level of thermal isolation. The narrowness
and low density of the cords also limits the deposition of heat
from cosmic rays.

A computational simulation was performed to compare the
performance of this structure with the performances of
mounting structures of conventional designs. The results of
the simulation showed that this structure could provide a
higher level of thermal isolation from surrounding structures
and a lower level of thermal crosstalk between instrument
components.

This work was done by Alfred Nash and Linda Robeck of Caltech for
NASA'’s Jet Propulsion Laboratory. For further information, access
the Technical Support Package (TSP) free on-line at www.nasatech.
com under the Physical Sciences category. NPO-20338

@®In Situ Chemical Analysis via

Acoustic-Emission Spectra

Small piezoelectric sensors coated with reactive
materials would provide data on chemical
compositions.

NASA's Jet Propulsion Laboratory, Pasadena, California

A method of in situ chemical analysis by use of small, simple,
robust sensors has been proposed. The basis for the proposal
is the discovery that chemical reactions emit acoustic waves,
and that characteristic frequency spectra are associated with
specific reactions. The acoustic frequencies of interest range
from about 0.1 to several megahertz. If a newly recorded
acoustic spectrum were to match a previously recorded spec-
trum of a known chemical reaction, then the newly recorded
spectrum would be deemed to indicate the presence of that re-
action. The amplitude of a spectrum would be taken as an in-
dication of the rate of the corresponding reaction.

A chemical-analysis instrument based on this concept would
include an array of miniature piezoelectric acoustic sensors,
each with a typical area of no more than a fraction of a square
millimeter. The sensors would be able to withstand accelera-
tions up to about 10’ times that of normal Earth gravitation
(about 10° m/s).

The instrument would include circuitry for flash analog-to-
digital conversion of the sensor outputs, plus a moderately
powerful digital data processor that would Fourier-analyze the
digitized sensor outputs to obtain acoustic spectra. The instru-
ment would also include electronic circuitry for (1) matching
the newly acquired spectra with previously recorded spectra of
known reactions and/or (2) recording and/or transmitting
the newly acquired spectra for further processing by a com-
puter to find matches to known spectra. The durations of typi-
cal chemical reactions of interest range from tens of seconds to
hours; on this time scale, there would be no difficulty in time-
multiplexing readouts from multiple sensors.

In the original proposed application, such an instrument
would be used to find the chemical compositions of gases and
dust in the Martian atmosphere, soil, and/or rocks. A similar
terrestrial use would be monitoring gaseous, liquid, and solid
pollutants in the field. For this purpose, the piezoelectric
transducers would be coated with materials that engage in
known chemical reactions with the pollutants or other sub-
stances of interest. Coatings could include adhesives to assist
in collection of dust (and/or magnets to assist in collection of
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magnetic dust). Alternatively or in addition, reactive liquids
could be injected into reaction sites at analysis time. Because
the sensors would have low thermal masses, heating the sen-
sors to reaction temperatures (if necessary) would consume
little power — no more than milliwatts at the highest temper-
atures likely to be needed.

This work was done by Frank Hartley of Caltech for NASA’s Jet
Propulsion Laboratory. For further information, access the Techni-
cal Support Package (TSP) free online at www.nasatech.com under
the Physical Sciences category. NPO-20222

8 Electrostrictive Thermal Break

Between Superfluid Reservoirs

Superfluid in a connecting capillary would be
rendered normal by electrostriction.

JASA’s Jet Propulsion Laboratory, Pasadena, California

A proposed technique would make it possible to maintain
two reservoirs of superfluid helium at the same pressure but at
different temperatures. Heretofore, a fountain effect (de-
scribed below) has made this impossible. The proposed tech-
nique could be useful for low-temperature experimentation
and for the general processing of liquid helium.

Liquid helium becomes a superfluid when cooled below a
temperature of 2.177 K. One of the characteristics of a super-
fluid is nearly infinite thermal conductivity. Thus, if two reser-
voirs containing superfluid helium are put in fluid communi-
cation to equalize their pressures, thermal conduction
through the connecting fluid equalizes their temperatures.
Even a connection as narrow as a capillary tube acts as a ther-
mal short circuit.

One way to obtain a temperature difference between the two
reservoirs is to make the fluid connection through a porous
material (e.g., a ceramic). However, such a temperature differ-
ence is accompanied by a pressure difference; this is the phe-
nomenon known as the fountain effect.

According to the proposal, the two reservoirs would be con-
nected via an electrically conductive capillary tube, part of the
interior of which would be occupied by an electrically insu-
lated wire. A high voltage would be applied between the wire
and the capillary tube. The resulting high electric field inside
the tube would cause electrostriction in the fluid, so that the
pressure in the capillary tube would increase. The increase in
pressure would depress the superfluid-transition temperature,
causing the fluid in the capillary tube to revert to a normal
fluid. Because the fountain effect would not occur in the nor-
mal fluid, it would be possible to maintain a temperature dif-
ference between the opposite ends of the capillary tube.

The increase in pressure with electrostriction is given by

P=(&/6)(d-1)(d+2)E",

where §& is the vacuum permittivity, d (which equals 1.06) is the
relative permittivity of liquid helium, and E is the electric field.
A suitable device to implement the technique could be made
from a wire of 0.003 in. (0.076 mm) outside diameter and a
tube of 0.004 in. (0.102 mm) inside diameter. At the break-
down electric field of 10° V/m, it should be possible to depress
the superfluid-transition temperature by 0.23 mK.

This work was done by Talso Chui and Yury Mukharsky of Caltech
for NASA’s Jet Propulsion Laboratory. For further information,
access the Technical Support Package (TSP) free on-line at
www.nasatech.com under the Physical Sciences category. NPO-20406
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Special Coverage:

Data Acquisition

3 Processing ScanSAR Data Using a Chirp z-Transform

A phase-preserving algorithm generates images with selectable constant azimuthal pixel length.
NASA’s Jet Propulsion Laboratory, Pasadena, California

An algorithm that processes bursts of
data generated by scan-mode synthetic-
aperture radar (scanSAR) offers some
advantages over older scanSAR algo-
rithms. With relatively high computa-
tional efficiency, the algorithm can shift
and scale the position along the flight
track, preserve the phase of the radar
signal, and provide for immediate for-
mation of interferograms from two
radar images.

swath is arbitrarily long in the azimuth
(along-track) direction; as a result, the
finest achievable resolution in azimuth
(the along-track coordinate) is inde-
pendent of range (radar/target dis-
tance) and equals half the along-track
dimension of the antenna. High range
resolution is obtained by use of either
very short pulses or properly coded
signals. The length of the range swath
is limited by the pulse-repetition inter-

tion of the return from a target along
the full along-track synthetic antenna
aperture length dimension of the syn-
thetic aperture. The term “burst” is used
to characterize both (1) the interval dur-
ing which the radar beam illuminates a
given subswath and (2) the data ob-
tained from the subswath.

ScanSAR data could be processed fol-
lowing a standard range/Doppler ap-
proach that includes, among other

Range-Compressed Burst Signal

(x)?

Range-Compressed Burst Signal

exp[jZn '}:7]
Deramping Signal

Azimisth Interpolation
Fourier Block
Transform

— ScanSAR Burst Image

"2
exp[jZn (:—)]
Deramping Signal
SPECAN ALGORITHM
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Inverse Fourier ——>®-—1—> ScanSAR Burst Image

Transform |
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exp |—inK(r)x? Fourier
p[ oty ] Transform
Azimuth
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Transform
___________________________ |
PRESENT ALGORITHM

The Present Algorithm Is Derived from the SPECAN Algorithm. The standard Fourier transform of the SPECAN algorithm is replaced with a chirp z-trans-
form, the kernel of which includes the range-dependent correction (scaling) factor K(r) = r'J/r’, where r’is a range variable and r’, is a fixed range com-
puted from the desired azimuthal pixel length. Regarding the other algebraic symbols: x"is an azimuthal coordinate, 4 is the wavelength of the radar sig-

nal, and & is an azimuthal spatial frequency often interpreted in terms of Doppler frequency.

Conventional practice in synthetic-
aperture radar (SAR) involves the use
of either the scan mode or the strip
mode. The most commonly used mode
is the strip mode, in which the radar
antenna is pointed in a fixed direction
with respect to the flight track and the
illumination footprint covers a strip on
the ground as the radar system moves
along the flight track. The mapping

60

val; in some applications, this can be
undesirable.

In the scan mode, the radar beam is
periodically stepped in range to neigh-
boring swaths, which are denoted sub-
swaths for scanSAR purposes. This step-
ping increases the length of the range
swath, but exerts the undesirable effect
of decreasing along-track resolution be-
cause the stepping prevents the collec-

www.nasatech.com

things, the use of Fourier transforms for
efficient frequency-domain implementa-
tion of convolutions. However, for rea-
sons too complex to discuss within the
limits of this article, this approach entails
large zero-padding of burst data in
preparation for azimuth compression,
and this padding makes for computa-
tional inefficiency. An alternative ap-
proach is implemented by a very effi-
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cient algorithm called “SPECAN,” in which azimuth focusing is
accomplished in a process that involves a phase-multiplication
operation called “deramping,” followed by a Fourier-transform
step. This process involves the original burst data with either no
zero padding or very limited padding to the nearest power of 2
for a typical discrete-Fourier-transform code. Strictly speaking,
the SPECAN algorithm does not compensate for range migra-
tion, but partly as a consequence of the shortness of bursts, the
range-migration effects in most scanSAR applications are small
enough that one can ignore them for practical purposes.

The present algorithm is an extended version of the
SPECAN algorithm (see figure). One relevant characteristic of
the SPECAN algorithm is the need for range-dependent scal-
ing of the along-track pixel dimension. This scaling is accom-
plished in a post-processing interpolation step that can de-
grade either computational efficiency or accuracy, depending
on the length of the interpolation kernel. In the present algo-
rithm, the need for the scaling and post-processing interpola-
tion is eliminated by replacing the standard Fourier transform
of the SPECAN algorithm with a chirp ztransform, the kernel
of which includes a range-dependent correction (scaling) fac-
tor. The chirp ztransform can be computed by use of fast-
Fourier-transform software, without need for zero-padding;
however, the present algorithm is somewhat less efficient than
the SPECAN algorithm is because the chirp ztransform in-
volves a convolution rather than a simple Fourier transform.

The present algorithm is fully phase-preserving and retains
the relative simplicity and most of the computational efficiency
of the SPECAN algorithm. However, unlike the SPECAN algo-
rithm, the present algorithm automatically generates images
with constant azimuthal pixel length, without interpolation;
moreover, the azimuthal pixel length can be chosen to suit the
application at hand.

This work was done by Riccardo Lanari, Scott Hensley, and Paul
Rosen of Caltech for NASA’s Jet Propulsion Laboratory. For fur-
ther information, access the Technical Support Package (TSP) free
onine at www.nasatech.com under the Information Sciences cate-
gory. NPO-20389

@Neutrophil-Screening

Assay Using Two-Color
Flow Cytometry

This test can be performed rapidly and
yields quantitative data.

Lyndon B. Johnson Space Center, Houston, Texas

An in vitro test that includes the use of two-color flow cy-
tometry has been developed for use in screening of neu-
trophils for their ability to fight infections. Neutrophils con-
stitute the first line of defense of the human body against
infections. Neutrophils engulf invading bacteria in a process
called “phagocytosis.” The primary means by which they de-
stroy the bacteria is the production of hydrogen peroxide and
toxic oxygen radicals; this production is called “oxidative
burst.” Acquired defects in phagocytosis or oxidative burst
can allow localized or generalized infections to develop. Such
defects can be caused by toxins, drugs (including adrenocor-
ticosteroids), and/or radiation. A rapid test that yields data
on such defects could be helpful in choosing appropriate
therapeutic measures prior to onset of overt clinical disease.

Most of the older in vitro tests developed for the same pur-
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pose require microscopy, are time-con-
suming, and involve much subjective
judgement by highly trained techni-
cians. One of the older tests is less sub-
jective in that it yields quantitative data
via an absorbance-spectrophotometric
measurement of concentration of dye
extracted from stained cells, but the
disadvantage of this older test is that it
requires a large amount of blood (as
much as 10 mL). In contrast, the pre-
sent test can be performed relatively
quickly, requires a small amount of
blood, and yields quantitative data.

In the present test, one uses stained
cells of two species; the opportunistic
pathogen Candida albicans and the in-
tracellular pathogen Listeria monocyto-
genes. Candida is a common commensal
that can cause serious disease if im-
munological defects occur. Listeria is a
catalase-producing organism that is not
killed after phagocytosis if there is a de-
fect in oxidative burst. (Listeria is used
routinely in immunotoxicity testing.)

Batches of Candida and Listeria or-
ganisms are stained with one of three
fluorescent dyes (fluorescein isothio-
cyanate, CellTracker™, or Mitotrack-
er™) for the purpose of testing for
phagocytosis of those organisms. Neu-
trophils are stained with either of two
other fluorescent dyes (dichlorofluo-
rescein diacetate or hydroethidine) to
detect oxidative burst with respect to
those organisms.

In preparation for the test, the three
types of cells are stained, then washed
to remove excess dye. Neutrophils are
mixed with cells of the other two types,
and each mixture is incubated in a tube
at an appropriate temperature. After an
appropriate time (e.g., 1 hour), the in-
cubation is stopped by putting the
tubes on ice. A dilute suspension of
cells in liquid is made from each mix-
ture, and a jet of the liquid is made to
cross a beam of light of wavelength 488
nm generated by an argon-ion laser in a
flow cytometer. By use of photodetec-

tors and band-pass filters in combina-
tion with a dichroic mirror, intensities
of red and green fluorescence are mea-
sured, both in the forward- and per-
pendicular-scatter directions. These
measurements are processed to deter-
mine the percentage of fluorescent
neutrophils and the peak modal chan-
nel of fluorescence of the neutrophils.
They are also used to generate a display
of fluorescence intensities in a his-
togram or in a two-color contour plot.

This work was done by Duane L. Pierson
of Johnson Space Center and Raymond
P. Stowe and Saroj K. Mishra of KRUG Life
Sciences. For further information, access the
Technical Support Package (TSP) free on-
line at www.nasatech.com under the Bio-
Medical 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, Johnson Space
Center, (281) 483-0837. Refer to MSC-22654.

@ Apparatus for Faster Ultrasonic-Lamb-Wave Testing

Data on the stiffness properties of a specimen can be acquired within seconds.
NASA’s Jet Propulsion Laboratory, Pasadena, California

An ultrasonic-transducer fixture con-
taining multiple pairs of fixed trans-
ducers, plus associated electronic trans-
ducer-multiplexing circuitry have been
developed to accelerate the acquisition
of data on the dispersion of ultra-
sonic leaky Lamb waves (LLWs) in plate
specimens of laminated composite
(matrix/fiber) materials. The fixture
and multiplexing circuitry can readily
be incorporated into a previously con-
structed ultrasonic-LLW system that
contains a single pair of movable ultra-
sonic transducers.

LLWs are guided waves that propagate
along the surfaces of the specimens. In a
typical conventional ultrasonic-LILW sys-
tem, a plate specimen is immersed in
water (which serves as an acoustic-cou-
pling medium), with a transmitting and
a receiving ultrasonic transducer posi-
tioned above the specimen in a pitch/
catch arrangement at a specified angle
of incidence, as shown in Figure 1. For
each of several angles of incidence, the
output of the receiving transducer is
digitized and processed to extract re-
flection-spectrum and dispersion data.
These data are then inverted, by use of
special-purpose software, to obtain the
coefficients of elasticity of the materials
and to evaluate flaws in the specimens.

NASA Tech Briefs, January 1999
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Figure 1. In a Conventional Ultrasonic-LLW System, the transmitting and receiving transducers must
be moved to different positions to obtain different angles of incidence.
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Figure 2. Transmitting/Receiving Pairs of Ultrasonic Transducers in this fixture are positioned and ori-
ented, relative to an immersed specimen, for angles of incidence of 15°, 30°, 45°, and 60°.

In the conventional system, the speed
of acquisition of data is limited by the
need to reposition the transducers to
obtain different angles of incidence. In
a system equipped with the present fix-
ture and multiplexing circuitry, data
can be acquired much more rapidly be-
cause except as explained in the next
paragraph, the transducers are not
repositioned during a test; instead,
multiple transmitting/receiving pairs
of transducers are pre-positioned at the

desired angles of incidence (see Figure
2) and are switched into and out of op-
eration in the required sequence dur-
ing a test by use of the multiplexer cir-
cuits under control by a computer. The
software for controlling the multiplexer
circuits is part of a modified version of
the software for controlling the rest of
the ultrasonic-LLW system.

In some cases, it could be necessary
to acquire data with the plane of inci-
dence at different polar angles (0°, 45°,

and 90°) with respect to fibers pro-
jected onto the surfaces of the speci-
mens in order to characterize the spec-
imen materials completely. Even in
such a case, it is not necessary to ex-
pend much time repositioning trans-
ducer pairs; all one need do is rotate
the transducer fixture to each polar
angle and to perform the measurement
sequence there. Experiments have
shown that dispersion data for four an-
gles of incidence at one given polar-
angle setting could be acquired in 7.4
seconds.

This work was done by Yoseph Bar-Cohen
of Caltech and Susan Kersey, Cedric Daksla,
and Anatoly Blanovsky of UCLA for
NASA’s Jet Propulsion Laboratory.
For further information, access the Techni-
cal Support Package (TSP) free on-line at
www.nasatech.com under the Physical Sci-
ences category.

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

Technology Reporting Office

JPL

Mail Stop 122-116

4800 Oak Grove Drive

Pasadena, CA 91109

(818) 354-2240

Refer to NPO-20400, volume and num-
ber of this NASA Tech Briefs issue, and the
page number.

¢» The SPEEDES Qheap: A Priority-Queue Data Structure

This construct outperforms other data structures.
NASA’s Jet Propulsion Laboratory, Pasadena California

The Synchronous Parallel Environ-
ment for Emulation and Discrete-Event
Simulation (SPEEDES) is now using a
new general-purpose priority queue
data structure called the SPEEDES
Qheap for managing its set of pending
events in ascending time order. Empir-
ical studies have shown this data struc-
ture to outperform more traditional
priority queue data structures for large
numbers of elements without breaking
down.

Two operations are required of the
SPEEDES Qheap: (1) Insertion of time-
tagged events (time represents a priority
of an event — low time means high pri-
ority) and (2) Removal of the event with
the smallest time tag. These operations
help SPEEDES preserve causality since
events, which may generate future
events, must always be processed in as-

64

cending time order. The SPEEDES
Qheap is composed of two lists: (1) a
temporary list denoted as Q,., and (2) a
primary list denoted as Q-

Insertions are always accomplished in
constant time by adding the inserted
event to the bottom of Q. The mini-
mum time tag of Q,,, is always main-
tained. If the newly inserted event has a
smaller time tag than the previous
value, the minimum time-tag value is
updated. Removal of events is more
complicated. There are two cases.

Case I:
If the event with the smallest time tag
is in Q. then Q,,, is sorted using a
very fast merge-sort algorithm for
linked lists. The event with the small-
est time tag is removed from Q,,,
and returned as the next event. The

www.nasatech.com

rest of Q,., is Metasized into a single
Metaitem that is inserted into Q,q.
Note that the newly formed meta-
item is actually a sorted list of events.
The time tag of the metaitem is de-
fined as the time tag of the first event
in its sorted list. If the number of
metaitems in Q. ever grows larger
than a specified value, S, then the
metaitems in Q. are further meta-
sized into a single metaitem so that
the number of metaitems in Q.
is reduced back to one. This helps
keep Q.. small enough so that
straight insertion of metaitems re-
mains efficient. Metaitems may con-
tain lists of other metaitems, which
can contain lists of other metaitems,
etc. In this way, Q. is a recursively
linked list data structure that ad-
heres to the heap property.

NASA Tech Briefs, January 1999



Case 2:

The event with the smallest time tag is in Q... This is more
difficult since it is possible that the item removed from the
top of Q.. is actually a metaitem itself. If this is so, then the
metaitem must be untangled by removing its top item,
redefining the rest of the list of the metaitem as a new
metaitem, making sure that Q,.,, does not have more than
S elements (if it does, then the elements in Q,,, are turned
into a single metaitem and placed back into Q.. as a single
element), and then inserting this new metaitem back into
Qj.ep- The untangling procedure is repeated until a single
event is obtained.

Because heaps are known to have worst-case log,(n) amor-
tized behavior, this data structure should never break down.
Also, because it is composed exclusively of linked lists, it
should have very low overheads. There are no complicated
rotation operations or arbitrary balancing heuristics to apply.
This data structure does not require resizable arrays or mod-
ular arithmetic schemes either. The only (slightly) compli-
cated part of the SPEEDES Qheap is the untangling procedure
(which is actually very straight-forward). Because of its nice
properties, the SPEEDES Qheap is highly recommended for
general-event list management in discrete-event simulations
and for other applications that require general-purpose pri-
ority queues. Provided below is a step-by-step procedure for
implementing the SPEEDES Qheap.

SPEEDES Qheap Insertion

1. Place the event to be inserted at the end of the Q..

2. Update T, if this item has the smallest time tag out of all
the items in Q.

SPEEDES Qheap Removal

1. Check if T,,, is less than the time tag of the next item in
Qeap- If 50, perform steps a through f and then return. Oth-
erwise, go on to step 2.

a. Sort Q,., and then set T, to infinity.

b. Remove the top element (this is what is returned as the
next event) and call it NextEvent.

c. Metasize the rest of the elements from Q,,, into a new
metaitem called Meta,,,,.

d. Check if Q. already contains S elements. If it does,
metasize all of its elements into a new metaitem and
place it back into Q.. as its only element.

e. Insert Meta,,,, into Q,,,,,,,.

f. Return NextEvent.

2. Remove the top item from Q. and call it Nextltem. Then
loop over steps a through e below until Nextltem is not a
metaitem.

a. Check if Nextltem is a metaitem. If not, then break out of
the loop and return Nextltem as the NextEvent. Other-
wise, we know that Nextltem is a metaitem which must be
untangled in the steps b—e below.

b. Remove the top element from Nextltem and call it
Newltem. Nextltem now contains one less item. If Nextltem
has only a single element, then unmetasize it so that
Nextltem is a regular item

c. Check if Q. already contains S elements. If it does,
metasize all of its elements into a new metaitem and
place it back into Q.. as its only element.

d. Insert Nextltem into Q..

e. Set Nextltem = Newltem and then go back to a.

This work was done by Jeffrey S. Steinman 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 Information Sciences category. NPO-20095
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Using cutting edge technology, ITTools offers
powerful, rugged portable systems at a surprisingly
reasonable price. Whether for industrial PLC
programming, data acquisition, or for power
hungry engineering applications such as 3D
modeling, I'TTools has the right system for the job.
With up to 450MHz Pentium II processors, 15.1"
(actual viewing area) TFT displays and AGP
graphics, it's a workstation with “power to go”.
ITTOOIS Surcing into the future.

1800 Bloomsbury Ave Ocean NJ 07712 ph: 732-922-1154 fax: 732-922-3166
www.ittools.com

For More Information Circle No. 434
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Small

Accurately measures displacement,
vibration, alignment, dimensions
Noncontact inductive technology
Resolution to subnanometer
Digital, analog and extreme
Off-the-shelf or custom

Expert applications assistance

www.kamaninstrumentation.com

800-552-6267
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@ Special Coverage: Data Acquisition

FieldWorks, Eden Prairie, MN, has
introduced the FW2000 Series Em-
bedded Vehicle System (EVS) for mo-
bile data acquisition applications. The
NEMA 4X-rated system includes a serv-
er, daylight-readable display, and back-
lit keyboard. The server and user-inter-
face components — keyboard, display,
CD-ROM and floppy drives, which
mount behind the display — are not in
the same box, so users can mount the
server in a remote location within the
vehicle, with the interface components
near the driver. The system can accom-
modate up to 270 peripherals.

The system can link to vehicle engine and subsystem electronics to
collect and communicate performance information. Connectivity is
accomplished via two PC card slots, three serial ports, one parallel
port, and dual-channel Universal Serial Bus (USB). Other features
include a 10.4” display and Pentium MMX processors to 266 MHz.

For More Information Circle No. 704

The E-Series of multi-
function data acqui-
sition boards
National Instruments,
Austin, TX, features
PCI bus-master ASIC
for maximizing system
performance; 20-MHz,
24-bit counter/timer
ASIC; 2 microsecond
settling amplifier; and

ivs a multiboard, real-
time synchronization bus. The boards integrate with LabVIEW™ and
LabWindows™/CVI software.

The 6023E, 6024E, and 6025E are 12-bit, 200 kS/s plug-in boards
with 16 single-ended and eight differential analog input channels. The
6024E and 6025E also feature two 12-bit analog output channels. All
boards feature two 24-bit, 20-MHz counter-timers, eight digital 1/O
lines, digital triggering capability, and a shielded latching metal con-
nector. The 6025E also includes an additional 24 lines of digital 1/0.

from

For More Information Circle No. 711

IOtech, Cleveland, OH, has
released NetScan™/1500, an
Ethernet-based data-logging and
control instrument designed for
isolated, high-channel-count
measurements. Offering from
16 to 128 isolated analog input
channels, the system monitors
temperature, AC or DC voltage,
pressure, and other analog or
digital inputs. It features 32 con-
trol outputs that can be programmed to update via network control
or to automatically respond to pre-programmed limits.

Other features include built-in temperature measurement capabili-
ty, 200V channel-to-channel isolation, and an internal memory that
continues to log data even if network service is interrupted. It can be
placed anywhere on an existing Ethernet Local Area Network (LAN)
or Wide Area Network (WAN). The system has four slots that accept
16-channel plug-in scanning modules, for a total of 64 channels.

For More Information Circle No. 709

The Dash 4u four-channel
data acquisition field re-
corder from Astro-Med,
West Warwick, RI, is
equipped with universal
inputs that accept isolated
single-ended, differential
and high voltage, ther-

mocouples, RTDs, DC
bridge, and frequency-
to-voltage conversions.

Other features include a 10.4" active color LCD monitor, two addi-
tional channels for real-time mathematics, uninterruptible power
supply, internal 4-GB hard drive, and a built-in 100-MB removable Zip
drive for data transfer, archiving, and software updates.

The unit displays and records four channels of real-time data at fre-
quencies up to 5 kHz. It also captures data to the internal hard drive
for subsequent playback and review. The system comes with Windows-
based AstroSET"™ software for test setups, and AstroVIEW C™ software
for data transfer, review, and analysis on a PC.

For More Information Circle No. 710

OMEGA Engineer-
ing, Stamford, CT,
has introduced the
InstruNet Series dis-
tributed data acqui-
sition system for
Windows 95/NT and
Macintosh computers.
The system utilizes a
controller board plugged into the computer, and external A/D boxes
for direct connection to thermocouple, RTD, voltage, thermistor,
bridge, and strain sensors. Each external A/D box has 16 single-
ended and eight differential analog inputs, eight analog outputs, and
eight digital 1/0.

Each controller card can connect up to 16 external A/D boxes that
can be placed on a network up to 1000 feet away from the computer,
for a total number of 256 analog inputs, 128 analog outputs, and 128
digital I/O. The system includes strip/chart software and drivers for
C, Visual Basic, HPVEE, and TestPoint. Optional LabVIEW drivers
are available.

For More Information Circle No. 702

Analog Devices, Nor-
wood, MA, offers the 6B
Series of data acquisition
modules and boards for
use in remote data acqui-
sition and analog signal
conditioning. The sensor-
to-host system is designed
for distributed 1/0 appli-
cations, supporting up to
255 I/O channels from
a single communications
port, spread out over thousands of feet. The modules are software-
configurable for input range and sensor type, including analog input
and output, and digital 1/0.

Output data is transmitted over an RS-232C or multi-drop RS-485
serial communications link using twisted-pair wiring. The input/out-
put modules are fully encapsulated and identical in pin-out and size,
facilitating their ability to be mixed and matched with other modules
on the same backplanes.

For More Information Circle No. 705
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@ Experiments on Flow in a
Model Compressor Drum

A report discusses experiments on the
flow of water along the interior of a trans-
parent rotating cylindrical drum, the in-
terior of which was partitioned into five
cavities by disks with central holes and
outer edges attached to the cylindrical
drum wall. This water-flow model was de-
signed to provide insight into the flow in
the compressor drum cavity of an ad-
vanced, high-thrust engine. In the exper-
iments, laser Doppler velocimetry was
used to measure flow velocities.

This work was done by David G. N. Tse of
Scientific Research Associates, Inc., for Lewis
Research Center. 7o obtain a copy of the re-
port, “Experimental Simulation of Buoyancy
Effect Using Two Liquids in Turbomachinery
Components,” access the Technical Support
Package (TSP) free on-line at www.nasatech.
com under the Physical Sciences category.

Inquiries concerning rights for the commer-
cial use of this invention should be addressed
to NASA Lewis Research Center, Commercial
Technology Office, Attn: Tech Brief Patent Sta-
tus, Mail Stop 7-3, 21000 Brookpark Road,
Cleveland, Ohio 44135. Refer to LEW-16449.

e i e e D ]
Performance of
an Arc-Jet Thruster

A report discusses the design and
testing of a laboratory-model arc-jet
thruster designed to operate at a nomi-
nal power level of 300 W. This thruster is
an intermediate product of continuing
efforts to develop smaller, lower-power,
higher-specific-impulse thrusters for use
in a forthcoming generation of small
communication and scientific satellites.
The thruster features a modular design,
with a nozzle geometry chosen to pro-
mote supersonic-arc attachment.

This work was done by John M. Sankovic
of Lewis Research Center and David T.
Jacobson of Ohio State University. To obtain
a copy of the report, “Performance of a
Miniaturized Arcjet,” access the Technical
Support Package (TSP) free on-line at
www.nasatech.com under the Machinery/
Automation category.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to NASA Lewis Research Center,
Commercial Technology Office, Atin: Tech
Brief Patent Status, Mail Stop 7-3, 21000
Brookpark Road, Cleveland, Ohio 44135.
Refer to LEW-16503.
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conceptual

reality
L.L.C.

Why are Conceptual Reality’s (CR) rapid prototype services so fast?
Because CR uses cutting edge technologies such as SL, FDM and SLS to
create 3-dimensional parts. These parts are produced in a matter of hours,

saving time and money. Seeing and understanding a 3-dimensional model of
your product will reduce costly errors in the tooling and production phases
of the project. Rapid prototyping also improves quality, increases efficiency,
enhances sales and boosts your company’s edge in an increasingly competi-
tive environment. So, the next time you need accurate physical models

quickly, safely and automatically, contact Conceptual Reality.

3141 Old Farm Lane
Walled Lake, Michigan 48390 USA

Tel:+1 248 926 8820 Fax:+1 248 926 8830 e-mail: sales@conceptual-reality.com
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Scan Converter for RGB Signals
RGB Spectrum, Alameda, CA, offers the
UDC™ 100, real-time scan converter for up-
or down-converting RGB signals. The sys-
tem accepts RGB inputs up to 1280 x 1024
pixels and converts them to any other RGB

format. The UDC is designed so that users
can change signal characteristics to meet the requirements of any ap-
plication. It accepts and converts signals from 15 to 90 kHz horizontal
scan rate to any signal in the same range. Output signal can be syn-
chronized and locked to an external reference. Pan and zoom func-
tions allow extraction of any portion of the original signal for cropping
or aspect ratio adjustment. Circle No. 735

Ruggedized Computer Equipment

The SharkView™ series of industrial flat-
panel displays and computer systems from
Dolch Computer Systems, Fremont, CA, fea-
tures case frames made from a proprietary
high-strength finned aluminum extrusion. The
display is mounted using the Dolch-designed
IsoKlip™, which provides a tightly controlled amount of pressure.
SharkView active matrix color displays are available in 12.1" SVGA (800 x
600), 15.1" XGA (1024 x 768), and 18.1" SXGA (1280 x 1024). An op-
tional industrial single-board, Pentium® MMX-based computer and inte-
grated hard drive are available. Applications include military, aerospace,
medical, transportation-related, and industrial operations. Circle No. 739

Pentiume® 1l for Industry

P2LX Series |
» Ultra SCSI and Video Options | |
» To 512MB On-Board RAM ‘

» Intel Pentium Il Processors
» Intel 440LX Pentium Il Chip Set

» “Slot 1" Processor Mounted for Working Environments

The Industrial Pentium Il family features an innovative backplane technology J
designed to properly utilize the Pentium Il in rack system applications—properly ‘
mounted, properly cooled and properly shielded. Unlike risky SBC

implementations, the Industrial Pentium Il family easily adapts to new power ‘
supplies and processors as performance advances are made.

& INDUSTRIAL COMPUTER SOURCE®
6260 Sequence Drive
San Diego, CA 92121-4371

800-771-0904

www.indcompsrc.com
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Workstations Feature 450
MHz Processor

The TDZ* 2000 GX1 ViZual
Workstation family from Inter-
graph Computer Systems, Hunts-
ville, AL, supports Intel’s 450
MHz Pentium II Xeon proces-
o e sors. The workstations also offer
“=="""""""" 2D and 3D graphics subsystems,
including Intergraph’s Intense 3D Pro™ and RealiZm™ II 3D Graphics.
An upgrade program allows customers to upgrade Xeon-based systems
to Intergraph’s nextgeneration Wildcat 3D Graphics Technology.
Other features include Intel’s 440GX chipset and AGP graphics bus, 2
GB of RAM, 100 MHz SDRAM memory, and Wide Ultra2 LVD SCSI
disk controller for data transfer rates to 80 MB/second. Circle No. 737

Hollow Shaft Speed Reducers V
HD Systems, Hauppauge, NY, offers

zero-backlash harmonic drive gearing
designed so that shafts, wires, or tubing
can pass directly through the center of
the gear. Available as a component set
the SHF series unit
design utilizes a patented “S” tooth pro-

or a housed unit,

file that makes it axially shorter and
lower in weight. Machine designers can incorporate SHF component
sets directly into their equipment. The housed version incorporates an
output flange supported by a large-diameter cross roller bearing. Gear
reduction ratios range from 50:1 through 160:1 in a single stage. The
reducers have a rated output torque of 590 in-lbs and a momentary
peak torque of 2780 in-lbs. Circle No. 738

Power Cords
and Connectors

Adam Technologies, Union, NJ, a
Methode Electronics company, offers
power cords and IEC inlet/outlet con-
nectors designed according to IEC-320
and CEE-22 specifications. IEC in-
let/outlet connectors are available in

PC board and panel-mount versions.
Terminations include PC tails, quick-connect terminals, and solder
lugs. The UL-recognized, CSA-certified products are approved for use
by VDE, SEMKO, SEV, SETI, NEMKO, DEMKO, KEMA, and BIS.
Customized power cords and IEC inlet/outlet connectors are also
available. Circle No. 743

MPEG Transmission Systems
The MPEG Shuttle” from Computer
Modules, Santa Clara, CA, is a se-
ries of turnkey MPEG-1 and MPEG-
2 transmission systems.

The series
integrates commercial MPEG en-
coders to Computer Modules’
high-speed communications
cards with TCP/IP, T1/T3,
E1/E3, or RS422 interfaces. A
custom GUI front end displays line error con-

ditions and statistics in real time. The system uses the Windows NT op-
erating system, and is designed to adapt to new devices and standards
as they emerge. Circle No. 741
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Noise and Vibration Analysis

Vibro-Acoustic Sciences, San Diego, CA, has announced AutoSEA2
noise and vibration analysis software that enables engineers to conduct
a full system-level assessment
of noise and vibration be-
havior. The software uses
the probabilistic engineering
methods of Statistical Energy
Analysis (SEA) and room
acoustics. This requires sim-
pler model restructuring,
thereby speeding the process.
The statistical-analysis method
predicts the expected mean noise-and-vibration behavior, averaged
over uncertainty in the as-built system dynamics and/or uncertainty in
design details at the concept stage. AutoSEA2 also features a 3D envi-
ronment to facilitate modeling building. Circle No. 717

SystemView With MATLAB

Elanix, Westlake Village, CA, offers a library integrating its
SystemView"™ system-level design tool with MATLAB from The
MathWorks. The library enables execution of MATLAB M and MEX-
files as part of SystemView simulations; it also allows importing and
exporting of data between the two tools. Algorithms developed in
MATLAB can be incorporated into SystemView simulations of com-
plete systems. MATLAB function parameters can be changed dynami-
cally during simulation runs using SystemView’s global parameter
links. Designers can then algebraically link MATLAB function para-
meters to SystemView system variables such as system time or sample
rate. Circle No. 712

Enhanced Product Design

Solid Edge V6 from Unigraphics Solutions, Huntsville, AL, is
designed to fully exploit STREAM technology. This architecture
captures designers’ intentions
through inference logic and
decision-management con-
cepts. Version 6 features in-
clude enhanced plastics, sheet-
metal design, and rendering
capabilities. The Virtual Studio
module adds raytrace render-
ing, phong shading, 3D input-
device support, fly through,
and save-as-movie AVI capabili-
ties. Plastics+ includes a lip feature, divide part, and cavity generation.
The Sheet Metal+ module adds deformation features, jog, lofted
flange, and other capabilities. Circle No. 715
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Solids Manufacturing/Design

Bravo® Version 7.0 solids manufacturing and design software from
Applicon, Ann Arbor, MI, supports “top down” design in which the
engineer begins a project by creating the overall assembly. Each part is
then developed using geometries and form features without leaving the
assembly model. The software allows solids parts to be internalized from
existing library items as a starting point for new designs. New control
pick options enable users to change an arc radius, the display attribut-
es of geometry, a crosshatch pattern, or text attributes. The program
also incorporates Spatial Technology’s ACIS V4.1. Circle No. 714
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Embedded Development Tools

TNT Embedded ToolSuite® from Phar Lap Software, Cambridge,
MA, provides support for Microsoft® Visual C++* 6.0, a component of
the Microsoft Visual Studio™ 6.0 development system. The core of the
embedded and real-time programming toolkit is the Realtime ETS
Kernel, which enables developers to use the C/C++ compiler and IDE
combination to build embedded and real-time software in conjunction
with a hard, real-time, scalable RTOS. Circle No. 718

Signal-Integrity Simulator

The Connector Noise Signal Integrity Simulator (CSIS) high-accu-
racy simulation software tool from AMP, Harrisburg, PA, is designed
for identifying and preventing
connector signal integrity prob-
lems in multi-board intercon-
nection systems. It allows design
engineers to perform “what-if”
simulations during the early
design stages, enabling them to
select the best connector and sig-
nal-to-ground termination pat-
tern. The CSIS has an intuitive GUI with an AMPSPICE™ simulation
engine and a library of validated AMP connector models. Also includ-
ed are comprehensive applications and design tutorials to assist engi-
neers new to signal-integrity simulation. Circle No. 721

HIGH PERFORMANCE THERMAL,
STRUCTURAL, ELECTRICAL
INSULATION MATERIALS

Standard

\
Now in our 25th year ZIRCAR produces many cost
effective high performance materials which bring
significant utility to the high temperature furnace and
thermal process systems applications they serve.

(800) 245-2562

®
Zircar

ZIRCAR Products, Inc.

P.O. Box 458, Florida, NY 10921-0458
Phone: 914-651-4481 Fax: 914-651-3192
E-mail: sales@zircar.com
Home page: www.zircar.com

CELEBRATING

ZIRC

Ask Us About Our
New Products!

AR
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Full Line Catalog

Data Acquisition &
Instrumentation
Gage Applied Sciences, South
Burlington, VT, has released a CD-
ROM catalog encompassing the com-
pany’s complete product line along with
100 application notes and articles. The free
CD-ROM contains A/D cards for PCI and ISA Bus, digital input boards
for PCI and ISA, software, instrument-grade PCs, and accessories.
Application notes deal with subjects such as test and measurement and
PC-based data acquisition. Circle No. 726

Input-Device Design Guide

GM Nameplate’s Electronic Products
Group, Seattle, WA, offers a design guide
for input devices. The Keypanel Design
Guide includes EPG’s Intaq® Electro-
touch membrane switches, PCB switch
assemblies, elastomer key panels, and
transparent touchscreens. It also lists
examples of switch-panel constructions.
Circle No. 725

® Cushioneer, Kmed\ek and Deschner logotype

Fiuw Powen

are reg ks of Desch Corp.
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Shielding Products

A 44-page catalog from Tech-Etch,
Plymouth, MA, describes RFI/EMI
shielding products for electronic applica-
tions, including doors, panels, connec-
tors, and enclosures. Featured are beryl-
lium copper finger stock strips, panel
and strip gaskets, and board level
shielding. Circle No. 724

Organics and Organometallics

Alfa Aesar, a Johnson Matthey Company,
Ward Hill, MA, has published the 1999-
2000 edition of its Organics and
Organometallics Catalog. It offers more
than 10,000 products for organic chemists,
including over 3,000 new items. The cata-
log includes increased physical-property
data, expanded cross-references and syn-
onym listings, a molecular-formula index,
and Chemical Abstract Service (CAS) reg-
istry number index. Circle No. 729

Planetary Gearheads

A 92-page Product Selection and En-
gineering Guide, including True Planetary
Gearheads, is available from Thomson
Micron, Ronkonkoma, NY. Products include
in-line and right-angle gearheads in addition
to RediMount motor-mounting systems, flex-
ible steel bellows couplings, and program-
mable limit switches. Circle No. 730

PRODUCT SELECTION AND ENGINEERING GUIDE

Rugged Valve Connectors

A brochure from TURCK, Minneapolis,
MN, details DIN 43650 valve connectors and
junctions. DIN 43650 Valve Connectors fea-
ture solid injection-molded polyurethane
connector bodies designed for resistance to
oil and abrasion. Snap-in labels identify the
function of each valve. Circle No. 731

Test Equipment

Tektronix, Beaverton, OR, has released a
700-page 1998-99 Measurement Products
Catalog featuring more than 70 new products,
including the Digital Phosphor Oscilloscope
(DPO) for design engineering, manufactur-
ing, service, and communications applica-
tions. Also described are logic analyzers, VXI
systems, and a variety of telecommunications
test solutions. Circle No. 733
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CUSTOM FABRICATED GLASS
PRODUCTS PRODUCED TO
CUSTOMER SPECIFICATIONS
[
Glass engineering know- ‘
how, extensive manufac-
turing capabilities, arti- |
sans skilled in working
with glass/quartz, Kovar,
and ceramics provide a
unique resource for pro- ‘
totypes, short runs, or
§ mass production of spe-
cialty glass products.
Engineering assistance
and problem solving
experience help solve dif-
ficult design problems and ensure that products ‘
meet your design requirements. Operations
include: precision bore shrinking; grinding, lapping |
and polishing; glass-to-glass, or glass-to-metal seals;
and hand tooling.

Andrews Glass Company
3740 NW Bivd
Vineland, NJ 08360
800/845-0026
www.andrews-glass.com
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POSITIONING
SLIDES AND
X-Y TABLES

Modular linear and
rotary slides for
scanning and indexin

DATA ACQUISITION
WITH ANTI-ALIASING

T Bt

Create br;'ck-wall ﬁlte;s w;t;;:;he lD:Tk‘bmrd
16-Bit Data Acquisition
8 Simultaneous Inputs
Multiple Sampling Rates
* DASYLab, LabVIEW, HP VEE

* Guaranteed Anti-Aliasing
User-Specified Filters
Channel-by-Channel Cutoffs
Linear Phase Response

MICROSTAR

LABORATORIES?
888 MSTARLABS (888 678-2752)

www.mstarlabs.com info@mstarlabs.com
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© BLADDER TANKS & AIR CELLS

© DIAPHRAGMS & ACUATORS

o BELLOWS & FUEL CELLS K

e STRESS TEST BLADDERS o
o CUSTOM INFLATABLES —

® PNEUMATIC / HYDRAULIC PRESSES

A"N*N.  800-526-5330

AerO TEC LABORATORIES INC.
Ramsey, NJ 07446-1251 USA

TeL: 201-825-1400 - Fax: 201-825-1962
e-Mail aerotec@cybernex.net
http:// www.atlinc.com
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M ELECTRONIC GAP GAGE

—=Gapman

Fax: 716 657-6153
For your free Catalog M

Call: 800 642-6446
or 716 657-6151in NY

* Assembled parts
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* (omposite structures

* Automotive alignments

* Printing press roller gaps

* Plasfic injection molds, cold gap dearances

HIGH!END CAD
FOR LAPTOPS
Mult-GAD allows full 3D model & draw
math data from most high-end CAD

systems. With its own IGES translator
and direct transiator for CATIA you can

=Capacitec

tel: 978.772.6033 fax: 978.772.6036
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- New!
Solar System T-Shirt

Dramatic full-color illustration on high-quality
black cotton shirt. Available while supplies
last in children’s sizes 2-4, 6-8, 10-12, or 14-16;
adult sizes M, L, XL, or XXL. $15.95 each.
$15.95 U.S. plus $5.00 shipping and handling.
Mail payment to: NASA Tech Briefs, Dept F
317 Madison Ave., New York, NY 10017 U.S.A
For credit card orders call (212) 490-3999
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analyze and manipulate your data on &
PC, Iaptop or workstation using views,
irawings, and dimensions. Windows 95
/38, T, compatible. CATIA and Unigra-

\
| ACCELERATION, TILT, GYRO,
| MAGNETIC SENSORS

Cl'()SSbQ\V Free product catalog

features a broad selec-

tion of Crossbow’s

solid state sensors with

many new products.

The catalog includes

Acceleration, Tilt,

Gyro, and Magnetic

= p Orientation Sensors

&S - % plus Data Acquisition

[ Accessories. Cross-

bow’s spectrum of

intelligent multi-sen-

sor solutions have fully

1998 Product Catalog signal-conditioned

| output, analog & digital interfaces, and on-board &
host software.

phics surfaces draw faster and users
need not carry bulky 2D drawings.

Multi-CAD Your
CAD-Access®Tool

FOR ADDITIONAL INFORMATION CONTAGT:

¥ CAD-Access'Systems

"
-

-

32500 TELEGRAPH ROAD. SUITE 201
BINGHAM FARMS, MICHIGAN 48025
EMAIL: Office@Multi-CAD.corm
FAX{(248)438-1737 TEL:(248)433-1730
WEB-SITE: www.Multi-CAD.com

Crossbow Technology, Inc.
Phone: 408-965-3300
Fax: 408-324-4840

Ema|l' mfo@xbow com http TR XbOW com All product names are registered tfademarks of their respective owners

For More Information Circle No. 584 For More Information Circle No. 440

www.nasatech.com 71



Advertisers Index

Circle Circle
Company Web Site Number Page Company Web Site Number Page
Aero Tec Keithley Instruments, Inc. ..www.keithley.com 573 13
Laboratories Inc. .............. WM AICCOM .. Lo B8R0 i cosyisin 71 Kingston Technology Co. ...www KiNgston.com,/Storage..507................. 97
AeroSense Lambda Physik .........ccccouc.... www.lambdaphysik.com ....475.......... COV Ila
Algor, InC. wcvovevevrersne «Www.algor.com. . e Laser Science, Inc. ............ www.laserscience.com........ A e asiin 7a
Amtec Engineering, Inc. ...www.amtec.com.........ooeeeeed12uiiiiicinnce 16 LPTek Corp. ..ooooevrevrre www.ptek.com...... 494 54
Andrevs Class Company ... www.andrews glass.com......580. ..o A MasterBoRd DG, o nki st o, BT, 432, Glasiaish! 62
Astro-Med, Inc. overscessnecn HSEORICHROR. e B2 s 2 MathSofE TN, ... clesreitiains www.mathsoft.com ............ 5 T R, 41
ATI Industrial v
AROOTRAUOI |+ .cvovesrsresssrsiios WWW.ati-ia.com ....c.cucrererennnn A 59 58 Math\horks,'lnc. 5 e
Autodesk, Inc. .......ccoeiuinnninns www.autodesk.com/acadlt98 ...........cc.oeuen.e 29 Moadondars TIpUGS ... bbbt
Microstar
Barnant Company................ www.barnant.com .............. C 3 AR 42 ey
Boeing i
www.http://wwwchne.unm.edu/isnps/staif/staif99/staif99.html e
3% ) [ Ao b 11 MINCOPIOdUCES, INC. ....cnreipiosisnspnisesssisr ol Nt it 428
Breault Research L STERE R S N iRt o
Organization . .www.breault.com. ..3a National
(8 ST R ORI o R e S SRS R ) 71 Instruments Corp. ............ www.natinst.com/dagq,
CHINO WOTRS AMMETICA; TNC. oo innesstessssssuiamssmavabosssssvmssssons AR 37 WHW.DAARLOOTR/ R 1t 513,422..00V1L, 51
Compaq Computer Corp....www.compag.com / think......517 .........cc....... 4-5 _ ;
Conceptual Reality L.L.C. ...www.conceptualreality.com....441.........c.ccoo..s 67 NET;:;;: aIl n/tlgonthms '''''''' WWW.DIAZ.COM.verrerrrnnere
Crossbow : : ’
Technology, Inc............ 1o WWW.XDOW.COM. ...vnvvcnrennins 15120 S 71 Omiega Eagiucering, Inc. .. ww.omegiigoms
Omega Shielding
Dataq Instruments .............. www.datag.com ...........c.cene. 38 S o TR TR 44 PRen F e a9 www.omegashielding.com...426............... 56
DEC Digital _ ;
Equipment Corp. ................ www.digital.com/fortran ..548.................... 21 i Tr?k e i
The Deschiet COrpOTatiOni.......bksinnacmvssssssrssassssssons BB asitsmiasscis 70 b i e i bl e <t e ey Iy
&3 C - divikes 501 3 ORC Electroformed Products/
Digi-Key Corporation .......... WWWAIZTREY.COM 2.0 isi,an DB Ll Gl Pennsylvania Optical orcef.com/ptb/ ....... 469
DuPont Engineering : 1 :
POIVINETS ociiiiiniceincssiassann www.dupont.com/enggpolymers i iy e VRS DA ey, 345
o3 SES AN NGl 31 Paroscientific, Inc. .............. www.paroscientific.com......430.................... 59
Electro Optical Polymicro Technologies .....www.polymicro.com .......... AT 13a
INAGMOER INE. i i e sbiniins sissonirs i sseszens v e 10a Research Systems, Inc. ........ s T TR L
Elmwood Sensors/ RGB Spectrum ..o WWW.IED.COM ....ocvvrrrrrrererns
Fenwal Electronics............ www.elmwoodsensors.com ) : :
A S 57 Rifocs Corporation .............. www.rifocs.com
Embedded Systems SoMat Corporation. . WWw.somat.com
OO tiorias csrnivsieaisd www.embedded.Com ... ..ot iboni 49 Sorbothane, Inc. .................. Www.sorbothane.com ..o 49000 58
Enterprise Software The Specialty
Products, Inc......sviomssmesisd www.femap.com/ntb/.......519....cccevcriniicd 9 Bulb Co., Inc. .www.bulbspecialists.com ....490
Ferson Optics, Inc. .............. WWW.ferson.com ......c.c...... 468 .1 md 16a SPATAIOCK -..vcoromsissirssssivsssiosns www.spiralock.com ....... 493, 560
FJW Optical Systems, Inc.....www.topwebsite.com/fjw ... 465.................. L T (TR WWW.SPIFiCON.COM ....cvecveee 460
Fluoramics, Inc., TuFoil .....www.tufoil.com .................. 425 o 55 SYRTAANIRG iosisrsinestsarissinses WWW.Synrad.com ................ 490
Gg? Appliled i Sl 5 Tescom Corporation............ WWW.LESCONML.COM «.vvvcinreeis 413
BHEES IR o i WWW. - oM. AR L
% 'l ; ::;d 0 ia g 78 .'ef ;z: e T E— " 433
ewlett- U S e www.hp.com/info/bidaql 515...................
sl i i ol s U BEnEDDs, TNC. L il i esarmsinpriinioiora et ol 472
Industrial Computer
BOTHER L i WWW.ANACOMPSIC.COM w...vuvcumsirissrasssnssensinenns 68  Velmex, Inc. ...
POl G, v ivinccceciisrn WWWAOteCh.COm...cvoronve 401402. ...324.8 - ¥ide CorporaGan

Wolfram Research, Inc. ...... www.wolfram.com/eng/ntb
COV III

GORR ot WWW.ZCICOatings.com.......... 479 s COV Illa

Zircar Products, Inc. ............ www.zircar.com . - L 69

NASA Tech Briefs, ISSN 0145-319X, USPS 750-070, copyright ©1999 in U.S. is published
monthly by Associated Business Publications Co., Ltd., 317 Madison Ave., New York, NY
10017-5391. The copyright information does not include the (U.S. rights to) individual
tech briefs that are supplied by NASA. Editorial, sales, production, and circulation
offices at 317 Madison Ave., New York, NY 10017-5391. Subscription for non-qualified
subscribers in the U.S., Panama Canal Zone, and Puerto Rico, $75.00 for 1 year; $125
for 2 years; $200.00 for 3 years. Single copies $10.00. Foreign subscriptions one-year

72 www.nasatech.com

U.S. Funds $195.00. Remit by check, draft, postal, express orders or VISA, MasterCard,
and American Express. Other remittances at sender’s risk. Address all communications
for subscriptions or circulation to NASA Tech Briefs, 317 Madison Ave., New York, NY
10017-5391. Periodicals postage paid at New York, NY and additional mailing offices.

POSTMASTER: Send address changes to NASA Tech Briefs, PO Box 10523, Riverton, NJ
08076-9023.

NASA Tech Briefs, January 1999



Meet the world’s
smartest numeric
software...

...{ully integrated into the world’s most complete technical computing system.

PRECISE -
Do you trust every digit of every
number your computer gives you?
With Mathematica you can. Only
Mathematica can keep track of the
precision of its numerical results
automatically throughout each cal-
culation, and report only the digits
it can justify. Throw in its complete
suite of matrix manipulation and
statistical analysis tools, and the
world’s most complete collection of
special mathematical functions,
and you'll see why Mathematica
gives you the most precise numeri-
cal results you'll find anywhere.

PRACTICAL

How much time do you spend
exporting information from one
program just so you can read it
info another? We've spent a
decade making sure that Mathe-
maticd's capabilities all fit seam-
lessly together. Numeric tools work
in concert with symbolic algebra
capabilities, visualization tools,
and a state-of-the-art program-
ming language. All your work is
stored in an automatically format-
ted “notebook” file that you can
send fo your colleagues, print, or
put on the web.

Information and purchases: www.wolfram.tom/e“ng/ntb

or call toll free 1-877-815-5802

Sules inquiries outside the UA and Canada:

All Mathematica producs are ovailable for Mu(vm{{ Windows, Macintosh, and most Unix platforms

Wolfram Research, Inc.: w Ifra
Wolfram Research Europe L

Wolfram Research Asia Ltd.:

ore Information Circle No. 546

PROGRESSIVE

Because Mathematica is smarter,

it lets you use your computer in
smarter ways. Mathematica is a
powerful modeling and simulation
environment, and its programming
language makes simple scripting
shells look like Stone Age tools.
The Mathematica language lets you
use your existing programming
knowledge, and define problems
easily and incrementally, and even
connect C, C++, and Fortran code.
Do calculations you'd never try
before, getting your results quickly
and easily.

Engineering with

MATHEMATICA

PRECISE. PRACTICAL. PROGRESSIVE.

W
i -

WOLFRAM

RESEARCH



NEW GUIBUILDER

Knowledge
is Power

” 2 r Discovery is about visualizing your data in a whole new way. For
o' .pOZU€7’ Lo Z}Zt()]/)] el,

over 20 years, technical test engineers, researchers and application

Z{ ndg;ﬂjz"d ]Zd [ZTZ (l/ (/[5(‘0 [r();*. developers have relied on Research Systems’ visualization and data

analysis software to provide the building blocks essential to analysis

and new insights.

With IDL®, the Interactive Data Language, you can manipulate
complex or extremely large datasets — even those 2 Gigabytes or
larger — from various sources to detect and display patterns, trends
and anomalies. IDL 5.2 has added handling of unique data files such
as DICOM, DXF and HDF-EOS.

IDLs high-level language allows breakthrough application
development in less time. Simplified programming and rapid
prototyping features eliminate the tedious edit-compile-link-debug
cycle required by traditional languages. Object Graphics and cross-
platform portability enable you to develop in one environment,

reuse code and easily move to new platforms now or in the future.

Discover answers. Discover IDL.

IDL
GUIBuilder™
Visually build your
graphical user

D N TR NN

interfaces (GUIs) in a

Y P

PONY T W T T e T

fraction of the time

with drag and
drop ease.

The DL GUIBuilder,

a new, powerful

development tool
within IDL, facilitates
the rapid generation of

IDL 5.2 is available for most popular
operating systems: Windows 95,
Windows 98, Windows NT, Mac OS,
UNIX (Solaris, HP-UX, IRIX, Digital
UNIX & AIX), Linux, Solaris for Intel,
and OpenVMS.

high-quality,

platform-independent
GUI design.

Visit our Web Site Today

to download your FREE o
IDL Demo bl

A‘) RESEARCH www.rsinc.com Ll ®

SYSTEMS tel: 303.786.9900 email: info@rsinc.com Thz Unserctive Dtk Sasguage

International Offices: Austria, Germany, Liechtenstein, Luxembourg, Switzerland, The Netherlands CREASO, GmbH tel: 49 8105 25055 » Brazil SulSoft tel: 55 51 337 38 91 « China 3 - Link Systems.
Pte Ltd. tel: 86 10 6217 9910 » France, Belgium Research Systems International, France SARL tel: 33 1 34 58 72 40 « India Sierra Optima Limited tel: 91 40 3740368 « Italy Research Systems Italia S.R.L. tel:
39 39 605 8605 * Japan Adam Net Ltd. tel: 81 35802 2251 « Korea InterSys tel: 82 42 862 8100 « Spain, Portugal Estudio Atlas tel: 34 945 298 080 * Taiwan Concentrate Corporation tel: 886 2 2883 7752

IDL is a registered trademark of Research Systems, Inc. All other marks are the property of their respective owners. All rights reserved.
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